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Bu3HayeHHsI NPUYMH NOPYLIEHb Y PO0OTi ABTOMATHYHOI JIOKOMOTHBHOI
CUTHAJII3aLil

Merta. be3neuHiCTh MepeBi3HOTO MpoIecy Ha 3aJIi3HHYHOMY TPaHCIIOPTi Ta Horo Oe3ynmuHHa poOOoTa 3HAYHOIO Mi-
POIO 3aNIeKaTh BiJ HaIIifHOCTI poOOTH 3ac00iB 3ai3HMYHOT aBTOMATHKH Ta 3B’sA3Ky. OcobimBa poib y 3a0e3eucHH1
0e31epepBHOCTI MEPEeBI3HOTO MpOLECy 3aIi3HUIb HAIE)KUTh CUCTEMaM IHTEpBAJIBHOTO PEryJIOBaHHS PyXy HOI3iB,
a TaKo)k aBTOMATHYHIl JJIOKOMOTHBHIN CUTHaNi3allii y MO€JHAHHI i3 CHCTeMaMH KOHTPOIIO MHJIBHOCTI MAIIMHICTa Ta
aBTOCTONOM. TOMY OCHOBHOIO METOIO HAIlIOi CTAaTTi € JeTajbHUI aHalli3 HaJIiHOCTI pOOOTH LIUX CUCTEM, 1100 MaTh
3Mory Ha 6a3i oTpuMaHoi iHdopMallii KOperyBaTd METOIUKH OOCIyrOBYBaHHs Ta BIOCKOHATIOBATH EKCILTyaTaIliiiHy
poboty niepconany. Meroauka. [1is nonepepkeHHs 3001B Ta BiMOB y pOOOTI IPUCTPOTB aBTOMATHYHOT JIOKOMOTHB-
HOT CHTHaJI3awil MpoaHasi30BaHO CTATUCTUKY BIJIMOB YCiX MPHUCTPOIB 3aJi3HUYHOT aBTOMATHKH, SIKi MOXYTh IIPHU3BEC-
TH JI0 TIOpYIIeHb. Bu3HaueHo HaOIIbII BiOBIAAIBEHI IPUCTPOI, KOHTPOJIb SKUX 3HAUYHO BIUIMHE Ha Mpane3laTHICTh
CHCTEMH Ta IiIBUIIUTH HA/AIHHICTE po00TH B itoMy. Pe3yabTaTu. AHaji3 CTATUCTHYHHUX JAaHUX II0Ka3aB, 10 OCHOB-
HOIO MPUYHHOIO TIOPYIIEHb y POOOTI CHCTEMH aBTOMATHYHOT IOKOMOTHBHOI CHTHAMI3aLIl € BUXi] 13 Taxy Aemmdparo-
pa, JJOKOMOTHBHOTO (iJbTpa Ta MiJCHIIIOBAa4Ya, 3 OCHOBHOIO IPUYMHOIO, 10 0OYMOBIIIOE HECTIPABHOCTI, 3aJIMIIAETHCS
3HOIIEHICTh anmapatypu. HaykoBa HoBu3Ha. Pe3ynbraTt po3po0oK, CIpsSIMOBaHHMX Ha ITiBUIIEHHS e()EeKTHBHOCTI Ta
HaJiiHOCTI poOOTH 3aTI3HUYHMX MPUCTPOIB, HOCTIITHO BIPOBA/KYIOTh B €KCIUTyaTalLlifHy NMPaKTHKY, ABTOMATHU3YI04H
BEJIMKY KiJIbKICTh TEXHOJIOTTYHHUX IMPOLECIB Ta MOJIMIIYIOUM NOKa3HUKHM HalpallOBaHHs anapatypu Ha BiamoBy. [lo-
NpH Lie aHaji3 poOOTH NMPUCTPOIB Ha 3aii3HMIX 3a nepiog 2013-2021 pokiB 3acBiuuB, 10 HA JIIOACBKUH (akTop,
MO3HAYEeHUH MOPYIICHHSIMH TEXHOJIOTI] BUKOHAHHS POOIT 1 HEIOTPUMAHHSIM BUMOT TEXHOJIOTIYHHUX KapT i MOCIOHMKIB
3 eKCIUTyaTallil, a TAKO)K HESIKICHUM PEMOHTOM 1 IEPEBIPKOIO PUIIA/IiB HA PEMOHTHO-TEXHOJIOTIYHUX JUTHHUILIX, TIPH-
Majiae 3HauyHa YacTKa MPUYWH TOTIPIISHHS MOKa3HUKIB HAAIHHOCTI poOOTH BCiX CHUCTEM 3ali3HMYHOI aBTOMATHKH Ta
PO3MIITHYTO1 CHCTEMH JIOKOMOTHBHO curHasizamii. IIpakTuyna 3HauuMmicTs. [TpoBenenuit aHami3 mokasas, 1o BIOC-
KOHAJICHHSI SIK OE3110CepeJHhO CaMUX CHCTEM 1 IPUCTPOIB 3a1i3HUYHOI aBTOMATHKH, TaK 1 METOMIB IX MEepeBipKH, eKc-
IuTyaTanii Ta 00CIyroByBaHHS MiJBHIINTH PiBEHb O€3IEKH Ta HaJi{HOCTI epeBe3eHb.

Kouosi cnosa: apromatnvHa JokoMoTuBHa curHamizamis (AJIC); craTucThka BiMOB; aHaJi3 MPUYUH 300iB;
3aBa/iu B poOOTi; MpHiiMalibHA Ta NiepejaBajibHa anaparypa; KiJIbKiCHI Ta sIKiCHI TTOKa3HUKH BiIMOB
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ABTOMATH30BAHI TA TEJIEMATHUYHI CUCTEMU HA TPAHCIIOPTI

Beryn

3ami3zHUYHUNA TpaHCTIOPT B YKpaiHi 3abe3neuye
MEePEeBE3CHHsI MUIBHOHIB TOHH BaHTaXIB 1 COTCHb
THCSAY TACAXKHPIB, MPEICTABIAIOYN OAWH 13 Haii-
MOLIMPEHINX BUAIB TpaHCHOpTy. PosramyxeHa
cucTeMa Mepexi 3alli3HuIb YKpaiHu Hajidye Be-
UKy KUTBKICTh aBTOMAaTH30BaHUX CHCTEM Kepy-
BaHHS 5K 0€3MOCepeTHBO PYXOM IOI3/iB, TaK 1 3a-
Oe3MeYeHHSIM KHUTTENISUIBHOCTI 0araTbOX CTPYK-
TypHUX WiAPO3AUTiB y ii Ckiami, y TOMy YHCIi
I cUCTeMH aBTOMAaTHYHOI JIOKOMOTHBHOI CHTHaIi-
3anii (AJIC). lloxeHno wi cknanHi cucremu (GyH-
KI[IOHYIOTh TiJl BIUIMBOM YHCJICHHHUX IE€PEIIKOJ
pi3HOTO pPOIy, 30KpeMa SIK MOTOAHUX YMOB, TaKk
1 BOKKUX MEXaHIUYHHMX Ta CJCKTPUYHUX IEepPEBaH-
TaXeHb. be3yMOBHO, OE3MEYHICTh MEePEeBI3ZHOTO
Ipolecy Ha 3ali3HUYHOMY TPAaHCHOPTI Ta HOro
ctalinbHa poOOTa 3HAYHOIO MIPOIO 3aleXxarb Bif
rapaHTtoBaHoi Oe3mepepBHOI pPOOOTH MPHUCTPOIB
3aJi3HUYHOI aBTOMAaTHKHU Ta 3B’s3Ky. Crnix 3a3Ha-
YHUTH, 110 TOJIOBHE Miclle B 3a0e3nedeHHi edekru-
BHOI Ta 0e3me4yHoi poOOTH raiysi HOCiIalTh CHC-
TEMH IHTEpPBAJIBHOTO PETYIIOBAHHS PyXy IOI3/iB
(IPPII), a takox AJIC. JIns makcuMmaibHO edek-
THUBHOTO 3a0e3neucHHs Oe3nepebiiiHoi podoTH cu-
cremu AJIC HE0OXiIHO MpoaHasi3yBaTH CTATHCTH-
Ky BIIMOB yCiX MPUCTPOIB 3aJi3HUYHOI aBTOMAaTHU-
KW, IPUIUIMBIIA OCOOJIMBY yBary NpHYMHAM BiJ-
MOB Ta 300iB y poboti AJIC sk cucremu, 1o

€ HaMOIIBLI BPa3JIMBOIO AJIS 30BHIIIHIX HECTIPUSAT-
nuBuX (hakTopiB. A 1e, y CBOIO Uepry, HaaacTb
3MOT'Y BH3HAQUUTH MAapaMeTPU Ta METOIH iX KOHT-
POJIIO [T MiABUILEHHS O€3NEeKH PyXy MOI3MiB.

Crnig TakoX 3rajaT, 110 B I[bOMY HampsMi
€ TIeBHi JocsirHeHHs. [linBuIeHHI0 eeKTUBHOCTI
Ta HaIiHOCTI POOOTH 3ali3HMYHHX MPHCTPOIB
MPUCBSYEHO 0arato HayKOBO-IOCHiAHUX POOIT,
pe3ynbTaTH SKHUX 3aCTOCOBYIOTh Ha 3aJi3HHUIIL.
VYrpoBa/ykeHHS IMX HaNpamioBaHb B EKCIUTyaTa-
LiliHy poOOTYy Ma€ Ha METi aBTOMAaTH3alil0 TEXHO-
JIOT1YHUX MPOIECiB, CKOPOUCHHS Yacy Ha 00CIIyro-
BYBaHHS TPHUCTPOIB Ta TiIBHUINEHHS HMOBIpHOCTI
0e3BiqMOBHOI poOoTH amaparypu [4, 5, 10]. Ane
mporec po3po0OK, 3Ba)KalOUM Ha MPOJOBKEHHS
¢ikcanii mopymens y poboti cucremu AJIC, Tpu-
BaE.

AJIC y moenHaHHi i3 cHCTEMaMH KOHTPOJIO
MWIBHOCTI MAaIlMHICTAa Ta aBTOCTOIOM IIPEICTaB-
JSI0Th COOOK YAaCTHHY CHCTEMH 3a0€3MedYeHHs
Oesmeku pyxy. Koxken 30iif, BigMOBa 4u TpaHCIIOP-
THA OIS, [0 CTAJIMCS Ha 3aJII3HMIN, 3aJI€KHO Bif
KOHKPETHHX OOCTaBHH, MOXKYTh CTaHOBHUTH 3arpo-
3y Al KHTTS JIIOJEW Ta MPU3BECTH 1O 3HAYHUX
MatepianbHuX 30uTKiB. [1[00 MaTu MOXJIMBICTH
LBOMY 3aI00IrTH, HEOOX1THO MiJBHUILYBAaTH Hadil-
HICTH POOOTH Ta MOJIMIIYBATH METOAH OOCIyTo-
BYBaHHS 3aJII3HUYHHUX npucTpois [11].

45 B ToHeupKa
1 4 : 4 4 B TbEiECBKA
3.5 m Ogecera
3 ® [TieneHHa
25 B [liggeHHO-
y 3axigHa
15
1
0.5
0
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Puc. 1. KinskicTh TpaHcmopTHHX moii 3a mepiog 2013-2021 pokis

Fig. 1. Number of transport events for the period 2013-2021
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Merta

BiamoBigHo 10 BHKITageHOTO, y pOoOOTI MOCTaB-
JICHO METy MPOBECTH aHaJIi3 CTATUCTHKH BIIIMOB Ta
300iB y po0oTi, 1iIsl SKOT XapakTepHE MO€THAHHS
MiABUIICHHS IIBUAKOCTEH pPyXy TPaHCIOPTHUX
3ac0o0iB Ta eKCIUTyaTallifHUX MOKAa3HUKIB OHOBIIE-
HUX THIIIB MO13/[iB, HOBUX THUIIIB €JICKTPOTOI3/IiB Ta
JIOKOMOTHBIB 3 aCHHXPOHHUM TSTOBHM IMPHBOIOM
13 HETOIpaBHUM MOPATBbHAM 1 (PI3MYHUM CTapiH-
HSIM yCiX JIOKOMOTHBIB 1 pyXOMUX OJUHHIIb 3aJTi3-
HUIb YKpaiHu, OLIBIIICTh 13 SKHX YXKE JaBHO Mae
BiJIITPAIIbOBAaHUM pecypc.

JochimKeHHs CTaTUCTUKU TIOPYIIEHb Y pOOOTI
cucteMu AJIC TakoX CHpUSTHME BH3HAYEHHIO
¢akTopiB HaHOUIBIIOTO BIUIMBY Ha ii mpare3aar-
HicTh y 1inomy. llepeaycim 1e cTocyeTbes BU3Ha-
YeHHS KPUTUYHUX TMOMUJIOK, SIKI BIUIMBAIOTh Ha
0e3meKy pyxy.

MeTtoanka

Cratuctnunwuii 30ip Ta a”amni3 iHpopmarii mpo-
BEJICHO Ha OCHOBI BIAMOBIJHHMX IMOKAa3HHKIB 3 PO-
0OTH IIECTH YKPaTHCHKHUX 3aJIi3HUIIL 3a OCIIIKe-
Hi JIeB’SITh POKIB MOPIBHSIHO 3 MMOKA3HUKAMH 1HIIIHX
JOCITIKeHHb, 32 ronepeaHi poku [1, 2].

6000 { l
: 3310, ..
5000 T FaRe1s3 483 730
4000 _ji' W 429 \-‘Ll"'
3000 +— ¥ 13209
2000 —— —
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Puc. 2. Kinbkicts Bimmos mpuctpois CLIB 3a nepiox
2013-2021 pokis

Fig. 2. Number of failures of signaling arrangements for
the period 2013-2021

Kinpkicte TpancnopTaux moxii 3a 2013-2021
POKM HaBedeHa Ha puc. 1, i3 SKOro BUAHO, IO
y 2013 pori 3arajibHa KiJbKIiCTh MOMIH, 110 cTaja-
cs, ckianae 12 punazkis, y 2014-my — 10, 2015-my
-9, 2016, 2017 Ta 2018-my — o 11, 2019-my — 9,
2020-my — 7, 2021-my — 9.

I3 3aranbHOi KiTBKOCTI iHIMIEHTIB, K BiIOy-
BAaIOTHCS 3 BHHH TOCIIONAPCTBA CHUTHAJI3AMmii Ta
3B’SI3Ky, YaCTKa BWHH JWCTAHINM CHTHami3amii Ta
3B’SI3KY cKiagae oymsbko 75 % .

[IpuunHaM¥ BUHUKHEHHS TaKUX 1HIUICHTIB €:

— TIOPYIICHHS TEXHOJIOTii BHUKOHAHHS pOOIT
(HeomepaTMBHa OpraHizamis YCYHEHHS BiJIMOB,
HEJIOTPUMAHHS BUMOT TEXHOJIOTIYHUX KapT Ta MO-
ciOHmKIB 3 ekcruryatarii). s mpwumHa mpusBo-
IUTh 10 BUHUKHEHHS OMm3pko 45 % Ttpancmopt-
HHUX IOIH Bl 3arajibHOI 1X KIJIBKOCTI;

— HEBUKOHAHHS POOIT, mepei0auyeHuX MIaHaMu
TEXHIYHOTO 0OcCIyroByBanHsa npuctpoiB ClLIb, iH-
CTPYKIIIMH Ta KEPIBHUMHU BKa3iBKamu. I3 1€l
MPUYUHY BiOyBaeThes 0au3bko 30 % iHIUACHTIB;

— iHIII MPUYWHU (BIUIMB TPO30BUX Ta KOMYTa-
[IHUX TIePEHANpPYT, OKEICAHIS, TMOBiHb TOIIO).
Ha wactky mi€i mpuuuHH B pi3HI POKH MpPUMALAE
BiJl HYJIS 1O IEKUTbKOX BiJICOTKIB iHIIUACHTIB.

OxpemMO TpoaHaTi3yeMO HAAINMHICTE POOOTH
npuctpoiB CLIb (puc. 2).

Kinekicts BizmoB npuctpoiB CLB y 2021 poi
MOpIBHAHO 3 aHanmoriyHuM mepiogom 2020 poky
30inpmmnace Ha 47,4 % 1 cknama 4 730 mportu
3209. A 3aranpHa KIUJIBKICTH BIAMOB 3a HaBeIEHI
9 poxkiB cxmana 40 520 BumaaKiB.

Anaparypa
35.00° 2o
30,00
25.00
CEII 7)!:"33 PeiikoEi Kona
I 1333 1
(10000 |
5.0
'
Ceitnogopn ' Kabenpri minil

PIII, cramiein KomiitHi
KopoOxa1

Puc. 3. Binmosu npuctpoiB CLIB, 3akpirueHux 3a roc-
II0JIapCTBOM CHTHAUTI3alii Ta 3B 513Ky, y 2021 poui

Fig. 3. Failures of signaling arrangements classified as
signaling and communication facilities in 2021

PiznoBunamu Bizmos npuctpoiB CLIb, 3akpim-
JICHUX 3a TOCIIOJapCTBOM CUTHAJI3allil Ta 3B S3KY,
y 2021 poui Oymnu Taki (puc. 3):
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1. Buxin i3 nany pene, 0J0KiB, TpaHC(hOpMATO-
piB, TpaHCMITEPIB, KOHICHCATOPIB Ta KOHIACHCATO-
pHUX OJIOKIB, BUIPSIMIIAYiB, O€3KOHTAKTHOI amapa-
TypH, mpucTtpoiB 3axucty — 411 BiamoB, abo
32,8 %. Haiibinpma KilbKicTh BiIMOB amapaTypH
B perioHanbHIN ¢imi «Omecbka 3amizHuIDy — 155.
OCHOBHMMH NPUYMHAMH BiMOB amapaTypu € ¢i-
3UYHE CTapiHHA.

2. lopymieHnst podboTu pelikoBux Kinm — 193 Bi-
IMOBH, a00 15,4 %. HaliGinbIna KiIbKiCTh BiIMOB
peKoBUX KiNl y perioHanbHid ¢imii «JIbBiBChKa
3ami3HuLs» — 78. OCHOBHI MPUYHMHU BiAMOB Y peid-
KOBHX KOJIaX — OOpWB abo0 BIACYTHICTh PEHKOBHX
3’€IHyBaYiB.

3. HecripaBHicTh y peneiiHux mad, MTaTHBIB,
y KoniiHUX KOpoOkok — 151 BimmoBa a6o 12,0 %.
Haiibinpima KimpKicTh BiIMOB IIMX TIPUCTPOIB
y perioHansHii ¢inii «[IpuaninpoBceka 3ai3HU-
wsp» — 50. OCHOBHI NIPUYUHM BiAMOB — 00pUB abo

600

lé

300 +

BTpaTa KOHTAKTY MOHTa)XKHOTO MPOBOJY, HECIPaB-
HICTh KJIEM, PO3HIMadiB, KOJIOAOK.

4. TlopymienHs: pobotu kabenbHUX ik — 130
BiMOB, a60 10,4 %. HalibiibIna KiTbKICTh BiIMOB
KaOenpHUX JiHIM y perionanbHil ¢inii «Ipuanin-
poBchka 3amizaunsg» — 50. OCHOBHI MPUYIUHHU Bill-
MOB KaOeJbHUX JiHIM — BHYTPIIIHI OOpUB KHI
y Kabeni.

5. HecripaBuicth cBiTIIOGOpiB — 61 BigMOBa,
a60 4,9 %. Haiibinpia KiabKicTh BiIMOB IIUX TIPH-
CTpoiB y perioHansHiil ¢inii «[IpugHinpoBchka
3aai3HuLsy — 15.

6. HecipaBHiCTh CTPIIOYHUX EIEKTPOIPHUBO-
IiB, TapHITYpH, 3aMKiB MenenteeBa — 121 Bigmo-
Ba, a00 9,7 %. Haii6inpina KigbKICTH BiIMOB LIMX
MIPHUCTPOiB y perioHanbHIA ¢imii «Omeckka 3aimi3-
HUI — 36. OCHOBHUMHU NPUYMHAMH [IUX BiJMOB
€ BUXiJ 13 JIaZly eJIeKTPOABHUIYHA Ta BTpaTa KOHTa-
KTy B aBTOIIEpEMHUKaYi.

Puc. 4. Po3nozineHHs KibKocTi nopymens aii npuctpois AJIC,
II0 TIPU3BEIN IO 11 BAMKHEHHS ITi]] Yac MpsMyBaHHS MOi3/IiB, 3a CITy)KOaMHU

Fig. 4. Distribution of the number of failures of the Automatic Locomotive Signaling System’s devices,
which resulted in its shutdown during the train running by services

OCHOBHMMHM TpUYMHAMH BiJ]MOB HPHUCTPOIB
Clb e:

1. Ekcrtyarariiini  —
81,7 %. I3 Hux:

1.1. TlopymieHHst TexHOJIOTii BUKOHaHHS POOIT
(HeJOTpUMaHHS BHMOT TEXHOJOTIYHHX KapT Ta
MOCIOHWKIB 3 €KCIUTyaTallii) miJi 9ac TEeXHIYHOTO
oOcmyroByBaHHA Ta peMoHTY npuctpoiB CLIb —

1024 BigMoBH, abo

440 BigmoB, a6o 35,1 %. HaiiOuipima KUIBKICTB
TaKUX BIJIMOB Yy perioHanbHii ¢inii «[IpuaHinpos-
ChbKa 3aiizHuLsD — 184,

1.2. Buxix i3 nany npunafiB, MpUCTPOiB yepes
¢iznune crapinag — 438 BigmoB, abo 34,9 %. Haii-
OlNpIIa KUTBKICTh TAaKWX BIJIMOB Yy peTriOHAIBHIN
¢inii «Opecbka 3amizHALD — 224.
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1.3. HesixicHuii peMOHT 1 mepeBipKa mpuianiB
Ha PEeMOHTHO-TexHojoriunux airiakax CLb — 31
BigMoBa, abo 2,5 %. HaliOuipima KUIBKICTh TaKHX
BiIMOB y perioHanbHid ¢inii «[IpuaHinpoBcbka
3aJI13HAL — 25.

1.4, [Ipyunaa HEe BUABICHA — 95 BimMOB, abo
7,6 %. Haiibinpie BiAMOB i3 HEBHSIBICHOKO TpU-
YHHOIO B perioHanbHi ¢inii «lIpuaninpoBchka
3ai3HUI» — 25.

2. Inmi — 89 BigmoB, a6o 1,0 %. I3 nux:

2.1. BinuB Tpo30BHX Ta KOMYTamiHUX Mepe-
Hanpyr — 67 BimMoB, abo 5,3 %. HaiiGinbine Takux
BiMOB y perioHanbHil ¢inil «[liBneHHa 3ami3Hu-
s» — 34.

2.2. KOHCTpYKTUBHO-3aBOJCHKUI HENONIK —
71 BigmoBa, abo 5,7 %. Haiibinble Takux BiIMOB
y perioHanbHii (inii «Onecpka 3amizHAID — 43.

AHamiz KUTbKOCTI TOpYIIEHb [ii MPUCTPOIB
AJIC, mo npu3Benu 10 il BAMKHEHHS i1 9ac mps-
MyBaHHS IO137iB, MOKa3ye, mo 3a 2013 pik Ha 3a-
mizHungx Yxpainu gonymerno 1030 mopymieHs,
2014 -uit — 807, 2015-uit — 832, 2016-nii — 840,
2017-nit — 1 011, 2018-mii — 1 586, 2019-nit — 530,
2020-uit — 430, 2021-ui1 — 1 058. PosnoxpineHus

70

nopyiiens aii mpuctpois AJIC y mepion 2013-
2021 pp. 3a pi3HUMHU CIIy:)KOaMH 300paKeHO Ha
puc. 4.

Ha puc. 5 monano cmiBBiJHOIICHHS 00’ €KTIB,
o0 CTIM NPUYMHOIO BigMOB mpuctpoiB AJIC
1 IpU3Benyn A0 1i BUMKHEHHS Il 9ac MpSIMYyBaHHSI
noizaiB y nepion 2020-2021 pp.

Buninumo oCHOBHI 3 HHX, JI€¢ 3pOCiia KiJIbKiCTh
BIJIMOB:

— memmudparop — 29/34 (2021/2020 pp. Bigmo-
BiTHO; MPUYHHAMH, SK MPAaBUJIO, € 3J1aM KOHTaKT-
HUX TpyXuH pene — 11/13, BTpaTa KOHTaKTy Ta
MATOPSIHHS KOHTAKTIB peine — 8/11);

— migcumoBay — 27/25 (npuuuHM — BimMoBa
Tpan3uctopa (8/6), mMiAropsHHS KOHTAaKTiB peie
UP (11/3));

— JIOKOMOTHBHHU# (GiabTp — 5/2 (IpUUMHU — KO-
TyIIKa APOCEsi, MEXaHIYHI MOIIKOKEHHS, BiIMO-
Ba KOH/ICHCATOPA).

Takoxx mMOTPIOHO BH3HAYUTH, IO KIIBKICTh
BiIMOB 301JbLIMIIACA B 3arajibHUX smmkax — /1
(mpuuMHM — BiJICYTHICTH KOHTAKTY Ha KiieMax abo
KOHTaKTHUX TPYKUHAX).

2020
——2021

“ha

geunidparop THACIUTHOEAY

3AranbHINT ALK

JIOKOMOTIHEHIIT
dimep

Puc. 5. CniBBigHOmeHHs 00°€KTiB BiqMoB npucTpoiB AJIC mo ciy»0i curHaizaiii, HeHTpaiisamii Ta OJ0KyBaHHS,
110 PU3BEIH 0 i BAMKHEHHS I1iJ] 4ac NpsIMyBaHHS MOi3/IiB

Fig. 5. Ratio of failure objects of the Automatic Locomotive Signaling System’s devices by the service of signals
and interlocking, which resulted in its shutdown during the train movement

Cnig 3ayBaXWTH, 110 OCHOBHOKO IMPHYHUHOIO
BimMoB npuctpoiB AJIC 1 Hajmami 3anuiiaeTbes
3HONICHICTh almapaTypu.

Takox mpoaHalizyeMo 3arajibHy KiJbKICTh KO-
POTKOYACHHX TOpPYIEHb (300iB) y poOOTI TOKOMO-
THBHOI CHT'HAI3alliil, BBAXKAIOUN TaKMMH JIHIIE Ti,
0 TIOBTOPIOBAIMCH TPUYi 3a 3 JOOM HA OJTHOMY
i ToMy Kk micii (130JbOBaHa CEKIIisl, OJIOK-IIIsTHKA

tomo). 3a 2013 pik BigOymocs 4 215 Bumajikis,
2014-uit — 2075, 2015-uit — 1408, 2016-uit —
1457, 2017-uii — 779, 2018-mii — 1 586, 2019-nit —
530, 2020-nit — 430, 2021-uit — 1 058. Po3nomi-
JieHHs 300iB 'y poboti AJIC y mepioxm 2013—
2021 pp. 3a pi3HUMH cayx0amMu 300pakeHO Ha
puc. 6.
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AHaui3 mokaszaB, II0 OCHOBHHMH NPHYMHAMHU
3001B 3a cITyK0aMH €:

— 3a cuyx06oro I — HecrmpaBHICTh MpUIAIiB
KOJYBaHHS, CIIOTBOPEHHS YacOBUX MapaMeTpiB
Kony;

—3a cimyx0o0to 11 — HaMarHideHIiCTh peroK, He-
CHpaBHICTH a00 BiJCYTHICTH 3’€JHYyBauiB Ha Iepe-
TOHaX, peiKH, YKIaJeHi Mopsa 3 3ali3HUYHUMH
KOJIisIMH 200 B cepenHi HUX;

— 3a cimy00t0 E — HecTabinpHe )KUBIEHHS.

PesyiabTarn

I3 mpoBeneHoro aHanmizy BHUAHO, HIO CEPEIHS
KIUTBKICTh TPaHCHOPTHHX IOMIH, SKi BiTOYBAIOTHCS
IIOPOKY Ha BCIX 3ali3HHLSAX YKpaiHH, CTAHOBUTH
o6mu3pko 9 iHmmaeHtiB (puc. 1). IIpu mpomy, sk
nokasye craructuka, 60-80 % iHuMOeHTiB BinOy-
Ba€ThCS 3 BUHM JUCTAHIIINA CHUTHANI3AMIT Ta 3B’ S3KY.
['0510BHOIO IIPUYMHOIO LIBOTO 3AJIAINAETHCS IOPY-
IIeHHS TEXHOJOTil BUKOHAHHS poOiT. OKpiM TOTO,
Y pe3yNbTaTi aHai3yB KiIbKOCTI BiZIMOB IPUCTPO-
iB CLIb 4iTKO criocTepiraeThcsi TSHACHINA 0 3pOC-
TanHsg. OCHOBHUMU 00’ €KTaMHM BiZIMOB HailuacTilie
(y 36 % BumajkiB) cTae eneMeHTHa 0a3a CHCTEM
CILb (pene, TpaHCMiTepH, KOHIACHCATOPH 1 T. iH.).
Bimznauumo, 110 cepesi rOJIOBHUX NPUYHH BiJIMOB
BHIUSIFOThCS eKcInTyaTariiai (85,3 %): HeskicHe

BUKOHAHHS poOIT Wi Yac TEXHIYHOTO OOCIyroBy-
BaHHS Ta 3HOLICHICTH amapaTypH. SIKIIO eleMeHT-
Ha Oaza mpuctpoiB CIIb B Oarathox BHIAAKax
€ TepenaBaibHOI0 anapatypoto koaiB AJIC Ha Jo-
KOMOTHB, TO MO>KHa 3pOOUTH BUCHOBOK, III0 HESKi-
CHE BHKOHAHHS POOIT TEXHIYHOTO MEpPCOHAITy He-
raTHBHO BIUIMBaE Ha Oe3nepeOildHICTh podoTH
AJIC B uinomy [8, 10].

Amnaniz poborn cuctem AJIC Ha 3aTi3HHILX
VYkpainu (puc. 4) gae 3Mory BiAZHAYNTH, IO KiTb-
KICTh MOPYIIEHb Ail MPUCTPOIB, SIKI MPU3BEIU 110
BumkHeHHS AJIC mim wac mpsiMyBaHHs TOi3MiB,
YIPOAOBXK JOCIITHUX JEB’SITH POKIB 3aIUIIAETHCS
CTaOUIbHO BUCOKOIO.

OcHOBHUMH 00’€KTaMH, HECIPABHOCTI € Jie-
mudpaTopy, MiICHIIOBadi 1 JTOKOMOTHBHI (ilbT-
pH, @ OCHOBHOIO NPUYMHOIO 3aJHMIIAETHCS 3HOIIIE-
HicTh amaparypu. [Ipm 1pomy KinbkicTe 3001B
y po6oti AJIC ymponosx 2013-2021 pokiB 3HaY-
HO Oimpma. Ile oOyMOBIIEHO HASBHICTIO BEIUKOI
KUJIBKOCTI 3aBaji, [0 BIUIMBAIOTh Ha MEPelaBalbHy
Ta mpuiiManbHy anaparypy AJIC. Asropu Oara-
ThOX HAYKOBO-AOCTiIHHUX pobiT [3, 5-7] craBmsaTh
nepes; co000 METy 3MEHILIUTH BILIMB 3aBajl Ha Po-
00Ty cucteMu. AJie, SIK TIOKa3y€e CTaTHUCTHKA, IPO-
OieMa ¥ Hajali 3aJIHIIaEThCs aKTyalTbHOK.

$

R

Puc. 6. Posnoainenus 360iB y po6oti AJIC 3a pizHUMH ciayx6amu

Fig. 6. Distribution of failures in the operation of Automatic Locomotive Signaling System,
attributed to different services
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HaykoBa HOBH3HA i mpakTHYHA
3HAYUMICTD

[IpoBeneHmit aHaji3 MO03BOJIMB HE TITBLKH BH-
3HAYUTH MPUYMHU TOPYIIEHb y POOOTI cCHUCTEMH
AJIC Ta ix BrutuB Ha Oe3meKy pyxy HOi3IiB a il Ha-
JaTH KiJbKicHY omiHky. Lle cupusino ¢popmyBaHHIO
KOMILJIEKCHOTO MiJXOMy O MOLIYKY BapiaHTiB BH-
pillieHH 1i€i mpoOyieMu. Y Tepury 4epry Ie CTo-
CY€TBCS MPAKTUYHHUX TPOTIO3UIIIN OO0 PO3POOKH
[IJISX1B HOJ0JaHHs BUSIBICHUX HEIOJIKIB, a TAKOXK
IOA0 eKCIuTyaTtalii oOnagHaHHs, sKe MOICKYIH
MOpaJIbHO W TEXHIYHO 3acTapiyiio. JJoBeIeHO TakokK
1 HEOOXiHICTh MPOBENIEHHS AHANITUYHHUX CITOCTe-
PEXEHb 3a CTATHCTHKOIO BiIMOB, MOJANBIIE 1X 10-
CIII/DKEHHSI 3 METOI0 BH3HAYEHHS BIUIMBY Pi3HUX
yHHAWKIB. lle mae 3Mory IpaBUIBLHO OLIHUTH CTY-
TiHb BIUTUBY Ha O€3MeKy pyXy Ta IMepeBi3HUN MPo-
1ec y IiIoMy TOpYyIIeHb y poboti cucremu AJIC
3a MPHUPOJIO0 3001B 1 IepemIKo/.

BucHoBku

AHaniz po00oTH 3aTi3HUYHHUX MIPUCTPOIB 3a J0-
cmani 2013-2021 poku mokasae, IO JIFOJACHKHI
(akTop, a caMe MOPYIIEHHS TEXHOJIOTiT BAKOHAHHS
poOIT, HETOTPUMAaHHSI BUMOT TEXHOJOTIYHHX KapT
Ta MOCIOHUKIB 3 eKCIUTyaTalii, HeIKICHUA PEMOHT
Ta  TepeBipka  NpPWIaAiB  Ha  PEMOHTHO-
TEXHOJIOTIYHUX MAUISHKAX, 3aJIUIIAETECS CYTTEBO
BHCOKHM y TOKa3HHKAaX HAJIMHOCTI poOOTH 3aii3-
HUYHOI amapatypu B mijomy i B cuctemax AJIC
30kpemMa. [Iporte, SKICTH BUKOHAHHSA 3a3HAYCHHX
pOOIT He eauHU (aKTOp, SIKUI BIUIMBAE Ha edek-
tuBHICTH poboTn AJIC. CratucTuyni naHi CBig-
YaTh 1 MPO MOpaJbHO-TEXHIUHE 3acTapiBaHHS 00-
nagHaHHg. ToMmy U TOMIMIIEHHS YMOB (QYHKIIiO-
HyBaaHs cucteM AJIC ta IPPII HeoOximHO BXkHBa-
TH JI€BUX 3aXOiB, CHPSIMOBAaHMX HA OHOBJICHHS
MPUCTPOIB Ta 3ac00iB, a TAKOK HA aBTOMATHU3ALIIIO
MIPOIIECY iX MOHITOPHHTY Ta MiarHOCTYBaHHSI.

Takum unHOM, po3poOKH y cepi aBTOMATH3A-
1ii TpoLECiB MepeBipku Ta O0OCITYrOBYyBaHHS CHC-
TeM Oe3IeKH NepeBe3eHb Ha 3aIi3HUYHOMY TPaHC-
MIOPTi HE BTPAYalOTh CBOET aKTyaTIbHOCTI.
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Determination of the Origin of Failures in the Operation of the Automatic
Locomotive Signaling

Purpose. The safety of the transportation process in railway transport and its continuous operation to a large ex-
tent depend on the reliability of the means of railway automation and communication. In this case, special role in
ensuring the efficient and safe operation of railways belongs to the systems of interval control of the train move-
ment, as well as automatic locomotive signaling in conjunction with the systems of monitoring the driver's vigilance
and automatic train stop. Therefore, the main purpose of the article is a detailed analysis of the operation reliability
of these systems, in order to be able to correct service techniques and improve operational work, based on the in-
formation received. Methodology. To prevent halting and failures in the operation of automatic locomotive signal-
ing devices, it was analyzed the failure statistics of all devices of railway automatics, which can lead to disturbances
in its work. It was identified the most responsible devices, whose control will greatly affect the system performance
and increase the reliability of the work as a whole. Findings. Analysis of statistical data showed that the main caus-
es of malfunctions in the automatic locomotive signaling system are the failure of the decoder, locomotive filter and
amplifier, and the main reason for the malfunction is equipment wear. Originality. The results of the work aimed at
increasing the efficiency and reliability of the operation of the railway equipment are continuously implemented in
the operational work, automating a large number of technological processes and improving the failure rate perfor-
mance. However, ignoring this, the analysis of the operation of devices on the railways for the period 2013-2017
showed that a significant part of the reasons for the deterioration of the reliability of all systems of railway automa-
tion and separately considered locomotive alarm system accrue to the human factor, embodied in violations of the
technology of work and non-compliance with the requirements of technological maps and manuals, as well as poor
repair and inspection of devices in repair and technological areas. Practical value. The analysis showed that the
issue of improving both the systems themselves and the devices of railway automatics, as well as the methods of
their inspection, operation and maintenance, will increase the level of safety and reliability of transportations.

Keywords: automatic locomotive signaling; failure statistics; failure cause analysis; work interference; receiving
and transmitting equipment; quantitative and qualitative failure rates
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Multi-Valued Automatic Cab Signalling System Based on the CDMA
Technology

Purpose. The work is aimed at the development of principles for the construction of multi-valued automatic cab
signalling system (ACS) using the wide-band pseudorandom signals. Methodology. An analysis of existing ACS
systems and modern telecommunication technologies has been performed to achieve the stated purpose. The multi-
valued automatic cab signalling system CDMA-ACS has been proposed. The mentioned system utilizes wide-band
pseudo-noise signals to transmit commands. System parameters: frequency band — 155...395 Hz, pseudorandom
codes — 16-bit Walsh codes, spectrum spreading factor — 16, source signal bandwidth — 15 Hz, carrier modulation —
DBPSK (differential binary phase-shift keying), information rate — 15 bit/sec, code combination length — 4 bits,
maximum amount of commands — 256, the duration of single command transmission — 0.27 sec. Functional dia-
grams of generator and receiver of the multi-valued automatic cab signalling system have been designed. It has been
suggested to apply the correlation method to receive the ACS signals. Findings. To investigate the proposed
CDMA-ACS system the simulation modelling has been accomplished in MATLAB in two stages: at the first stage,
the CDMA-ACS system was investigated as interference-free; at the second stage — under the influence of powerful
narrow-band interferences (traction current harmonics). It has been found that the system shows high immunity to
narrow-band harmonic interferences. The most significant harmonics of the traction current related to the system are
250 Hz and 300 Hz, since they are the closest to the carrier frequency of 275 Hz. It has been determined that errors
in decoding the ACS commands occur if the signal-to-noise ratio becomes lower than -8 dB. To reduce the influence
of 250 Hz and 300 Hz, harmonics the application of additional notch filters was proposed. Originality. For the first
time, the authors of this work carried out research on the multi-valued automatic cab signalling system with the use
of wide-band pseudo-random Walsh codes. Practical value. Implementation of solutions being proposed allows
improving the informativeness and interference immunity for the automatic cab signalling system, reducing the du-
ration of command transmission from the railway track to the cab.

Keywords: automatic cab signalling; wide-band signal; code division multiple access; Walsh codes; correlation
method; interference immunity

Introduction

Train traffic safety largely depends on the reli-
able and effective operation of the locomotive au-
tomatics devices. Such devices control the train
speed, inform the driver about the current train sit-
uation, train location, actual and permissible speed
of the section, control the driver's vigilance, and
enable automatic braking in case of safety viola-
tions [13].

In Ukraine, today, the system of continuous au-
tomatic cab signalling with numerical coding
(ALSN according to transcription from Ukrainian
naming) is the main locomotive means to provide
train traffic safety. In such a system, the permissi-
ble train speed is determined only by considering

the current train movement situation. Herewith
constant speed restrictions, which are not related to
the condition, profile, curve radius or other track
section peculiarities, are not considered. Tempo-
rary restrictions applied during various works at
track lines are not accounted for as well. Addition-
ally, the ALSN system does not provide the per-
missible speed reduction depending on the route
(straight or diverging) of movement in the station
and does not consider the number of the turnouts'
frogs. On the line, such a system allows the driver
to receive information only about the vacancy of
the two block sections ahead. All this relates to the
low number of values of the ALSN system, which
uses only three signals: Z, Zh and KZh codes (tran-
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scripted from Ukrainian). The disadvantages of
this system also include high latency (transmission
delay of one command is 5...6 s), low interference
immunity, outdated element base, and limited
functionality.

One of the directions of further development of
the ACS system is to update the locomotive
equipment and apply advanced methods of signal
processing. Thus, in [3] to increase the interference
immunity of ALSN, it was proposed to use multi-
channel adaptive filters, and in [2, 6] — the methods
of digital signal processing and correlation analy-
sis. The work [1] proposes an improved method of
receiving ACS codes by «accumulation» when the
receiver accumulates the signal for a certain period
and then determines the received code according to
the envelop pattern. There are also studies on the
recognition of the ACS signals using the artificial
neural networks [4, 5, 7], as well as spectral analy-
sis and Wavelet transform [9]. However, all of
these do not solve the problem of low ALSN in-
formativeness, which is related to the low number
of values of this system.

The development of multi-valued ACS in-
volves the selection of carrier signals to transmit
information to the locomotive through the rail line.
Narrow-band signals are traditionally used in exist-
ing multi-valued cab signalling systems. For ex-
ample, the frequency coding system ALSU (tran-
scripted from Ukrainian naming) uses 15 com-
mands, each of which is encoded by a combination
of two unmodulated sinusoidal signals with differ-
ent frequencies. The Russian ALS-YeN (transcrip-
tion from Russian) system uses a carrier signal
with a frequency of 175 Hz with differential binary
phase-shift keying [6]. Italian BACC system,
which is closest to the ALSN system, uses ampli-
tude-modulated signals with carrier frequencies of
50 and 178 Hz and different modulation frequen-
cies, yielding nine ACS commands [13]. Thus,
traditional ACS systems use narrow-band signals,
the spectrum of which is between the traction cur-
rent harmonics. The ACS signal bandwidth cannot
be more than 50 Hz (frequency difference of two
adjacent harmonics), and considering the ampli-
tude response of the filters is 25...30 Hz. This lim-
its the information content and the information
transfer rate over such a communication channel.

In modern telecommunication systems wide-
band signals are often used. Thus, third-generation
mobile systems, systems for satellite communica-
tion and satellite navigation are based on CDMA
technology, which uses wide-band pseudorandom
signals [8, 10-12]. Fourth-generation mobile
communications use OFDMA wide-band signals,
which consist of orthogonal subcarriers [14]. Such
technologies provide high interference immunity
and spectral efficiency. In this regard, the research
on the possibility of using the wide-band signals to
transmit commands to cab signalling is relevant.

Purpose

The purpose of this work is to develop the prin-
ciples of construction of a multi-valued automatic
cab signalling system using the wide-band pseu-
dorandom signals.

Methodology

To construct a multi-valued ACS, we propose to
take a set of commands of the ALSU frequency sys-
tem as a basis and expand it considering the possible
increase of speed up to 250 km/h (Table 1). System
commands (ACS signals) are designated by the
conventional numbers, and the signal, which repre-
sents information about the higher operating speed,
corresponds to the higher sequence number.

In the case of three-digit automatic block signal-
ling on a line, three ACS signals are used: 1, 6 and
9, whereas in the four-digit automatic block signal-
ling — four signals: 1, 4, 6 and 9. The three signals
are general, and signal 4, transmitted by the yellow
light signal in the case of four-digit automatic block
signalling, allows movement at a speed below
50 km/h for a freight train and 80 km/h for a pas-
senger one.

Four code signals 2, 3, 5 and 7 are used to
transmit information about the predefined move-
ment speed during the setting of the incoming route
to the siding line with a divergence on the turnouts'
frogs of different numbers. These signals transmit
the same information about the set speed for both
freight and passenger trains, considering that the
value of this speed is determined not by the braking
distance, but by the turnouts' frogs on the route (be-
low 25, 50, 80 and 90 km/h, respectively, for the
frogs of the 1/9, 1/11, 1/18 and 1/22 numbers).
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When the train moves along the main station track,
the same ACS signals as on the running tracks are
applied.

For high-speed trains, the proposed ACS system
provides signals 10, 11, 12, 13, 14, which are used

to transmit information about the set speed of 160,
180, 200, 220 and 250 km/h.

There are also reserve signals 15 and 16, which
can be used to transmit additional information, if it
is needed in the case of specific operating conditions
of the line.

Table 1
Commands of multi-valued ACS
Controlled speed, km/h
Comngand Cab signal P Note
number Freight train Passenger train High-speed train
b_Iock sec_tlon red 0 0 0 3
is occupied
1 red yellow 0 0 0 -
diverging
2 yellow 25 25 25 movement, frog 1/9
diverging
3 yellow 50 50 50 movement, frog
1/11
4 yellow 50 80 80 -
diverging
5 yellow 80 80 80 movement, frog
1/18
6 yellow 80 120 120
diverging
7 yellow 90 120 120 movement, frog
1/22
8 yellow 90 140 140 -
9 green 90 140 140 -
10 green 90 160 160 -
11 green 90 160 180 -
12 green 90 160 200 -
13 green 90 160 220 -
14 green 90 160 250 -
15 reserve - - - -
16 reserve - - - -

According to CDMA (Code Division Multiple
Access) technology, a wide-band pseudo-noise sig-
nal (pseudorandom sequence) is added to the infor-
mation signal of each user [8, 11, 12]. Due to this,
the signal spectrum is modulated and widened.

Herewith, each user occupies the entire available
time-frequency resource of the communication sys-
tem. Pseudorandom code combination, which is
unique for each user, performs a kind of signal
marking. Adding the same combination on the re-
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ceiving end allows extracting the user signal from
the received group signal. Orthogonal codes are
used as pseudorandom to reduce mutual inter-
channel interference.

Advantages of the CDMA technology include
high spectral efficiency, data confidentiality, high
system flexibility, and high immunity to narrow-
band interferences. The latter is related to the fact
that the energy of the pseudo-noise signal is distrib-
uted over a wide frequency band, and narrow-band
interference, even a very powerful one, does not
significantly affect it.

In this work, the multi-valued system of auto-
matic cab signalling (CDMA-ACS), which use
pseudo-noise signals, has been proposed. Parame-
ters of the system: frequency band — 155...395 Hz,
pseudorandom codes — 16-bit Walsh codes, spec-
trum spreading factor — 16, information signal
bandwidth — 15 Hz, carrier modulation — DBPSK
(differential binary phase-shift keying), infor-
mation rate — 15 bit/s, code combination length —
4 bits. Each ACS command corresponds to one of
16 unique Walsh codes and a 4-bit informational
code combination. Thereby, the maximum possible

number of commands is 256 and the transmission
time for one command is 0.27 s. 16 ACS com-
mands are sufficient for practical application.
Thus, the proposed parameters provide significant
information redundancy, which increases the sys-
tem interference immunity.

To generate CDMA-ACS signals, we offer
a generator, the functional diagram of which is giv-
en in Fig. 1. Using the encoder, each ACS command
is assigned a four-bit informational combination and
a 16-bit Walsh code, which is added modulo two to
the informational sequence. In this way, the spec-
trum spreading and the informational signal mark-
ing are achieved. In this case, the informational se-
quence of a 15 bits/s rate is converted into a wide-
band signal with a chip rate of 240 symb/s, which
modulates the harmonic carrier and forms a PSK
signal. The DPSK, which provides high interference
immunity of the communication channel, is used in
the system. The obtained wide-band PSK signal is
filtered, amplified and transmitted to the rail line
through the protection and matching devices. Let us
consider the operation of the CDMA-ACS signal
receiver (see the functional diagram in Fig. 2).

XOR BPSK (155...395) Hz
CDMA-ACS 15bit/'s /717240 symb/s Phase | o= Power
command | Coder i + "|  modulator | =2 amplifier
240 symb/s 1 Band-pass v
| Walsh code Oscillator filter Protection
generator and matching
devices
|
| Railline
Lo |
Fig. 1. Functional diagram of CDMA-ACS generator
BPSK demodulator
Fmmmm e
U : h
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The locomotive receiving coils (RC) receive
the ACS signal from the rail line, and then it is
transmitted to the amplitude limiter (AL), which
protects the receiver from powerful interference.
The signal received is amplified, filtered and
applied to the phase demodulator input. To reduce
the influence of traction current harmonics, the
narrow-band notch filters, which tuned for the
frequencies of 200, 250, 300 and 350 Hz, are used.
Such filtering does not significantly affect the
received ACS signal because, according to CDMA
technology, the signal has a wide spectrum, i.e.
useful information is not concentrated at one point,
but distributed over the entire frequency band
(155...395) Hz.

Phase demodulator is constructed according to
the correlation principle. It determines the cross-
correlation of the received signal and two reference
signals with a frequency of 275 Hz and opposite
phases, corresponding to logical zero and logical
one. The value of each symbol is determined by
comparing the obtained cross-correlations.

In the proposed system, each ACS command
has two selective features: a 16-bit Walsh code and
a 4-bit informational sequence. To decode the
command different Walsh codes are added modulo
two to the signal received after demodulation.
Then the signal integration is performed for each
message element. The value of each informational
element (logical zero or logical one) is determined
by comparing the integrator output signal and the h
limit level. After this, the decoder analyses the
received 4-bit combination and determines, which
ACS command is transmitted over the rail line.

Findings

To investigate the proposed CDMA-ACS sys-
tem, the simulation modelling has been accom-
plished in MATLAB. In the first stage, the
CDMA-ACS system was considered interference-
free. The results are presented in Fig. 3. A 4-bit
combination 1010 was chosen as the information
message (Fig. 3, a). The duration of one element of
the message is 66.7 ms, which corresponds to the
information rate of 15 bits/s. A 16-bit Walsh code is
added modulo two to such a signal to mark and
broaden the spectrum. As a result, a pulse sequence
with a chip rate of 240 symb/s is formed (Fig. 3, b).

a
u(t), v
1
0.8
0.6
04
0.2
0 . . z
0 0.05 0.1 0.15 0.2 0.25 1,5
b
LAY
| (g — p— — e e g m— — p— —
08
0.6
0.4
0.2
pt L e L LD
0 0.05 0.1 0.15 0.2 025 t,s
C
025 1.8

025t 8

0 0.05 0.1 0.15 0.2 025¢ s

Fig. 3. Results of simulating the signal transformations
in the CDMA-ACS system without interference:
a — initial message; b — signal after spectrum broadening;
¢ — modulated signal; d — signal at the output of integrator;
e — received message
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After the DPSK, a harmonic signal with a car-
rier frequency of 275 Hz is generated, the phase of
which changes according to the value of symbols
transmitted. Thus, a wide-band signal is formed
(Fig. 3, c), the spectrum of which occupies the fre-
guency band of 155... 395 Hz. This signal, being
amplified and matched, is transmitted to the rail
line.

CDMA-ACS receiver amplifies, filters, de-
modulates and decodes the received signal. After
demodulation, the reference Walsh code is added
modulo two to the pulse sequence, and the result is
integrated. Herewith, the integrator output signal is
linearly increasing. (Fig. 3, d). At the end of each
timing interval, this signal is compared with the h
limit level, and the value of each information ele-
ment is determined.

The limit level is exceeded for the first and
third unit interval, whereas for the second and
fourth is not (see Fig. 3, d). Thus, after decoding,
the information sequence 1010 (Fig. 3, e) is ob-
tained, which corresponds to the signal at the out-
put of the generator.

l
"\“ fm‘“

Fig. 4. Results of simulating the signal transformations
in the CDMA-ACS system under the influence of
interference 250 Hz:

a — signal at the input of receiver;

b — signal at the output of integrator

At the second stage, CDMA-ACS system was
simulated under the influence of powerful narrow-
band interferences (traction current harmonics)
excluding distortions in the rail line, filters, ampli-
fiers and other protection and matching devices.
Interferences with frequencies of 250 and 300 Hz
were chosen because they are the closest to the
signal carrier frequency of 275 Hz and are the most
significant. In Fig. 4, a, CDMA-ACS signal under
the harmonic interference of 250 Hz and signal-to-
noise ratio of 1/3 is shown, i.e. the interference
amplitude is three times higher than the signal am-
plitude (1 V). After its demodulation and processing
at the integrator output, the signal in Fig. 4, b is be-
ing formed. The limit level is exceeded for the first
and third unit intervals but is not for the second and
fourth. Thus, after decoding, the informational se-
guence 1010 is obtained, i.e. the receiver decoded
the signal without errors. Errors occurred with
a higher interference amplitude of 250 Hz.

Fig. 5 shows the results of simulation under the
influence of harmonic interference with a frequen-
cy of 300 Hz and the signal-to-noise ratio 1/2. As
we can see, in this case, the information message is
also decrypted without errors. Errors occurred with
a further increase in the interference amplitude.

u(t), V
I m

Fig. 5. Results of simulating the signal transformations
in the CDMA-ACS system under
the influence of interference 300 Hz:
a — signal at the input of receiver;
b — signal at the output of integrator
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As a result of simulating the system operation,
the dependency of the error ratio of CDMA-ACS
command decoding on the signal-to-noise ratio
with a harmonic interference of 300 Hz was ob-
tained (Fig. 6). During the simulation, a random
4-bit message and interference of a random phase,
uniformly distributed in the [0, 2x] interval, were
formed. The 10,000 tests were performed for each
signal-to-noise ratio. It was found that in the case
of a signal-to-noise ratio greater than -8 dB (inter-
ference level 2.51 times higher than the signal lev-
el), decoding errors of CDMA-ACS commands do
not occur. At this stage, the simulation did not con-
sider the amplitude limiter and notch filters. In the
case of applying such elements, the interference
amplitude may not significantly exceed the ampli-
tude of the useful signal.

Kerr
0.04

0.01

$ SNR, dB

Fig. 6. Dependency of the error rate
on signal-to-noise ratio:
points — simulation results; line — approximation

Thus, the simulation results show a sufficiently
high interference immunity of the CDMA-ACS
system to narrow-band harmonic interference. This
is caused by the following factors: 1) the usage of
interference-immune PSK; 2) the application of the
correlation method in the receiver; 3) the wide-
band signal is resistant to narrow-band interfer-
ence.

Originality and practical value

The authors of this work studied a multi-valued
automatic cab signalling system using wide-band
pseudo-random Walsh codes for the first time.

Implementation of the proposed solutions will
increase the informativeness and interference im-
munity of the automatic cab signalling system, re-
duce the command transmission time from the
track to locomotive.

Conclusions

1. The main disadvantage of the system of au-
tomatic cab signalling with numerical encoding
(ALSN) is low informativeness. In Ukraine, the
implementation of a high-speed rail system is vir-
tually impossible without modernizing the locomo-
tive safety devices by using the multi-valued au-
tomatic cab signalling.

2. This work proposes a multi-valued ACS sys-
tem, which allows the transmission of at least
16 commands to the locomotive, including infor-
mation on speed limits at the stations, as well as
information on the current train situation on the
line, taking into account the possible speed in-
crease to 250 km/h.

3. The wide-band pseudo-noise signals were
proposed to transmit ACS commands. This al-
lowed a significant improvement in the informa-
tiveness and data transfer rate. Functional diagrams
of the generator and receiver of signals of multi-
valued ACS were developed, and the system pa-
rameters were proposed.

4.To study the proposed system, a simulation
model in the MATLAB environment was devel-
oped. The simulation results showed high interfer-
ence immunity of the system to narrow-band har-
monic interference.

