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PACUYET TEPPUTOPHAJILHOT'O PUCKA TP TEPAKTE: DKCITPECC
MO/JIEJb

Hean. Pabora npexanonaraer pa3pabOTKy METOAA OLEHKH TEPPUTOPUAIBLHOTO PUCKa B Cilydae TepakTa C Hc-
MOJTb30BaHNEM XUMHUYECKOro areHra. Meroauka. [t onycaHus mpouecca paccenBaHus B aTMoc(epe XUMUIECKO-
TO areHTa, BEIOPOIICHHOTO B CIy4ae TEpakTa, HCIOIb3YEeTCsl ypaBHEHHE MAcCOIEPEHOCca IIPUMECH B aTMOC(HEPHOM
BO3/yXe. YpaBHEHHE yUUTHIBAET CKOPOCTH BETPOBOTO MOTOKA, aTMOC(hepHYI0 Au(Dy3HI0, HHTEHCUBHOCTh SMUCCUH
XMMHYECKOTO areHTra, HaJIW4ne 34aHUH BO3JIe MecTa BBIOpOCAa XMMHYECKH OIACHOTO BemiecTBa. [y 4HCIEHHOTO
MHTETPUPOBAHUS MOJIEIUPYIONIEr0 YPaBHEHHS HCIIOJB3YeTCs] KOHEUHO-Pa3HOCTHBIN MeToa. OCOOEHHOCTHIO pa3pa-
OOTaHHOW YMCIICHHOW MOJENH SIBJISETCS BO3MOXKHOCTH OLICHKH TEPPUTOPHUAIBHOTO PHCKA B Cllydyae TepakTa NpHU
Pa3IMYIHBIX METEOYCJIOBHIX M HANW4YMU 37MaHui. Pe3yabTarhl. Pazpaborana cnenuain3upoBaHHAs YUCICHHAS MO-
JIeNTb U TIaKeT MPOTrpaMM, KOTOPBIE MOTYT OBITh MCIIOJIB30BAHBI I OIICHKH TEPPUTOPHUATBHOTO PUCKA KaK B CIIydae
TEPAKTOB C MIPUMEHEHHEM XUMHUYECKUX areHTOB, TaK U B CIIy4ae SKCTPEMAaIbHBIX CUTyalllnil Ha XMMHUYECKH ONaCHBIX
00BEKTaxX U TpaHCTIOPTE. MeTo MOXKET OBITh Pean30BaH Ha KOMIBIOTEpaxX MaJioi M CpeaHel MOITHOCTH, YTO MO3-
BOJIIET IIMPOKO HCIOJIB30BaTh €ro JUId PEUIeHHs 3aJad paccMaTpuUBaeMoro kiacca. IIpencraBieHbl pe3ybTaThl
BBIYHCIIUTEIBHOTO HKCIIEPUMEHTA, MO3BOJISIONINE OLEHUTh BOZMOXKHOCTH INPEVIOKEHHOTO METOa OLEHKH TeppH-
TOPHAIBLHOTO PUCKA B CIydae TepaKTa C UCIIOJIb30BaHHEM XUMHYeckoro areHra. Hayunas woBmsHa. [Ipennoxen
3¢ QEKTUBHBIA METOJl OLEHKH TEPPUTOPHATIBHOTO PHUCKAa B CIydae TEpakTa ¢ NPUMEHEHHEM XMMHUYECKH ONACHOTO
BemecTBa. MeTos MOXeT OBITh MCIIOJIB30BaH ISl OLIEHKH TEPPUTOPUAIIBHOTO PUCKA B YCIIOBHSX TOPOICKOH 3a-
CTPOWKH, YTO TO3BOJISIET MOTy4YaTh aJeKBaTHBIE JaHHBIC O BO3MOXKHBIX 30HaX MOpaKeHUs. MeTo/l OCHOBaH Ha 4HC-
JICHHOM MHTETPUPOBaHMH (YHIAMEHTAJIBHOTO YPAaBHEHHUSI MacCOIIEPeHOCa, BRIPAXKAIOIIET0 3aKOH COXPAaHEHHs Mac-
cel B kuakoil cpene. IlpakTuyeckass 3HaYUMMOCTh. [IpennoKEeHHBIH METOJ OIEHKH TEPPUTOPHAIBHOTO PHCKa
B CIydae TepakTa ¢ MPUMEHEHHEM XMMHYECKOTO areHTa MOXeT OBITh MCIIONb30BaH AJIS pacdeTa 30H HOPAKEHHS
BO3JI€ aAMUHUCTPATUBHBIX 3/1aHUI, IIEHTPOB U JPYTHUX COLUANBHO 3HAYMMbIX 00BEKTOB.

Kniouesvie cnosa’ TeppUTOPUANBHBIA PUCK; TEPAKT, XUMUYECKOE 3arpsA3HEHNE; YUCIEHHOE MOJICIHPOBaHHE; 3a-
IpsA3HEHHNE BO3AYIIHON Cpe/bl

2, 3, 8,9, 11]. Kak ormeuarot 3apybeKHbIE HCCITe-
Beenenne JIOBATEIH, ceiiuac BBICOKA JOCTYMHOCTh JUIS Tep-
POPUCTOB TEX XUMHYECKH OITACHBIX BEIICCTB, KO-
TOPBIC HCIIOJB3YIOTCA B pPa3JIMYHBIX OTPaACIgX
MPOMBIIIJICHHOCTH ~ (HApUMep, XJIOp, aMMHaK
U T.1.). B 3TO# cBsA3M, 3a pyOeIKOM NPU M3YUCHUH
MPOOJIEMbI OIEHKH ITOCIEACTBHIA TEPAKTOB YacTO

B nacrosiee Bpemst 3a pyOexoM MOBBIILIEHHOE
BHMMAaHUE YZEIJSETCS MPOTrHO3Yy MOCIEACTBUI Tep-
POPHUCTUYECKUX AKTOB C BO3MOXHBIM IPUMEHEHU-
€M XUMHYECKUX WM OMOJIOTHYECKHX areHToB [1,
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paccMaTpuBaeTCs 3MHUCCUS UMEHHO TaKUX XUMH-
YEeCKHU OITACHBIX BEIIECTB U, Pexe, O0EBBIX OTpaB-
JISIOIIKX BemecTs [6, 7].

W3BecTHO, 4YTO TEpakThl 4Yalle HPOUCXOIAT
B YCIIOBUSIX 3aCTPOWKHU (IIPOMBIIIIICHHOHN 3aCTpOii-
KM WIH B CeTUTEOHOH 30HE). B ar0ii CcBs3M, mIs
OLIEHKH MOCJIEACTBUN BO3MOXHOIO TEpaKTa B CO-
3IaBacMbIX MaTeMaTHYECKUX MOZETSIX 00s3aTelb-
HO CJIeIyeT y4ecTh BIWSHUE 3AaHUN Ha paccemnBa-
HUE XUMHUYecKoro (Omosoruueckoro) arenta. On-
HaKo, CJIeyeT OTMETUTh, YTO TaKOM ydeT KpaiiHe
OCIIOXKHSIET pellIeHUe 3a[auH, IOCKOJIBKY ISl MPO-
THO3a BO3MOXKHBIX 30H MOPaXEHHUS CIETyeT 3HATh
TI0JIe CKOPOCTU BETPOBOI'O MOTOKA MEXKAY 3IaHMsI-
MH, KOTOPOE HaJ[0 PacCUHUTATh IJIS BCEX BO3MOXK-
HBIX MeTeocuTyauui. [Is pemieHuss JaHHOU 3aja-
Yl HEOOXOAMMO DPELIUTh a’pOJIMHAMHUYECKYIO 3a-
Jlaqy U OTpeAeNUTh 3TO M0JIe CKOPOCTH.

Hean

Henbto panHO# paboThl sBIsiCTCS pa3padoTKa
METOAa OILIEHKH TEPPUTOPUAIBLHOTO pHUCKA TIPU
TEPPOPUCTUUECKON aTake, COMPOBOXKAAOLICHCS
SMHCCUEH XUMHMYECKOIO areHTa B YCIIOBHAX 3a-
CTpPOMKHU. MeToJ pacyeTa OCHOBBIBAETCS HA CO37a-
HUM YUCIICHHON MOJEH paccenBaHUs XUMHYECCKO-
T'O areHTa NpH TEPaKTe.

Ananuz nybnuxayuti. B HacTosimiee BpeMms
B VYKkpamHe He pa3palaThIBalOTCd METOABI IO
OLIEHKE IOCIEACTBUN TEPaKTOB (C MPUMEHEHHUEM
XMMUYECKUX MM  OHOJIOTMYECKHX  areHTOB)
B YCJIOBHsIX 3acTpoiiku. CyIecTBylOT mMyOiuKa-
UM, TA€ UCIOIb3YIOTCS HOPMAaTHBHBIE METOIUKH
tuna OH/[-86 win MeTonuMka MpOrHO3a MOCHEN-
CTBHI aBapuii HA XUMHYECKH OMACHBIX O0OBEKTax
W TpaHCIOpTE Ui OLEHKH YPOBHS 3arps3HEHUs
BO3AYIIHOW Cpeapl MpH BBIOPOCE XUMHUYECKH
OTAacHBIX BellecTB. s OIEHKH Takoro ypoBHS
3arpsi3HEHHS TIPU aBapusX Ha MPOU3BOJICTBAX HC-
HOJIB3YIOTCS. MeTOAMKH THIA « Tokcuy [4], «Ammu-
ax», «SLABy [6], peanusyromue mozens ['aycca,
WIN aHAJUTHYECKOE pEIIeHHE YpaBHEHUS Macco-
MepeHoca, KOTOphIe TaKKe HE MOTYT OBITh IIpUMe-
HEHBI, TOCKOJIbKY HE YYHUTHIBAIOT BIUSHHUE 31aHUH
Ha paccerBaHHE XUMHYECKOTO (OMOIOTHYECKOro)
arenTa. OTHUM W3 TIOAXOJIOB K OILIEHKE TEPPHUTO-
PHAIBHOTO PUCKA MPH AKCTPEMANBHBIX CUTYAIHAX
Ha TPAaHCIOPTE SBJISIETCS MPUMEHEHUE YHCICHHBIX
KMHEMAaTHIeCKuX Mozenei u ap. [3, 4, 10, 12].
Crenyer OTMETUTb, YTO MPUMEHEHUE JAHHBIX MO-

Jeneu OrpaHUYCHO TOJIBKO CIIydYaeM paCCCUBaHUA
XUMHUYCCKHU OIIAaCHBIX BCIOCCTB HaxI pOBHOfI I10-
BEPXHOCTBIO. CJ'IC,Z[OBaTeJ'IBHO, NPUMCHATh JAaHHBIC
MOJCIN IJI OICHKH IIOCICACTBUM TCPAKTOB
B YCJIOBHUAX BaCTpOﬁKH HCJIb34.

MeToauka

Mertonuka — co3ganue 2D ducieHHON Moaenu
JUISL pacuera a’pOJUHAMHUKU OOTCKaHUs 3AaHUN
Y OLIEHKH TEPPUTOPHAIHHOTO PUCKA TIPHU TepaKTe
Ha ypOaHU3TPOBAHHOW TEPPUTOPHH.

Mooenupyrowue ypasuenusi. Jns  co3gaHus
aJIeKBaTHOM MOJIENIM MPOTHO3a IMOCIEACTBUU Tep-
aKTa ¢ TpUMEHEHHEeM XHMHUYecKoro (Omonormde-
CKOI'0) areHTa HEoOXOJHMMO Y4YeCTh HEpaBHOMEp-
HOE TI0JIe CKOPOCTH BETpa MPH HATHYUH 3aCTPOii-
KH. B 3T0i1 CBA3M 11 pacyeTa MmoJisi CKOPOCTH BET-
POBOrO TMOTOKAa TMpPH HATUYUK 3IaHUH Oynem
HCIIOJIb30BaTh MOJICIh OC3BUXPEBOTO TEUCHUS
HUJeaTbHOU KUIAKOCTH:

0°P  9°P

2 a2 T

ox° oy
rae P — noreHuman ckopocTu.

KoMmnoHeHTHI BCKTOpa CKOPOCTHU BETPOBOT'O IIOTO-
Ka onpeacIsitOTCs COOTHOIICHUAMMU

oP oP
U=—1, V=—.

OX oy
Jdns MaTeMaTudecKoro MOJIETUPOBAHUS TIPO-
Hecca paclpoCTpaHEHHS XUMHYECKOTO —areHra
(Obnonormyeckoro arenra) B arMoc(hepHOM BO3IIyXe
MPUMEHSIETCSl YpaBHEHHE MacCOIepeHoca, OCpe-

HEHHOE T10 BBICOTE TIepeHoca nmpumec [2, 3, 5, 8]:

§+%+%+GC=div(ugradC)+
ot ox oy

0, )

)

*TZlQi (8(x=%)8(y-.). (3)

rae C — KOHIICHTpAIUs XHUMHYECKOro (OMOoIoru-
YEeCKOro) areHTa B arMoc(epHOM BO3IyXe;
0 — KO3 PUIMEHT, YIYUTHIBAIOIINI paciajl areHTa;
U,V — KOMIOHEHTHI BEKTOpa CKOPOCTH BO3JIYIIIHO-

ro MOTOKA; ,uz(,ux, ,uy) — KO3} GULMEHTHI aTMO-
chepHoil TypOynenTHOU auddy3nn; Q — UHTEH-
CHUBHOCTH BBIOpOCa XMMHUYECKOro (OMOJIOrHmyecKo-
ro) areHra; 5(X—Xi )(y—yi) — JenbTa-QyHKIHS

doi: 10.15802/stp2018/123474

© H. H. Benses, 1. B. Kanamuukos, B. A. Kozauuna, 2018



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

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponeTpoBchkoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOrO TpaHcnopty, 2018, Ne 1 (73)

EKOJIOI'lI HA TPAHCIIOPTI

HI/IpaKa; X;,Y; — KOOpAWHATBHI UICTOYHUKA SMUCCUNA

areHra; t — Bpemsi.

Taxum o6pa3om, AJsl pacueTa BEpOSTHOCTH II0-
najiaHusl B 30HY MopaskeHHs (TO €CcTh AJS OLECHKH
BEITMYUHBI TEPPUTOPHAIBHOTO PUCKA) HEOOXOIUMO
BBITIOJTHUTD PAcUeTHhl JJIsi KOHKPETHOTO PEIenTopa
mo ¢opmyie (3). HeoOxoqumo moguepKHyTh, YTO
JUTS peUleHus] TOCTaBICHHOW 3aJadd HaJ0 3HATh
KOHIIEHTPAIMIO OTIACHOTO BEMIECTBA B TOYKE pac-
MOJIOKEHUSI KOHKPETHOT'O PEeLenTopa U HACKOIBKO
9Ta BEJIMYMHA IMPEBOCXOJUT HEKOTOPBI MOPOro-
BEI ypoBeHb (Hampumep, 1K wmmm xakyro-nmu6o
npyryio BenuunHy). ClieoBaTeiIbHO, MBI MPHXO-
IVM K TIEPBOOYEPEAHON 3azaye — OMpelesICHHUIO
TIOJISI KOHIIEHTPAIIUU OITACHOTO BEIIECTBA JUIA KOH-
KpETHOTO pernoHa (TeppUTOPHUU) U KOHKPETHOU
METEOCUTYaLUH.

[one ckopocTH BETPOBOTO MOTOKA B YCIOBHSX
3aCTpOWKH IO MOJENHpYyromieMy ypaBHeHHIO (3)
OIIpe/IeNsAeTCs Ha OCHOBE PELICHUs a’poArHaMUYe-
CKOM 3a7iaud, T. €. IyTeM peleHus ypaBHeHus (1).
[TocTraHoBKa KpaeBbIX YCIOBUHA HOJISI MOAETUPYIO-
mwx ypaBuernuni (1), (2) paccmotpena B [2, 3, 5].

sl 9MCIIEHHOTO MHTErPUPOBAHUS YPaBHEHUS
(1) ucnone3yercst meron JInOMaHa, a sl YUCIICH-
HOTO WHTETPUPOBAHMS ypaBHEHHS IEpPeHOCca IIPH-
MECH TPHUMEHSETCS HEsBHAs Pa3HOCTHAs cXema
pacmieruienus [2, 5].

Pacuem meppumopuanvroeco pucka. Jlns onen-
KU TEPPUTOPUAITEHOTO PHUCKA TMPU TEPaKTe C MpH-
MCHCHHEM XHUMHWYECKOI'O arcHra GYI[GM YYUTBI-
BaTh, YTO KaXIOMY ITOTOJHOMY COCTOSHHIO P(Wi)

OTBEUYaeT KOHKPETHAsl 30HA 3arpsi3HEHUs, XapaKTe-
pu3sylomascs pa3MepaMH M KOHIIEHTpauuel omac-
HOTO BeIIeCTBA. BeposTHOCTH peanm3anuud KOH-
KPETHOW METEOCHUTYalluu OIpPEIeNsieTcs 10 3aBH-
cumocTH [1]:

PW;)=Np/T, 4)

rae N, —uucno qHel (4acoB), COOTBETCTBYIOIINX

OTIpEe/IETICHHON MeTeocuTyaru; 1 —
HaOroIeHN (TIPOTHO3 METEOCUTYAIINH ).

31ech MOA ONpPENENIEHHOW METEOCHUTyaluen
OyzneM MOHMMAaTh KOHKPETHOE 3HAUYCHHE CKOPOCTH
" HallpaBJICHUA BETpaA. 21.]'[51 OILICHKU IIOTCHIIHNAJIb-
HOTO TEPPUTOPHAIBHOTO PUCKA HEOOXOIMMO OLe-
HUTh BEPOATHOCTD ISl YENIOBEKA, HAXOAALIETOCs B
KaXJI0 TOYKe 00JIacTH, BO3JIE aTaKyeMOro oObeK-
Ta, OKaszaTbCs MOJ JehcTBHeM Iwieiida (o0saka)

TepUOJI

XUMHUYECKH OINacHoro Bemiectsa. [Ipu mporaose
HAac MHTEPECYIOT T€ TOYKH OOJIACTH B paioHE Tep-
aKTa, I/e KOHIIEHTpAaIHUs XWMHUYECKH OIAacCHOTO
BEILIECTBA MPEBBIIIACT HEKOTOPOE MOPOrOBOE 3HA-
YeHHne, MPH KOTOPOM MPOUCXOAWUT Ta WIA WHAs
CTETIeHb TOpaXeHHs monel. CxemMaTHdecKd Ha
puc.]l moka3aHa cuUTyalus MmomnajaHusl perenTopoB
A, B, C mop nelicTBue UCTOYHMKA SMHUCCUU (0a-
JIOHa, B KOTOPOM HAaXOJUTCS TOKCHUYHBIA Ta3),
pUYeM OTMETHUM, 4YTO BBIOPOC MPOUCXOMIUT
B YCIIOBHSIX 3aCTPOMKH.

CROpOCTL

BeIPR

P(W)

Puc. 1. BeposITHOCTb MOSIBICHUS 30H MOPAKEHUS IS
Pa3IHYHBIX METEOYCIOBHIA: 1 — 3naHue

Fig. 1. Probability of occurrence of damage areas for
various weather conditions: 1 — building

Kak Buano u3 puc. 1, yenoBek, HaxoIALUIUHCS
B TOYKE A, momajgaer moj Bo3jaelcTBhe nuiehgha
OITACHOTO BEIECTBAa MPH JIFOO0H METEOCHTYyaIlHy.
YenoBek, KOTOPbIM pacnoioxeH B Touke B, moma-
JaeT ToJ BO3jeiicTBUEe mulel()a OmacHOro Belle-
crBa mpu Mereocutryauun PW,, PW,. Yenosek,

Haxogammics B Touke C, momagaeT mojJ BO3IEH-
CTBHE IUICH(a OMacCHOrO BEIIECTBA TOJBKO IMPHU
mereocuryaun PW,;. Taxum oOpa3om, Beposr-
HOCTbH IOMAJAaHUs YEJIOBEKA IOJ NEHCTBUE IILICH-
(ha XMMHYECKU OIACHOTO BEUIECTBA OIMPEISIUTCS
cleayromuM obpazom:

n

PW)y => PWw,), (5)

i=0
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rie P(\N)Z — CyMMapHasi BEpOsITHOCTb BCEX pac-

CMaTpHBaEMbIX METEOCUTYallul, NpPU KOTOPBIX
YeJIOBEK MMOMaaeT B 30Hy BO3JCHCTBUS UCTOUHUKA
SMHCCHUH U TOJIy4aeT TOKCUYHOE IIOPaKCHHUE.

Takum 00pa3zoM, IpU NPOrHO3UPOBAHUU XUMHU-
YEeCKOH aTaku TeppoOpUCTa HEOOXOAMMO IJisi KOH-
KPETHOH TOYKH KOHKPETHOU oOjacTw (I0JIsT), BBI-
MOJIHUTH pacyeTsl 1o ¢opmyne (5). s ux BbI-
MOJTHEHHUS] TPEABAPUTENEHO HEOOXOIUMO Paccuu-
TaTh 3HAYCHHWE KOHIEHTPAIlMd XUMHYECKOTO
areHTa B TOYKE PACIOJIOXKEHHUS KOHKPETHOIO ue-
JIOBEKa, JUIs KOHKPETHOH METEOCHTYyalluH, U OIpe-
JeNTUTh, HACKOJIBKO 5Ta BEIWYMHA MPEBOCXOIUT
3a/1aHHBIM TOPOTOBBII YPOBEHbD.