5. This work involves further research in the
following areas: simulation of signal transfor-
mations in the CDMA-ACS system, taking into
account distortions in the rail line, filters, amplifi-
ers and other protection and matching devices; use
efficiency comparison of other wide-band pseu-
dorandom codes.
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Bararo3nauyna cucreMa aBTOMATHYHOI JIOKOMOTHUBHOI CUTHAJII3aNil HA 0a3i
TexnoJsorii CDMA

Mera. L{s po6oTa cupssMoBaHa Ha PO3POOKY MPUHIMIIB MOOYJOBH 06araTo3HavyHOi CHUCTEMH aBTOMAaTHYHOI JIO-
komotuBHOi curHamizamii (AJIC) i3 3acTOCyBaHHSAM IIMPOKOCMYTOBHX IICEBIOBHIIAJKOBHX  CHTHANIB.
Metoauka. /[y qOCSTHEHHS OCTABJIEHOT METH MPOBEJICHO aHaii3 HasBHUX cucteM AJIC Ta cydacHHX TeJIeKoMYy-
HiKallifHUX TEeXHOJIOTiH. 3amponoHOBaHO OaraTo3Ha4yHy CHCTEMY ABTOMAaTHYHOI JIOKOMOTHBHOI CHTHaJi3arii
CDMA-AJIC, y sxiit Juis mepeadi KOMaH ] BUKOPHCTAHO IIMPOKOCMYTOBI ITyMono1ioHi curnanu. [lapamerpu cuc-
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TEMH: 4acToTHa cmyra — 155...395 I'u, nceBnoBunaakoBi koau — 16-0iTHi koau Youa, KoedilieHT po3IIUPEHHS
cnekTpy — 16, mupuHa cnekTpy BuxigHoro currany — 15 I'u, Mmogynsis Hecyuoi — DBPSK (nudepenuiiina neormo-
suliiiHa (ha3oBa MaHIMyIALis), iHQOopMaIliifHa MBUAKICTE — 15 OiT/c, TOBKHHA KOJOBOI KOMOiHAIil — 4 OiTH, MaK-
cuUMalbHa KiIBKICTh KOMaHa — 256, dac nepenaui onHiel komanau — 0,27 ¢. Po3poOiieHO QyHKITIOHATBHI CXEMH Te-
HepaTopa Ta MpHiiMava CUTHAJIB 0araTo3Ha4HOi aBTOMATUYHOI JIOKOMOTHBHOI CHTHATI3aMii. 3aIpOITOHOBAaHO BHUKO-
PHUCTOBYBaTH KOpemsmiifHui Mmeron mpuitomy curHaiiB AJIC. Pesyabraru. [[ns BunmpoOyBaHHS 3apOIIOHOBAHOI
cucremu CDMA—-AJIC nposeneno imitanifine monmemoBanHs B cepenoBuii MATLAB y aBa etanu: Ha mepriomy
etari 6ymo gociimkeno cuctemy CDMA-AJIC 3a BincyTHOCTI 3aBax; Ha JPYroMy — 3a YMOBH BIUIUBY IMOTYKHUX
30CEpEKCHNX 3a CIEKTPOM 3aBaj (TapMOHIK TATOBOTO CTPyMY). Y CTaHOBIIEHO, IO CHCTEMa Ma€ BHCOKY 3aBasioc-
TIHKICTh 710 By3bKOCMYTOBUX IapMOHIYHMX 3aBaj. HaiOlIbII CyTTEBUMHU JUISI CHCTEMH € TaPMOHIKHU TSTOBOTO CTPY-
My 250 Ta 300 I'u, ockinbpku BOHM HaWOIMXK4l O Hecydoi yacToTu curHainy 275 I'i. BusHaveHo, 1110 HOMUJIKH Jie-
konayBaHHs koMaHa AJIC BUHHKAIOTh, SIKIIO BiJHOLICHHS CHTHAM / IyM cTae HIKYUM Hixk —8 ab. J[ns 3MeHIeHHs
BBy rapMoHik 250 Tta 300 I'm 3ampomoHOBaHO BUKOPHUCTOBYBAaTH JOJAaTKOBI PEXEKTOpHI (LIbTpH.
HaykoBa HoBH3HA. ABTOpH i€l poOOTH BHEpIe BUKOHAIM JOCIIDKEHHS 0araTo3HA4HOi CHCTEMH aBTOMAaTHYHOI
JIOKOMOTUBHOI ~ CHUTHaJi3alii i3 3acCTOCYBaHHSIM IIMPOKOCMYTOBHMX IICEBJIOBUIAJKOBUX KOMIB  YoJimia.
IIpakTH4YHA 3HAYUMiCTh. YTIPOBaKCHHS 3aIPONIOHOBAHMX PIIlIEHb JO3BOJMTH IIIBUIIUTH iHPOPMATUBHICTH Ta
3aBa/IOCTIMKICTh CHCTEMH aBTOMAaTHYHOI JIOKOMOTHBHOI CHTHAIII3AII], 3SMEHIIUTH Yac MepelaBaHHs KOMaH] 13 KOl
Ha JJOKOMOTHB.

Knrouosi cnosa: aBromatmuHa jokomoTmBHa curHamizamis (AJIC); mMHUPOKOCMYTOBHI CHTHAN, MHOXHHHHHA
JIOCTYTI i3 KOJOBUM PO3IUICHHSIM; KOIH Y OJIIIIa; KOPEIAIHHINA METO;, 3aBaJOCTIHKICTD
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EKCINVIYATALIA TA PEMOHT 3ACOBIB TPAHCIIOPTY
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JocJiiazKeHHs BIVIMBY TPUBAJIOCTI BAHTAKHO-PO3BAHTAKYBAJIbHUX POOIT
Ha e(eKTHBHICTh BUKOPUCTAHHA TEXHOJIOTIYHOT0 AaBTOTPAHCIOPTY
HA 32J1i30pyAHUX Kap’epax

Merta. HafimommpeHimmM BUIOM TEXHOJIOTIYHOTO TPAHCIOPTY Ha BiIKPUTHX TiPHUYUX PO3POOKAX € aBTOMOOLIE-
HUI — T aBTOCAMOCKU/I BaHTaKOIAHOMHICTIO Bix 45 1o 220 1. O6’eM mepeBe3eHb TipHIYOI MacH i3 3aCTOCYBaHHSIM
aBTOTPAHCIIOPTY Ha MIANPUEMCTBAX 3aTi30py/IHOI MPOMHUCIOBOCTI CTAHOBUTH MOHAA 350 MiH T Ha pik, abo 27 % Bin
3araJibHoro 00’€My BIIKPUTHX TIPHAYMX PO3POOOK Y raiy3i. BiiblIicTh yKpaiHCHKUX 3ali30pyIHUX Kap €piB BEJIHMKOI
MOTY>KHOCTI 3MYILIeHI TIPAIFOBATH B YMOBaX IHTeHCU]IKallii ripHHYMX poOiT, MOCTIHHOTO 3arUOIeHHs Ta YCKIIaHEHHS
TiPHUYO-T€OJIOTIYHNX YMOB. 3i 30UIbIIEHHSIM TIIMOMHK Kap’epiB crioctepiraerbes 30uibineHHst B 1,3-1,7 pa3u 00’ emy
NiepeBe3eHb BiIHOCHO /10 00’€MIB BiIBAHTa)XEHOT TIPHUYOT MacH 1, sIK HAaCIIJOK, 3HIKEHHS e()eKTHBHOCTI BUKOPHCTAHHS
TEXHOJIOTIYHOTO aBTOTpaHCHopTy. MeToro 1€l poOOTH € MpoaHaii3yBaTH BIUIMB Ha €(QEKTHBHICTh BHKOPUCTAaHHS
Kap’epHHUX aBTOcaMOCKUiB bernA3 yacy BUKOHAaHHS HABaHTAXXyBAIbHO-PO3BAHTaKYBAJIGHUX POOIT, IO AACTh MOXKIIU-
BICTh PO3POOHTH YIPABIIHCHKI 3aX0/IM II0JI0 BIIPOBA/DKEHHSI €PEKTHBHNUX TPAHCIIOPTHUX TEXHOJIOTIH, CIIPSMOBAaHNX Ha
3HIDKEHHS BUTPAT iJ] 9ac BHAOOYTKY 3aJ1i3HOI pyAX BIAKPHTUM CIIOCOOOM Ta IIJIECHPSMOBAHO BIUIMBATH Ha IIi BUPOO-
H1i poueck. Meroauka. J{isi BUPIIIEHHS TOCTAaBICHNX 3aBJlaHb OyJI0 BUKOPHUCTAHO METOIN TEXHIKO-EKOHOMIYHOTO,
KOpeIIiHHO-perpeciiHoro, (akTOPHOTO Ta CHUTYALIMHOTO aHami3y (I MOCHIDKEHHS IIPOIECIB eKCITyaTamil
Kap’€pHHUX aBTOCAMOCKHUJIIB Ha TIPHUYOJ00YBHHX mianpueMcTBax). Jns dopmanizanii MeToqiB migBUILICHHS e()eKTUB-
HOCTI BUKOPUCTAHHSI TEXHIKM Ta TPAHCIOPTHUX TEXHOJIOTH OYJI0O BUKOPHCTAHO METOJIUKY ONEpPaTHBHOIO BpaxyBaHHS
TiPHUYOTEXHIYHUX YMOB €KCIUTyaralil Kap’€pHHX aBTOCAMOCKHIB Ha TpHUYOA00YBHUX MifmpueMcTBax. s npose-
JICHHS OLIIHKM €KOHOMIYHOI e()eKTHBHOCTI 3alIPOIIOHOBAHOI CHCTEMH YIIPaBJIiHHS BUJOOYBHOIO JIISUIBHICTIO Kap’ €pHHUX
aBTOCAMOCKHIIB OYJIO 3aIPOIIOHOBAHO METO/I IIOPIBHSUIBHOIO €KOHOMIUHOTO aHamizy. Pesyabrarn. OTpumani pesyib-
TaTH MPAKTUYHO BIIPOBADKEHO B peaIbHUX YMOBAX €KCIUTyaTallil Kap €pHUX aBTOCAMOCKHJIIB Ta BU3HAUEHO €KOHOMIiY-
HUH edekT Bix peaiizawii 3anponoHoBaHux 3axozis. HaykoBa HoBu3HA. Y mporieci TOCiipkeHHs Oyl0 00TpyHTOBaHO
Ta (hOpMaJi30BaHO METOJMKH, SIKi JI03BOJISIIOTH IPOBOJIUTH OLHIOBaHHS €()EKTUBHOCTI €KCIUTyaTalil Kap’€pHHUX aBTO-
CaMOCKHJIiB Ha Ii/ICTaBl ONIEPAaTUBHOTO MOHITOPHHTY YMOB iX ekciutyataiii. [IpakTnuna 3Haunmicts. OOrpyHTOBaHO
(opmu (YHKIIIOHAIBHOTO 3B’S13Ky Ta OTPHMMAHO AHAIITUYHI 3AJIEKHOCTI MK ITOKa3HUKaMH, 1110 XapaKTepH3yloTh e(ek-
TUBHICTh BUKOPUCTAaHHS Kap €PHUX aBTOCAMOCKH/IB Y TPOIIEC] MPOBEICHHS TEXHOIOTTYHUX IIePeBE3EHb 3aJIi3HOI pyaH,
Ta YacOM BUKOHAHHS BAHTQ)KHO-PO3BaHTaKYBAIEHHUX poOiT. L5 3aexHicTh J03BOJISIE BUSHAYUTH PE3CPBH i IBUILICHHS
e(eKTUBHOCTI pOOOTH aBTOCAMOCKH/IIB Ta EKOHOMIUHHI e(eKT BiJ peaizallii 3aIpONOHOBaHMX 3aX0/iB.

Kntouosi cnosa: Kap’e€pHI aBTOCAMOCKHIHM, BaHTAKHO-PO3BAHTAXyBajbHI POOOTH; MPOCTOI, NPOIYyKTHBHICTE,
YMOBH eKCIUTyaTarlii; pakTopHUi aHali3; eKOHOMIYHA €(peKTHBHICTh
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Beryn

Croroani B YkpaiHi OCHOBHI 00’€eMH BHAOOYT-
Ky 3aJi3HUX Y[ 3MIACHIOIOTH Ha I’SITH TIPHUY03-
OarauyBanpHUX kKoMOiHatax Kpusoro Pory. lle —
[MTPAT «lieaiuamit I'3K», [IPAT «llenTrpansauit
I'3K», [IPAT «liBgernanii I'3K», [ipauamii nusi-
sion [IAT «ApcenopMirran Kpusmii Pir» Ta
[MPAT «luryneupkuii I'3K». 3aransauii BugoOy-
TOK BeIyTh Ha OJWHAALATU Kap’€pax i3 NeBHUMH
TIpHUYOTEXHIYHUMH YMOBaMH.

Pesynpratn GaratopiuHuX CHOCTEpEKEHb 1 AO-
CJiUKeHb, TPOBEICHUX HAa TIPHUYOPYIHHX ITiJIII-
PHEMCTBAX, MMOKa3ylOTbh, 10 OCHOBHI BUTpPaTH Ha
BIJKPUTUX PO3pPOOKax NpUNAJal0Th Ha HaBaHTa-
JKyBaJlbHI W TPaHCHOPTHI oreparlii, o 0coOIMBO
30IMBINMINICS B OCTaHHI POKU Uepe3 3POCTaHHS
MPOCTOPOBHX PO3MipiB Kap’epis [7, 10].

Buao0yTok 3ami3HUX pyA MOXHa 3iHICHIOBATH
13 3aCTOCYBaHHIM Pi3HUX TPAHCIMOPTHHUX TEXHOJO-
riif: eKCKaBaTOPHO-3aJli3HUYHOI, EKCKaBaTOPHO-
aBTOMOOUIBHOI», a00 KOMOiHOBaHOI. Y 3B’SI3KY
3 THM, IO Ha OIBIIOCTI Kap’ €piB CHOTOIHI TITNOH-
Ha BUIOOYTKY cTaHoBuUTH moHan 300 m (rmmbuHa
kap’epy [IPAT «IaI'3K» — 436 M), TexHOIOTI4HI
MepeBe3eHHs 3aJi3HOT pyIu 3/AiHCHIOIOTH IepeBa-
KHO Kap’ €pHUMHU aBTOCAMOCKHIAMH BEJIHMKOi BaH-
TaKOI JHOMHOCT] HE3Ba)Kar04M Ha T€, IO 1€ OJUH
13 HaHOUIBII BUTPATHUX CIOCOOIB TPAHCIIOPTYBaH-
HS SIK 3 ypaxyBaHHSIM KalliTaJIbHUX BKJIAJ€Hb, TaK
1 B TUIaHi eKcIuryaTamiiHuX BuTpar. Lle mosicHio-
€TBCSl TUM, 1110 OCHOBHHUMH TepeBaraMu aBToMoOi-
JIBHOTO TPAHCIOPTY €: HE3aJIEKHICTh HOTo Bif 30-
BHIIITHIX JDKEpell eHeprii, CHpOIIeHHS MpoIecy
(hopMyBaHHS TEXHOJIOTIYHUX CXEM IEePEBE3CHHS
PYIH, CKOPOYEHHSI JOBXHHHU TPAHCIIOPTHUX KOMY-
HIKaIliid, MOXJIMBOCTI TIOAOJAHHSA KPYTUX IIiJIHO-
MiB, MOOUIBHICTB. 3a i€l CXeMH PYIy JOCTaBJIS-
I0Th aBTOMOOLTBHUM TPaHCIIOPTOM Bij BHOOIB Ha
KOHIIEHTPAL[fHI TOPU30HTH, /1€ NEPEBAHTAXKYIOTH
Ha KOHBeepH (y paMKax LUKJIIYHO-TIOTOYHOI TeX-
HoJIOTi1) a00 3aNi3HUYHUI TPAHCIOPT i BUBO3STH
Ha TIOBEPXHIO JUIs mojanbuoro 30araueHss. [epe-
Ba)XKHY OUTBILICTH PyXOMOTO CKJIaay B TEXHOJOT1Y-
HUX aBTOMOOUTHHHUX TIEPEBE3CHHSX CTAHOBISTH
Kap’epHi camockuau BupoOHunTBa «BEJIA3 —
XOJAUHI» cepii 7513 BaHTa)KOIMiAHOMHICTIO
130-136 .

OpHi€r0 3 OCHOBHHUX IPOOJIEM, 1[0 BUHUKAIOTh
i yac MepeBe3eHHs PyIu B Kap’€pax, € HassBHICTb

MPOCTOIB TPAHCIIOPTY B OUiKyBaHHI HAaBaHTAKCHHS
1 pOo3BaHTaXEHHS 1, IK HACTIIOK, HEIOCTaTHS ede-
KTUBHICTh BHKOPUCTaHHS HaBaHTAXYyBAJbHHX 3a-
co0iB Ta aBTOCAaMOCKH/IB. SIK OCHOBHI LUISXU BU-
pimeHHs 3a3HadeHoi MPOOJIEMH MOYKHA BHILITUTH
TaKi: peTeIbHUN BUOIp MOJIEi aBTOCAMOCKHIA BiJl-
MOBIZIHO 70 TEXHIYHUX XapaKTEPUCTHUK HABAHTAXKY-
BaIBHOTO 3ac00y; PO3BUTOK CHCTEM KOHTPOIIO 3a-
BaHTAXCHHS BEJIMKOBAHTAKHUX aBTOCAMOCKH/IIB;
BUKOPHCTAaHHSI HOBUX CUCTEM KepYBaHHS MPOLIECOM
eKCIUTyaTalii Kap’€pHOTO aBTOTPAHCIIOPTY.

JlocmimKeHHIMIA BCTAHOBJICHO, IO C€(EKTHUB-
HICTh BUKOPHCTAHHS Kap’ €PHOTO aBTOMOOITBHOTO
TPaHCIOPTY 3aJIe)KUTh Bifi 0araTboxX eKcIuTyara-
HIHHUX Ta opraHi3amiiftHuX (akTopiB, SKi MPAKTH-
YHO BCi MiJAAOTHCS OLIHII W aHali3y, a BiAMOBiA-
HO, 1 pe3yJlbTaTH TAaKOTO aHalli3y MOXKHa 3aCTOCY-
BaTH IS pO3pOOKHU 3aXO07iB, CIIPSIMOBAHUX HA MiJ-
BHIICHHS e(eKTUBHOCTI BUKOPHUCTaHHS
TEXHOJIOTTYHOTO aBTOMOOUILHOTO TPAHCIIOPTY.

OCHOBHMMH MOKa3HUKaMHU, II0 BU3HAYAIOTH Pi-
BEHb €(EeKTHBHOCTI TEXHOJOTIYHHX TIePEBE3CHb,
OUIBIIICTh aBTOPiB BU3HAIOTH MPOAYKTHUBHICTH
i co0iBapTICTh TPAaHCTIIOPTYBaHHS TiPpHUYOI MacH.
Amnani3 nokasye, mo (GpakTHYHI BUTpATH Ha TEXHO-
JIOTiYHI mepeBe3eHHs | T 3aii3Hoi pyau Ha TipHH-
4o-30arauyBanbHuX KomOiHatax Kpusoro Pory
ckiagaroTe Omm3pko 30 TpH 3a coOiBapTOCTi
I 1. xMy 8-9 rpH.

Y HayKOBO-TEXHIYHIM JiTepaTypi NHTAaHHIO
MIJBUIICHHS. €()eKTUBHOCTI €KCIUTyaTallii BEJIMKO-
BAaHT)XHOTO Kap €PHOTr0 aBTOTPAHCIIOPTY OCTaH-
HIM 4YacoM MpHIiJeHO 3Ha4Hy yBary. [lo mocmi-
JOKCHb 13 11i€] TeMaTHKH BapTO BIJHECTH POOOTH
A. A. Anamuyka [1], IO.II Acrap’eBa [2],
B. B. Ayunina [3], M. B. Jlanonosa [4], T'. I. Kupu-
gyenka [5, 6], A. A. Kynemosa [7], O. H. Jlapuna
[8], C. B. MakcumoBa [9], FO. A. MoHaCTHPCHKOTO
[10, 11].

AHaui3 X poOiT T03BOJISE BUIIINTH JAEKLIbKA
TOJIOBHUX HaNpsMIB MiJBUIICHHS €(QeKTUBHOCTI
eKCIUTyaTallii BETMKOBAHTAXXHUX CAMOCKHUJIIB, SKi
BUKOPHUCTOBYIOTH Ha 3aJIi30pYAHUX Kap epax: yAo-
CKOHAJIGHHSI TEXHOJIOTI] BUKOHAHHS TiPHUYUX PO-
0iT; OOTPYHTYBaHHsS palliOHAJTBHUX MapameTpiB
1 CXeM PO3KPUTTS POAOBHILIA i TPaHCIIOPTHOI CHC-
TEMH; TIOJIIMIICHHS BaHTa)XO-PO3BaHTAKYBaJIbHUX
poOIT 3a paxyHOK CKOPOYEHHsS IPOCTOIB 00Jaj-
HaHHS; OHOBJICHHS MapKy TEXHOJOTIYHOTO aBTOT-
PaHCIOPTY LUISIXOM 3aMiHH 3aCTapiIuX TPaHCIOP-

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2021/256794

© K. M. PazymoBa, O. A. TemueHko,
C. B. Makcumos, O. C. Makcumosa, 2021

25


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 23076666 (Online)

Hayxka ta nporpec TpaHcnopTy. Bicaux JIHIIponeTpoBCEKOro

HaLliOHAJBHOTO YHIBEPCHTETY 3alli3HHYHOTO TpaHcnopTy, 2021, Ne 6 (96)

EKCIUIYATAIIS TA PEMOHT 3ACOBIB TPAHCIIOPTY

THUX 3ac00iB HOBHMHU; YIOCKOHAJICHHS PEMOHTHOT
0a3n Ta BIPOBAPKEHHS HOBHUX METOIIB 1 3ac0O0iB
JUIS  JIarHOCTHKH, TEXHIYHOTO OOCITyrOBYBaHHS
i PEeMOHTY PYXOMOTO CKJIajy; MOJIMIIEHHS CTaHy
TEXHOJIOTIYHUX Tpac, IO A03BOJISIE MAaKCUMAaJIbHO
[IOBHO BUKOPHUCTATH TSITOBO-IUHAMIYHI BIaCTHBO-
CTi aBTOCAMOCKHJIA.

[ToGynoBaHi mix yac mociiKEeHHS TEOpeTHYHI
MOJIeTIi HE TIOBHOIO MipOI0 OMHUCYIOTH MPOIIEC IIe-
peBesenb. lllnsxu BupimeHHs Takoi mpoOieMu
posrmagaB y cBoix nocuimkeHHsx O.B. Ocwumos
Bin Big3HauWB, M0 TS M ABHINECHHS €(DEKTUBHOCTI
 CHCTEeMHOI CTabiTbHOCTI Ha PUHKY TPAHCIOPT-
HUX TOCJYT IiJi 4aC JIOCTAaKW BAaHTAXIB MOBHHHA
Oyt 3abe3meueHa MakKCHMallbHa KOOPIWHAILSL
1 iHTerpallis BCiX JJAHOK TPAHCIIOPTHOTO MPOIIECY,
mo OepyTh y4acTb y (OpMyBaHHI i ympaBiiHHI
OCHOBHUMH ¥ JONOMDKHUMH MaTepialbHUMH
U MOB’SI3aHMMM 3 HUMHU HOTOKaMHU. YUYEHUU Ipo-
aHaJi3yBaB NpOLEC MEPEBE3CHHS PyOH B LIJIOMY
1 Ioro CKJIaJIOBUX YaCTHH, BUSBUB XapaKTep B3ae-
MO3B’sI3Ky 0araTbOX MapaMeTpiB TPaHCIOPTHO-
TEXHOJIOTIYHOi cXeMHu mpouecy mnepeBe3eHb. Ha
mificTaBl aHalizy piBHS €(PEKTHBHOCTI MEpeBe3eHb
Py BEIMKOBAHTAXHUMH Kap €PHHUMH CaMOCKH-
namu OyIio BUSIBICHO Hee(eKTUBHICTh HAsBOI Me-
TOJIMKY TUTaHYBaHHsI rpadikiB MepeBe3eHsb i 3ampo-
MOHOBAHO MIJISAXU 11 BJJOCKOHAJICHHS.

V pob6oti O.H. Jlapuna [8] mpoananizoBaHo
¢akTopH, 10 BIUIMBAIOTH Ha (POpMyBaHHS YMOB
eKCIUTyaTallii Kap’€pHOro TPaHCMopTy. IX mosie-
HO Ha JIBl Tpymu:

1) akropu, 1m0 ICTOTHO BIUTMBAIOTH HA TPAHC-
IIOPTHHUH ITPOLIEC;

2) pakTopH, 1O MPAKTUYHO HE BIUIMBAIOTH Ha
Mpo1ieC epEeBE3CHHS BAHTAXIB.

o daxTopiB, 1110 ICTOTHO BILIMBAIOTh HA TPaH-
CIIOPTHHI TPOLIEC, HAJCKaTh TIPHUYOTCXHIYUHI, Te-
XHOJIOT14HI, IOPOXKHBO-TPAHCTIOPTHI, KJIIMAaTHYHI.

Ho apyroi rpynu (akTopiB BiTHECEHO PEXUM
poOOTH Kap’epy # TPaHCHOPTY Ta €KOHOMIYHI TO-
Ka3HUKU — BapTiCTh yCTaTKyBaHHS, TPAHCIIOPTHUX
KOMYHiKaIilf, Tapa’>kHOr0 TOCIIOapCTBa, BapTICTh
{XHBOTO YTPUMYBaHHS ¥ OOCIIyTOBYBaHHS, TPYIIO-
MICTKICTh BaHTa)KHO-TPAHCIIOPTHOTO U JIOTIOMiX-
HOTO TIPOLECiB, 3apIjiaTa OCHOBHOIO ¥ o0ciyro-
BYIOUOTO MepCoHay, BapTICTh NabHO-
MacCTHJIBHUX MaTepiajiB, IIUH Ta iH.

VYeci mepeniuni GakTopy 3aN€XKHO Bi MOXKIIHU-
BOCTI yNpaBNiHHA HUMH 3 OOKy TipHHYO-

30araqyBaJibHOTO MiAMPHEMCTBA MOXKHA MOJIIATH
Ha JIBl Tpymu:

1)sIxi 3amexxaTe Binm opramizamii pobotu
Kap’epy: KIiMaTH4Hi ¥ reorpadidni ymMoBH, ¢i3u-
KO-MEXaHIYHi BJIACTHBOCTI pO3pOOJIIOBAHKX TOPIT,
BHCOTAa Kap €py HaJ PiBHEM MODs, HAPSMOK PyXy
3 BAaHTAXKEM.

2)Taki, MO MOXYyTh 3MIHIOBATHCS IUIIXOM
MIPOBEACHHS PI3HUX OPraHi3allifHuX 3aXOMIiB: CTaH
1 SIKICTh JOPIT, OCHAIICHICTh 1 TOTYXHICTh BUPOO-
HUYO-TeXHIYHOI 0a3u Kap’epy # aBTOTpaHCHOPT-
HOTO MIIPHEMCTBA, PEKUM POOOTH €KCKaBaTOPiB
1 cCaMOCKHIIB, OpraHi3aIlisi HaBaHTKEHHSI U pPO3-
BAaHTAXXCHHSI MAIWH, CITiBBiTHOIIEHHS €KCKaBaTO-
piB i caMOCKU/IiB, CTYIiHb CIIPAIFOBaHHsS HaBaHTa-
KYBaJIbHUX 1 TPAHCTIOPTHUX MAIIHUH.

BB takux QakTopiB Ha eEKTUBHICTh BUKO-
PHUCTaHHSI TEXHOJOTIYHOTO ABTOTPAHCIIOPTY OLli-
HEHO 3a JOIMOMOTOI0 KOpEJSIiifHO-perpeciitHoro
aHaJizy.

VY cBoiit po6oTi [7] A. A. Kynemos aj1st OIiHKH
e()eKTUBHOCTI BUKOPHUCTAHHS TEXHOJOTIYHOTO aB-
TOTPAHCTIOPTY 3alpPOTIOHYBAB TEXHIUHI 3aCO0U KO-
HTPOJIIO 3aBAaHTAXXKEHHS Kap €pHUX aBTOCAMOCKU-
IiB Ta 4acy BHKOHAHHS OKPEMHX TEXHOJIOTIYHUX
omepariiii. Sk Taki 3acobu pPO3TIAHYTO 3aCTOCY-
BaHHS OOPTOBUX CHCTEM KOHTPOIIO 3aBaHTAKEHHS
i urpat nanmea (CK3ill), siki BCTaHOBIIOIOTH Ha
Kap’epHUX aBTOcaMockunax bemA3.

VY po6ori C. B. MakcumoBa [9] 3anpornoHoBaHO
[MOKA3HUKH OI[IHKH CKOHOMIYHOT e(EeKTUBHOCTI
TPAHCIIOPTHOI CHUCTEMH Ta JIUHAMIYHI KpHUTepii
OIIHKM BapiaHTiB i PO3BUTKY (ITMTOMi BUTpPaTH
MaJMBa, MPOMYKTUBHICTh Kap’epy 3a TipHUYOO
Macor Ta 00cSTu TpaHCHOPTHOI poOoTH). BapTic-
HUM TIOKa3HUKOM OIIIHKM €KOHOMIiYHOi e()eKTHB-
HOCTi Kap’€pHOTO aBTOTPAHCIIOPTY 0OpaHO 3BeieHi
BUTPATH Ha TPAHCIOPTYBAHHS TIPHAYOI MacH, IO
npunagaroTh Ha 1 T abo 1 mM® nepesesenoro BaHTa-
Y Ta BPaxOBYIOTb (h)aKTOp Yacy i pHHKOBI YMOBH.

[IpakTuuHa peanizailis poOOTH MOJSATAE B PO3-
poOIIi MOAYJS ONTUMI3aIlil Ta aBTOMAaTUYHOI J¥C-
neTyepu3anii CUCTeMH KepyBaHHS TipHUYOTpaHC-
noptHUM Komiuiekcom «KAP’€P» ans 3abesme-
YEeHHSI MaKCUMyMYy €(EeKTHBHOCTI pOOOTH TEXHO-
JIOT1YHOr'O aBTOTpaHCHOPTY. MoIynb J03BOJISE
MEPEePO3NOIUINTH MapIIPYTH TPAHCTIOPTYBaHHS Ha
OCHOBI pO3B’sI3aHHS TPAaHCIIOPTHOI 3aj]adi 3 Bpaxy-
BaHHSM BIUIMBY (akTOpiB 30BHIIIHBOTO CEPEao-
BUIIA.
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Merta

OCHOBHOIO METOI0 POOOTH € OOTPYHTYBaHHA
¢dhopmMu (pyHKITIOHATTFHOTO 3B’SI3KY Ta OTPUMAaHHSI
AQHATITHYHUX 3AJICKHOCTEH MiXK MOKa3HUKAMH, 1110
XapaKTepu3yloTh e(EeKTUBHICTh BHKOPHUCTAHHS
Kap’€pHUX aBTOCAMOCKHUIIB Y MIPOIIEC IPOBEICHHS
TEXHOJIOTIYHUX MEePEeBe3eHb TiPHUYOI MacH, Ta Ya-
COM BHKOHAHHS BaHTAXXHO-PO3BaHTAXXKYBAIbHUX
poOit Ha 3amizopymaaux kap’epax Kpuoro Pory,
a TakoX JOCHIDKCHHsS PIBHSA 3aBaHTaXCHOCTI
Kap’€pHUX aBTOCAaMOCKHUZIB benA3, BU3HAYeHHs
XapakTepy BIUIMBY Ha €(DEeKTHBHICTh BUKOPHUCTAH-
Hf Yacy BUKOHAHHS TaKWX pOOIT 1 4YHCEThHOI
OIIIHKH TaKOT'O BILIUBY.

MeTtoanka

EdexTruBHICTS BUKOpPHUCTAaHHS Kap €pHHUX aBTO-
CAMOCKH/IB OLIHIOIOTh MOKAa3HUKOM T'OAWHHOL
MPOJIYKTUBHOCTI IiJI YaC BUKOHAHHS TEXHOJIOTIY-
HUX nepeBe3eHb. Lleil moKa3HUK po3paxoBYIOTh SIK
BIJIHOIIICHHS 00 €My TEPEeBE3CHOI0 BaHTAXy abo
BUKOHAHOI TPaHCIOPTHOI poOOTH 3a OJMH peiic 10
Yyacy BUKOHAHHS IIOTO PEUCYy.

[lig gac poboOTH 3 TIepeBe3eHb TIPHUYOI Mach
B Kap’epi aBTOCAMOCKHJ[, SK TPaBUIIO, BUTpayac
yac Oe3nocepeslHb0 HAa HaBaHTaXEHHS U PO3BaH-
TaXCHHS, TMEPECYBaHHS 3 BAHTAXKEM 1 XOJIOCTHH
npoOir y 3BOPOTHOMY HAnpsMKy TIiJi HaBaHTa)KeH-
HS. 3a OJHY TMOI3[KY aBTOCAMOCKHWJ IE€PEBO3UTH
BaHTAX, IO JIOPIBHIOE HOTO BaHTaXOIIHOMHOCTI
3 ypaxyBaHH;IM KoedimieHTa i BUKOpHCTaHHS (IO
00yMOBJICHHI XapaKTEpOM BaHTaXy a0o oprasiza-
IHHO-TEXHIYHUMH YMOBaMH HOTO HABaHTAKEHHS).

WF:%: G Ye _ IqH'Vc _
te bptly b g
Vm'B ®
_ O vV B /ron, (1)
I'1'B +Vm'B'tH-p

ne W, — roauHHa MNPOAYKTHBHICTH 3a IOI3JKY,
1/ron; Qp — dakTruHMA 00CAT TEepeBe3eHHS BaH-
Taxy 3a OJIUH peiic, T; (u — HOMiHAIbHA BaHTAXKO-
MiAAOMHICTh aBTOMOOUIA, T; Yo — CTATUYHHIA KOE-
(hilieHT BUKOPUCTAHHS BaHTAXKOIITHOMHOCTI; tos —
qac 00iry (TpuBaJicTh OJHOTO PElCy) Ha MapIpy-
Ti, TOJ; tpyx, tnp — YAC PyXy Ta MPOCTOIO HA Maplil-

pyTi; lix — BimCTaHb TEpeBe3cHHS BaHTaXKy, KM;
Vm — cepeaHbOTEXHIYHA MIBHIKICTH PyXy aBTOCA-
MOCKHIa, KM/Tof; B — Koe]iIlieHT BUKOPHUCTAHHS
npoodiry; ty, — Yac HaBaHTAXXEHHS Ta pPO3BaHTa-
JKEHHSI CAMOCKHJIA, TOI.

ITokazauk e(heKTUBHOCTI BHKOPHCTaHHS
Kap’€pHOTO CaMOCKHIa MOXHA BH3HAYHUTH 32 (o-
pMynaMu:

W — qH.’YC.Vm.B

/rox; 2
i |,1,B +Vm-[3-tH_p T/TO ( )
W :M T'KM/FOH- (3)

I'iB +Vm ’ B ' tH—p

TakyuM 4YMHOM, TOKa3HUK TNPOAYKTUBHOCTI
Kap’€EpHOrO0 CaMOCKuaa, abo e(eKTHBHOCTI Horo
poOOTH, 3aJIeKUTH BiJ] TPHOX OCHOBHUX (hakTOpiB:
BiJICTAaHh TIEPEBE3CHHS BAHTaXiB, CEPEIHBOTEXHi-
YHa MIBUIKICTh PyXYy aBTOCAMOCKHJA Ta 4ac HOTo
MPOCTOIB TMiJI HABAHTAXKECHHSIM 1 PO3BAHTAKCHHSIM.
VY pasi 30ibIIeHHsT 9acy HAaBaHTaKEHHS Ta PO3Ba-
HTa)XEHHS aBTOCaMOCKHa TToka3HuKH (2) i (3), mo
XapaKTepU3ylTh e(hEKTUBHICTh HOr0 BUKOPUCTAH-
Hs1 (BUPOOITOK), OJHO3HAYHO 3MEHINYIOTHCS. 3a
3pOCTaHHS MIBUIKOCTI pyXy aBTOCaMOCKHAa 0OW-
Ba MOKa3HUKU e€(DEKTUBHOCTI HOTrO0 BUKOPUCTAHHS
OJTHO3HAYHO 301IBIIYIOTECS. Y BUMIAJIKY 3pOCTAHHS
BiJICTaHi IepeBe3eHb MOKAa3HWK BHUPOOITKY y TOH-
Hax (2) 3MEHINYETHCS, a IOKAa3HUK BHPOOITKY
y TOHHO-KiToMeTpax (3) 30imbiryerhbest. [Ipuaomy
XapakTep 3MIiHM UX 3aJICKHOCTESH — HETIHIHHHIA.

BrimB TpHBanmocTi mpoOCTO aBTOCAMOCKHIIA
il BaHTaXXHO-PO3BAHTAKYBAJHHUMH OIEPAIiIMU
Ha HOro MPOJYKTHUBHICTH JJIS Pi3HMX BiJCTaHEU
MEpEeBE3eHHs] MOXKHA BUSBUTH aHANITUYHUM abo
rpacdivaum MetomoM. Sk mpuknax y tabn. 1 HaBe-
JIeHI PO3paxyHKOBi JaHi MPOJYKTUBHOCTI aBTOCa-
Mockuaa benA3 —75131 Ha BijcTaHSIX MEpeBe3eH-
Hs BaHTaXy 2,5 1 5,0 kM 3a pi3HOI TPUBAIOCTI TPO-
CTOIB ITiJ] BAHTRKHO-PO3BAHTAXKYBAILHIUMH OIEepa-
isMU (CepeiHii HOPMATHBHUM Yac IUX Omepartii
CTaHOBHUTH /—8 XBWJIMH), a Ha puc. 1 — rpadiuna
IHTepIpeTallisi pe3ynbTaTiB TaKHX PO3PaxXyHKIB.
CepeHbOTEXHIYHA  INBUAKICTH  pyXy  B3sTa
15 xm/ron, mo obymoBieHo «llonokeHHSIM Tpo
TEXHIYHE OOCIYrOoBYBaHHS, NiarHOCTYBaHHS 1 pe-
MOHT Kap €pHHX aBTOCAaMOCKHIiB bemA3» [12,

14].
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Tabmums 1

3aje:kHicTh MPOAYKTHBHOCTI Kap’€PHOr0 aBTOCAMOCKH/IA Bi/l BiicTaHi mepeBe3eHHs i yacy mpocToio
MiJ BAHTAKHO-PO3BAHTA:KYBATbHUMH ONepalisiMu

Table 1

Dependence of career dump truck productivity on transportation distance and downtime
under loading and unloading operations

) IIpoxyxTuBHicTh Kap’epHOro aBrocamockuna benA3-75131 (T.xm) mix 9ac mpocToiB mifg
BizicTanb nepeseseHns Ban- HABaHTaXKEHHAM — PO3BAHTAKEHHAM (XB)
TaxiB, KM
5,0 6,0 7,0 8,0 9,0 10,0

2,5 780,0 750,0 722,2 696,4 672,4 650,0

AW=Wt-Wt-1 - -30,0 -27,8 -25,8 -24,0 —22,4

5,0 866,7 847,8 829,8 812,5 7959 780,0

AW=Wt-Wt-1 - -18,8 -18,0 -17,3 -16,6 -15,9
900,0
850,0

=
g 800,0
H
=
&
g
2 750,0
=
Q
=
Z
=)
=
2 700,0
=

650,0

600,0

5,0 6,0 7,0 8,0 9,0 10,0
Yac HABAHTAKCHHA-PO3BAHTAXKCHHHA, XBHJIL.
=2 5 kv =50 kM
Puc. 1. I'padix 3MiHM NPOJTYKTUBHOCTI aBTOCAMOCKH/IIB 3aJIEKHO BiJl Yacy MPOCTOI0
ITi/1 oTepanissMi HaBaHTa)KeHHS — PO3BAHTAXXEHHSI Ta BiJICTaHI epeBe3€HHsI IPHUYOT MacH
Fig. 1. Change schedule of dump trucks productivity depending on downtime under loading
and unloading operations and transportation distance of rock mass
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Pe3yabTarn

Po3B’si3anHs 3amavi onTHMizamii yacy HaBaH-
Ta)XyBaJIbHO-PO3BAaHTAXKYBAJILHUX  OIllepaliii  Ha
3aTi30pYAHUX Kap €pax I 9ac TPaHCIOPTYBaHHS
3a;i3HOT pyad Tiependadae aHami3 MPaKTUIHOTO
cra”y nporo nutanus [13, 16-20].

OCHOBHHM BHJOM TEXHOJOTI9HOTO aBTOTpPAHC-
MOpTy Ha 3amzopynHux kap’epax Kpmsoro Pory
€ asrocamocku] benA3 7513 BanTaxkomigiio-
MmHicTI0 130 T (Ha AiaroHanpHUX MKHAX) Ta 136 T
(ma pagiampHMX mWHAX). ['eomeTpudHHN 00’ €M
wiatopmu 45,45 M3, i3 «mrankoro» 2:1 — 71,17 M3,

Hopmu uwacy HaBaHTaXeHHS — PO3BaHTAKCHHS
BKJIIOYAIOTH JUI HABaHTA)XXyBAJTBHUX ONepamii ce-
penHiii yac HaBaHTA)KEHHS aBTOCAMOCKHIA, dac
BCTAHOBJICHHSI aBTOCAMOCKHJIA ITiJi HAaBAHTaKECHHS
3aJIe)KHO BiJl CXeMH M i34y (HacKpi3Ha, KiIblieBa,
KoMOiHOBaHa a00 TYNHMKOBa) Ta Yac OYiKyBaHHS
HABaHTaXEHHS, a JJIsl Omepaliii po3BaHTKEHHS —
Yac BCTaHOBIICHHS aBTOCAMOCKHJA TiJl pO3BaHTa-
KEHHsI, Jac MiTiHoMy Ky30Ba, CIIOPOYKHEHHS ILIAT-
¢dopmu Ta ii omyckanns. CepenHiil dac 3aBaHTa-

KEHHSl aBTOCAMOCKUZA, PEKOMEHIOBaHUI BUPOO-
HUKOM JJIsl Pi3HUX BUIiB HaBaHTa)KyBaJbHOI TeX-
HIKH, HaBeICHO Ha puc. 2 i puc. 3 [14].

AHaji3 TMHAMIKY 3MiHU ITUX HOPMaTHUBIB ITOKa-
3y€, MO B pasi 30UTBIIEHHS KOBIIA (PPOHTAIHLHOTO
HaBaHTaXyBa4a Ha 1 M® HOpMa yacy Ha BaHTa)KHO-
pO3BaHTaXyBaJbHI  Omepamii  aBTOCaMOCKHa
benA3 7513 3menHmryerscs Ha 2,5 Cek., a 32 TAKOTO
K 30UIBIICHHS KOBIIA Kap €PHOTO CKCKaBaTopa —
Ha 9,6 cek.

Jns BusBneHHs (aKTUYHOTO CTaHy CIIPaB
3 e(peKTUBHOCTI BaHTaKHOTO-PO3BAHTAKYBaIHHIX
orepalii Ha 3anmizopyaHux kap’epax Kpusoro Po-
ry Oymo mpoanaiizoBaHo po6oTy 20 aBTocaMOCKH-
niB Ha math kap’epax TOB «METIHBECT
XOJIAUHD» (nBa kap’epu [TPAT «IliBnl 3K», aBa
kap’epu IIPAT «I'3K» Tta «kap’ep IIPAT
«[HI'3K»). [lns mporo BUKOpPHCTAHO AaHHI OOpPTO-
BOI cucTeMu KoHTpomto 3aBanTaxkeHHs (CK3ill),
SIKOI0 OCHAILEHO KOYKeH aBTocamMockug benA3.
VY minomy npoanarizoBano 1 648 peiicis.

12

18 —< 1,8
-]
% 1,7
<
=
E 1,63
816
=
g
=
Z 15 1,5
; ™ y = -0,0416x +2,2449
< R*=0,9761
£ 14
3
-]
3
9 13
-

1,2

1,1

11-12m3  13-14m3 16,8-20 M3

25 m3

€MHICTh KOBIIA HABAHTaXKyBa4a, M3

Puc. 2. Hopmu npoctoro camockuna benA3—7513 min yac HaBaHTa)KECHHS
10ro ()poHTAILHIM HABAaHTaXyBaueM 3 €MHICTIO KoBmia 11-25 m®

Fig. 2. Standard rates of downtime of BELAZ 7513 dump truck when loading
by its front loader with a bucket capacity of 11-25 m?
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3,70

3,20

2,70

2,20

Yac 3aBaHTaKeHHA CAMOCKHAY, XB

1,70

1,20

3,60

2,60 y=-0,1606x + 5,0338

R =0,9897
2,50 2
=

1,40

8-10 M3 12-17 M3 15-18 M3 20-25 m3

€MHICTH KOBIIA eKCKABAaTOPa, M3

Puc. 3. Hopmu npoctoro camockuna benA3—7513 mix yac HaBaHTaKCHHS
HOro Kap’€pHUM €KCKaBaTOPOM 3 EMHICTIO KOBILa 8—25 M®

Fig. 3. Standard rates of downtime of BELAZ 7513 dump truck when loading
by its mine excavator with a bucket capacity of 8-25 m®

3aBaHTa)XE€HHA  ABTOCAMOCKMJAIB Ha LHMX HOpPMa 4acy Ha Bechb KOMIUIEKC OIepauili HaBaHTa-
Kap’epax 3[IMCHIOIOTh TEPEBAXKHO Kap €pHUMH JKEHHS aBTOCAMOCKHIA B IIMX YMOBax CKIJajae
ekckaBaTopamu 3 emHicTio kopma 8—10 M3, IToBna 5,2 xB, a po3BanTaxeHHs — 2,0 xB (puc. 4 Ta 5).

Yac 3aBaHTAKeHHS CAMOCKHIA, XB

8,0
7,0
6,0
5.2 xs
5,0
4,0
3,0
2,0
1,0
0,0
IiBul"3K-1 [iBul3K-2 LI'3K-1 1I"3K-2 Iul"3K
Hignpuemerso

Puc. 4. 3anaTI/I YacCy Ha 3aBaHTAXXCHHSA OJAHOI'O CepeI[HLOO6J'IiKOBOI‘O CaMOCKH/Ja 3a OJJVH peI‘/'Ic, XBHJINH

Fig. 4. Time spent on loading one average dump truck per one run, minutes
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9
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=
=
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=
i
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-
1,4
1,0
ITiBuI"3K-1 ITiBuI"3K-2 LII"'3K-1 LII'3K-2 II'3K
IixnpuemcrBO

Puc. 5. 3anaTI/I 4acy Ha pO3BAHTAXXCHHA OAHOTO CCpe,Z[HLOO6J'IiKOBOFO CaMOCKHJa 3a OAUH peﬁC, XBUJINH

Fig. 5. Time spent on unloading one average dump truck per one run, minutes

[lepeBumenHs 4acy omeparliii HaBaHTaKEHHS
nonaa Hopmy ckiano Ha [IpAT «IliBal'3K» 0,4—
0,6 xB. (9,6 %), na IpAT «II'3K» — 1,9-2,1 xB.
(38,5 %), Ha TIpAT «IaI'3K» — 1,2 xB. (23,1 %).
[NepeBuinenns vacy onepaniii po3BaHTaKEHHS 110~
Hag HopMmy ckmano Ha IIpAT  «[liBHI 3K»
1,7-1,9 xBun. (90,0 %), va IIpAT «II'3K» — 2,0—
2,2 xB. (y nBa pasu), Ha [IpAT «IuI'3K» — 2,1 xa.
(Tex y nBa paszu). ToOTO wac omepalliii po3BaHTa-
KEHHSI Ha BCIX Kap’epax Maibke B JBa pas3H Iepe-
BUIILYE€ HOPMY.

JaHi po BUKOpUCTaHHS PoOOYOro 4acy OJHO-
TO CepeHbOOOIIKOBOr0 CaMOCKWAAa Ha TipHHYO-
30aradyBallbHUX KOMOIHaTax 3a TMepioJ CiYeHb-
yepBeHb 2021 poky mpejcraBieHo B Tabm. 2. 3a
MMOKa3HWKAMU BHJIHO, III0 OCHOBHI BHUTpaTu po0o-
4Oro yacy HpUNagaroTh Ha pPyX aBTOCAMOCKHAA —
92,2 %. 7,8 % pobodoro yacy 3aiiMaloTh omnepaii
HaBaHTa)XEHHS — po3BaHTaxeHHs. [Ipudomy BTpa-
TH Yacy Ha LUX ONepauisx ckiagaroTb 2,6 % po-
004oro yacy aBTOCaMOCKuiB (puc. 6).

Bubip Tumy aBTOTpaHCHIOPTY JJISI TEXHOJIOTiY-
HUX TIepeBe3eHb OOYMOBIIEHHH paliOHAIBHUM

CHIiBBITHOMIEHHSIM O00’€My Ky30Ba CaMOCKHIA
1 MICTKICTIO KOBIIIA €KCKaBaTOPIB, IO MPAIfOIOTh
y CKJIaJli €IMHOTO BaHTAXKHO-TPAHCIIOPTHOTO KOM-
wiekcy. BaximBuMm pe3ynbTaroM e€()eKTHBHO BU-
KOHaHOI orepallii € 3aBaHTKEHHS aBTOCAMOCKHIA
Ha PiBHI HOTO HOMIHAJIBHOI BaHTAXOIIJHOMHOCTI
— 130-136 T. YnHHI HOpMH Yacy mependadaroTh
3aBaHTAXEHHs] aBTOCAMOCKHIA 3a BICIM IHKIIiB
exckaBallii (koBiiB). st TipcbKHUX MOPiJ] KaTero-
pii minmocti V (p = 3,3 1/M°) koediuieHT posimy-
[IeHHs TipHUYO1 Mach CTaHOBUTH 1,6, KoedilieHT
HAaIOBHEHHS KOBIIIA «IIpsiMa Jyionata» — 0,9, a xoe-
¢imient exckaparii — 0,56 [13]. ¥V mmx ymoBax
€KCKaBaTop i3 MICTKICTIO KOBIIa & M° 3a 8 HUKJIB
3aBaHTaXuTh 118 T, a 3 MicTkicTiO KoBIa 10 M3 —
148 1. BaxnuBuM € piBHOMipHE 3aBaHTaKEHHS
Kap’€pHUX aBTOCAMOCKWAIB 0€3 HeIOBaHTaKEHb
1 IepeBaHTaXXeHb, 10 CYTTEBO IiJBHUILYE MPOIYK-
TUBHICTH pOOIT, Oe3leKy eKcIuryararii Ta 301b-
IIy€e TePMiH CITy)KOU TeXHikH. J|Jis [bOTO0 BUKOPH-
CTOBYIOTH OOpPTOBY CHCTEMY KOHTPOJIIO 3aBaHTa-
JKEHHSI aBTOCAMOCKHY J10 (DYHKIIIH SIKOT BXOJUTh:
TOYHE BHMIPIOBAHHS BarW IEPEBE3CHOTO BAHTAXKY
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aBTOCAMOCKHJIOM (moxu0ka 01m3bko 3 %); BUjada
CBITJIOBUX CHTHAJiB MAaIlIMHICTOBI €KCKaBaTopa
PO TOCATHEHHS! ONTHMAIBHOTO 3aBaHTAXKCHHS Ha
30BHIIIHI CBITJIOAIOAHI TaHEeNi, Mo 3a0e3MeTyI0Th

BHIUMICTh y OyAb-KHX YMOBax; BiloOpaskeHHS
napameTpiB 3aBaHTaKEHHS I BOZisl Ha iHpopma-
IHHOMY JUCIUTET.

Tabnums 2
AHaJi3 BUKOPUCTAHHS P0004Y0ro Yacy 0IHOT0 cepeIHb000IiKOBOI0 CaMOCKHAA
HA ripHn4o0-30arayyBajbHUX KoMOiHaTax 3a nepioa ciyenb-yepBeHb 2021 poky
Table 2
Analysis of the use of working time of one medium-sized dump truck at mining
and processing plants for the period January-June 2021
Ne Burparu gacy TOJIVH %
1 KopucHmii gac, BUTpaueHMi Ha HABAHTAXKCHHS 29 3,2
2 KopucHuii yac, BuTpaueHuii Ha po3BaHTaKEHHS 18 2,0
3 Brpartu vacy mijg yac 3aBaHTaKCHHS 16 1,8
4 BrpaTu gacy mij yac po3BaHTa)KCHHS 7 0,8
5 Pyx mopoxHBOTO caMOCKH1a 356 39,8
6 Pyx HaBaHTa)keHOTO CaMOCKHIa 468 52,4
Ycporo 894 100,0

Kopwuchuii yac,
BUTPAYEHHii Ha
po3BanTaxenns; 2,0%

Kopuchuii uac,
BUTpavyeHHUH Ha
HaBaHTaxxeHHs; 3,2%

PyX HaBaHTa)XeHOTO
camockuay; 52,4%

Brparu yacy npu
3aBanTaxenni; 1,8%

Brpatu 4acy npu
posBanTaxenti; 0,8%

PyX nopoxHboro
camockuay; 39,8%

Puc. 6. Burpatu po6040To0 9acy 0JHOTO CepeIHhO00IIKOBOTO CAMOCKH 1A

Fig. 6. Costs of working time of one average dump truck

OpHak HEPIBHOMIPHICTh 3allOBHEHHS KOBIIA
€KCKaBaTopa MPU3BOAUTH JI0 TOTO, IO a00 3017b-
NIYETHCS Yac omepalliii HaBaHTaXeHHs, abo Bara
3aBaHTAKEHOI TPHMYOI MacH HE BiAMOBigae HOMI-

HAJIBHI BaHTAXOIIAHOMHOCTI aBTOCAMOCKHIA.
Jani npo piBeHb CEpPEeTHHOTO 3aBAHTAKCHHS aBTO-
CaMOCKHJIIB Ha Kap’epax 3a Mepioji CIOCTePEkKEH-
HsI HaBeJIeHO y Tabu. 3.
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Tabnums 3

CepeaHsi BAHTA:KOMITIOMHICTh Kap’€pHOro caMoCKH/a 32 ripHH40-30arauyBajJbHUMHU
MiANpUEMCTBAMH 32 MepioJ cnocTepeskeHHs, T

Table 3
Average load capacity of the mining dump truck at the mining
and processing enterprises for the period of observation, t
. Ilepion criocTepexeHHs CranzapTHe
ITignpuemcTBO - - .
ciueHb JFOTHI OepeseHb KBITCHb TpaBeHb 4YepBeHb BIAXMITCHHT
«IH3K» LITA 129 132 130 128 127 133 2,32
«[TiBaI'3K» I'TI-1 128 127 130 126 124 128 2,04
«ITiBaI'3K» I'TII-2 128 127 125 129 130 128 1,72
«II'3K» I'TIH-1 126 128 125 127 127 129 1,41
«II'3K» I'TII-2 124 125 124 126 128 127 1,63

Sk 6aunmo, HalOINbIIA HEPIBHOMIPHICTh 3aBa-
HTaXEHHsS aBTOocaMOckumiB y kap’epi [IpAT
«HI'3K» ta I'TL-1 IIpAT «IliBal 3K», ne cepen-
HBOKBAJ[paTUUHE BIIXWIECHHS CEPEIHBOTO PIBHA
3aBaHTaXEHHS CcKiajae BimmosigHo 2,32 ta 2,04.
Ha iHmmx kap’epax 3aBaHTaK€HHS aBTOCAMOCKH-
JiB OiibII piBHOMIpHE, ajie 3HAYHO MEHIIE 3a iX
HOMIHAJIbHY BaHTa)KOIIIHOMHICTb.

AHani3 mokasye, 10 Bara NepeBe3eHOr0 BaH-
Taxy 3a OJHY MOi3IKy Ha kKap’epax Kpusoro Pory
KOJIMBA€EThCS B Mexax Bij 89 mo 168 1. Cepenniit
BaHTaX, KU NEPEBO3STh 3a OAMH PEHC Ha BCiX
MiIIPHEMCTBAX, CKiaamae 127,5 T, mo 3HAYHO
MEHIIIC 3a 3asABJICHY BaHTaXOIIIHOMHICTH aBTOCA-
mockuaa — 130-136 1.

3aBaHTa)XE€HHS CaMOCKHMIA CIiJ 3AiHCHIOBATH
BIJAIIOBIAHO O MOr0 HOMIHAJBHOI BaHTAXOIIlIHO-
MHOCTI, 3a3HaueHol B nacropTi. HepoBanTaxeHHs
(mepeBeseHHs1 BaHTaxy MeHIre 3a 130 T) mpusBo-
JUTH JIO 301IBIICHHS COOIBapTOCTI TPaHCIIOPTY-
BaHHsI ripHudoi Macu. Hemormycrtume i nepeBanTa-
KEHHS, 0 MPU3BOAUTH 10 3HWKEHHS TEXHIYHOTO
pecypcy aBTocamockuaa. IIpaBuna TexHIYHOI eKc-
mryaranii (KE 75131.0275-17) momyckaroTh (K
BUHSTOK B OKPEMHX BHITaJKaX) TEPEBHIICHHS HO-
MIHAJIBHOI BaHTAXXOMIAMOMHOCTI B Mexax 10 %
(mo 149 T1). KinbKicTh TaKMX BHIIAJKIB HE TIOBUHHA
nepesuiyBatu 10 % Bij ymcia BCiX peiciB 3a po-
3TIISAHYTUH 1epios. Y BHHSATKOBHX BHINAAKaX HpH-

MyCTHUMi pPa3oBi MEpEeBUIEHHS HOMiHaIbHOI BaH-
TaXKOII IHOMHOCTI B Meskax Bim 10 mo 20 % (150-
163 1). Kareropmuno 3a00poHeHi HaBITh OJUHUYIHI
BUIAJIKU TIEPEBUIIICHHS HOMIHAJIBHOI BaHTaXKOIIiJI-
fiomuocti B 20 % (monax 163 ).

Posmomin peiiciB y miamazoHi BaHTaKOIITHOM-
HOCTI 3a cTyneHeM e(peKTUBHOCTI il BUKOPUCTaHHS
MPEJICTaBJICHO B Ta0I. 4.

HaiibinpIm e(eKTHBHO BUKOPHCTOBYIOTH aBTO-
camockuau Ha [IPAT «Iul'3K», ne kiibkicTh peii-
CiB 3 e(eKTUBHUM 3aBaHTAKEHHSIM CKJIaJIa€e
65,0 %. OngHak TyT JOMYCKalOTh 1 MepeBaHTAXEH-
Hs aBTOCAMOCKH[IB IIOHAJl YCTaHOBJIEHY HOPMY.
HaiimeHt e(eKTHBHO BHKOPHCTOBYIOTHCS aBTO-
camockugu B I'TIH-1 TTPAT «IliBal'3K» — nwuie
58,0 % BukoHaHux peliciB. HaiimeHImmii piBeHBb
nepeBanTaxeHHs aprocamockuiis B [ TI[-2 TTPAT
«II'3K».

YrpoBapkeHHST OpraHi3amiiHO-TEXHIYHUX 3a-
XOJIiB B OTlepallii HaBaHTAXKEHHSI — PO3BaHTAXKECHHS
mig 9ac BUIOOYTKY 3ajJi3HOI pyaud Ha IISTH
kap’epax TOB «METIHBECT XOJIAWHI», i3
METO JIOBEJICHHS Yacy iX BHKOHAHHS JI0 HOpMa-
THUBHOTO PIBHS, 1aCTh MOXKJIUBICTh 3a THX K€ YMOB
nepeBe3TH Oinblie BaHTaxy (TIpHHYOI Macw),
a BiINOBIHO — 3HU3UTH COOIBAPTICTh MEPEBE3EHb.
ExoHoMiunmit edekT Bif peaitizaiii TaKuxX 3ax0/iB
1 Oyjie BU3HAYATUCS PO3MIPOM CKOHOMII, po3paxo-
BaHOT Ha OCHOBI aHAJII30BaHUX MOKa3HUKIB.
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OO6poOka  pe3ynbTaTiB  CIOCTEPEXKEHb  3a
6 micsmis 2021 poxy nokasaina, 110 BTpaTH yacy Ha
oreparlisix HaBaHTAXKCHHS — PO3BAaHTAXKCHHS Ha
OJIMH CEePETHLOOOIKOBHUH aBTOCAMOCKHU CKJIAJIH:
Ha [IpAT «IaI'3K» — 23 rox. Ha IIpAT «IliBHI 3K»
— 19 rox, na [IpAT «I'3K» 25 roa. 3a ganumu
T ITPHUEMCTB, TOIMHHA MIPOAYKTUBHICTh
Kap’€pHUX CaMOCKHUIIB CKJIamae BIOMOBiAHO 256,
230 ta 228 1/ron. Buxoasuu 3 mporo, MOXxHa BH-
3HAYUTH BTPATU 00’ €MIB MEPEBE3CHb OJTHUM CaMO-
CKHJIOM 32 PiK 32 OPMYIIO0:

Qpix = AtH-p 'Wm ' 2' T, (4)
ne Atup — BTPATH Yacy Ha OTepallisix HaBaHTaKeH-
Hs — PO3BAHTaXXCHHsI HA OJMH OOJIKOBUI caMoc-
K{J 3a aHanizoBaHui nepiox, rox; W, — BupoOi-
TOK Kap’€PHOTO CaMOCKHU/a, T/TO]I.

Pesynpratn po3paxyHKiB HaBeneHO B Ta0I. 5.

Piunuii exoHOMiuHMH e(eKT PO3paxoBaHO 3a
CEepPEeIHBOI0 COOIBAPTICTIO TEpPEeBE3CHHS TipHUYOL
Macu Ha Kap’epax Kpusbacy — 12,2 rpH/T.

Taonuus 4
AHaJi3 BUKOPHCTAHHSA BAHTaKOMiIHOMHOCTI 0HOTO cepeaHb000IIKOBOr0
CaMOCKH/1a 32 nepioj ciuenb—uyepBenb 2021 poky
Table 4
Analysis of the use of carrying capacity of one medium-sized
dump truck for the period January-June 2021
) [ignpuemcTBO
PiBeHb 3aBaHTaXEHHS caMocKuaa, %
MMigal'3K-1 | IMiBal3K-2 | HI'3K-1 r3-2 3K
HeedekruBae 3aBanTaxenns (Meniie 130 T) 24,0 8,0 25,0 23,0 10,0
Honyctume nepeBanTaxenss 10 10 % (137-139 1) 10,0 13,0 6,0 7,0 11,0
IMepeBanTaxenns Big 10 mo 20 % (150-163 1) 6,0 13,0 4,0 8,0 9,0
Henonycrume nepeBantaxenus >20 % (> 163 1) 2,0 3,0 3,0 1,0 5,0
EdexruBne 3aBanTakeHHs camockuaa (130-136 1), 58,0 63,0 62,0 61,0 65,0
Ycerworo, % 100,0 100,0 100,0 100,0 100,0
Tabmnuns 5
Po3paxyHok MOKJIMBHX BTPAT y cO0iBapTOCTi NepeBe3eHb riPHUY0I MacH
OHMM CepeJHbOO00IKOBUM CAMOCKUIOM 3a pik
Table 5
Calculation of possible losses in the cost of transportation of rock mass
by one average dump truck per year
3a aHayi30BaHUi Hepion 3a pik
Brpatn y
IHiznpuemcrso Brparu wacy na T'opumsa npopyx- Brparu Bupo- | Btparu Bupo- cobiBapToCTi
HaBaHTa>KEHHSA — PO- THBHICTBH aBTOCA- 6 6
3BaHTAXECHHS, TO MOCKH[Ia, T/TOJ HAUTEA, T HHUTEA, T H?”efe:;:]"
MMPAT «IHI'3K» 23 256 5 888 11776 143,7
TIPAT «ITiBal 3K» 19 230 4370 8 740 106,6
IMPAT «II'3K» 25 228 5700 10 140 123,7
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HaykoBa HOBH3HA Ta IPAKTHYHA
3HAYUMICTh

ABTOpH OOIpyHTYBaIM Ta (popMamizyBaiu Me-
TOAWKY, SIKa JO3BOJISIE OIIHIOBAaTH €(hEeKTHBHICTH
BHKOPHCTAHHS Kap’ €PHUX CAMOCKHIIB Ha ITiJICTaBi
OIIEPaTUBHOTO MOHITOPHHTY YMOB iX €KCIUTyaTa-
Iii, o CIpHUse MIABUIICHHIO e(hEeKTUBHOCTI p0o00-
TH TIpHAYOPYIHUX HianpueMcTB. OOTpyHTOBaHO
¢dopmMu (GYHKLIOHATIBHOTO 3B 513Ky Ta OTPUMAHO
AHAJITHYHI 3aJ€KHOCTI MK TOKa3HHKAMH, IO
XapaKTepu3yloTh e(EeKTUBHICTh BHKOPUCTAHHS
Kap’€pHUX aBTOCAMOCKH[IB Y IPOIECi TEXHOJIOTi-
YHHUX TIEPEBE3CHHb 3aJi3HOI PYIH, 1 4acOM BHKO-
HaHHS BaHTa)XKHO-PO3BaHTAXKYBAIbHUX pobiT. Lle
JIO3BOJISIE BH3HAUUTH PE3EPBH IiJIBUIICHHS e(eK-
TUBHOCTI iX poOOTH Ta €KOHOMIYHHMH e(eKT mif
yac peaiizaiii po3po0IeHHUX 3aXO0/IiB.

BucnoBku

Takum ynHOM, Y poOOTi BCTAaHOBJIEHO, IO BHA-
CIIIJIOK TOPYIIEHHSI HOPM Yacy Ha BUKOHAHHS BaH-
TaXXHO-PO3BAaHTAXKYBAIBHUX OIepalliil mj gac Te-

B 3amizopynHux Kap’epax Kpmsoro Pory BTpatn
cki1agarTh Bix 38 1o 50 rog Ha pik y po3paxyHKY
Ha OJIMH CEPeIHbOOOIIIKOBUH aBTOCaMocKu. JIik-
BiJamis TakWX BTPAT MO3BONHIIA O OTpUMATH €KO-
HoMmiuHuit edekt Big 106,6 mo 143,7 trc. TpH Ha
OJIMH aBTOCaMOcKH Ha pik. Kpim Toro, mopyueH-
H pPeXHUMY BaHTaXHO-PO3BAHTAXKYBAJIBHHUX OTIe-
paltiif i 9ac TeXHOJIOTIYHUX MEePEBE3CHHD, MTPU3-
BOJUTH O HEJOBAHTAKCHHS aBTOCAMOCKHIIB 10
HOMIHAJILHOI BaHTAXXOMIHOMHOCTI, 1[0 TAKOX CY-
MIPOBOIKYETHCS 3HIDKEHHSAM €(EeKTHBHOCTI iX BH-
KOpDHCTaHHS Ta BTpaTaMd 00 €MiB TepeBe3eHOl
TipHUYOi MacH.

[omanpmi mocmimkeHas Oyae CHpsSMOBaHO Ha
BH3HAYEHHS CTpATerii 100 BIPOBAKEHHS edek-
TUBHHUX TPAHCIIOPTHHUX TEXHOJOTiIH Ta BJOCKOHA-
JICHHSA onepauiﬁ HAaBaHTAXCHHA — PO3BAHTAXCHHA
TIPHUYOI MacH TiJI 9ac TEXHOJOTIYHUX MepeBe3eH-
Hb Yy 3ami3opyaHux kap’epax Kpusoro Pory 3 me-
TOXO JOBCACHHSA YacCy 1X BUKOHaAHHS 10 HOpMAaTHUB-
HOTO DiBHSI Ta 3a0e3leueHHs 3aBaHTAKEHHS
Kap’€pHOTO aBTOCAMOCKHIA Ha pPiBHI 3asBICHOI
BaHTaXOMIIMOMHOCTI HE3aJICKHO BIJl BIUIUBY
TMOAChKOT0 (hakTopa (MamIMHICTa EKCKaBaTopa).
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Research of Duration Influence of Loading and Unloading Operations
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Purpose. The most common type of technological transport in open pit mines is automobile, which uses dump
trucks with a capacity of 45 to 220 tons. The rock mass transportation volume with the use of motor transport at the
iron ore industry is more than 350 million tons per year, or 27% of the total volume of open pit mines in the indus-
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try. Most of Ukraine’s high-capacity iron mines are forced to work in the conditions of intensification of mining
operations, constant deepening and complication of mining and geological conditions. With increasing the depth of
mines there is an increase of 1.3-1.7 times the transportation volume relative to the volume of the shipped rock mass
and, as a consequence, a decrease in the efficiency of technological vehicles. The purpose of this work is to analyze
the influence of using BELAZ open-pit dump trucks during loading and unloading operations on the efficiency. This
will allow to develop the management measures to implement effective transport technologies aimed at reducing the
cost of open pit iron ore mining and purposefully influence these production processes. Methodology. In order to
solve the set tasks, the methods of technical-economic, correlation-regression, factor and situational analysis were
used (to study the operation of open-pit dump trucks at mining enterprises). In order to formalize the methods of
improving the efficiency of equipment and transport technologies, the methodology of operational accounting of
mining conditions of open-pit dump trucks operation at mining enterprises was used. To assess the economic effi-
ciency of the proposed management system of mining activities of open-pit dump trucks, a method of comparative
economic analysis was proposed. Findings. The results of the research are practically implemented in the real con-
ditions of operation of open-pit dump trucks and the economic effect of the implementation of the proposed
measures is determined. Originality. The obtained results are practically implemented in the real conditions of op-
eration of open-pit dump trucks and the economic effect of the implementation of the proposed measures is deter-
mined. Practical value. The forms of functional connection are substantiated and analytical dependences between
the indicators characterizing the use efficiency of open-pit dump trucks during the technological transportations of
iron ore and the time needed for loading and unloading operations are received. This dependency allows determin-
ing the reserves for improving the operation efficiency of open-pit dump trucks and the economic effect from the
implementation of the measures proposed.

Keywords: open-pit dump trucks; loading and unloading operations; downtime; productivity; operating condi-
tions; factor analysis; economic efficiency
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MeToa onepaTUBHOIO KOHTPOJIIO TA YIIPABJIIHHA €JIeKTPOXIMIYHUM
HAKONMUYYBa4yeM eHepril y CKJIaJli CUCTeM eJIeKTPo3ade3neYeHHs
TPAHCHOPTHHX 32€00iB

Meta. OCHOBHOIO METOIO HaIlIOl CTaTTi € po3poOka METOJy palliOHAJIBHOTO YHPABIiHHS JTUHAMIYHHUMHU PEXH-
MaMH poOOTH €JIEKTPOXIMIYHMX HAKONMMYYBadiB eHEpril Juis MiJBUIICHHS e()eKTHBHOCTI 1X eKcrulyaTtanii y ckiai
cUcTeM eHepro3a0e3nedeHHs] TPaHCHOPTHHUX 3aco0iB. MeToamka. ABTOpH NPOBEIM OIJIAJ CBITOBOI JIiTepaTypu
3 TeMu poboTHu. CucreMaTH3yBaId Ta Kiacu]ikyBaau HassBHI METOIY YIIPABIIHHS €IEKTPOXIMITHIMH HAKOTINIYBa-
gamu eHeprii. Bim3Haumimm 0coOIMBOCTI Ta MOKIIMBOCTI X 3aCTOCYBAaHHS 3 YpaXyBaHHAM CIEIU(IKA eKCILTyaTamii
Ha TPAaHCIIOPTHHUX 3aco0ax, JUId SKUX XapaKTepHI AMHAMIYHI PeKUMH 3 Herepea0dadyBaHUMHU 3MiHAMH CHEpreTHd-
HOro OanaHcy, 0OyMOBJICHUMH HEKOHTPOJIbOBAaHMMHM Hel03apsaMH Ta IepesapsaaMu. IIpoBexeHuii aHaii3 HasB-
HUX METOJIB yNpaBIiHHS ITOKa3aB, IO iX 3arajJbHAM HEJOJIKOM € BUKOPUCTAHHS SK iH(opMariiiHux mapamerpis
JUTA KOHTPOJIIO Ta YIIPaBIiHHI peKUMaMH POOOTH TaKMX IapaMeTpiB HAKONMMYyBaya, SIK Hampyra Ta podouuii cTpym,
3HAYCHHS SKUX HE BIAMOBIAAIOTH IOTOYHOMY €HEPreTHIHOMY CTaHy HaKOIHMYyBaya y 3B 43Ky 31 IIBUAKOIUIMHHICTIO
MEPeXiTHUX eNeKTPOXIMIYHUX MPOLECIB MiJ 9ac poOOTH B JMHAMIYHHMX peknMax. 3po0JIeHO BUCHOBOK TPO HEOO-
XiIHICTh ypaxyBaHHS CHEPreTHYHHX MapaMeTpiB HAKOMUYYBAUiB y MPOLEC YIPaBIiHHSA TUHAMIYHAMU PEXXUMaMHI,
AKi HalOIIBII TTOBHO Ta 00’ €KTHBHO BiZ0OpakaloTh HOTO mpamne3naTHicTs. [loka3zaHo nepeBary iMITyIbCHIX METOIIB
YIpaBIiHHA HaKONMYyBayaMH B JHHAMIYHHX pEKUMax poOOTH Tepes NOCTIHHOCTPYMOBHUMH METO/AMH.
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PesysabTaT. ABTOpPH OOTPpYHTYBAJIN Ta €KCHEPUMEHTANBHO MiATBEPAMIH 0araToQpyHKIIOHATIBHICTE pO3pOOIEHOTO
raJIbBaHOCTATHYHOTO METO.Y, LIO JO3BOJISIE OJHOYACHO MPOBOIHUTH KOHTPONb IIOTOYHOI'O €HEPreTHYHOI'O CTaHY
HAKONIAYyBadya Ta ONEPATHBHE YIPABIIHHA AWHAMIYHUME PEKHMaMH HOro poOOTH i3 3aCTOCYBAaHHSM CIIIJIBHOTO
KPHUTEPII0 KOHTPOIIO Ta YIPABIiHHSA — KOedillieHTa BUKOPUCTAHHS aKTUBHHUX MaTepiaiiB, iHQOpMAaIliifHIM eKBiBa-
JICHTOM SIKOTO € BEeJIMYMHA IUIOIII ITil KPUBOIO JNETIONSIPHU3allii Ha CUTHAJI BIATYKY HAKOITMIyBada Ha TECTOBUH IMITy-
nbc. HaykoBa HoBHM3HA. YTeplie 3anponoHOBaHO NOETHATH (DYHKIIT KOHTPOIIIO TOTOYHOTO CHEPreTHYHOTO CTaHy
HAKOMHMYyBaya Ta ONEPaTUBHOTO YIPABIIHHS IUHAMIYHUMHU PEXUMaMH HOro poOOTH i3 3aCTOCyBaHHSIM KoedillieH-
Ta BUKOPHCTaHHS akTUBHUX MatepiaiiB. [IpakTuyna 3naunmictb. OTpuMaHi pe3ynbTaTd MOXKYTh OYTH BHKOpPHC-
TaHi s 3a0€3MeYeHHS ONTHMANIFHOTO PEXXUMY eKCIUTyaTalii HaKOIMYyBaviB €HEprii y CKJIaJi CHCTEM eJIEKTPOIIO-
CTa4yaHHs TPAHCIIOPTHHUX 3acO0iB.

Knrouosi cnosa: enexTpoxXiMiuHUN HAKOIMYIYyBa4 €HEPTii; METOIM YIIPABIiHHS PEKUMaMUA pOOOTH; IMITYIbCHUH
TaTbBaHOCTATUYHUN METOJI; CUTHAN BiATYKY; KOe(iIlieHT BUKOPUCTAHHS aKTHBHHUX MaTepialiB; MOeTHAHHS (PyHKITii
KOHTPOJIIO Ta yIIPaBIiHHS; TPAHCIIOPTHUH 3aci0

PO3PSIHAMHE TIPOIIECAMU HAKOIIMYYBAYiB 3 ypaxy-
BaHHAM iX TMOTOYHOTO EHEPreTHYHOTO CTaHy Ta
ocobsmBoCTeit yMoB ekcrutyararii [1, 3].

HasiBHI MeTOIM yIpaBIliHHS €MEeKTPOXIMIYHUMHU
HaKONHWYyBadyaMd B PEXHMI 3aps/DKaHHS JIOCHUTH
MOBHO BiZIoOpakeHI B YHUCIEHHUX poOoTax, Ha-
mpukian, [9-12, 15]. 3a pesympraTamu aHaizy
JoKepen iHdopMarllii BUKOHAHO CHCTEMAaTH3AIlI0 Ta
Kiacu(ikalilo METOMAIB YNpaBiiHHS 3apsSAHUMH
mporecaMy eNeKTPOXIMIYHUX HAKOIMIyBayiB €He-
prii, sika HaBe#eHa Ha puc. 1, Ta Bil3HAYEHI 0COO-
JUBOCTI 1X 3aCTOCYBaHHSI.

3a 3a3HaueHUMH Ha pUcC. 1 0COOIUBOCTAMU 3a-
CTOCYBaHHs HAasBHHX METOJIB YIPaBIIHHS 3apsi-
HUMU TIPOIECAMH EIEKTPOXIMIYHUX HAKOIHYIyBa-
YiB eHeprii MO)KHa 3pOOWUTH BHCHOBKH, IO PSiJI
METO/IiB Tiepe0yBarOTh Ha CTaJil TOCIiKEeHb 1 po-
3po0ku a0 BHUKOPHCTOBYIOTHCA B J1A0OpATOPHUX
YMOBaX i 3 Pi3HUX NPUYHUH HE OTPUMAIH TPAKTHY-
HOTO 3acTocyBaHHA. [lopsiy i3 IUM 3a3Ha4YeHO, 110
B Hall 4ac TPaKTUYHE 3aCTOCYBAaHHS 3HAXOATh
MEePeBAYKHO METOAM YIPABIIHHS TOCTIHHUM CTpY-
MOM 1 TIOCTIHHOO HaNpyro Ta ix KoMOiHallii, abo
MTOCTIHHOCTPYMOBI Ta IMIYJIbCHI METOAM YIpaB-
JMiHHA. Y NOCTIHHOCTPYMOBHX METOJaX KOHTPO-
JTLOBaHUMH Ta KEPOBAHUMU PEXKUMaMH € 3apsAHAN
CTPYM i 3apsiiHa HaNpyTa, a KPUTEPieM 3aKiHUCHHS
3apsHOTO TPOLECy € MiHIManbHEe 3HAYSHHS 3apsi-
JTHOTO CTPyMY, TIOCTiiHE 3HA4eHHS HaNpyTrH HaKo-
MMYyBaya Ta MMOCTIMHE 3HAYCHHS LIIJIBHOCTI €JIeK-
TPOJIITY B HAJIMBHUX aKyMYJIATOPAaXx.

MOoXIJIMBOCT] 3aCTOCYBaHHSI METOJIB yIpaBIliH-
HsI TIPOIIECOM 3apsiJIKH HAKOMUYyBadiB y CUCTEMaXx
€JIEKTPOTIOCTaYaHHs TPAHCIIOPTHHUX 3ac00iB HEOO-
XiIHO pO3MILIATH 3 ypaxyBaHHSIM crenudiku ix
(YHKIIIOHYBaHHS B IIUX cHUCTeMax. PallioHaIbHUM
croco0oM eheKTUBHOI eKCIUTyaTallii eJIeKTPOXiMi-

Beryn

VY cydacHMX YMOBax Ba)KIIMBOIO MPOOJIEMOIO Ha
TPAHCIOPTI € MiABHUIIECHHS ¢()eKTUBHOCTI HOTO BH-
KOPHCTaHHS 32 PaxyHOK 3HIDKCHHS BUTpAaT €Hep-
ropecypciB. [lepcrieKTHBHUMEI HaIpsIMaM# TiIBH-
HICHHS EHEPreTHYHOI e(EeKTHUBHOCTI TPaHCIOPT-
HUX KOMIUIEKCIB € pO3poOKa Ta BIPOBAIKECHHS
HOBUX TEXHOJIOTiH, 30Kpema iH(opMaIliifHo-
KOMYHIKaI[ifHAX TEXHOJOTiH y Tay3i yrnpaBiliHHs
PYXOMHM CKJIaI0M 3aJTi3HHYHOTO TpaHcropty [13],
3MEHILEHHsSI BUTPAaT EHEPropecypciB 3a paxyHOK
BU3HAYEHHsI €HEProOIa HUX PEXUMIB KepyBaHHS
JIOKOMOTHBOM [6], a Takok po3poOka Ta BIpoOBa-
JDKeHHST HOBUX BHIB JDKepen eHeprii [4]. OmxanMm
i3 HampsMiB MiJBUIICHHS €HEProe(eKTHBHOCTI
TPAHCIOPTHUX 3ac00iB, 1[0 PO3BUBAETHCS B HAIIIN
KpaiHi Ta 3a KOpPJOHOM, € BUKOPHCTaHHS HAKOIH-
4yyBadiB eHeprii, sSKi 3/1aTHI Ha/JlaBaTH HEaBTOHOM-
HUM TPAaHCHOPTHUM 3aco0aM HOBi BIACTHUBOCTI,
Taki, HANPUKIAJ, K aBTOHOMHHUH mpoOir. Y psiai
BUIIAJIKIB HAKOMTUYYBad €HEprii BUKOHYe (YHKIIT
OCHOBHOI €NEKTPOCHIIOBOI YCTAHOBKH, IO 3a0e3-
nedye  eNEeKTPONPUBOJ] TPAHCIIOPTHOTO 3aco0y.
Orsin HAyKOBOI JIITEpaTypH CBiTYMTh, 1O 3HAYHI
MEPCHEKTHBH 3aCTOCYBaHHS HaKOIUYyBayiB e€HEp-
rii Mae TATOBHMI 3ali3HUYHHUI TPAHCIIOPT 13 Pi3KO
3MIHHUM HaBaHTAXEHHSM, JIO SIKOTO HaJeXaTh
Kap’€pHI pyIHUYHI €JIeKTPOBO3M, MPHUMIChKi elleK-
TPOMOI3/IH, MOI3IN METPOMONITEHY, BUCOKOIIBHI-
KICHUI MarHiTOJIEBITYIOUHH, & TAKOXK EJIEKTPOMO-
OinmpHMIA TpaHcmopT. [JlocBia ekcruryaramii enexT-
POXIMIYHHMX HaKONMUYyBadiB €HEprii Ha TpaHCIOp-
THUX 3aco0ax T[OKa3aB, WIO JUIS IiIBUIICHHS
eKCIUTyaTallifHuX XapaKTePUCTHK Ta e(heKTUBHOC-
Ti BUKOPHCTaHHS HAaKONHMYYBadiB €HEpPrii B JHUHAa-
MIYHHX pPEXHMax poOOTH HEOOXiTHO KepyBaTH
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YHOTO HAKOMWYyBada €HEeprii B CHUCTEMi €JIeKTpO-
ITOCTa4YaHHsI € HOTo po00Ta B HOMIHAIEHUX PEKHU-
Max. [IpoTte iX AOTpUMaHHS HE 3aBXKIH J03BOJISE
MOBHOIO MIpPOI0 peai3oByBaTH poOOYl PEeKUMHU
CHCTEMH €JIeKTpOIlocTauyaHHs B mioMmy. Hampu-
KJaJ, Mij 4ac eKcIulyaralii HakomuyyBada eHeprii
3 HEBIIOMUM pIiBHEM 3apsiy Ha TPaHCIOPTHOMY
3aco0i icHye HeOe3leka 3HIKEHHs 3amacy eHeprii
B CHCTEMi EJIEKTPOIOCTa4aHHs TPaHCIOPTHOTO
3aco0y HIKYE MiHIMATBbHO JOMYCTUMOTO 3HAYCH-
HS B MOMEHT, KOJIM TTOTpiOHA TIepenada J0AaTKOBOT
eHeprii TATOBOMY NPUBOAY yV (hOPCOBAHOMY PEXKHU-
Mi Horo poboTu. Taka cuTyarlisi o3Haydae, Mo TpaH-
CHOPTHHUI 3aci0d He 3MaTHWU pearnizyBaTH 3aaaHi
TUHAMIYHI XapakTepucTukd. Lle mpotupiaus Moxe
OyTH BUPIIIEHO NUISXOM BHKOHAHHS pPallioHab-
HUX YMOB EKCIUTyaTalil HaKkomu4yBauda, 3a SKUX
Oyzne BimOyBaTucs 30epekeHHs Oro eHeprii B J0-
MYCTUMHUX MEXaxX, YOr0 MOKHA JOCSAITH BHUKOPHC-
TaHHSAM BIAMOBITHOTO METOAY KOHTPOJIO IMOTOY-
HOTO €HEPreTUYHOr0 CTaHy HaKOIUYyBaya il asek-
BaTHOMY LIbOMY CTaHy METOAY OII€PaTUBHOIO YII-
paBIiHHS peXuMamu Horo poOoTH. IcHYIOTH pi3Hi
PEXUMH eKcIuTyaralii XiMiYHAX JDKEepeNl CTpyMy,
IO BXOISTh N0 CKJIQAy HAKONMHUYyBadiB, 3aJIEKHO
BiJ ix mpusHaueHHs. OCHOBHI 3 HUX MPEJCTABICHI
Ha puc. 2 [7].

Haii6inpin iHTEHCUBHUI peXHUM eKCILTyaTarlii,
IO TMOJISira€ B UYEPryBaHHI LUKIIB  «3apsii—
PO3psiI», XapaKTEPHUH ISl TATOBUX aKyMYJISTOp-
Hux Oarapeit (TAB). Ilig wac excruryararii Hako-
NU4YyBaya B CHUCTEMi €JIEKTPONOCTAYaHHS TpPaHC-
MOPTHOTO 3aco0y MEepPeBakatOTh IHTCHCUBHI ILIHK-
JIM, KOJIM TPOTArOM JIeHHOI ekcrutyaraiii TAB
MiAAETHCS EKUIBKOM IOBHUM LHKJIAM «3apsili—
po3pam» (puc. 2, 2). Y 3B’S3Ky 3 TUM, IO Yepry-
BaHHS TMEPIOUYHOCTI IMKIIIB € BUMAJKOBUM IPO-
1ecoM, ToOTO poOOTa TPAHCIIOPTHOTO 3aco0y He
periaMeHToBaHa Ta HenepeadadyBaHa, HAKOIIHYY-
Bay Moxe mepeOyBath B poOOUOMY CTaHi HEBU-
3HauYCHUH 4ac Oe3 TOMOBHEHHS BUTPAYCHOI e€HEep-
rii. Y pesynbraTi CHUCTEMAaTHYHHX HEH03apsAiB
BUHHMKA€E HEMOIPaBHA BTpaTa €MHOCTI, BUKJIMKaHA
YTBOPEHHSIM IIUTBHOT CyJb(haTHOT TUIIBKH Ha TIOBE-
PXHI aKTUBHHX Mac eJIEKTPOJiB, MEPETBOPEHHS
SKOi B aKTHBHY Macy yCKJIaJHIOE MPOLEC MOJallb-

01 3apsiIKM HAaKOMHMYyBada, OCKIJIBKH IMOTpedye
JUISL IBOTO BEITMKOI BUTPATH SIK CTPYMY, TaK i gacy.
Oxpim mpoOiieMu HeAo3apsay, MocTae mpoodiieMa
nepes3apsiy, KON, 3a JOCATHEHHS CTaHy IOBHOI
3apSAIHKEHOCTI 3apsAAKy HAaKONMUYyBada CIiJ MPH-
MUHATHU, OJJHAK Y pealbHUX YMOBAax EKCIUTyaTallii
HAKOMUYyBaua B AMHAMIYHUX PEKUMAax YHACIiJIOK
BIJICYTHOCTi 00’ €KTHBHHUX KPUTEPIiB 3apsSKEHOCTI
3apska TpuBae. CHUCTeMaTHUHI Mepe3apsiiu Crpu-
SIFOTh PO3MYLICHHIO Ta 3CYBY aKTHBHOI MacH 3 Tuia-
CTHH, [0 IPU3BOANUTH 10 HETIONIPABHOI BTPATH €M-
HOCTI HAaKONWYyBada. 3BiACH BUILTUBAE, IO ITiJT
Yyac eKCIUTyaTalii HakomudyBaya B JHHAMIYHHX
pexkuMax BiH 3aBkau mepebyBae B pexkumi abo
HeZo3apsay, abo mepe3apsary, BiAMIOBIAHO, MOPY-
LIYETHCS HOTO eHepreTuuHuit Oamanc. OTxe, IS
e(eKTUBHOI pOOOTH HAKONUYyBa4a B JTUHAMIYHUX
peXHMMax Ta MPOAOBKEHHS TEPMiHY CIy»KOHW HE0O-
XITHO TATPUMYBaTH HOTO €HepreTWdYHMid OanaHc.
Jo Torox y peaqbHOMY XiMIYHOMY JKEpeni CTpy-
My, OKpIM CTPYMOYTBOPIOBAJIbHUX pEaKIliii, 3aB-
KM MArOTh MicIle ekl moOiyai HebakaHi mporie-
cH (3a3BHYail HE3BOPOTHI) €JIEKTPOXIMIYHOI Ta Xi-
MIYHOT PUPOJIH, SIKi MOTPEOYIOTh MEBHOT KUTbKOC-
Ti eHeprii. Y pe3ynbTaTi i 9ac KOKHOTO IHKITY
pO3psiiHA €EMHICTh BUSBISIETHCSA MEHIIO, HIXK Ki-
JILKICTh €HEprii, IOMOBHEHOT Ha TIOTIePeIHIN cTamii
3apsAOKH, 1 B Mipy IHUKITyBaHHA (paKTHYHA €MHICTh
HAKONHMYyBaya 3HWKYETHCS BiJ] LUKITY 1O LUKIY.
OTxe, 3a OyIb-SIKOTO BapiaHTa eKCIDTyaTallii Ha-
KOIMUYyBa4a HEOOXiHO palioHAIBHO BUKOPHUCTO-
BYBaTH HOTO €HEPril0 IUIIXOM KOHTPOJIO IOTOY-
HOTO €HEPreTHYHOTO CTaHy Ta ONEPATHBHOTO YII-
PaBJIiHHS PeKUMaMu pOOOTH BIIMOBIIHO 1O 3aJIH-
mKoBoi eMHOCTi. KpiM Toro, muHamidHI peXxuMU
pOOOTH 3 KOPOTKOYACHUMH TEPIOAaMU «pO3psiji—
3aps» XapaKTepU3yIThCsl HIBHIKOILIMHHUMH I1e-
PEXiTHUMHU TPOIIeCaMU B eNIEKTPOXIMIUHIN crcTeMi
HaKONHMYyBaya, TOMY BUKOPDHCTAHHS B TaKHX pe-
KUMax JIJIsi KOHTPOJIIO TMOTOYHOTO CTaHy HAaKOIH-
YyBaya BEJMYMHH HANPYTH Ta CTPYMY € HEAOIiJIb-
HUM Yepe3 HEeIOCTIWHICTh X 3Ha4eHb. [3 miel
K TPUYMHU X HEMOXIJIMBO BHKOPHCTOBYBATH SIK
KpUTEpI 3aKiHUEHHS 3apsHOTO TIPOIECy, IIo
MOKE MPHU3BECTH OO0 Tepe3apsily HaKomudyBada
a00 CIIPUYMHUTH CUCTEMAaTHYHUI Hel03apsi.
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METOJH YIOPABJ/IIHHA EJJEKTPOXIMIYHHMH HAKOIMHYYBATANMH

| BEB,IATHHKOBI'

JATUHKOBI

| AmanTHBHI |

VIIPABJITHHA 3
BHKOPHCTAHHAM
HEYITKOT JIOTTKH (FLC)

Meton zacHoEaHHH Ha 06po6IIi CTATHCTHIHHX
XapaKIepHCTHK HAKOIHYYEada, TOMY HE 3aCTOCOBYETBCA
[T KeEPYBAHHI B JTHHAMITHOMY peXHMi poGOTH

[MPOTHOCTHYHA MOJETb
YIIPABJIIHHA (MPC)

—I HpOFHOS npaueg,uamocri B aBTOHOMHHX €HEPTOCHCTEMAaX I

HEOBXIJTHICTE
BHKOPHCTAHHA
HABYATTLHOI CUCTEMH

—

CKTamHicTs peatizamii |

1

_|

IMITY.JIBCHI

I_

IIpocri B peanisarii, ane BHMararTh (popMyBaHHT
MeToZiE 06poOKH CHTHATIR

VITPABJIIHHA ITOCTIAHNM
CTPYMOM 3APANKI (CC)

BeIHTHHO 3apAIHOL HAIPYTH 3a3BHYAN He YIIPABIAIOTE,

IO MOXKE IPH3BECTH J0 IEPe3apAIKH, [TiIEHINEHHA

TEeMIIEpPaTypH Ta SHHKEHHA TEPMIHY CIykOH HaKONHIyEayda

VIIPABJIIHHA IIOCTIHHOIO
HAITPYTOIO (CV)

Jlm1 mocATHEHHA IOBHOI 3apAIKH MoTpideH TPHBATHH Iepiof
3apPAMKAHHA, IO IPH3BOTHTD J0 MiTBHINCHHA TEMIIEPATYPH Ta
HOTipPIICHHA XAPaKTCPHCTHK | TEPMIHY CIyKOH HaKONHIYEada

KOMBIHOBAHE
VIIPABIITHHA
TIOCTIAHAM CTPYMOM I
[IOCTIHOIO
HATIPVTOIO (CC—CV)

IITBHAKICTE 3apAIKaHHA HA eTami CV OyIiKe HH3BKA, TOMY
MeTox CC—-CV He TiIX0OHTE 1A ITBHIKOI 3apAIKH
HAKOIIHIYBa4a

VIIPABIITHHA CKIaaHICTh CXeMOTEXHITHOTO PillleHHd YTIPaBTiHHA
IMITY JIbCHHM |
PEKIIMOM 3APAJIKI (PC) SapAAHIM TpoTiecon
VITPARJITHES CKIaJHICTh CXeMOTEXHITHOTO DIileHHs YIPAaBIiHHA
JIBOTIOJISIPHIIM | 3apanHHM npollecoM. BinOyeaeThcd 3acTKOBA BIpaTa
IMITYIbCHHAM PEATIMOM EHepTii miJ Yac BIUTHRY HETATHBHOTO iMITYIbCY
3APSIKHA (NPC)
VIIPABITHHA PEAIIMOM
BE3MEPEPBHOI KATIENEHOI - -
JAPSIKH [TOCTIMHNM V pazi cHCTeMaTHIHOTO 3aHH/KeHHS HalpyTH HocTiHHOTO
CTPYMOM TiA3apAny Ha MIACTHHAX AaKyMYIATOPIE BinOyBaeThca

HI3BKOI'0 PIBHA (TC)

VIIPABJIIHHS B PEKHMI
IIIABHOI 3APSITIKH (FC)

MOCTYIOBHH MepeXin apiOHORpHeTATYHOrO cyIbdaTy CEHHITO
v TBepauil WiNBHEH CYIb(AT 3 BEIHKEME KPHCTATAMIE, 10O
VCKIaAHIOE TTOJAMBIIHE IPOLEC 3apAIKHE

Puc. 1. MeToan KepyBaHHS pEKUMOM 3apsIKH €IEKTPOXIMIYHAX HAKOIIMYYBadiB eHeprii

Fig. 1. Charging mode control methods of electrochemical energy storage devices
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IlopiBHSIHO HOBUM JOAATKOM 3apsiIHUX TEXHO-
JIOT1H, KWl MIBHIKO PO3BUBAETKLCS, € MAPK CICKT-
pOMOOINIB, y SIKUX IUHAMIYHHHA PEXUM POOOTH
HAKONUYyBauiB SIK OCHOBHOTO JUKEpesa eJIeKTpoe-
Heprii HaWOiIpII BUpaKCHHWHA. 3a3BHYail KIIFOYO-
BUM 3aBIaHHSIM BHUPOOHHUKIB €JIEKTPOMOOLIIB
€ 30UTBIIeHHsI JaNbHOCTI POoOIry, 110 BUCYBa€ HO-
Bl BUMOTH $IK 10 HAKONTUIYBadiB, TaK i 10 METOIB
yIpaBiHHS pekUMaMH ix pobotu. OmgHUM 31 OIS~
XiB BUpIIIEHHS 1€l 3a/1a4i Ha IbOMY €Tali € Po3-
pobKa Ta BIPOBAIKECHHS TEXHOJIOTIH MIBHAKOI 3a-
PAAKK HAKOMMYYBa4iB MOCTIHHUM CTPYMOM 13 BH-
KOPUCTAaHHSIM TOTYXHHUX CHJIOBUX 3apAJHHX MpU-
CTpOiB, O0OJaJHAHUX CHCTEMOIO 3aXHCTy JUIs
3armobiraHHsa BUXOMY iX i3 Tagy B pasi MepeBUIICH-
HSl JOMTyCTUMUX 3HAY€Hb 3apsIHUX CTPyMiB i Ha-
npyru. Y TOH jxe dyac Oe3mexa HaKOMUYyBaya
B PEXHMMi MPUCKOPEHOI 3apsAIKU OCATAETHCS JIU-
1Ie HaJilHOIO 130JIAALIEI0 MO JIAHIFOraX >KUBJICHHS.
[Ipr ubOMYy OCHOBHHMM KpHUTEpiEM 3aKiHUEHHS 3a-
PSLAHOTO TIPOLIECY € PO3PaXxOBaHMUN AJISI KOHKPET-
HOTO THITy HAKOIIMYYyBaya 4ac 3apsaKH, TPUBAIICTh
SIKOTO 3QJIC)KHUTH BiJI PSKUMY EKCIUTyaTallii eleKT-
poMo0ins i Moxke mepedyBaTH B Mexax Binx 24 ro-
muH 10 15 xBunmH. Crijl 3a3HAYATH, O BUOIp SK
KPUTEPII0 3aKiHYCHHS 3apsAIKd PO3PaxyHKOBOTO
Yacy MpOBEACHHS 3apsIHOTO MPOIIECy HE T03BOJISIE
00’€KTHBHO OIIIHUTH TIOTOYHWUN EHEPreTUIHUH
CTaH HAaKOIM4YyBauya Ta HE BPAXOBYE 3AJIUILKOBY
€MHICTh. Takuii TPaKTHYHO HEKOHTPOIHLOBAHHIMA
Mpo1ec 3apsAKaHHs MOXKE HETaTUBHO MO3HAYUTU-
Csl Ha TePMiHI eKCIUTyaTalii HaKoIn9IyBaya i Mmpus3-
BECTH JI0 TIEPEeTYaCHOTO BUXOJY HOTO 3 Jay.

3a pe3ynbTaMH aHali3y HasSBHHX METOJIB YII-
paBJIiHHS TPOLECOM 3apsAKH HaKONMUYyBadyiB Ta
3 ypaxyBaHHSM 3a3Ha4eHoi crienudiku X QyHKIII-
OHYBaHHS B CHCTEMaXx €JIEKTPOIIOCTAa4YaHHS TPaHC-
MOPTHUX 3acO0iB MOXKHA 3POOUTH BUCHOBOK, IIO
BJOCKOHAJECHHS HasBHUX Ta PO3pOOKa HOBHUX Me-
TOJIIB OINEPAaTUBHOTO YIPABIIHHS JTUHAMIYHHUMHU
pexxuMaMu poOOTH HAKOIMYyBaya 3 METOIO pario-
HQJIBHOTO BHUKOPHUCTAaHHS HOTO EHepropecypcy
€ aKTyaJbHOIO 33/1a4uelo.

Meta

OCHOBHOIO METOI0 HalIoi CTaTTi € po3podOka
METOAY PaliOHAIBHOTO YNPaBIiHHI pPEXUMaMH
pPOOOTH eNEKTPOXIMIYHUX HAKOMTUYYBaviB €Heprii

IUTS TiABHUINEHHS e(eKTUBHOCTI X eKcInryaTarlii
Y CKJIaJli CHCTeM eHepro3ade3nedeHHs] TPaHCIOPT-
HHX 3ac001B.

a—a

//

/-

1 — po3psiz, 2 — noBHUIA 3apan,
3 — 4acTKOBUIA 3apsia, 4 — HEpOOOUMid pexkuM
1 —discharging, 2 — full charge,
3 — partial charge, 4 — idle mode

Puc. 2. Pexxumu excrutyarariii akyMyJISITOpHUX OaTapeit:
a — crarionapHi AB; 6 — craprepHi Ab;
6 — TsiroBi Ab (HOpMalTbHUIT pexum);
2 —T1sroBi Ab (IHTeHCHBHHI peXuM)

Fig. 2. Modes of operation of rechargeable batteries:
a — stationary batteries; b — starter batteries;
c — traction batteries (normal mode);
d — traction batteries (intensive mode)

JocsiTHeHHST TOCTaBJIeHOI MeTH Iependavae
pO3B’s3aHHS TaKUX 3ajaq:

— BU3HAYHATH OCOOIMBOCTI (PyHKITIOHYBaHHS
HaKOMU4YyBadiB y CKJaJli CHCTEM EHepro3aodesre-
YEeHHS TPAHCIIOPTHUX 3aCO0iB;

— BU3HAUMTH HaOip iH(opMalifHUX Mmapamer-
PiB, SIKi XapaKTEepHU3YIOTh IOTOUYHUI €HEPreTHIHNI
CTaH HaKONMHMYYBaYiB y JWHAMIYHUX PEKUMAX iX
poboTH;

— pO3pOOHUTH METOAMKY BH3HA4YCHHs iH(poOpMa-
iHHOTO Tapamerpa i3 CHrHaly BiATYKY HaKOIIHU-
yyBaya Ha TECTOBUHU IMIYJIbC, KU XapaKTepHU3ye
MOTOYHHUH EHEPreTMYHWH CTaH HaKONU4YyBada Ta
MOKe OyTH BHKOPHUCTaHWUN AJISI MOEAHAHHS (QYHK-
il KOHTPOJIFO TIOTOYHOTO CTaHy Ta ONEPATHBHOTO
KEepYBaHHS PeXUMaMHU pOOOTH HAKOMMYIyBaya.
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MeToanka

OnHi€ero 3 OCHOBHUX BUMOT €(DEKTHBHOCTI €KC-
IuTyatamii eleKTpOXiMiYHMX HAKOMUYyBadiB eHep-
ril € po3pobKa METOay ONEepPaTUBHOTO YIPABIIHHS
pekuMaMu poOOTH HAaKOMMYyBada, KU rependa-
Yae BUOIp mapaMeTpiB KOHTPOJIIO W yIpaBIliHHS Ta
niana3oH iX BIAXWICHHS BiJl 33JlaHUX 3HAYCHb, Y
MeXax SIKOro MO)KHa 3a0e31euuTH 30aJaHCcOBaHUI
CHEePreTUYHNNA peXuM (YHKLIIOHYBaHHS HaKOIH-
gyyBaua. Sk 3a3Havanocsi BUILE, Y MOCTIHHOCTpY-
MOBHX METOIAaX KOHTPOJILOBAaHUMH Ta KEPOBAHU-
MH ITapaMeTpaMHy 3apsIaHOTO TPOLECy € 3apsiIHuN
CTPYM 1 3apsiiHa Hampyra, 3HaUCHHS SKUX HE 3aB-
JKIM BIAIMOBIAIOTH IOTOYHOMY CHEPTreTHUYHOMY
CTaHy HakonmudyBada. SIk BuAHO i3 puc. 1, Haii-
OUTBII YHIBEpCAILHUMH METOJIAMH  YIIPAaBIiHHS
MPOIECOM 3apsAKH HAKONMMYYBadiB CHEprii € iMm-
MyIB5CHI MeTOonU pi3HOI Momudikarmii, sSKi MOXYTh
OyTH peamnizoBaHi y BUTIISAI TaTYMKOBHX, Oe3mat-
YUKOBUX Ta aJalTHBHUX 3acpOiB. B immymbcHHX
METOo/Iax SIK KepOBaHi BUKOPUCTOBYIOTH ITAPAMETPH
3apSAOHUX IMITyJIBCIB — YacTOTY, TPUBAIICTh, aMII-
MTYyAy W may3y MK iMIOyJlbcaMH, IO JO3BOJISE
3[ificHIOBaTH OaraTonapaMeTpu4yHe yNpaBIiHHS
mpotiecoM 3apsaku. llpu mpoMy KpuTepieM 3aKiH-
YEHHS 3apsTHOTO MPOLIECY B IMITyIbCHUX METOJaXx,
SK 1 B TIOCTIHHOCTPYMOBHX, € MiHIMaJIbHE 3HA4YeH-
HS 3apSIHOTO CTPYMYy, YCTaJeHe 3Ha4YeHHS Harpy-
T'Yl HAKOTMYyBaya i MOCTiiHEe 3HAYEHHS MIUTHHOCTI
CJIEKTPOJIITY B HAIMBHUX aKyMyJaTopax, sKi i3
3a3HAYCHUX BHUIIE NPUYUH HE MOXYTh OyTH
00’€EKTUBHUMH KPHUTEPIsIMH B JHHAMIYHUX PEXKHU-
Max poOOTH HakomuvyBada. BogHowac Bigomo, 1110
OCHOBHUM TMapaMeTpOM HAKOMHUYyBada EHeprii,
BEJIMYMHA SKOTO BHM3HAYa€ HOr0 EHEepreTUYHHH
CTaH Ta MNpale3aTHICTh, € EMHICTb. I3 1[bOTO MmoT-
TSIy TIEPCIIEKTUBHOIO € pO3po0Ka METOAY orepa-
TUBHOTO YIPABIiHHA JUHAMIYHAMH PEKAMaMH
poboTH HaKoMHWYyBa4a, 3aCHOBAHOTO Ha BUKOPHC-
TaHHI EHEPreTHYHOI0 IMapaMeTpa SIK OCHOBHOTO
KpuTepito npane3aaTHocTi. OueBUIHO, M0 KOHT-
POJIIOBATH Ta 3MIHIOBATH 3HAUCHHS (PAaKTHYHOI €M-
HOCTI HaKOMMYyBaya B IMpoIeci Horo poOdOTH Tpa-
TUIIAHUMHA METOJaMH Ta MPUIIAJOBUMH 3ac00aMu
€ BXKO3IIIICHEHHUM 3aBJIaHHAM, TOMY AJISI HOTO
BUPINICHHS HEOOXiHI HOBI MiJXOAM Ta METOJH.
OnHuM 13 BapiaHTIB KpHTEpilo, 3a JONOMOTOIO
SKOTO MOYKHa OXapaKTepu3yBaTH MOTOYHHUH eHep-
TeTUYHUI CTaH HAaKONMU4YyBaya, € KOoe(ilieHT BuU-

KOPHCTAHHS aKTHUBHHUX MaTepiajiiB XiMI9HOTO JKe-
pema cTpyMmy, SKHH, BiAmoBigHO A0 3akony PDapa-
Jiesl, BUPAXA€EThCS BIiIOMHM B EJICKTPOXiMii piB-
HAHHIM [2]:

0=(C, /CO)-100%=i-100%, (1)
k-m

ne Cp — eMHICTh XIMIYHOTO JDKepena CTpyMy IMij
gac pospsny; Co — TeopeTHYHa €EMHICTB, PO3paxo-
BaHa 3a CJEKTPOXIMIYHMMHU €KBiBaJCHTaMU;
K — enekTpoxiMiuHMIf €KBIBAJIEHT PO3PAIAHUX IIPO-
IIeciB; M — aKTUBHA Maca, 1o Oepe y4JacTh y CTpy-
MOYTBOPIOBaJIbHOMY TPOLIECI.

I3 Bupasy (1) BurumuBae, mo GakTuuHa EMHICTD
HaKOMM4YyBada MPOTOPIIiifHa BEIWYUHI aKTHBHOI
MacH €JIEKTPOJIiB, 10 Oepe y4acTh y CTPYMOYTBO-
PIOBAIBHOMY TpOIECci B OTOYHHH MOMEHT 4acy.
VY cBoro Yepry BelIWYHMHA aKTHBHOI MacH MpOIOp-
nidHa ol i moBepXHi, Mo O6epe yJacTh B eleK-
TPOXIMIYHOMY TpOIlECi B IIOTOYHUIT MOMEHT Yacy.
Takum ymHOM, 3a7aya BU3HAYEHHS MOTOYHOTO
SHEePreTUYHOr0 CTaHy HaKONWYyBadya IOJISrae
y BU3HA4YEHH] BEJIMYMHU TLJIONII TOBEPXHI aKTHBHOL
MacH, III0 pearye, i TICHO MOB’si3aHa 3 0COOJIUBOC-
TSAMH TIPOTIKaHHS EJIEKTPOXIMIYHOTO TMPOIECY
B 00’€Mi MOPOBOTO MPOCTOPY aKTUBHUX MAaC €JeK-
TPOJIB y MOTOYHHMI MOMEHT 4acy. JlocTaTHBO iH-
(GOpMaTHBHIM METOZOM KOHTPOJIO MpPOTIKAaHHS
€JIEKTPOXIMIYHOTO TIPOIECY B XIMIUYHUX JDKepenax
CTpYMY € IMIYyJIbCHUI TalbBaHOCTATUYHUN METOJ,
SKUH [IMPOKO BUKOPUCTOBYIOTH B €JIEKTPOXiMii
[8]. Cyts MeTomy mossirae B mojadi Ha €JIEKTPOXi-
MIYHY CHCTEMY 3apsIHOIO IMIIYJIbCY CTPYMY 3aj1a-
HOT BEJIMYMHU 3 MTOAJIBIIIOK PEECTPAIIIEI0 CUTHATY
BIIT'YKY, SIKHI BimoOpakae crafii mporecy y ¢popmi
(hyHKITIOHATTBHOT 3aJIeKHOCTI HATTPYTH CUCTEMH Bil
yacy. MOXJHBICTh 3aCTOCYBaHHSI iMITYyJILCHOTO
raJbBaHOCTaTHYHOTO METONY JJIS  YHpaBIiHHA
MPOLIECOM 3aps/DKaHHS ENeKTPOXIMIYHOrO HakKo-
nuYyBaya eHeprii oOTpyHTOBaHAa Ta eKCIEepUMEH-
TaJbHO MiATBEpIDKEHa aBTopaMu podortu [5]. Tu-
noBa (opMa CUTHATY BIATYKY HaKONMYyBada Ha
3apsAIHMIA IMITYJIbC HaBeleHAa Ha PHC. 3, ¢, BOHA
BiJIoOpakae 3aKOHOMIPHY TIOCIHIJIOBHICTh TPOTi-
KaHHS CTaJiil eIeKTPOXIMIYHOTO HpoLecy B 00’ emi
MOPOBOT0 MNPOCTOPY AKTUBHUX MAac EJIEeKTPOMiB
1 MICTUTh HEOOXiZHy iHQOpMAIiI0 NPO TOTOYHI
3HA4YEHHS MapaMeTpiB MpoLecy, y TOMY YHCIi Ipo
BEJIMYMHY IUIoUIi S Qirypu mij KpuBOIO AEMOJSPH-
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3amii micng 3HATTS 3apsAgHoro immynbey. [locmigo-
BHICTH OIIEpariii i3 BU3HAUCHHS 3HAYCHH ITapaMeT-
piB HakomM4yBaya 3i 3Ha4eHb apaMeTpPiB CUTHATY
BITYKY BiZOOpaXkeHa B 3arajJbHOMY BHIJISAI Ha
puc. 4.