Anzopumm pewsenus. OLEHKY TEpPPUTOPHUAIIL-
HOTO puCKa (IMPOTHO3 TOCIEACTBUI) MPH TEpaKTe
U NPU BEPOSITHOM METEOPOJIOTHMYECKON CUTYyaluu
PW Oynem ocymiecTBisiTh B TaKOH IOCIIEOBa-
TembHOCTH [3]:

1)na nepgom  dTame  pelieHHS  3aMaduH
¢dopMupyeTcst  OJIOK  JaHHBIX  OTHOCHUTEIIBHO
WHUIUUPYIOWETO COOBITUS  (BO3MOKHOE MECTO
SMHCCUM  XMMHYECKH  ONACHOIO  BEIIECTBa,
WHTEHCUBHOCTb 3MHCCHH, PEXHM 3MHCCHH, BUJ
XUMHUYECKOTO areHTa);

2)ua emopom dtane (GopMupyeTcs OJI0K
TaHHBIX OTHOCHUTEIBHO BEPOSITHBIX
mereocutyaruii PW, , xapakrepHbIX 11 obnacty,

IJIe HAXOJUTCSI aTaKyeMbIi 00BEKT;

3)Ha mpembem Tarne pacCUUTHIBACTCS YPOBEHb
XAMUYECKOTO  3apaKeHHsi Il BEPOATHBIX
METEOCHTYyalluii (Ha O5TOM JTafe MPOBOAUTCS
YiCcIieHHOe WHTerpupoBanue ypaBHeruid (1) u (3)
TSl KOHKPETHON METEOCUTYAIlNH);

4)Ha uemeepmom dTare ONPEICISIOTCS 30HbI,
rIe  KOHIEHTpAalHs  MpPEBBIIAET  OPOrOBOE
3HaUCHUE (Hanpumep, CMEpPTEITbHYIO
KOHIICHTPAIIHIO) TIPH KOHKPETHON METEOCUTYaIINH;

5)Ha  mamom  drTame  OCYLIECTBISETCS
MOCTPOSHHUHU TOJISI PHCKA JUIsI pacCMaTpHBaeMOTO
00BeKTa.

JlaHHBIA aNrOpUTM OLEHKH pUCKA Pealn30BaH
B pazpaboranHoM koge « CHEM-RISK».

PesynbTarsl

Pazpaborannpiii k07 OBUT HWCITOJIB30BAH IS
peuieHusl 3aJayd MeToAoM MojenupoBaHusi. Ha
puc. 2, a TpeACTaBlicHa pacyeTHas OOJaCTb.
B »10li obmacT pacrionararoTcsi HECKOIBKO 371a-

Huii. [Ipenmonaranoch, YTo MPOUCXOJHUT TEPAKT
C dMHCcHeH xiopa. BriOpoc mpoucxomut Mexmy
mBymst 3maHussMA. OOBEKT aTaku — (QpPOHTAIBHO
pacroio’KeHHas 30Ha BO3JIE MOCIEIHErO 3JaHHA.
JurenbHOCTH BhIOpOoca — 6 MuH. [l paccmarpu-
BaeMOTO PETHOHA BEPOSATHBIC 3HAUYECHHUS CKOPOCTH
BeTpa COCTAaBISIOT 2 M/C (BeposiTHOCTH 54 %)
u 5 M/c (BepositHocTh 30 %). CTpenka Ha pUCYHKE
[TOKa3bIBaeT HampaBJleHHe BeTpa. PaccmaTpuBaroT-
c4 nBa cueHapus. [lepBblid clieHapuil — OTCYTCTBUE
3alUTHl BO3JIC OOBEKTA aTaKu, BTOPOH — MPHUCYT-
CTBHE 3allUTHl THUIA «TPEHUep», KOTopas pazMe-
maeTcs mepesl 00LEKTOM aTaKH.

Ha puc. 2, a, 6 noka3aHbl M30JMHHH KOHIICH-
Tpanmu xyiopa ans Momenra Bpemenu 190 c, npu
CKOPOCTH BeTpa 5 M/c, 0e3 3alIuThl U MPH 3aIINTe.
U3 naHHBIX PUCYHKOB BHIHO, YTO (hOpMHUpYeETCs
oOIIMpHas 30HAa XMMHUYECKOTO 3apa)KeHHUs, KOTO-
past OXBaTHIBa€T OOBEKT aTaKH.
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Puc. 2. 30Ha XMMHUYECKOT0 3apa)KCHUSI IPU XUMUYECKON
aTake TeppOpHCTa BO3JEe 0OBEKTa aTaKu:
a — 0e3 3aIuThl, O — TIPH 3aIIuTe

Fig. 2. Zone of chemical contamination during
a chemical attack of a terrorist:
a — no protection near the target object, b — with protection
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Ha puc. 3, @, 6 npenacrapieHbl MaTPHIBI T0-
TEHIMATBHOTO TEPPUTOPUATLHOTO PHCKA B paiioHe
XUMHYECKON aTaku mjisi MoMeHTa Bpemenn 200 c,
MIPY BO3MOXHBIX METCOCUTYAIUIX U PacCMaTpHBa-
E€MBIX CIICHApHUAX (C 3aIIUTON M Oe3 3aIIUTH Iepe
00BEKTOM aTaku). BeposSTHOCTh TOpaKEHUS JIO0-
JIei BO3JIe 3/1aHUs MOKa3aHa B MPOIICHTaX Ha KaX-
oM pucyHke. [IpuHMMaeTCs, YTO MOpaKCHUE
HACTYIaeT, €CJIM KOHIEHTPAIUsl XJIopa B pacyer-
HOM TOYKE MPEBBIMIAET 3 MI/M’.

Puc. 3. MaTpuna TeppuTOpHaIB-HOTO PUCKA IPH
XIMHUYECKOH aTake TeppOpUCTa BO3JIE OOHEKTA aTaKH:
a — 06e3 3aIuThL, O — IPH 3aLIuTe

Fig. 3. Matrix of territorial risk
in the chemical attack of a terrorist:
a — no protection near the target object, b — with protection

Kak BHIHO W3 TpEACTaBICHHBIX PHCYHKOB,
3HaYHTeNIbHOMY pucky (10 99 %) momBepraercs
MPOCTPAHCTBO BO3Jie 00OBEKTA aTaKh, €CIU OTCYT-
CTBYeT 3ammuTa. [Ipy HAIMYUK 3aIMUTHl — PUCK T10-
pakeHwUsI JTr0JIei Bo3jie 00bEKTa aTaKu CHUYKACTCH.
Bpems pacuera cocTaBiseT S cek.

Hay4yHast HOBU3HA U
NMPaKTHYeCKasi 3HAYUMOCTh

Pa3zpaGorana uncneHHass Mozenb, MO3BOJISIO-
1[asi OLIEHUTh BENMYUHY IMOTEHLUAIBHOTO TEppH-
TOPUAJIBHOTO PUCKA B CIyyae T€pakTa ¢ MpUMEHe-
HUEM XMMHUYECKOTO areHTa.

OCO0EHHOCTBIO TIOCTPOSHHON MOJENH SBIISET-
Cd UCIOJb30BaHUE CTAHAAPTHOM HCXOJHOM WH-
(hopmarnu, OBICTPOTAa B IMONYyYEHUH MPOTHO3ZHBIX
JaHHBIX W yAOOCTBO AJIsl aHaiM3a MOJIY4aeMBIX
pe3yIbTaTOoB.

BriBoabI

B pabote mpencraBieH METOH OIEHKH TEPpH-
TOPUANBHOTO PUCKA MPHU aTake TepPpOpHcTa C MpH-
MEHEHHEM XUMHYECKH OIAacHOrO BeIecTBa U pac-
CEeMBaHHEM XMMHYECKOTO areHra B YCIIOBHUSX 3a-
CTpPOMKH. B OCHOBY Me€TO/a MOJIOKEH YHUCICHHBINA
pacyeT 3arps3HEHUs BO3AYIIHON cpeibl B yCIOBU-
SIX 3aCTPOMKHU C MOCIEAYIOLIEH OLUEHKON pa3MePOB
30H mopaxeHus. [lanpHeliee COBEPIIEHCTBOBA-
HUE BBHIOPAHHOTO HAYYHOTO HANpaBIICHUS CIEIYyeT
MPOBOJIUTH B obOyacTu cozmanus 3D-momenu st
pacdera TEppPUTOPUAIBLHOTO PHICKA B CIIy4ae XH-
MHYECKOW aTaKu TEPPOPHUCTA.
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PO3PAXYHOK TEPUTOPIAJIBHOI'O PU3UKY I YAC TEPAKTY:
EKCITPEC MOJEJIb

Mera. Pobora nependavae po3poOKy METOAY OLIHKH TEPUTOPIATLHOTO PU3UKY B pa3i TEPOPUCTUYHOTO Hamamy
3 BUKOPHCTaHHSAM XiMigHOTO areHTa. MeToauka. J{Js ommucy mpoIiecy po3citoBaHHS B aTMOC(epi XiMIYHOTO areHra,
BUKHHYTOTI'O y BHIAJKY TEPaKTy, BUKOPUCTOBYETHCS PIBHSHHS MacOlEpeHOCY JOMIIIKH B aTMOC(HEpHOMY ITOBITPI.
PiBHSIHHS BpaxoBYy€ IIBHAKICTH BITPOBOTO IOTOKY, aTMOC(epHy mudy3iro, IHTCHCUBHICTH eMicii XiMiYHOTO arcHTa,
HAasIBHICTh Oy/iBelb O1JIsl MICIISI BUKULYy XIMIYHO HeOe3reuHol peuoBUHH. J{JIs YMCeNbHOrO IHTerpyBaHHS MOJEIIO0-
YOro piBHSHHSI BUKOPUCTOBYETHCS KiHIIEBO-Pi3HULIEBHH MeTo1. OCOOIMBICTIO PO3POOIICHOT YHCEIBHOT MOJIEINI € MO-
XKIIMBICTh OLIHKM TEPUTOPIaJIbHOTO PH3MKY B pasi TEPakTy IPH PI3HUX METEOyMOBaxX Ta HAasBHOCTI Oy/IiBeJb.
PesyabsTaTu. Po3pobiieHo crienianizoBaHy YMceIbHY MOJIEIb Ta MAKET IPOTrpam, SIKUi MoXke OyTH BUKOPUCTAHUH JUIst
OIIIHKH TEPUTOPIaTbHOTO PU3UKY SK y BHIIAIKY TEPaKTIB i3 3aCTOCYBAaHHAM XiMIYHHMX areHTiB, TaK 1 B pa3i ekcTpema-
JBHUX CHUTYaIlill Ha XiMi4HO HeOe3MmeyHnx 00'ekTax i TpaHCIOpTi. MeTox MoXke OyTH pealli3oBaHMI Ha KOMIT'FOTepax
MaJIOi Ta CepeHbOI NOTY>KHOCTI, 110 JI03BOJISIE MIMPOKO BUKOPHCTOBYBATH HOTO [UIsl BUPILIEHHS 331a4 JaHOTO Kiiacy.
[MpexncraBieHi pe3ynbTaTH OOUMCIIOBATEHOIO €KCIIEPUMEHTY, IO J03BOJISIOTH OLIHUTH MO>KIJIMBOCTI 3alIpOIIOHOBA-
HOTO METOJIy OL[iHKH TEPUTOPIaIbHOTO PU3UKY B pa3i TEPOPUCTHYHOTO Halaay 3 BUKOPUCTAHHSAM XIMIYHOT'O areHTa.
HayxoBa HoBH3HA. 3anponoHOBaHO e(heKTHBHUN METOJ OLIIHKH TEPUTOPiajJbHOTO PH3MKY B Pasi TEPaKTy 3i 3aCTo-
CYBaHHSM XiMIYHO HeOe3reuHoi pedoBrHU. MeTo/] Moke OyTH BUKOPUCTaHMH JUIS OLIHKH TEPUTOPIATBHOTO PUSHKY
B YMOBaX MicbKoi 320y /10BH, 110 103BOJISIE OTPUMYBATH J€KBATHI JAaHI TPO MO>KJIMBI 30HN ypakeHHs. MeToJ 3acHo-
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BaHMi Ha YMCEJIBHOMY IHTEIpyBaHHI (PyHAaMEHTAIBLHOTO PIBHSHHS MacOIEpPEHOCY, 10 BUPaKae 3aKOH 30epeKeHHS
Macu B pigkomy cepenouili. [IpakTnyna 3HaYMMicTh. 3aPONOHOBAHUI METOJ] OLIHKH TEPUTOPIAJIbHOTO PU3HMKY
B pa3i TEPOPHUCTHYHOTO HAIAAy 3i 3aCTOCYBAaHHIM XiMIYHOTO areHTa Moke OyTH BUKOPHCTAHHUN IS PO3PAaXyHKY 30H
ypakeHHs 0L aIMiHICTpaTUBHHUX OYHiBEJb, IEHTPIB Ta iHIINX COLIAIFHO 3HAUYIINX 00'€KTIB.
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TERRITORIAL RISK ASSESMENT AFTER TERRORIST ACT: EXPRESS
MODEL

Purpose. The paper involves the development of a method to assess the territorial risk in the event of a terrorist
attack using a chemical agent. Methodology. To describe the process of chemical agent scattering in the atmos-
phere, ejected in the event of a terrorist attack, the equation of mass transfer of an impurity in atmospheric air is
used. The equation takes into account the velocity of the wind flow, atmospheric diffusion, the intensity of chemical
agent emission, the presence of buildings near the site of the emission of a chemically hazardous substance. For nu-
merical integration of the modeling equation, a finite difference method is used. A feature of the developed numeri-
cal model is the possibility of assessing the territorial risk in the event of a terrorist attack under different weather
conditions and the presence of buildings. Findings. A specialized numerical model and software package has been
developed that can be used to assess the territorial risk, both in the case of terrorist attacks, with the use of chemical
agents, and in case of extreme situations at chemically hazardous facilities and transport. The method can be imple-
mented on small and medium-sized computers, which allows it to be widely used for solving the problems of the
class under consideration. The results of a computational experiment are presented that allow estimating possibilities
of the proposed method for assessing the territorial risk in the event of a terrorist attack using a chemical agent.
Originality. An effective method of assessing the territorial risk in the event of a terrorist attack using a chemically
hazardous substance is proposed. The method can be used to assess the territorial risk in an urban environment,
which allows you to obtain adequate data on possible damage areas. The method is based on the numerical integra-
tion of the fundamental mass transfer equation, which expresses the law of conservation of mass in a liquid medium.
Practical value. The proposed method for assessing the territorial risk in the event of a terrorist attack using
a chemical agent can be used to calculate the affected areas near administrative buildings, centers and other socially
significant facilities.

Keywords: territorial risk; terrorist act; chemical pollution; numerical modelling; air pollution
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MODELING OF BIOLOGICAL WASTEWATER TREATMENT ON THE
BASIS OF QUICK-COMPUTING NUMERICAL MODEL

Purpose. The scientific paper involves the development of quick computing numerical model for prediction of
output parameters of aeration tank. The numerical model may be used in predicting the effectiveness of aeration
tank under different regimes of work. Methodology. To simulate the process of biological wastewater treatment in
aeration tank numerical models were developed. The flow field in the aeration tank is simulated on the basis of po-
tential flow model. 2-D transport equations are used to simulate substrate and sludge dispersion in the aeration tank.
To simulate the process of biological treatment simplified model. For the numerical integration of transport equa-
tions implicit difference scheme was used. The difference scheme is built for splitting transport equations. Splitting
of transport equation into two equations is carried out at differential level. The first equation of splitting takes into
account the sludge or substrate movement along trajectories. The second splitting equation takes into account the
diffusive process of substrate or sludge. To solve the splitting equations implicit difference scheme was used. For
the numerical integration of potential flow equation the implicit scheme of conditional approximation was used. On
the basis of constructed numerical model computer experiment was performed to investigate the process of biologi-
cal treatment in aeration tank. Findings. Quick computing numerical model to simulate the process of biological
treatment in the aeration tank was developed. The model can be used to obtain aeration tank parameters under dif-
ferent regimes of work. The developed model takes into account the geometrical form of the aeration tank.
Originality. The numerical model which takes into account the geometrical form of aeration tank and fluid dynam-
ics process was developed; the model takes into account substrate and sludge transport in aeration tank and process
of biological treatment. Practical value. Efficient numerical model, so called «diagnostic models» was proposed for
quick calculation of biological treatment process in aeration tank.

Keywords: biological treatment; numerical simulation; aeration tank

Introduction y N
in, T 0ut_>
Aeration tanks (AT) are widely used in practice CZ — I —
for biological wastewater treatment at treatment ‘"j *9* T 5% H _["‘_ti
plants. AT are used for industrial or municipal j o g — & S g *2
wastewaters treatment and may work under dif- e e et i f
ferent regimes. There are different types of AT but
in practice so called «vitesnitel» AT (AT of dis- .
placement type) is often used: In this AT influent Fig. 1. Aeration tank «vitesnitel»
(waste waters) and sludge, which is used for bio- (AT of displacement type)
logical treatment, are supplied at one side of the ) )
AT (inlet boundary) and are discharged at the op- Literature review
posite side (outlet boundary) (Fig.1). Mathematical models which are used for aera-
tion tank calculation can be separated in some clas-
ses. First of all we have to mention empirical mo-
dels which were built on the basis of physical ex-
periments [5, 7]. These models have the form of
doi: 10.15802/5tp2018/124882 © M. M. Biliaiev, M. V. Lemesh, 2018
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simple algebraic formulae with some empirical
coefficients. These models are widely used in
Ukraine but for calculation of typical AT and for
the typical regimes of work for which the empirical
constants were obtained. We can’t use these mo-
dels for scientific research, for example, to predict
the output parameters after treatment in the case
which is out of the normal work of aeration tank.

The second class of the models includes mass
balance models. These models can be named «ze-
ro-dimentional» models. The balance models are
very popular [3, 4, 8, 17] and take into account
some important parameters of aeration tank work.
These models are based on the ordinary differential
equations which represent mass balance of sludge,
admixture or oxygen in aeration tank. These diffe-
rential equations can be solved analytically or nu-
merically (for example using Runge — Kutte me-
thod). Some commercial codes can be used to per-
form calculations on the basis of these models.
These models are very convenient for prediction of
aeration tank output parameters but the models do
not take into account the fluid dynamics process in
AT.

The models of the third class are based on
«one—dimentional» equations of mass transport to
simulate, for example, substrate dispersion in AT
[6, 9]. The modeling equations are solved analyti-
cally. Fluid dynamics is taken into account in these
models but for the case of constant velocity in AT.

CFD models are the most «powerful» models at
present time to solve the problems of wastewater
treatment [1, 2, 10, 12-15]. These models can re-
produce the flow field in the AT and admixture
transfer for different regimes of work with account
of AT geometrical form. As a rule the CFD expe-
riments are performed using commercial codes (for
example, ANSYS, Fluent) [11, 12, 16, 17]. CFD
experiments comprise of two steps. The first step is
computation of flow field. Very often this flow
field is computed using of Navier — Stokes equa-
tions. The second step is simulation of admixture
transfer on the basis of computed flow field. Ap-
plication of Navier-Stokes equations needs much
computing time (to solve some problems it may
take from 90h to some weeks to perform CFD ex-
periment). It is not convenient in case of many cal-
culations during AT design or at stage of AT re-
engineering.

Purpose

The purpose of this work is the development of
quick-computing numerical model to simulate the
process of biological wastewater treatment in
«vitesnitel» aeration tank (aeration tank of dis-
placement type).

Mathematical model

To simulate the process of biological treatment
in AT, at each time step of mathematical simula-
tion, we separate the process in two stages. At first
stage we consider the process of substrate and
sludge movement in the aeration tank. It is so
called «mass transfer» process. To simulate this
process we use the following 2-D transport equa-
tions (plan model) [7, 12]:

oC ouC ovC

EJFEJFW:diV(ngadC)’ @
§+%+%=div(ugrads), (2)

H
where C(x,y)zﬁjc(x,y,z)dz — is the aver-
0

aged concentration of substrate; H — is the depth
of the aeration tank (Fig.1);

H
S(x,y):&js(x, y,z)dz — is the averaged con-
0

centration of sludge for biological treatment;
u,v — are the flow velocity components in x, y di-

rection respectively; pu=(u,, u, ) — are the coeffi-

cients of turbulent diffusion in x, y direction re-
spectively; t —is time.

The boundary conditions for these equations
are as following:

1. at the inlet opening the boundary condition is

C=C,,S=S,, 3)

n?

where C,;,,S;, are known concentrations of sub-
strate and sludge respectively.
2. at the outlet opening the boundary condition

in the numerical model (Fig.2) is written as follows
C(i+1j)=C(ij),

S(i+1j)=S(ij), ®
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where C(i+1,j),S(i+1 j) are concentrations at

the last computational cell; C(i,j),S(i,j) are

concentrations at the previous computational cell.
Boundary condition (4) means that we neglect

the diffusion process at the outlet boundary.

j

) .
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Fig. 2. Sketch of computational domain
3. at the solid walls the boundary condition is

C_085 4
on on
where n is normal vector to the boundary.
The initial condition, for t =0, is

C=C,S=S,.

where C,,S, are known concentrations of sub-

strate and sludge respectively in computational
domain.

At the second stage of mathematical simulation
we consider the biological process in the aeration
tank. To simulate this process in each computa-
tional cell inside the aeration tank we use the fol-
lowing simplified model

dC(t):_H(t)S(t), (5)
dt Y
ds(t
SO _uwyst), ®)
t
where p is biomass growth rate; Y is biomass

yield factor.

To calculate biomass growth rate Monod law is
used.

As the initial condition for each equation (5),
(6), at each time step, we use the meaning of C, S
obtained after computing Eq. 1, 2.

To solve Eq.1, 2 it is necessary to know the
flow field in aeration tank. To simulate this flow
field we use model of potential flow. In this case
the governing equation is

o°P  o°P
574_?:01 (7

where P is the potential of velocity.
The velocity components are calculated as fol-
lows:

@ o
ox' oy

Boundary conditions for equation (7) are [5]:

u

(8)

1. At the inlet boundary Z—sz , Where V is
n

known velocity.
2. At the outlet boundary P=const.

3. At the solid boundaries Z—P =0.
n

Numerical model

To perform numerical integration of governing
equations rectangular grid was used. Concentration
of substrate, sludge and P were determined in the
centers of computational cells. Velocity compo-
nents u, v were determined at the sides of computa-
tional cells.

To solve equation (7) we used the difference
scheme of «conditional approximation». To use
this scheme we wrote Eq. 5 in «unsteady» form

2 2

e _op P @
ot ox* oy?
where 1 is «fictitious» time.

It’s known that for t solution of Eq.9 tends to
the solution of Eq. 7.

We split the process of Eg. 9 in two steps and
difference equations at each step are as follows [4]:

n+l n n+l n+1 n+1 n+l
LRG| R HRaT | CRIP RG] (10)
At AX? AYy?
1
1 p"p 1 1 1 1
R

The calculation on the basis of these formulas
is complete if the following condition is fulfilled:

n+1 n
R =R

<g,
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where ¢ is a small number; n is iteration number.
Difference scheme of splitting (10), (11) is im-
plicit but unknown value of P is calculated, at each
step of splitting, using explicit formula of «running
calculationy. That is very convenient for pro-
gramming the difference formulae.
To solve Eq. 9 it is necessary to set initial condi-

tion for fictitious timet = 0. The initial condition is
P=PR),

where P, is known value of potential in computa-
tional domain.