Ha ocHoBi momepenHix pe3yabTariB AOCTiIKEHbD
3 BHBYEHHS 3B’S3KYy NapaMeTpiB CHTHANY BiATYKY,
10 Bi100Opa)kKaroTh MapaMeTpH IMPOIIeCy, i3 mapameT-
paMu XiMIYHOTO JDKepena CTpyMy 3pO0JIeHO BUCHO-
BOK, 110 BEIMYMHA IUIONI S MPONOpIiiiHA BETUYMHI
3amaceHol B HAKOMHMYyBadi eHeprii i Moxe OyTH BH-
KOPHCTaHa SIK iHpOpPMaIiHHIA TTapaMeTp, eKBiBalIeH-
THHUH €HEPreTHIHOMY MapaMeTpy HaKoIuuyBaya.

a—a
uB
Usiane 16 4 m
g Ua2
Ugna 154 n
n Uen
14 4 s
Ual . Ucns
l‘P-"- 13 - T T
o s 10 15 20 28 R AS 40 t, ¢
[ faa i) ]
T ten
6-b
f(x)
0 X, x, S ) X

Puc. 3. Curnan BiAryky eneKkTpoxXiMiyHOTO HAKOIHYY-
Baya €Heprii Ha TECTOBUI IMITYJIbC CTPYMY:
a — ¢opMa cuTHAITy BiATYKY;
6 — TIPUKJIA]] TOIUTY KPUBOT IEMOIAPH3alii Ha BIAPI3KU I
BU3HAYEHHS IIONIi S

Fig. 3. The response signal of the electrochemical
energy storage device to the test current pulse:
a — the shape of the response signal;
b — an example of dividing the depolarization curve into seg-
ments to determine the area S

1. Bubip napameTpts, mo XapaKTepH3yEOTh CTAH HAKOMHIYBada
,,J\ L
2. Busmayenus mapaMeTpis TeCTOROTO MITYMBCY
<L
3. BuzHaveHHA NapaneTpiE, MO XapaKTepyzyEoTh CHTHAN BiTTYEY
HA TeCTOBHII IMITYIEC

4. BusHaqeHHA B3aEMO3B 13Ky JHaUEHb [TAPAMETDIB CHTHATY BiITVEY
HA TECTORHIT IMITYITRC 3 [TAPAMETPAMH HAKOMITYEAYA

Puc. 4. TTocnigoBHICTE BUKOHAHHS OIEpalliii o0 BU-
3HAYCHHS 3HAYCHb MMapaMeTpiB HAKOMMYyBaya 3a napa-
METpaMH CUTHAIY BIATYKY

Fig. 4. Operation sequence to determine the values of
the storage device parameters by the response signal
parameters

I3 MeTor0 0OTpyHTYBaHHS MPOMOPLIHHOI 3ale-
JKHOCTI BEIMYMHH 3allaceHol B HAKOMHYyBadi
€Hepril Bix 3HAYCHHS BEIWYMHHM TUIONIL S I KpH-
BOIO JETOJISIpU3alii KOPOTKO PO3TISHEMO CTafil
MPOTIKaHHS €JIEKTPOXIMIYHOTO TPOIIECy, 32 YMOBH
BIUIMBY Ha HAKONMMYyBad 3apsiTHOTO IMITYJIbCY
CTpyMy, Ta iX BiIOOpa)Ke€HHS Ha CHTHAJi BiATYKY
Ha puc. 3, a. Y MOMEHT MoJla4i Ha HAKOIMH4YyBad
3apSAOHOTO IMITYyIBCY BiMOYBA€ThCA 3apsiKa IIO-
IBIHHOTO €NEKTPUYHOTO IIapy Ha MEXi PO3IiJeH-
Hs aKTHMBHHMX Mac Ta €JICKTPOJITY B 00’€Mi mopo-
BOTO IIPOCTOPY €JIEKTPO/IIB Ta MMaJiHHS HAIPYTH Ha
IXHROMY aKTUBHOMY OTIOPI, 1110 BiATIOBiZA€ JTUISHIT
| Ha curnani Biaryky. Jami nporikae crauist mos-
pu3artii, mo Bianosigae aitsHii |1l Ha curnam Bij-
T'YKY, 10 BUXOJY Ha IUIaTO B pa3i AOCSTHEHHS Be-
JUYUHA HATNPYr¥ HACHYEHHS. Y MOMEHT 3HSTTS
IMITyJIbCY BiIOYBA€THCS MAiHHS HAPYTH HA aKTH-
BHOMY ormopi (minstaka |l Ha curnam BiAryky)
3 MEpPexXo/IoM Yy CTalilo Jenoispu3amii — JiJsTHKa
IV curnany Biaryky. Sk sumomsae 3 puc. 3, a, Ji-
nsaku |1 1V curnamy Binryky, mo BimoOpakarTh
BIJIMOBITHO CTajii moysgpu3aliii Ta Aemoyspu3arii
B pasi mojavi Ha HAKOMUYyBad iMIYJbCYy CTPYMY
1 MOro 3HATTI, MAlOTh €KCIIOHCHIIIMHY 3aJIeKHICTh
Bix wacy U(y, BUKIIMKaHY HEPiBHOMIPHUM PO3IIO/i-
JIOM KOHIIEHTpalii eNeKTpoNiTy Ta 3apsAiB
B 00’€Mi TIOPOBOTO MPOCTOPY aKTUBHHUX Mac. [Ipu
IBOMY TIPOIEC PO3MOJITY OMUCYIOTh BiJOMHUM
B €JIEKTPOXiMii PIBHSHHSAM MaKpOKiHETHKH B IO-
POBHX CepeOBHUINAX:
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o°U ou
S =p-8-Cyr @
OX ot

ne U — moTouHa Hampyra momnsipusanii (aemnonspu-
3arii); p — ePESKTUBHUIA IMUTOMHUHN OITp EIEKTPOTi-
Ty B TIOpax; S — MATOMa MOBEPXHS OJMHUII 00’ €My
aKTHUBHOI MacH MOPOBOTO IMPOCTOPY, IO pearye;
Cep — epekTHBHA EMHICTh aKTHBHOI MacH, 1110 pea-
T'y€ Ha OJIMHUITIO 00’ €MY.

VY Hamomy BHMAJKY iHTEpeC MpEeACTaBIse aHa-
73 mpolecy JenoispH3aiii, mapaMeTpu SKOTro
Oe3nocepelHbO0 BU3HAYAIOTH 3HAYEHHS BEIMYUHU
wiomi S. ABtopu pobotu [14] omucyroTh TPOTI-
KaHHS IIbOTO TPOIECY 32 IMITyJILCHOTO BIUIMBY Ha
CBHHLIEBO-KUCIIOTHY KOMIpKy TakuM 4uHOM. Kosm
3apsIIHUM CTPyM IEpPEpUBAETHCS MiJ 4Yac 3HATTS
iMIyJbCy, TOOTO 32 HYJILOBOTO 3HAYCHHS 30BHIII-
HBOTO CTPYMY, MOJABIHHUH €NeKTpUYHHN IIap 3a-
JUIIAETBCS 3apAHKEHNM 1 BiOYBaeThCS PO3PAL
MOJIBIHHOTO E€NIEKTPUYHOTO MIapy Ha eNEeKTPOXiMi-
YHY pPEeaklilo, KUK CYMPOBOIKYETHCS MPOTiKaH-
HSIM JIOKQJILHOTO CTPyMy OOMiHY io B TIOpax €JIeKT-
poxniB. IHepuiiiHMii mpomec po3psamy MOABIHHOTO
mapy BIJOBiIa€ CTanii JenoJspu3aliii Ta Cymnpo-
BOJKYETHCS TIEPEPO3IONITIOM 3apsiiiB B 00’eMi
MOPOBOr0 MPOCTOPY AKTHBHHUX Mac 1O MOMEHTY
JOCSITHEHHSI PIBHOB)KHOTO cTaHy cuctemu. LlIBu-
JKICTh MEPepo3NOALTY 3apaaiB B 00 €Mi MOPOBOTO
MPOCTOPY AKTUBHHMX MAac BH3HAYaIOTh HOCTIHHOIO
Yacy CHCTEMH, BEJIWYHMHY SIKOi MOXKHA OIiHHTH,
KOJIW TIPUPIBHATH 3apsIHAN CTPYM TOJIBIHHOTO
CJIEKTPUYHOr0 Iapy a0 cTpyMmy (apaneiBcbkoi
peakmii. 3a JOMOIIOTOIO IiHIHHOI KiHETHKH, ITIO
3aJIeKHICTh MOYKHA 3BECTH JIO BHTIISY:

RTC
Tret == » 3)
Fi,
ne R — yHiBepcanbHa ra3oBa MocTiiHa; T — Temiie-
patypa, K; C — nuToMa eMHICTh MOJBIMHOTO €JIeK-
TpuuHoro mapy; F — mocriiina ®apages; o —
CTpyM OOMiHY (AJii KiHETHKH peaKIlii JiOKCHIY
cBuHIIO iy ~107" Alcm® [14]).

I3 piBusHHEA (3) BUILTHBAE, IO MOCTiHHA Yacy
Mpolecy 3MIHIOETHCS MPAMO MPOIMOPLIHHO Besu-
YUHI TUTOMOI €MHOCTI MOABIHHOTO €JIEKTPUIHOTO
mapy C Ta OOEpPHEHO NPOMOPLIHHO IIUJILHOCTI
CTpyMy OOMiHY lo. YpaxoByIOYH, 110 €EMHICTH I10-
IBIfHOTO MIapy NpsMO NPOIOPILiHHA BETHMYUHI

HOTo 3apsAay Ta IUTOINII NMOBEPXHI aKTWBHOI MacH,
mo Oepe y4acTh B ENEKTPOXIMIYHIN peaxiiii mix
Yac po3psiy MOJBIHHOTO IIapy, MOKEMO 3pOOUTH
BHCHOBOK, IO TPHUBANICTh CTamii IETOJIApU3aIii
JIOPIBHIOE TPHUBAJIOCTI TIPOIIECY PO3PSAY HOABIHHO-
ro mapy Ta mpsSMO MPOTOPIiiHA BETMYUHI TUIOIII
MOBEPXHI aKTUBHOI MacH, 1o pearye. Sk 3a3Haue-
HO BUINE, BEIWYMHA IUIONII IOBEPXHI AaKTHBHOL
MacH, o Oepe y4acTh y eJIeKTpOXiMIYHOMY TMpo-
Leci B MOTOYHMK MOMEHT 4acy, MPONopLiliHa BeJIU-
YpHI Ti€l YaCTUHM aKTHBHOI MacH, sIka BU3HA4ae
koeirieHT 1 BUKOPUCTAHHS BIiATOBIIHO O BHpa-
3y (1).

Jlyis 3py4yHOCTI BU3HAYCHHS Ta OLIBIIOT HAOY-
HOCTI 3B’SI3Ky €HEPreTHYHOIO CTaHy HAKOMHYyBa-
Ya 3 mapaMeTpaMH CUTHaly BiATYKY MpeICTaBUMO
MOCTifiHY Yacy MepexiJIHOro MpoIecy T BUPa3oM i3
BHKOPHCTAaHHSM TapaMeTpiB MEePexiTHOTO MpoIie-
Cy, Y3ITHX i3 piBHIHHA (2):

T:Rn'cnl (4)

ne R, =U, /i, — nonapusauiiinuii omip; C, — em-
HICTh aKTUBHOI MacH Ha OJTUHUIIIO 00’ €MY.

HAns  Bumaaky pospsny 00’ €MHO-TIOPUCTOTO
KOHJICHCAaTOpa BUPAa3 U MOCTIHHOI Yacy HaOyBae
BUTIIAY:

T=Cq Py S, (5)

e Py =R, /S — edextuBnmii muromuii onip ee-

KTPOJITY B MOpax; S — MUTOMa IMOBEPXHS OJMHULI
00’emMy mopoBoro mpocropy, mo pearye; Cep —
eeKTUBHA EMHICTh aKTHBHOI MacH, 10 pearye, Ha
OJIMHUIIIO 00’ eMYy.

Sxio, 32 3araJbHONPUIHATHM YSBICHHSM, T1e-
peximHuil mpoliec MPaKTUYHO 3aKiHYYETHCS B pasi
JOCSTHEHHsI CTaHy PIBHOBAaru, SIKMid JJIsl HAKOIH-
YyyBada BiJIOBiJ]a€ BEIMYHMHI HANPYTH PO3IMKHY-
toro koia U,, 3a vac t=(4-5)t, To mocrilina

Yacy BU3HAUYAE€ TPUBAIICTH MEPEXIJHOTO MPOLecy,
TOOTO TPUBAIICTh CTAIl JMECNOJsApU3allii, Ta MPsIMO
MIPOTIOpITiiHA BEIMYUHI TUIOMNII S HA CHUTHAMI BiATY-
Ky mizg kpuBoro aenoisipuzanii Uer. Y cBoro uepry,
TPUBANICTh CTaJii JENONspHU3alii JOPIBHIOE TpPHU-
BaJOCTI TMpolecy po3psay NOJABIHHOTO Mmapy
i IpAMO MPOMOpIiiHA BEIWYMHI TUIONI MOBEPXHI
aKTHUBHOI MacH, 1o pearye OTxe, BEJIMYHHA IO
pearyroo4oi MOBEepXHI aKTHBHOI MacH, IO pearye,
3a SIKOI0 BU3HAYAIOTh KOeQilieHT 1 BUKOPUCTAaHHS,
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MPSIMO IIPOIOPIIifiHA BEIUYHHI IUIOII S Ha CHTHAII
BIITYKY i KpUBOIO fenoisipusamii Uey.

TakuM 4YMHOM, 32 3aKOHOMIPHOCTSIMH TIPOTi-
KaHHA eNEeKTPOXIMIYHOTO TIPOIeCy Ta aHalli3oM
B32€MO3B 513Ky TapaMeTpiB MEPEXiTHOTO TpoIecy
Ha CTajil Jenoisapu3aiii, o BUILUIMBAIOTH i3 piB-
HiHb (1-5), 3 mapamerpaMu CHUTHaIy BIATYKY
BCTAHOBJICHO IPSIMO IPOTOPITIHHUN 3B’ 130K BEIH-
YrHU (PAKTUYHOI MOTOYHOI €EMHOCTI HAKOMMYyBaya
3 BEJUYHMHOIO TUIONNI S HAa CUTHANI BIATYKY ITiJ|
kpuBoro nenossipm3arnii Ucyg). YcTaHOBIEeHa 3aie-
JKHICTh MIiITBEPIKYE MOMIIHBICTb BHKOPHUCTAHHS
iHpOopMaLiiHOrO mMapamMeTpa CHTHaly BIATYKY —
IOTOYHOI'O 3HAYEHHS BEIWYMHU IUIOLN S, a SIK €K-
BIBaJICHTa CHEPreTUYHOr0 MapamMeTpa HAaKOIHUTY-
Baya — KoeillieHTa BUKOPUCTAHHS aKTUBHUX Ma-
TepiaiiB.

BukopucTtanHs 3anpONOHOBAHOTO CIHIJIBHOTO
JUTS KOHTPOJIFO Ta YIpPaBIiHHSA iHpOpPMAIiHOTO
nmapameTrpa J03BOJIIE OJHOYACHO 3[iMCHIOBATH
00’ EKTUBHHUIA KOHTPOIb IMOTOYHOTO CTaHy HAKOIIHU-
gyBada eHeprii Ta e)eKTUBHO KepyBaTH HOTO eHe-
PTEeTHYHUM CTaHOM JUisl 3a0e3MeUeHHs mpare3aar-
HOCTI B IMHAMIYHHX peXHMax poOoTH, cyMilaro-
91 TaKUM YUHOM (YHKIIiI KOHTPOIIO Ta yIIPaBIiH-
HSL.

MeTtoauka BU3HAYEHHS BEIMYMHHU TUIONI S mif
CKCIOHEHTHOI KpHBOIO crany Hampyru Uenp 3a-
CHOBaHa Ha ii YMCENILHOMY IHTErpyBaHHI 3a Ipa-
BWJIOM Tparenii 3 BUKOPHUCTAHHSIM TMpOrpamMu 00-
pOOKHM MaTeMaTHYHUX Ta CTATUCTHUYHUX (PYHKIIN
Origin. Ilporpama 3aiiicHIOE IHTETpYBaHHS KPUBUX
3a TAKHM JITOPUTMOM:

1. Po3paxoBye meBHHIA iHTETpajl ampOKCHMO-

b
BaHoO1 pyHKIIT I f(x)dx.

2. KpuBy cnamy Hampyrd —Jenosspusarii
NUIATBCSA Ha BiApI3KK (TIPUKIA] HaBEJCHO Ha
puc. 3, 6).

3. lns dopmyBaHHS Tpamemnii BHUKOPHUCTOBYE
Mapy CyCiIHIX 3HAYeHb, MICIIs YOTO IUIOIII Tpare-
ik MiICyMOBY€E Ta IHTerpat
PO3paxoBye 3a TAKOIO (HOPMYIIOI0:

Xy

n-1
J 1008 = X000 = x)Z[ £ 05.0)+ F(x)],

X

Je [ — KpOK 3MiHH 9acy; X — HaIpyra Jemojspu3a-
i, 110 BIINOBia€ KOKHOMY 3HAYEHHIO Yacy.

KpurepieM 3akiHUCHHS 3apsSiKd, IO BiAIMOBI-
J1a€ TOCSTHEHHIO CTYIEHS 3aps/DKEHOCTI HaKOIH-
gyBaua y 100 %, € cramicTh 3Hau€Hb BEIWYUHU
wiomi S. [HTerpyBaHHS TPOBENEHO Ha BIAPI3KY
yacy crafy Hamnpyru aenossipusamii U, Makcu-
MalbHa TPHUBATICTH SKOTO JOPIBHIOE TPHBAJIOCTI
naysu i cTaHOBHUTH 15 cexyna. JluckpeTHicTh BHOi-
PKH BH3HAYEHO BigHOMmMEHHSM dacy cruamy Ue, 1o
qacy BuOipkH, mo aopiBaioe K x0.00035c, i Bcra-

HOBJICHO 3MiHOIO KoedimienTa K. ¥V Hammx excre-
pUMEHTaX JWCKPETHICTh BHOIPKH CTaHOBHJIA
0,017 ¢, mo J03BOJIMJIO BH3HAYATH BEIUYUHY
IUTOILI 3 JOCHTh BUCOKOIO TOYHICTIO. Y pe3ynbTaTi
interpyBanHs (Qynknii U otpumano rpadixu
3MIiHM 3Ha4eHb IUIONII S, HaBEICHWX B YMOBHHX
OJIMHUIIAX, JI¢ 3HAYCHHS HOMIHAJIBHOI (haKTUUHOT
€MHOCTI HaKONHM4YyBaua BiAMOBIa€ 3HAUCHHIO
10.0.

PesyabTatn

[IponioHOBaHMiT METOJ yHpaBIiHHS anpoOoBa-
HO Ha cepii HaKONMMYIyBaviB eHeprii Ha OCHOBI aKy-
mynsatopaux Oatapeit 6CT—-60A3 i3 BUKOpHCTaH-
HSIM €KCIIEPUMEHTAJIBHOTO CTEH/Ia, OMUCAHOTO aB-
topamu pobotu [9]. Sk mpukiang Ha puc. 5 HaBe-
JIEHO TIOPIBHSUIBHI ~ €KCIIEPHMEHTANbHI  JIaHi,
OTpPHMaHi IiJ Yac KepyBaHHS MPOLECOM 3apsaKH
JIBOX PI3HUX HAKONMHMYYBa4iB i3 BHKOPUCTAHHSM
3araipHOTO iH(OpMaNiHHOrO TapaMeTpa KOHTPO-
mo Ta ynpasininHs. Ha puc. 5, a HaBegeHo nuHami-
Ky curHany Biaryky (1 — Ha moyarky, 2 — IpOMiXk-
HUH 1 3 — B KiHIII 3apsAHOTO MPOIECy) HAKOHYY-
Baya Ne 1, a Ha puc. 5, 6 — rpadik 3MiHN BETUUNHH
mwionyi S B mporeci 3apsaaku HakonudyBaua Ne 1.
HakonmuyBau HoBmii crad. Moro daxkthuna em-
HicTb Co Ha MOYATKY MPOLECY 3apAIKH CTAHOBHJIA
~80 % BiJI HOMIHAJIBHOT, TOOTO
Cy ~0.8C,; ~ 48 Axrox, a B KiHIII 3aps/KH cTaja
HoMmiHanbHOW — Cy =C,; =60 Axrox, To6To 100

%, 4OMy BIAMOBIIalOTH YMOBHI 3Ha4YeHHs ~8.0 Ta
~10.0 Ha rpadiky. 3apsaHuWIl Mporec MpOTiKaB
IUTAaBHO B Mipy 301JIbIIEHHS €MHOCTI HaKOIIM4YYBa-
4ya JI0 JOCATHEHHS KIHIEBOr'O IMOCTIHOrO 3HAYEH-
Hsl, SKOMY BIJITIIOBIJIAJIO MOCTiMHE 3HAYCHHS BEJIH-
yuHH Twiomni S =10, micis 4oro 3apsjaHui mpoiec
MIPUITUHSBCS. 3HAYEHHS BEJIMYUHU TUIOII PEECTPY-
Banu 3 iHTepBanamu 30 xBunuH. Yac 3apsaku cra-
HOBHB YOTHPH T'OJHHU.
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HakomuayBaa Ne 2 mo BunpoOyBaHb niepeOyBaB
B eKCIUTyarallii Ta MaB IPUOIM3HO TaKy camy IOo-
4aTKOBY (DaKTUUHY €MHICTh, K HakommuyBad Ne 1,
Tob6T0 Cy ~0.8C); ~48 AXron. 3 ypaxyBaHHAM

MOTIEPETHBO]  eKCIUTyaTalii HaKoMWIyBada WHOTO
3apsIKy TPOBOJMIIM y IBOX PEeXUMax IJisl MOpiB-
HSUTBHOI OIIHKK €(DeKTHBHOCTI yNpaBIiHHS MPOIie-
COM 3apsaKH, 13 BUKOPUCTAHHIM iH(OpMAIiitHOTO
eHeprernyHoro napamerpa. Ha puc. 5, ¢ HaBeneHo
rpadik 3MiHU BETUUMHH IO S Y Mpo1eci 3apsi-
KM HaKONMYyBada MOCTIHHUM 3apsSAHUM CTPYMOM
y CTaHAApPTHOMY PEXHMi, [0 PEKOMEHIOBaHO 3a-
BOJIOM—BUPOOHUKOM. Yac 3apsIiku B IIbOMY PEXKH-
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Mi CTaHOBHTH OJM3BKO BOCHMH ToauH. Ha puc. 5, 2
HaBeJIeHO rpadik 3MiHM BEIWYHHU TUIONI S Y Mpo-
LIeci 3aps/IKi HAKONMYyBaya B MPUCKOPEHOMY pe-
kuMi. Yac 3apsmKu CTaHOBHUB OJM3BKO YOTHPHOX
TOJMH, TIPU IIbOMY TIEperpiBy HaKOMUYyBaya
B MPOIIECI 3apsAAKU He croctepiranocs. dakTuuHa
€MHICTB HaKONMYyBaya CKJIaya
~0.9C, =54 Axron. Pe3ynpTaTd €KCIIEPHMEHTY
MiTBEPIUIN JOIIBHICTE BUKOPUCTAHHS CIUIBHO-
ro iH¢popManiiHOTO EHEPreTUYHOro MapameTpa
KOHTPOJIFO MOTOYHOTO CTaHy Ta YIPAaBIiHHS pe-
JKUMaM# POOOTH HAKOMHMYyBaya 3 METOIO ITiJIBH-
IeHHs ¢()eKTUBHOCTI HOTO eKCILTyaTallii.
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Puc. 5. Pe3ynpraTu eKCiepuMeHTy:
a — TMHAMiKa CUTHAIy BiATyKY HaKOIM4YyBaya B POLEC 3apsaKaHHs;
6 — BIINOBITHUI HaBeIeHIN AnHAMIMI Tpadik 3MiHH DO S i KPUBOKO ACTOPU3AIIii y poIIeci 3apsaku
HAKOITMYyBaya; 6 1 2 — rpadiky 3MiHU IUIOIII S HAKOTIMYYBaya 3a Pi3HUX PEKUMIB 3apSIKH

Fig. 5. Experimental results:
a — the dynamics of the response signal of the storage device during charging;
b — graph corresponding to the change dynamics in the area S under the depolarization curve during
charging the storage device; ¢ and d — graphs of changes in the area S of the storage device during different charging modes
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HaykoBa HOBH3HA Ta IPAKTHYHA
3HAYHUMICTh

1. YcraHOBIEHO, IO OCHOBHHM IapaMeTpPOM,
SKAH BU3HAYA€ TTOTOYHY Mpane3qaTHICTh HAKOIH-
YyBadya B JUHAMIYHUX PEKHMMax poOOTH, € IOTOU-
Ha ()aKTUYHA EMHICTD.

2. 3anponoHOBaHUK METOJ A03BOJISIE BU3HAYM-
TH 3HAYCHHS TIOTOYHOI (PAKTHIHOI EMHOCTI, BUKO-
PHUCTOBYIOUH SIK y3arallbHeHWH €HEepreTHYHHH ma-
pameTp Koehilli€eHT BUKOPUCTAHHS aKTHMBHHUX Ma-
Tepiaiis.

3. HaBenene teopeTwyHe OOIpyHTYBaHHS TPO-
MOPIIHHOT 3aJIe)KHOCTI BEJIMYMHHU MapamMeTpa CHr-
HaJly BIATYKY — IUIOIII S MijI KPUBOKO AETONspr3a-
Iii Ha CUTHANI BIATYKY HaKONHMYyBada Ha 3apsii-
HUH IMITyJIbC, BiJl BEIMYMHU Y3arajlbHEHOTO €Hep-
TEeTUYHOTO  MapamMeTpa  HakomuvyBada  JIa€
MOJKJTUBICTh BUKOPUCTOBYBATH BEIWYUHY TLIOMII S
K iH(QOpMaIlifHII TapaMeTp, eKBIBAJIGHTHUH y3a-
raJlbHCHOMY €HEPTeTUYHOMY MapaMeTpy.

4. BUKOpPUCTaHHSA BETWYMHU IUIONII S SK CITi-
nmpHOTO iH(OpPMAIIHHOTO TTapaMeTpa JO3BOJISIE TI0-
enHyBaTH (DYHKIII KOHTPOJIO MOTOYHOTO €Hepre-
TUYHOTO CTaHy Ta ONTHUMAJIbHOTO KEpyBaHHS pe-
KUMaM# pOOOTH eNEKTPOXIMIYHUX HAKOIINIYBadiB
eHeprii y CKJIaai CHCTEM eHepro3ade3rneucHHs
TPaHCHOPTHUX 3aCO0IB Ta CIPOILYyEe BUKOHAHHS
BiJIMOBITHUX OTeparriil.

BucnoBku

[IpoBeneHi qoCTiKEHHS HASABHUX METOJIIB YII-
PaBIIHHS pEeXUMaMU POOOTH ENeKTPOXiMIYHUX
HaKONMYyBadiB €Heprii moka3ain HeoOXiTHICTh
BUOOPY KPUTEPIKO KOHTPOJIIO MOTOYHOTO CTAaHy Ta

OTIEPaTHBHOTO YIIPABIIHHA AWHAMIYHUMH PEXHU-
MaMH pOOOTH HAKOMWYyBada, SKAA 00’ €KTHBHO
OIIHIOE HOro mpare3narHicTb. OOIPYHTOBAHO Ta
eKCIIepUMEHTAIBLHO MIATBEPHKEHO, IO I Iif-
BHINCHHS €(EKTHBHOCTI BUKOPHCTAHHS EJIEKTPO-
XIMIYHMX HaKOMUYyBayiB €HEprii B JUHAMIYHUX
pexxkuMax poOOTH MocTae HEeoOXigHICTH po3poOKU
METO/IiB, 3aCHOBAaHUX Ha 3aCTOCyBaHHI iH(opMarrii
PO NOTOYHUH €HEPreTHYHUN CTaH HAKOMHUYyBaya.
Ha 6a3i kmacuyHoi Teopii enexTpoxiMiduHOi KiHe-
TUKA 3alpOTNIOHOBAHO IMITYJIbCHUN aJanTHBHAN
METOJT KOHTPOJIIO MOTOYHOTO €HEepPreTHd-HOro CTa-
HY HAKOMHUYyBayua 3 BUKOPUCTAHHSM SIK TOTOYHOTO
SHEepreTUYHOr0 MapaMeTpa HaKoIM4YyBada y3ara-
JIFHEHOTO €HEePTeTUYHOTO NapaMeTpa — KoedimieH-
Ta BUKOPUCTAHHS akKTUBHHUX MaTepiainiB. [Hpopma-
UiAHAM €KBiBAJIEHTOM KOe(illieHTa BUKOPUCTAHHS
AKTUBHUX MaTepialiB € BeJIWYMHA TUIOIII S ITiJ
KpWBOIO JETOJsIpr3allii Ha CUTHAJII BIATYKY HaKO-
MUYyBaya Ha 3apsAHUN iMITyJIbc. BUKOpHCTaHHS
CHUTBHOTO iH(OPMALIHHOTO TapaMeTpa I03BOIISE
moeqHyBaTh (PYyHKIT KOHTPONIO Ta YIIPaBIiHHS
3apAIHUM MPOLIECOM EJICKTPOXIMIYHMX HAKOIHYY-
BayiB €HEprii, 110 CIPOIIyE BUKOHAHHS BiIIOBII-
HUX omepamiii. Pe3ympTatn ekcriepruMeHTaIbHOT
MEPEBIpKH  MiATBEPKYIOTh 0araTo(yHKI[iOHAIb-
HICTh IMITyJIbCHUX METOMIB KOHTPOJIIO Ta YIPaB-
JHHS eNeKTPOXIMIYHUMH HAKONMIyBadyaMH €HEep-
ril.

Pobota Mae npuKiIaJHIHA aCMIEKT, OCKIIBKH J1a€
MOXKITUBICTh YJOCKOHAIMTH HasBHI iMIyJIbCHI Me-
TOAM KOHTPOJIO Ta KEPyBaHHS PEeKUMaMU pOOOTH
EJIEKTPOXIMIYHUX HAKOMHMYYBaviB €HEpTii y CKIai

CHCTEM eHepro3adesreueHHst TPAHCITOPTHHUX 3aco-
OiB.
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Method of Operational Control and Management of Electrochemical Energy
Storage Device in the Systems of Electricity Supply of Vehicles

Purpose. The main purpose of our work is to develop a method of rational control of dynamic operation modes
of electrochemical energy storage devices to increase the efficiency of their operation as part of the energy supply
systems of vehicles. Methodology. The authors reviewed the world literature on the topic of the work. The existing
control methods of electrochemical energy storage devices were systematized and classified. Peculiarities and possi-
bilities of their application taking into account the specifics of operation on vehicles, which are characterized by
dynamic modes with unpredictable changes in the energy balance due to uncontrolled undercharges and overcharges
were taken into account. The analysis of existing control methods showed that their common disadvantage is the use
as information parameters to control and manage the operation modes of storage device, such as voltage and operat-
ing current, the values of which do not correspond to the current energy state of the device due to the fleeting nature
of transient electrochemical processes in the device during operation in dynamic modes. The conclusion is made
about the need to take into account the energy parameters of storage devices in the process of managing dynamic
modes, which most fully and objectively reflect their performance. The advantage of pulse control methods of stor-
age devices in dynamic modes of operation over DC methods is shown. Findings. The authors substantiated and
experimentally confirmed the versatility of the developed galvanostatic method, which allows simultaneous control
of the current energy state of the storage device and operational management of dynamic modes of its operation us-
ing a common criterion of control and management — the utilization factor of active materials, the information
equivalent of which is the value of the area under the depolarization curve on the response signal of the device to the
test pulse. Originality. For the first time it is proposed to combine the functions of control of the current energy
state of the storage device and operational management of the dynamic modes of its operation with the use of the
utilization factor of active materials. Practical value. The obtained results can be used to ensure the optimal opera-
tion mode of energy storage in the power supply systems of vehicles.

Keywords: electrochemical energy storage device; operating mode control methods; pulsed galvanostatic meth-
od; response signal; active material utilization factor; combination of control and management functions; vehicle
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3HUKEHHS IHTEeHCUBHOCTI PO3J1aJiiB 3aJI3HUYHOI KOJIII 32 PAaXyHOK
YAOCKOHAJICHHSI apPAMeTPiB IUIaHY JIHII M Yac macnopTu3anii KpuBUX

Merta. Y po6oTi nepe0adeHo 3a paXyHOK yIOCKOHAJICHHS MapaMeTPiB IUIAHY JTiHii JOCSITTH 3HIKCHHS IHTCHCHU-
BHOCTI PO3JIa/iiB 3aJIi3HUYHOT KOJIi1 i, B OCTATOYHOMY IiICYMKY, 3a0€3MeYnTH OC3IeKy, UIaBHICTh 1 KoM(opTadesb-
HICTB 1311 Ha HaNpsAMKax MIBUIKICHOTO pyXy moizais. MeToauka. {11 oTpuMaHHs BUXITHUX JaHUX MO0 TTapaMeT-
PiB IUTaHY HasSBHUX 3aJII3HUIIb aBTOPH IPOBEIHN OIS CBITOBOI JIITEPAaTypH 32 TEMOIO JOCIHIIIKECHHS, a TAKOXX MOHITO-
PHHT poOOTH 3aJi3HUYHOI KOJIil Ha OCHOBI JaHUX TEXHIYHUX MMACHOPTIB AUCTAHIIN Koii. Y IPUIHATHX MaTeMaTHI-
HHUX MOJEIAX HASBHOTO IJIaHy BUKOPHCTaHO NPHITYLICHHS, [II0 TPH CyMiXKHI TOYKH KPHUBOI JIe)KaTh Ha Koii. Ha Takomy
NpUHOUII 100y 10BaHa poOOTa BUITPABIIOBAIBHO-TIIONBHO-PUXTYBAJILHUX MAIIMH. Y Pe3yJbTaTi BUIIPABIIOBAIEHIX
poOiT i3 MeTOI0 3MEHIIeHHS 00’ €MiB 3CYBiB KpHBa HE BiAIOBIJa€ BUXIJTHAM MACIOPTHUM JaHUM. METOoIKa Tepe-
Oavae aHaJi3 1 CUCTEMAaTH3aLlII0 JaHUX OOYIOBH BiNOBIAHMX rpadiKiB 1| BCTAHOBJICHHS aHAITUYHUX 3aJIS)KHOCTEH.
PesyabraTn. HenocToBipHe BU3HAUYEHHS ITapaMeTPiB KPUBUX IPU3BOJMUTH O HEOOIPYHTOBAHOT'O OOMEXKEHHS IIIBH/I-
KOCTI pyXy a00 JI0 BEJIMKHUX O0OCSTIB PUXTYBaJbHUX po0OiT. ToMy po3po0IieHo Mpono3uii 1o/10 3HHKEHHS! IHTEHCHB-
HOCTI po3Jiay KoJiii 3a paxyHOK NPUBEJICHHS apaMeTpiB KPUBUX O HOPMaTHBHUX BUMOT, IO AiIOTh B YKpaiHi Ha
HaMPsAMKaxX YIPOBAKSHHS NIBHIKICHOTO PYXY MOT3/1iB. 32 pO3paxyHKaMH, sKi 0a3yI0ThCsI Ha aHai31 ClIOCO0Y 3HOMKH
KPHBHX, SIKMH 3aCTOCOBYIOTH Y JAMCTAHIISAX KOJIiI, 3’ICOBAHO BIUIMB TOYHOCTI OTPUMAHUX JIAaHWX Ha BCTAHOBJIIECHHS
mapaMeTpiB KpUBUX 1 JOMYCTHUMOI IIBHIKOCTI pyXy HOi3AiB. Po3poOneHo pekoMeHparii, MO CHPUATAMYTb
€(pEKTHBHOCTI MIPOEKTHUX PIllIEHb, BU3HAYATUMYTh SKICTh MPOEKTY PEKOHCTPYKIIIT 3aTi3HUIIL Ha JIIOYHX HAIPSIMKAX.
HaykxoBa HoBu3Ha. HaOyin nofanemioro po3BUTKY HayKOBI MIAXOIM IO OLIHKH CTaHy KPUBUX, BU3HAYEHHS iX pa-
LIOHAJILHUX TIapaMeTPiB i JOMYCTUMOT MIBUIKOCT] Ha HaNIpSIMKaX YHIPOBaXKEHHS MIBUAKICHOTO pyXy MOi3/iB B YKpa-
ai. [IpakTHyna 3HauYEMicTh. OTpUMaHi pe3yapTaTH OyAYyTh KOPUCHI IS MPOBEICHHS 3aX0/IB IIOA0 MOJINIICHHS
TUIABHOCTI PyXY HOI3/iB, MiJABUILEHHS IIBUIKOCTI i piBHS KOM(pOPTAOEIBbHOCTI i31 B KPUBUX AUISIHKaX KOJIil, 0c00-
JIMBO Ha HANPSIMKaX YIPOBA/KEHHsI MIBUAKICHOIO PyXy MOi3/iB.

Kntouosi cnosa: BUIKICHUN pyX MOT3/1iB; METOAM 3HOMKH KPHUBUX; MapaMeTPH KPUBHX; MOXHMOKH BUMIPIOBaHHS;
JIOITyCTAMA MIBUIKICTH pyXy M0i3/1a; TUIABHICTH i31111; KoM(opTabenbHICTh 1311

(haKTUIHOTO TOJIOKEHHSI KPUBOT MPOEKTHINA TOKY-
MeHTanii. Came TOMy LIOPIYHO YKp3aJi3HHULS BU-
Jla€ pi3Hi HaKa3W Ta PO3MOPSIKEHHs], IO BCTAaHOB-
JIIOIOTh OCHOBHI NMapaMeTpy KPUBHX Y TUIaHI Ta 3a
piBHEM, a TakoX OOCSTH pOOIT i3 PEKOHCTPYKLIil

Beryn

VYpa3zi BupilieHHi 3aBAaHHS MiABUIICHHS IIIBH/I-
KOCTeH pyXy MOT3/iB OJHI€I0 13 CYTTEBUX MEPEIIKOA
JI0 3MiHM HIBUIKICHOTO PEKHUMY € HEBIIIOBIIHICTh
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KPHUBHX 13 METOIO MPHUBEJCHHS iX A0 MPOEKTHOI J0-
KyMmeHTamnii. 3a pakTHIHIME TTapaMeTpaMu KpUBii
[a1al0Th [IEBHUM CTaTYC, SIKUIl yCTAaHOBIIIOE MOPS-
JOK i1 momanpmioi eKcIuTyaTamii 3aJeKHO BiJl CTY-
IIeHS BiAXWICHBb ITUX IMapaMeTPiB BiJl MPOEKTHHX.
[IpoBenenmii anani3 mapameTpiB JO3BOJISE y3araib-
HUTH PiBEHb PO3NIaay HassBHUX KPUBUX, BUSBUTH PO-
301KHOCTI Y SIKiCHIM Ta KiJBKICHIM OITIHKaxX OJHUX
1 THX caMUX AUTSTHOK KOJIii, @ TAKOXK YCTAaHOBHUTH HE-
OOXiJTHICTh KOMIUICKCHOI OIIIHKMA (haKTHYHHUX Ta
MPOEKTHUX MapaMeTpiB reoMeTpii pekoBoi KOIii.

3HIMKEHHS IHTEHCHBHOCTI PO3Jaay KOJii MOXKHA
JOCSIITH 32 PaXyHOK IIPUBEICHHS ITapaMeTpiB KPUBUX
70 HOPMATHBHHUX BHMOTI, CBOE€YACHOI'O BHKOHAHHS
PEMOHTHHUX pOOIT i KOHTPOITIO 3a iX BHKOHAHHSM i3
3aCTOCYBaHHAM Cy4YacHHX 3aCO0iB JiarHOCTHUKH KO-
mii. JIns BAOCKOHAJICHHS CHCTEMH BEICHHS KOJIii-
HOTO TOCTIOaPCTBA MOTPIOHO MPOBOAUTH MACTIOPTH-
3aIif0 KpUBHX. SKIIO (pakTH4HI MapameTpu KPUBOI
BIZIPI3HSIOTHCS Bil TACIIOPTHUX JaHUX, TO PO3pPaxo-
BYIOTh PalliOHANIBHI TApAMETPH BIIAIITYBaHHS KPUBOT
JUTSL 33JTAHOTO JTiara3oHy MIBHIKOCTEH, Mo 3abe3re-
YyIOTh BUKOHAHHS HOPMAaTHBHHUX JIOKYMEHTIB, OIITH-
Mi3aIliF0 CUJIOBOI B3a€EMO/IiT PyXOMOTO CKJIaAy Ta KO-
i 3a MiHIMaJTBHUX POOIT 13 11 pUXTYBaHHSI.

Sk moka3any npoBeieHi HAyKOBLSIMU JIHIPOBCh-
KOTO HAI[IOHATBHOTO YHIBEPCUTETY 3aJI3HUYHOTO Tpa-
HCTIOPTY iMeHi akanemika B. JlazapsiHa po3paxyHku
[1, 2, 5], 0OMe)eHHS MIBUAKOCTI, 1[0 BCTAHOBIEHI 3a
HaKa30M HavYaJbHUKA 3aJi3HUIl, MOXKYTh HE BIATIOBI-
JIaTH pO3paxyHKOBUM. Lle MO>KHA TIOSICHUTH THM, IO
PO3paxyHKH B JUCTAHIIISAX KOJIiT YaCTO BUKOHYIOTH 32
CIIPOILEHOIO CXEMOI0, & OCHOBHY YBary MpuaLISIOTH
JIBOM KpHUTEPisIM — HEMOTAIIEHOMY MPUCKOPEHHIO Ta
KPYTH3HI BiJIBOAY MiJBUIICHHS 30BHIIIHBOI PEHKH.
Otxe, HE BpaXxOBYIOTh Y HOBHIM Mipi KpHTepii, 1110
BIUIMBAIOTh HA IUIABHICTh 1 KOMQOPTAOEIbHICTh
pyxy. Takuii mixig He JOMYCTUMHUH y pa3i BIpoBa-
JPKEHHS! Ha 3aJ1i3HUIIAX [BUIKICHOTO PyXY MacaXup-
CBKHX II013/11B, OCKUIBKH 301IbILIEHHS IIIBUIKOCTI CTa-
BUTPH TiJIBHIICHI BUMOTH /IO SIKOCTI TIPOEKTYBaHHSI,
BUIPABIICHHS Ta yTPUMaHHs KpuBHUX [1].

Meta

OCHOBHOIO METOIO HaIoi pobOTH € POo3podKa
MPOIO3MIIH M0/I0 3HMKEHHS 1HTEHCHUBHOCTI PO3-
Jaay KoIlii 3a paxyHOK IPHUBEIEHHS IapaMeTpiB
KPUBHUX JI0 HOPMaTHBHUX BUMOT, 1110 JIIIOTh B YKpa-
fHI Ha HampsMKax YHpPOBaJPKEHHS HIBHIKICHOTO
DYXYV HOI3/iB.

MeToauka

HocnimkenHs 6a3yeTscsi Ha pe3ynbTaTaXx MOHI-
TOPUHTY TEXHIYHOTO CTaHy 3aJTi3HHYHOI KOJIii 3a
MiABHUIEHHS MIBUKOCTI PyXy MOI3AIB Y KPHBHX,
BpaxoBye 3MiHH a00 KOperyBaHHS JIOIYIIEHb 3a
mwBuakocre 160 km/ros i BUIUX.

[lokn MakcHManbHI MBUAKOCTI MAaCAKUPCHKUX
1 BAHTa)KHUX MO13/1iB B1IPi3HSIIMCS HAa HEBEJIUKY Be-
Tu4IrHYy, KoMbopTabenpHICTh 1311 B3araji He aHa-
mizyBanu. CpOTOfHI, KOJHM, 3 OXHOrO OOKYy, MH
HAEMO MUIIXOM MiABUILEHHS MIBHIKOCTI pyXy Ma-
CaXMPCHKUX TOI3/iB, a 3 IHIIIOTO, OPIEHTYEMOCH Ha
MiHIMaJbHI BUTPATH, IO MOB’A3aHI 3 PyXOM IOi3-
JIB, TAKUH MIX11 10 TUIaHy 3aJ1i3HUYHOT KOl cTae
JIOCUTH BUTPATHUM i HaBiTh HeOesmeunnm. CripaBa
B TOMY, IO JOMYCTHMI IIBUAKOCTI PyXy BHU3HAYa-
I0Th ISl MPOEKTHOTO TIOJIOKEHHSI KOJIii, SIKOTO Ha-
CTpaBAi HeMae. Y CTaHOBIIOIOYM AOMYCTHMI IIBH/I-
KOCTi, BUXOJAT i3 TOTO, IO PSA apaMeTpiB PyXy,
TaKuX SIK HeoramieHe MPUCKOPECHHS, HMIBHIKICTDH
HApOCTaHHsI MPUCKOPEHb 1 IIBUAKICTH OIMyCKaHHS
KoOJIeca, He MePEeBHIIATh JOMYCTUMUX 3HaueHb [1].

s 6e3nieqHOCTI, €heKTUBHOCTI, HANIHHOCTI Ta
JOCTYIHOCTI 3alli3HUYHUX TepeBe3eHb MOTPiIOHO,
o6 3ami3HUYHI Kojii mepe0yBanyd B HAJIC)KHOMY
crani [1, 12, 21]. V po6Goti [20] omucano miaxin
3 ypaxyBaHHSIM PH3HKIB, SKUH MOKHa BUKOPUCTO-
BYBaTH JUIsi CKOHOMIYHOTO OOIPYHTYBaHHsI CTaHy
3aJII3HUYHMX KOJIH UIIXOM MOPiBHSAHHS BUTPAT Ha
o0ciTyroByBaHHS iH(PPACTPYKTYpH HA OCHOBI JKHT-
TEBOTO IHKITy, €KCIUTyaTallifHUX BHTpPAT MOIi3[iB,
BHTpAT Yacy B I0p03i, OE3MEKH, COIaTbHUX Ta KO-
moriyAnx BrumBiB. Lled miaxix mpoimocTpoBaHO
JAHUMHU 33 TPHOMa MapIIpyTaMHl MaricTpaibHOT 3a-
Ti3HUYHOI Mepexi BennkoOpuraHnii.

TexHiuHy cucTeMy, siKa T03BOJISE BHPINIYBaTH
3aBJIaHHs II0JI0 ONTUMAIILHOI PEKOHCTPYKIIT KpH-
BUX 3QJII3HULG 13 METOI0 30UIBIIEHHS MIBUIKOCTI
PYyXYy MOi3/IiB 32 MiHIMaJILHUX 1HBECTHIIIH, 3aITPOITO-
HyBaJu aBTopH pobotu [18]. Ypaxosano xomdop-
THE TEpeBE3CHHs MacaXHpiB y pasi 30UIbIICHHS
MIBUAKOCTI B KPUBUX JiIsSHKaX Kouii. Po6ory [14]
MPUCBSYEHO BU3HAYCHHIO TOPH30HTAIBHOI KPUBH-
3HH 3aI3HAYHOI KOJIii, 3a3HaY€HO, IO 1€ HaiJac-
Time poOJsATh onocepenxkoBano. Llei meTon 3acHo-
BaHUI Ha 3MiHI KyTiB HaXHJIy PyXOMOI XOp/AH B Jie-
KapTOBil cUCTeMi KOOpAHMHAT. PO3rIIsIHyTO BILIHB
JOBXHHU XOpJIM HA OTPUMAaHi 3HAYCHHS KPHBU3HHU.
YcraHoBNeHO, 110 AOBXKHUHA XOpJH HE BiAirpae cyT-
TEBOI POJIi y BU3HAYEHHI KPUBU3HM U HE 0OMEXKYye
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3aCTOCYBaHHS IILOTO MeToay. BomHowac akueHTo-
BaHO HA TOYHOCTI BU3HAYCHHS KPUBHU3HU Ta ii Bif-
MTOBITHOCTI Ha AUITHKAX MEPEXiTHUX KPUBHX. Y PO-
00Ti [13] po3rIIIHYTO 3aCTOCYBaHHS Cy4acHHUX T'€0-
NE3NIHUX TEXHOJIOTIH i1 BH3HAYCHHSI T€OMETPil
KOJII B aCTEKTi AOMyCTUMUX IIBHIKOCTEH MOi3IiB.
VY po6ori [15] BU3HAaYEHO TOPU30HTATILHY KPUBU3ZHY
0Ci 3aJi3HUYHOT KONl JJI1 OTPUMAaHHS HEBiJJOMUX
TEOMETPUYHHUX XapaKTEPUCTHK TPach: pO3Tally-
BaHHs MPSMHX 1 KPUBUX JISTHOK. ABTOpP BBaXae,
o 1 mpo0eMa OCTaTOYHO HE BHUPIIICHA, 00 reo-
METPHUYHI XapaKTEepUCTUKN OyJI0 BU3HAYEHO 32 JI0-
ITOMOTOI0 HAOIMKEHUX METOIB. 3alpOrOHOBAHO
HOBY KOHIIETIIII0O BU3HAYEHHS KPUBU3HHU KOJii 3a
JIOTIOMOTOI0 3MiHH KyTa HAXWJIy PyXOMOi XOpIH.
[[{o6 ckopucTaThcs LOUM METOIOM, HEOOXITHO
3HATH KOOPAMHATH TOYOK Yy JEKapTOBIH CHCTEMi
JUIs1 3a]1aHOT IIsHKY. barato HayKoBHX npanb npu-
CBSIYCHO OOTPYHTYBAHHIO BUIY MIEPEXiTHUX KPUBUX
JUIsL BIPOBAPKEHHS INBUAKICHOTO PyXy TMOI3MIiB.
Tak, y po6ori [16] mpencTaBieHo HOBHIA BUA Iepe-
XiTHOT KpHBOI, allalTOBaHOI IO eKCILTyaTalliitHIX
BHMOT, 1110 JIFOTh Ha 3aJIi3HHMIII.

VY 4MHHHEX TpaBUiIaX MPOEKTYBAHHS 3aJi3HUIID
VYTropiuHu HEMa€e IPOEKTHUX MTapaMeTpiB, OB’ s13a-
HUX 31 mBUakicTio noHan 160 km/ron. Y Bigmosin-
HOoMy MikHapoaHomy ctarapti (ENV 13803) ana-
JIOTIYHE  OOMEXKEHHS  IIBUAKOCTI  CTAaHOBUTH
300 km/ron. Y cratti [11] BU3HaYeHO mapameTpu
JIBOX TIEPEXIJHUX KPUBHUX, SKi BHKOPHCTOBYIOTH
B YropmuHi Ta ABctpii. [TokazaHo, 10 3pydHICTb
BUKOPHUCTAHHS MIEPEXiHUX KPUBUX Y BUIIISI KIIO-
TOIMM HEOOTPYHTOBAHO OOMEXKEHAa B YrOPCHKHX
npaBuIax Juist BUAKOCTEH 10 120 km/To.

PesyabTaTtn

[lepmmM KpoKOM yIIOCKOHAJICHHSI CHCTEMH Be-
JICHHSI KOJIIMHOTO TOCIO/IapCcTBa MOXE CTaTH Iac-
MOPTHU3aIlis KPUBUX JUISTHOK KOJII.

[TacopT kpuBOi — 1Lie 3apeecTpoBaHi B TEXHiU-
HOMy macnopti auctaHmii komii (Gopma AT'Y-4)
napamMeTpu KpHBOI, IO MICTATh TaKi XapaKTepuc-
TUKH KPWBOI MINSTHKU KOIi, SK IMIKETaXHE IOJIO-
KEHHsI 1 KUIBKICTh (OJHOpajiycHa abo CKIanoBa)
KPHUBHX, BEJIMYMHA PAJiYyCiB, JOBXKUHA TIEPEXiTHHX
KPUBHUX, MIJBUIIECHHS 30BHINIHLOT PEHKH.

0608 ’s13K068UMU YMOBAMU NACNOPIMHUX XAPAK-
MePUCMUK KpUusoi €:

ymoea 1 — TOTpUMaHHS BUMOT YHHHUX HOpMa-
TUBHHUX JokyMeHTiB. [[[1-0236 «IIpaBuna Bu3Ha-
YEHHS ITIBUINCHHS 30BHINTHBOT PEHKN 1 BCTAHOB-
JICHHS AOMYCTHMHUX HIBHIKOCTEH B KPUBHX IIiJISIH-
kax komii» [10] Ta II1-0269 «IucTpyKItis 3 yiari-
TyBaHHA Ta YTPUMAaHHS KOJIii 3ai3HUIG Y KpaiHN»
[31;

YM06a 2 — IOJIOKEHHS B TUIaHI MAKCUMAJbHO Ha-
OmmkeHe 10 (aKTHYHUX OOpHCIB KpuBOi. Moke
BiJPI3HATHUCS BiJl HASBHOTO He Oinblie HiX TpaHu-
YHO MOYKJIUBI 3CYBH KOJIi1, 00MeXeHi rabapuTHUMH,
TEeXHIYHUMH, TEXHOJOTIYHUMH Ta IHITUMH BHUMO-
ramy;

yMo6a 3 — IaCTIOPTHI XapaKTEPUCTHKH BIIAIITY-
BaHHS KPUBOI (32 KPUBHU3HOIO, ITiIBUIIIEHHSM 30BHi-
ITHBOI pelKH, JOBKUHOK MEPEXiTHNX KPUBHUX) 3a-
0e3MneuyroTh Y pa3i BCTAHOBJICHUX Ta (DaKTUYHUX
LIBUJIKOCTEH pyXy MOI3IB palioHAIbHI BEIUYNHH
HETOTaIeHOr0 MPUCKOPEHHS (O, M/C?), IMIBHAKO-
cTi Horo 3minu (¢, M/c®) 1 BitBoIy IigBUIIEHHS 30-
BHIIIHBOT peUKH (is, %o).

Takum ynHOM, METOIMKA TOCTIKEHHS Hepe-
0auae TepeBIpKy MACIIOPTHUX XapaKTEPUCTUK KPH-
BUX. SIKIIO HasiBHI MapaMeTpW KPHUBOI BiApi3HS-
10ThCs Bl BUMOT (1-3), TO po3paxoByroTh ii pattio-
HaJbHI apaMeTpH IS 3aIaHOTO JTiala3oHy IIBU/I-
KOCTeH, Mo 3a0e3neuyloTh BHKOHAHHS UYWHHUX
HOPMAaTHUBHUX JOKYMEHTIB, ONTUMI3allil0 CHIOBOI
B32€MO/III PYXOMOTO CKJIay Ta KOJii 3a MiHIMalb-
HUX 3CYBIB 1 IiIBUINEHHS 30BHIITHBOI PEHKH.

Po3paxoBaHi MpOEKTHI MacmoOpTHI XapaKTepuc-
TUKWA KPUBOI MICIIs 3aTBEPKEHHS CITY>KOO0I0 KOJIii
MTOBUHHI OYTH pealli3oBaHi ITiJ] 4ac IMIaHOBUX PEMO-
HTHHX pOOIT a00 pEKOHCTPYKIIIi KOIil.

Ilepesipka oompumanns ymosu 1

[epen yBeOeHHSIM MIBHIKICHOTO PYyXy HOI3IiB
3aJi3HUYHA KOJIis, pyXOMHH CKJaJa Ta iHII Mpu-
CTpoi OOCIyroByBaHHS 3aJli3HHIIb IOBHHHI OyTH
MIpUBEJICHI /IO CTaHy, SKWii 3a0e31edye pyX Moi3/iB
31 BCTAaHOBJIIEHUMHM IIBUAKOCTSIMHU. OTXKe, MOCTaE
3aJlaya OI[IHKU CTaHy KOXXHOI KpUBOI 110/10 3a0e3-
MEYeHHS IUIaBHOCTI W KoMdopTabenbHOCTI i3/M.
KpuBy BBa)KaroTh AMHAMIYHO IUIABHOIO, SIKIIO BiJ-
XWJICHHS B CTPiJIaX BUTHHY HE IEPEBUIIYIOTh HOMi-

A <[ A ]
i Af, <[Af,], me Af,, — pismmus crpin Burmmy

HaJIbHUX 3HA4YCHBb, TOOTO

B CYMDXKHHX TOuKax depe3 10 M 3a TOBKUHH XOPIH
a =20wm;
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125-[y]-a*-3,6°

Af
2.v3

K

: D)

ne Af  —HOMiHa/bHI BIIXHIEHHS, K1 IOIYCKalOTh

BiJl pIBHOMipHOTO HAPOCTAHHS CTP1JI HA IEPEXiTHUX
KPHUBHUX Yy TOUKAX, po3TamoBaHux uepe3 10 M 3a mo-
xunu xopau 20 m; C, =R — Haiibinbie 3Ha-
YeHHs napameTpa (MiHIMaJIbHO JOMYCTHUMU pajaiyc
R, 1 MakcHMaibHi nepexinsi kpusi |, ), mo 3a-
Oe3nevyye MaKCUMaJbHY IIBUIKICTE;

_125a°
K 4Cmax *

Af 2)

3a ¢opmymnamu (1) i (2) BU3HaAUEHO HOPMATHUBHI
JaHl MIOZI0 BIAINTYBAaHHS KPUBUX: Apr— pi3HUALA

CYMDKHHUX CTPiJl BUTHHY 30BHILIIHBOT PEUKU B KpPY-
roBiif kpuBiif; Af — HaiOLIBIII BIAXUICHHS BiA pi-
BHOMIPHOTO 3pOCTaHHS CTPLJl Ha MEPeXiTHUX KPH-
BUX (Tabm. 1).

Tabnuus 1
HopmaTuBHi AaHi 11010 BJAIITYBAHHS KPHUBHX
Table 1

Regulatory data on the arrangement of curves

3HayeHHs HOMIHAJILHUX BiIXHIIEHb
(morryckiB) 3a MaKCUMAaIbHOT
Tokasunku IIBUKOCTI PYXY, KM/TOJ
120 140 160 180 200
Af,, s MM 8 7 5 4 3
Af ., MM 5 4 3 2 2

3rigHo 3 perKo-mmano-0anacToBOK KapTolo,
MakKCUMaJIbHa  IIBUAKICTb HA  JIUIAHII KM
1058...1063 mist macaXUpChKUX TMOi3/1iB CTAHOBUTH
120 km/rox, Jyist BaHTKHUX — 80 KM/TOI.

Ha 3amizauisx ¢popma nepexinHoi KpuBoi 36epi-
TaeThCs Y BUTIAII PalioinaabHOI cripali 3 JIiHiH-
HUM BiJIBOJIOM TiABUINEHHS i KpuBU3HU [6]. Hormy-
CTUMY IIBHJKICTh PyXy BCTAHOBIIIOIOTH 3a
L1I1-0236 [10] 3aye:xHO BiJ KPYTH3HU BiJBOY.

Jia mpukiagy pos3riisiHyTO KPHBY, IO 3HAXO-
JIUTHhCST Ha HemapHid komii auisHku CraBropoj —
HoBorymaniBka perionanpaoi ¢inii «[IpuaHinpos-
cbka 3amizHuns», kM 1058...1059. Buxigni mani

KPUBOi OTpPUMaHO 3HOMKOIO CTpi BHUTHUHY Bij
20-MeTpoBOi XOpAM Ta IIiJABHMIICHHS 30BHIIIHBOI
PEKH B THX K€ TOUKaxX KpuBoi (puc. 1).

120

Crpii BUTHHY | NiABHILEHHA, MM
& 2 *
£ 2 E

y
S

o 10 20 30 40 50 60 70 80 90

5 100
HoMmepH 1040k

110

—Crpian, MM =NiIBHINCHHA, MM

Puc. 1. Ctpinu BUTHHY # MiABHIICHHS
30BHILIHBOT PeHKU

Fig. 1. Versines and superelevations
Ta6bnums 2

JonmycTuMi IIBUAKOCTI PyXy 3aJ1€3KHO
BiJl KpyTH3HM BiIBOAY MiABUIIIEHHA 30BHIIIHBOT
peiiku B KpuBiii

Table 2

Permissible movement speeds depending
on the steepness of superelevation tapping in a curve

. . MaxkcumalibHO JI0TTyC-
Kpytusna BigBoay miiBUILIEHHS X
. e TUMa IIBUAKICTb PYXY,
30BHIIIHBOT pEHKH, MM/M
KM/TOJL
110 0,67 BKIIFOUHO 160
nonaz 0,67 mo 0,7 BKIIOYHO 140
nonazn 0,7 go 1,0 BKIOYHO 120
roHaz 1,0 1o 1,2 BKIHOYHO 110
moHaf 1,2 1o 1,4 BKIIOYHO 100

BiamnorizHo 10 macnopTa KpuBOi, pajuiyc HasB-
HOI KpHUBOi ckiagae 867 M, IMOBXKHHU TIEPEXiTHUX
kpuBux — 150 i 140 M, MigBUIIEHHS 30BHIIIHBOT
peiiku — 95 MM. 3 ypaxyBaHHSIM MTaCOPTHUX JTAHUX
3a Tabm. 1, pIi3HWIA CYMDKHUX CTPUl BUTHHY
30BHIIIHBOT peliku B KpyroBiii kpusiil (Af, ) ckia-

gae 8 MM, a HaWOUIbINl BIOXWIEHHSA BIJ
PIBHOMIPHOTO 3pOCTaHHSI CTpPiA Ha MEPeXiTHUX
kpuBux (Af_ ) —5mm.

Bignosigno no Bumor ILII1-0269 HaBeacHO
aHai3 cTaHy nociimHoi kpuBoi. Tak, i3 puc. 2
BHILIMBAE, 10 B MEKAX IEPEXiTHUX KpUBUX Af, >
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[Af], TOOTO BimxwieHHs Bix piBHOMIPHOTO
3pOCTaHHS CTPLIT Ha TEePEeXiTHIA KPHUBIH TOCITAI0Th
8-9 MM 3a TOIyCTHMHUX 5 MM.

10

Pisnnust cymiAHHX CTPiJ BUTHHY, MM

0 10 20 30 40 50 60 70 80 90 100 110 120
Homep Toukn

—Pizunus c1pia Burnny, My ==JLonycTuMe BIAXHICHHS, MM

Puc. 2. Pi3HHIA CYMDKHAX CTPiJI BUTHHY:
(akTuyHa i gomycTUMa

Fig. 2. The difference between adjacent versines:
actual and permissible

Bignosigao mo IIT-0236 [10], mis mBHAKOCTI
pyxy 120 xM/roa MakcuMalbHO AOMYCTHMA KPYTH-
3Ha BiJIBOJTy TTiABUINEHHS 30BHIITHBOI PEUKH B KPH-
Biif ctaHoBUTH 1,0 MM/M (Tabm. 2). 3 aHamizy puc. 3
BUIUIMBAE, 10 HA MEPEXiJHUX 1 B KPYroBil KpHUBiii
MaroTh Micie nepeBumieHHs yxuwry 1,0 Mm/M, 10
BU3HAYAE€ CTaH KPHUBOI, SIKUM He 3a0e3mnedye IiaB-
HICTh 1 KoM(opTabeNnbHICTh 131U.

s BU3HAYEHHS MaKCHUMAJIBHO JOIYyCTUMOI
MIBUIKOCTI PYXY 110 KPUBiii HEOOXiIHO MaTH JOCTO-
BipHI1 BUXiHI AaHi. [1i1 yac miaroToBKH HaKa3y Mmpo
JOMTYCTHMI IIBUAKOCTI BUKOPHCTOBYIOTH XapaKTe-

PUCTHKHU KPUBUX AUISHOK kodii. [lapamerpu kpu-
BHX OHOBJIIOIOTH IIIOPIYHO BUMiPIOBAHHSIM BEITHINH
CTPiJI BUTHHY Ta MiIBHUIECHHS 30BHIITHBOI PEUKH.

1.2

1.1

1,0

0.9

s = =
)

£ 2
wW R

VX siaBoay miasmimenns, Mym/sm
=
i

e
4

0l

2
=

20 30 a0 50 0 » 80 o 100 m 10
Howep Tousn

—leuywal yonm pisory == Tlony

Puc. 3. Yxun BinBoxy migBUIEHHS 30BHIITHBOT
pEUKH B TOUKAX 3MOMKU KPUBOI

Fig. 3. The slope of the superelevation tapping
at the points of the curve shooting

3a BUMIpSHUMH CTpiTaMU BUTHHY BH3HA4YalOTh
KYT TIOBOPOTY, paiiyc i BCi eneMeHTH KpuBoi. Kyt
MIOBOPOTY MOKHA pO3paxyBaTH 3a HopMyIIoLo:

114,6-) f

3
1000-a ®)

Bennumnna KyTa IOBOPOTY HE 3aJIKUTH Bif pa-
niyca KpuBOi i cTyneHs ii po3nany Ta € IOCTIHHOO
1uts i€l kpuBoi. KoHTpob 3HIMABHUX pOOIT KpH-
Boi Ha neperoni Cnasropoxn — HoBorynasniBka, sika
B3dTa IJId IIpUKJIaQy, CJ'IiI[ BU3HATHU HeSaI[OBiJ]LHI/IM
3a pe3yJabTaTaMH PO3PAaXyHKIB, IO HaBEICHI

B Tabm. 3.
Tabauns 3
3HayeHHs MapamMeTpiB KPUBOI i BiANOBiAHA JoNMycTHMA MIBHAKICTH PyXy
Table 3
The values of the curve parameters and the corresponding permissible speed
TapaMeTpu KpHBoi i 10- 3Ha4yeHHs MapaMeTpiB KPUBOi, OTPHMaHi B Pi3Hi pokn
ITyCTHMa INBUAKICTD 2017 2018 2019 2020 2021
Kyt mosopoty 56°23' 64°09' 63°55' 58°53' 62°17'
Paniyc, m 998 858 857 948 889
Jlomxcuna nepexinnoi 40 110 140 130 190
KPHBOI, M
Kpyrosa xpuBa, M 892,04 825,62 821,07 839,36 816,35
floaciia nepexizol 140 160 130 140 110
KPHBOI, M
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IMponoexenus tabdbn. 3

Continuation of Table 3

TapaMeTp KpHBoi i 110- 3HaueHHs MapaMeTpiB KPUBOI, OTPUMaHI B pi3HI POKH
TyCTHMa MBH/IKICTH 2017 2018 2019 2020 2021
Hl}:[BPII{IeHI;IH 30BHIII- 35 85 85 75 85
HBOI PENKH, MM
CymMa 3cyBiB 4920 5598 5578 5139 5435

[IpumMiTKa: mapaMeTpy BCTAaHOBJIEHI AJISl YMOBH,
10 KpHUBa OJTHOPA/IiyCHA 3a 3CYBIB Y MEKaX OCHOB-
HOI INTOIIAAKH 3eMIISTHOTO mosioTHa 10 200 MM.

Ilepesipka oompumants ymosu 2

BiamosiaHo 1o Bumor I{I1-0287 [9], mix vac pe-
KOHCTPYKIII KOJIiI BUKOHYIOTh BHUIIPABICHHS KpPH-
BUX y IJIaHi 3 BiTHOBJICHHSM MPOEKTHHUX PajiyciB
Ta IOBEACHHS JOBXXMH IEePeXiTHNX KPHBUX 10 BCTa-
HOBJICHHX HOPM.

Ockinbky HasiBHI MapamMeTpH KpUBOi BiApi3HS-
I0ThCS BiJ BUIlleHaBeqeHUX Bumor (1-3), To po3pa-
XOBYIOTh paIliOHAJbHI IMapaMeTpu KpWBOi IS 3a-
Oe3IeueHHsT BCTAHOBJIEHOI MAaKCUMAJIBHOI IIIBUAKO-
CTI MacaXUpPChKUX Moizais 120 km/ro.

Juis onrtuMizanii MpOEKTHOTO PIIIeHHS 13 3aCTO-
cyBanusiv nporpamu RWPlan [4] BukopucTano
KpHUTEpiii BapTOCTI POOIT 13 TepeBlaIlTyBaHHS
riany niHii. [Ipy npoMy BpaxoByBaHO BUTpaTH Ha
PHUXTyBaHHS, IIepeKJIaJaHHs KOJii, 10JaTKoBHi Oa-
JacT, epeHeceHHsI KOHTAKTHOT MEpexi 1 MPUCTPOiB
CIb, nmomaTkoBi 00’€MH BIACHIIAHHS 3EMIISTHOIO
noxoTHa. HeoOXigHICTh BUKOHAHHSA THUX YU 1HIITHX
JO0/IaTKOBUX POOIT BU3HAYEHO MPOTPAMHO 3aJISKHO
BiJl BETMYMHHM 3CYBY B LIl TOUI[I KPUBOL.

VYpaxyBaHHS BiANOBiZHMX POOIT i3 mepely-
JI0BU KPUBOi BUKOHAHO 3a opmyiioro [7]:

i=10

K =i§aili +izz7aili + Z:aiQi , 4

1€ a,, ... a, — BUTPATH Ha 3MIlLIEHHS OC1 HasiBHOI KO-
mii Bignosigao g0 60, 61-120, 121-220 i Ginsine
250 mm; |, ... 1, — nOBXUHA ALISHOK 3 BiAOBIIHUM
J1a1la30HOM 3CYBIB; dj, ... @; — BUTPATH BiJINIOBIJHO
Ha TIepeKIaJaHHs] BepXHbOi OyJ0BH KOJIii, MepeHe-
CeHHsT KOHTakTHOi Mepexi, mnpucrpoie CLb;
l,...l; — noBXuHA NUISHOK MepeKIafaHHs KOJii,
MEepPEeHeCeHHs] KOHTaKTHOI Mepexi, kabeme CIIB;

dg, ... ay, — BapTicTh 1 M3 Ganacry, IpyHTY /s po3-

MIMPEHHS HAsBHOTO 3€MJITHOTO ITOJIOTHA Ta IPYHTY
JUIl BIJCHWIIAHHA 3E€MJISIHOTO TIOJIOTHA Ha HOBIH
tpaci; Qg,...Q, — 00’eM Ganacty, IpyHTY AJIs poO-
3MIUPEHHS HasSBHOTO 3€MJISTHOTO TOJIOTHA Ta IPY-
HTY JUISl BIJICHIIAHHS HOBOTO 3MJISTHOTO TIOJIOTHA.

[Tig yac puxTyBaHHS KOJii Ha BiICTaHb OLIBIIY
3a 60 MM OyayTh BUHHKATH JOJIATKOBI 00CATH po-
01T, MMOB’sI3aHi 3 IEPEHECEHHSIM KOHTaKTHOT Mepexi
Ta JIOCHUIIAaHHSM OaiacTy. A SKIIO 3CYB MEPEBUIILYE
3aJlaHe 3HA4YEHHs (HANpHKIaj, &, ), TO 3aMICTh BU-

TpaT Ha PUXTYBaHHA M1IpaxOBYIOTh BUTPATH HA Tie-
peKJIalaHHs KOJIii, TIEPEHECeHHsS KOHTAKTHOI Me-
pexi i mpuctpoiB CLIb.

O06’eMHO-BapTiCHI TOKa3HUKH 3a BapiaHTaMHU
nepeOyIOBM TUTAaHY JIiHIT HaBeJeHO B Tabn. 4 i Ha
puc. 4.

3 anHamizy ganux Tabi. 4 i puc. 5 BUILUIHBAE, 1110
palioHaTbHUMHU MapaMeTpamMH KpHBOI, sika 3a0e3-
Mevy€e BCTAHOBJIEHY MaKCHMAJbHY IIBWKICTh Ia-
CcaXupchkuxX moi3miB 120 xm/roj, 3a MiHIMAIBHOI
BapTOCTi epeOy0BY (BUIIPABIICHHS) HASIBHOT KPH-
BOi € TpHpaiycHa KpuBa.

I1ixg yac nepeBnamTyBaHHs KPUBUX HassBHOI KO-
Jii cimiyy OpaTH MOCTIiHHI 3HAYSHHS PaIiyCiB MO BCil
JIOBXHHI KPYTrOBOT KPUBOi. Y BaXKKHUX YMOBAX, KOJIH
BUKOHAHHS Ii€] BUMOI'M BHUKJIMKA€E HEOOXIJAHICTH
nepedy0BH HASBHOI'O 3€MIITHOIO TOJOTHA abo
ITYYHUX CIIOpPYJl, JOIMyCTUMO 30epiratu pajiycu
PI3HUX 3HA4YEeHb 3 ypaxyBaHHSIM IHHAMIKH, TOOTO
Pi3HHII Y KpUBU3HI. Pi3HUIA y KpUBU3HI MiXK Tep-
LIOIO 1 APYTroI0 Ta APYToI0 1 TPETHOI0 KPUBUMH CTa-
HOBUTH BignosigHo 1/61 683 i 1/64 971, mo 3Ha-
yHO mepeBunrye HopmatuB 1/80 00 Ha miHisSX
I-I1l xaTeropiii, 1/5 000 na niniax I11-1V kareropii,
3a IKMM HE BJIAIITOBYIOTh TIEPEXiIHY KPUBY MiXK CY-
MDKHUMH KPUBHMH.
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Tabnuus 4
O0’eMHO-BapTiCHi NOKA3HUKH 32 BapiaHTaMu
Table 4
Volume-cost indicators by variants
Paniyc xpuBoi, Tepeximai kpusi, M TlinBumenHs MaxkcumanpHuii 3CyB, Cyna 3cysis, MM Burparn,

M ’ peiiku, MM MM ’ y. 0.
R1- 889 L= 113% L2- hi -85 Amax + 277/178 TA=11972 3679
R1-899, L1-160,L2- —

RY _ 879 80. L3 - 140 hl-80, h2 -85 Amax + 83/77 Y'A=3 852 731
R1-902, L1-160,L2— | h1-80,h2-
R2 — 889, 30, L340, L4 - 85, Amax + 47/61 »A=1876 309
R3_ 877 140 h3 -85
Ilepesipxa oompumanus ymosu 3

" 3679 KoHTponboBaHUMH BeNMUMHAMH, 33 SKUMHU
o [POBOJATE OLIHKY (haKTHYHHX TAPAMETPIB KPUBOT,
i 3000 +—f .
£ 20— y=0,0118 x1,3444— €
g R2 = 0.9970 — BEJIMYHMHA TOPU30HTAIBHOIO IPUCKOPEHHS
i

2000 \
1500 \
1000 +—— 1
F‘j 309
500 i
0

11972 3852 1876

Cyma scysin, it

Puc. 4. 3anexxHICTh BUTPAT HA BCTAHOBJICHHS KPUBOT
B IIPOEKTHE TOJIOKEHHS BiJl CyMH 3CYBIB

Fig. 4. Cost dependence for setting the curve
in the design position on the amount of shifts

J1a Hao4HOCTI Ha puUC. 5 HaBeAeHO rpadiku 3Cy-
BiB, 1[0 BiATIOBITatOTh OJHO—, IBO— i TPUPAIIyCHIH
KPHBIH.

0 10 20 30 40 50 60 k] 50 90 100 1o
Hovep Toukm

—R889 — —R1-899 m. RZ-8T9 R1-902 w, R2- 889 m, R3- 877 m

Puc. 5. I'padiku 3cyBiB 17151 0/1HO,
JIBO 1 TpUpazaiycHOi KpuBOi

Fig. 5. Graphs of shifts for one-,
two- and three-radius curves

(o, , M/c?), po3paxoBaHa MO BCiif KpuBii 3a pakTu-
YHUMH BEITMYMHAMH KPUBU3HM Ta MiIBUIICHHSIM
30BHIITHBOI PEWKH 3TiTHO 3 iX JTOKAIEHUMH BiICTY-
maMH JIOBKUHOI He MeHIe 30 M;

— IIBHIKICT, 3MIHM HEMOTalIeHOTO IPHUCKO-
PEHHS Ha JUIAHKaX 3MiHHOT kpuBu3Hu (¢’ , M/c®);

— KpyTH3Ha BiJ[BOJIY MiABUINEHHS 30BHIIIHBOI
peiiku (i, , %o) B HEpEXinHUX KPUBHUX.

Ha puc. 6 HaBeneni rpadiku HemorameHux npu-
CKOPEHb 1 MIBUJIKICTh X 3MiHU B3JIOBK KPHUBOI.

0.6 +

04

e

02—

0.0

Alfa, wilc; Psi, we*

02 -

04

0.6

Puc. 6. HenorarmieHi mpuckopeHHs! Ta IIBUAKICTB 1X
3MiHH B3JIOBX KPHBOI

Fig. 6. Unbalanced accelerations and their rate
of change along the curve
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I3 rpadikiB BuILIMBaE, MO 3a MaKCUMAIBHOI
mBUAKOCTI 120 KM/TOJ TTiCiIs BUIPABICHHS KPHBOL
OyayTh 3a0e3TeveHi YMOBH HETIEPEBUIIEHHS HETO-
rameHux npuckopens o < 0,7 M/c? i mBuaKoCTi
3MIiHH HETOTAIICHOTO TMPHUCKOPEHHS Ha IUITHKAX
3MiHHOT KpuBM3HH ™" < 0,6 M/c2,

Opranizariiss MBUAKICHOTO ¥ BHCOKOIIBHAKIC-
HOTO PyXy MOI3/iB MOTpedy€e CUCTEMHOTO MigXO0Iy
[19].

Cepen 3aBmaHb KONIHHOTO TOCIIOAApPCTBA, SKi
MOXKYTh OyTH BUPIIIEH] 32 JIOIOMOTOK KOJIi€BUMi-
PIOBATBHUX 3aCO0IB, — MACIIOPTHU3AILIS 3ai3HUYHOT
KOJii, 32a0e31meueHHs] aBTOMaTH30BaHUX CHCTEM YTI-
pasiinasa (ACY) dakrtuunoro iHdopMmalieo mpo
CTaH 00’ €KTIB KOJIii.

KomieBumiproBanbHi 3aco0r TOBHWHHI KOHTPO-
JIIOBATH, PEECTPYBATH H OI[iHIOBATH OCHOBHI Mapa-
METpU TeOMeTpii perKoBOi KOJIii, 0 SIKMX Hale-
XKatsb!

— IMWpWHA KOuii (3BY)KeHHS ¥ pO3MIMPEHHS );

— TOJIOKEHHS PEUKOBHX HHUTOK 3a piBHeM (Te-
PEKOCH 1 IUTaBHI BIAXUIICHHS PiBHA);

— TIOJIOXKEHHSI PEKOBHUX HHUTOK Y IDIaHi (TOpH-
30HTaJbHI CTPUIM BUTHHY Bifl XOPAH IOBXHHOIO
21,5 M y Toulli, po3TallioBaHii Ha BificTaHi 4,1 M Bij
i1 KiHIIS) — pUXTYBaHHS;

— TMPOCAIKA PEUKOBHX HHUTOK Yy BEPTHUKAIBHIN
TUTOIIMHI (CTPLTH BUTUHY PEHKOBHUX HHUTOK BiJ| XO-
pau foBXuHOW 17 M y TouUIli, po3TaloBaHiii Ha Bi-
JcTaHi 2,7 M Bif 11 KiHIIA).

JIOBroxBHJIbOBI HEpiBHOCTI B mpodim ¥ TaHi
Ha JUISTHKaX o0epTaHHS MaCaKUPCHKUX MOI3MIB 3i
mwBuakoctaMu 140...200 km/roq € HOOATKOBUMHA
(hakTopamu, 0 BU3HAYAIOTH HEOOXITHICTh TIPOBe-
JICHHSI BUMipIOBaHb MapaMeTpiB (pakTUIHOTO CTaHy
3aJII3HUYHOI KOl — TEOMETPUYHUX PO3MIpiB Bijic-
TYMIB BiJf HOPM YTpUMaHHs peHKOBOi KOl B TUIaHi
1 IO3I0BXKHBOMY PO,

BBaxxaroThb, 110 IS OI[IHKK CTaHy KOJIi Haii-
OLITBIN TOCTYITHOO 3aJIUIIAETHCS CTPiUKa KOIi€BU-
MipIOBaJIbLHOTO BaroHa. AJie 1ieif croci6 He 3acToco-
BYIOTH JUIsl BU3HAYEHHS TOYHOTO T'€OMETPUYHOTO
MOJIOKEHHS KPUBHX, OCKIJIBKH BiH Ma€e HU3KY oOMe-
eHb [8]. TouHICTh BUMIpPIB CTPLIN B KPUBHX JIiJISI-
HKaxX KOJIii KOJIIEBUMIPIOBAILHUM BaroHOM THITY
KBJI cknagae 1 MM B Miclli BUMipIOBaHHS, a TOY-
HICTh OIIIHKY TPOMIEHOr0 NUIAXY CKiIagae He Oi-
npire 1:500. AcumerpuyHa cxema BHMIipIOBaHHS

(17:4,1) He no3BOJISIE MPABUIIBHO OLIIHIOBATH CKJIa-
IH1 JUISHKY TUTaHy, [0 BHOCUTH ICTOTHY HEBH3HA-
YEeHICTh MiJ Yac PO3paxyHKiB KPUBHU3HH B TOYKAX
komii. Ha rpadiky KpuBU3HHM NOJOKEHHS Mepexi-
HUX KPUBHX 3MII[Y€THCS 100 iICTHHHOTO, a TPsAMi
BCTaBKH JOBXKUHOIO 10 50 M MOXYTh y3araji 3HH-
katu. lle mpu3BoaMTH 70 HEOOXITHOCTI BUIIPAB-
JICHHS KPUBHX METOJIOM «GTJIaKyBaHHS», SIKUH HE
rapaHTy€e NOCTaHOBKU KPUBHX y IPaBHIIbHE IIPOEK-
THE MOJIOKCHHSI.

SIKIIO TiCIs OLIHKK CTaHy KOJil KOJIEBHMIipIO-
BaJbHUM BaroHOM YCTaHOBJICHO, 11O IOTpiOHE BU-
MpaBJICHHS YU NepeOyaoBa KPUBUX, TO MPOTIOHY-
I0Th TaKy MOCJiIOBHICTh BUKOHAHHS po0iT [17]:

1. IIpoBeneHHS HATYPHOTO OOCTEKEHHSI Ta 3H0-
MKa (DaKTHYHHX TapaMeTpiB KPUBUX, HATPUKIAI,
METOJIOM CTPIJL.

2. Po3paxyHOK ONTHMaJIbHUX MapaMeTpiB KpH-
BUX.

3. BuznaueHHst 00criB nepedynoBH IIIaHy JTiHii
1 MiIrOTOBKA 3aB/IJaHHS HAa BUKOHAHHSI BUIIPABITIOBA-
JTEHUX POOIT.

4. Bunpaiennsa (mepeOymoBa) KpuUBUX y pasi
MAaIIMHI30BAHOTO TIOTOYHOTO YTPUMAaHHS KOl
i pEeMOHTHHX pOOIT Ha OCHOBI 3aTBEPIKEHOTO
MIPOEKTY.

5. 3ifoMKa PaKTHYHUX XapaKTEPUCTUK TUIaHy Ji-
Hii TiCTIsl BUIIPABIICHHST KPUBUX.

6. Ominka BiAMOBIMHOCTI (PaKTHYHMX XapakTe-
PHCTHK TUIAH ACTIOPTHUM 3HAYECHHSIM.

7.3aTBep/pKEHHS TaclopTa KpUBOI, SIKIIO Bif-
MOBIZHICTh XapakTepucTHK (1. 6) ycTaHOBICHA,
SIKIIO Hi — TIepexif 10 1. 4.

HaykoBa HOBU3HA Ta NPaAKTUYHA
3HAYNMICTEH

VY po6oTi HaOynu MOAAIbIIOr0 PO3BHTKY Hay-
KOBI MiJIXOAM JI0 OI[IHKA CTaHy KPUBUX, BU3HA-
YEHHIO iX palioHAIbHUX MapaMeTpiB i JOMYCTHMOT
MIBUAKOCTI PyXy Ha HaNpsAMKax YIPOBaJKEHHS
LIBUIKICHOT'O PyXY MOi3IiB B YKpaiHi.

OtpumaHni pe3ynbraTs Oy IyTh KOPUCHI JJIs ITPO-
BEICHHS 3aXOiB IOJ0 MOJIMIIEHHS IUIABHOCTI
PYyXy noi3xiB, MiABUIICHHS MIBUAKOCTI K PiBHS KO-
M(bopTadeNbHOCTI 1311 B KPUBHX JUITHKAX KOJII,
0COOJIMBO Ha HAIPSIMKAX YIPOBA/KECHHS IIBHIKIC-
HOTO PyXy MOi3/iB.
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BucHoBxku

[IpoBenenwii aHami3 CKIAQAHUX TUISTHOK TUTaHy
3aJTi3HUII TTOKA3aB, IO MICII BUKOHAHHS PO3Paxy-
HKIB BIAIOBIJHO 10 BUKJIAI€HOI METOAUKH Ta OIITH-
Mi3arii mapaMeTpiB KpUBHUX (3 ypaxyBaHHSIM BapTO-
CcTi ix mepeOymOBH) MOKHA ITiABUIIUTH IIBUIKICTh
y KPUBHX 1 CKOPOTUTH Yac pyxy HOi3/IiB.

AHanoriyHuil aHami3 CciiJ MPOBECTH MO BCIX
KPHUBHX Ha HANIPSIMKAX MIBUIKICHOTO PYXY 32 METO-
nukoro [[I1-0236 B noBHOMY 00CsI3i, 1[0 I03BOJIUTH
OTpUMaTH JOJATKOBE CKOPOUEHHS Yacy pyxy
1 YHUKHYTH HETOYHOCTEH, SKi BHHUKAIOTh TIi/1 Jac
CIPOIIEHUX PO3PAXYHKIB.

Jlis BCiX KpHUBHX, IO OOMEXKYIOTh IIBUIKICTh
PYXY, a TAKOX THX, SKi yTPUMYIOTH i3 BifcTymmaMu
BiMOBiTHO 110 BUMOT iHCTpYKIii L11-0269, HE0O-
X1JIHO MPOBECTH HATypHE OOCTEKEHHS 3 BUKOHAH-
HSIM MTOBHOTO IIMKITYy PO3PaXyHKIB IS X MacopTH-
3arii.

[NacopTu3auisi KpUBUX, PO3TALIOBAHUX HA TO-
JIOBHHX HaNpsMKax 3aJli3HAIL YKpaiHH, J03BOIHUTh
BCTAaHOBUTH TaKi XapaKTEPUCTHUKU:

— KUIBKIiCTh OUISHOK pi3HOTO paniyca i BenH-
YUHHA PaIliOHAJBHUX paliyciB y IUIaHi, MakcHUMa-
JTIbHO HaOMMKeH1 10 (aKTHIHUX OOPHCIB KPUBOT;

— JIOBKUHY TMEpeXiHUX KPHUBHUX, IO 3a0e3rme-
4yye HeoOXiZHi JJIsl BCTAHOBIIEHOI IIBUAKOCTI PyXy
BIIBOJIM TT0 KPUBH3HI ¥ MIABUINCHHS 30BHINTHHOT
peuKY;

— palioHaJbHE i IBUIICHHS 30BHIIIHBOT PEUKH,
BEJIMYMHA SKOT'O BiANOBiAa€E BCTAHOBICHUM KpHTeE-
pisiM 3a HemoramieHUM MPUCKOPEHHSM Ul Iaca-
XKHUPCHKUX 1 BAHTRKHUX TOT3/IB.

[lacmopTu3ariiss kpuBHX Oyae CIPHUITH 3HU-
YKEHHIO IHTEHCHBHOCTI PO3Ja/liB 3aJ1i3HWYHOI KOIii,
3MEHIICHHIO TPYJOBHUTPAaT Ha YTPUMaHHA KOJil
B IUIaHi, MMiJIBUIIICHHIO TUIABHOCTI 1 KoMpopTadenb-
HOCTI 137H.
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Reduction of Railway Disorders Intensity Due to Improvement of Line Plan
Parameters During Pasportization of Curves

Purpose. The work is aimed to reduce the intensity of the track disorder by improving the line plan parameters,
ultimately ensuring the safety, smoothness and comfort of driving in the directions of high-speed train traffic.
Methodology. To obtain initial data on the parameters of the plan of existing railways, the authors reviewed the world
literature on the topic of the study, as well as monitored the railway track operation on the basis of technical passports
of track distances. It is known that the accepted mathematical models of the existing plan use the assumption that three
adjacent points of the curve lie on a circle. On this principle, the work of flattener machine for switches is based. As
a result of corrective works to reduce the amount of shifts, the curve does not correspond to the initial passport data.
The methodology involves the analysis and systematization of data to establish appropriate dependencies and build
graphs. Findings. Inaccurate determination of the curve parameters results in unjustified speed restrictions on or large
volumes of flattening works. Therefore, the proposals have been developed to reduce the intensity of track disorders
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by bringing the curve parameters to the regulatory requirements in force in Ukraine in the areas of high-speed train
traffic. They follow from the analysis of the method of shooting curves used in track distances. The influence of
accuracy of the obtained data on the establishment of the curve parameters and the permissible train speeds is identi-
fied. The recommendations received in the work will contribute to the effectiveness of design decisions, will determine
the quality of the railway reconstruction project. Originality. Scientific approaches to estimating the state of curves,
determining their rational parameters and permissible speed in the areas of high-speed train traffic in Ukraine have
been further developed. Practical value. The obtained results will be useful for measures to improve the smoothness
of train movement, increasing the speed and comfort of driving in the curved track sections, especially in the areas of
high-speed train traffic.

Keywords: high-speed train traffic; methods of shooting curves; curve parameters; measurement errors; permissi-
ble train speed; driving smoothness; ride comfort

REFERENCES

1. Babenko, A. I., Kurhan, D. M., & Cherniakov, M. M. (2012). Vstanovlennia dopustymoi shvydkosti na
skladnykh diliankakh planu zaliznytsi z urakhuvanniam komfortabelnosti yizdy. Transport Systems and
Technologies, 21, 9-15. (in Ukrainian)

2. Baidak, S. Yu. (2020). Rational Curves Parameters for the Introduction of High-Speed Train Traffic (Extended
abstract of PhD dissertation). Dnipro. (in Ukrainian)

3. Danylenko, E. 1., Orlovskyi, A. M., Kurhan, M. B., & Yakovliev, V. O. (2012). Instruktsiia z ulashtuvannia ta
utrymannia kolii zaliznyts Ukrainy: CP-0269. Kyiv: TOV «NVP Polihrafservis». (in Ukrainian)

4. Korzhenevych, I. P. (2007). New possibilities for designing plan redevelopment and correction of curves when
using the program RWPIan 1.2. Railway transport of Ukraine, 5, 79-82. (in Ukrainian)

5. Kurhan, M. B., Kurhan, D. M., Baidak, S. Yu., & Khmelevska, N. P. (2017). Investigation of the influence of the
state of the railway track in terms of softness and safety of trains. Electromagnetic Compatibility and Safety
on Railway Transport, 14, 94-101. DOI: https://doi.org/10.15802/ecsrt2017/137797 (in Ukrainian)

6. Kurhan, M. B., & Kurhan, D. M. (2016). Teoretychni osnovy vprovadzhennia vysokoshvydkisnoho rukhu poizdiv
v Ukraini: monohrafiia. Dnipro. (in Ukrainian)

7. Kurhan, M. B., Baidak, S. Yu., & Khmelevska, N. P. (2014). Methodology of determination of admissible
speeds of train movement on difficult sections of railroad plan. Science and Transport Progress, 2(50),
83-94. (in Ukrainian)

8. Kurhan, M. B., Kurhan, D. M., Baidak, S. Yu., & Khmelevska, N. P. (2018). Research of railway track parame-
ters in the plan based on the different methods of survey. Science and Transport Progress, 2(74), 77-86.
DOI: https://doi.org/10.15802/stp2018/129585. (in Ukrainian)

9. Polozhennia pro provedennia planovo-zapobizhnykh remontno-koliinykh robit na zaliznytsiakh Ukrainy,

45 TsP-0287 (2015). (in Ukrainian)

10. Pravyla vyznachennja pidvyshhennja zovnishnjoji rejky i vstanovlennja dopustymykh shvydkostej v kryv-
ykhdiljankakh koliji, 52 TsP-0236 (2011). (in Ukranian)

11. Fischer, S. (2009). Comparison of railway track transition curves. Pollack Periodica, 4(3), 99-110. (in English)

12. Fischer, S. (2022). Investigation of the Horizontal Track Geometry regarding Geogrid Reinforcement under
Ballast. Acta Polytechnica Hungarica, 19(3), 89-101. DOI: https://doi.org/10.12700/APH.19.3.2022.3.8
(in English)

13.Jamka, M., Lisowski, S., & Strach, M. (2009). Application of modern geodesic technologies in determining the
track geometry in the aspect of permissible train speeds. In Zeszyty Naukowo-Techniczne Stowarzyszenia
Inzynierow i Technikow Komunikacji Rzeczpospolitej Polskiej Oddziat w Krakowie, seria: Materialy
Konferencyjne (Nr 91, z. 149. s. 567-581). Zakopane, Poland. (in Polish)

14. Koc, W. (2021). Analysis of the Effectiveness of Determining the Horizontal Curvature of a Track Axis Using
a Moving Chord. Problemy Kolejnictwa — Railway Reports, 65(190), 77-86. (in English)

15. Koc, W. (2020). The method of determining horizontal curvature in geometrical layouts of railway track with the
use of moving chord. Archives of Civil Engineering, 66(4), 579-591. (in English)

16. Koc, W. (2019). New transition curve adapted to railway operational requirements. Journal of Surveying Engi-
neering, 145(3), 04019009-1-04019009-11. DOI: https://doi.org/10.1061/(asce)su.1943-5428.0000284
(in English)

17.Kurhan, D., & Havrylov, M. (2020). Mathematical Support of Machine Surfacing for the Railway Track. Acta
Technica Jaurinensis,13(30), 246-267. DOI: https://doi.org/10.14513/actatechjaur.v13.n3.556 (in English)

Creative Commons Attribution 4.0 International © M. b. Kyprawu, /JI. M. Kypran, C. 1O. baiinak,
doi: https://doi.org/10.15802/stp2021/257933 H. I1. XmeneBceka, P. b. Hogik, 2021

63


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1061/(asce)su.1943-5428.0000284
javascript:void(0)
https://doi.org/10.14513/actatechjaur.v13.n3.556

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancrnopty. BicHuk J{HIIponeTpoBcbKOro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2021, Ne 6 (96)

3AJIIBHUYHA KOJIISI TA ABTOMOBUIBHI JOPOT'

18. Lebid, I., Kravchenya, I., Dubrovskaya, T., Luzhanska, N., Berezovyi, M., & Demchenko, Y. (2019). Identifica-
tion of the railway reconstruction parameters at imposition of high speed traffic on the existing lines.

In MATEC Web of Conferences (Vol. 294, pp. 1-7). DOI: https://doi.org/10.1051/matecconf/201929405003
(in English)

19. Pshinko, O., Kurhan, M., & Patlasov, O. (2019). Osnovnyie napravleniya razvitiya transportnoy infrastrukturyi
pri vnedrenii skorostnogo dvizheniya na zheleznyih dorogah Ukrainyi. In Proceedings of the V Georgian-
Polish International Scientific-Technical Conference «Transport Bridge Europe-Asia» (pp. 85-90). Kutaisi,
Georgia. (in Russian)

20. Sasidharan, M., Burrow, M., Ghataora, G., & Marathu, R. (2022). A risk-informed decision support tool for the
strategic asset management of railway track infrastructure. In Proceedings of the Institution of Mechanical
Engineers, Part F: Journal of Rail and Rapid Transit (\Vol. 236, Iss. 2, pp. 183-187).

DOI: https://doi.org/10.1177/09544097211038373 (in English)

21. Shvets, A. O., Bolotov, O. V., Percevoj, A. K., Ghlukhov, V. V., Bolotov, O. O., & Saparova, L. S. (2020).
Research of dynamic indicators and influence of different types of rolling stock on railway track. In IOP
Conference Series: Materials Science and Engineering (Vol. 985, Iss. 1, pp. 1-10).

DOI: https://doi.org/10.1088/1757-899x/985/1/012010 (in English)

Hapiituona no penkosnerii: 11.08.2021
[Mpuiinsra go npyky: 10.12.2021

Creative Commons Attribution 4.0 International © M. b. Kyprawu, /JI. M. Kypran, C. 1O. baiinak,
doi: https://doi.org/10.15802/stp2021/257933 H. I1. XmeneBceka, P. b. Hogik, 2021

64


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1051/matecconf/201929405003
https://doi.org/10.1088/1757-899x/985/1/012010

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancropry. Bicuuk J{HinponeTpoBcbKoro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2021, Ne 6 (96)

TH®OPMALUIHHO-KOMYHIKAIIMHI TEXHOJIOT'
TA MATEMATHUYHE MOJIEJIOBAHHS

YK 004.42:004.92

0. B. TOPBOBAY", 0. A. CUPOTA?

MKag. «Komm’1otepHi inopMaiiiini TexHoIO0Tii», YKpaiHChKH IepKaBHUI YHIBEPCUTET HAYKH i TEXHOJOTIH, Byl JlasapsHa,
2, Muinpo, Ykpaina, 49010, Ten. +38 (056) 373 15 35, en. nomrra alexandra.gorbova@gmail.com, ORCID 0000-0002-5612-2715
Kad. «Kommn’roTepHi iHpopmaLiiini TeXHOMOrii», YKpaiHChKUi AepkaBHUI yHIBEPCUTET HAYKH 1 TEXHOJIOTIi, By/1. JlazapsHa,
2, Muinpo, Ykpaina, 49010, tex. +38 (056) 373 15 35, en. nomra sirotaalexandr30@gmail.com, ORCID 0000-0001-7391-2471

JlociazKeHHs HACTIAKIB BUKOPHCTAHHSA NATEPHIB 1 3arajibHONPHHHATHX
miaXoAiB y mo0ya10Bi apXiTeKTypH KpociiaTGopMHHUX J0AATKIB

Merta. Y Hamr 9ac, KOJIM Ba)XKO YSIBUTH JIIOJHHY, sIKa HE KOPUCTyBanach OM cMapT(OHOM, OCHOBHUM HarpsiM-
KOM TIpH CTBOpPEHHI 0araThoX IONATKIB € caMe Taki omeparliifai cuctemu sk i0OS ta Android. OgauM i3 HeBix €MHUX
€TalliB )KATTEBOTO IUKITY KpociutaTdhopMHNX nomatkiB it i0S Ta Android € mobymoBa apxiTekTypu. BaxknnBo He
TITBKH BMITH OyJyBaTH apXiTeKTypy, BHKOPHCTOBYIOUH BiJOMi «IHCTPYMEHTH», ajie i pO3yMiTH, y SKifl Mipi 1e 1mo-
BUHHO OYTH peaii3oBaHoO i KU BILIMB [Ie MATHME Ha MPOTPaMHUII IPOAYKT y nojanbmomMy. OCHOBHa MeTa poOoTH
HoJiArae B aHali3i MiIXO/AIB A0 pPO3pOOKH 3 HaJAMIpHMM a00 HEJOCTaTHIM BUKOPHCTAHHSIM NPUHLMIIB 1 MIa0JIOHIB
MPOEKTYBaHHS, @ TAKOXK aHaJIi3 Pe3yJbTaTiB KiHIIEBOrO MPOIYKTY, KPOCILIAT(GOPMHOTO MIPOrpaMHOro 3a0e3nedeHHs
Ut oneparitiiiaux cucteM i0S ta Android. Meromuka. J[is moMinIeHHs HasBHUX MPOrPaMHKX 3aC00IB CIIPOEKTO-
BaHO Ta pealli30BaHO CTATHYHHUN aHANI3aToOp, KU OPIEHTOBAHO HA ONPAIIOBAHHS apXiTEKTYpH B IPOrPaMHUX 3aCO-
0ax pizHOro po3mipy Ta Tumy. s CTBOpPEHHS IPOrpaMHOro MPOJIYKTY OyJ0 BUKOPHCTAHO JIMILE TaKi Ia0JIOHU
1 MIXOAW TMPOEKTYBAaHHS, SKi JO3BONMIM peani3yBaTH HEOOXiTHWHA (YHKIIOHAN, HE YCKIATHIOIYN CHCTEMY, Ta
rapaHTyBaTH JIETKY MiITPUMKY, TECTYBaHHS W PO3IIUpPEeHHS (YHKIIOHATY B pa3i HeoOximHocTi. PesyabTaTm. Ilin
Yac MPOBEACHHS E€KCIIEPUMEHTIB OyJIO BUSBICHO, IO B XOJIi MPOEKTYBAHHS KPOCIUIATGOPMHOTO MPOTPaMHOTO 3a-
OesmedeHHs s onepaniiHux cucteM i0S Ta Android crocTepiraeTbes He JHINE HEXTYBAaHHS MMaTCpHAMHE Ta 3ara-
JHHONIPUHHATUMH TIAXOJaMHU MPOEKTYBAHHS, ajie i HagMipHe iX BUKopucTaHHs. Lle yckimamHioe po3poOKy, po3mn-
PeHHsI, MIATPUMKY Ta TECTyBaHHs NMporpaMHuX 3aco0iB. HaykoBa HoBH3HA. Bu3HaueHO HEOOXiqHY Mipy Ta Hac-
JIJIKA BUKOPUCTaHHS MIa0JIOHIB MPOEKTYBaHHS, 3’5ICOBAHO iXHIO KOPHUCTh Ta HABEACHO IPHKIAIU BUKOPHCTAHHS
MaTepPHIB 1 MAXOMIB y MPOEKTYBAHHI KPOCIUIAT(POPMHUX IOIATKiB. Yrepiie Oysi0 MPOBEACHO aHalli3 HEOOXimHOT
MipH BHUKOPHCTaHHSI NIA0JIOHIB MPOEKTYBAaHHS Yy PI3HMX 3a PO3MIPOM Ta NPH3HAYEHHSM MOOUIBHHMX JOJATKaXx.
IIpakTHyHa 3HaYMMicTh. Pe3ynpTaTi poOOTH 103BOJIATH MPOTPAMICTY Kpallle PO3yMiTH, SIK IPOEKTYBATH JOJATKH
Juist onepauiitaux cucteM 10S ta Android, 3a SKMX YMOB 3acTOCYBaTH BifioMi ma0ioHu npoekTyBaHHs. OTpumaHa
iH(pOpMaIis Moke OyTH BUKOPHCTaHA BUKIIaJadaMU 3aKJIaliB BUIIOT OCBITH JJIs HAaBEICHHS MPAKTHYHUX MPUKIIaiB
Ta JEMOHCTpalii 3100yBadam I/l yac BUKOHAHHS MPAaKTHYHMAX POOIT, a TAKOXK MPOTpaMicTaMH B PETbHUX KOMEp-
LiHUX TIPOEKTAX.

Knouosi cnosa: mareps; kpocmiatGopMHUI nonaTok; omepaiiiHi cuctemu i0OS Ta Android; mpoekTyBaHHS
MIPOrpaMHOro 3a0e3eUeHHs; aHalli3 IPOrPaMHOTO KOy

Beryn Banu cebe fK CHoci® MOJIMIIeHHS MPOrpamMHOro
3a0e3TeUeHHs] Ha PI3HUX eTanax >KHTTEBOTO IUK-
my. Y ramy3i po3poOKH MOOUIBHUX ONATKiB abo
IHIIMX TPOAYKTIB MaTepHOM, abo MI1a0JIOHOM
npoektyBanHsi (Design Pattern), HaszuBaroTh yxe

3arajpbHONPUAHATAMHE MiAX0JaMH B HOOY/OBI
MPOTrpaMHUX JTOJATKIB CIIijl BBAKATH NPUHLIUIH Ta
pexoMeHnanii moOynoBH apXiTeKTypH, sIKi OaraTo-
pa3oBo MepeBipeHi Ha MPaKTUI Ta 3apEKOMEH[Y-
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3HAMACHW PO3B’SI30K 3a7adi, MO IJOCHTh YacTO
3yCTpIYa€eThCAd Ha MPAKTHIL. Y MPOTPaMHIN iHXKe-
Hepii malloH MPOEKTYBaHHS € 3arallbkHUM TOBTO-
PIOBaHUM PIMIEHHSAM TOIMHUPEHOI MTPOOIEMH B PO3-
pobmi mporpamuoro 3abe3neueHns. Lllabmon mu-
3aliHy — LI€ HE FOTOBUM NHU3alH, SIKM MOXHa Ie-
peTBopuTH Oe3mocepeHb0 B KOA, a OMmHC, abo
malIIoH, IS BUPIMICHHS MPOOJIeMH, KUK MOXKHA
BUKOPHUCTOBYBATHU B Pi3HUX cHUTYyalisx [8].

OcHOBHa iJes1 BAKOPUCTAaHHS MTaTEPHIB MOJISITae
Y CTBOPEHHI i€papXii KJIaciB MEBHOTO BU/Y ITiJT 4ac
pO3B’s3aHHS TeBHOT 3amadi. Takox MoTpiOHO CKa-
3aTH, 110 3aCTOCYBaHHS MaTepHiB abo 3arajJbHO-
MPURHATHX MiAXOJIB HE «IPUB’SI3YETHCS» A0 KOH-
KPETHOI MOBH IPOTpaMyBaHHS, SIKY BHKOPHUCTOBY-
I0Th, a 1 TMATPUMYETbCS BciMa 00’ €KTHO-
opieHToBaHUMH MOBaMH. OCHOBHHMH NMPUYHHAMH
IIMPOKOTO BUKOPUCTAHHS Pi3HUX IIA0JIOHIB € TaKi:

— 3 SBIIETBCST MOXKIIMBICTH JUISI TOBTOPHOTO
BUKOpPHUCTaHHS Koy (code reuse) y mpomy x abo
IHIIIOMY IPOTPaMHOMY JOAATKY;

— € 3MOra JIeTKO CYNpPOBOKYBaTH HPOIYKT
1 To/1aBaTH, 3MIHIOBaTH a00 BUJANATH Pi3HI YacTH-
HY He3aJIe)KHO OJHA Bix OXHOI 3 MiHIMaIbHUMH
BHTpaTaMH B Yaci, KiJTbKOCTI pO3POOHHKIB Ta 3 Mi-
HIMaJILHOIO CKJIAIHICTIO;

— TOJICTIICHHS KOMYHIKallii po3poOHUKIB 3a-
BISIKM aOCTPAaKIIisAM, SIKi BHOCATH matepH [8];

— TIiATPUMAHHS MOXIIMBOCTI JIETKO Ta HIBHAKO
penaryBaty BCIO CUCTEMY B ILIIOMY.

®abpuunuit meton (Factory Method) — mab-
JIOH, SKWM HaJa€ MOXJIMBICTH [OYIpPHIM Kiacam
CTBOPIOBATH €K3EMIUISIPU MEBHOTO KJIAacy 3a JIOTo-
MOT010 a0CTPaKTHOTO iHTepdeicy, 10 J103BOJIsE
BUKOPHCTOBYBAaTH a0CTPAaKIiF0 3aMiCTh KOHKPET-
HOI peaizaii IessKUX CyTHOCTEH.

[puamun SOLID — ne cnmcok miabioniB abo
NPUHLMITB JW3aiiHy NPOrpaMHOTrO 3a0e3IedYeHHs
B 00’ €KTHO-OPIEHTOBAHOMY IPOTPaMyBaHHi:

— S — [OpUHLOMI €IWHOI BiAMOBIAAILHOCTI
(anrm. single responsibility principle) cBiguuTh PO
TE, II0 KO)KEH MOJYJIb MOBUHEH MAaTH JIMIIE OIHY
BIJITOBIJAIBHICTD,

— O — npuHIMI BIAKPUTOCTI — 3aKPHTOCTI
(anra. open-closed principle) — mporpamui cyTHOC-
Ti TIOBUHHI OyTH BIAKPHUTI AJISl PO3LIMPEHHSA 1 3a-
KpUTI 17151 MoAuDiKaIliT;

— L — npunnun niacranoBku bapGapu JlickoB
(amrn. Liskov substitution) — migkmacu MOXYThb

BHCTYIIaTH 3aMIiHOIO ISl CymnepkiaciB 0e3 mopy-
IeHb POOOTH TIPOTPAMH;

— | — mpuHIMn po3noziny iHtepdeliciB (anrm.
interface segregation principle) — nexinbka By3bKO-
HampaBleHUX 1HTepdeiiciB Kpale, HK OOWH YHi-
BEpCAIbHUM;

— D — nmpunnun imBepcii 3anexHOCTEH (aHTIIL
dependency inversion principle) — samexxrocTi Mix
MOJYJISIMA TIPOTPaMu MOBUHHI OyJIyBaTHCS Ha OC-
HOBI a0OCTpakIlii Ta YHUKaTH 3aJCKHOCTCH BiJ
KOHKPETHOI peajrizarii.

JloTprMaHHS IIMX MPUHIUIIB T03BOJISIE CIIPOE-
KTyBaTH TaKy CHCTEMY, SKy B MOJalblIOMy Oyne
JIETKO 3MiHIOBATH, PO3IIMPIOBATH Ta MiATPUMYBaTH
[3, 7]

KISS-mpunmun  (KISS  (Keep it short and
simple) principle) — mpuHUMT IPOEKTYBaHHS, KM
CBITYHTH TIPO Te, IO MpoTrpamMHa cuctema Oyne
NpAIOBaTH Kparie, SKIo Oy/ae 3aluIIaTHCS Mak-
CHMAJILHO TIPOCTOI0, a He ycKiIaaHtoBaTuch [10].

Medium — 1ie mBHIKa Ta MPOCTa B 00Iry OJ10T-
miatdopma Big TBopuiB Blogger i Twitter. Micte,
€ CBOIMH IyMKaMH JiNSITbCS KOPUCTYBadi (K
y Twitter) Ta cam Medium (moaioHo mo BuzzFeed).
Ha temy po3po0kn MOOITEHUX TOAATKIB IIif IJIaT-
¢dopmu 10S Ta Android Hanucano Oe3niu crarew,
00 TOCHTH BeJHMKA YaCTHHA ayIuTOpii — 1e po3po-
OHMKH TMpPOTpaMHOTO 3a0e3MedeHHs] 31 3HAHHAM
PI3HUX TEXHOJIOTiH Ta Pi3HUM piBHEM nocBimy. [H-
¢dopmatiisi, IKy MPONOHYIOTH aBTOPH i€l TaTdo-
pPMH, TIOKpUBA€ HIMPOKHH CHEKTp 3aluTaHb, i3
SKAMH 1HIOMA PO3POOHUWK TMOTparuisie Ha Hel.
B ocHOBHOMY 11¢ HOBHMHH 3i CBITY po3poOKH MOOi-
JBHUX JIO/IATKiB, OMKC HOBOTO (YHKIIIOHATY, SIKUH
OyB peamizoBaHuii y HOBiil Bepcii (pelMBOpPKY,
CTHCIHH Tiepeka3 oimiiHOT JOKyMeHTallil, IpuK-
Jlald BUKOPUCTAHHS Ti€l 4YM 1HINOI O0i0JIOTEKH,
MIPHUKJIATN pealtizaiii pi3sHOro (yHKIIOHANY, 1 3BH-
YaifHO, CTaTTi Ha TeMy KOHCTPYIOBAaHHS apXiTeKTY-
PH, OTJISI/T MATEPHIB Ta 3araTbHONPHUHATHX TiIXO0-
JIB MiJ 9ac KOHCTPYIOBaHHS Kpoc-Tat(opMHUX
MOOINBEHUX HomaTkis [2].