If we know field of P in computational domain
we can compute velocity components at the side of
computational cells

PR

U; =T A (12)
v =R (13)
ij Ay

Main features of the implicit difference scheme
to solve numerically Eq. 1, 2 we consider only for
equation of substrate transport because Eq. 1 and 2
are similar from mathematical point of view. Before
numerical integration we split transport equation in
two equations. The scheme of splitting is as follows

oC auC avC _o, (14)
at ox ay
oC o oC o oC
— =—u— |+—| p—. (15)
ot ox\ ox) oy o0y

From the physical point of view, equation (14)
takes into account substrate movement along tra-
jectories, equation (15) takes into account the pro-
cess of substrate diffusion in aeration tank. After
that splitting the approximation of equation (12) is
carried out. Time dependent derivative is approxi-
mated as follows:

ac .
ot

+1
At
The convective derivatives are represented as:
ouC au'C ,uc
oX OX OX

ovC 8V+C 8v C

o oy
u-+u u—ju V+ (Vv
where u*zj, u = | | vt = | |
2 2
V=M
V =——,
2
- +1 +1
ou C u|+le|r1rlj |JC|n] _ L Cn+1
OX AX
8V+C ~ V:J+1C|,J _V::JCLJ*]. — L-;Cn+1,
oy Ay
e, Vi i~ ViiiGij =L,cm,
oy Ay

At the next step we write the finite difference
scheme of splitting:
— at the first step k=1/2:

+k
At
— at the second step k=1, c=n+1/2:

Ci—=Ci 1|k, ok
T+E(LXC +L,C*)=0.

+%(L;Ck +L,C*)=0;  (16)

(17)

This difference scheme is implicit and absolute-
ly steady but unknown concentration C is calcu-
lated using the explicit formulae at each step
(«method of running calculationy).

Further, Eq. (15) is numerically integrated us-
ing implicit difference scheme (10), (11). To solve
Eq. 3, 4 we used Eurler method. On the basis of
developed numerical model code «BIOTreat» was
developed. FORTRAN language was used to code
the solution of difference equations.

Description of computational procedure

Numerical solution of the whole problem is as
follows:

— Step 1. we compute potential P in aeration
tank (Eq. 8, 9)

— Step 2: we compute velocity components
(Eq. 10, 11)

— Step 3: we compute biological process in ae-
ration tank (Eq. 3, 4)

— Step 4: we compute substrate and sludge

doi: 10.15802/stp2018/124882

18

© M. M. Biliaiev, M. V. Lemesh, 2018



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

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponeTpoBchkoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOrO TpaHcnopty, 2018, Ne 1 (73)

EKOJIOI'I HA TPAHCIIOPTI

transport in aeration tank (governing equations 1,
3; numerical equations 14, 15 (for C and S) and
Eqg. 8, 9 written for C and S)

— Step 5: for the next time level t, the computa-
tional procedure repeats from step 3.

Case Study. Developed code «BIOTrea» was
used to solve the following model problem. The
aeration tank is filled with sludge (concentration
So=2) and substrate (concentration C,=100) at time
t=0. All parameters of the problem are dimension-
less. During time period from t=0 till t=2 the inlet
and outlet openings are closed and no flow in the
aeration tank. It means that for this time period
only biological treatment takes place and we solve
only Eqg. 3, 4 of the model. At time t=2 the inlet
and outlet openings are open and the transport pro-
cess starts. At the inlet opening the substrate con-
centration is equal to C,=100 and sludge concen-
tration is equal to S,=2. Also at this time five
sources of sludge supply inside the aeration tank
starts to work with intensity Q;. Position of these
sources can be seen in Fig. 4 where the influence
of these sources results in local ‘deformation’ of
concentration field. This field has practically small
concentration  gradient in  aeration  tank
everywhere except points where sources of sludge
supply are situated.

In Fig. 3 we present sludge and substrate con-
centration change near the outlet opening of the
aeration tank (point A in Fig.4). From Fig. 3 we
can see that the process of biological treatment
accelerates from t=2 and concentration of sludge at
the outlet opening increases with time.

S, C

120

100 4

80

40

|
60 — | - ,‘, = 1 - -

20

\
|
\
1
0 05 1 15 2 25 3 35 t

Fig. 3. Sludge and substrate concentration
change near the outlet opening:
1 — substrate concentration; 2 — sludge concentration

In Fig. 4 the concentration field of sludge for
time step t=4 is shown. It is well seen the zones of
sludge sources influences. These zones have form
of circles.
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Fig. 4. Field of sludge concentration inside
the aeration tank, t=4:
1 — position of sludge supply sources

Findings

Quick computing numerical model was deve-
loped to simulate the wastewater treatment in aera-
tion tank. The model does not take much time be-
cause the fluid dynamics process is simulated on
the basis of potential flow model.

Originality and practical value

A new numerical model to predict the output
parameters of aeration tank was developed. The
model is based on the 2-D transport equations of
substrate and sludge and simplified equations of
biological treatment. The developed model takes
into account geometrical form of aeration tank.
The model can be useful in aeration tanks design.

Conclusions

The article contains results of numerical model
development for wastewater treatment in «vitesni-
tel» aeration tank (aeration tank of displacement
type). To simulate the process of biological treat-
ment 2-D transport equations of substrate and
sludge are used together with simplified models of
biological treatment. The future work in this field
will be connected with development of fluid dy-
namics model which takes into account oxygen
transfer in the aeration tank.
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MOJEJIIOBAHHAA BIOJIOFI‘IHOT O4YUCTKHU CTIYHUX BOJ HA
OCHOBI HIBUIAKOATIOYOI YUCEJIBHOI MOJEJII

Meta. HaykoBa poGora nepenbayae po3poOKy MIBUAKOAIIOYOT YUCETBHOT MOJIEN JUIsl NPOTHO3yBaHHSI BUXITHUX
napaMeTpiB aepoTeHka. YucenabHy MOJIeNIb MOYKHA BUKOPHCTOBYBATH ISl IIPOTHO3YBaHHs €(DEKTUBHOCTI aepOTEHKa
NP Pi3HUX pexxumax podoru. Meroauka. /11 MoeroBaHHs npoliecy 010JI0TIUHOT OYMCTKU CTIYHUX BOJ B aepo-
TeHKaxX OyJu po3pobieHi yhcenbHi Mojei. [Tosie MOTOKY B aepOTEHKY BiATBOPIOETHCS HA OCHOBI MOJIEII MOTEHITIH-
Hoi Tedii. 2-D piBHSIHHS MacONePEeHOCY BUKOPUCTOBYIOTHCS JJIsl MOJICIIOBAHHS PO3CiOBaHHs cyOcTpaty i myiy. J{ist
MOJICJIFOBAHHS MPOIIeCy 0i0JIOTiYHOT 0OPOOKH 3aCTOCOBYETHCS CIPOIICHA MOJEIb. J[JIsl YHCENBHOTO IHTETPYBAHHS
PIBHSHB NEPEHOCY BXKMBAacs HEsIBHA pi3HMIIEBA cxeMa. Pi3HHIeBa cxema moOynoBaHa ISl PO3LICIUICHHS PiBHSHb
nepeHocy. Po3niennieHHs piBHSIHHS MEPEHOCY 3IIHCHIOEThCS Ha JIBa PIBHAHHS Ta BUKOHYETHCS Ha TU(epeHIialbHO-
My piBHi. [lepire piBHIHHS PO3IICIUICHHS BPaXOBYE PyX MyIy a00 cyOCTpary IO TpaeKTopisx, a Apyre — nudy3Huit
nporec MepeHEeCeHH s JOMIIIKH 1 Myiy. s BUpIICHHS PIBHAHB PO3LICIVICHHS BHKOPHCTOBYBAJIacs HESIBHA Pi3HH-
neBa cxema. J{Jis 9uceNbHOrO iHTerpyBaHHS PiBHAHHS IOTEHLITHOT Tewii 3aCTOCOBYBaslacs HEsIBHA CXeMa YMOBHOT'O
HaOmkeHHs. Ha ocHOBI OOYZIOBaHOI YMCENBHOI MOl OYB BUKOHAHUI KOMITIOTEPHHN €KCHEPUMEHT IUIS JTOCIi-
JOKEGHHS IIpoIiecy 010JI0T1YHOT OYMCTKU B acpOTeHKY. PesyabraTn. Po3pobiieHa uynucensHa MOJIEINb TO3BOJISIE IIBUI-
KO MOJICIIIOBATH Tpoliec 0i10JIOTIYHOI OYUCTKH B aepOTEHKY. Moienb MOKe BUKOPHCTOBYBATHCS JUISl OLIHKH e(ek-
TUBHOCTI POOOTH aepOTEHKIB IPH PI3HUX peXkuMax podotu. Po3pobieHa Mozaenb BpaxoBye reoMeTpudHy (opmy
aeporenka. HaykoBa HoBH3Ha. Po3po0iieHO uncenbHy MOJENb, 110 BPaXOBYE reOMETpUYHy (HOpMY aepoTeHKa Ta
IpolLeC TUHAMIKH PIIMHH, a TAaKOXK Ipolec pyXy cyOcTpary i Myiy B aepoTeHKy. [IpakTnyna 3HauuMicTh. 3anpo-
MOHOBaHO eheKTHBHY YHCeNbHY MOJIenb Kinacy «diagnostic modelsy» st mBuaKoro po3paxyHky mpotiecy Giomoriy-
HOT OYHCTKH B aePOTCHKY.

Knrouogi crosa: 6i070rivHa 0YUCTKA; YHCETBHE MOJICIIOBAHHS, aCPOTEHK
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MOIEJNPOBAHUE BHOJ}OFH‘IECKOIZI OYUCTKHU CTOYHbIX BOJ]
HA OCHOBE BBICTPOAENUCTBYIOIIEN YNCJIEHHOU MO/JIEJIN

Heab. Hayunas paboTa npeanonaraet pa3paboTKy OBICTPOAECHCTBYIONIEH YHCIEHHOW MOJIENHN JIsl IPOTHO3UPO-
BaHHWA BBIXOAHBIX IMapaMETPOB a3pPOTCHKA. I‘II/IC.]'IEEHHyIO MOJAECJIb MOXXHO HCIIOJIB30BATh JISA IMPOTHO3UPOBAHUA 3(1)-
(EeKTUBHOCTH a3pOTEHKA MPH Pa3NIMYHBIX pexuMax padotel. MeTommka. [[iis MoaenupoBaHus mpoiecca OUOJIOTH-
YECKOH OYMCTKHM CTOYHBIX BOJ B adpPOTCHKE OBUIM pa3paboTaHBI YUCICHHBIE Mojenu. [loje moToka B aepoTeHKE
BOCIIPOM3BOANTCS Ha OCHOBE MOJICNH MOTEHIMANBHOTO TeueHus. 2-D ypaBHeHHs MaccomepeHoca UCIONB3YIOTCS
JUTS MOJICIIUPOBAHUSI pacceuBaHus cyOcTpaTa u wia. /s MonenupoBaHus Mporecca OUOIOTHISCKOW OYHCTKU HC-
I0JIb3YETCSl YIPOILUEHHasi MOAeIb. J{JIsl YHCIEHHOTO MHTETPUPOBaHUS YpaBHEHHUM MepeHoca MpUMEHsIach HesiBHAs
pa3zHocTHast cxema. Pa3HOCTHas cxema MmocTpoeHa Ui paclllelUIeHus ypaBHEHUH nepeHoca. Pacuiensenue ypaBHe-
HUS TIepeHOCa OCYIIECTBIIICTCS Ha JIBa ypaBHEHUS M BBITIONHsETCS Ha auddepeHnnanpHoM yposHe. IlepBoe ypas-
HEHHUE pacCIleIJICHHUsI YYUTHIBAET JBIKEHUE HJIA MM CyOCcTpaTa Mo TPaeKTOpUsIM, a BTopoe — TudGy3nOHHBIN MPo-
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L[ecc NnepeHoca npuMecH U uia. [{ns penieHus ypaBHEHUH pacllelieHus UCI0Ib30Balach HesIBHAsI pa3HOCTHAs CXe-
Ma. Iy 4UCIIEHHOTO MHTETPUPOBAHUS YPABHEHUs MOTEHIMAIBHOTO TEUCHHS NPUMEHSIACh HEsIBHAsl CXeMa YCIIOB-
Horo mpubmmkeHns. Ha ocHOBe OCTpOGHHON YHCICHHON MOJENH ObUI BHITIONHEH KOMITBIOTEPHBIH SKCIIEPUMEHT
IUTA WCCIEJIOBAaHUS TIpoliecca OMOJIOTHMYECKONW OYHCTKH B a’poreHke. PedyiabTaTrhl. PaspabortanHas ObIcTpozeii-
CTBYIOIAsl YUCIICHHAs MOJEIb MO3BOJISIET OBICTPO MOAEIHMPOBATH IPOLECC OMOJIOTNYECKONH OYHCTKH B a3POTECHKE.
Mogens MOKET HCIIONB30BAThCS U OICHKH 3()()EeKTHUBHOCTH pabOTHl aepOTEHKA IMPH PA3HBIX PEXHUMax padOTHI.
PazpaboTanHas Mopenb YYMTHIBAET TEOMETPHUYECKYl0 (opMmy a’poreHka. Hayunasa HoBu3Ha. Paspaborana
YHUCJIEHHAsT MOJENIb, YYUTHIBAIOIIAS TEOMETPHUYECKYI0 (OPMY a’pOTEHKa M IPOLECC IUHAMHMKU JKUJIKOCTH;
a TaKKe TIpolecc JABWXKEHHS cyOcTpata M Wia B a’pOTEHKE M Mpolecc OHOJIOTMYECKOH OYMCTKH.
IpakTuyeckas 3HAYMMOCTh. [IpemnokeHa s dexTrBHas dnciaeHHas Mmonedb kiacca «diagnostic models» ms
ObICTPOro pacuera mporecca OHOJIOrMYECKOH OYUCTKH B a3POTEHKE.
Kniouesvie crosa: Guonoruueckas OUMCTKA; YUCICHHOE MOJETIUPOBAHUE; a3POTEHK
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CORRIDOR-TYPE BAFFLED MIXING BASIN WITH CROSS POROUS
BARRIERS

Purpose. The paper hightlights the increase in operational efficiency of corridor-type baffled mixing basin by
installing of cross porous barriers made of gravel (or other materials) and epoxy resin, grade ED-20 (ED-16) with
the hardener polyethylenepolyamine (PEPA), approved by Ukrainian Ministry of Health in systems of utility and
drinking water supply. Methodology. The first stage of the experiments was performed on the model of the pro-
posed mixer in scale 1:4 in order to determine the local resistance of the porous barrier, which is made of gravel
with a size of 10-15 mm (average diameter 12.5 mm) and thickness of 50 mm. The local resistance of the barrier
was measured using piezometers installed before and after the porous barrier. The velocity of water motion in the
corridor of the mixer was determined depending on the water consumption, incoming on the mixer accordingly to
the water meter and by the volumetric method. Findings. In accordance with researches when the water flows at
a velocity of 0.1 m/s in the corridor of the mixer, the head losses in the porous barrier is 17 cm (0.17 m), and at
a velocity of 0.2 m/s—0.68 m. The resistance coefficient (&), which is equal to 333.2 for the investigated barrier, was
determined experimentally. It allows determining the head losses in the porous barrier at other velocities of water
motion. When the velocity of water motion in the corridors of the mixer is from 0.7 up to 0.5 m/s, head losses in-
crease almost fourfold. The conducted researches allowed to develop a calculation methodology for corridor-type
baffled mixing basin with porous polymer-concrete barriers. Originality. Authors developed and investigated the
corridor-type baffled mixing basin with porous polymer-concrete barriers. These barriers allow increasing and regu-
lating the intensity and time of reagents mixing with the initial water exactly in the barriers, improving the
distribution of the flow through the section of the mixer corridors. Practical value. The location of removable po-
rous barriers in the corridors of the baffled mixing basin makes it possible to increase the efficiency of its operation
and improve the quality of the treated water.

Keywords: baffled mixing basin; cross barriers; porous polymer-concrete; intensity of mixing; increase in opera-
tional efficiency

Introduction is possible in many cases to increase the
productivity of structures, to make a cheaper
process and improve the quality of water
purification [1, 10, 12, 13, 18].

In all cases, with the use of any coagulants, the
conditions for mixing the reagent with water and
the conditions for the flocculation are crucial for
the further process of water clarification.

According to researchers, conducting the
processes of mixing water with the coagulant and
flocculation in optimal conditions leads to
significant savings of the coagulant (up to 30%),
reduces the time of water presence in sediment
basins due to the formation of quick-settling flocs,
reduces the load on the filters on contamination (up

One of the main users of drinking water are
railways, therefore efficiency improvement of
natural water purification is an urgent problem.

Coagulation is a powerful tool of intensifying
the main process of natural waters purification, the
successful completion of which results in the
quality of the treated water supplied to the
consumer [4-6, 14, 20].

Intensification of the coagulation process is of
great importance in connection with the increasing
requirements for the quality of drinking water.

Through a rational process: the right choice of
coagulants, flocculants, places and conditions for
their introduction into water under purification, it
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to 50%), increases the filter cycle and improves the
quality of water purification [3, 7, 9, 17, 19].

In most cases, when the coagulants are injected
into the water, physical and chemical reactions
occur, the ending of which until the time of full
mixing of the reagent with water can lead to
a violation of optimal coagulation conditions or to
the excess coagulant. Thus, it is necessary to
provide such a mode of operation of the mixers, so
that the coagulant comes in contact with the
maximum number of particles of contamination
before the end of the of hydrolysis-polymerization
reaction.

Purpose

The purpose of the study is increase in opera-
tional efficiency of corridor-type baffled mixing
basin by installing of cross porous barriers made of
gravel (or other materials) and epoxy resin, grade
ED-20 (ED-16) with the hardener polyethylene-
polyamine (PEPA), approved by Ukrainian Minis-
try of Health in systems of utility and drinking wa-
ter supply. The first stage of the research: the
experiments to determine the local resistance of the
porous barrier.

On the basis of the conducted researches to
develop a calculation method for corridor-type
baffled mixing basin with porous polymer-concrete
barriers.

Methodology

In solving the problems associated with water
purification, the case of disperse systems
coagulation dispersed in a moving fluid is
considered. Disperse particles undergo Brownian
motion, the intensity of which depends on the size
of particles. In the process of aggregation caused
by the Brownian motion, the colloidal particles
reach the size at which the effect of the Brownian
motion is stopped. If the further contact between
the particles is not provided by mixing the water,
coagulation is stopped. Sometimes this further
contact is provided by the settling of the largest
particles, which, while their moving downward
capture smaller particles. The first phase of
coagulation described above is called perikinetic
one. Increasing the efficiency of perikinetic
coagulation is achieved by reducing the stability of
colloidal particles. Therefore, the phase of peri-
kinetic coagulation stipulates the choice of type

and dose of coagulant. The phase of perikinetic
coagulation ends when the particles reach a size of
1-10 microns. The phase of perikinetic coagulation
coincides with the period of "rapid" mixing of
coagulant with water, which significantly effects
the efficiency of coagulating water purification.

Until recently, it was believed that the purpose
of the mixers was to evenly distribute the
coagulant in the water under purification. In
domestic practice it is generally accepted that
mixing should finish before the formation of flocs
in the whole mass of water.

At present it is belived that mixing the
coagulant with water should be carried out
extremely fast and the process taking place in the
mixer is crucial for furhther coagulation stages.

The direction of water purification technology
associated with the instantaneous distribution of
the coagulant in water is based on the coagulation
theory, according to which the role of intermediate
dissolved  aluminum  complexes in  the
destabilization of suspended particles is very great.
At the same time, the required mixing velocity of
the coagulant with water is dependent on the rate
of formation of compounds capable to destabilize
contaminant particles. Ineffective mixing can lead
to the excess coagulant and a small rate of
aggregation of particles at a given dose of
coagulant [5, 10, 12].

In our country the hydraulic mixers are widely
used, including a corridor-type baffled mixing ba-
sin [5, 6, 10, 13]. The operation of mixers is
accepted to characterize as the value of the average
gradient of velocity (G), that is, the intensity of
mixing. Researches of Rozhdyestvyenska E. A.,
Mirzayev A. showed that the effectiveness of the
coagulants and flocculants action increases with an
increase in the intensity of mixing in comparison
with the usual accepted one approximately
G = 250 ... 300 s-. At the same time, the dose of
reagents and the time required for their full
distribution in water decreases with an increase in
the velocity of the gradient [12].

The disadvantages of the corridor-type baffled
mixing basin include: impossibility of regulating
the intensity of mixing, the usage for mixing of
only one reagent, the inadequate efficiency of its
operation.

The Department of Water Supply, Sewage and
Hydraulics at KHNUCA proposed and studied the
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corridor-type baffled mixing basin with slit-type
cross barriers [16].

The disadvantages of the proposed baffled mix-
ing basin are that the slit-type barriers located in
the mixer channels only change the velocity of the
water, owing to the mixing intensity increases. But
mixing the reagents with the initial water does not
occur particularly in the slit-type barriers.

Therefore, it is proposed to increase and adjust
the intensity and time of mixing the reagents with
the initial water in the barriers themselves and to
improve the distribution of the flow through the
section of the mixer corridors.

The problem is solved due to the fact that in the
channels of the barrier mixer the removable porous
barriers locate perpendicular to the barriers, which
are made on the basis of a bonding agent [11,15]
(for example, porous polymer-concrete barriers).
Porous barriers increase the intensity of mixing the
reagents with the initial water due to the fact that
mixing occurs not only in the volume of the mixer,
but also in the porous barrier itself. Porous
channels have a twisted shape that connect and
separate the pore channels between themselves.
The flows of the initial water and solutions of
reagents that move along the pore channels collide
with each other, connect and separate, which
increases the intensity of mixing the reagents with

the initial water. And the even flow of the initial
water, mixed with the reagent, from the pore
channels of the porous barrier improves the flow
distribution along the corridor cross-section in the
mixer. Changing the thickness of the porous barrier
allows you to adjust the time of mixing of the ini-
tial water with the reagents in the porous barrier
itself. Changing the filler material of the porous
barrier allows to vary its porosity (for example, the
porosity of shungizite = 65% and volcanic slag
~ 55%), which makes it possible to change the
flow velocity in the pore channels of the barrier,
that is, to regulate the intensity of mixing in the
barrier. Changing the particles sizes of the filler of
the porous barrier changes the sizes of the pore
channels of the barrier. The larger the size of the
filler particles, the greater the size of the pore
channels, which makes it possible to match the size
of the filler particles for each reagent.

Porous barriers have local resistances, so they
have to be set at the beginning or at the end of the
channel in which they are located, since the water
level before the porous barrier is greater than after
it, and the velocity of water motion in the mixer
channel have to meet current standards.

The proposed construction of an advanced cor-
ridor-type baffled mixing basin with porous
barriers is schematically presented in Figure 1.
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Fig. 1. Scheme of advanced corridor-type baffled mixing basin with porous barriers

The advanced baffled mixing basin consists
of a pipeline of initial water supply — 1, a feed
well — 2, body of an advanced baffled mixing

basin — 3, channels of advanced baffled mixing
basin — 4, porous barrier — 5, with the first type of
the filler material and the size of its particles, as
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well as with the first thickness, the pipeline (hose)
of the first reagent supply — 6, the dispersed tubular
slit-type or perforated (holed) supply system of the
first reagent (for example, chlorine reagent) — 7,
porous barrier — 8, with the second type of the fill-
er material and the size of its particles, as well as
with the second thickness, the pipeline (hose) of
the second reagent supply — 9, the dispersed
tubular slit-type or perforated (holed) supply
system of the second reagent (for example,
coagulant) — 10, the porous barrier — 11, with the
third type of the filler material and the size of its
particles, as well as with the third thickness, the
pipeline (hose) of the third reagent supply — 12, the
dispersed tubular slit-type or perforated (holed)
supply system of the third reagent (for example,
the flocculant) — 13, the collection chamber — 14,
pipeline — 15 of the initial water diversion, mixed
with reagents.

The advanced corridor-type baffled mixing ba-
sin with porous barriers operates in the following
manner. The initial water through the pipeline — 1
enters to the feed well — 2 and then into the body of
the advanced baffled mixing basin — 3 in its first
channel — 4, passing through the dispersed tubular
slit-type or perforated (holed) supply system of the
first reagent — 7, in which through the pipeline
(hose) — 6 the first reagent is fed and the porous
barrier — 5, in which it is intensively mixed with
the first reagent. Further, the mixing process and
the contact time of the reagent with the initial
water occur in channels — 4 of the advanced baf-
fled mixing basin. Then the initial water, which is
mixed with the first reagent, enters the next
channel 4 of the advanced baffled mixing basin,
passes through the dispersed tubular slit-type or
perforated (holed) supply system of the second
reagent — 10, in which through the pipeline (hose)
— 9 the second reagent is fed and a porous barrier —
8, in which it is intensively mixed with the first
and second reagents. Next, the mixing process and
the contact time of the reagents with the initial
water occur in channels 4 of the advanced baffled
mixing basin. Then the initial water, which is
mixed with two reagents, enters the next channel 4
of the advanced baffled mixing basin, passes
through the dispersed tubular slit-type or perforat-
ed (holed) supply system of the third reagent — 13,
in which through the pipeline (hose) — 12 the third
reagent is fed and the porous barrier — 11, in it it is

intensively mixed with the third and the previous
reagents. Further, the water, mixed with reagents,
moves to last channels 4 of the advanced baffled
mixing basin, enters the collecting chamber — 14
and through the pipeline — 15 is discharged from
the mixer.

To verify the proposed solution to increase the
efficiency of advanced baffled mixing basin due to
the installation of transverse porous barriers in the
mixer corridors, experiments were carried out on
the model of such a mixer.

The first stage of experiments was carried out
on the model of the proposed mixer 1:4 in order to
determine the local resistance of the porous barrier.

The porous barrier is made of gravel, size
10+15 mm diameter (average diameter 12.5 mm)
and epoxy resin, grade ED-20 with a
polyethylenepolyamine (PEPA). This material is
characterized by high strength, high chemical
resistance to the aggressive effect of water treated
with reagents, lack of biofouling in the course of
long-term exploitation [2, 8]. The barrier has a
thickness of 50 mm. The local resistance of such a
barrier was measured using the piezometers
installed before and after the porous barrier. The
velocity of water motion in the mixer corridor was
determined depending on the duty of water
supplied to the mixer, by the water meter and the
volume method.

As it known, any local resistance can be
determined by the formula [12]:

V2

h &29 : 1)
where & — coefficient of resistance; v — velocity of
water motion in the mixer; g — free fall
acceleration, equal to 9.8 m/s’.

In this case, there is a question: how to define
the velocity of motion (v) if a porous barrier is
installed. In other words, how to define the
velocity of water motion exactly in the porous
barrier. It can be realized, if we determine the
porosity of this barrier (using the Archimedean
method), and then recalculate the velocity of water
motion exactly in the barrier pores. In our opinion,
it is better to start out from the water motion veloc-
ity in the mixer corridors, it is an indirect approach
to determining the velocity of water motion in the
barrier pores, but directly depends on it.
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Thus, knowing the water level difference in
front and behind the porous barrier (accordingly to
the piezometer), knowing the velocity of water in
this mixer corridor, where the porous barrier is
installed, one can determine the resistance
coefficient (&) for the given porous barrier.

The research was carried out at the velocity of
water motion in the mixer corridor from 0.1 up to
0.2 m/s.

Studies have shown that when the flow of water
in the mixer corridor with velocity was about
0.1 m/s, the head losses in the barrier under re-
search was 17 cm (0.17 m), and at the velocity of
0.2 m/s—0.68 m.

Substituting the obtained experimental values
in the formulas (1), we determine the resistance
coefficient & The resistance coefficient is 333.2.
At the velocity of water motion in the mixer
corridors from 0.7 to 0.5 m/s [12] the head losses is
from 8.33 to 4.25 m respectively. Such losses are
relatively great. Therefore, it is recommended to
arrange the pressure mode of motion in the mixer
corridors before the porous barrier along the water
motion, as well as to increase the size of the
aggregate grains.

Baffled mixing basins are designed in the form
of channels with barriers that provide a horizontal
or vertical motion of water with 180-degree turn.
Head loss on one turn is determined by the
formula:

2

h:a;—g, (2)

where & —resistance coefficient, which is 2.9; v —
velocity of water motion in the mixer corridor,
which is from 0.7 to 0.5 m/s.

The velocity of water in each mixer corridor
can be found by the formula:

Vi :Vi—l _(Vstr _Vend)/n’ (3)

where Vi; - velocity of water motion in the
previous corridor of the mixer, m/s; Vg — velocity
of water motion in the first corridor of the mixer,
which is taken 0.7 m/s; Vg — velocity of water
motion in the last corridor of the mixer, which is
taken 0.5 m/s; n — number of barriers.

Water depth in each corridor can be found by
the formula:

H,=H,,—h-h,, 4)

where Hi; — depth of water in the previous mixer
corridor, m; h — head loss on the flow rotation,
which are defined by the formula (2); h, — head
loss in the porous barrier.

The width of each corridor is determined by the
formula:

Bi = Omix /(Vl : Hi) (5)

where qpix — mixer performance, m%s; V; — veloci-
ty of water motion in the corridor, m/s; H; — water
depth in the corridor, m.

The construction length of the mixer is:
L = ZBI + 28wall + n8bar (6)
where > B; — total width of all corridors, m; Sya 1
dpar —thickness of the mixer wall and the barrier
between corridors respectively, m.

Total mixer volume:

Wmi>< = 6quixt (7)

where t — time of water presence in the mixer,
which takes no more than 2 minutes.

The area of the mixer, coming from the depth
of the first corridor will be:

o =W, / Hy, (8)

Based on the mixer volume and the total width
of the corridors, we find the width of the mixer

AzmIZBi, )]

The head losses in each porous barrier are
determined by the formula:

(10)

where v, — velocity of water motion in the corridor
of the mixer, where a porous barrier is installed;
& — the resistance coefficient, which is determined
experimentally for each porous barrier.

The total head losses are:

> h=n-h+h,-n, (11)
where n; — number of porous barriers.

The thickness of the porous barrier must be not
less than 50 mm, and the size of the filler is not
less than 30 mm, which depends on the
technological processes of mixing. Porous barriers
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are mounted in blocks no higher than 250 mm and
up to 1000 mm in length.

Findings

Studies have shown that when the water flows
in the mixer corridor at a velocity of 0.1 m/s, the
head losses in the porous barrier was 17 cm (0.17
m), and at a velocity of 0.2 m/s — 0.68 m. Accord-
ingly to the obtained experimental values the
resistance coefficient was determined (&), which is
333.2 for the investigated barrier, which makes it
possible to define the head losses in the barrier in-
cluding other velocities of the water.

Originality and practical value

The corridor-type baffled mixing basin with po-
rous polymer-concrete barriers was developed and
investigated, which allows increasing and regulat-
ing the intensity and time of reagent mixing with
the initial water exactly in the barriers and improv-
ing the distribution of the flow through the section
of the mixer corridors.

Location of removable porous barriers in the
corridors of the baffled mixing basin allows to
increase its performance, and improve the quality
of treated water.

Conclusions

The proposed construction of an advanced cor-
ridor-type baffled mixing basin with porous
polymer-concrete barriers allows to increase and
regulate the intensity and time of reagent mixing
with the initial water exactly in the barriers and to
improve the distribution of the flow through the
section of the mixer corridors. It makes possible to
change timely the technological processes of
mixing the reagents with the initial water,
depending on the physical-chemical indicators of
the initial water, types and kinds of reagents that
can be used at the water purification station.

Based on the conducted experiments, it is
recommended to arrange the flow pressure mode in
the mixer corridors before the porous barrier ac-
cording to water flow, as well as to increase the
size of the aggregate grains.
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HNEPEIOPOJYACTHH 3MIIITYBAY KOPHUJIOPHOI'O THITY 3
HOITEPEYHUMMU ITOPUCTUMMU ITEPEI'OPOAKAMMU

Meta. Y po6oTi HEOOXiIHO PO3IVISTHYTH ITiABUIIEHHS e()eKTUBHOCTI poOOTH MEPeropo4acToro 3minryBaya Ko-
PHIOPHOTO THITY 32 PaXyHOK BCTaHOBJICHHsSI MOIEPEYHHUX MMOPHCTHX MEPEropoJioK Y KOPUAOpax 3MilllyBaya, BUKO-
HaHMX i3 rpasito (a00 3 iHIIKMX MaTepiaiiB) Ta ernokcuanol cmonu Mapku EJ[-20 (E/I-16) i3 3aTBepmkyBadeM moJiie-
tunernoniaminom (ITETTA), no3BoneHrnmu MiHICTEPCTBOM OXOPOHHM 3/10POB’S YKpaiHU B CUCTEMax IOCIOJapChKO-
MUTHOTO BojomnocTtadanHs. Meroauka. [lepiiuii etan eKCIIEpUMEHTIB MPOBEACHUI HAa MOJENI 3alpPOINOHOBAHOTO
3MimnryBaya y macmrabi 1:4 juid BU3HA4e€HHS MICLEBOTO OINOpPY HOPUCTOI HMEPErOpojKH, sSKa BHUKOHAHA 3 TPAaBIil0
kpymHicTIO 10+15 MM (cepenniit miametp 12,5 Mm) 1 ToBmmuHOIO 50 MM. MicIieBHi OITip IEpErOPOIKA BUMIPIOBaBCS
3a JIOTIIOMOTOI0 11’€30METPiB, BCTAHOBJIECHUX MEpe 1 Micisl MMOPHUCTOI MEePEropoIKi; MIBUIKICTh PyXY BOAH B KOPH-
JIopi 3MilllyBaya BU3HAYaJIacsl B 3aJIEKHOCTI BiJl BUTPATH BOAM, IO HAJIXOJMIa Ha 3MilIyBad IO JIYMIBHUKY BOJIH,
Ta 00’eMHUM MeTotoM. Pe3yabTaTu. JlociipkeHHS OKa3any, o NpH pyci HOTOKY BOAM B KOPHUIOPi 3MilTyBaya 3i
mBuzakictio 0,1 M/c Brpatn Haropy B mopucTiit neperopoaui ckianu 17 cm (0,17 m), a npu mBuakocri 0,2 m/c —
0,68 M. 3a oTpUMaHNMH EKCIEPUMEHTATBHUMH 3HAYCHHAMH OyB BH3HaUueHUH KoedimieHT omopy (&), sKuil 1opiB-
Hio€ 333,2 ans HOCTimKeHO! Meperopoiky, IO A€ MOXKIMBICTP BU3HAUMUTH BTPATH HAIOPY B MEPETOPOI W mpH
IHIINX MBUAKOCTIX PyXy Boad. Ilpm mBMAKOCTI pyXy BOAM B Kopuaopax 3MimryBaua Bix 0,7 mo 0,5 m/c BTpatn
Hamopy 30UTBIIYIOTBCS Maike B YOTHpH pa3u. Ha OCHOBI mpoBeneHHMX AOCIHiIKEHb PO3poOJIeHa METOAMKA PO-
3paxyHKy HeperopoadacToro 3millyBaya KOPHAOPHOTO THUILY 3 MOPHCTHUMHU MOJIMEPOECTOHHUMH IEpEeropoaKaMu.
HaykoBa HoBHM3HA. P03p0o0ieHO Ta JOCHIKEHO MEperopoadacTHil 3MilllyBad KOPHJIOPHOTO THITYy 3 HOPUCTUMH
MOJTiIMEpOETOHHUMH NEPETOPOAKAMHY, SIKi JO3BOJISIOTH IIABUIINTH I PErysioBaTy iHTEHCHBHICTD 1 4ac 3MilIyBaHHS
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peareHTiB i3 BHXITHOIO BOIOI0 B CaMHX IIEPETOPOIKAaX, IMOJIMIIUTH PO3IOILT HMOTOKY IO Tepepily KOpPHIOpiB
3MmimyBaya. IlpakTu4yHa 3HAYMMicTh. Po3TamryBaHHS 3HIMHUX IIOPHCTHX HEPEropoAOK y KOPHAOpax Meperopon-
4acTOTO 3MilTyBava JO3BOJISIE MiIBUIMINATH e()eKTUBHICTD HOTo pOOOTH Ta MOJINIIUTH SKiCTh BOIH, IO OYHIITYETHCS.

Knrouosi crosa: meperopomggactuii 3mimryBay; IMOTEpPEUHi MEPETOPOAKH; MOPHCTHI TMONIMEPOCTOH; IHTCHCHB-
HICTh 3MIITyBaHHS; IMiIBUIIECHHS e()eKTUBHOCTI pOOOTH
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NEPEIOPOJTYATBIA CMECUTEJIb KOPUJOPHOI'O THUIIA C
HOHEPEYHBIMMU IMTOPUCTBIMHU NIEPET'OPOJIKAMU

eas. B pabote HE0OX0AMMO paccMOTPETh TMOBBIICHNE 3P PEKTUBHOCTH PaOOTHI NEPETOPOAYATOTO CMECHUTEIS
KOPHIOPHOTO TUIA 33 CUET YCTAHOBKH IONEPEYHBIX MOPHUCTBIX NEPErOPOAOK B KOPHIOPAX CMECHUTENS, BBIIOJIHEH-
HBIX U3 TpaBus (WK APYTUX MaTepHalIOB) U 3MOKCUAHON cMoibel Mapku D/-20 (3/1-16) ¢ 3aTBepauTenseM Moau3Tu-
nernonuamuHoM (I1EITA), pa3zpenieHHBIME MUHHCTEPCTBOM 37JpaBOOXPAHEHUS] YKpaWHBI B CHCTEMaX XO3SCTBEH-
HO-TIMThEBOTO BoJOCHaOKeHHs. Metoanka. [IepBblii 3Tan SKCHEPUMEHTOB MPOBEIECH Ha MOJENH MPEAI0KEHHOTO
cMmecurens B Maciitade 1:4 aist onpeseneHls MECTHOTO CONPOTHBIICHUSI TIOPUCTOH MEPEropoIKH, KOTOpasi BBIOJ-
HEHa U3 IpaBus KpynHocThio 10+15 MM (cpennuii fuametp 12,5 mm) u Tonmuaol 50 MM. MecTHOE COPOTHUBIIEHUE
MIEPErOPOAKH U3MEPSIIOCH C MTOMOIIBIO Mbe30METPOB, YCTAHOBJIEHHBIX TIepel U MOCIe MOPUCTOM Ieperopoiku, CKo-
POCTh BU>KEHUS BOJBI B KOPUIOPE CMECHUTENS ONpPEeNanach B 3aBUCHMOCTH OT pacXxojJa BOJBI, OCTyHAroIEed Ha
CMECHUTEINb T10 CUETYUKY BOJIBI, 1 00BEMHBIM MeToioM. Pe3yibrarsl. MccnenoBanus mokasany, 9To IpH JIBIKCHUN
TIOTOKa BOZBI B KOPUIOPE CMeCUTENs co ckopocThio 0,1 M/c moTepu Hamopa B MOPHUCTOI ITeperopojke coctasuiu 17
cM (0,17 M), a mpu ckopoctu 0,2 M/c — 0,68 M. V3 mMOMy4eHHBIX 3KCIIEPUMEHTAIBHBIX 3HAYCHUH OBLT OTpeIeseH
kodpdunueHT conpotusieHus (&), paBHbIN 333,2 I WCCIeJOBaHHON MEPErOpPOAKH, YTO MO3BOJSIET ONPEICIHTh
MIOTEPH HAIopa B MEPEropojke U MpH APYTHX CKOPOCTAX ABMXKEHHUS BOABL. IIpu cKOpocTH IBM)KEHUS BOJBI B KOpHU-
nopax cmecureds ot 0,7 o 0,5 M/c moTepu Haropa yBeJIHYMBAIOTCS [IOYTH B YeThIpe paza. Ha ocHOBe MpoBeieHHBIX
HCCIIeIOBAaHUN pa3paboTaHa METOMKA pacyeTa MeperopoauyaToro CMECHTENs KOPHIOPHOTO THUIA C IOPUCTBIMU I10-
nuMepOeToHHBIMU TieperopoakamMu. HayyHasi HoBM3HA. Pa3paboTaH M Hccie0BaH NEperopadyaTbliii CMECUTENb
KOPHUIOPHOTO THIIA C TIOPUCTHIMHU MOJIMMEPOSTOHHBIMHU MEPEropoAKaMy, KOTOPbIE MO3BOJIIOT MOBBICUTH M PEryIu-
pOBaTh HHTEHCUBHOCTH M BPEMsI CMEIICHHUS PEareHTOB C HCXOAHOM BOJION B CAaMMX IEPETOPOAKAX M YIYUIIHUTh pac-
IpeJeseHre MOTOKa 10 CEYEHHI0 KopuaopoB cmecurend. IIpakTuyeckasi 3Ha4MMOCThb. PacnonoxkeHnue cbhbeMHBIX
TIOPHUCTBIX TEPEropoJIOK B KOPHIOPAX MEPErOpOAIaTOr0 CMECHTENS MTO3BOJISET MOBBICUTH 3P(PEKTHBHOCTH €ro pa-
OOTBI M YIIyUIIUTh Ka4eCTBO OYHMIIAEMOH BOJIBI.