Stack Overflow — cucrema 3amurasb 1 BiAIoBi-
Jiell Tpo mporpamyBaHHS, po3pobieHa Jxoenem
Cnonbcki  ta [xeppom ErBynom  (anri.)
y 2008 pomui. IlepeBaroio mxkepena € HasBHICTbH
y 0a3i 3HaHb iH(pOpMaIlii HE TITBKU MIPO crierudiy-
Hi TIOMUWJIKH, 1[0 TPU3BOJATH 10 30010 B pOOOTI Ha
neBHii mardopmi, Hanpukiaa Android, a i mosic-
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HEHHS TaTepHIB, MPUKJIAAN Ta CHUTYyalii HeoOXin-
HOCTI iX BHKOPHICTaHHS, HACHiAKH. | HaBITh SAKIIO
LIOCh HE BAAJOCS 3HAWTH, TO MOXXHA BBECTH 3alld-
TaHHS ¥ OTpUMAaTH HA HHOTO BIAIOBIOL 13 IOSIC-
HEHHSM Ta TOCWIAHHAMH Ha IHII JITepaTypHi
JpKepena.

Habr — BeOcaiit y gopmaTi crcTeMu TeMaTH4-
HAX KOJIEKTHMBHUX OJIOTiB (IMEHOBaHHX XabaMM)
3 eJIeMEHTaMU HOBHHHOTO CalTy, CTBOPEHHH IS
myOikalii HOBUH, aHAIITUYHUX CTaTeH, TyMOK,
OB’ s3aHUX 3 1H(GOPMAMIHHUME TEXHOJIOTISMH,
6isHecom Ta imTepHeroM [11]. BimpmricTe craTeit
Ha TeMy pPO3pPOOKM MpOrpaMHOro 3abe3nedeHHs
JOCUTH 00’€MHI Ta MICTITh OaraTo iHdopmallii,
sika 0a3yeTbCs Ha 1HIMNX JITEPATYPHUX JDKEpenax,
TakKuX SK KHHTH, OQimliiiHa JOKyMEHTAIlis, 1HII
CTaTTI Ta BIACHUU JOCBIJ.

Kpim mporo, icHye Oarato odimiiHUX mKepen
3 O0QIIifHOI JOKYMEHTAIi€l0, OJHUM 13 HHX
€ cepRic Bia koMmnaHii Microsoft.

bi6mioreka MSDN (anrn. MSDN Library) —
6ibmioreka odimiitHOT TEXHIYHOI JOKYMEHTAIIT s
po3poonukiB mig OC Microsoft Windows. Bibaio-
TEeKa TaKOX MICTHTh iH(OpMalil0 TpPO MaTEepPHU
MPOEKTyBaHHA. BukianenHs indopmariii BUCOKOTO
piBHS JIOTIOBHEHO CXEMaMH, MPHKIaJaMHu KOy,
JIETAJILHAM TOSICHEHHSM, 3a IO BIAMOBIZAE TOH 4H
IHIIMI KOMITOHEHT B peaii3allii, HoTaTKkaMH 3 TI0-
pazamMu Ta TOMEPEKSHHAMH PO THITOBI MOMHII-
k. Takok HagHO JleTalibHE TOSCHEHHS, HaBilllo
B3arajii BUKOPUCTOBYBATH MATEPH, MPO SAKUHU ine
MOBa B JIOKyMEHTAIlii, Ta 3 SKHX CYTHOCTEU Oyje
CKJIQJIATUCS MPOEKT y pasi Horo peasizaiiii.

Ilin yac o3HAHOMJIIOBaHHS 3 MPOIOHOBAHOIO
iH(opMaIliero MOXHA MTi3HATUCS yXe Oarato mpo
MaTepHU Ta 3arajbHi MIXOAW IIOJAO MOOYA0BU
KpocIiaTpOPMHUX MOOUIBHUX AOAATKIB, M0oOaYH-
THU pi3HI TpUKIaAM iX pearizarii Tomjo. Maibxe Bcs
iH(popMariis — 1e mepeka3 SIKoiCh YaCTHHU KHHUTH
3 HaKJIaJaHHSM [IEBHOTO JIOCBiTy.

Yci nmiteparypHi pecypcd HOEAHYE Te, 1O Oi-
JBIICTE iH(GOpMAIl IpUTafae Ha MMOSCHEHHS IIa-
OnoHy, 1oro peainizalii Ta IPUKIAIiB caMoi pealti-
3aIii, 1 JOCHTh MaJla YacTKa TPUIMAJa€ Ha TOsC-
HEHHS CHTyalil, KOJiM, B sIKid Mipi HEOOXiAHO BU-
KOPHCTOBYBaTH 1 Yd MOTPiOHO B3arajli BHKOpPHUC-
TOBYBaTH TOHM 4M 1HIIWI NATEePH/MAXIM, Y MPOEKTI
SKOTO PO3MIpPY UM THUIY, i3 SKUM (PyHKIIOHAIOM,
OIOIKETOM, 3aMOBHUKOM.

VY pe3ynbTari OWIHKH MPOTPaMHUX MPOAYKTIB,
OpIEHTOBAaHWX HAa aHAN3 apXiTEeKTypH, HAsSBHOCTI
peatizailii maTepHiB, SKOCTI i€l peamizalii Ta BH-
KOPHCTaHHS 3aralbHONPUHHATHX MiIXOIIB Y IEB-
HOMY IIPOEKTI CTa€ 3pO3yMLJIO, IO OUTBIIICTh MPO-
TpPaMHHX aHAJIOTiB 3aliMarOThCsl TOLIYKOM MpOrpa-
MHUX TOMUWIOK, 1 JIUINE JEeKijIbKa HAJalTh (PyHK-
IIOHAJ IS TIEPEBIPKU apXiTEeKTYPHOI CKIIaI0BOI Ta
€ TUIaTHUMU. J{OCHUTh 4acTo aHali3 apXiTeKTypHu He
ABTOMAaTH30BaHO.

JlocuTh BaXKO 3 YIIEBHEHICTIO CKa3aTH, IIO
aHamizaTop OyayTh BUKOPHCTOBYBAaTH B HEBEJIMKHX
KOMITaHisIX 1 B HEBEIIMKUX MPOEKTax, 060 3 QiHaH-
COBOI TOYKH 30pYy IIe JOPOTHi MpoIec, a Oe3KOII-
TOBHI Bepcii SABISAIOTH COOOK HENOCTATHINH HaOip
¢yHKLIH Ta oOMekeHi B 4aci BUKOpuUcTaHHS. Kpim
TOTO, yC1 BUSBJICHI MPOOJIEMHU € MOXKIUBUMH, a HE
touHuMmu. Lle cBigumTH Mpo Te, mo Iel IHCTPY-
MEHT He TapaHTy€e TOYHO, YH € I TOMHUJIKA B KOJi
HacmpaBli NPOOJIIEMOI0, TOMY 4YacTO pe3yJbTar
aHaJNi3y KOy € TOMUIIKOBHM.

[lepeBaramu cTaTUYHOTO aHAII3Yy KOAY € BiACY-
THICTh MOTPEOM B aCTPOHOMIYHHMX MPOTOHAX IPO-
rpam 3a pi3HUX YMOB (YHKI[IOHYBaHHS Ta MOKJIHU-
BiCTh JOMOTTHCS OLIBIIIOI MipH aBTOMAaTH3aIll Te-
peBipoK Ha HasBHICTH JedekTiB mporpam 3a ix
KOHCTPYKTHBHUMH O3HaKamu [1].

Meta

OCHOBHOIO METOIO IIi€i CTATTi € CTBOPCHHS Me-
TOJAWKH, 3a JOIOMOrOI0 SIKOI MO)KHA BHKOHATH
aHaN;i3 MiIXOAIB 0 PO3pOOKH 3 HaaMipHUM abo
HEJOCTaTHIM BHUKOPHCTAHHSAM TPUHIIMITB 1 m1ad-
JIOHIB TIPOEKTYBaHHSA, a TaKOX MpoaHalli3yBaTh
pe3yiIbTaTH KiHIIEBOTO MPOAYKTY, KpocIiaThopm-
HOT'O MPOTPAMHOr0 3a0e3MeYCHHS JJIs Omepalliii-
aux cucteM 10S ta Android, iX BIIMB Ha CKIaj-
HICTh PO3YMIHHA pealizalii, icHyBaHHs, QyHKIIiO-
HYBaHHSI, MIATPUMKY Ta PO3UIMPESHHS MOXKIHUBOC-
Tell MPOrpaMHOr0 TMPOAYKTY 3 TOYKH 30Dy
pO3pOOHHUKa.

JocmipkeHHsT TIPOBEICHO B paMKax Maricrep-
cbKOi poboTH [5].

MeTtoauka

3amadero eKCIepUMEHTAIBHOTO METOAY IOCIi-
JOKEHHS € JOBeeHHS a00 CHpOCTYBaHHS TilOTE3U
npo Te, IO apXiTeKTypa KpocmiaT(GopMHOro ao-
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TaTKy, AKa po3pobiieHa 3 HaJAMIpHUM 3aCTOCYBaH-
HAM TaTepHIB 1 3arabHONPUHHATHX IIiIXOMIB
MPOEKTYBAaHHS, Ma€ HE MEHII HETaTHUBHI HACIIiIKH
LIOAO MIATPUMKH, PO3LIMPEHHS, IOBTOPHOIO BU-
KOPHCTaHHS OKPEMHX MOJYIIIB, BapTOCTI MOOLIb-
HOTO JOJATKy, HDK apXiTekTypa, po3polieHa
3 HEXTYBaHHSM HEOOXiAHUX MaTepHIB 1 MPUHIHITIB
IIPOEKTYBAHHS.

[lix yac po3poOKM AITOPUTMY BHUKOPHCTOBY-
I0Th TEHJACHIII, METOAWKH, METOAM Ta MiAXOIH
B CyKyIHOCTi. Buxonsuu 3 Toro, 1o 1sis JoBeAeH-
HS 9 CIPOCTYBaHHS TiOTE3W HEOOXITHO PO3pO-
OWUTH aNTOpUTM IS aHaji3y apXiTeKTypH mporpa-
MHOT'0 3a0€3MeUeHHs, CIIiJ] IPUALIUTH yBary HasB-
HUM METOAAM 1 Migxonam.

AHani3 apxiTeKTypu J0JaTKiB — KPUTHYHO Ba-
KIIMBA 3a/1a4a, OCKIIBKH JI03BOJISIE CKOPOTHTH BU-
TpaTy Ha BUIPABJICHHS NOMMJIOK, SIKOMOTa paHile
BUSIBUTH Ta BHUIIPABUTH MOXJIMBI Ipobiemu. AHa-
73 apXiTEeKTYpH BHKOHYIOTH YacTO MICIsS 3aBep-
IIIEHHS] OCHOBHUX €TalliB MPOEKTY Ta y BiANOBiIb
Ha iICTOTHI 3MiHU B apXiTEKTypi.

Xoua apxiTeKTypa MporpaMHOro 3abe3nedeHHs
€ JIOCUTh TOIIUPEHOI0 TEMOI JOCHiKEHHS
B OCTaHHI POKH, HEJOCTATHHO YBArd MPHUILICHO
METOAaM OLIHKU apXiTekTypu. OIIHUTH apXiTeK-
TypY CKJIaJHO 3 IBOX OCHOBHHX MPHYUH:

1) He icHye CHiIBHOT MOBH ISl OMUCY Pi3HUX
apXITEKTYP;

2) HEMa€ YiTKOro CIoco0y pO3yMiHHS apXiTeK-
Typu IIOAO NPoOJEeM SKOCTI MpOrpaMHOro 3abes3-
MEYEHHs, TAKUX SIK PEMOHTONPHIATHICTh, IEPEHO-
CUMICTh, MOJIYJBHICTb, MOXJHMBICTH MOBTOPHOI'O
BUKOPHUCTAHHS TOIIIO.

OcHoBHa 3a3/1a4a aHaJi3y apXiTEeKTypHd — MiAT-
BEpJUKEHHS BiAMOBIIHOCTI 0a30BOT apXiTEKTypH Ta
il MOXKJIMBHMX BapiaHTIB, @ TAKOXK MEPEBIpPKa BiJlO-
BiJTHOCTI 3aIpOTIOHOBAHUX TEXHIYHHUX DillleHb (Y-
HKLIOHATbHUM BHMOTaM Ta IapaMeTpaM SKOCTI.
Kpim Toro, aHaniz gonomMarae BHSIBUTH MPOOJIEMHU
i obusacTi, siKi MOTPeOYIOTh BHUIpaBlieHb a00 J0-
ompariroBanb [1].

OriHKka Ha OCHOBI CIICHApIiB — 1€ MOTYXHHI
METOJI aHaji3y Au3aiiHy apXiTeKTypH. 3a TaKoro
OLIIHIOBAaHHSI OCHOBHY yBary CHpSMOBAaHO Ha Hai-
Ba)XKJIMBIII 3 TOYKW 30py Oi3Hecy cueHapii, a Ta-
KOX Ha Ti, 110 MalOTh BEJIMKHIA BIUIMB Ha apXiTeK-
Typy. Po3rissHemo Tumnosi metoan [1].

Merton aHamizy apxiTeKTypH MPOrpPaMHOTrO 3a-
Oesmeuennss SAAM  (Software  Architecture
Analysis Method) BukOpUCTOBYIOTH Ui BH3HA-
YeHHSI TOTO, K OYyJH MOCATHYTI KOHKpPETHI aTpH-
OyTH SIKOCTI TIpOTpaMH Ta SIK MOXIIMBI 3MiHH
B MaiiOyTHbOMY BIUTMHYTHh Ha aTpUOYTH SKOCTI Ha
OCHOBI TINOTETHUYHUX CUTYyaIlliid. 3arajibHi aTpuoy-
TH SIKOCTI, SIKI MOYKHa BUKOPUCTOBYBAaTH 3a JOIO-
MOTOI0 IIbOTO METOAY, BKJIIOYAIOTh MOXKIIUBICTb
Moaudikaiii, HaZiHHICTb, MEPEHOCUMICT 1 PO3-
muproBanicTs [1, 4].

Merton aHamizy apxiTeKTypH MPOrpaMHOrO 3a-
Oe3neueHHs SAAM MoOKHA 3aCTOCYBATH IS JIBOX
PI3HUX aHaNi31B: JJIsI MOPiBHIHHSA ABOX ab0 Oijbie
BapiaHTiB Mu3aiiHy, MO0 3pO3yMITH, SIKUH 13 HHUX
BIJINIOBi/Ia€ BUMOTaM JI0 SIKOCTI Kpallle; JUIs OI[iHKH
u3aiiHy, 00 BUSBUTH MICIsI, ¢ apXiTeKTypa He
BITIOBia€ BUMOTaM 0 SKOCTi [4].

ATtpubyt «MoxnuBicTh Moamdikarii mporpa-
mu» (anri. Application Modifiability) Bkasye Ha
T€, HACKUIBKM JIETKO MOXKHA 3MIHUTH CHCTEMY
B MaiOytHpoMy. [lms Ttoro mo6 SAAM MoxHa
OyJo HaJIe)KHUM YMHOM 3aCTOCYBAaTH JUISl TIepeBip-
K{ 1IbOTO aTpuOyTa, HEOOX1THO CTBOPUTH KOHKpeE-
THI TIMOTETUYHI NMpHUKIanu. Takumu € 3aMiHa Mo-
IyJIst A7Isl OTLJIaTH MPOAYKTIB ab0 JAojaBaHHs J0/a-
TKOBOT'O BHJly IUIATEKy B MOOUTBHOMY IOIATKY,
IO HaJa€ 3MOTy IPOBOAUTH IIOKYIIKH OHJIAKH.
CyTb 1pOro arpuOyTy SIKOCTI Ma€ CIiIbHI pUCH
3 npunatmnamu SOLID [4].

ATtpubyt sixocti «HapiiiHicTh 3acTOCYBaHHS»
(arrn. Application Robustness) cTrocyerbes 10 TO-
ro, SK MporpaMa CIPABISETHCS 3 HECHOAIBaHUMHU
nporecamH.

Atpubyt sikocti «llepeHocHMicTh Tiporpamm»
(anrn. Application Portability) cTrocyeTscs 10 mpo-
CTOTH TIEPEHECEHHS MPOrpaMu JJIsl 3alyCKy B HO-
Bili omepamiiiHii cucTeMi abo0 Ha HOBOMY TIpH-
ctpoi. Hanpuknan, mabarato mpocTime 3MiHHTH
BeOcaliT ASP.net, mo6 BiH OyB JOCTYHHHUM JUIsI
Windows, Mac, IPhone, Android mopiBusHO 3 Ha-
CTUIBHOIO TpOrpaMoro, HammcaHoro VB.net, Tomy
o 3Hago0miIocs O TpoBecTH HabaraTo Oiiblie
pobotu, mo6 JOBECTH IpOTrpamy 0 CTaHy, KOJH ii
MOKHa OyZe BHUKOPHCTOBYBaTH Ha Pi3HHMX ILIAT-
¢dopmax. Lleit aTpubyT AKOCTI MOBUHEH OyTH OLIi-
HEHHH Ha OCHOBI KOXKHOTO HOBOTO CEpPEJIOBHIIA,
JUISL SIKOTO TIPOBEJICHO MIOTETUYHE TOCIIIKEHHS.
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Oco0mmBOi yBaru moTpedyoTh:
— TUTaHHA IOPTaTHBHOCTI,
amaparHi 3aJIeKHOCTI;

— 3aJICKHOCTI OTEPAIiHOT CHCTEMU;

— 3aJICKHICTH BiJ] IDKepela JaHuX;

— 3aJIeKHICTB BiJ IOCTYIy 10 Mepexi [1].

ATpuOyT sKOCTI «PO3MUPIOBaHICTh MPOrpamMm»
(amrn. Application Extensibility) crocyerbes mpoc-
TOTU J0AaBaHHS HOBUX (DYHKIIH IO HAsiBHOI MpO-
rpamu 0e3 BIUIMBY Ha HasBHY (YHKIIOHAJIBHICTB.
AcmeKxTy, 10 BIUIMBAIOTh Ha Iel aTpuOyT SIKOCTI, —
LI€ HasIBHICTh XKOPCTKO 3aKOJOBAaHUX 3MIHHHX, Ha-
SBHICTh JOKYMEHTallii MPOTPaMHOr0 MPOAYKTY,
BukopucTanHs npuauumis SOLID [1].

Merton aHamizy apXiTeKTypHHUX KOMIIPOMICIB
ATAM (anrn. Architecture Tradeoff Analysis) —
e oOMpanboBaHa Ta ToimiieHa Bepcis SAAM,
sIKa JIO3BOJIAE TEPErIsAaTh apXiTeKTYPHI pillleHHS
II0JI0 BUMOT TIapaMeTPiB SAKOCTI Ta TOTO, HACKLIb-
Ku 100pe I pillleHHS BiJNOBiJal0OTh KOHKPETHUM
LiTbOBUM MOKa3HUKaM sIKoCTi. ATAM e Hail6inbIn
KOPHCHHUM, KO BHKOPHCTOBYEThCS Ha paHHIX
eTanax XXHTTEBOTO IUKIY MPOrpaMHOro 3abesrie-
YeHHS, KO BapTiCTh 3MiH B apXiTEKTypi € MiHi-
ManbHOI. CxeMaTH4He 300pa)KeHHs IBOTO METO-
Iy mokasaHo Ha puc. 1 [1, 15].

Architecture Trade off Analysis Method

Business Quality ; <.

Diivers Attributes S g )

( Analysis J

Software Architectural Architectural] 4

Architecture Approaches Decisions | N
npach
Distilied IO
L Risks |

Puc. 1. Cxema MeToy aHallizy apXiTeKTypHHUX
KOMITPOMICIB

Fig. 1. Scheme of the method of architectural compro-
mise analysis

[lepeBaru BUKOpUCTAaHHS METOMly aHaNi3y apxi-
TEKTYPHUX KOMITPOMICIB:

— BHSBJICHHSI PH3HKIB Ha IOYATKY »XHTTEBOTO
UKITY;

— HasBHICTb KOHKPETHUX BHMOT JIO0 aTpUOYTiB
SIKOCTI,

— TIOJITIIIEHa apXIiTeKTypHa JOKYMEHTAIIIs;

— JIOKYMEHTOBaHA OCHOBa AapXiTEKTYpHHUX Pi-
LICHB.

[Tportec ATAM ckmagaeTsest 31 300py 3arfikaB-
JICHUX CTOpPIH AJIs aHam3y Oi3Hec-npaiiBepiB ((hyH-
KI[IOHAJILHICTh CHCTEMHU, IIJIEH, 0OMeXKeHb, Oaka-
HUX He()YHKI[IOHAJTHHUX BIIACTUBOCTEH) 1 BHIIY-
YeHHs 3 IUX ApaiBepiB aTpuOyTIiB SKOCTI, AKi BU-
KOPUCTOBYIOTh JJIsl CTBOpeHHs cueHapiiB. Lli
cueHapii MOTIM BHUKOPUCTOBYIOTh Yy TMO€AHAHHI
3 apXiTeKTYpHHUMH MiIXOJaMH Ta apXiTeKTYpPHUMHU
pilIEHHSIMU 71l CTBOPEHHS aHaji3y KOMIPOMICIB,
TOYOK YYTJIMBOCTI Ta pPU3UKIB (a00 HE-PU3HKIB).
Le#t anamiz MOXKHA TIEPETBOPUTH HA TEMH PU3UKY
Ta X BIUIMB, IICIIS YOTO INPOIEC MOYKHA TIOBTOPH-
TH. [3 KOXXKHHAM LUKIIOM IpOIEC aHallizy Mepexo-
JIUTH BiJ OUIBII 3arajbHOTO JI0 01BNl KOHKPETHO-
ro, BUBYAIOYH MUTAHHA, SKi OyJH BUSBJICHI B TI0O-
MepeAHbOMY UK, 10 THX Tip, MOKH apXiTeKTypa
He OyJe TOYHO HajalToBaHa i He OyAyThb PO3Tis-
HyTi TeMu pu3uKy [12].

Merton anamizy penrabemsHocti CBAM (anrm.
Cost Benefit Analysis Method) ocHoBHY yBary
TIPHUJIIJISE aHAJi3y BUTPAT, BUTOJ[ Ta TUIAHYBaHHS
HACJIJIKiB apXiTeKTypHUX PIllIEHb.

J’emf,@&\
y
Busness

Architect
ings H rchitecture | Benett/
Modifiability = \ /
Usability Y

- =

\ Cost / .

\ / .

Puc. 2. Cxiragosi MeTony aHami3y peHTaOeIbHOCTI

Fig. 2. Components of the method
of profitability analysis

Merton ouiHku cimeiictBa apxitrektryp FAAM
(aurn. Family Architecture Assessment Method)
OIIHIOE apXITeKTypHu ciMelcTBa iH(pOpMaIitHIX
CHUCTEM IIOJ0 MOXKJIMBOCTI B3a€EMOJii Ta pO3IIH-
proBanocri [1].

AHani3 monu(ikoBaHOCTI JHINE HAa PiBHI apXi-
tektypu ALMA  (amrm.  Architecture Level
Modifiability Analysis) omiHO€ MOINU(IKOBAHICT
apXiTEeKTypH Ui CHCTEM Oi3Hec-aHANITHKH (aHTIL
business information systems, BIS) [1].

st hopmasizarii 3amayi Oyia po3pobiieHa Jii-
arpama BapiaHTiB BHUKOPUCTaHHS, Ha SKill Bijo-
OpakeHO MOXJIMBI BapiaHTH BHKOPHUCTAaHHS CHC-
TEMH aKTOpPOM, L0 NPEACTaBIIsiE KOPHUCTYyBaya.
BapiaHTH BHKOpUCTaHHS CHUCTEMHU IIOKa3aHi Ha
puc. 3.
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Puc. 3. Cxema BapiaHTIB BUKOPHCTAaHHS
Fig. 3. Scheme of variants of use

[1ig yac mpoeKTyBaHHS IHCTPYMEHTAJILHOTO 3a-
Oe3medeHHs Oyno BUKOpHCTaHO mabion MVVM —
«Mogenb — BUIIISIA — CTOCYEThCS Mojaenb BUIIIS-
ay» (anria. Model-View-ViewModel), siki Bukopu-
CTOBYIOTh UIS PO3MOALTY apXiTeKTypH HpOrpam-
Horo 3a0esmeuenns «Static architecture analyzer»
Ha Tpu piBHI. CxeMy po3moniiay 300paxxeHO Ha
puc. 4.

Binding Requests

Ul actions and
commands handling
ViewModel

Analyzer's user inferface
View

Analyzer's business logic
Model

b == e rmm ANNRRANS
Motifications Motifications

Puc. 4. Cxema apxitektypu «Static architecture
analyzer» 3a matepaom MVVM

Fig. 4. Static architecture analyzer scheme
according to the MVVVM pattern

Posmonin apxiTekTypu Ha TpH PiBHI JO3BOJISE
BU3HAYUTH OOOB’SI3KM KOXKHOTO MOAYJIS, HAJIae
MOJKJIMBICTDh TapajieNIbHOT PO3POOKH MOJYIIiB He-
3aJI€KHO OIWH BiJl OJHOTO, a TaKOX IOJIETLIy€E
MPOIIEC TECTYBaHHS, 00 KOXEH i3 MOJIYIIB MOXe
OyTH MPOTECTOBAaHO OKPEMO OJWH Bifl OJHOTO.
VY cBoro uepry moayni matepsy MVVM wicTaTh
byHKIioHaTBHICTE 32 THIOM «Momens» (Model)
Moy 3a TakUM THUTIOM IIPEJCTaBISIOTH Oi3Hec-
JIOTIKY TPOEKTY Ta MOJENI JIaHUX, SIKI BUKOPHCTO-
Bye Oi3Hec-yorika npoekTy. Lli Momemi maHux Mo-
KyTh OyTH 30epekeHi B 0a3i JaHuX, BAKOPHCTOBY-
BaTuCs Ui OOMIiHY JaHMMH MK cepBicamMu abo
MOXyTh OyTH HamaHi piBHIO ViewModel sk pe-
3yJBTaT SIKOiCh oreparlii. bi3Hec 1orika Ha piBHI —
«Mojesby HOIUISIETCSA Ha CEPBICH, SIKI € ITiaMO-
OyJAsMH 3 pealli3aili€lo IMeBHOTo (DYHKITIOHATY.
[lpuknagom ™oxke OyTH cepBic i3 peanizamii
CRUD (Create-Read-Update-Delete) — omeparriii i3

3aMIiTKaMi KOPUCTYyBaya, pe3yJIbTaTOM BHKOHAHHS
akux Oyme w™oxmens «Hotatka». VY  mabrioHi
MVVM 3anexHicTh piBHIB MiXK COOOI OJHOHAII-
paBieHa, TOOTO BIAIITOBaHA Tak, mo «Mozemb
BUTIIATY» Mae€ 3aJeXHICTh Big «Mogemni», a «Mo-
JIeNbY, Y CBOIO Yepry, HeMae 3aJIeKHOCTI BiJ KO-
Horo 3 piBHiB. Ha piBHiI «Mojens» HEAOMYCTHMO
OTHCYBaTH JIOTIKY iHTepdeicy KopucTyBaua abo
Joriky B3aemoii 3 Hum [11].

«Burnsag» (View) omucye peainizaiiro iHTep-
¢eiicy xopucryBada (amrim. User Interface). Lle
MOke OyTH CTOpiHKa MOOUTFHOTO, JECKTOMHOTO
a0o BeOIOIaTKY.

PiBenb iHTEepdeiicy KopHcTyBada 4acTo MOi-
TSEThCS HA MIAMOMAYIMI, 3aJIeXKUTh Bix piBHI «Mo-
JIeNlb BUTTISIMY», ajne He MOBHHEH peaii3oByBaTH
0i3HeC-JIOTIKY YH JIOTIKY 00 POOOTH 3 JaHUMHU
[12].

«Mopens Burisany» (anri. ViewModel) 3aiima-
€ThCsl 00pOOKOI0 KOMaHJ BijJ iHTepdercy Kopuc-
TyBada Ta 3aluTaMu A0 piBHA «Mopaensy, moo mo-
TIM OTpuMaHi JaHi Oynm BimoOpakeHI Ha piBHI
«Burnsaay. Lleli KOMIIOHEHT € MOCTOM MiXK piBHEM
npeJcTaBiIeHHs JaHuX Ta pobororo 3 HUMU. [lepe-
nmava iHndopmarttii 1o iHTepdeiicy KopucTyBada pe-
aNi3yeThCs 3aBISIKM MEXaHi3My 3B’ sI3yBaHHsI (HTJI.
Binding). Lleit piBeHb HE MOBUHEH MIiCTHTH peai-
3artii pobotu 3 manumu [10].

[lin wac po3poOKHM CTAaTUYHOTO aHami3aTopa
OyJo 3acTOCOBaHO 00 €KTHO-OPIEHTOBAHY MOBY
nporpamyBanHs C# Ta MOBY pO3MITKH ISl JOAAT-
kiB. XAML. XAML no3Bomnse po3poOHMKaM BH-
3HAYaTH iHTepQelicu KOopUcTyBaya B Iporpamax
Xamarin.Forms, BUKOPUCTOBYIOYH PO3MITKY, a HE
kox. Jlomarku Xamarin.Forms mMoxyTb OyTH po3-
pobiieHi i 6e3 3actocyBanHss XAML, ane BoHa yac-
TO € OLIBII CTUCIION 1 Bi3yaJIbHO Y3TOKEHOI0, HiXkK
ekBiBasleHTHUH kon. Ll mMoBa moOpe miaXomuTh
JUIS. BAKOPUCTAHHS 3 MOIYJISIPHUM apXiTEKTYPHUM
narepioMm MVVM (Model-View-ViewModel): 3a
noromororo XAML peanizyerbcst  View-piBeHb,
KU OB’ s13aHUH i3 KojoM piBHA ViewModel ve-
pe3 IpUB’A3KHU TaHUX.

[MpoekTyBaHHSI CHCTEMH BiOyBasoCh 32 JIOTO-
MOTOI0 CTBOPEHHS Jiarpamu KiaciB. Bzaemogis
Pi3HUX piBHIB IIOKa3aHa Ha pHC. 5.
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ViewModel Layer

Puc. 5. Bzaemonis mix piBasmu ViewModel ta View

Fig. 5. Interaction between the levels ViewModel and View

Bigkpurocti—3akputocTi (auri. Open-closed) —
(yHKITIOHAT CyTHOCTEW MPOTpaMH MOXKE PO3IIH-
ploBaTH 3aBISKH MONiMOp(di3My, ane Mmo4YaTKoBi
CYTHOCTI 3alMIIAIOThCs HEe3MiHHUMH. L[pomy
cupuste Takuit OOI-puHIHM, K momiMopdizm.

[lincranoBka bapOapu JlickoB (anrm. Liskov
substitution) — y cripoekToBaniii apxiTekTypi craj-
KoeMIIi 0a30B0i MOJIei MOXKYTh OyTH BUKOPHCTaHI
3aMicTh 0a30BOi, 1 MPAaBHIBHICTP BUKOHAHHS TIPO-
rpamMy TIpY ILOMY He mocTpaxjaae. [IpuHnun mpo-
crotu (KISS) — po3pobiieni Mmoayii Ta cam Ipo-
rpaMHUI JT0JJATOK MaKCHMAaJbHO HPOCTO peaizo-
BaHI, HE TMEPEeBAHTAXEHI HENOTPIOHUMU apXiTeK-
TypHHMH PIlICHHSAMH Ta QYHKIIOHATIOM.

AOcCTpakiis Ta iHKaICyslis — IPUHIUIH, SIKi
MaloTh iTH B Tapi OJUH 3 OJHUM, 0O JuIIe B mapi
BOHHM TapaHTYIOTh BIUIUICHHS JeTalel peasizarii
BiJ iHTepdelicy meBHOTO MOIynsi. 3aBASKH UM
MIPUHIIAIIAM TIPOTPaMHi iHTepdeicu cepBiciB He
HECYTh HiSKHMX JIeTalleil po Te, SIK BOHU peai3o-
BaHI Ha TOMY DiBHI, Ha SIKOMY IIi iHTepdeiicu BuU-
KOPHUCTOBYIOThCA. [HTEpdelic KOXKHOTO i3 cepBiciB
JIUIIIE CBIAYUTH MPO T€, IO BiH POOWTH, 1 HIYOTO
npo Te, SK.

[MomimMopdizm — 3aBasiku HWOMy OJHI MoOzemi
IporpaMy PO3LIMPIOIOTh (PYHKIIOHAJ iHIIMX MO-
JeNield, TUM caMHUM CTBOPIOIOYH JIEKiJIbKA peatiza-
il omHOTO iHTEpdeicy 0aThKIBCLKOTO Kiacy, Ta

JIO3BOJIAIOTH IIiJl Yac OMHUCY 3aJIe)KHOCTEH M MO-
IOyJssMH a0CTparyBaTUCs 3aBISKH BUKOPHUCTAHHIO
0a30B0i Mozeni — CyIepkiacy, 3aMiCTh BHKOPHC-
TaHHS KOHKpeTHOI [9].

Ha 6a3i po3rnsHyTHX METO[iB OYJI0 CHpPOEKTO-
BaHO Ta PEaTi30BaHO CTATHYHHUI aHANi3aTop, SKAN
OpIEHTOBAaHO Ha OTPAIIOBAHHS APXiTEKTYPH B MPO-
rpaMHHUX 3ac00ax pi3HOTro po3Mmipy Ta tumy. Jlus
CTBOPEHHS MPOrPaMHOTO TPOAYKTY OYJIO BHKOPH-
CTaHO JHIe HeoOXiaHl mabloHM Ta IMiJAXOLU
MPOEKTYBAHHS, IO JO3BOJWIO pealizyBaTu HeoO-
Xigauid (QyHKIIOHAN, HE YCKJIAIHUTH CHCTEMY Ta
rapaHTyBaTH JIETKY MiATPUMKY, TECTyBaHHS W po-
3MIUPEHHS (QYHKIIOHATY 32 HEOOXIIHOCTI.

Pe3yabTaru

HeBin’eMHOIO YacTHHOIO OY/Ab-SKOTO €KCIepH-
MEHTY € €Tall IiJrOTOBKU JaHHX, SKI BUKOPUCTO-
BYIOTh BIJIOBIJHO JO MPEIMETHOI Tramy3i Jo-
crimkeHHs. Y Hamiii poOoTi BXiIHUMH JaHUMU
€ Hallp MpOEKTIB peaiizaiii JCSIKUX KPOCILIaT-
(OpPMHUX TIPOrpaMHHX TPOJYKTIB JUIsl OIepaiid-
Hux cucteM Android Ta i10S. Ilpukian cTpykrypu
OJIHOTO 3 TPOEKTIB HaBEACHO Ha puc. 6. DakTuy-
HUH po3Mip S KOKHOTO MPOEKTY Ha eTari aHaizy
ouineHo 3rizHo 3 Mogemmo COCOMO B psakax
koxy KLOC.
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PosMmip mpoekTiB, 1m0 OyAyTh BHKOPHUCTaHI K
BXIJTHI JaHi 7151 €KCITIEPUMEHTIB:

1) KLOC mneprioro mpoekty aopiBHioe 4 270
PAIKIB,;

2) KLOC apyroro cranoButh 3 710 psizkis;

3) KLOC tpetboro — 3 674 psaku;

4) KLOC yetseproro cknamae 2 425;

5) KLOC uetseproro — 4 303.

VYci BoHH peanizoBaHi 00’ €KTHO-OPiIEHTOBAHOIO
MOBO mporpamyBaHHs C# Ta 3 BUKOPHCTaHHSIM
¢peiimBopky Xamarin.Forms, mo mae HeoOXin-
HICTB peanizyBatu narepH MVVM.

[ Solution

v [&| AnalyzibleProject1

¥ [T] AnalyzibleProject1

» Bl Dependencies
* [l Behaviors
> [ Controls
»> [ Enums
» B Extensions
> [ Helpers
*> [ Models
» B Recources
> [ Services
> [ ViewModels
> [ Views
App.xaml.cs
Constants.cs
[ Settings.cs
» [7] AnalyzibleProject1.Android
» [7] AnalyzibleProject1.i0S

Puc. 6. Tumnosa cTpykTypa IpPOEKTY, 1[0 BUKOPUCTO-
BYETHCS SIK BXIJHI JaHi

Fig. 6. Typical project structure used as input data

CyTh TIpOBEJEHHS EKCIEPUMEHTY TOJsrae
B aHaNi3l apXiTeKTypH Pi3HUX KpPOCILIATPOPMHHX
MPOEKTIB 32 JJOIIOMOT'OI0 CTaTWYHOTO aHaji3aropa
KOJY 3 BHUKOPHUCTAHHSM ITiIIOTOBJICHUX BXIJHHX
JIAHUX Ta TOJAJIBIITNM aHAJTi30M PE3yJIbTaTIB I[bOTO
eKxcriepuMeHTy. [IpoBeieHHsI eKCIIepUMEHTY CKJla-
IAETHCS 3 TAKUX il

1) 3amyck ctarmgHOTO aHamizaTopa (puc. 7);

2) BKa3aHHS AUPEKTOPIl MPOEKTY, MO MOTPiOHO
NpOaHali3yBaTH;

3) mpoBEJCHHS JIONATKOBOTO HAaJAITyBaHHS
aHalizaropa,

4) meperysi pe3yabTaTiB aHAII3y apXiTeKTypH
npoexTty (puc. 8).

OckinbkH pe3ynbTaTaMu aHamizy € daim 3 oc-
HOBHUMH 1 JOAATKOBUMHM JaHMMH, & TAKOXK Bi3ya-
JbHE 1X TPEACTaBJICHHS, TO PE3yJbTAaTH IMEPIIOro
Ta BCIX HACTYIHUX €KCIICPUMEHTIB Oye mpeacTa-
BJICHO Ha PHUCYHKax Ta Yy BUIJISAI JBOX TaOJMIb
3 OCHOBHUMH pe3yJbTaTaMH aHali3y W J0JaTKo-
BUMH.

Xamarin [ Met

App type
Fortable project directory

MVP [Minimum Vaiable Product)
App size Small
Time to develop

App budget ($)

to & months
60000

Dl implementation
Analyze loC implementation
Save in a result file

Puc. 7. EkpanHa (hopMa cTaTHYHOTO aHaNi3aTOpa

Fig. 7. Screen form of the static analyzer

Puc. 8. Ileperusn pe3ynbrariB aHamizy apxiTeKTypu

Fig. 8. Review of the architecture analysis results

VY npejcraBieHH POEKTAX, 13 3aCTOCYBAHHIM
pO3po0IIEHOr0  OAATKy, OTPHMAHO pEe3yJIbTaTH
JTOCITI/PKEHHST HACIIJIKIB BUKOPHCTaHHS TaTepHIB
1 3araJbHONPUHHATHX MiJXOJIB Y MOOYAOBI apxi-
TEKTypH KpocruiarGopMHUX goxaaTkis s Android
1 10S. VpaxoByroun TO# (akT, 10 TATEPHIB MPOE-
KTyBaHHS ICHY€ BENIMKa KiIbKICTh, aHaJi3 pe3ylib-
TaTiB MW TPOBENH, 0a3ylOuuCh Ha pe3yibTaTax
peaiizamii narepaa MVVM, sikuii € oqHUM 13 Haii-
MOUIMPEHIIINX MaTepHIB Mia Yac moOyaoBU MOOi-
JIbHUX JOJATKIB. Y XOJHi aHali3y MU 3HEXTYBaJlU
¢aitnamu 3 0a30BOIO peaiizalli€lo JOTIKH iHTep-
¢eiicy kopuctyBaua abo 0a30BOIO pealizali€ro
1BOro iHTEepdeiicy, 00 1 (ailii B 1IIOMY HE MO-
KYTb 3aJICKATH OJMH BiJl OJJHOTO.
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I3 pesymprariB ekcrepuMeHTy, NI SK BXiTHI
nani Buctynas HaiMeHmmi mpoekT i3 KLOCK, mo
JopiBHIOE 2 425 psiKiB KOOy, MOKHA 3pOOUTH BU-
CHOBKH, IIIO 32 HASBHOCTI TPhOX (paifimiB iHTEpdEii-
Cy KOpHCTyBada Ta TPhOX (DailJiB JIOTIKH iHTEp-
¢eiicy KopuUCTyBaua TMPOEKT peanizye MNaTepH
MVVM Ha 100 %, a daiiniB, 1110 HE BUKOPUCTO-
BYIOTBCSI, y3arajli Hemae. BigzHaumMo 1o CcKiaj-
HICTh HIATPUMKH a00 PO3IMIMPEHHS IIOTO MPOEKTY
HU3bKa, & OTXKeE, 1 BAPTICTh MPOIIECY TEXK HE IMepe-
BHUIIy€ pO3yMHI MoKa3HUKHU. [Ipore peamizaris na-
TepHa 3aiitmMae t Toj, o 3ayIeXkaTh Bia KBamidikaril
pO3po0OHMKa, a y pa3i HEXTyBaHHS HoOro peasizarii
yac Ha PO3pOOKYy TMPOEKTY 3MEHIIYEThCS HA Ti
K cami { roJ, 1110 TIEBHOIO MipOFO 3HIDKYE HOTO Bap-
Ticth. Ta HacmpaBii IiHA TPOEKTY JIUILIE 3POCTE
4yepe3 Te, IO Mpoliec MIATPUMKH CTaHe Habarato
CKJIaHIIIUM 13 IDIMHOM 4Yacy, SKIIO MPOTPaMHUN
NPOAYKT IUIAHYIOTH PO3BHBAaTH B MaiOYyTHBOMY.
CraHeThCs 11e TOMY, IO 31 3pOCTaHHSIM KUIBKOCTI
CYTHOCTEH TporpaMHHiA Kox Oy/e YCKIIaTHIOBaTH-
csl, y pe3ynbpTari Moaylni Oyme Mmaike HEMOXKIIHBO
MIPOTECTYBATH 200 PO3IIMPHUTH HE3AJICIKHO OJIUH BiJl
OJTHOTO. 3pOCTaHHS KiJBKOCTI MOMHUJIOK 3aBaXKaTH-
Me peaizamii HoBoro (hyHKIIIOHaITy, a BapTiCTh 30i-
JIBITYBAaTUMETHCSI 3 KOYKHOIO HOBOIO 32/1a4€HO.

3a pe3yibTaTaMd EKCIICPHUMEHTIB, Ul SKUX
Oy BUKOPWCTaHI MPOEKTH CEPETHBOTO PO3MIPY
3 KLOCK, mo nopiBHtoe piaum 3 710 Ta 3 674
PSIKHM BUJHO IO B JPYrOMY MPOEKTI MaTepH pea-
nizoBano npubimmsHo Ha 80-90 %, 00 mesiki 3 daii-
niB iHTEpdeiicy Ta oriku iHTepdency KopucTyBa-
ya He 3B’sA3aHI MK co00I0 3a MEXaHi3MOM
npuB’si3ku.  Tperii TpoekT peamizye mabiIoH
MVVM 1a 100 %. Sk i B nonepeaHsOMY BUNIAJIKY,
TaKW{ BIJICOTOK Ja€ TapaHTil0 TOTO, IO CKIaj-
HICTh MiITPUMKH MPOJYKTY Ta HOTO BapTiCTh Oyie
HEBEJIMKOIO HaBiTh Y pa3i poCTy IPOEKTY.

3 aHamizy pe3ynbTaTiB MEpPHIOr0 Ta II SITOrO
EKCIICPUMEHTIB, JIe BXIJIHUMH JJAHUMH OYyJIU MPOE-
KTH HaiOLIBIIOro po3Mipy 3 TIOKa3HUKaMH
KLOCK 4720 ta 4303 psaku BUXiIHOTO KOIY,
BUHO, 11O JJISl TIEPIIOrO MPOEKTY natepH MVVM
peanizoBano npuoauzHo Ha 0 %, ToO6TO HE peari-
30BaHO B3araji. I3 pe3ynbTariB monepenHix excre-
PUMEHTIB BiJlpa3y cTa€ 3p03yMiJIO, IO CKJIAJHICTh
PO3MIMPEHHS Ta MIATPUMKH IHOTO MPOTPaMHOTO
NpoAyKTY Oyae JOCUTh IIBUAKO 3pOCTATH, 301Jib-
LIYIOYM BapTiCTh Po3poOku. SKIIo HEe NpoBeCTH

pehakTOpHHT, TO IIe MOXKE 3aBIaTH BEIMKHAX 30UT-
KiB a00 HABITh CIPUYUHUATH MIPOBAI iz1ei Ta poOOTH
KoMIaHii. Y BHMAJAKy 3 I’ATUM NPOEKTOM MaTEepH
peamizoBano Ha 100 %, MO Ha TEPHIINI TOTIIST
CIIPOIIy€ eTary TECTYBaHHS, IMIATPHUMKH Ta PO3-
mMpeHHs1 (YHKLIOHATY MNpPOTrPaMHOrO JOAATKY.
AJe 3 po3MipiB MPOEKTY Ta MOKIMBOTO HOTO poc-
Ty B MaifOyTHbOMY HEBaXXKO 3PO3YMITH, IO 1 KiJTb-
KicTh cyTHocTeil 3poctatume. Lleit daxt Oyzae
YCKJIQJAHIOBATH TIPOLIEC PO3POOKH, aJKe CyTHOCTI
B IIPOEKTI YTBOPIOIOTH Tpad 3aIeKHOCTEN OHA Bifl
ONHOI, 1 YMM BiH OUTBIININ, THM CKJIQIHIIIE PO3pPO-
OHMKY TpUMAaTH HOro B mam’sTi mig 4yac poOOTH
Haja npoektoMm. lloHaliMeHe e npusseae Ao Oi-
JBIIMX YaCOBUX BHUTpPAT. TakoX IIe MOXKE CTaTH
OCHOBOIO JIIsl MaiOyTHIX MOMHJIOK Ha eTami po3-
poOKH IpOrpaMHOro 3aco0y.

Ha mpaktumi Benmmki MpPOEKTH peani3yloTh HE
onvH matepH abo apXiTeKTypHHH Miaxin, mo 30i-
JIBIIYE CKJIAQMHICTh HA BCIX eTamax po3pOOKH.
3 oTpuMaHUX pPE3yNbTATIB BUIUIMBAIOTH TaKi TeH-
JeHLIi:

— 3MCHIICHHS BapTOCTI MPOAYKTY IUIIXOM
3MEHIICHHS HEOOXIJHOTO 4Yacy Ha MOro po3poOKy
3a paXyHOK HEXTYBaHHS IaTEPHAMH IIPOEKTYBAHHS
— HacmpaB[i Juie iUMo3ia. Y MaiOyTHROMY CKJia-
JTHICTH po3poOKku Oyne 301TbIIyBaTUCS B T€OMET-
puuHIA Tporpecii, mo, 06e3 CyMHIBy BIUIMHE Ha
HOTro BapTICTh B TipIITy CTOPOHY;

— 3MCHIICHHS BapTOCTi IMPOEKTY 3a paxyHOK
3MEHIIIEHHS HEOOXIJIHOTO Yacy Ha pO3poOKy 3a
YMOBH HEXTYBaHHS peallizalli€lo IMEeBHOTO MaTrepHa
MOJKHA JIOITyCKATH JIUIIE B TOMY pa3i, KOJH MPOEKT
Ha IUIaHYIOTh MiATPUMYBaTH Ta CYNPOBOKYBATH
B MaiiOyTHpoMy. [IpuKiagzom takoi cutyamnii Moxe
Oyt pospobka MVP—nonarky. Haifuacrimme 1e
TPAIUISIETHCS Ha MMPOEKTAX HEBEIMKOTO PO3MIpY;

— peaxizailisi MIa0JIOHIB TPOEKTYBaHHS MOXE
CIIPOIIYBAaTH TMPOIEC MiATPUMKHA IPOTPAMHOTO
3aco0y Ta yTpUMYyBaTH BapTICTh [IbOTO MPOIECY Ha
a/JIeKBaTHOMY PiBHI B MaiiOyTHbOMY;

— 30UIBIIEHHS KUTBKOCTI peali30BaHUX IaTep-
HIB Ta apXiTEeKTypHHX IiJXO/IB Yy MPOEKTI 3 YaCOM
YCKJIQJHIOE HOTO PO3YyMiHHS, CIIOBIJILHIOE pPO3p00-
Ky Ta CIYIy€ OCHOBOIO ISl MOJAJIBIIMX HOMHIIOK
y (YHKUIOHAM, [0 TaKOXX NPU3BOIUTH 10 3011b-
HIEHHS oro BaprocTi. bakaHHs MOKpaluTH apxi-
TEKTYpY 3aBISIKH IMIUIEMEHTAlli{ JOJaTKOBOTO IlIa-
0JIOHY MO>KE TIPU3BECTH JI0 HOTO MOTiPILICHHS.
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HaykoBa HOBH3HA Ta IPAKTHYHA
3HAYHUMICTh

VY poboTi BHepie CTBOPEHO METOJ Ta iHCTPY-
MEHTY U1l BH3HAUEHHS HACITIIKIB BHKOPHUCTAHHS
malJIoOHIB, 3’SCOBAaHO iXHIO KOPHCTh, HAaBEICHO
NPUKIaad BUKOPHCTAaHHA MAaTEePHIB Ta MiAXOMIB
y To0yAoBi KpocIiaTGOPMHUX 3aCTOCYHKIB Iif
gac peaqizamii MPOEKTIB pi3HOTO MacmTady Ta
3 pi3HOI0 (PYHKIIOHATBHICTIO. YTIEpIe MPOBEICHO
aHaji3 HeoOXiJHOT MipH BHKOPHUCTaHHS IIaOJOHIB
MPOEKTYBAHHA y PI3HUX 32 PO3MIpPOM Ta TMpH3HA-

BucnoBku

VY pe3ynbTari IOCTiKeHb OyI0 BUSBIEHO, IO
HE JIMIIE HEXTYBaHHS MaTepHAMM Ta 3arajbHoO-
OPUHHATAMHE  IIXOJAMH  TPOEKTYBAaHHS, —aie
i HamMipHe iX BUKOPUCTAHHS yCKIIAIHIOE PO3p00-
Ky, PO3LIMPEHHS, TIATPUMKY Ta TeCTyBaHHS IpoO-
rpaMHHX 3aco0iB. TakoxX ILie HaKIagae JOAAaTKOBE
HaBaHTAKCHHS Ha PO3POOHMKIB, IO IPHU3BOAUTH
JI0 TIOMWJIOK y KOJIi, a B CYKYIHOCTI — JI0 TOTip-
HICHHS apXiTEeKTYpH MPOEKTY Ta 301NbIICHHS HOTo
BapTOCTI.
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Research of the Use Consequences of Patterns and Common Approaches
in the Architecture Development of Cross-Platform Applications

Purpose. Nowadays, it is difficult to imagine a person who would not use a smartphone. The main direction in
creating many applications are such operating systems as iOS and Android. One of the essential stages of the life
cycle of cross-platform applications for iOS and Android is building architecture. It is important not only to be able
to build an architecture using well-known «tools», but also to understand to which extent this should be implement-
ed and what impact it will have on the software product in the future. The aim of the work is to analyze approaches
to development with excessive or insufficient use of design principles and templates, as well as analysis of the re-
sults of the final product, cross-platform software for iOS and Android operating systems. Methodology. To im-
prove the existing software, a static analyzer has been designed and implemented, which is focused on the develop-
ment of architecture in software of different sizes and types. Only the necessary templates and design approaches
which allowed implementing the necessary functionality without complicating the system and guarantee easy sup-
port, testing and extension of functionality if it is needed, were used to create the software product. Findings. Dur-
ing the experiments, it was found that when designing cross-platform software for iOS and Android operating sys-
tems, not only neglect of patterns and common design approaches, but also their excessive use complicates the de-
velopment, expansion, maintenance and testing of software. Originality. The extent and consequences of using the
design templates, the benefits and examples of using the patterns and approaches in the design of cross-platform
applications were determined. For the first time, the necessary degree of use of design templates for mobile applica-
tions of different sizes and purposes was analyzed. Practical value. The results of the work will allow the pro-
grammer to better understand the principles of designing the applications for iOS and Android operating systems, as
well as the conditions of use of the known design templates. The information obtained can be used by teachers of
higher education institutions as a means of providing practical examples and demonstrations for higher education
students in performing practical work and programmers on real commercial projects.

Keywords: pattern; cross-platform application; iOS and Android operating systems; software design; program
code analysis
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The Problem of Minimax Estimation of Functionals for Non-Stationary
Diffusion Processes

Purpose. To model the technological process of analysis of energy sources that use random interference, it is
necessary to apply special methods from the theory of minimax estimation and optimal control. The article proposes
a method for solving the problem of minimax estimation of functionalities for the systems with distributed parameters
with incomplete data for the process of neutron diffusion in a nuclear reactor. Methodology. In practice, in the study
of non-stationary controlled processes of functioning of different energy sources there are measurement errors. As
arule, the exact values of errors are unknown, and therefore the desired solution of the equations in partial derivatives
describing these processes is determined ambiguously. Therefore, it is advisable to set the task of calculating such an
optimal estimate, which would best approximate the unknown value, taking into account the known information about
the measurement errors. The best estimate can be achieved by applying a minimax approach to estimating functionals
from the solutions of the partial differential equations of parabolic type. Findings. For a mathematical model of the
neutron diffusion process in a nuclear reactor, the proposed method allows solving the problem of minimax estimation
of the functional determined during the solution of the system describing this process. Since in real conditions of
reactor operation there are always random obstacles (both in the equation describing the process and the function
observed), the method allows finding a minimax estimate of the functional. The problem is reduced to the problem of
optimal control with a given quality functionality, which is successfully solved. Originality. Using the methods of
minimax estimation and optimal control of systems with distributed parameters, the best a priori estimation of the
quality functional of the minimax estimation problem for the mathematical model of neutron diffusion in a nuclear
reactor is obtained. Practical value. The method of minimax estimation of functionalities for differential equations
of parabolic type proposed in the article allows reducing the problem to the problem of optimal control of the systems
with distributed parameters, which can be implemented in Maple package using known algorithms.

Keywords: minimax functionals estimation; neutron diffusion; optimal control theory; parabolic type problems

Introduction by differential and integro-differential equations in
partial derivatives [6, 8]. One of the stages of re-
search and optimal control of nonstationary neutron
diffusion process in nuclear reactors is the problem
of describing a mathematical model and estimating
the functional determined during the solution of the
system describing the process [2, 8]. Note that the so-
lution of the control problem of the system with dis-
tributed parameters is complicated by the fact that in
real conditions of the reactor operation random exter-
nal interference, noise, occur naturally. In this case,
the method of minimax functional estimation for par-
abolic equations is used. In [5, 6, 9], the algorithm of
minimax estimation of functionals for the parabolic
type equations is applied, which reduces the problem
to the problem of optimal control with a given quality
functional on the basis of the works.

Nowadays, the role of the theory of optimal con-
trol in solving various applied problems is con-
stantly growing. Continuous complication of the en-
ergy systems, increasing their capacity, makes it im-
portant to apply the control theory to optimize such
systems and their components. The systems pow-
ered by the nuclear power plants are of interest in
this regard [2, 4, 9].

The theory of optimal control of systems with dis-
tributed parameters [3, 4] considers the processes of
thermal conductivity and diffusion, which are used
during the analysis of various energy sources [2, 7].
Improvements of various chemical reactors, as well
as the chemical plants based on the use of atomic and
thermal energy, make the problem of optimizing the
thermal and diffusion processes, which are described
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Purpose

The main purpose of our study is to apply the
method of minimax estimation of functionals for the
parabolic type problem, which describes the process
of the neutron diffusion in a nuclear reactor and con-
struction of the best a priori estimation of the quality
functional.

Methodology

In practice, measurement errors take place dur-
ing the study of non-stationary controlled processes
of functioning of different energy sources. As a rule,
the exact values of errors are unknown, and there-
fore the desired solution of the equations in partial
derivatives describing these processes is determined
ambiguously. Therefore, it is advisable to set the
task of calculating such an optimal estimate, which
would best approximate the unknown value, taking
into account the known information about the meas-
urement errors. The best estimate can be achieved
by applying a minimax approach to estimating the
functionals from the solutions of the partial differ-
ential equations of parabolic type.

Findings

The nonstationary process of neutron diffusion
in a nuclear reactor (taking into account the delayed
neutrons of the first group) can be described by
equation [1, 3]

2 J—
a_N: Oalzl+k0 1N+
ot OX Ty
kA

o [IN(xt-t)e ™ dr+ f(xt) (1)

with boundary conditions:
N[,=0;N(xt)eL, [(—a, a),(O,oo)] )
and initial conditions:
N(x,0) =Ny (x)+ f (%), ()

where N — thermal neutrons density; k, — fast neu-
tron multiplication factor; T, — thermal neutron life-
time; k, — multiplication factor of the delayed neu-
trons of the first group; 1/ A, — lifetime of the delayed
neutrons of the first group; D, — diffusion coefficient.

Let us observe the value
y(t)=y, =j_aac(x) N (xt; )dx+n;,
j=1m 4)

where ¢(x)eL; (—a,a) —is a known function.
As for the functions f (x,t), f,(x)and n(t), which

are random interference, we assume that they be-
long to some area:

J': fo (X)dx+

GZ{f,T]: T ea m
+ f2(x,t)dxdt + ' n?
Ioj—a ( ) ;J

We should estimate the functional
L(N)= [ TOON (% T)dx, (6)

where [(x) —is a given piecewise continuous func-
tion.

We search for the estimation of the functional
(6) in the form

<1}.(5)

f(N):—_iujyj. ©)
j=1

We obtain the problem of finding the minimax
estimate [4, 5]:

minsgp‘l(N)—f(N)

‘2
U]

: (8)

Let us reduce the initial-boundary value problem
for the integro-differential equation (1) to the initial-
boundary value problem for the system of two dif-

ferential equations. To do this, let us introduce the
function

ky = .
rl(x,t)z?lj'o N (x,t—)edr, (9)
that satisfies the equation
o k
ElzT—:N(x,t)—xlrl(x,t). (10)

Then equation (1) becomes a system of differen-
tial equations
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oN 0°N k -1

=D, N f
= 8x2 T + 00 (X)) + f(xt) ”
0 k
ErlzﬁN —nh (X))
with initial conditions:
N (x,0)= Ny (x)+ fo (x);
r(x,0)= i (No (X)+ o (x)). (12)
0™

Let us introduce the designations

E* = 1'L :
TO}\‘l

f*(x,t) =[f (x,1),0];

(x,t)=[N(x1),n(x,D];

_ D, O
D, = ;
0 0
ko —1 A
T,
B=| ° (13)
LR,
T 1
0
Let us record (11) in vector form
N < N __
E:DOW-'-BN-F":’ (14)
N(x,0) =k™(No(x) + fo (x)); (15)
N[, = (16)

We have the following theorem:
The problem of minimax estimate of the func-

) " 2
tional Lrjnlnsup‘l (N)-I (N)‘ is equivalent to the
i G

problem of optimal system management:

oy 0? o'y u .
=D, —+-Bv —c(x)>U8(t-t,); (17)
ot 8x2 )12:;‘ J J
g0, =0; (18)
v T)=1(x), (19)
with a quality criterion
I(Uj):(IaaIZ*NO(x)\T/(x,O)dX) ¥
fa(lz*q_;(x,o))z dx +
jOT fa\TJZ(x,t)dxdt+iU.2, (20)
j=1
Where I_* = [I (X)!O]! \T](X!t) = [\Vl(xvt)i\VZ(Xv t)]
Let us replace the variables:
t=T-t;t=T —t’;a—q’z—@,. (21)

If we omit ' in the variable t, we obtain the fol-
lowing optimal control problem:

x)inS(T —t-t;); (22)
j=1

PO, = (23)
F(x,0)=T(x). (24)
It is necessary to minimize the function:
min 11U, 1=
a — 2
(j_ak*No(x)\T/(x,T)dx) +
. a = 2
=min I_a(k \y(x,T)) dx + . (25)

LI

m
(x,t)dxdt +> U7
=1
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Let us solve the problem of optimal control.

We search the solution of problem (22) — (24) in
the form of a Fourier series by eigenfunctions of the
corresponding Sturm-Liouville problem:

0

V0t =2 (1) X, (x);

n=1

v, =(‘” (25)
X" (x)+ p°X (x)=0;
X(a)=X(-a)=0. (26)

For Fourier coefficients, problem (22) — (24) is
recorded as an infinite number of systems of two or-
dinary differential equations:

oV, ) k1) K
—=| —Dyp;, + +—=r (t)=
at ( Opn To \Vn To n()

=C, 22U (T -t-t)); (27)
=1

or,
En = 7\’lwn - 7\‘lrn'

Let us denote the elements of the fundamental
matrix of the problem (27) by F; (t),k,m=12.
They can be obtained in the closed form. Then the

solution of the initial system (22) will have the fol-
lowing form:

V(xt) =.[aaF(x, y,0)1 (y)dy+

m

+Z(IfaF(x, yt —(T ~t; ))l_(y)dY)Uj’ (28)

=t

where F(x, y,t):Z::Xi(x)Xi(y)QDi (t)

We substitute ¢(x,t) into the functional 1[U],

calculate the variation of this functional, using the
necessary optimality conditions and obtain a system
of equations
m —
U|+ZAJUj=D,,I=1,m, (29)

=i

where the matrix [A‘j } the column of free terms
D, , the coefficients pu, (x)and py(x,t) are cal-

culated by formulas:

A, =" KNo(x)f

—a

a

F(x,y.t; ) (y)dydx+

+Iaau|2 (x)I?J‘_a F(x y.t; )T (y)dydx+

) [ ([ R (. T =t e (y) dycbeet;
Dy =" [ KNy () F(x,.T)T (y) dyebe—
[ W (K [TF(x,y. )T (y)dydx -
[T B[ R (%21 (y)dyaet
b= [ R Ny (F (vt e (y) e
iy (x) = KF(x )T (y)dy;

us (6t) = [ Ry (% y,t=(T =t (y)dy.
From the system (29) we determine the impulse

m -1
controls U, = > G, D; where G, =[I +A1j] :

1
We define functions ¥(X,t) from (28). Having

substituted the obtained values \T!(X,t)and U, in

(25), we find the best a priori estimate of the func-
tional (20).

The proposed method of minimax estimation
can be implemented on a PC using the Maple sys-
tem [1, 3, 10].

The given solution method of the problem of
minimax estimation of functionalities for the sys-
tems with distributed parameters in case of incom-
plete data will allow investigating the nonstationary
processes in modern energy systems using the the-
ory of optimal control. Since in real conditions of
reactor operation there are always random obstacles
(both in the equation describing the process and the
function observed), the method allows finding
a minimum estimate of the functional. The problem
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is reduced to the problem of optimal control with
a given quality functionality, which can be success-
fully solved.

Originality and practical value

It is shown that using the methods of optimal
control theory for parabolic problems it is possible
to solve the problem of minimax estimation of func-
tionalities for the systems with distributed parame-
ters in case of incomplete data, which simulates the
process of neutron diffusion in a nuclear reactor. The
proposed methodology allows implementing the al-
gorithm of direct finding the best a priori estimate of

the quality functional for the diffusion process in
a nuclear reactor. For specific numerical data, this
can be implemented in the Maple system.

Conclusions

This article describes the method of minimax es-
timation of functionalities in models of nonstation-
ary diffusion processes in energy systems with in-
complete data. In particular, the problem of minimax
estimation of the functional can be solved using the
methods of the optimal control theory.
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3agaya MiHIMAKCHOTO OLIHIOBAHHSA (PYHKIIOHAJIB /151 HECTALIOHAPHUX
npoueciB audysii

Merta. [Iy11 MoenIOBaHHS TEXHOJIOTIYHOTO MPOLECY aHali3y JKepel eHeprii, 0 BUKOPUCTOBYE BUIIAJKOBI Ie-
pemKoan, HeoOXiJHO 3aCTOCYBATH CIEUiadbHI METOIH 3 TEOpii MiHIMAKCHOTO OILIHIOBAHHS Ta ONTHMAJIBHOTO Kepy-
BaHHS. Y CTaTTi mepeadadeHo po3poOUTH METOANKY PO3B’s3aHHS 3a7adi MIHIMAKCHOTO OMiHIOBaHHS (HYHKIIIOHAIIB
U CUCTEM 13 PO3IIOIIICHUMH TTapaMeTpaMy 3a HeTTOBHHUX AHUX JJI mporecy audy3ii HEHTpOoHIB y ssaepHOMY pea-
ktopi. Meroauka. Ha mpakturi mix yac gociimpkeHHs HECTaIllOHAPHUX KEPOBAHUX MPOLECIB (HYHKIIOHYBAaHHS Pi3-
HUX JDKEpEN eHeprii MaloTh Miclle MOXHOKH BUMIpIOBaHb. SIK MpaBWIIO, TOYHI 3HAYEHHS MOXMOOK HEBiIOMI, i TOMY
LIYKaHUH pO3B’ 30K PiBHSIHB Y YACTHHHUX MOX1THHX, 1110 ONHUCYIOTh YKa3aHi MPOIecH, BU3HAYAETHCSI HEOAHO3HAYHO.
VY 3B’s3Ky 3 UM JOLIJILHO CTaBUTH 3aa4y OOYMCIICHHS TaKoi ONTHMAIIBHOT OLIIHKH, sIKa HaKpaIluM YUHOM HaOJu-
kaja O HEeBIIOMY BEJNMYMHY 3 ypaxyBaHHIM Bimomol iHpopMauii npo noxuOku BuMipiB. Halikpara orinka Moxe
OyTHu JI0CATHYTA 32 YMOBH 3aCTOCYBaHHSI MiHIMAKCHOTO T1JIXO/ly OLliHIOBAaHHS ()YHKI[IOHAJIIB BiJl pO3B’sI3KiB PiBHSIHb
13 YACTHHHUMH MOX1THUMH NapadomiyHoro tumy. PesyabraTn. 111 MaTeMaTH4HOT MOJIEII Mpoliecy Tudy3ii HeUTpo-
HIB Y SJCPHOMY PEaKTOpi 3aIpOIIOHOBaHa METO/IMKA JI03BOJISIE PO3B’SI3aTH 3a]a4y MIHIMAKCHOTO OL[IHIOBaHHS (yHK-
ioHaNa, BU3HAYSHOTO IiJT 9ac PO3B’sI3KY CUCTEMH, IO OIHKCYE el mporec. OCKiIbKU B peaJbHUX yMOBax (QyHKIIiO-
HYBaHHS peakToOpa 3aBXIU HASBHI BHIAJKOBI MEPEIIKONU (SK y PIBHSAHHI, IO OMHKCYE IMPOIEC, TakK i B (YHKIIII,
0 CIOCTEPIraeThes), METOIMKA JO3BOJISIE 3HAMTH MiHIMAKCHY OIIHKY ¢yHKIioHana. [Ipu mpomy 3agada 3BOTUTHCS
0 3aJavi ONTHMAaJIBHOTO KEPYBaHHSA i3 3aJaHUM (YHKIIOHAJIOM SKOCTi, SKy MOJXXHA YCIIIIHO pO3B’SA3aTH.
HaykoBa HoBH3HA. 32 IOIIOMOTO0 METOAIB MiHIMAKCHOTO OLIHIOBaHHS Ta ONTHUMAIILHOTO KEPYBaHHS CUCTEMaMHU
3 PO3MOJIJICHUMH apaMeTpaMy OJIep)KaHo HaliKpanly anpiopHy OLiHKY QyHKIIOHANA SKOCTI I MAaTEMaTHYHOI MO-
neni qudy3ii HeUTPOHIB Y sAAepHOMY peakTopi. IIpakTHYHA 3HAYMMICTh. 3alIPONOHOBAHA B CTATTI METOAMKA MiHi-
MaKCHOTO OL[IHIOBaHHS (DYHKIIOHAJIB JUIsl IU(epeHiaIbHUX PIBHSHb MapaboiuHOrO THILY IO3BOJISIE 3BECTH 33/1a4y
JI0 33/1a4i ONITHMAJILHOTO KEPYBaHHS CUCTEMaMH 3 PO3IIOIICHUMH NapaMeTpaMy, sika Moxe OyTH peasti3oBaHa B Iia-
keTi Maple 3 BUKOPHCTaHHSIM BiJIOMUX aJITOPUTMIB.

Kniouosi cnosa. miHiMakcHa oriHka (yHKUioHaNiB; MuUdy3is HEHTPOHIB; TEOPisl ONTHUMAIBLHOTO KEpyBaHHS;
3a7a4i napaboIiYHOTO THITY
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Bukopucranus rimdoKoro nocjaadjaeHHs 30yaKeHHs ISl TATOBUX ABUIYHIB
MAaricTpajbHUX eJIeKTPOBO3iB

Merta. YpaxoByr04Ur HEOOXiIHICT MOJIMIICHHS EKCINTyaTAlIHHIX BIACTUBOCTEH Cy4acHOTO MariCTPaibHOTO PyXo-
MOTO CKJIajly, aBTOPH TIepe0adaroTh MPpOaHAIi3yBaTH MOXIMBOCTI BUKOPHCTAHHS O1IbII IIIMOOKOTO PETyIIOBAHHS OCIIa-
Onennst 30ymxeHHs. Meroauka. BukoHaHO aHali3 poOOTH THPHCTOPHO-IMITYJIECHOTO II€PETBOPIOBayYa €JIEKTPOIOi3ia
EP200. YcTaHOBIICHO, 110 B PeKUMi PO3TOHY Ha TPAHIYHIN TATOBIN XapaKTEpUCTHII HEOOXITHO pO3TILIIaTH 1Bl 30HH: 30HY
CTaJIOT0 3HAYEHHS! CHIIM TATH I 30HY CTaJI0i MOTY>KHOCTI. 3aIipONOHOBAaHO METOANKY BU3HAYEHHS MiHIMaJIbHOTO 3HAYEHHS
koedilieHTa ocabieHHst 30yKEHHS TSl PI3HUX THUIIIB TATOBUX ABUTYHIB MOCTIHHOTO W MyJIbCYyBaJIbHOTO cTpymy. Jliis
aHaJTI3y BUKOPUCTaHO METO/N TEOPETHYHOTO JOCII/PKEHHS il aHAIITUYHOTO PO3PAXYHKY €JIEKTPUYHHX KiJI, TEOPETUUHUX
OCHOB €JIEKTPUYHOI TSATH, MATEMaTHYHOTO MOJICTIOBAHHS €IEKTPUYHUX Ta eHepreTH4HuX npouecis. Pesyabrarn. [Tpose-
JICHUH KOMIUIEKC TEOPETUYHUX JIOCIIIDKEHb 1 PO3PaxyHKIB JI03BOJISIE MIATBEPIUTH TEXHIYHY MOKIUBICTh BUKOPHUCTAHHS
[IMOOKOr0 OCIA0ICHHS 30YIXKEHHS IS PETYJIFOBAHHSI IIBUIKOCTI i OTPUMAHHSI JT0JJATKOBUX OE3PEOCTATHUX MO3UIH IS
PYXOMOTO CKJIajly 3 TSTOBHMH JBUTYHAMHM IOCTIHHOTO i ITyJIbCYBaJIBLHOTO CTPYMy. BH3HaUeHO BeMMUMHY MiHIMAJIbHOTO
KoegirienTa ocnabieHHs 30yIKEHHS [T Pi3HUX THITIB TATOBUX IBUTYHIB. HaykoBa HOBU3HA. Y TOCKOHAJICHO METOTUKY
BU3HAYCHHS MiHIMAIILHOTO 3HAYEHHS Koe]ilieHTa OcIa0eHHs 30YIKESHHS I TATOBUX JBUTYHIB MaTiCTPATbHAUX EIIEKT-
POBO3IB Y YaCTHHI BUKOPHCTAHHS OLTBII TITHOOKOTO PEryIIOBaHHS MAaTHITHOTO TIOTOKY, 3aMiHH BUKOPHCTAHHS TaHUX €KC-
TIEpUMEHTAIEHHX JIOCHIIKEHb TEOPETUIHUMH JIOCIIKEHHSIMH, CYTh SIKMX TOJsrae y opMyBaHHI HEOOX1THOTO BUY Ipa-
HUYHOI TATOBOI XapaKTEePUCTHKH 33 PaXyHOK 3MEHIIEHHS MiHIMAIBGHO JIOIYCTHMOTO 3HAUYeHHsI KoedilieHTa 30yHKeHHS,
110 JIO3BOJIUTH 3MEHIIMTH BUTPATH eJeKTpU4HOI eHeprii. OTpuMany nojayibIiuii PO3BUTOK JOCHI/DKEHHS! 3 BU3HAYECHHS
KiJTbKICHUX MTOKAa3HUKIB BUTPATH €JIEKTPHIHOT €HEPTil J1s aHaJi3y pe3epBiB eHePro30epe)KeHHs HA MariCTpalbHOMY TpaH-
criopti. IIpakTu4yHa 3HAYMMIiCTB. Pe3ynbTaTn TeOpeTHIHNX JOCTIPKEHb MOXKYTh CTaTH OCHOBOIO JUTS MOJIEpHi3allii Ma-
TICTPaIBbHUX EJIEKTPOBO3IB MOCTIHOTO 1 MyJIbCYBAJBHOTO CTPYMY i3 CHCTEMaMH IIIMOOKOTO PETyIIOBAHHS OCIa0JICHHS
30y prenHst. [IpoBeneHi JociKkeHHs JO3BOJISITh PO3POOUTH PEKOMEH AL 11010 MPOEKTYBAHHS CUCTEM PETYJIFOBAaHHS Ma-
THITHOTO MTOTOKY TSTOBHUX JBHUTYHIB i3 MOJIIIIICHUMH TEXHIKO-€KOHOMITHUMH XapaKTePUCTHUKAMH, SIKi 37[aTHI MiIBUIINATH
e(eKTUBHICTP MEpeBI3HOI0 NPOIIECy Ha MariCTpaIbLHOMY TPaHCIIOPTI.

Kniouosi cnosa: xoedinieHT ocnabneHHs 30y PKEHHS; MAarHITHUH TOTIK; TATOBUI IBUTYH; IIBHIKICTh; HAIpPYTa;
CTPYM; MOTYXKHICTh; TATOBA XapaKTEePHCTHKA; IEKTPOBO3; PETYIISATOP
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PYXOMUI CKJIAJ] I TATA IIOI3/IIB

Beryn

HamionansHa TpaHCHOpPTHA CTparteris YKpaiHu
Ha niepioz 710 2030 poky [8] oJHUM 3 OCHOBHHX Ha-
MIPSIMIB PO3BHUTKY 3aTI3HIYHOTO TPAHCIIOPTY TEpe-
0auae OHOBJIECHHS TATOBOTO PYXOMOTO CKIAJY,
y TOMY YHCJIi BUCOKOIIBHJIKICHOTO. BoiHOUAC Kari-
TaJIbHUH PEMOHT 13 TIOIOBKEHHSIM TEPMiHY CITyKOU
JI03BOJISIE MOJIEPHI3YBATH PYXOMHUHN CKITa 1, 301ITBIITY-
104n TepMiH ekcrutyaranii Toro EPC, sikuii Biampa-
I0BaB HOpMaTHBHUE pecypc Ha 10—15 pokis. 3acto-
CYBaHHSI HAITIBITPOBITHUKOBHUX MIPHUJIA/IIB Y CHIIOBHX
cXeMax HOBOTO W MOJEPHI30BaHOTO EIEKTPOPYXO-
MOTO CKJIaJy JO3BOJIUTh ITiIBUIIUTH HAIIHHICTD TS-
TOBOTO €JIEKTPONPHBO/IA, POUIMPUTH [iarna3oH pe-
T'YJFOBAaHHS IIBHKOCTI, 3HU3UTH BTPATH MOTY>KHO-
cri [3]. o Toro  cydacHa elneMeHTHa 6a3a CHIOBOT
CNIEKTPOHIKM J03BOJISIE 3aMIHUTH 1HAYKTHBHI IIy-
HTH, SKi BUKOPHCTOBYIOTh Ui OclabieHHs 30y-
JOKEHHSI TATOBHX JBUTYHIB, Ha «O€31HIYKTUBHI», IO
MAIOTh MOJIIICHI BArorabapuTHI MOKa3HUKH.

V Hamr yac Ha BITYU3HSIHOMY €JIEKTPOPYXOMOMY
CKJIal HaHOUIBIIOTO TIOUIMPEHHS HAOYIH TATOBI
JBUTYHH TIOCTIHHOTO CTPyMy IOCTIIOBHOTO 30Y-
JDKEHHS, 1110 MalOTh XOPOIIli peryJIioBaibHi BIaCTH-
Bocri. [1ix gac 3pymryBanHs, pyXy eneKTpoBo3a abo
SNIEKTPOIIOi3/ia TI0 MEePEroHy W eNeKTPHYHOTO Tallb-
MYyBaHHS BUHMKA€ HEOOXIIHICTh 3MIHIOBATHU IIBUJI-
KIiCTh, CHJIy TSTH 200 TaJlbMyBaHHS 3TiHO i3 3aKO-
HOM, II0 BiJPI3HSAETHCS BiJI XapaKTEPUCTUK TATOBOTO
JIBUT'YHA 32 HOMIHAJIBHOT HAIIPYTH i BEIMYWHH Mar-
HITHOTO ITOTOKY. 3MiHa IIBUIKOCTI ¥ CHITU TATH elle-
KTPOPYXOMOTO CKJIaJy B HEOOXiTHUX MEXKaX MOXKE
OyTH 3/1iiCHEHa PETYIIOBAaHHSAM MAarHITHOT'O TIOTOKY
{ BEJTMYMHY HANPYTH HA TSATOBHX JBUryHax [5, 6].

301IbIIEHAS YHCIIa XO0BUX CTYIICHIB IIBUIKO-
CTi Ha BCiX CyYacHHUX €JIEKTPOBO3aX i MOTOPHHUX Ba-
TOHaX PEryJro0Th 30y/PKESHHSM TATOBUX JBHTYHIB
HocTiifHOTO CTpyMY. IS IHOTO 3aCTOCOBYIOTH IITYH-
TyBaHHSI 0OMOTOK 30y IKEHHS OTIOPOM a00 iMITyJThC-
HUM peTyJIIoBaHHIM 30ykeHHs. Bubip uncna cry-
NEHIB OCNNa0JieHHs 30y HDKEHHS BU3HAYAIOTH JIOIMYC-
TUMHUMH KOJIMBAHHAMH CTPYMY TSATOBOTO JBUTYHA
H TATOBOTO 3YCHJUIS TiJT Yac Mepexo/y 3 OfHI€T 1o-
3uIii Ha iHTy. 30UTBIIEHHS TIMOWHH PETYITIOBaHHS
i riuOuHM ocnalieHHs 30y PKEHHS TiABUIILY€ THYY-
KIiCTb YNPaBIIiHHS TATOIO, MOJIMIIYE AUHAMIKY PO3-
TOHY, 3MEHIITYE BUTPATY €JIEKTPOCHEPT .

Meta

Y poboTi mepembavdeHO PO3TISTHYTH MOXKIIH-
BiCTh 3MEHILECHHS MiHIMaJbHOTO 3HauYEHHS Koedi-
mieHTa ocnabieHHs 30yDKEeHHS IS TOJIIIICHHS
TEXHIYHUX  XapaKTEpUCTUK  EIEKTPOPYXOMOTO
CKJIa/ly, 301bIIICHHS KiJTbKOCTI EKOHOMIYHHX ITO3HU-
Uil perymoBanHs mBuakocTi. 1106 gocsrtu mocra-
BJICHOT METH, OTPIOHO BHUKOHATH aHAJi3 CHCTEMH
peryatoBaHHS 30yKEHHS TATOBUX JIBUTYHIB €IIEK-
TPOPYXOMOTO CKJIaay, 3alpONOHYBaTH METOAUKY
PO3paxyHKy 3Ha4YeHHsI MIHIMAIBHOTO KoedillieHTa
ocnabneHHs 30y/KeHHS IS MOXKITUBOCTI (popMy-
BaHHS TATOBOI XapaKTEPUCTHKH MOCTIIHOT MOTYX-
HOCTi.

MeTtoauka

Jnst aHamizy BIUIMBY XapaKTEPUCTHK TATOBHX
JIBUTYHIB €JIEKTPOPYXOMOTO CKJaay Ha MOMKIIH-
BicTb (hOpMYBaHHS TATOBOI XapaKTEPUCTHUKH ITOC-
TiHHOI TIOTY)KHOCTI, 8 TaKO)XK BU3HAYECHHS MiHiMa-
JILHO JIOMYCTHMMOI'O 3HAYCHHs KoedilieHta 30y-
JDKSHHS! BUKOPUCTAHO KOMIUICKCHUH MiAXIiN, SIKHA
BKJTFOUAE TIOTIEpeIHI M aHawi3 iH(popmartii, moaapIi
PO3paxyHKH 3a JIOIOMOTOK BiJIOMHUX METOJIB TEO-
pii eJIEKTPUYHKX KiJI, TEOPETHYHUX OCHOB EICKTPH-
YHO{ TSATH, €JIEKTPUYHOT TATH, aHATITUIHOTO T YH-
CEJIBHOTO PO3B’S3aHHS CUCTEM JIIHIMHUX 1 HEJiHIN-
HUX IHTETpo-TUQEepeHIiaTbHUX Ta anreOpaidHux
PiBHSIHDB, HasiBHI METOJM MaTeMaTHYHOTO Ta iMiTa-
LIHHOTO MOJIEITFOBaHHS, 00POOKH EKCTIEPUMEHTAb-
HUX JIaHUX.

[lin wac mryHTYBaHHS OOMOTOK 30ymIKEHHS
TIIBKM aKTUBHMM OIIOPOM pi3Ke MiJBHIIEHHS Ha-
MIPYTH MepeXi MOXKe MPU3BECTH JI0 iICTOTHOTO 3Me-
HIIICHHS KoedillieHTa 0ciia0yieHHs 30y IPKEHHS B TIe-
pexigHomy pexumi. OCKiJIbKH HAPOCTAIOUUI CTPYM
y KOJI TATOBUX JBUTYHIB MPOXOJIUTH IMEPEBAKHO
Yepe3 IIyHT, HAPOCTAHHIO CTPYMY B KOJIi 0OMOTOK
30y/KeHHS TIePEIIKO/DKAE 1X BEIUKHN 1HTYyKTHB-
HUH omip. 301IbIIEHHS CTPYMY SIKOPSI 3a BiZHOCHO
MaJol 3MiHH CTPYMY 30Y/’KEHHS MOTIpIIYE YMOBH
KoMyTallii TAroBuX IBUTYHIB. Lle ocobimnBo HeOe3-
MIEYHO ITiJ] Yac BiZHOBJICHHS OBHOI HAPYTH MiCIs
Horo 3HATTS (HANPHKIAA, y Pe3yJbTaTi BiJpUBY
CTpyMoOTIpHiiMaya Biji KOHTAKTHOTO JPOTYy W moja-
JIBILIOTO BiJHOBJIEHHS KOHTAaKTYy), IO BUMAarae BU-
KOPHCTaHHSI B KOJI TATOBUX JBUTYHIB 1HIYKTHB-
HOTO TIYHTA.
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PosramyxeHHsi cTpyMmy SIKOps y BiIHOIIEHH]
B # 1-p mixk 0OMOTKOIO 30yIPKEHHS 1 ITyHTYBa-
JHHUM KOJIOM ITiJl Yac MepexiTHuX MpoLeciB 3a0e3-
MEeYyETHhCS IEBHUM CITiBBITHOIIEHHSM 1HIYKTUBHO-
cTei nux Kim. s HecTalioHapHOTO PEeKUMY PiB-
HSHHS

I,-R =1, R,
HaOyJe BUTIISIY:
di di
i,-R+L-—=i -R +L -—*~
3 R3 3 dt jiig il il dt
ne L,, L, — iHOYKTUBHICTb OOMOTKH 30yHKEHHS
JIBUTYHA W 1HIYKTUBHOTO IIIYHTa BiAmoOBigHO, |'H;

R, — cymapHuii onip HIyHTYBaJbHOI0 Koua, OM.

3riJHO 3 MOCTaBJICHOIO BHIIE YMOBOKO TOTpi-
O0HO, 00 i Yac mepexigHoro mporecy 30epira-
JIacsl piBHICTB:

lm=(1—B)'lﬂ,
3BIIKU
Bl R +L .B.di"—

s 3 3 dt -
~(1B) i Ry L (1B S
Bei, R =(1-B)i, R,
3BIIKHA
B-L=(1-B) L
__B .
Ll_u_l_B L’s

JlJis MaliMH i3 HAaCMYEHOK MAarHiTHOK CHCTE-
MOIO 1HIyKTUBHICTh OOMOTKH 30Y/IPKEHHS CTAHOBH-
TUME:

do ,
L,=a-0—-107,
d/

3

ne a— KoedillieHT, MEHIINH 33 OJJUHUIIIO, 10 Bpa-
XOBY€E PO3MAarHi4yBaJbHUN BIUIUB BUXPOBUX CTPY-
MiB, HaBEJCHUX Y MAaCHBHOMY OCTOBi JIBUTYHA;
(®— YHCIIO BUTKIB OOMOTKH 30Y/IDKSHHSI.

[lo6 36epertu chiBBigHOmEHHA uid L, 3a
Oy/ib-SIKOT0 3HaU€HHs CTPyMY 30y/KEHHs [, , IHAy-

KTHBHICTh IIyHTa L 1 #ioro motik @, NOBHMHHI

1

3MIHIOBATHCS MPOIOPIIIHO IOTOKY JBUTYHA!

PRI
()

m

1€ ®, — YUCIO0 BUTKIB OOMOTKH iHIYKTHBHOTO LIy-

HTA.

Y 1mpOMy BWITAgKy IIiJl 9ac BiTHOBJICHHS Ha-
NPYTH BEJIMKA YaCTHHA CTPYMY SKOPS IPOiiie uepes
00MOTKH 30y/>KEHHS, IBUTYH Mepeiiie B pEKUM 110~
BHOTO 30Y/DKCHHS, 1 PEXKUM oOciabieHHs 30y-
JOKEHHS TIOCTYIOBO BITHOBUTHCS. YHACTIIOK il
BUXPOBHX CTPYMIB HPAKTHYHO HEMOXKIIHBO YHUK-
HYTH TIOIITOBXY CTPYMY B IKOPi 32 HECTAIliOHAPHUX
PEeXHMIB.

IMITynbCHE perymioBaHHS CTPYMYy 30y UKEHHS
3IIACHIOIOTH 3MIHOIO BITHOCHOI TPUBAJIOCTI iMIy-
JIBCIB HAIPYTH, K1 MPUKIAAAIOTE 10 0OMOTKH 30Y-
JOKeHHA. BiTHOCHA TPHWBAIICTH IMIYJIbCY HAIPYTH
3aJIe)KHO BiJI CXEMH IIiJ1"€IHAHHS IMITYJIbCHOTO pe-
ryJsTopa 10 OOMOTKH 30YI)KEHHS JOPIBHIOE Koedi-
LIEHTY 3alIOBHEHHSI 3 3a IMOCIiOBHOTO BBIMKHEHHS

IMITyJILCHOTO peryinsiTopa, ado 1—[3 y cxemi napase-
JIHOT'O i1 €IHAHHS IMITYJIbCHOTO PETyJISITOpA.

AmmniTyna iMIynbcy Hanpyru 30ymxkeHns U, ,
SIKY TIPUKJIAJA0Th 10 OOMOTKH, TOPIBHIOE TaIiHHIO
HaIpyru Ha pe3uctopi R :

U,=R,-(1,-1,).
Cepennst Hampyra, SIKy OPUKIagaroTh 10 00OMO-
TKHU 30Y/IKEHHS:
u =R, -A-(1,-1,);

3.cp.Ioci

U&cp.nap = RLLI (1_7\‘)(151 _13)

3naueHdsM A =0 i A =1 BiANOBIIAIOThH 3aKpH-
THUH 1 BIAKPUTHUI CTAaHU THPUCTOPA, KOJH KIFOYOBUH
€JIEMEHT IepedyBae B OJJHOMY 3 JBOX CTaHIB, SIKHI
BH3HAYAIOTH MTOJIOKEHHSIM KOHTpOJIepa MalllHicTa
(ocnabieHHs 30y DKEHHSI BBIMKHEHE—BHMKHEHE).
Toni cepenHe 3HAYSHHS CTPYMY 30YIKESHHS
U

] = 3.cp.

R

3
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PYXOMUI CKJIAJ] I TATA IIOI3/IIB

HezanexxHo Bijm cxemu i €IHAHHS IMITYJIbC-
HOTO PETYIATOPa, CTPYM 30y IKEHHS ITyJIbCYE Ha Pi-
BHi CepeIHbOr0 3HAUCHHS.

CepenHto HanpyTy 30y KEHHS MOYKHA B3SITH Pi-
BHOIO TAaJIiHHIO HAmpyrd Ha il eKBIBaJIEHTHOMY
OTIOpi IIYHTYBAIBHOTO KOJa!

R =R, ‘A

‘CKB.ITIOCJI

ReKB.r[ap = Rm ' (1_7\’)
KoedimienT ocnabienHs 30ymKeHHs:

I, R

B — 3 _ CKB

I, R +R

s

[lincTaBnstoun 3Ha4YeHHsSI €KBIBAJIEHTHOTO OMOPY,
OTPUMAEMO:

A
Broce =— TR
A+
Rlll
1-A
Buap =R
1-A+—2
R

jiit

3 OTpUMaHHX BUPA3iB BUIUIMBAE, M0 KOS(DIli€HT
ocnabyieHHs 30Y/DKCHHST HEMIHIMHO 3aJIeKUTh Bij
KoeillieHTa 3allOBHEHHS, XapakTep 3aJieKHOCTI
BU3HAYAIOTh CXEeMa IIiJ1 €HaHHS IMITYJIbCHOTO pe-
rynsropa A0 oOMOTKH 30Y/KEHHS Ta CIIiBBiJHO-
HICHHS OTOPiB OOMOTKH 30y IKCHHS 1 YBIMKHEHOTO
napanenbHo i pe3ucropa. Y cxemi 3 MociiJOBHIM
i’ €THAHHAM 1MITYJIBCHOTO peryisaTopa koediri-
€HT OCJIa0JIeHHsT 30y/PKEHHsI 3pocTae 3i 301IbIIIeH-
HsIM KoedillieHTa 3allOBHEHHSI, a B CXeMi 3 mapaiie-
JBHUM i1 €THAHHSIM IMITyJIbCHOTO peryisiropa
3MEHIITYE€ThCA.

PesyabTaTtn

Binmoma 3HauHa KiJBKICTh TEXHIYHUX TPOIIO3H-
1i{, CIPSIMOBAaHUX Ha (JOPMYBaHHS HEOOXITHUX TsI-
TOBUX BJIACTHBOCTEH JIOKOMOTHBIB 32 paXyHOK pe-
TYJIOBaHHS JKOPCTKOCTI TATOBUX XapaKTepUCTHU-
KaMH{ LUISIXOM 3MiHMHS MartiTHOI'O MOTOKY TATO-
Bux maBuryHie [1, 2, 9], mo npuU3BOIUTE 10
3HWYKEHHS BTPAT MOTYHOCTI.

Onrtumizaliss BUTpaT €NeKTPUYHOI eHeprii mix
Yac pyxy IOT3/1iB 1 BTPAT €JIEKTPOEHEPTii B KOHTaK-

THIH Mepexi, BAXINBA HE TIJIBKU AJIS TATOBOTO Py-
XOMOTO CKJIAJy, ajie i JJIsl CHCTEMH TATOBOTO €JIeK-
tpornocrayanns [7, 10].

VY Ham 4Yac TPHHIMIHN PEryJIOBaHHS Martir-
HOTO IOTOKY ITMPOKO BUKOPHCTOBYIOTh HE TIIBKHU B
EJIEKTPOTIPUBOJIAX MOCTIHHOTO CTPYyMY, ajle i B CHC-
TEMax BEKTOPHOTO KEPYBaHHS aCHHXPOHHUMH JIBU-
T'YHaMH Cy9acHOTro ejnekTporpancmnoprty [11, 12].

[InaBHe perynroBaHHS CTyMEHS OCIa0ICHHS
MOJISL TATOBUX €JIEKTPOJIBUTYHIB MOCTIHHOTO CTPyMY
BHKOPHUCTOBYBaJH Ha enekrponoizai EP200, excrury-
aryBatu skuii npunam y 2009 porti [4].

[IupoTHO-iMIyJIbCHE peryitoBaHHA Koedimie-
HTa OCNa0JIeHHsI TOJII Ha LBOMY EJIEKTPOMOi3i
3IHCHIOBAJH 32 IOTIOMOTOI0 THPUCTOPHO-IMITYJIbC-
HOTO TIEpeTBOpIOBaya. 3a JOMOMOTOI0 TOTO XK Iepe-
TBOpIOBaya 3/iHCHIOBATH 1 MJIaBHE MIXKCTYIICHEBE
PETYIIOBaHHS HANPYTH Ha TATOBHUX EJICKTPOIBHTY-
Hax. ['0TMHHA TOTYXHICTH KOJIEKTOPHOTO TSATOBOTO
JIBUTYHA TOCTIMHOTO CTPyMy MOCIHIiJOBHOTO 30Y-
mxerans 1JIT-001 ckmagae 240 xBt. 'oguaauni
CTPYM TSTOBOTO JBUTYHa HopiBHIOE 360 A, mpu
IBOMY MaKCUMabHHH TyckoBui cTpym — 400 A.

CunoBa eneKkTpuyHa cxema eleKTpornoi3aa 3a-
Oesrieuye JBa MOJIMBI 3’ €JHAHHS TATOBHUX JBHTY-
HiB Mapy MOTOPHMX BaroHiB: mociimoBHe «C» Ta
napanensae «CII». [Ipu npomy Hampyra Ha mociti-
JIOBHO-TIApAJIEIFHOMY 3’ €IHaHHI JOPIBHIOE HOMi-
HaibHIN — 750 B.

3aBISKM  TUIAaBHOMY DETYJIIOBAHHIO CTYICHS
ocIabNIeHHs OISl TATOBHX JBUTYHIB Y TIEBHUX Jlia-
Ma3oHax 3MiHHM IIBHIKOCTEH Ha 000X 3’€IHAHHAX
(«C» Tta «CIl») hopmyeTbes TArOBa XapakTepHC-
THKa TMOCTiHOI MOTyXHOCTi. [lpudomy Ha 3’€n-
HaHHi «CII» 3a0e3neuyeThCst CTamicTh NOTYKHOCTI
3a MakcUMallbHOTO (IycKkoBoro) ctpymy 400 A ax
JI0 MaKCUMaJIbHOTO 3HaU€HHS IBUJIKOCTI €JIEKTPO-
noizma 200 km/ro.

AHaJi3 TATOBUX XapaKTEPHCTHK €JIEeKTPOIoi3na
MOKa3ye, MO0 KOeQilieHT BUKOPUCTAHHS MOTYXKHO-
cti k, Tarosoro asurysa 1/IT-001 nopiBHr0€ o11u1-

HUII.
P
_ vmax __
kn = T =1
P
A€ P, . — MOTYXKHICTb 332 MAKCUMAJIbHOI HIBUAKO-

CT1; Pp — PO3paxyHKOBa IMOTYXHICTh I 3a1aHOTO

3HAYCHHS ITyCKOBOTO CTPYMY.
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Crnig 3BepHYTH 0COONHMBY yBary Ha Te, IO
k, =1 3a BciX 3HaueHb IYCKOBOI'O CTpyMy /,

ImycK !
1 HaBiTh 3a MAaKCUMaJIHHOT'O 3HAYEHHS, IO JTOPiB-
Hioe 400 A. Ile gocsraeTscst 3a paxyHOK BUKOPHC-
TaHHS AyXe TIMOOKOro OciIabieHHs MoNis 10 3Ha-
YeHHS:

Bmin 20’2'

Take rimmboke ocaabIeHHS MO TSITOBOTO JIBU-
ryHa 6e3 KOMIIeHCAIiitHOI 0OMOTKH € HaJIMipHHM.
OpnHax 1 mijg 9ac CTeHJ0BUX BUNPOOYBaHb, 1 MiJ Yac
eKCIUTyaTallii exexTpomnoi3aa Oyna Big3HA4YeHA J0-
CUTHh BHCOKa TMOTEHI[iI{HA CTIHKICTh TATOBOTO JBHU-
ryHa.

CepenHs MakcUMajbHa Hampyra TATOBOTO JBH-
ryHa 1/1T-001 ctaHOBHTS:

_2pU,

cep =10,2 B,
Ie p=2— KubKicTh map nomocis; U, =750 B —
HOMiHanbHa Hanpyra; K =294— KibKiCTh KOJEK-

TOPHHUX TUTACTHH.

CreHz0BI BUITPOOYBaHHS MTOKA3aJIH, 1110 JBUTYH
Ma€ JJOCUTh BUCOKY MOTEHIIIHY CTilKicTh. Makcu-
MaJbHa MDXJIaMelTbHA HANpyTa B pa3i OcinalIeHHs
nossi 1o B=0,28 cranosuts 23,5 B, a rpaaiest no-

TeHmiany — 62 B/cm. Lle no3Bommino 3acrocyBatu
ocnabneHHs o 1o 3HadeHHsa =0,2.

Haii6inpm BaromuM QakTopoM, SSKUi BUZHAYNB
MOJKJTUBICTh BUKOPUCTAHHSI TITHOOKOT0 OCIa0IeHHS
moiist Ha enekTponoizni EP200, craB TupucropHo-
IMITyTBCHUH PETYISATOP OCIA0IEHHS OIS 1, TPUPO-
JTHO, BITHOCHO HHM3bKE 3HAYCHHS CEPEIHHOI MiXKiIa-
MenbHOI Hampyru U =10,2 B, ska o0yMoBIIeHa

JOCHTD HH3BbKOIO HOMIHAJIBHOKO

U,=750B.

PosrnsiHeMo pesxuM po3roHy eIEKTPOPYyXOMOTO
CKJIJTy 3a IPaHUYHOIO TSTOBOKO XapaKTEPUCTUKOIO,
sIKa HaBeJleHa Ha puc. 1.

Lz xapakTepucTrka Mae JiBi 30H4. 30Ha | xapa-
KTEPU3YETHCS CTATICTIO MyCKOBOI'O 3HAYCHHS CHIIH
TATH Ta BIAMOBITA€E BIAPI3KY 3MIHU IIBUIKOCTI BiJl
HYJIsL 10 PO3PAXyHKOBOTO 3HAYCHHS L, |

Hanpyroro

F= Fp =const

ac Fp — PO3paxyHKOBC 3HAUYCHHS CHUJIU TATU.

o)
() ¢ max

P P

Puc. 1. 'pannuHa TAroBa XapakTepucTUKa €IEKTPOPY-
XOMOTO CKIIany

Fig. 1. Limit traction characteristics
of electric rolling stock

¥V 30mi 11, sxa BiAmoBigae Bigpi3Ky 3MiHH IIBH/I-
KOCTI BiJ{ PO3PaXyHKOBOT'0 3HAYCHHS L, 110 MaKCH-

MaJbHOI IIBUAKOCTI L LUISIXOM IIJIABHOT'O pery-

max 2
JIFOBaHHS KoeillieHTa 30y/PKEHHS TSATOBOTO EJIeKT-
pOIBUTYHA 3a0€3METYETHCS YMOBA CTAJIOCTI ITOTYXK-
HOCTI:

P =const .

CrpolieHa TNPUHLIMIIOBA €JIEKTpUYHA CcXema
€JIEKTPONIPUBO/Ia HABEJICHA HA PHC. 2.

Puc. 2. CnpoiieHa npuHIUIIOBA €JIEKTPUYHA CXEMa elie-
KTPOIIPHBO/IA

Fig. 2. Simplified electrical schematic diagram of the
electric drive

OO6MoTKa 30yMKEHHS TATOBOTO JBHTYHa M 3a-
IIYHTOBaHA perynsaTopoM 30ymkeHHs P3, 3a goro-
MOTOIO SIKOTO 3JIIHCHIOETHCS IMITYyJIbCHE PETYIIIo-
BaHHsI KoedilieHTa 30y/PKEHHS:
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p=—
I
ae |, — cTpym 30yIKEHHS TATOBOTO €JIEKTPOJBU-

r'yHa, |3 — CTPYM SKOpPs TATOBOI'0 CJIICKTPOABUT'YHA.

Crabimizais CHIIH TATH B 30HI | TATOBOI Xapak-
tepuctuku (puc. 1) moxe Oytu 3a0e3mnedena ctabi-
JIi3aIli€10 MyCKOBOTO CTPYMY [ NUISIXOM ITUTAHOBOTO
MiIBUIIICHHS HAMIPYTH Ha EJICKTPOJIBUTYHI TSITOBOTO
3 BUKOPUCTAHHIM CHCTEMH aBTOMATHYHOTO Pery-
JIIOBAaHHS, CIPOIICHa (DYHKI[IOHATBHA CXeMa SKOi
nojaHa Ha puc. 3.

\|/~M.

"

y 6
Au u

u

Puc. 3. Cnpomiena ¢pyHKIIIOHaIbHA CXEMa CHCTEMH aB-
TOMAaTHYHOTO PETYJIIOBAHHS

Fig. 3. Simplified functional diagram of the automatic
control system

YMoBa cTabimi3alii CUiIu TArd MOXKe OyTH Mpe/I-
CTaBJICHa Y BUTJISIJII:

I =const.

Hanpyra U Ha TsroBOoMy aBuryHi 1 peryimto-
€THCS 32 JOTIOMOT'OI0 PETYIsTOpa 2, SKUH MiJ’ €1Ha-
HMI 10 KOHTaKTHOI Mepexi 3 Hanpyrowo U . Ha-
Ipyra Ha BUXOJ1 peryssropa nponopuiiHa KepyBa-
JIBHIN HAmpysi U, Ha BUXOJ1 aBTOMaTHYHOTO pery-

natopa 4, saxuil 3abe3neuye 3alaHUN  3aKOH
perynoBaHHs. PealibHe 3HaUCHHS CTPYMY TSATOBOTO
CJICKTPOJIBUTYHA (SKOPSI) KOHTPOJFOETHCS JaTUH-
KOM CTPyMy 5, CUrHAJ i3 BUXOJy SKOro U,  HaIxo-
JUTh Ha OJMH 13 BXOJIB JIaHKK mopiBHsAHHS 6. Ha
IHIIMKA BX1JT JIAHKW TTOPIBHSIHHS HAIXOIUTh CUTHAI
U,. BiJ 3aJaT4uKa cTpymy /.

Taka ¢yHKIIIOHAJIbHA CXeMa MOXKE 3a0e3eUnTH
CTaOLIi3alIlii0 CTPYMY SKOPS SIK y Jliana3oHi 3MiHH
IIBUAKOCTI BiJl HYJIS JI0 v, (3ona |), Tak 1 B miana-

30Hi Bill L, JI0 L, (30Ha ).

VY 30Hi Il (U € I:l)p TV ax }) cTabimizawist CTpymy

1 3abe3meuyeThCs MUISIXOM PETYIIOBaHHS Koedilli-
€HTa 30y/DKeHHS 3 peryasaTopoM OcIa0IeHHS OIS
3 3 BUKOPHCTAaHHAM TOTO X MPUHLIUIY aBTOMAaTHY-
HOTO KepPYBaHHS 3 BIAXWIECHHSM (HETaTUBHUH 3BO-
POTHUI1 3B’5130K).

Ha puc. 4 HaBeneHO XapaKTEpPUCTUKY 3MiHHU TIO-
TY>KHOCTI TSTOBOTO JIBUTYHA, IO BiATIOBiga€ Xapa-

krepuctuii F (U) , HaBeJIeHi# Ha puc. 1.

[)

P =

p

P
|
|
|

0 () 0 0

p max

Puc. 4. XapakrepucTika 3MiHH TOTY>XHOCTI TATOBOTO
JIBUTYHA

Fig. 4. Characteristics of traction engine power change
st 3a0e3meyeHHs CTajJoCTi MOTYKHOCTI B 30Hi
II tocTaTHHLO BUKOHATH YMOBY:
U =const;
| =const.

)

Po3ristHeMO, IKMM YHHOM Ma€ 3MiHIOBATHCS KO-
edimieHT 30y/pKeHHs [ I 3a0€3MeUeHHS YMOBU

(1) y 3oHi Il.
Ha puc. 5 yMOBHO HaBEIEHO E€JIEKTPOTATOBY Xa-

pakrepuctuky L= f (I ), 110 BiAMOBia€ HOPMAJb-

HOMY OCJTaOJICHHIO TTOJIS:

B=Bun- )

v, - S O

Ly

B B

0 L,

B3

%
|
|
|
Ly

Puc. 5. Enextpotsrosa xapakTepucTukKa

Fig. 5. Electric traction characteristics
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PYXOMUI CKJIAJ] I TATA IIOI3/IIB

Po3ryisHeEMO 3ajauy BH3HAYEHHS 3aJIEKHOCTI
B=f(v), sxa 3abe3nedyBaTiMe XapaKTEPUCTHKY

F=1f(v), naBeneny Ha puc. 1. OueBuaHO, 11O
B 30Hi | (USUp) s 3aJIEKHICTh MAaTUME BUIJIAL

(2). Ans 3onu |l 3HauenHs koedinieHTa 30y HKEHHS,
IO BiATIOBiZa€ 331aHOMY 3HAYEHHIO IIBUAKOCTI Ta
3abe3neuye yMoBY (1), MOYKHA BU3HAYHUTH 3 BUPA3Y:
_ BHH I1 3
B_ ] ’ ( )
p
ne |, — 3Ha4YeHHS CTpyMy SIKOps, SIK€ BIAIOBlIA€

3aJlaHii MIBUAKOCTI L; Ha EJIEKTPOMEXaHIuHil Xa-

paKTepHUCTHIIL
ymoBH (2).
Hanpuknan, Ha puc. 5 HaBeIeHO METOANKY BU-

TATOBOTO  CJICKTPOABUI'YHA  JIA

3HAUCHHS XapaKTepUCTUKH [3= f (U) Ha TpUKIai
TPHOX XapaKTEPHHUX TOUYOK, IO BiAMOBIAAIOTH CTPY-
mam 1, I, I, (ctpymu 1, 2, 3).

Ha puc. 6 HaBemeHO XxapakTep 3alleXKHOCTI
B = f(v),mo 3abesredye TAroBy XapaKTEPHCTHKY,

HaBeseHy Ha puc. 1. MoxuBicTh GopMyBaHHS TS~
roBOi XapaKTepUCTUKU MOCTIHHOT MOTYKHOCTI BH-
3HAYAE€THCSA Ta OOMEXKYETHCA MiHIMAIBHO JIOITYCTH-
MHM 3HAa4eHHAM Koe(dilieHTa 30yMKEeHHS [3, -

To0To Ha BCbOMY BiJIpi3Ky 3MiHH HIBHKOCTI B 30Hi

I (U € I:l)p i DI }) Ma€ BUKOHYBAaTHCS yMOBa

B 2 Bmin' (4)

) ) 4} i
0 C p V2 Ymax v

Puc. 6. Xapaxrep 3anexnocti 3= f (U)

Fig. 6. The nature of dependence B = f (v)

Y T1abn. 1 HaBemeHO 3HAYCHHS KOCQIIIEHTIB
30yIDKEHHS JUIsl HOPMAJIBHOTO TOJS 3, , JUIsl IIBU-

JKOCTI L, 3a ymosowo (1) B Ta MIHIMaJIbHO

vmax
JOIyCTUME 3HA4YeHHA [3.;,, Y34T€ JUli CTyIiHYac-
TOTO PETYIIOBAHHA MO (TTACTIOPTHI JIaHi).

Tabnuns 1
KoedinienTn 30y1:KeHHs 32 CTYNiHYACTOrO
peryJIloBaHHsA
Table 1
Excitation coefficients during the step control
Tun TEQL Brun Bumax Brmin
JATK-820 0,98 0,27 0,48
JATK-800A 1 0,27 0,43
HB418K 0,98

I3 manux tab6n. 1 BuaHO, 10 yMOBa (4) HE BUKO-
HYETbCS JUISI JKOJHOTO 3 aHANi30BAHUX TITOBUX
JIBUTYHIB.

VY Tabun. 2 HaBeeHO OCHOBHI TapaMeTpH EJIEKT-
pogosis 2EJIS, 2EJI4 Ta BiAMOBIAHUX TSATOBUX JBH-
ryniB JITK-820 ta ITK—800A.

VY tabu. 314 HaBeneHi po3paxoBaHi i TATOBUX
nmeuryHiB JITK—820 i ITK-800A 3anexxHoCTI KOe-
(himieHTa 30y/DKEHHS BiJ MIBUIKOCTI L, IO 3a0e3-
MEYYIOTh TPAHUYHY TATOBY XapaKTEPUCTUKY 3 TOC-
TiIHOIO OTYXHICTIO B 30Hi || perymoBanns. 3aine-
JKHICTB [3(1)) st taroporo neuryna JJTK—800A

pO3paxoBaHa sl JIiana3oHy 3MiHU IIBHUIKOCTI BiJl
51,6 (ronuHHMY pexxum) 1o 110 kM/Toj, TpU IBOMY
CJIiJ 3a3HAYMTH, 10 MaKCHMaJlbHa KOHCTPYKLiiiHa
MIBUJIKICTH eJekTpoBo3a 2EJI4, Ha skoMy BHKOpHC-
TOBYIOTH II€H THII TSATOBOTO JBHIYHA, JOPIBHIOE 1
20 km/roz. Taka cama 3anexHicts B(v) Wit TAro-

Boro nBuryHa JITK—820 pospaxoBana st jmiama-
30HY 3MiHU MIBUAKOCTI Big 49,9 (rouHHMIA pEXkKIIM)
1o 110 km/roj (MakcuMalibHa KOHCTPYKITifiHA IIBH-
JKicTh enekTpoBo3a 2EJIS).
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TabOnuus 2

OcHoOBHI mapaMeTpH TATOBUX ABUTYHIiB
eaexTpoBo3siB 2EJIS ta 2EJI4

Table 2

Main parameters of traction motors
of 2EL5 and 2EL 4 electric locomotives

Tapaverp 2EJIS 2EJ14
(JITK-820) (JITK-800A)

1,,A 810 525

v, , KM/TOz 51 51,6
P,, kBt 765 740
Lions A 870 570
Vo KM/TOJT 49,9 50

P x> KBT 820 800

U nax » KM/TOI 110 120

Brmin 0,48 0,43
B 0,98 1

Tabnuns 3

3aJieskHicTh B(U) s tsarosoro Asuryna JITK-820
Table 3

Dependence B(v)for DTK-820 traction engine

v, 49,9 60 70 90 110
KM/TOJ
§ 0,98 0,67 0,52 0,36 0,27
Tabnuus 4
3asiexHicT B(U)
s tarosoro apuryna JITK-800A
Table 4

Dependence B(v)for DTK-800A traction engine

v,

51,6 60 70 90 110
KM/TOJ

B 1 0,72 0,53 0,34 0,27

B
1,0

0.98
0,8

0,6
0.4

0 20 40 60 80 100 o, “T':‘

Puc. 7. 3anexHicTh B(U)
quts Tsrooro neuryHa ITK-820

Fig. 7. Dependence of (v)
for DTK-820 traction engine

0 20 40 60 80 100 o, "L—’;'

Puc. 8. 3anexHicTh B(U)
s TsroBoro apuryHa JJTK—800A

Fig. 8. Dependence
of B(v) for DTK-800A traction engine

HaykoBa HOBHU3HA Ta MPAKTHYHA
3HAYHMICTh

Po3po6iieHo TeopeTndHi miIXo U moa0 OiTbn
TOYHOI'0 BU3HAYEHHS BEJIMYMHU MIHIMAJILHOIO 3HA-
YyeHHs KoedilieHTa ociadieHHs 30Y/PKCHHS TArO-
BHUX JIBUTYHIB TOCIiZOBHOTO 30yIKEHHS ITOCTiii-
HOTO ¥ MyJbCYBAIBHOTO CTPYMY.