Kniouegvie crnosa: meperopoquaTelii CMECHTEIb; MTOTIEPEUHBIC MIEPETOPOAKH; TIOPUCTHIN ITOJMMEPOESTOH; HHTECH-
CHUBHOCTbH CMEIIMBAHMUSI; NOBBINIEHHE 3()()hEKTHBHOCTH PabOTHI
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MO/JIEJIb KOOPIUHAIIUU B3AUMOJENCTBUSI OPTAHOB
VIIPABJIEHUS ITPY JTMKBUJA LA KPYITHOMACIITABHBIX
YPE3BBIYAVHBIX CUTYALIUT

Heab. CtaTes moCBsIEHa pa3paboTKe MOJAEIN KOOPIHMHAIINY B3aMMOJCHCTBHS OPTaHOB YIPAaBIICHUS NPH JIHK-
BUIalMK KpynmHoMaciTaOHbIX upe3BbrdaiiHbiXx curyauuii (UC). Meroauka. MeTonbl HCCleIOBaHHs BKIIIOYAIOT
MaTeMaTHYECKUH anmnapar TEOpUU UEePapXU4EeCKUX MHOTOYPOBHEBBIX CUCTEM, JIOTUKY NPEIUKATOB, & TAKXKE IIPUH-
LUIBl [EHTPAIIU30BAHHOIO YIPABJICHUSI, KOTOPHIE NPEAIOJIAraloT HaJu4Kue €IUHOI0 KOOPAMHALMOHHOIO LIEHTpa
yIpaBJeHUs. NPU BO3HUKHOBeHMH KpymHoMmaciitaOHbix UYC. IleHTp ompenensier OCHOBHbIE IpaBWiia B3aMMOJCH-
CTBUsI OPraHOB YIIPaBJICHMs, a TAK)KE CUI U CPEIACTB I'pakJaHCKOW 3allUThl YKPAaWHbI IIPU peanu3aluy TaKTHYe-
CKMX IJIAHOB JACHCTBUM IO JIOKAIU3aLUU U JIMKBUJIALUY [IOCJIECICTBUI Ype3BbIlUYaliHbIX cuTyauuil. Pesyabrarnl. Ha
OCHOBE Pa3pabOTaHHOI MOJENH NPEJIOKEH MOAXOA K PEIICHUIO 3a/[adil KOOPIMHAIMY B3aHMMOJCHCTBHS OPTaHOB
YIpaBIeHUS TIPH JTUKBUIAINH TTOCIEACTBUN KPYITHOMACIITAOHBIX YpE3BbIUYaHHBIX CUTYallMi B YCIOBHSAX HEOIIPEe-
JICHHOCTH W HETIOJNHOTHI MH(OpPMAaLUH, a Takke AeUNNTa BpEMEHH Ha MPHHATHE yIIpaBlIeHUeCKHX pemeHnid. Cre-
uQrKa MOJIENN 3aKIIIOYAcTCs B MCIOIb30BAaHUM MaTeMaTHYECKOTO almapaTa TEOpPUH HePapXUIeCKHX MHOTOYpPOB-
HEBBIX CHUCTEM W JIOTMKH MPEAMKATOB UIS PEATH3aIlMH NPOLEIYp COTIACOBAHHMS TPEX THUIOB Ielel, GopMaiabHO
OTIMCHIBAEMBIX TpeMs THIIaMH 3azad: 1) riio0ainbpHON 3a1adel, pelieHre KOTOPOil HalpaBiIeHO Ha JOCTIKEHHE 00-
Iied neia CHUCTEMBI, 3aKIII0YaoNeiics B MUHIMH3ALUH MTOCTIEICTBUI OT Upe3BBIYaMHBIX CUTYyallui; 2) 3agaueil Ko-
OpAMHHPYIOIETO OpraHa yIpaBJiIeHHs, B X0JIe PELICHUS] KOTOPOH JOCTUTaeTCsl COrjacoBaHHOE (YHKIIMOHUPOBAHUE
CHeLUaIM3UPOBaHHBIX aBaPUIHO-CIIAcaTENbHBIX (POPMHUPOBAHUI W MOJpa3AEICHHI TIPH OCYIIECTBICHUN KOMILIEK-
ca MEpONPHUATHH MO JTUKBUAALNY MOCIEICTBUM B 30HC BOZHUKHOBEHUS UPE3BBIYAMHBIX CUTYAIHi; 3) JTOKAIbHBIMHU
3a7la4aMy OpraHOB YIIPABIECHUS JIMKBUAALMEH YPE3BBIYAWHBIX CUTyalull, PEIICHUE KOTOPBIX HAIPABICHO HAa J0O-
CTIXeHue o01ei rimodanpHol nenmn cuctemsl. Hayunas HoBu3Ha. BriepBble nmpeasioxkeHa CTpyKTypa nepapxuye-
CKOIl MHOTOYPOBHEBOH CHUCTEMBI KOOPAMHAILMHU B3aUMOICHCTBUS OPTaHOB YIPABICHUS MPU THUKBUAALUM KPYIHO-
MacIITaOHBIX YPE3BBIYANHBIX cuTyanuil. BeigeneHsl ypoBHH yIpaBieHHus cucTeMoi. [IpeioxkeH moaxon K peme-
HUIO 33[a4d KOOpAMHAIMM B3aUMOJICHCTBUS OPraHOB YIPABICHHS B YCIOBHAX HEONPEIEICHHOCTH M HEMOIHOTHI
nadopmanuu. Kooprunamnus obecrieynBaeTcs 3a cUeT NMPOLEAYp COTIaCOBaHMS LeJICH M 33/1a4, perraeMbIX Ha pas3-
HBIX YPOBHSX HEpapXUM PacCMaTPUBAEMON CHUCTEMBI, B YCIOBHUAX LEHTPAIM30BaHHOIO YIPABICHHUA U HEOPIHHAP-
HOCTH BO3HMKAIONIMX yIpaBieH4Yeckux curyanuil. IIpakTudeckass 3HAYMMOCTB. Pe3ynbTaTel paboThl CMOTYT
HalTU NPWIOKEHUE B 3a/a4aX KOOPAMHALMOHHOIO YIPABIEHUS U NPUHATUS PEIICHUN B UEPAPXUUECKUX MHOIO-
YPOBHEBBIX CUCTEMAX T'PAXKIaHCKOH 3aILUThI HACEIECHWS U TEPPUTOPUI OT YPE3BBIYANHBIX CUTYaLUH.

Kniouegvie cnosa: KoopAUHALMS B3aMMOJCHCTBHSA; HepapXUUYecKasi MHOTOYPOBHEBAs CUCTEMa; UPE3BbIYaliHbIC
CUTYalLlUU; OpraHbl yIPaBJICHUS; YIIPABIECHUECKUE PELICHUS

BBenenue OnHoli W3 BaXHBIX (QYHKIWH yIpaBlIeHUs
B YCJIOBUSIX BO3HHUKHOBEHHs KPYIHOMACIITaOHBIX
UC sBisieTcsi KOOpAWHAIS B3aUMOJICHCTBUS CHI
rpakaanckoi 3amuTthl Ykpausbl (I'3Y), xoTopsie
00€eCreYnBalOT BHIIOJHEHHE KOMILIEKCa MEPOIpHU-
ATUHI 1 padoT MO JIMKBUIALMH TOCJIEACTBUI B 30HE
Bo3HuKHOBeHMs YUC.

AnHanu3 (QakTOpoB U O0COOCHHOCTEH MPHHATHS
yIpaBiIeHYECKUX peueHui B ycnoBusax YC no3so-
JISI€T CIIeNaTh BBIBOJ, YTO PEIICHHS O MPOBEACHUU
paboT MO JMMKBUIAIMK IOCIEACTBUN KpyIHOMAC-

KonnuectBo upessbuaiinbix curyauuit (HC),
00YCIIOBJIICHHBIX OMACHBIMU TPUPOJTHBIMU SIBJICHU-
SIMH, Ha TEPPUTOPHH YKpaWHBI U3 Tojla B TOJ CO-
XpaHsAeT YCTOWYHMBYIO TEHACHLHUIO POCTa U YBEIIH-
YEeHUS! MacIITaO00B ITOCIIEICTBHM.

Baxnyro ponb B CHM)KEHHU TSDKECTH TIOCTEN-
crBui oT YC urpaer npaBMIBHOCTH U 00OCHOBAH-
HOCTh YIPAaBICHUYECKHX DPEUICHUH, MPUHHMAEMBIX
B MIPOIIECCE WX JTUKBUIAIIHH.
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mrabHbiX YC (0coOCHHO HA MEpBOHAYABHOM CTa-
JMY UX BOSHUKHOBEHHMS U Pa3BUTHUS) MPHHUMAIOT-
Csl B YCJIOBHMSAX HEONPENEICHHOCTH U HEIOJIHOTHI
nHpOpMaLUK 0 napamerpax pacnpocrpanenus YC,
TpeOyeMBbIX TeMIax JIMKBUIALWH, HEO0XOIUMOM
o0bEME pecypcoB, a TaKKe YPOBHE CIIOKHOCTH
pa6ot mo nukBuaanuu UC [8].

Crnenyer TakKe OTMETHUTh, YTO YEM BBIIIC
CIIOKHOCTh 1 MacmTad pacnpocrpaderus UC, tem
TpyAHee obecnieuuBarb 3PQPEKTUBHYIO KOOpIUHA-
LU0 B3aUMOJICHCTBUS NpuBIeKaeMbix cui [3Y.
[Ipu sTom ckimagpiBatonmiics B ycnoBusix UC me-
(bUIHUT BpeMEHU NI BCECTOPOHHETO aHalM3a 00-
CTaHOBKH B 30He Bo3HMKHOBeHUs1 UC, a Taxke He-
OPAMHAPHOCTh BO3HHUKAIOLINX YHPABICHYECKUX
CUTyalii ycyryOiser mpoOieMy KOOpIMHAIINY,
KOTOpasi CTAHOBUTCSI TPYAHOPA3PEIIMMO.

Takum o0Opazom, pa3paboTka MOJENH, KOTOpast
MO3BOJIUT OCYILECTBIISITH KOOPIAMHALMIO B3aUMO-
JICHCTBUSL OPraHOB YIPABJICHUS, A TaKXKe MPHUBIIE-
KaeMbIX CIIEUATM3UPOBAHHBIX aBapUIHO-
cnacareibpHbIX (hopmupoBanuii I'3Y mpu nuksuna-
uuu nocnenctsuid UC B yClIoBUSIX HEONpPEAETICH-
HOCTH M HEMOJIHOTHI MHQOpManuu, U Jehunura
BPEMEHH Ha MPUHATHE YNPABICHYECKUX PEIICHUM
SIBISIETCSL  BaXHOM M aKTyaJlbHOM  Hay4HO-
MPaKTUIECKOH MPOOIEMOH.

Hean

Lenpto wuccnemoBaHus sBisieTcs pa3paboTka
MOJENIH KOOpAWHAIMU B3aUMOJEUCTBHSI OpPraHOB
yIOpaBieHUs] TPU JUKBUAAIMUA KpPYITHOMACIITa0-
HeIX UC.

Jns nocTrkeHusT mOCTaBICHHOM 1[I HEOOXO-
JIUMO PEITUTH CIIECAYIOIIHNE 3a1a4H:

1.UccnenoBath CTPYKTYpPY HEPAPXUIECKOM
MHOT'OYPOBHEBOM CHUCTEMBI KOOPAUHAIIMN B3aUMO-
JIEHCTBUS OPTAaHOB YIIPABJICHUS TPU JTUKBUIAITIH
kpynmHoMacmTabHeix  YC. Beimenuts  ypoBHH
yHopaBleHusl CUCTeMOW. BwIsBHTH 0cOOEHHOCTH
KOOPAMHALIMOHHOTO YNPAaBJICHUSA [aHHOM CHCTe-
MOJ.

2. Pa3zpaboraTh TpoIeAypHl COTJIACOBAHUS Ile-
Jied, 3a7a4 U B3aUMOJEHCTBUN OPraHoOB yHpaBlie-
HUS Ha Pa3IUIHBIX YPOBHSIX HEPAPXUU CUCTEMBL.

3. PaspaboraTh MOJ€Ib, MO3BOJISIONIYIO ITOJTY-
YUTh HCKOMOE pEUICHUE 3aJayd KOOpAUHAIUHU
B3aMMOJICHCTBYS OPTaHOB YIPABIICHUS TPU JIHK-
BHJIAIIAU TTOCIICACTBUN KpynmHOMacmTaOHbIX UC.

MeToauka

Cormacao ¢ [1] mox nMKBHmaIwed MOCIEN-
ctBuii YC MOHUMAETCS KOMIUIEKC MEpPOIPHSITHIA,
BKJIIOUAIOUINX aBapHHO-CIIacaTeNIbHbIE U Jpyrue
HEOTJIOKHBIE PabOTHI, OCYIIECTBISIEMBIE B 30HE
Bo3HMKHOBeHU UC, a Takxke MpUIIETAlomuX K Hei
TeppuTopuil. OHM HampaBieHbl Ha IpeKpalieHue
JeHCTBHsT OnMacHBIX (hakTopoB, BbI3BaHHBIX UC,
CIIaCeHHe XKM3HU U COXPaHEHHUE 370POBbI Hacele-
HUS, a TaKKe Ha JOKAJIU3alMI0 30Hbl 1 MUHUMHU3a-
nuro nocneacteuiit YC.

Ycnex mnpoBeneHUsT KOMILIEKCA aBapuitHO-
criacaTteJIbHBIX MEPONPHUATHH HAIMPSIMYIO 3aBHCHUT
OT CKOOPJAMHHMPOBAHHOTO B3aUMOJIEHCTBHUS CHII
I'3VY, ocymecTBiasieMoro B COOTBETCTBHUU C ILIaHA-
mu pearupoBaHus Ha YC.

Jnga  opranuzanuu  aBapuiHO-CIIacaTeNbHBIX
paboT U KoOpaUHAIMK B3auMojehcTBus cuit ['3Y
HEMOCPEACTBEHHO B 30HE BO3HUKHOBeHMsI YC co-
3naercs LTab mo nukBuaanmu mocneactBuii YC
(IIta6 mo YC). OcHOBHBIMH (QYHKIMSIMU INTa0a
sByisttorest [6, 7]: 1) onpenenenue 30ub1 YC 1 30HBI
BO3MOXKHOTO TIOpakeHus; 2) cOop AaHHBIX 00 00-
cranoBke B 30He UC, mx amamu3 u 0000IEHHE,
MIPOTHO3UPOBAHNE MACIITA0OB PACIPOCTPAHEHUS
u nocnencteuii YC; 3) pa3paboTka omepaTHBHBIX
I1aHOB JuKBHAanuu nocueacteuit UC; 4) onpene-
JieHue cocTaBa M Kosnndectsa cui ['3Y, npusneka-
€MbIX K Opoueccy JUKBUauuu nociuenctsuid YC,
CPOKOB WX NIPUBJICUYCHUS COTIACHO TUTaHAM JIMKBH-
nmanuu nocneacteuit UC; 5) HemocpeacTBeHHas
OpraHm3anys W KOOPAHWHAIUS B3aWMOJCHCTBUS
NPUBJICUYCHHBIX K JUKBUAAuuu nocieactsuii YC
cun I'3Y.

PykoBoactBo pabortoit Illltaba mo YC ocy-
mectBiageT HavanbHUK IllTada mo YC. B 3aBucu-
MOCTH OT MaciuTtaba pacrnpoctpanenus UC, o0be-
Ma aBaputHO-CHIacaTeNbHBIX M APYTUX HEOTIOXK-
HBIX pabotr mo nukBupanuu mocienactsuii YC 1o
pemennto HayanbHUKa LlItaba mo YC B ero cocra-
BE CO3/IAI0TCs clienyromine paboune rpymmsi [1, 6]:
rpynma aHanu3a YC ¥ MoAroTOBKU JaHHBIX; TPYII-
1a HETMOCPEJICTBEHHOTO pearupoBanus Ha YC; op-
raHu3aIoOHHas Tpymmna, pyHKIHueH KOTOPOH SIBIIS-
€TCsl PerucTpanus paclopsKEHUH PyKOBOIUTENS
pabot no nukBuganmu nocneactsuit YC; rpymma
YIpaBICHUS PE3EPBOM CHJI, KOTOpBIE IOTOIHH-
TETbHO NPUBIEKAIOTCS K JHUKBUIAIMHA TOCIEA-
ctBuil YC; rpynna npeacTaBUTeNed OpraHoB Bila-
CTH, (YHKIHMEH KOTOPOH SIBIIAETCS KOHTPOJH 3a
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MPOBEICHUEM aBApUNHO-CIIACATEIBHBIX, JPYTUX
HEOTJIOKHBIX paboT, TPEACTaBICHUS OTYETHBIX
MatepuaioB rpynmne anaimm3a YC W MOATOTOBKH
JNaHHBIX; TpyMIa  MaTepUaIbHO-TEXHUYECKOTO
obecrieyeHust; TpyIna OpraHU3allH CBSI3W B 30HE

UC; rpymma B3aUMOJCHUCTBUA C HaceJICHUEM
Y CpeJCTBaMH MaccoBOM HH(pOpManny.

IIponecc mukBumanum mociencteuii YC BKITIO-
4aeT B ce0st TpY B3aMMOCBSI3aHHBIX 3Tana [7].

Ha mepBom sTame peann3yroTcsi MEpOTIPUSTHS

110 BKCTpCHHOﬁ 3aIIUTC HACCIICHUA.

lta6 no YC

PykosoauTens IllTaba no HC

I'pynna ['pynna
g aHajM3a CUTYallMy W MOArOTOBKH HEMOCPEeJICTBEHHOTO pearupopanus (€| !
JIAaHHBIX
OpraHu3alOHHas I'pynna
> ]
rpynna YINpaBJIEHHs PE3EPBOM CHJT
[IpeacTaBuTENH OPraHoB BIACTH, ['pynna
g YUPEKAEHHH ¥ opranu3aluii MaTepHajbHO-TEXHUUECKOI0 e
obecneuenus
['pynna I'pynna i
L» OpraHu3aluu CBsI3U B3aMMO/ICHCTBHSI C HACETIEHHEM H —

CpeicTBaMU MacCoBOM MH(OPMALMK

Vpogens | Koopaunanus B3aumoneiictus cun I'3Y npu auksuaatmm nocneacreuii YC

CHIIBI TPasKIAHCKOM 3aIUTHI Y KPaHHbI l

YPOBeHb 2 ﬂpose;lenue KOMILIeKCca asapnﬁﬂo-cnacarenbublx Meponpuﬂmﬁ B 30HE BO3HUKHOBEHH S '

Oran 3 JIukBupauus
nocneacrauii YC

Dran 2 Jlokanuzauus
30Hb1 UC

Oran | 3amuTa HacCeNCHUA |
or YC

Jlokanusauus oyaros
TOpaXKeHUs

Opraﬂmauuﬁ CBA3H B

[Tonyuenue curuana u !
30He UC b

Bbie3n1 cuit I3V B 30mY
E(©

H3onauus onacHelx
(axropos UC

[TpoBeaeHne 3alUTHBIX
MEpOIPHUSTHIA

PaszBepTbiBaHue cui

; '3V B 30ne UC !
: Xumuyeckas Tyuwenune noxapos :
; Pa3Benka 3oub1 UC HeWTpanu3anus, : |
! TOPMOXKEHHE JeHCTBUS Iposenenue
i ITouck u cracenue onacHbIx dakrtopos UC KOMILIEKCa aBapHitHO-
: MOCTpaaaBLUINX criacaTesbHbIX :
Canuraphas MEPOIDHUATHH !
i PR, o0paboTka HaceneHus ’
MEIMLIMHCKOW MOMOLLK ? poseneuue
obe33apaxnBaHne
MHIKEHEPHbIX
DBaKyalus HaceleHHUs TEPPHTOPHH U TEXHUKH MepONpHSATHIA

Puc. 1. CtpykTypa cucTeMbl KOOPIMHAIIMH B3aNMOICHCTBHS OPTaHOB YIIPaBICHUS
NP JTMKBUJALUH KpynHOMacIuTaOHbIX YC

Fig. 1. Structure of control bodies coordination system
during response to large-scale emergencies
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[IpoBoasiTCA MOKCK U CIaceHHE MOCTPalaBUINX,
9BaKyalys JIFOJeH U3 ONAacHbBIX 30H M OKa3aHUE UM
MEepBOM MEAUITUMHCKOM MTOMOIIIH.

Ha BTOpOM 3Tane npoBoAsATCS MEPOTIPUATHS I10
JIOKAJIM3aliy 04aroB MOPAXEHUs, U30JLILUU OIac-
HBIX ¢akTtopoB UC, XUMHUECKOH HEHTpaHn3aIiun
1 TOPMO>KEHHS ACHCTBHA OoNacHbIX pakTopoB UC.

B ciyuae BbIOpoca B OKpYKaIOIIyIO Cpery TOK-
CHYHBIX XUMHUYECKHX BELIECTB MPOBOIUTCS KOM-
IUIEKC MEPONpHUSITHH MO CaHUTApHON 00paboTKe
HaceleHWss H  00e33apaXWBaHUS TEPPHUTOPHIA
1 TexHUKH B 30He UC.

Ha 3axirounrtensHOM TpeTbeM 3Tame MpoBO-
JATCS 3allUTHBIE MEPOTIPHUATHS, MEPONPUATHS T10
TYLIEHHIO  TOXapoB, KOMIUIEKC  aBapUHHO-
cracaTeNbHBIX M HHKEHEPHBIX MEPOIPUATHHA
C LEeJIbI0 JIUKBUmanmu nociencteuii YC.

CtpykTypa CHUCTEMBI KOOpPAMHALMK B3aUMO-
NEeWCTBUSL OPraHoOB YIPABJICHUS NPH JUKBUAALUH
kpynHoMmacmTabHbx YC npuBeneHa Ha puc. 1.

Cucrema MMeeT 4eTKO BBIpa)KEHHYIO HepapXu-
YECKYI0 CTPYKTYPY, 4TO MO3BOJISIET OTHECTH €€
K KJacCcy HepapXHYeCKHMX MHOTOYPOBHEBBIX CH-
CTEM.

3agadell mepBOro ypoBHsI SIBJSIETCS KOOPAMHA-
uusa B3aumozeiicTBus cun ['3Y mpu nukBuaanuu
nocneacteuid YC. KoopauHupyromuM opraHom
ynpasiicHHs (KOOPAHMHATOPOM) Ha JaHHOM YPOBHE
seistercst [1ITad mo YC.

3amauell BTOpOro ypOBHS SIBIIS€TCS IpOBele-
HUE KOMIUJIEKCa aBapHIHO-CIIacaTeNIbHbIX Mepo-
npusTHid B 30He Bo3HMKHOBeHHs1 UC. Opranamm
ynpasiieHust nukBupanuein YC, QyHKIMOHHMPYIO-
MMM Ha JAHHOM YPOBHE, SIBJISIOTCS CIIEHUAIN3H-
pOBaHHBIE aBapuitHO-criacaTesbHble (HOpMHUpPOBa-
Hua u noppaszzaenenus ['3Y, mpunumaroume yva-
CTHE B Ipoliecce TUKBuAanuy nociencteuit UC.

Paccmotpum nmanee mMoiens KOOpAMHALIMU B3a-
UMOJICHCTBHSI OPTaHOB YIPaBJICHUS B HepapXuye-
CKOW MHOTOYPOBHEBOH cHCTeMe B Ipolecce JIHK-
Bunanuu nociuenctsuid YC. /s aToro mpeacraBum
CTPYKTYpYy cucTeMbl (puc. 1) B Buae Hepapxuu
YpOBHEH YIIpaBIIeHHS, OCHOBBIBAsCh Ha HCCIEN0-
BaHmsix [2-5, 10-12].

Cucrema (puc. 2) uMeeT OAWH KOOPIUHHUPYIO-
IIKMA OpraH ynpasjaeHus S;, N MOAYMHEHHBIX EMY
opraHos ynpasineHus nukBupanuen YC S,,...,S,
W ymhpaBlsieMblii iporiecc E , mpencrapmisromuii
co00# TOCIIeI0BATENHHOCTh 3TAINOB JIMKBHUIAIIUT
nocaencteuit UC.

Koopjimuupytommit opras ynpagiienns [
/ IlItaé no YC i

¥ v
Opran ynpagsenus
nuksHaaumei YC

Opran ynpasienus

Oprau yupasienus |
‘ auksuaumci 4C

nuksuzauucii YC

S ‘ s S,

x x x

Y 0 Y % Va Z

@ ‘ Tpoitece ankeu@iuu nocieicrenin YC

| Buewmmnss cpena

<+————  VYnpaBnsiowye CUriant HHbOpMAUMOHHbIE CUTHATb

Puc. 2. KoopauHannoHHOE B3aMMO/ICHCTBHE
OpraHoB YIPABJIEHUS B MPOLIECCE JIUKBUALUN
nocnencteuit YC

Fig. 2. Coordination of control bodies
in emergency response

B ycnoBusix BozHukHOBeHUs1 YC st koopau-
HATOPa BO3MOXHBI CJICAYIOIINE BAPHAHTHI OPraHu-
3allMM B3aUMOJEUCTBUS C OpraHaMu YIIPaBICHUS
muksuaanuen YC [5]:

Ilo cpeactBam mepenayu yIpaBISFOIIUX CHI-
HanoB. Cur"ajel oT KoopauHaropa S, K S,...,S,

Oy/seM Ha3bIBaTh KOOPAWHHUPYIOUIMMHU, & CUTHAIBI
or S,,..,S, k mpoueccy E Oyznem HasbIBaTh

YIIPABIISIOMINMH BO3ICHCTBUSIMH.