VYnepiie 3anpornoHoBaHO i 0OIPYHTOBAHO MOX-
JUBICTh BUKOPHCTAHHSI MEHIIIOTO 3HAa4YeHHs Koedi-
Li€HTa Ocia0yieHHs1 30Y/DKeHHS, HIXK 3a MachopT-
HUMHU JIAHUMH TATOBUX JIBUTYHIB. [loganbiuii pos-
BHUTOK OTPUMAJIA METOJU PO3PaXyHKY 3aJI€IKHOCTI
koedinieHTa 30yKEeHHS Bl MIBUAKOCTI, 10 3a0e3-
MEYYIOTh TPAHUYHY TSATOBY XapaKTEPUCTUKY 3 TIOC-
TIHOIO TIOTYKHICTIO B 30H1 peryiroBanHs |1.

OOrpyHTOBaHO BUKOPUCTAHHSI TIIMOOKOTO OCIia-
OneHHs 30yIKEHHS TATOBHX IBHUTYHIB ITOCIiZOB-
HOTO 30Y/PKEHHS MariCTpaIbHUX eJIEKTPOBO3IB, 1110
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JO3BOJIUTh OTPUMATH JTOJATKOBI €KOHOMIYHI TIO3H-
1ii. Po3po0iiena MeToiKa po3paxyHKy J1a€ MOKITH-
BICTh BpaxyBaTW BHUIAJKOBHUH XapaKTep 3MiHU Ha-
MIPYTH Ha JBUTYHI B PEKUMI PO3TOHY. 3alpOIIOHO-
BaHHI METOJ] BU3HAYCHHS MiHIMAIBHOTO KoediItie-
HTa oclabieHHs 30yIKEHHS JO3BOJISE TPOBOAUTH
noJiOHI po3paxyHKH AJisl OyAb-SIKOTO TSTOBOTO
JIBUTYHA TOCTIHHOTO Ta MYJIbCYBAILHOTO CTPYMY.

BucHoBxku

1. TIpoBeneHo aHaiiz pexXUMiB MOTY>KHOCTI TiJl
gac (opMyBaHHS TPAHUYHOI TATOBOI XapaKTepHc-
THKH B TATOBHX Mepeax. Y CTAaHOBJICHO, IO B CHC-
TeMI TSTOBOI0 3a0€3MeUEHHS MOCTIHHOTO CTPyMY i3
3aCTOCYBaHHSIM IIEHTPATi30BAaHOTO KHUBICHHS He-
00XiTHO PO3TIAAaTH MBI 30HU HA TPAHUYHIN TATO-
Bill XapakTepucTuili. MoxXIUBICT POpPMYBaHHS Ts-
roBOi XapaKTepUCTUKU MOCTIHHOT MOTYXHOCTI BU-
3HAYAE€THCSA Ta OOMEXKYETHCS MiHIMAIBHO JIOITYCTH-
MUM 3HAYECHHSM KoeilieHTa 30y KEeHHSI.

2.31MiCHEHO OIIIHKY MIHIMAJIbHOTO CTYICHS
ocnabneHHs 30y/KEHHS 171 TATOBUX ABUTYHIB IO~
CTIHOTO 1 MyJILCYBAJILHOTO CTPYMY, PO3PaxOBaHO
3aNIeXHOCTI KoedimieHTa 30y/UKeHHS Bi MIBUAKO-
CTi v, 1110 320€3MeTyI0Th TPAHUYHY TATOBY XapaKTe-
PHUCTHUKY 3 MMOCTIHHOIO TIOTYKHICTIO B 30H1 peryJo-
BanHs |l. YcranoBieHo, 110 B Jlana3oHi 3MiHU Bl
MIBUAKOCTI TOAWHHOTO PEXHUMY 0 MaKCHMAaIbHOI
KOHCTPYKIIIHHOI MBUAKOCTI eiekTpoBo3i 2EJI4
1 2EJIS MoxIMBE BUKOPUCTaHHS MiHIMalIbHOTO CTY-
meHs1 ocnabienns 30ymxenns 0,27 3amicte 0,43
1 0,48 BiANOBIIHO.

3. YrpoBakeHHS TIaBHOTO PEryNIoBaHHS 30y-
JDKSHHS TATOBUX JIBUTYHIB Ha HasBHOMY TSTOBOMY
PYXOMOMY CKJIaJi MOKJIMIBE 3 MiHIMaJIbHUMU KalTi-
TaJILHUMH 3aTpaTaMy Ha MOJEPHi3allilo.

4. HeoOXiHO MPOBECTH OJIATKOBI TEOPETHUHI
Ta EeKCIEePUMEHTANbHI TOCIIIKEHHS MOTEHIIIHHOT
CTIMKOCTI TATOBUX EJIEKTPOJBUTYHIB Yy peXHMax
rIMOOKOTro ocnabieHHs 30y/PKeHHsI 3 BUKOPUCTaH-
HSM IMIYJIbCHHUX IEPETBOPIOBAYIB HA EIEKTPOPY-
XOMOMY CKJIai.
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Deep Attenuation Use for Traction Motors of Mainline Electric Locomotives

Purpose. Given the need to improve the performance of modern mainline rolling stock, the authors analyze the
possibility of using deeper regulation of attenuation. Methodology. The analysis of the operation of the thyristor-
pulse converter of ER200 electric train is performed. It is established that in the acceleration mode at the limit traction
characteristic it is necessary to consider two zones: the zone of constant value of traction force and the zone of constant
power. A method for determining the minimum value of the attenuation coefficient for different types of DC and PC
traction motors was proposed. The methods of theoretical research and analytical calculation of electrical circuits,
theoretical foundations of electric traction, mathematical modeling of electrical and energy processes were used for
the analysis. Findings. The complex of theoretical research and calculations allows confirming the technical possibil-
ity of deep attenuation use to regulate the speed regulation and obtain additional across-the-line positions for the
rolling stock with DC and PC traction motors. The minimum attenuation coefficient value for different types of trac-
tion motors was determined. Originality. The methodology for determining the minimum value of the attenuation
coefficient for traction motors of main electric locomotives in terms of using deeper magnetic flux control, replacing
the use of experimental research data with theoretical studies. The essence of the studies is to form the required type
of the limit traction characteristics by reducing the minimum permissible value of the excitation coefficient, which
will reduce the electricity consumption. The research on determination of quantitative indicators of electricity con-
sumption for the analysis of energy saving reserves on the main transport was further developed. Practical value. The
results of theoretical research can be the basis for the modernization of main electric locomotives of direct and pul-
sating current with the systems of deep attenuation regulation. The research conducted will make it possible to create
recommendations on designing the systems of magnetic flux regulation for traction engines with the improved tech-
nical and economic characteristics which are capable to increase the transport process efficiency on the main transport.

Keywords: excitation attenuation coefficient; magnetic flux; traction engine; speed; voltage; current; power; trac-
tion characteristic; electric locomotive; regulator
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TPAHCIIOPTHE BYAIBHULITBO

YK 624.131:631.482-047.44

B. 0. YJIbSSIHOBY

MKad. «ImxenepHa reonoris i reotexnika», JJBH3 «IpuaHinpoBchka JepikaBHa akageMis OyIiBHALTBA Ta aPXiTEKTYPH»,
ByI1. UepHuieBcbkoro, 24 a, Jlninpo, Ykpaina, 49600, Ten. +38 (056) 756 33 43, en. nourra uluanovwvu@gmail.com,
ORCID 0000-0002-9028-3408

Pe3yabTaTt MOp(0JIOTiYHOT0 OLIHIOBAHHS JeSIKHX 0CO0JIMBOCTEN
aJI0BiaIbHIX NmickiB MicTa J[HINpo

Merta. Lle gocmikeHHs CIPSMOBAHO HA OTPUMAHHS JISSIKUX BIICYTHIX JAHUX PO MOP(OJIOTio piYKOBUX MICKIB
y MeXax MiCTa, 30KpeMa, JOCTOBIPHHX KiJIbKICHUX ITOKAa3HHUKIB, SKi MOXYTb OyTH BUKOPUCTaHI B PO3paxyHKax IPyH-
TOBHX OCHOB. MeToiMKa. 32 eKCIIepUMEHTAIbHO-aHATITHYHUM METOIOM Y JOCIIIDKEHH] OyB BUKOPUCTAHHH KOMILIe-
KCHHI MOKa3HUK MOp(oJIoTii IPYHTIB, SKHH ypaxoBye GopMy Ta XapakTep HOBEpXHI 3epeH Y BChOMY JIOCIIDKyBa-
HOMY 00’eMmi mickiB. MopdosioriuHe oLiHIOBaHHS MPOBEICHO HE TIIBKH JJIsl OKPEMHUX MMIIIaHUX YACTHHOK, ane il 1uis
BCHOTO 00’€My JOCIIPKYBAHOTO TPYHTY TOMY Ba)XKJIMBUM (PaKTOPOM CTBOPEHHS (POPMHU Ta XapakTepy MOBEPXHI Ii-
IIaHUX 3€peH € MiHepalbHUI CKiIaj MiCKy. Y OUTBIIOCTI BUBUCHHX IICKIB IEpeBakaB TaKMi MiHEpal, SK KBapil.
VY mopanpmoMy HaMIi4€HO BHBYHTH INCKH p. JHIIpO TIHOMIMX TOPU3OHTIB, IO JO3BONMIO O OTpUMaTH HaHi
mpo (opMyBaHHS KOHTAKTiB MK INIIAHUMH 3€pHAMH, SKi MOXYTh OYTH IUTacTHHYAcTOl abo iHmoi Qopmu.
PesyabsTaTn. Y miif po6OTi HaBeIEHO pe3yIbTaTH BU3HAYCHHS MOKAa3HUKA MOP(QOJIOTii, a TAKOXK BUBYCHHS (OPMH Ta
XapakTepy HOBEePXHI MiIaHuX 3epeH aloBito 1-1 mia3amnaBHoi Tepacy 1onMuHY p. JHinpo B pailoHi MOHACTHPCHKOTO
octpoBa (y Mexax IEHTPaIbHOI YacTHHHU MicTa). Takox OyIio MpoaHami30BaHO pe3yIbTaTH aHATIOTIYHUX POOIT i3 BU-
BYEHHSI TeHETUYHUX TUIIIB YeTBEPTHHHHX ITICKIB PI3HOTO FeHe3UCy NOIMHU . JHINpo. 3aBsku IboMY aHalli3y Oyiu
OTpHMaHi JiaHi mpo MOpQOJIOTi0 MOHOMIHEPAILHUX OJIITOMIKTOBUX QJIIOBIAJIbHHUX IICKIB, TXHIO (OpMY 1 Xapakrep
MOBEPXHI IMIIAaHUX 3epeH aoBiio. HaykoBa HoBH3HA. YTieplie /Ui HEHTPAIbHOI YaCTHHU MiCTa BU3HAYECHO JEsIKi
OCHOBHI MOP(OJIOTIYHI XapaKTePUCTHKN PIYKOBUX YETBEPTHHHUX MicKiB nonuHu [Hinpa. Takox MOKHa KOHCTATy-
BaTH TEHJICHIII0 3HIDKEHHS MOKa3HMKa MopQoIorii y piukoBHX MICKiB JonuHM JIHINpa BiJ BUTOKIB 0 TUpIa.
IMpakTHuHa 3HAYMMICTb. Pe3ynbpTaTn MpoBeICHNUK AOCHIIIKEHb BIEBHEHO MOKYTh OyTH IMIUIEMEHTOBaHI i 10 po3-
PaxyHKiB IIOKa3HUKIB MIIIAHUX IPYHTIB OCHOB OYiBENb Ta CHOPYA MICTa, & TAKOXK MITYIHAX 3EMIISTHUX CIIOPY/, 30K-
pemMa IUITHOK HAMUBHHUX MacHBIiB.

Knrouosi cnosa: mimani TpyHTH; TiaHI YaCTHHKH; KOHTAKTH MK 3€pHAMH; YHCIIO 3epEH; OKPYTICHICTh 3€PEH;
chepruHicTh 3epHa; MOpdoIIoTis 3epeH; mimaHi gpaxrii

Beryn

I'enesuc mickiB, a TaKOXK CKJIAIHICTE 1 OaraTto-
(haKTOpPHICTH MPUPOJTHOTO BILTUBY HA HUX BU3HAYa-
I0Th HEOOXiHICTh KOMIDIEKCHOTO MiX0Ay JO IIOT-
JIMOJICHOTO BUBYCHHS Ta OI[IHFOBAHHS iXHIX OyiBe-
JIBHUX BJIACTUBOCTEN. ['€HETHYHMHA MiAXix 0 BU-
BYCHHS Oy/IiBEJIbHIX BJIACTUBOCTEH IICKIB BUMArae
BUSIBIIATH Ta OIIIHIOBATHM BiJMOBIIHHUMHU IIOKA3HH-
KaMH{ OCHOBHI T€HETHYHI 03HAKM; JO HAHOIBII Xa-
PaKTEepHHUX i3 HUX, 10 CYTTEBO BILTUBAIOTH HA BJIa-
CTHMBOCTI MiCKiB, CIIi/ BiiHECTH TXHI MOpQoNOTivHi

ocobsuBocTi [7]. HailOinpIior0 Mipol BHBYEHHS
MOpGOJIOTIYHIX OCOOTMBOCTEH MIll[AHUX TPYHTIB
HeoOXiJHe ISl BCTAHOBJIEHHS XapakTepy 3MiHIO-
BaHHS IXHIX BJIACTMBOCTEH 100 MOBEPXHEBHUX
ITYYHHUX CIIOPYJ, HAcaMIliepe/l HAMUBHUX MAaCHUBIB.

VY reocTpyKTypHOMY IIaHi Teputopist JHinpo-
METPOBCHKOT0 PETIOHY € YaCTHHOIO YKpaiHCHKOTro
KPUCTaIIYHOTO MAacUBY (TIepeBaXKHO Iie MpaBuii Oe-
per p. JIHinpo), mo nepexoauTh y JHIIpPOBCHKO-
Honeupky 3ananuny (niBuit Oeper p. Hinpo).
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V reonorivniii Oyn0Bi TepuTOpii MicTa OepyTh yu-
aCTh KPUCTAIIYHI TIOPOIN TOKEMOPIir0, 0camoBa TO-
BIIla KaifHO3010 (TTAJICOTeH 1 HEOTeH) Ta BIIKIIAIN
YEeTBEPTUHHOI CUCTeMHU. YEeTBEPTHHHY CHUCTEMY
B MeXax Tepac p. JJHinmpo mpeacTaBieHo cepenHiM
Ta BepXHiM Bimminamu. Jlo cepeqHporo By Ha-
JIEKUTh HIDKHS YacTHMHA alIOBIAJIBHUX ITICKIB, IO
3aJISIraloTh Ha BiKIIaJaX XapKiBChKOI CBITH, 3aralib-
HOTO MOTYXxHicTi0 0 11 M. JIo BepxHBOTO Bimmgimy
BiJTHECEHI afOBiaJIbHI MICKH APYTOi Ta MepIIoi Ha-
3aluTaBHUX Tepac p. JHImpo W CyrmuHKH Apyroi
Ha/a3amaBHoi TepacH. IIOTYXHICTh antoBiaIbHUX
BIKITaiB 3MiHIOETHCS Bif 8 M 10 30 M. Takok Bep-
XHIO YaCTHHY IIepepi3y BepXHbOUETBEPTHHHUX BiJl-
KJIaJliB CKIIAJIAI0Th JIECOMOIIOHI CYTJIMHKH KOBTY-
BaT0-0ypoOro KOIbOPY, MaKPOIIOPHCTI, YaCTO TPY/-
KOBOT CTPYKTYPH, II[0 MICTSATh CTATHEHHS 1 HAJTbOTH
KapOOHaTIB, Y BepXHBOMY IIapi rymycoBaHi. [lepe-
BaYKAIOTh JIETKi Ta CepeH1 BiAMIHH, SKi IEPEeX0IiTh
y cymicok. Jlo cy4acHOTO BimIiTy HaJe)KaTh altoBi-
QJIbH1 MIePEeBiAKIIAICH] MTICKHU Ta CYTIIMHKH JIOJIHH Pi-
YOK, SIpiB 1 OaJIOK.

Meta

[TpunymienHs, mo Ha BIACTUBOCTI MilIaHUX OC-
HOB y gonuHi p. [Hinpo, okpim iHmuX (akropis,
MOXXYTh BIUTUBaTH W MOpP(QOJIOTIYHI 0COOIUBOCTI
caMHUX IMINAaHUX BiAKJIAJEHL AIFOBIAJILHOTO T'€HE-
3HCYy, HEOJTHOPA30BO MMiATBEPPKYBAIH JOCTITHUKA

a)

gl I

&
b
w i
——

Ha TpaKTHILi, IPOTe MaTepialiB i3 Liel TeMu i moci
BKpail HemocTaTHRO. ToMy PIUKOBI ICKH B MeXax
MicTa HeIOCTaTHO BUBYEHI.

OCHOBHOIO METOIO LILOTO JOCIHIPKEHHSI € OTPH-
MaHHS JCSIKUX BIJICYTHIX JaHUX TPO MOPQOJIOTi0
PIYKOBHIX TICKIB y M€Xax MicTa, 30KpeMa, JOCTOBi-
PHUX KUTbKICHUX TIOKa3HUKIB, SIKi MOXXYTh OyTH BH-
KOPHUCTaHi y po3paxyHKax IPYHTOBHUX OCHOB.

MeTtoauka

MopdomoridHi TOCTIIHKEHHS MPOBOIATH IS
BUSIBJICEHHS JOPMH 1 XapaKTepy MOBEpXHi 3epeH pi-
3HUX JITOJIOTO-TEHETUYHUX 1 MiHEepaJoro-meTpor-
padivHUX PI3HOBUAIB MICKIB. Y TigpOTEXHIYHOMY
Ta EHEPreTUYHOMY OYAiBHUITBI MPUCKOPEHE OIli-
HIOBaHHsI Mopdotorii 3epeH mimanux (pakiiii po-
3mipom 0,05...2,0 MM POBOASITH TaK 3BaHUM €KC-
IIpec-MeTOJIOM — BUTIKaHHSAM HaBiCKU (ppakiiii mo-
BITPSIHO-CYXOTO MICKY 31 CTaHJApTHOI CKJISTHOI BU-
pBH. YMOBHOIO XapaKTEPUCTHUKOI 3araJlbHUX
ocobmmBocTel MOPQOIIOTii MICKIB € MTOKa3HUK MOP-
(hosorii 3epeH A, SKWH BU3HAYAIOTH SIK (PYHKIIIIO
yacy 3aKiHUeHHS HaBiIIyBaHHS (BUTIKaHHS) (pak-
1ii MOBITPSHO-CYXOr'0 MicKy 3 BOpoHKH. [lpumman
JUTSL BU3HAYEHHS TTOKa3HUKa MOpdoItorii 3epeH mic-
KiB Ta HeoOXigHe 00JIaAHAaHHA A0 HHOT'O MOKA3aHO
Ha puc. 1.

Puc. 1. Cxema nprnagy A1 BU3HAUSHHS ITOKa3HUKA MOP(OJIOTiT 3epeH MiCKiB:
a — o0JlaTHaHHs KOMIUIEKTY MPUIIaay; O — KpecJIeHHs] BUPBH;
1 — mrtatuB; 2 — TpUMad BUPBU; 3 — CKIITHHIA KOPIYC BUPBH, 4 — 3acyBKa; 5 — 000iMa-TpuMad 3aCyBKH;
6 — Bich 3aCyBKH; 7 — CKJISTHKA JIJISI Bi/ICHIIaHHS HaBiCKH, 8 — mpuiiMabHa CKIISTHKA;
9 — cexynmomip; 10 — TexniuHi Barm; 11 — Baxku

Fig. 1. Scheme of the device for determining the morphology of sand grains:
a — kit equipment; b — drawing of the funnel;
1 —tripod; 2 — funnel holder; 3 — glass funnel body; 4 — latch; 5 — latch holder; 6 — latch pin;
7 — weighment dumping bucket; 8 — receiving bucket; 9 — stopwatch; 10 — counter balance; 11 — levers
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Ha mouatky mocnigy micox mpoOu BUCYHIYIOTbH
3a temneparypu 105 °C, micis 9oro po3citoloTh Ha
(pakiii, mpraoMy Maca KOXXKHOI OJUHHYHOI (hpak-
uii moBuHHa ctaHoBUTH 150 T. JlomycKaeTbesi BU-
BYCHHSI MOPQOJIOTIi 3epeH MicKy i 32 MEHILOI MacH
KOHTpoNboBaHUX (pakmiit (mo 50...30 ), mpote
3MEHIICHHS] MacHu (pakmii TMPU3BOAUTH 10 3HH-
KEHHSI TOYHOCTI BUMIpPIOBaHHS 4acy il BUTIKaHHS,
a TAaKOX MOTPeOye BHECEHHS KOPEKTUB Y PO3PaxyH-
KOBI 3aJI€KHOCTI.

Hwxye HaBeneHO 3HaYCHHS TOIPAaBKOBOTO KOE-
¢inienta K, 1151 HecTaHIApTHUX Mac HaBILTyBaHHS:
y pasi macu ¢pakmiit (y rpamax) 150; 100; 50; 30
3HaueHHs koedinienta K, Oyne cranoputu 1; 1,3;
3,0; 5,4 BianmosigHO.

Hagicky koxxHOI (pakiiii IpoOIyCKaroTh Yepe3 BH-
PBY 3 BEMIpIOBaHHAM 4acy ii BucumaHHs. KiTbKicTh
napaieNpHuX JOCTIZIB Ma€e 3a0e3nedyBaTH BH3HA-
YeHHs1 JOCTOBIPHOTO 3HAYEHHS CEPEeIHbOTO 4acy 3a-
KiHYEHHS HaBillTyBaHHS (paKIlii JOCIiHKYBaHOTO TTi-
CKy. PekoMeH1I0BaHO MPOBOMTH HE MeHIe Hix 10—
15 mapanensHux gocmigiB. [licis 3aKiHYSHHS KOX-
HOT'O JIOCIIiZy TIPOBOISTH KOHTPOJIBHE 3Ba’KyBaHHS
HaBICKH (paKIil AOCTIIYKYBaHOTO TICKY.

[lepBruHHY 00pOOKY OTpUMaHHMX HAaHUX HPOBO-
ITh y TIPOIIeCi JOCIiTy; BOHA IOJATaE B 00UMC-
JIEHH1 TSI KOXKHOI (ppakmii cepeqHboro yacy BHTi-
KaHHs HaBiCKH MicKy (fdep,) ¥ BiAMOBITHOrO MOKa3-
Huka Mopdoiorii 3epeH i€l dpaxiii (A).

Cepenniii yac BUTIKaHHS HaBicku (pakuii Aci-
JOKYBAHOTO TIICKY BU3HAYAIOTh K CEepelHbO-apud-
METHYHE 3HA4YeHHA Yacy BUTIKaHHS IOKa3HUKiB
yCiX IPOBEACHUX JTOCIIIIB.

Jns wineii onepaTUBHOTO T€OTEXHIYHOTO KOHT-
POJIIO 32 3BEJICHHSIM 3eMJISIHUX CIIOPY/ 13 BUKOPHC-
TaHHSAM MIIAHUX TPYHTIB PEKOMEHIOBAHO BUKOPU-
CTOBYBAaTH Taky (GopMydy:

h=4[(Kyd,a) (1)

e tdy,. —yac BUTIKaHHS HaBicKU QpakIIii JOCTiIKY-
BaHOTO ITICKY, C; K, — KOe(illieHT, 1110 3aJICKUTh BiJl
Macu JIOCHIDKYBaHOI HaBiCKHM;, a — KOedillieHT,
sKUi opiBHIOE 4,3 B pa3i giameTpa BUPBU 1 cM;
A — xoedilieHT, SIKU 3aNeKHUTH (y 3aralbHOMY BH-
MajKy) BiJl pO3MIpy, HIJIBHOCTI TBEPIUX YACTHHOK
1 Macu HaBicKH (paKIlii JOCTIIKYBaHOTO MicKy (Oe-
pemo 3a Tabi. 1).

Tabnuns 1
3HaveHHs KoedinieHTa A 1 Pppakuiii micky pisHoi mwinbHOCTI
Table 1
The value of the coefficient A for for sand fractions of different densities
IlinbHicTs TBEP- 3naucHHs KoedilienTa A Ut paKiiil micKky, MM
S 0,05...0,1 0.1...0.25 0.25...0,5 05...1,0 10..20
2,64 3,32 4,14 5,12 6,55 9,79
2,65 3,31 4,12 511 6,54 9,75
2,66 3,30 4,10 5,09 6,50 9,70
2,67 3,28 4,09 5,06 6,49 9,67
Octaro4Ha 00poOKa OTPUMAHHX JAHUX ITOJISITAE B=K / a @)

Yy BH3HAYCHHI YMCIIOBHX (CTaHIApTHHUX) 3HAYEHb
MMOKa3HUKIB (DOPMU 3epeH MiCKiB, Kiacudikarii mc-
KiB 3a MOp(oJIoTi€ro 3epeH 1 B rpadiuHoMy 300pa-
KEHHI OTPUMaHUX pe3yybTariB. Bu3HadeHHs uwc-
JIOBUX 3HAYEHb CTAHAAPTHHUX IOKAa3HHKIB (hopmm
3epeH o, B, K mpoBoAsTh Ha miIcTaBl KOPEIALiHHIX
3aJIeKHOCTEH MK HUMH Ta 32 IIOKa3HUKOM Mopdo-
norii 3epeH A. 3HaueHHs KoedimieHTa chepuaHOCTI
[} BU3HAYAIOTH 33 TAKOKO (POPMYIIOIO:

ne o i K — koedimieHTH 3a0KpyriaeHocTi Ta GopMu
3epeH BJIOBIIHO, IO BU3HAYCHI 32 CIeEMiaTbHUMH
rpadikamMu 3aJexHO BiJl TOKa3HUKa MOpQoorii 3e-
peH A.

Jnist mosiermenHss BHUSABJICHHS XapaKTEPHUCTHK
MICKy TaKOX 3alpOIIOHOBaHO 00’enHaHMi rpadik

(puc. 2).
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Puc. 2. 3anexxHicTh MOPQOIOTiYHIX MapaMETPiB 3epeH MiCKiB PI3HOTO IeHE3UCY
Ta CKJIaJy BiJ y3aranbHeHOro nokaszHuka mopdororii 3epeH A (3a A. /1. [ToranoBum)

Fig. 2. Dependence of morphological parameters of sand grains of different genesis
and composition on the generalized indicator of morphology A (according to Potapov A. D.)

Jnst mpakTHUHUX Wied 3a mMopdosorivHuMu
O3HAaKaMH IICKM MOXHA MOJIJUTH Ha ABa THUIIH 3a-
JIEKHO BiA cTymeHsi oOpoOKHM milmaHux (pakiii,
a TaKoX IIe Ha 4 MiATUIH — 33 XapaKTepOM OKpYT-
JIEHOCTI Ta c(hepUIHOCTI 3epeH NepeBaxKHOI Pppakiii

(muB. Tabm. 2). OkpiM TOro, MOpQOIIOTTUHHIA BUII TTi-
CKY JIOITyCKA€THCSI BCTAHOBIIIOBATH 32 Bi3yaJbHUMHU
CIIOCTEPEIKESHHAMU HaJl 3epHAMHU 3a JIOTIOMOTOFO Oi-
HOKYJIIPHOTO MIiKpPOCKOTIa, a TaKoXK 3a ¢ororpadi-
SIMU 3€PEH Ha €JIEKTPOHHOMY Mikpockori [8].
TabOnuma 2

Kaacugikauis micky 3a 0cHOBHUMH MOP(0JIOTIYHMMH 03HAKAMH

Table 2

Sand classification according to basic morphological features

Tur micky

igTun micky

Kyracro-necdepuunmuii, a < 0,35; $ <0,8

Heob6pooienuii, A < 0,4

Kyracro-cpepuunuii, o < 0,35; > 0,8

OxpyrieHo-Hechepuynuii, a > 0,35; f <0,8

O6pobienwuii, A > 0,4

Pe3yabTaru

HaBeneni mocmimpkeHHs Oynu Naneko HE €IH-
HUMH 1IbOMY MTUTAHHIO Pi3Hi aBTOPH MPUALISUIN M-
JBHY yBary, oCOOJMBO B OCTaHHI POKH. 30Kpema,
y poborax [5, 6] ireTbcs Ipo BUBYCHHS KiJTbKOX BH-
JIB IICKIB KOHTHMHEHTAJILHOTO TE€HE3UCY YeTBEp-
THHHOTO BiKy. ByJo 3anpornonoBano MmopdoreHeru-
YHUH psill, SIKKH ONUCY€E 3aleXHICTh (POpMYBaHHS
MOp}OJIOTriuHIX MapaMeTpiB MiCKiB (CTyHeHs 00po-
OJIEHOCTI MIIIAHUX 3€peH) BiJ CTYINEHs BIUIMBY Ha

OxpyriaeHo-chepuunuii, o> 0,35; > 0,8

HUX 30BHIMIHIX (akTOpiB 0OPOOKH YaCTUHOK Yy Pi3-
HUX yMOBax: (pIIFOBiabHOTO, €0JIOBOTO, TIISIiaNIb-
Horo Ta iH. el psn Burisinae takum ynHoM: fgQIV
— eo-mQIV — aQlV. Bin noka3sye, 110 31 3pocTaH-
HSIM CTYIICHS BIUTMBY 30BHIIIHIX (DaKTOPIB Ha Iepe-
BiJKJIaJaHHS MiCKY IMOKa3HUK MOPQOIIOTii MIaHux
4acTUHOK 3poctae. Haiibinpm xapakrepHa ¢opma
MII[aHKX YACTHHOK 5K OTPMMaHa B pe3yJibTaTi 00-
pOoOKH i Mae MiHIMaJIbHY TOBEPXHEBY €HEPIil0, — 11e
cdepa abo emincoin. Lle 3ymoBineHO Hacamriiepen
TUM, 10 B KOHTUHEHTAIFHHX YMOBaX YTBOPIO-
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I0TBCS TIEPEBaXKHO KBapIIOBI IICKHW, piflle KBap-
IIOBO-TIONTFOBOIIIIIATOBI, X04Ya 3YCTPIYArOTBCS J0-
CHUTPH 4aCTO OJIITOMIKTOBI 1 HaBiTh MOJIMIKTOBI Bij-
MiHH, IO 3aJICKHUTh BiJ] KOHKPETHOI TCHETUYHOT 00-
CTaHOBKH ixHBOTO (opMyBaHHs. [lepeBarkaHHS
B HUX KBapIily MPOJMKTOBAHO TOJIOBHHM YHHOM
HOro ocoOJIMBOCTSIMH, a caMe. BEJIMKOI CTIMKICTIO
JI0 BUBITPIOBAHHS, TBEPIICTIO Ta OIIOPOM CTUPAHHIO
TiJ] 9ac TIEPeHECeHHs Y BOAHOMY a00 MOBITPSIHOMY
CEpeIOBHUII. YHACTIIOK IOTO KBapI[OBI 3epHa 3a
CBO€EI Mopdororiero (popMoro Ta XapaKTepoM Io-
BEPXHi) MOXYTb OYTH LIJIKOM TOYHUM F€HETHIHUM
IHIUKATOPOM.

o Toro k, 3 MOMISAAY OLUIHIOBaHHS 3arajlbHUX
MOp(]OIOTIYHNX 0COOIMBOCTEH MTICKIB, KPIM yCTa-
HOBJICHHS (DOPMH IXHIX YaCTHHOK, BaYKJIUBUM € Bpa-
XyBaHHS XapakTepy MOBEpXHi mimanux 3eped. s
LUX LiJIel CBOTO Yacy 1 OyB 3alponoHOBaHUH TOKa-
3HUK MOPQOJIOTI] MICKIB A, SKUH KOMIUIEKCHO OITH-
Cy€ K 0COOJIMBOCTI iXHBOI (POpPMH, TaK i XapakTep
MOBEPXHI MIMIaHUX YACTHHOK Y BCHOMY JTOCTIIXKY-
BaHOMY 00’ €Mi MIITAHOTO TPYHTY.

I3 mimanwx BigkmazgiB monuxu JHinpa Oymo Bu-
BYCHO KiJIbKa TeHETHYHMX Pi3HOBUIIB MiCKiB, 3epHa
SKHX y pe3yJbTaTi NOCTTEHEeTHYHUX IPOIECiB Ha-
Oynu pi3HOi popmu. Y Tabn. 3 HaBeIEHO XapaKTe-
PHUCTHKY CKIaxy Ta MopdooriyHux oco0IuBocTel
BUBYCHUX MICKiB oauHU p. JHINpo.

Tabmuus 3

Xapakrepucruka ckjaaay Ta MopgoIoriyHux oco01uBocTel mickis gouuu p. JAninpo

Table 3

Characteristics of the composition and morphological features of the sands of the Dnieper River valley

o . . XapaKkTepucTuka . . [Toxaznuk .
T'enernunnit Micue Binbopy MinepanbHui XapakTepucTHKa IMiCKy 3a
. . TrpaHyJIOMETpHUY- . Mopdo- .
1H/EKC MiCKY npobu . CKJIaJ MiCKy Mopdooriero

HOTO CKJIaJy IICKY Jorii A
. . . O0pobiieHi, OKPYIJICHO-
Tpuninsceka P . ITommMinepaibHI . .
aQlv Jpi6Hi oxHOpIAHI . 0,449 cdepuuHi, Tpydomnoipo-
TEIL] MICKH . .
BaHI, BEJIMKOSIMYACTI]
YurupuHCchKa . . . . Heo6po6uieHi, KyTacto-
aQlVv P JpibHi onHOpinHi | MoHOMiIHEpanbHi 0,324 P b .
JAPEC HechepHuuHi, JIyCKaTi
3epHa He3rpabHi, ciado
IpuHi- abo noOpe OKpyriieHi B
MIPOBCHK . . . . Hemae IBHUX CITiBBIIHOIICH-
aQlVv P ’ JpibHi onHOpinHi | MoHOMiIHEpanbHi pBH A
paiioH rupia JTAaHUX HSX, 13 T K00 OJIHCKY-
p. Camapu YO0 MOBEPXHEIO YaCcTH-
HOK

Sk BumtuBae 3 Tabs1. 3, AaHi MPO YKCIOBI MOKa3HUKKM MOPQOJIOTii MICKIB y paioHi MicTa JIHINIPO BiACYyTHI.

VY 1ijJoMy HUHI OTPUMaHI JIaHi JJO3BOJISIOTH BH-
KOPHCTOBYBAaTH nosioxkeHHs1 podotu B. 1. Ocumnosa
JUTS. TIPUPOJIHUX TIAHUX TPYHTIB Pi3HOTO CKIaay
Ta MOpQoIoTiYHUX ocobumBocTei [2]. Sk yxke Oyino
3a3HaueHO, MOPQOJIOTiYHI OCOOIUBOCTI MICKIB, SIKI
€ HEBiJI’€MHOIO iXHBOIO CTPYKTYPHOIO XapaKTepHuc-
TUKOIO, 0araTo B YOMy BH3HAYaIOTh MAaKCUMAaJIbHY
MOJIEKYJISIPHY BOJIOTOEMHICTb, TPAHUYHI IIIJIHOCTI
ckianaHHs mickiB. Lli MOKa3HUKH, CBOEK Yeprolo,

BIUIMBAIOTh HAa MIlIHICHI Ta AedopMalliiiai xapakre-
PUCTHKH IIICKY. Y CTaHOBIIEHO, HANPUKIAMI, IO 32
pi3HOTO CKIany (iAbTPYBaNbHOI PIAMHA BOHH
BIUTHBAIOTH 1 Ha Cyo3iitHy cTiiikicTs [3, 4, 10-12].

[TpoOu minanux rpyHTIB AJ1s 1a00PaTOPHUX J0-
CJIi/pKeHb OyiM BifgiOpaHi 3 2-X CyMIXHHX BHPOOOK
IUBDKHOT ~ 30HM ~ MOHAcTHPCBKOTO  OCTpOBa
3 00Ky ApXi€pelChKOi MPOTOKH, PO3TAIIOBAHUX 32
350 m Ha miBmeHHME cxin Big Mepedo-XepcoHch-
Koro Mocrty. [linsHka Bigdopy npo0 MmicKy YMOBHO
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MOke OyTH BigHeceHa o 1-i mig3ammaBHOi Tepacu
npaBoro Oepera gonuau p. Juinpo. Cruin Big3Ha-
YUTH, 10, 32 apXiBHUMH NaHWMH, TULDKI MoHac-
TUPCHKOro (KOMMIIHEOr0 KoMcoMOIbChKOro) ocT-
poBa € MEpeBaXHO IUTYYHHMH, YTBOPEHUMHU abo
IUIIXOM TIOTIEPETHHOTO HAMUBAHHS, a00 BiJICUTIaH-
HSM TpUBe3eHOro micky (y misHimi yacu), 0co0-
JIUBO 1I€ CTOCYETHCS AUISHKH IUISDKY 3 00Ky (hapBa-
Tepa piuku. L{g oOcTaBuHa Oyra BpaxoBaHa ITijT 4ac
BH3HAYEHHHS TOYOK BiOOPY MPOO MICKYy.
Haiibnmxkya 1o Touku Bigbopy mpoO MmicKy Ai-
JISTHKA, JUIS SIKOT OyJI0 BUKOHAHO aHaJli3, 10 MiJTBe-
PIKy€e BIACTHBOCTI PIYKOBHUX ITICKiB, pO3TAIlIOBaHA
HaBNPOTH MOHACTHPCHKOTO OcTpoBa y rupii p. Ca-
Mapu [1]. 3riHO 3 JaHUMH JOCIIHKCHb, ITICKH 3a-
3HAYEHOTO PaiioHy KBapIOBi, Cipi Ta YKOBTYBaTO-
cipi, IpiOHO3EPHUCTI, OMHOPITHI, MOHOMiHEPAIBHI.
Ixmiit MiHepalbHUHN ckiax: kBapi — Big 91,0 mo
94,9 %, momsoBwmii mmat — 3—4 % Ta rIayKOHIT — 10
0,5 %. TpammsaoTbcs TOOAWHOKI BKIFOUEHHS
omany. Ciroz1 Ta opraniku Hemae. [ IMHUCTHX MiHe-
paJiiB He3HayHa KiNbKicThb. [lepeBaxkHa dpakiis 3e-
peH micky — 0,16-0,32 mm. Moaynb KpyITHOCTI Ti-
cky — 0,5-1,9. Ilicku Hanexarh 0 MOTaHO BiICOp-
ToBaHuX. LIiNBHICTh YaCTHHOK TMICKY CTaHOBUTH
y cepenabomy 2,62 r/cm®. OnHak, 3a iHIIUMU Aa-
HUMH, [UTBHICTh YaCTUHOK YETBEPTUHHHX allfOBia-
JBHUX MICKIB PaiiOHy MiCBKOTO PiYKOBOI'O TOPTY

CTaHOBHUTH 2,61 1 2,66 r/cM?, 3a JaHHUMH K IOCII-
JOKeHb TI0 Tpaci METPOIIONiTeHy BOHA CTAHOBHTH
2,66 r/cM?, a Ha x/M UepBouuii Kaminb Ta [TokpoB-
cekuil (komumHii Komynap) — mo 2,65 r/em®. Cepe-
JHBbO3BAYKEHE 3HAUYEHHSI IIIIbHOCTI YaCTHHOK IICKY,
y34Te JUIS pO3paxyHKiB, CTAHOBUTH 2,64 r/cm>. 3a
JAHVMH K BUTTPOOYBAHHS PIYKOBHX ITICKIB Y paifoHi
pIYIIOPTY Ta CTapOTro 3ai3HUYHOTO MOCTY, a TAKOXK
/M YepBonwmii Kaminb Ta ITokpoBCchKUH, (ppakiiero
TPaHyJIOMETPUYHOTO CKIALy, IO MEepeBaKacdoro
€ came ¢pakmis 0,1-0,25 MM, 10 B IJIOMY y3rO0-
JOKYETBCS 3 IOKAa3HUKaMH MmickiB rupia Camapu [9].
Takum 4YnMHOM, pe3yNbTaTH NPOBEACHHUX JOCi-
JDKEHB 32 MPUITYIEHHSIMH MOXYTh OyTH IMITJIEeMEH-
TOBaHUMH 1 JI0 pO3paxyHKiB 3a TOUYKaMH BiI0OOPY Ha
MoHacTHPCEKOMY OCTPOBI. AJIe CINiJT TAKOXK BiA3HA-
YUTH, IO JOCUTH YacTO TaKi HAMUBHI TTICKH 3a Tpa-
HYJIOMETPUYHHUM CKJIZIOM y BEpXHill YaCTHHI mepe-
pi3y Halexarb He TUTBKU 10 OpiOHUX, aje i 1o ce-
pennix BimMmiH. Lle crocyerbes i mickiB MoHac-
TUPCHKOTO OCTPOBA.

Binbip, 00poOKy Ta aHaii3 mpod MiCKiB BUKO-
Hanm (axiBui BUIpoOyBambHOI mabopartopii TOB
«AHITTPOTEOAJIBAHCY (M. Auinpo) y 6epesni
2022 p. BuzHaueHO cepeqHbO3BaKCHUH TIpaHyIo-
METPUYHHUM CKJIax MickiB MOHAaCTUPCHKOTO OCT-
poBa (tabu. 4).

Tabnuus 4

CepenHbo3BakeHUH IrPaHyJIOMeTPUYHMI cKJax mickiB MOHACTHPCHKOr0 OCTPOBa

Table 4

The weighted average granulometric composition of the sands of the Monastyrskyi Island

JliameTpy 4acTHHOK, MM

Bwmict dpaxiii, %

2-5
1-2
05-1
0,25-0,5
0,1-0,25
<0,1

BusHaueHo, 110 IICKM KBapIOBi, Cipi, OLIbII
MEHII OIHOPi/IHI, MOHOMiHEpaJbHi, CEPEAHbOI KPY-
mHOCTi. Y mpobax MicKy HasiBHI MOOAWHOKI BKIIIO-
YeHHsI APIOHOr0 rpaBiro, YepenamHuKy, CIIiIiB op-

0,95
1,9
13,78
44,72
38,28
0,37

ra"iku. Sk BuruinBae 3 Ta01. 4, nepeBaXkaroThb Gpa-
kmii 0,25-0,5 i 0,1-0,25 mm. Sk HeogHOpa3oBO
OyJi0 BKazaHO B MpOo(iibHINA TEXHIUHIN JiTepaTypi,
y BU3HAUCHHI MOP(OJIOTIYHUX MOKA3HUKIB ITICKIB 13
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¢pakiiero Menme Hixk 0,1 MM HeEMa€e CEHCY, OCKi-
JIEKW YaCTUHKH APIOHUX (paKIiif mepeBakHO Tepe-
HOCSITBCA y 3BXEHOMY CTaHi i TOMY TOBUTFHO 3Mi-
HIOIOTH CBOIO popMy. Takok Hemae CeHCy, BHXO-
J5191 3 BUMOT 3a0e3MeUYeHHs] CTaHAapTHOI MacH Ha-
BICKK ¥ MiHIManbHO HEOOXimHOi KiNBKOCTI
MmapajebHUX JOCTiMIB, IO pa3oM BINIMBAIOTH HA
TOYHICTH PO3paxyHKiB, Y BU3HAUEH] MOKA3HUKIB He-
3HAYHO a00 Majo MpecTaBiIeHUX Gpakitid. Takum
YUHOM, MOP(OJIOTIUHI TOKa3HUKY BU3HAYCHI JIUTIIE
s ppakuin 0,25-0,5 ta 0,1-0,25 mwm, 1o nepesa-
xaroTb. [Ipote, ypaxoByloun HasBHICTH y mpobax
BiJTHOCHO 3HaYHOI KiJTBKOCTI icKy 3 ppakmiero 0,5—
1,0 MM, ¥ioro Takox OyJiO B3STO 1O OOpOOKH st
OTpPUMaHHS NPEACTaBHUILILKUX PE3YNbTaTiB.
3HaueHHs kKoedimieHTa 4 3a Tabmn. 1 g pospa-

XYHKY TapameTpiB MOp(oIorii, 3riHO 3 AaHUMHA
PO3CiBaHHS MICKIB 3a B3ATOI0 CEPEAHBO3BAKEHOIO
IIUIBHICTIO YaCTHHOK 2,64 r/cM3, aHaIi30BaHHUX 1A
(pakiii CTAHOBHUTH:

0,5-0,1 mm — 6,55;

0,25-0,5 mm — 5,12;

0,1-0,25 mm — 4, 14,

BianosinHo o dopmyiu (1) unuciosi 3HaYCHHS
MOKa3HUKIB Mopdotorii mickiB A i (pakiiiii Oy-
IOyTh TAKAUMHU:

0,5-0,1 mm — 0,250;
0,25-0,5 mm — 0,210;
0,1-0,25 mm — 0,196.

JIst po3paxyHKy cepeIHbO3BAKEHOTO 3HAYCHHS
Aep. TIiICKiB MOHACTHPCHKOTO OCTPOBa OYJI0 BUKOPH-
CTaHO bopmyy 3) (uB. JonaTok
11 PA 34 15.073-91). Ha miagcraBi po3paxyHKY,
BIJIMOBITHO JIO BiJICOTKOBOTO BMICTY BHIIPOOYBa-
HUX Qpakmiid, 17 Mpo0 MicKy 3rigHo 3 Tad. 4, ce-
PEIHBO3BAKECHUI MOKAa3HUK MOPQOIIOTI 3epeH A,
sl TicKiB MOHacTHPCBKOTO OCTPOBa CTaHOBHB
0,210.

3a KOMIUIEKCOM MOP(HOJIOTIYHUX MHapameTpiB
3epHa BCix (ppakiiiii mcKy, 3riJHO 3 HOMOTpaMaMHu
puc. 2 Ta Tabm. 2, HaleXaTh 10 HEOOPOOJIIEHUX
(A <0,4), kyracro-uechepuunux (a < 0,35; f<0,8).
[Tix MiKpOCKOITOM TIOBEPXHS YaCTHHOK KBapIly IJia-
nKa, Onuckyda. Binpm netanbHa XapaKTepHCTHKA
MiIaHUX 3€peH pi3HUX (pakuiid, BIINOBITHO 10
Tabn. 11 «Pexomenpamiii i3 KOMIUIEKCHOIO BH-
BUCHHSI Ta OI[IHKM OY/iBEIbHHUX BIACTUBOCTEH ITi-
LIaHUX IPYHTIB...», TaKa:

a) ¢paxuis 0,5-0,1 mm: 3a KoediLieHTOM OKpY-
TJIEHOCTI a 3epHa (ppaxiiii KyTacTi, 3a Koe(ilieHTOM
cepuyaHOCTI  KITacuPiKyrOThCA SIK TyXxKe Hechepu-
9Hi, a 3a MMOKa3HUKOM Mopdosorii A — sk HeoOpoO-
JIeHI;

0) ¢pakmii 0,25-0,5 1 0,1-0,25 mm: 3a koedirie-
HTOM OKPYTJICHOCTI a 3epHa (paKiiil gyxe KyTacTi,
3a koe(imieHTOM chepudHOCTI B KIacupiKyloThCS
SIK HecpepryHi Ta aHI30METPHYHI, a 33 TOKa3HUKOM
Mopoorii A — gK yke HeoOpoOIeHi.

HaykoBa HOBM3Ha Ta MPpaKTHYHA
3HAYUMICTD

3a HayKOBY HOBH3HY Ili€l poOOTH MOKHa BBa-
JKaTH OTPUMAHHS YUCIOBHUX MapaMeTpiB Mopgoio-
ril 1715 amoBiadbHUX MICKIB IIEHTPAJIbHOI YaCTHHU
micra J{Himpo (MoracTupcbkuii ocTpiB). JlomoBHU-
BIIM OTPUMAaHUMH YHCIOBUMH 3HAYCHHSMH JIaHi,
BIJICYTHI B Ta0J1. 3 11010 paiioHy MicTa, MOXKHA BiJI-
3HAYUTH TCHJCHINIO 3HIKEHHS TOKa3HUKa MOPQO-
JIoTii y piYKOBUX ITiCKiB A0JWHHU J[HITIpa Bl BUTOKIB
0 THpia. AJie OCKUIBKM B)K€ BHKOHAHI JOCIHi-
JOKeHHA € 32 (paKTOM TOYKOBUMH, JUISI IiJTBEP-
JOKEHHS IIHOTO MPUITYIIEHHS HEOOXiTHO TPOBECTH
YUCICHH] JOCIIKEHHS ITCKIB HIDKYE 3a TEUI€lo,
HaTpUKIIaj, y paiioni 3amopixoks, Enepronapa, Ka-
XOBKH Ta XepcoHa. Takox HEoOXimTHO BHUKOHATH
Mop(doIIoriuHe BUBYEHHS PIYKOBUX MICKIB JOJIMHU
Juinpa 3 riuOImMx rOpU30HTIB, 110 JT03BOJIMIO OU
OTPUMATH JaHi MOA0 POPMYBaHHS KOHTAKTIB MiXk
MIIAaHAMHA 3€pHAMH, SIKi BiJIMiHHI Bif cepH i Mo-
XKyTh OyTH MJIACTUHYACTOT Ta 1HIIOT POPMH.

Pe3ynbrat mpoBeAEHUX JOCITIKEHb MOXKYTh
OyTH IMIJIEMEHTOBaHI 0 PO3paxyHIB IMOKa3HUKIB
MilIaHUX TPYHTIB OCHOB Oy/liBeJb Ta CIIOPY/I MicTa,
a TaKOX MITYYHHUX 3eMJSIHAX CIIOpYIl, 30KpeMa Ha-
MUBHUX MAacCHBIB, TIIPOTEXHIYHUX CIIOPY] e€Hepre-
TUYHUX 00’ €KTIB — CTaBKiB-oxoJokyBadiB AEC ta
TEC, pi3Hux rpedenb, IPyHTOBHX IiIXO0/iB J0 Tpa-
HCIIOPTHUX CIIOPYI.

BucHoBku

V wiii poOOTi HaBeICHO PE3YJIbTATH BU3HAUCHHS
JESIKUX MOP(OJIOTIYHNX XapaKTePHCTHK IIaHUX
3epeH amoBir0 1-i mig3amiaBHOI Tepacu MOJMHU
p. Auinpo y mexax MoOHaCTHPCEKOTO OCTPOBA.

VY pe3ynbTati NpOBEACHHS JAOCHIIKCHb 3pa3KiB
QIFOBIAIBHUX MTiCKiB OYyJI0O BCTAHOBIIEHO, 1110 CEePEeJI-
HbO3BOKCHHMM IMMOKa3HUK MOPQOJIOTii I MiCKiB
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Monactupcebkoro octposa cknagae 0,210. 3a ocHo-
BHUMH MOP(}OIOTITHIMHI 03HAKaMH 3epHa BCiX OC-
HOBHUX (Dpakiiii MiCKiB HaJeKaTh 10 HeoOpoobie-
HUX, KyTacTo-Hechepuynux. Takox Oynu mpoana-
JM30BaHI pe3yNbTaTd aHAJIOTIYHUX POOIT i3 BH-
BUEHHSI T€HETHYHUX THUIIB YETBEPTHHHUX IiCKiB
pi3HOTO TeHe3nucy monvHu p. JHINpo, 3 AKUX OTpH-
MaHi JlaHi mpo MOP(OIIOTiF0 MOHOMIHEPATBHUX OJTi-
TOMIKTOBHUX aJTIOBIaJIbHUX MICKiB, (hOpMY Ta Xapak-
Tep TMOBEPXHI MIIAHNX 3¢PEH ATIOBIFO.

Criz 3a3Ha4MTH, 10 JEsKI MOPQOIIOTivHI Xapa-
KTEPUCTUKH PIYKOBUX YETBEPTUHHUX ITICKIB JO-
nuHA p. JHIMpo B Mexkax micta 0yJ0 OTpUMaHO
Briepire. Ha mificTaBi mux JaHUX MOXHa KOHCTaH-
TyBaTH TCHJCHIIIIO 3HWKCHHS TMOKa3HUKa MopQo-
JIoTii y piYKOBUX ITiCcKiB AoiwHA [[HiNpa Bil BUTOKIB
II0 THpia. Y TOJAIBIIOMY HaMideHO BUBYHUTH pid-
KOBIi MMiCKUB J0AMHU [{Hinpa 3 rInOIIX ropu30HTIB
13 METOI0 OTPUMAHHS JaHUX MPo (HOpMyBaHHS KOH-
TaKTiB MDXK 3€pHAMH MiCKYy HecPepUIHO1, TITACTHH-
yactoi abo iHmoi popmu.
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Morphological Evaluation Results of Some Features of Alluvial Sands
in the City of Dnipro

Purpose. The research is aimed to obtain some missing data on the morphology of river sands within the city, in
particular, reliable quantitative indicators that can be used in the calculation of soil bases. Methodology. According
to the experimental-analytical method, a complex soil morphology was used, which takes into account the shape and
nature of the grain surface in the entire sand volume studied. Morphological assessment was carried out not only for
individual sand particles, but also for the entire volume of the soil studied, due to this an important factor in the
formation of the shape and nature of the sand grain surface is the mineral composition of sand. For the most of the
studied sands, quartz was the predominant mineral. In further studies, it is planned to study the Dnipro River sands of
deeper horizons, which would make it possible to obtain data on the formation of contacts between sand grains, which
can be lamellar or other shapes. Findings. This paper presents the results of determining morphological indicator, as
well as studying the shape and nature of the surface of alluvial sand grains of the 1st floodplain terrace of the Dnieper
River valley in the area of Monastyrskyi Island in the central part of the city. The results of similar works on the study
of a number of genetic types of Quaternary sands of various genesis in the Dnieper River valley were also analyzed.
Due to this analysis, data were obtained on the morphology of monomineral oligomictic alluvial sands, the shape and
nature of the alluvium sand grains surface. Originality. For the first time for the central region of the city, some basic
morphological characteristics of river Quaternary sands of the Dnieper River valley were obtained. It is also possible
to note the tendency of decrease of morphology indicator in river sands of the Dnieper valley from sources to the
mouth. Practical value. With all confidence, the results of the studies carried out can be implemented in the sandy
soils of the foundations of buildings and structures of the city, as well as to artificial earthworks, in particular, alluvial
massifs.

Keywords: sandy soils; sand particles; intergranular contacts; number of grains; grain roundness; grain sphericity;
grain morphology; sand fractions
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