I[lo cpeacrBam mniepenaun WHGOPMAIMOHHBIX
CHT'HAJIOB (CHTHAJIOB OOpaTHOW CBS3M) OpraHam
yIpaBieHus, (yHKIMOHUPYIOIIUM Ha BCEX YPOB-
HSIX pacCMaTpUBaEMOW CHCTEMBI.

Ha Bxox mpomecca E mocrymaior curhaisl
JBYX BHJOB: YIPABISIOIINE BO3JACUCTBUS V OT

S;,..S,, VeV, tne V — MHOXECTBO YIIPaBIIAIO-

n

IIKMX BO3JAEHUCTBUM, U CUTHAJIBI BHELIHEN CPEIbI O ,
weQ, rae () — MHOXXECTBO CUTHAJIOB, TPEICTaB-
JISFOMUX COOOW BHEIIHWE BO3MYIIEHUS, MOCTYyTIa-
IOIHUE B PaCCMATPUBAEMYIO CHUCTEMY IIPH M3MEHE-
HUY TIApaMETPOB OKPYKAOIIEH Cpe/sl (HampuMmep,
TEMIIepaTypbl  BO3/AyXa, HANpaBJIEHUS, CHIIbI
U CKOPOCTHU BETPA).

O0603HauMM CHMBOJIOM Y BBIXOJ| miporiecca E ,

yeY,rne Y — MHOXECTBO BBIXOJIOB Iporiecca E .
Kaxnplii opran S; ynpapieHHs JHKBHIALAEH
YC moskeT BBIOMPATh | -10 KOMIIOHEHTY V; yIpaB-
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JISIIOIIETro BO3JCHCTBUSL V, OKa3biBas TEM CaMbIM
OIIpeleNIeHHOE BIUSIHUE Ha MPOLECC JTUKBUAALNH
nocaencteuii YC.

VYopapasiomee BO3ACHCTBHE B 3TOM Cilyvyae
OCYyILIECTBIISIETCS. B (JOpPME YIIPABICHYECKOIO pe-
LICHUS] O pealM3alii TaKTUUECKUX IUIaHOB JCH-
CTBUH II0 JIOKaJW3alMd W JIMKBUIALMU MOCIEN-
crBuii UC, miaHoB MOOWIM3AIMM M B3aUMOJIEH-
CTBHS CWJI U CPEICTB, MPUBJIEKAEMBIX ISl TUKBU-
naru YC.

Ha Bxon opraHoB ympaBieHHs JHKBHIALUEH
YC rtakke MOCTYHNAIOT CUTHAIBI ABYX BHAOB: KO-
opaunupytomuii curan k, keK, rtme K -—
MHOXECTBO KOOPAMHUPYIOIIUX CHUTHAIOB, MOCTY-
MaloIUX OT KOOPAWHATOpa, U WHPOPMAIMOHHBIH
curHan zZ, Zz€Z,rtne Z — MHOXecTBO HH(oOpMa-
LUOHHBIX CHI'HAJIOB, MIOCTYMAIOIIUX OT yIpaBiisie-
Moro npotuecca E.

Koopouaupyromuii curaan k mpencraBiser
coGoii n-mepusrii Bekrop k =(k,...,k, ), cienosa-
TENIbHO, Ha BXOJ KaXJIOro S, MHOCTYNAeT TOJBKO
| -s1 KOMIIOHEHTa K; .

HNudopmManmoHHbIil cUrHan z;, MOCTyNArOLIMI
Ha BXOJ S;, COIEPKUT UH(OPMALHIO 00 ynpaBis-
eMoM mpouecce E.

BeixomoMm kaxaoro opra"a S; ymnpaBlI€HHS
mukBuganed YC sABnseTcsl yNpaBIEHYECKOE pe-
HIEHHE V;, BBIOMpaeMOe M3 MHOXeCTBa V;, KOTO-
po€ OKa3bIBaeT OMNpe/ieTIeHHOe BO3JIEHCTBHE Ha
ynpasiisieMblii mpouiecc E u BbI3BIBaeT (Ipu OT-
CYTCTBHM BO3MYIICHWI) OJHO3HAYHYIO PEaKIIHIO
M0 M3MEHEHHIO 3HAYEHWH M TapaMeTpOB, XapakTe-
PHU3YIOLIMX COCTOSHME PaccMaTpHUBAaeMOIo Ipo-
necca.

Takum 00Opa3om, JaHHOE yIpaBlIeHYECKOe pe-
LIEHWEe MOXKHO paccMaTpuBaTh B KauecTBE MEPBO-
HNPUYMHBl M3MEHEHHSI COCTOSHHS YIPaBISEMOTro
npouecca E.

Ha Bxon xoopaunaropa S, 1mo cpeacTBam 00-
paTHOW CBsI3M MOCTYMAOT HH()OPMAIIMOHHBIE CUT-
Hael (, 0€Q, rie Q — MHOXecTBO WHpOpPMA-
IMOHHBIX CUTHAJIOB OT S ,...,S .

WndpopmMamoHHBI CUTHAI ( TaKxke Mpen-
craBisier cooii N -MepHsiit BekTop 0 =(0},...,q, ),
CIIeJIOBATENbHO, Ha BXOJ KOOpAMHATOpa S, OT

Kaxzaoro S, oprasa ynpasieHus Juksuganueii UC

[0 CPEJICTBaM OOpATHOW CBSI3U MOCTYIaeT UHMOP-
MAalMOHHBIM CUTHAN () .

NHpopMalMoOHHBIE CHTHATBI  IPEICTABISIOT
co0oii onepaTUBHYIO HH()OPMALIHIO O THIIE, 00BEK-
T, TEPPUTOPUH, BPEMEHH, IapaMeTpax pacrpo-
ctpanenus UC, tpebyembIx TeMmax JHKBUAALNH,
HEOOXOUMOM O00BEME pPECypcoB, a Takke 00
ypOBHE CIOXHOCTH pabor mo nukBuaauuu YC.
BriocnenctBun momydenHass uHdopmarms Oymer
HCIOIb30BaHa KOOPAMHATOPOM S, a7 (pOopMHUpO-

BaHUsI KOOPAWHUPYIOIINX CUTHAJIOB K .
Ilox xoopauHammed B3anMOIEHCTBHUS Oyaem
MIOHUMATh 3afjady KOOpAMHAaTopa S;, B XOI€ pe-

LOIEHUS KOTOPOH JOCTUIAeTCsl COIVIACOBAaHHOE
(YHKIMOHUPOBaHKWE OPTaHOB YIIPABICHUS JIMKBU-
nanpern YC S;,...,S, OpH OCYIIECTBIEHUH KOM-

IIJIEKCa MCpOHpHﬂTHﬁ, HallpaBJICHHBIX Ha JIOKaJIn-
3anmo 30H UC, mpekpalieHue AeWCTBUS Xapak-
tepHbIX s UC onacHBIX (aKTOPOB, JIMKBUAAIIUIO
nocneacteuid UC, a Takxke 3alIUTy HaceJleHUs
u Teppuropuit ot YC.

Ycmex KoopaMHATOpa S, B OCYLIECTBIEHUU

KOOpJMHAIINA B3aWMOJEWCTBUS MOXKHO OIICHHUTH
[0 OTHOUICHUIO K oOmIel Tri100ajibHOM Henu cu-
CTeMBbl, KOTOpas 3aKjio4aeTcsi B MHMHHUMU3ALUU
nocnencteuii or YC. B cBorw ouepenn, JOCTHKE-
HUE TI00aTBbHON LENW CUCTEMBl HAIPSIMYIO 3aBU-
CHUT OT pEIIeHHUs psa JOKAIbHBIX 3a/1a4 OpraHaMu
ynpasinenusa jmksunanpedn YC S,,...,S,. Cpenu
HHX MOKHO BbLIesUTh [7]: 1) pasBenxy 3oubl UC,
ompejieNieHre paiioHOB, YUYAaCTKOB M OOBEKTOB, Ha
KOTOPBIX HEO00XOJWMO TPOBEACHUE aBapUHHO-
criacateibHBIX paboT, BISBIEHHE W 0003HAUYCHUE
Ha MECTHOCTH PailOHOB, MOABEPIIINXCS XUMHYeE-
CKOMY U OMOJIOTHYECKOMY 3apaKeHHUI0; 2) OpraHu-
3aruio cBsi3u B 30He UC; 3) MOKCK U CIaceHUe T10-
CTpaJaBIINX, OKa3aHUE UM IKCTPEHHOW MEIWIINH-
CKOI1 TIOMOIIM U TPaHCIOPTUPOBKHU B YUPEKICHUS
3paBOOXPAHEHUS, D3BAKYyallMI0 WIH OTCEJICHHE
moneir u3 3oupl UC; 4) nokanusanuo 30860 UC,
MIpeKpalieHre WIX YMEHBIIeHHE IEHCTBHUS ormac-
HBIX (hakTOpoB, BeBaHHEIX UC; 5) canurapHyio
00paboTKy JII0JIeH, TEXHUKH, 000pyAOBaHuUs, 31a-
HUH, COOpPYKEHUH W TEPPUTOPHIi, MOABEPIIINXCS
PaAMOaKTUBHOMY, XHMHUYECKOMY W OwWolornde-
CKOMY 3arpsi3HeHUI0; 6) OKka3zaHHE SKCTPEHHOW Me-
JUIIMHCKON TIOMOIIM TOCTPajaBIIEMy HACEIEHHUIO,
MIPOBEJICHUE CAHUTAPHO-TIPOTHBOIIHIEMUIECKIX
MEpOIpHUITUI B paiioHe Bo3HUKHOBeHHS YC U Me-
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CTax BPEMEHHOTO pa3MEIICHUsI ITOCTPAAaBIICTO
HACeJIEHHs; /) BOCCTAHOBJIEHHE ITOBPEKIEHHBIX
00BEKTOB JKM3HEOOECIIEUeH!sI HAaCeIeHUs, KOMMY-
HaJBHBIX CETEH, TPAaHCIIOPTA, CBS3U, NPOBEIACHUC
IPYyTUX HEOOXOAMMBIX paboT M MEpOnpUATHH B
3aBHCUMOCTH OT Xapakrepa u Buaa UC.

Urak, mycts I'— rioGanbHas 3aaada, pelieHue
KOTOPOW HANpaBJICHO Ha JIOCTHKCHHUE OOIICH TJI0-
OaspHOI 11enu cucTeMbl, a G, — 3a1aya, peraemas
KOOPJMHATOPOM S, .

[Ipeanonoxum, 4T0 KOOPAUHUPYIOLINH CUTHAT
k u naopManmoHHbIH curHan ( OyayT KOHKpe-

TU3upoBath 3anady G, (K,q), pemaeMyro KaxIbIM
opraHoM S; ympasienus nuksrganueii YC.

Mycts nanee G(k,q) ={G,(k,q),...G,(k,q)} —
MHOXECTBO JIOKJIBbHBIX 33/1a4, pellacMbIX Opra-
Hamu ynpasienus auksupanuen YC S,,..., S, . To-
rIa peleHUeM KaKIoW |- JIOKaJbHOW 3a1ayu
G,(k,q) Oynmer X; — KOMIOHEHT N-MEPHOIO BEK-
Topa X=(X,...,X,), X€ X, rae X — MHOXECTBO
peuieHui.

Cornacho [3, 5, 10] onpenenum P(x,G) mis
Bcex map (X,G) kak mpeamkar P(X,G)=X. Ilpe-
nukatr P(X,G) sBisercs HCTUHHBIM TOJNBKO TOT/IA,

korga G — pemaeMas 3ajada, a X — OJIHO U3 €€
peuieHui.

[Ipeanonoxxum, 4TO 3a7auM, perracMbie Opra-
Hamu ynpasienus nuksupanueit YC S,,..., S, Ko-

OpAVHHUPYEMBI 110 OTHOIIEHUIO K 3a/iaue, pelrae-
MOH KOOPAMHATOPOM S, TOJBKO TOrAa, Koraa

CIIPABEIJIUBO CIEAYIOIIEE YTBEPKICHUE:
(3K)(30) (3%)| P(x.G(k.a))vP(k,a,G, ) | (1)

3aBUCHMOCTB penieHus 3anauu G, OT pesylib-
TaTOB, MOJIyYEHHBIX HA BBIXOAAX S,,...,S,, MOXHO

NpEaACTaBUTH B BUJAC CIICAYIOUICTO YTBCPIKACHUS:
P(qulGO)C:)(EIX)[%(quIX)]’ (2)

rjie A)(k,q,x) — 3aJaHHBIA N -MECTHBIA Mpeau-
KaT, ONpEeeiACHHBIA s (k,q,x) m KxQxX,
rae X — JeKapTOBO MPOWM3BEICHUE MHOXKECTBA
pemennii X;: X = X; x...x X .

W3 yrBepknenus (2) ciemyer, 4TO KOOPIWHH-
pyromwmii curHall K ¥ nHGOPMAITMOHHEIN CHTHAT (]

pematoT 3agady G, TOJBKO TOr[a, KOrjaa Cylie-

CTBYET COOTBETCTBYIOIIEC PCIICHUE X, IIOJTYYCHHOC

Ha BBIXOZE S,,...,S,, Takoe, YTO YCIOBHE, BhLIpa-

Kennoe npemkatom Ay (K,q,X) , yIoBierBopsiercs..

Takum ob6pasom, pemenue 3anaun G, COCTOUT
B TOM, 4TOOBl Haiith K w (, — Takue, YTO

Go(k,q,x) BBINOJIHSETCS Ul peIleHus X, IOiy-

4aeMoro Ha BBIXOZE S,...,S, .

Ha ocnoge (1) u (2) yrBepxaeHue 0 KOOpIu-
HUPYEMOCTH I10 OTHOIICHHMIO K 3ajade, pemaeMon
KOOPIMHATOPOM S, MOKHO IIPE/ICTaBUTh B BH/IE:

(3)(30) (30)| P(x.G(k,a))v Ak, a0 |- (3)

CornacHo (1) — (3) kxoopaunaTop S, Oka3bIBacT

TaKoe BJIMSHME Ha OpraHbl YIpPaBJICHUS JUKBHIA-
nuei UC §,,...,S,,, 9T0 UX pe3yJIbTHPYIOLIEE BO3-
neicTBUe Ha mporecc E gaer pemieHue rimobdanb-
HO¥t 3agaun I'. Takum oOpa3om, riiodanbHas 3aja-
ya [ ompenensercs Ais BCEro YNpaBisieMOro
mporecca E , 1 MHOKeCTBOM peleHu 3Toi 3an1a-
Y1 MOXXHO CUHUTATh MHOXXCECTBO BCEX NOITYCTHMbIX
ynpasineHuid U.

Kak yxe oTmeuanocs paHee, opraHsl yIrpaBiie-
nua oukBupamuen YC S;,..., S, OKa3bIBAIOT BIINMS-
HUe Ha mporecc E cpeactBamm ynpaBisOmIMX
Bo3zeiicTBuil V. CietoBaTebHO, MOXKHO TPEIo-
JIOXKUTH, Y4TO 3aJad, pemaemsle S,...,S., Koop-
JIUMHUPYEMBI OTHOCUTENIBHO TI00anbHOM 3anaun [,
TOJIBKO TOTJa, KOTJa CHpPaBeUIMBO CJexyrollee
YTBEpXKICHUE!

(3k)(3a)(3x) [P, G(k,a)) v PV, (x),I']. (4)

Ecnu 3amaun opraHoB ynpaBieHUs JIUKBHIAIIN-
et UC S,,...,S,, KOOpAMHHUPYEMBI B COOTBETCTBHHU
¢ (3) — OTHOCHTENBHO 3a/1a4¥ KOOpJAMHATOpa S, —

U B COOTBETCTBHHM C (4) — OTHOCHUTENBHO IT00alh-
HoOW 3amaun [, TO MOXHO CHenaTh MpeIooKe-
HUE O KOOPJAMHUPYEMOCTH paccMaTpUBAcMOil CH-
CTEMBI B IICIIOM:

() (va) (W) PG (k.a)) v A (k00 | =
=P(V, ().} . (5)
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PesyabTarhl

IIpenyioxxeHHple TPOLEAYPbl COTIACOBAHU Lie-
JIed, 3a7a4 U B3aUMOJCHCTBUI OPraHOB yIpaBiie-
HUS Ha Pa3UYHBIX YPOBHSX HEPAPXHUU CHCTEMBI
yIOpaBJIeHUs] IO3BOJIIOT IOJNYYUTh HCKOMOE pe-
LIEHUE 33Ja4l KOOPAMHALMY B YCIOBHAX JeQuuu-
Ta BPEMEHHU Ui BCECTOPOHHETO aHajm3a o0cCTa-
HOBKHU B 30He Bo3HUKHOBeHHs UC, a Takxke Bpe-
MEHHBIX OTPaHWYEHUIl Ha NPUHITHE yIpaBiieHYe-
CKUX pemieHui B ycnoBusx YC.

Ha ocnoBe mpeanoxeHHONH B paboTe MOAETH
paspaborana WHPOPMAITMOHHAS CHUCTEMa KOOPIIH-
HarmonHoro yrpasnenus (CKY) B ycrmoBusx Bo3-
HUKHOBEHHUsS KpymHomacimrtabueix UC (puc. 3),
KOTOpasi COCTOUT U3 YEThIpeX MOJICHCTEM: MOACHU-
CTEM OIIEPAaTHUBHOTO IOCTYIa, MOZICIUPOBAHUS,
MOJICUCTEMBl  TOJACPKKH TPHUHATHA — peIleHui
u noacuctemsl 6a3 nannbix (BJ) [2, 9, 11, 13].

B 3aBucumoctn oT MacmTaboB M 0OCOOEHHO-
cteit YC, koTopas MpOrHO3KUpYETCs WM BO3HUKIIA,
CKY MoxeT QyHKIMOHHPOBaTh B PEXHMax: IO-
BCEHEBHON JESITEIBbHOCTH, MOBBIICHHON T'OTOB-
HoctH (Tipu yrpo3e Bo3HMKHOBeHUs UC) u upes-
BbIYaWHOM cUTyanuu (Ipy BOZHUKHOBEHHU U JIMK-
Bugaru YC). Bribop pexnma (pyHKIHOHHpOBa-
Hua CKVY  ocymectBisiercss B MOACUCTEME
OTIepaTHBHOIO JIOCTYyIA.

OcuHoBubiME 3a7auamu CKY B pexxnme moBce-
JHEBHOM JESTENbHOCTH SBISIOTCS: pa3paboTKa
nacriopra YC, KOTOphIN COAEpKUT MH(DOPMALHIO
0 Tune, 00bEeKTe, TEPPUTOPHUU, BPEMEHH W Mapa-
MeTpax UC; ydyeT NOTEHUUAIBHO OMACHBIX Y4acT-
KOB U 00BEKTOB AJIs1 IPOBeeHUs paboT 1Mo npexay-
npexxaeHnio Bo3HHKHOBeHus: YC; yueT cocraBa
CIJI U CPEJACTB, NMPHUBIEKAEMBIX IS JIMKBHIAIIUU
YC; pa3paboTka HPOEKTOB IJIAHOB MOOMIM3ALUU
CIJI U CPEACTB, NMPHUBIEKAEMBIX ISl JIMKBUIALUU
UC; ompeneneHue noTpeOHOCTH B (HHAHCOBBIX
1 MaTepUalbHO-TEXHUYECKHUX pecypcax.

OcHoBHbiMH 3amauyamu CKY B pexxume HoOBbI-
IIEHHON TOTOBHOCTH SBIAIOTCS: aBTOMAaTHU3HPO-
BaHHas 0O0paboTka maHHeX 0 YC u oreHka odcra-
HOBKH, ciokuBlielca B pesynbrare YC; ompene-
JIeHNe HEOOXOMMOIr0 COCTaBa CHJI M CPENCTB AJIS
mukBuganu YC, CpoKoB MpoBeaeHHs U 00beMa
3alUTaHUPOBAHHBIX Pa0OT; pacyeT palMOHaJILHOTO
COCTaBa CHJI M CPEJICTB JUIS MPOBEACHUSI BHIOpaH-
HBIX BWJIOB paboT, B TOM 4YKcie UX oOecrieueHUs
(IpOIOBOILCTBEHHOTO, MaTepHaIbHO-
TEXHUYECKOT0, MEIUIIMHCKOTO U JIp.).

OcHoBubiME 3amagamu CKVY B pexume upes-
BBIYAITHOM CUTYyalluu SBJIAFOTCS: MPOTHO3UPOBAHUE
pasButust YC; opranuzaiusi IepeBO3KH CHI U Ma-
TEPUATBHO-TEXHUUECKUX CPEJICTB, B COOTBETCTBUU
C TUIaHOM MOOWIHM3AalW{; JUKBUAANNAS TOCTeI-
ctBuii UC — B COOTBETCTBHHM C pa3paboTaHHBIM
MJIaHOM B3aUMOJICHCTBUI.

CootBercTByOmMUEe  (QYHKIMOHAIBHBIE  BO3-
MO>XHOCTH TIPEJCTABICHHl B MOJCHUCTEMax MOje-
JIMPOBAHUS U MOJACPKKU MPUHSITHUS PEIICHUH.

Undopmanmonnoe obecrneuenne CKY mpen-
CTaBIIEHO B BHUJIE€ COBOKYITHOCTH CHUTYaIlHOHHBIX
IUTAHOB B3auMojercTBuii 1o aukBumanuu UYC,
IUIAHOB MOOWJIM3AIlMM U KOOPAMHALMK B3aUMO-
JEHCTBHSI CHIT U CPEJICTB, MPHUBIIEKAEMBIX IS JINK-
Buganu YC, a Taxke CTPYKTypUPOBAaHHBIX HA0O-
poB nauHbIx 0 UC.

Nudpopmanmonnoe obecneuenne CKY  ocy-
IIECTBIIICTCS C IOMOIIBIO IToacucTeMbl b1,

LoordimationSystem (Pe)at MOBCEANEDNOH ACATELHOCTH)
Paoracha 5 Paspabor: i LT TreBCRCK:

=10l x|

reorace |

Hara [z.08.201

Kparkoe onvcare HC

r

[
e
o2

oApaaenEA KT N GORDAT RS

RPO - 1 eamiua, A 70 - 1 eaeina, Toro

Mpoanors flesamy

Puc. 3. PexxuM noBce1HEBHOM AEITEILHOCTH
HHPOPMAIMOHHONW CHCTEMBI KOOPINHAIIMOHHOTO
yrpaBieHus (pa3paboTKa CUTYaIHOHHBIX IUTAHOB)

Fig. 3. Daily activity mode of the coordination
control information system (development
of situational plans)

Haylmaﬂ HOBHU3HA U MPAKTHYECCKas
3HAYUMOCTDb

Bnepsrie npemioxkeHa CTPyKTypa Hepapxuye-
CKOMl MHOTOYPOBHEBOW CHCTEMBI KOOpPAMHALIUU
B3aUMOJICHCTBHUS OPTaHOB YIPABJICHUS TIPU JIHK-
Bujanuu kpymHomacmTaOHeix UC. Breraenenst
YPOBHH YIIPABJICHUSI CHCTEMOM.

Ha ocHoBe pa3paboTanHO# MOIETN TIPEIIOKEH
MOAXOA K PEIICHUIO 33JaYd KOOPAUHAIMHM B3au-
MOJICHCTBUSL OPraHOB YNpPABIEHUS MNpPU JHUKBUIA-
LMW TIOCIIENICTBUI KpynmHOMacuTabHbIX YC.

Crienuyka MOJIENN 3aKIIFOYAETCS B UCITOB30-
BaHUM MAaTEMAaTUYECKOIO amnmnapara TEOpUu uepap-
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XMYECKHX MHOTOYPOBHEBBIX CHCTEM U JIOTUKU
MPEeINKATOB /ISl PeaH3alfiil MPOIEIyp COTIaco-
BaHUS TPEX THIIOB IeJiei, (opMallbHO OIMHCHIBAE-
MBIX TpeMsl TUNaMu 3afad: 1) rimobanbHO# 3ana-
Yyel, pellleHrue KOTOpPOH HampaBjIeHO Ha JOCTHXKe-
HHMe 00Iel IrI100aIbHOM eI CUCTEMBI, 3aK/Irova-
fomielicss B MUHHMH3anmu mocaeactsuii ot YC,
2) 3ajavyell KOOPAMHHPYIOIIET0 OpraHa yrpasiie-
HUS, B XOJIe PEIICHHS KOTOPOHM IOCTHTaeTcsl Co-
rJIacOBaHHOE (PYHKIIMOHMPOBAHHE CHEIHUAIN3UPO-
BaHHBIX aBapUUHO-CMACATEIbHBIX (HOPMHUPOBAHUIA
Y TIOJIpa3IeNIeHHI TP OCYIIECTBIIEHUN KOMITIIEKCa
MEpPOIPUATHUM 10  JIUKBUJALMK  TOCIEACTBUM
B 30He BO3HUMKHOBeHUs UC; 3) jokanbHBIMU 3a7a-
yaMu OpraHoB ynpasiieHus JukBuaanueit UC, pe-
IIIeHNe KOTOPBIX HAIMPaBJIEHO Ha JOCTHXXKEHHE 00-
1ie TI00aIbHOM e CUCTEMBL.

[Tonydennsie pe3ynbTaThl CTaJIXM OCHOBOW ISt
paspabotku mHpopMarmonHor CKY B ycnmoBmsix
BO3HUKHOBEHHS KpynHoMacmTaOHbIX YC.

Haznauenne CKY 3akmodaercst B obecrieue-
HUU PYKOBOJAMTENEH MO JTUKBUIALNUU HOCIEACTBUI
UC wH(pOpMAIMOHHON MOMIEPKKON TMPH BHIIOJ-
HECHUU OCHOBHBIX 3aaa4d KOOpAWHAILIMOHHOT'O
YIpaBIeHHs B yCIOBUSIX BO3HUKHOBEHUS KPYITHO-
Macmmradubrx YC.

Takum o0pa3zom, pe3yibTaThl PabOTBl CMOTYT
HaWTH NpUIOKEHHE B 331a4aX KOOPAUHAIIMOHHOTO
YIpaBIeHUs] U TMPUHATUS PEUICHHH B UepapXude-
CKAX MHOTOYPOBHEBBIX CHCTEMax TpPaKIaHCKON
3aIuTHl HaceneHus u Teppuropuit ot YC.

BriBoabI

B pabote npezacraBiieHsl pe3yiabTaThl HCCIEA0-
BaHUS B 00JACTH MOJEIMPOBAHUSA TPOIIECCOB KO-

OpAMHALIMU B3aUMOJEHCTBUS OPTraHOB YIIPABIEHUS
B YCIIOBUSIX BO3HHKHOBEHHS KPYITHOMACIITaOHBIX
ucC.

[Ipennoxena mepapxudeckass MHOTOypOBHEBas
CTPYKTypa CHCTEMBI yIPABICHUS B YCIOBHIX BO3-
aukHOBeHUs UC.

VY CcTaHOBIEHO, YTO B paccMaTpUBaeMoOl cHUCTe-
M€ HMMEIOTCS LENN TPeX TUIOB, (GOpPMaNbHO OMHU-
ChIBa€Mble TpeMsl TUIIAMH 3aJlad: TJI00ambHON 3a-
naded, 3amadyedl  KOOpPAWHHUPYIOLIEro  opraHa
yIOpaBiI€HUS M JIOKAIbHBIMH 33JadyaMd OpPTraHOB
ynpasneHus mukuarmei YC.

Peanm3oBanbl mpoueaypsl COTJIACOBAHHSA JaH-
HBIX TUIIOB IIeJIe Ha OCHOBE HCIOJIb30BaHUA Ma-
TEMATHUYECKOTO aIapara TEOPHH HUEPaAPXUIECKIX
MHOTOYPOBHEBBIX CUCTEM U JIOTUKH MTPETUKATOB.

Ha ocHoBe pa3paboTaHHOM MOJETH MPEAIOKEH
MOAXOJ K PELIeHUIO 3a/a4d KOOpAHWHAIMH B3au-
MOJICWCTBUSI OPTaHOB YIIPABIICHUS TPHU JUKBUIA-
nuu nocnenctBuii UC B yclnoBHUSX HEOIPEHETICH-
HOCTH W HETOJHOTHI HH(OpMAIHH, a Takxke aedu-
[IMTa BPEMEHH Ha TIPUHATHE YIPABICHUECKUX pe-
LIEHUH.

Koopnunanus obecrieunBaercst 3a c4eT Ipoiie-
Iyp COTJIaCOBaHWS IIeTiel W 3a/1ad, pemaeMblX Ha
Pa3HBIX YPOBHSAX HEpPApXUHM pacCMaTPUBAEMOMN CH-
CTEMBI, B YCIOBHUAX LIEHTPAIU3OBAHHOIO YyIIpaBiie-
HUS ¥ HEOPJIWHAPHOCTH BO3HUKAIOUIUX YIpPaBJICH-
YECKUX CUTYaIUil.

PeanuzoBan npororun nadopmanmonnoint CKY
B YCJIOBHUSIX BO3HHKHOBEHHS KPYITHOMACHITaOHBIX

qcC.
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MOJEJb KOOPAUHAIIIL B3AEMO/III OPI'AHIB YIIPABJIIHHA TIPU
JIKBIJAIIT BEJIJUKOMACIHITABHUX HAJI3BUYAHHUX CUTYALIHA

Mera. CraTTs npucBsSYeHa PO3pOOII MOJEINi KOOPAMHAIIT B3a€EMO/Iii OpTaHiB YIIPaBIiHHI NP JIKBialii BEIH-
koMacmTaOHnX Hang3BuuaiHux curyanid (HC). Meroguka. MeTomm HOCHIIKEHHS BKIIOYAIOTH MaTeMaTHIHUHA
amapat Teopii iepapXigHUX 0araTOpiBHEBHX CHCTEM, JIOTIKY MPEIUKATIB, a TAKOX HMPUHIIUITN [IEHTPATI30BAaHOTO Ke-
pyBaHHS, SKi Hepe0avaloTh HasBHICTh €IMHOTO KOOPAMHALIIIHOTO LEHTPY KEPyBaHHS NPU BUHUKHEHHI BEJMKOMa-
citabHux HC. LleHTp BU3Ha4Yae OCHOBHI IpaBuiia B3a€EMO/IIT OpraHiB YIpaBIiHHA, @ TAKOXK CHII 1 3aCO0IB LIMBUIBHO-
ro 3aXMCTy YKpaiHu Mpu peasizalfil TAKTHYHUX IUIAHIB il MO JIOKami3alii Ta JiKBifaii HACTIAKIB HAA3BUYAHHIX
cutyariiii. PesyabTaT. Ha oCHOBI po3po0iieHOT MOIe/i 3alpONOHOBAHO MMIAXIA 0 BUPIMICHHS 3aBIaHHS KOOPIH-
Halii B3aeMOJIii OpraHiB yrnpaBJiHHS MPH JiKBiJalii HACIIIKIB BEJIMKOMACIITAOHUX HaJ3BUYAHUX CUTYaliil B yMO-
BaX HEBU3HAYCHOCTI Ta HEMOBHOTH iH(poOpMalii, a Takoxk AedinuTy yacy Ha NMPUHHATTS YHNPABIiHCHKHX DillIEHb.
Crneundika MoJesi noisrae y BAKOPUCTaHHI MaTeMaTHYHOTO anapary Teopil iepapXiYHuX 0araToOpiBHEBHX CHCTEM
1 JIOTIKM TIPEMKATIB JUIS peani3amii mporexyp y3roJpKeHHS TPhOX TUIIIB IIiJieH, mo (opManbHO OMHCYIOThCS TPhOMa
TUIaMH 3aB/aHb: 1) r100aIbHOTO 3aB/IaHHS, BUPIIICHHS SIKOTO CIIPSIMOBAHO Ha JOCATHEHHS 3arajibHOI METH CHCTe-
MH, 10 TIOJIsirae y MiHiMi3alil HAacHiAKiB BiJl HAI3BMYAWHUX CHTYalil; 2) 3aBIaHHSI KOOPAMHYIOUYOTO OpraHy yrnpas-
JIHHS, B XOZ1 BUPILIEHHS SKOTO JIOCATAETHCS Y3rokeHe (PyHKIIOHYBaHHS CIIeNiaNni3oBaHuX aBapiiiHO-pATYyBaIbHUX
(dopMyBaHb Ta MiAPO3ALIIB MPHU 3AIMCHEHHI KOMIUIEKCY 3aXOJIB IO JIIKBiIAIil HACTIIKIB y 30HI BHHUKHCHHS HaJ-
3BHYAHUX CUTYAIIiil; 3) JTOKAIBHUX 3aBJlaHb OPTaHiB yIPABIIIHHS JIKBIJAIli€l0 HA3BHYAWHUX CUTYAIIIH, BUPIIIICHHS
SKUX CIpPSMOBaHE Ha JOCSTHEHHS 3arajlbHOI r1obabHOi MeTH cuctemMu. HaykoBa HoBu3Ha. Briepiie 3ampomnoHo-
BAaHO CTPYKTYpPY i€papxidHOi OaraTopiBHEBOI CUCTEMH KOOPIWHAIII B3a€EMOJIl OpraHiB yHpaBIiHHS TPH JiKBigaIlii
BeIMKOMacIITaOHUX Ha/J3BHYAHUX cHUTyaniii. BumineHo piBHI ympaBiliHHS CHCTEMOIO. 3allpONOHOBAHO IMiIXiJ A0
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BUPIIICHHS 3aBJaHHs KOOpHHAlIi B3a€MOJIi OpraHiB yrpaBiiHHS B yMOBaxX HEBU3HAUEHOCTI Ta HEMOBHOTHU iH(OP-
Mmauii. KoopanHanis 3abe3nedyeTbesi 32 paxyHOK MPOLEAYpP Y3TOJDKEHHS LIeH Ta 3aBJaHb, 1[0 BHPILIYIOTHCS Ha
Pi3HUX PIBHSX i€papXii TaHOi CHCTEMH, B YMOBAX IICHTPAJi30BAHOTO YIPABIIHHS i HEOPINHAPHOCTI YIPaBIiHCEKHIX
curyarii. [IpakTuyHa 3Ha4uMicTb. Pe3ynbratn poOOTH MOXYTh 3HAWTH 3aCTOCYBaHHS B 3a/ad4ax KOOPIMHAIIIN-
HOTO KepyBaHHS Ta MPHUUHATTS pillleHb B i€papXidHUX 0araTOpiBHEBUX CHCTEMax IMBUIFHOTO 3aXHCTy HACEICHHS
1 TepUTOPIH Bi HAJA3BUYAHHUX CHUTYAIIiH.

Knrouosi cnosa: xoopamHalis B3aeMoii; iepapxiuHa OaraTopiBHEBa CHcTeMa; HAJ3BHUYAHI CHUTYyallil; opraHu
YIIpaBJIiHHS; YIPaBIIHCHKI PilIEHHS
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1*Dep. «Information Technologies», Kherson National Technical University, Beryslavske Shosse, 24, Kherson, Ukraine, 73008,
tel. +38 (050) 500 86 28, e-mail olenakntu@gmail.com, ORCID 0000-0002-5429-8389

CONTROL BODY COORDINATION MODEL IN THE PROCESS OF
RESPONSE TO LARGE-SCALE EMERGENCIES

Purpose. The article is devoted to developing the control body coordination model in the process of response to
large-scale emergencies. Methodology. Research methods include a mathematical apparatus of the theory of hierar-
chical multi-level systems, predicate logic, as well as the principles of centralized management, which imply the
existence of a single coordination control center in the case of occurrence of large-scale emergencies, which would
determine basic rules of cooperation between control bodies, as well as the manpower and resources of the Civil
Defense of Ukraine when implementing tactical action plans for the localization and recovery of emergency conse-
quences. Findings. Based on the devised model, we propose an approach to solving the task of coordination be-
tween control bodies in the process of response to large-scale emergencies under conditions of uncertainty and in-
complete information, as well as time constraints for making managerial decisions. The specifics of the model is in
the use of mathematical apparatus of the theory of hierarchical multi-level systems and predicate logic in order to
implement the procedures of coordination of three types of objectives, formally described by three types of tasks:
1) a global task whose solution is aimed at achieving a common global objective of the system, specifically, to min-
imize the consequences of emergencies; 2) a task of coordinating control body, the solving of which achieves a co-
ordinated functioning of specialized rescue units and squads during implementation of a set of measures to liquidate
consequences in the area of emergencies; 3) local tasks for control bodies over the response to emergencies, solving
which aims at achieving a common global objective of the system. Originality. We proposed for the first time
a structure of the hierarchical multi-level system for coordination between control bodies in the process of response
to large-scale emergencies. The levels of system management are determined. The approach is proposed to solving
a task of the coordination between control bodies under conditions of uncertainty and incomplete information. Co-
ordination is ensured through the procedures of coordinating goals and tasks solved at different levels in the hierar-
chy of the considered system, under conditions of centralized management and the originality of emerging manage-
ment situations. Practical value. Results of the present work might be applied in the tasks of coordinating manage-
ment and decision-making in hierarchical multi-level systems of civil protection of population and territories from
emergencies.

Keywords: coordination; hierarchical multi-level system; emergencies; control bodies; management decisions
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YIAOCKOHAJIEHHA CUCTEM KUTTE3ABE3IIEYEHHA
HACAXKHUPCBKOI'O PYXOMOI'O CRUIAAY: OI'JIAA HATEHTIB

MeTta. Y10CKOHaIEHHS OCHOBHUX CHCTEM JKUTT€3a0€3MEUCHHS, B T. 4. 320€3MEeUCHHS TapaMeTpiB sIKICHOTO MiK-
POKIIIMATy B BaroHi pyxoMOro CKIaay, 3HAXOAATHCS B (POKYCi yBaru BHHAXiTHUKIB i JOCHITHHKIB cBiTy. Jlocmi-
JOKEHHSI CIIPSIMOBAHO Ha OTJISL Ta aHali3 MATEHTIB Y HAIPsMi CUCTEMH KIIiMaT-koM(pOpTY, ONaieHHs, BEHTWILALIT Ta
koHauuionyBanHs noBiTpst (CCHVAC) 3ani3sHMYHUX NMaca)KMPChKHUX BaroHiB (XpoHousoriuni pamku: 2011-2017 pp.
3 aHs myOuikanii). Meroauka. Y Xoni gociikeHHs: OyB BUKOHAHHMH OIJISAJ MATEHTIB (3apyOiXHUX 1 BITYU3HIHUX)
B obnacti CCHVAC y nacakupchbKux TPaHCIOPTHHUX 3ac00aX, 30KpeMa TaKHX, sIK 3aJli3HMYHI BaroHH, IX ONTHUMi3a-
il Ta crocoOiB ynpasiiHHA HAMH. [IaTeHTHUIT NOIIYK NPOBEACHO 3a IIEBHUMHU MOLIIYKOBHMH KPHUTEPISIMU: KIIFOUYO-
BUMH CJIOBaMH, YaCOBHMH paMKaMH{ Ta B Pi3HHX MAaTEHTHUX CHCTEMax CBITy. BHKOpHcTaHO MIKAMCHUIUTIHAPHUI
miaxia. PesyapraTn. 3a migcymkamMu ONIyKy 3HaimeHo 157 maTeHTiB, i3 SkuX BHOpaHO AJs aHami3y 21 TOKyMeHT.
[NaTenTH cucremMarn3oBaHi B Tpu rpymnu: «HOBI TeXHIYHI Ta TEXHOJOTIUHI PillIeHHA Y cCHcTeMaXx i 3aco0ax (yHKIio-
myBaHHI HVAC», «HoBi Ta ygockoHaieHi pimeHHs s yrnpaBminHs cucteMoro HVAC B TparCcOpTHOMY 3ac001»,
«O30HYBaHHS MOBITPS B MACAKUPCHKUX BaroHax». BcTaHOBIEHO, IO BCi MATEHTH OAHUM i3 aclEeKTiB MarOTh BHPIi-
[ICHHS MUTaHb OUTBII €KOJIOTIYHOTO, eHeproeeKTUBHOTO Ta Oe3mevynoro 3acrocyBanHs cucreM CCHVAC Ha 3aii-
3HUYHOMY TpaHcnopTi. HaykoBa HoBH3HA. J[0BeIEHO BUCOKHIA PiBEHb MPOHUKHEHHS 3B sA3KIB MIX PI3HUMH TEXHi-
YHUMHU 001aCTsIMH, 10 skux BigHocsaThes nateHntd 3 CCHVAC. BeraHoBieHO, 110 U1 HUX XapaKTePHUM € MPHU3HA-
YeHHsI OUIBIIOCTI MAaTEeHTHUX PIllIeHb JJIsi BUKOPHCTaHHS HE B CYTO 3aJli3HMYHIN rajy3i, a B3arajui Ha TPaHCIIOPTI.
Ipakruuna 3HayuMicTh. [liATBEp/PKEHHST BUCOKOTO PiBHS MPOHUKHEHHS 3B’S3KiB MK PI3HUMH TEXHIYHHMHU 00-
JacTSIMKU J03BOJIMThH BiOOpakaTH HasBHICTh TexHiyHMX mpodiem i3 CCHVAC Ta TtexHounoriit ix BHpilIeHHS
B ycboMy cBiTi. Lle cipusiTume OiIbIll IHTEHCHBHOMY TEXHOJIOTIYHOMY ITiIHOMY B YZIOCKOHAJIEHHI CHCTEM JKUTTE3a-
Oe3IeueHHs MacaKMPCHKOTO PYyXOMOTO CKIIay.

Kniouosi cnosa: macaxupchbKuii pyxOMHH CKJIAJL; 3aIi3HUYHUI BaroH; NaTeHT; cUCTeMa KiliMaT-koM(popTy; omna-
JICHHS, BEHTWIAMIA Ta KOHAUIIoHyBaHHA noBiTps; HVAC

nopty a0 NEBHUM MapIIpyTOM.

KomdopTHi yMOBH Ta 3pydHICTH Mpoi3ay mMa-
CaXHUPIB TAKOXK € OJTHUM i3 KpUTEPiiB Kiacudikarii
3aJIi3HUYHHUX BaroHiB MacaXHPCHKOTO MapKy: cria-
JIBHI, KYTEHHI YU HeKyTelHi (BiIKPUTOTO TUITY), i3

Beryn

PiBerp kKOMGOPTHOCTI MPOi3ay MacaxupiB Ha
3aJII3HUYHOMY TPaHCIOPTHOMY 3aco0i B 0arathox
BUIIAJKaX 3aJISKUTh BiJl MIKPOKJIIMATY CaJlOHY Ba-

roHa. Came mapameTpu MIKpOKIimary (Temiiepa-
Typa, BOJIOTICTb, XiMIUHMH CKJaJx MOBITps, (izio-
JIOT1YHI TIOKa3HMKH — BMICT MiKpOOiB, MiKpoopra-
Hi3MiB, TiiTy) Oe3mnocepeqHbO BIUIMBAIOTH Ha ca-
MOTIOUYTTSI MAacaXHpiB, Cy0’€KTUBHE CIPUHHATTS
HUMH TPHUBAJOCTI TOJOPOXi Ta, BPEUITi-pelT,
NPUAHATTS HAMH TO3UTUBHOTO pIllIEHHS 10O
MOJANIBIIOT0 KOPUCTYBAaHHS JaHUM BHJOM TpPaHC-

KpiCJaMH Y4 SKOPCTKHMH MICHSMHU JUIsl CHJIIHHS.
Y IO0CKOHAJIEHHSI OCHOBHUX CHUCTEM JKHUTTe3a0e31e-
YEeHHsI, B T. 4. 3a0€3[IeYCHHS MTapaMeTpiB SIKiICHOTO
MIKpOKIIIMAaTy y BaroHi, 3HaXoIsAThcs y (OKYCI
yBaru JAOC/IIHUKIB CBITY.

Cucrema Ki1imMat-koMQpOpTy, OIAaJCHHS, BEHTH-
JIALIT Ta KOHAUIIOHYBAHHS MOBITPS Ma€ 3arajibHO-
BiloMy MikHapoaHy abOpeBiarypy — CCHVAC
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(akpomim Bim amrm. Climate Comfort, Heating,
Ventilation and Air Conditioning). Ilpu mpomy
OMajeHHs, BEHTWLILiA Ta KOHIUIIOHYBaHHS
(OBK) moBiTps — IIe TEXHOJIOTII MATPUMKH B 3a-
JaHUX MeXax MapaMeTpiB MOBITPSA: TEMIIEpPaTypH,
BOJIOTOCTI Ta XIMIYHOTO CKJIQAy y BHYTPIIIHIX
MPUMIIIEHHSAX 1 CaJoHaX TPAHCIOPTHOTO 3aco0y
(HVAC - https://en.wikipedia.org/wiki/HVAC).

Hanpukmnan, KOHAWIIIOHOBaHUI MPOCTIpP BKIIIO-
4ae B cebe Oyap-sIKUil IPOCTip, KU MTOBHHEH Ma-
TH peryJibOBaHe 3MiHHE CepeflOBHIIE (TeMIepary-
Py, BOJOTICTH, SIKICTh TOBITPS Ta iH.). YMOBHHHU
pocTip Moxe OyTH i1 y BaroHi 3aii3HUYHOTO Tpa-
HCopTHOTO 3aco0y. [lokasHuku Temmeparypw,
BOJIOTOCTi, SKOCTI TOBITps Ta IHIN NapaMeTpu
YMOBHOTO TPOCTOPY MOXKHa KOHTPOJIOBATH, Ha-
npuknan, ans komdopTy mnacaxupiB (KiaiMart-
KOHTpOJIb). Ane He BapTo 3a0yBaTH, IO 30BCIM
HEaBHO CHCTEMa KOH/AWIIIOHYBaHHS BBakajacs
HaHOUIbII Hee(DeKTHBHOIO B IUIaHI eHepro3oepe-
JKEHHsI Ta OJIHI€I0 3 HAMOUIBII TOPOTUX cHucTeM [2].

baraTto kpaiH BBa)XaroTh 3a JOIIBHE TPOBOIHN-
TH MOJICpHI3allil0 CTapuX BaroHiB, Ji¢ CHUCTEMHU
KOHIMIIIOHYBaHHs B3araji He icHyBajo (Ie mepe-
BaXHO JKOPCTKI BaroHW BIJKPHUTOTO THITY, SKi
# TepeBO3sATh OCHOBHY Macy macaxwupiB) [5, 17,
28]. BuTpatu Ha MOJIEpHI3allil0 OJHOTO CTapOro
BaroHa BUSIBIISIFOTHCS TPHOJIM3HO BTPHYI HIDKYH-
MH, HiXK Ha OyIiBHUIITBO HOBOTO [11].

Ha cworonni y BAT «®enepanbuas [laccaxu-
pckas Kommnanus» (Pocist) HamigyeTbcsi OIM3BKO
22,8 THC. BaroHiB, i3 HUX CHCTEMOI0 KOHJHIIIOHY-
BaHHs noBiTps (BKB) oGnagnani monan 12 Twuc.,
T0OTO TpoxH Oinbie nonoBunu (53 %) mapky [2].

Crig 3a3HaYMTH, IO TEPMIH CITY>KOH OiNBIIOCTI
MacCaXUPCHKUX BaroHiB, sIKi EKCIUTyaTyIOThCS Ha
YKpaiHCBKUX 3alli3HUISIX, BXKE 3aKiHIyeThCS, 00
Oinpima ix gactuHa mobymoBaHa y 70-80 pp. XX
cromiTTs. [lo Toro *x, aHami3 eeKTHUBHOCTI PyXoO-
MOTO CKJaqy CBiIYUTH HE JIHUIIE MPO 3HOC, aje
W mpo Te, MO BIH € TEXHIYHO, KOHCTPYKTHBHO
1 MOpaJIbHO 3acTapiinii, OCKiTbKH OCHOBHA YacTH-
Ha BaroHiB MoOyJ0BaHa 3TiJHO 3 TEXHIYHUMHU BH-
moramu 60-70 pp. munyIoro cromitts [6]. 3a ymoB
oOMexxeHoro (iHaHCYBaHHS BUKOHAaHHS BiJHOB-
JIOBAIBHUX PEMOHTIB BaroHOPEMOHTHHMHU 3aBO-
JaMHd ¥ 3ali3HHISIMH aKTyalbHUM € 3aBJIaHHS
OCHAIIICHHS BaroHIB MICJIsI MOJIEpHi3aIlii Cy4acHH-
MH cucTeMamu kutTe3adesnedenns [11, 13]. Tlpu
IOMY CXEMHI pillleHHs Ta MiAXoau Jo 3abe3rie-

YeHHsSI KOM(OPTHUX YMOB JUIA MACaXHUPIB MOXKYTh
OyTH pealizoBaHi y BXK€ iCHYIOUOMY MapKy Iaca-
JKUPCHKHUX BaroHiB i HE BUMAraroTh iCTOTHOTO Tie-
peoOmasHaHHS BXX€ BCTAaHOBJIEHHX cucreM [9].
OpHOYacHO 3 MMM BYE€HI, BH3HAIOYH, IO ICHYOY1
CHCTEMH KOHTPOIIIOIOTh TEMIIEPATypy, a He TeIIo-
BUH KOMQOPT, MPONOHYIOTh ACKIIbKa MOJeJeH
eHeproe()eKTUBHOTO  YMPaBIIHHA  KOM(OPTOM
y TpaHcmopTHOMY 3acobi [32].

Y Toli e Yac CBITOBI TEHJCHIIIT HAYKOBHUX PO3-
Bimok y Hanpsmi CCHVAC nepenbadatoTs mpuH-
[IATIOBO HOBI TEXHIYHI Ta TEXHOJOTIYHI PIIICHHS
JUISE Cy4aCHHMX BHMCOKOIIBHJIKICHUX TOi3MiB — BiJ
JM3aifHy KOHCTPYKIIN Al KOJEKTHBHUX CEpeao-
BHII| /IO iHAWBIIyallbHO KOHTPOJBOBAHUX YMOB,
MEePCOHI()IKOBAHUX MIKPO-CKOJIOTIYHUX CHCTEM.
e, nanpuknaj, mparHeHHs MEPEeHTH HA MPHUPOIHI
XJaJareHTH, 10 HaJaloTh MIHIMAJIbHUHM BIUIMB Ha
HABKOJIUIIHE CEPEIOBHUINE Ta 3IIOPOB'S JIFOJUHU
[24], akTMBHI pPO3POOKH TPAHCIOPTHUX CHUCTEM
KOHWIIIOHYBaHHS TIOBITPSl Ha BYTJICKHCIIOMY Ta3i
(xoumepau BMW i Daimler) [2]. 3 meToro enepro-
3a0IIQ/DKEHHST TPH MaKCHUMalbHO KOMQOPTHOMY
CEpeNIOBHIIII  PO3pOOJCHI |  BIPOBAHKYIOTHCS
SMART-texHOmNOril A7 MacaXMpPChKUX BaroHiB
elekTpoTpancnopty HiMeyunHu, a came — mayus-
HUX €JIeMEHTIB po3mupeHoro aianazony HT-PEM,
o 3a0e3nevarh eICKTPUYHY Ta TEIJIOBY MOTYXK-
HICTh i3 BHCOKHUM cCTyneHeM edexTuBHOCTI [29].
[IporoHy€eTbcs TakOX 3aCTOCYBaHHS TEXHOJIOTIT
tdotoBonbTaiku (PV) nns BUKOPUCTaHHS BiJHOB-
JIIOBAHMX JDKEpENl eHeprii W MpOBEICHHS 3aXO[iB
1010 MiJIBUIIEHHST KOM(MOPTHOCTI Ta eHeproedex-
TUBHOCTI 3ai3HUYHHUX TPAHCIIOPTHUX 3acO0iB
[33]. ¥ cucremax KOHIUIIOHYBaHHS IOBITPSI BHU-
COKOIIBUKICHUX TOi3/IiB 3aCTOCYBaHHS albTepHa-
TUBHHMX XJajareHTiB (Hampukman, R1234yf Ta
R1234ze) rpyHTYEThCSI Ha JOCIHIDKEHHSX IIO/0
OIIIHKU eHepro30epekeHHs Ta YMOB TUHAMIYHOTO
HABaHTAXEHHs (3 TOYKH 30py TEMIIEpaTypH OTO-
YYyI04YOTO CEpEeJOBHUINA, COHSIYHOTO BHUIIPOMIHIO-
BaHHS, IIBUAKOCTI pyXy IOi37a, KiIbKOCTiI maca-
KupiB) [24].

CkrnaziHa €eKOHOMIYHA CUTYAITisl B OCTAHHI POKH
3MyIIy€ BUHAXIJIHUKIB i BUPOOHUKIB 3ai3HUYHOT
TEXHIKM MiJJIalITOBYBaTHUCS IIiJi pUHKOBI peaii Ta
EHepriiiHO IyKaTH iHHOBAIIHI TEXHIYHI pilIEHHS
3 YIIOCKOHAJICHHS CHCTEM KUTTe3a0e3NeueHHs ma-
CaKUPCHKOT'0 PYXOMOT'O CKJIay.
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Are, SKIIO HAyKOMETPHYHI TOCIIIKEHHS,
CTIPSIMOBaHI Ha OTPHUMAaHHS HOBHX 3HAHb IIOJO
po3BuTKY okpemux HampsamkiB HVAC Ha 3ani3Hu-
YHOMY TPAHCIOPTI, iCHYIOTh [3], TO BiAmoOBigHOTO
aHaITi3y MATEeHTIB, ¢ O BUCBITIIOBAINCS XapaKTe-
PHI 0COOJIHMBOCTI MaTEHTHUX PillIeHb, aBTOPOM HE
3HANJICHO.

Meta

BpaxoByroun BHUIEBUKIAJICHE, JOCIIKSHHS
CIpSIMOBAHO HA OIJIAJ Ta aHai3 MATCHTIB Yy Ha-
MpsIMi OTasieHHs!, BEHTWIIALII Ta KOHAWIIIOHYBaHHS
3aJTi3HIYHMX MacaXMPCHKHX BaroHiB (XpOHOIOTI-
yHi pamku: 2011-2017 pp. 3 aHs myOmikarii).

MeTtoauka

Y xomi mocmimkeHHs OyB MPOBEICHHIA OTIIS
naTeHTiB (3apyOiKHHMX 1 BITUM3HSHHX) B 00MaCTi
cucreM HVAC y macaXMpChbKUX TPaHCIOPTHUX
3aco0ax, 30KpeMa TaKuX, K 3aTi3HUYHI BaroHH, ix
OTITUMI3alIii Ta CIIOCO0IB YIIPaBITiHHS HUMH.

Ha mouarkoBoMy etami Juisi MOXKIUBOCTI BH-
3HAYEHHsI 3araJbHOTO CTaHYy CBITOBHX JIOCIIIKEHb
y Tanmy3i omajeHHsS, BEHTWIAIIl Ta KOHIHUIIOHY-
BaHHS MaCcaXUPChKHUX BaroHiB, aBTOPOM OYB Ipo-
BeneHuil narentHuil nomyk (IIIT). IIIT — ue mpo-
neAaypa BigOopy BiANOBiMHOI IEBHOMY 3allUTy iH-
(dopMarrii Ipo MaTeHTH, KA MOXKE 3]1HCHIOBATUCS
3a oJHi€I0 a00 JEeKiTbKOMA TTiICTaBaMH.

ABTOopoM OyB OOpaHHH TpPEIMETHHN TMOIIYK
(JIeKCUYHMIA 1 CHCTEMaTHYHHIA) 32 TIEBHUMH KITIO-
YOBUMHM CJIOBAMH i 4acoBMMHU pamkamu. KpiMm To-
r0, aTOPUTM POOOTH 3 YK€ OTPUMAHUMHU PE3yIIb-
TaTaMH TIOITYKY BKJIFOYAB YTOYHEHHS BiJOMOCTEH
IUISXOM TEPErisiy 10AaTKoBoi iH(opMarii (omu-
Cy, 300paxkeHb, aBTOPIB, L0 HAWYaCTillle 3YyCTpi-
YalThCsS B OTPUMAHOMY Matepiaii Toro). IToTpi-
OHO MIJKPECIIUTH, 10 aHATI3 [IUTYBaHHS MaTECHTIB
HE TIPOBOJMBCS; JOCIIKYBalIHCs CYyYaCHUH CTaH
1 TEH/ICHIIiT HOBUX TE€XHIKO-TEXHOJIOTIYHHUX PillleHb
y Hanpsimky HVAC.

[laTeHTHHH TONIYK MPOBOJWBCS 3a PI3HUMH
MaTeHTHUMHU cuctemMamu cBity: [ludposa mateHT-
Ha OibmioTeka Ykpainu, Google-nareHt (momyk 3a
narenramu), FPO, FRESHPatents: New Patents &
Technology; Google Akanemis; Bank naTteHTOB:
HOBBIE M300pETEHHs] POCCHMCKUX H300peTaTenei;
IMarentsr Poccun; FindPatent.ru: ITatenTHBIN 1MO-
WCK, TTOMCK NaTeHToB 1 u3ooperenuit PO u CCCP;

Espacenet: Patent search; Derwent Innovations
Index (Web of Science).

Byno BcraHOBIEHO THMOWHY MATEHTHOTO TIO-
myky: 2011-2017 pp. 3 nusa myOmikamii. [Tomryk
30IMCHIOBABCS 3a KJIIOYOBHMMH CJIOBAMH, SIKI 3Ha-
XOAMJINChH y Ha3Bi MaTeHTy abo Horo pedepari:

— «<HVAC» (Heating, Ventilation, & Air
Conditioning) + «Railway (rail*) passenger car»
+ «Carriage» + «Coach» — y Mi>KHapOJHHX CHC-
TeMax;

— «OBK» (Omnanennsi, BEHTHWISLIS Ta KOHIH-
[IOHYBaHHS) + «3aJi3HUYHUH MacakKUpCbLKUil
BaroH» — B YKpalHChKili CHCTEMI;

— «OBK» (Oromienne, BEHTHIAIMS U KOHIH-
[HOHUPOBAHUE) + <«GKeJIe3HOJOPOKHBII mMacca-
JKUPCKUIl BArOH» — Y POCIHCHKIX CHCTEMAaX.

Y pe3yibTari MOIIYKY 3a JaHUMHU CHCTEMaMH
1 BCTAaHOBIICHUMU TOITYKOBUMHU KPHUTEPIsIMEU OYII0
3HalaeHo 157 maTeHTiB, 13 SKUX BUOpPAHO NI aHa-
Jizy 21 maTeHr.

Crig migkpecnuTH, o Ui aHalizy Oyino BU-
KOPHCTaHO MIKIUCIHILTIHAPHUHN TiAXid, OCKITBKA
B CHCTEMi KJIiMaT-KOMQOpPTY, OMaieHHs, BEHTHIS-
mii Ta KOHIWIIOHYBaHHS TIOBITPS HAsBHI MIillHI
CUCTEMHI 3B’S3KM 3, HANPHUKIAJ, HOBUMHU TEXHIU-
HUMU PILICHHSAMHU B MPOIECax MAaCaKUPCHKUX TIe-
peBe3eHb, KOHCTPYKIIISIX BAaroHiB, KOMIT IOTEPHUX
HayKaX, €HepreTHYHUX Ipolecax i CHCTeMaxX To-
0.

Le migTBep/KyEThCS 3BEpHEHHSIM 10 MixHa-
ponHoi mareHTHOi kiacudikamii (MIIK, anrm.
International Patent Classification — IPC), mo mae
BijloOpakeHns Ha caiiti WIPO — World Intellectual
Property Organization [22].

Hampuxiaz, srigro MIIK, nareHT Ha BUHaXifg
«MojnyibHas CUCTEMa KOHIAMIIMOHMPOBAHUS BO3-
JyXa MaccaXxMpcKoro Baronay mae kiac F24F 3/00
[10]. TIpu mpomy obGmacte «F» — 1e Mechanical
Engineering;  Lighting; Heating; Weapons;
Blasting (MammnoOynyBanus; Ocpitienns; Ormna-
nennst; JIsurynn 1 Hacocu; 30post Ta bBoenpunacu;
Bubyxosi po6otu). [Toganpiia aerasisais BKasye,
mo: F24 — ue «HarpiBaHHs; BeHTHJIALS; meyl Ta
wnthy; F24F — ne «KonmuiionyBanHs moBiTps;
3BOJIOXKEHHS TOBITPSI, BEHTWIALIS, BUKOPUCTAHHS
MOBITPSIHUX TOTOKIB JJIsl eKpaHyBaHHs»; F24F
3/00 — e «CucteMu KOHAMIIIOHYBAaHHS TMOBITPS,
B SIKUX MEPBUHHE KOHUIIIOHOBAHE MOBITPs TOJa-
€TbCS BiJ Of1HI€T a00 NEKUIBKOX LEHTPAIBHUX CTa-
HIIIH 10 PO3MOAUILHUX TOYOK B MPUMIIICHHIX a00
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MpoCTOpax, A€ BOHO MOXXe OyTH BApyre oOpolie-
HO; IPUCTPOI, IPU3HAUCHI U1 TAKUX CUCTEM.

IMatenr «HVAC systems for electrically-
powered vehicles» [21] mae xmac B60 H 1/00 ta
BITHOCHUTBCS JI0 3arajbHUX TPAHCIOPTHUX 3ac00iB
(B 60 — Vehicles in General), ToOTO MOXe MaTu
BUKOPHUCTAHHS SIK B 3aJIi3HUYHOMY, TaK i aBTOMO-
01IbHOMY, BOJTHOMY, aBialliiHOMY TPaHCTIOPTI.

BpaxoBytoun TpUYMHHO-HACTIAKOBI 3B’ A3KH
MiXK TeXHIYHUMH MpoOIeMaMu Ta TEXHOJOTISAMH iX
BHpIMIEHHS (BKIFOUAIOUN 3aCO0M ISl TOCATHCHHS
I, MPUCTPOIB Ta MPHUHIHUIIB poOOTH), OYyJI0
MPUAHATO PILIEHHS PO CHCTEMAaTU3alliI0 aTEeHTIB
Mo TphOX Tpynax. TakuMu rpymaMd Ha OCHOBI
aHalli3y HOBHX pillleHh B 0OJIACTI CHCTEM 1 CIIOCO-
0iB st QYHKIIOHYBAaHHS Ta YIPABIiHHS CHCTEMa-
mMu HVAC B macaxupchbKux cajJioHaX TPaHCHOPT-
HHX 3aCc00iB Ta 1X onTUMi3arii ctaau (32 yMOBHOIO
HA3BOI0) HACTYIIHI TPYIIH TATCHTIB.

I'pyna «HoBi TexHi4yHi Ta TexHoJoOriYHi pi-
IIEeHHS y cUcTeMax i 3aco0ax GyHKUiOHYBaHHS
HVAC». I'pyna 00’eqHye naTeHTH, AKi COPSIMOBa-
Hi (IPSIMO YM OMOCEPEIKOBaHO) B OCHOBHOMY Ha
BUpIIICHHsI TEXHIYHUX TMUTaHb 3a0e3MeueHHs He-
O0OXiTHUX TMapaMeTpiB MIKpPOKIIIMaTy B CaJlOHaX
BaroHiB: OYMIICHHS MOBITPS B/l MUY 1 HIKIIJTHBUX
ra3iB, OXOJIOJKEHHsI OT0 MPU BUCOKHMX 30BHIIIHIX
TeMIlepaTrypax 1 MiAirpiBaHHS MPH HU3BKUX; 3BO-
JIOXKEHHS ¥ OCYIIIeHHs, IEPEMILICHHS, 3MIIIyBaHHS
W pO3MOJIiTy MOBITPSI, @ TAKOXK IS PETyJTIOBAHHS
Hioro mapameTpiB Ta X KOHTPOJIIO.

[laTeHTHI JOKYMEHTH BiJHECEHI JO IBOX KJa-
ci: 1) mo xmacy «B» — Performing Operations;
Transporting (migkmacis: B60 TpaxcropryBaHHS
TPaHCIIOPTHUMH 3acobamu B3araii ta B61 3amiz-
HU4YHE TpaHcnopTyBaHHs; BO1 ®i3nuHi un XiMivuHi
mporiecH Ta amaparu); 2) 10 kmacy «F» —
Mechanical Engineering; Lighting; Heating;
Weapons; Blasting (mipknaciB: F24 Onanenns
¥ Bentumsaig;, F25 Oxonomkenns, KombOinosani
CHCTEMH OIIAJICHHS M OXOJIOKeHHs, Temiosi Ha-
cocu; F28 Temnoo6min B3araii).

I'pyna «Hogi Ta ynockoHajeHi pilieHHs 1
ynpasiainusa cuctemoro HVAC B TpaHcnopTHO-
My 3aco0i». 3aBIaHHAM MAaTEHTIB Ii€i Tpynu
€ CTBOPEHHS 3arajbHUX Ta 1HIUBILYyaJbHHX KOM-
(OpPTHUX YMOB JUIS ITACAXKUPIB Y KIIMaTHYHIH cHC-
TeMi TPAHCHOPTHOTO 3aco0y (B T. 4. Macakupch-
KOMY BaroHi moi3aa), 3aBAsSKd HOBHM TEXHIYHHM
1 TEXHOJIOTIYHUM pIIIEHHSIM B YIpaBJIiHHI CHCTe-

Moo HVAC. I'pyna 06’eqHye maTeHTHI TOKyMEH-
TH 3 YOpaBIiHHA cHUCTeMaMmHu Kkimacy «B» —
Performing Operations; Transporting Ta kinacy «F»
— Mechanical Engineering; Lighting; Heating;
Weapons; Blasting. Iligxmack € aHaJIOTiYHEMHA
MepUIii rpymi.

I'pyna «O30HyBaHHS NOBITPS B MAaCAKNUPCh-
KHX BaroHax». Ps maTeHTiB, 1110 0B’ s3aHi 3 CHC-
TEMaMH KOHIWIIOHYBAaHHS TOBITPS, MPOMOHYIOThH
00pOoOKy MOBITPs IHIIUMU crioco0amMu, HDK IIUIS-
XOM HarpiBy, OXOJIO/KEHHS, (iIbTparii, CTepuii-
3amii. Lle, Hanpukan, cnocid 030HYBaHHS MOBITPS
y 3aMKHEHOMY TMpHUMILICHHI, SKHMH € cajo-
HU/BaroHW TPAHCIOPTHHUX 3aco0iB. loHi3oBaHuMi
MIOBITPSIHUHN TOTIK MOXe, HAPUKIA, TOCTABIISATH-
c B KOHAWIIOHOBAHWH TMOBITPSIHUH MPOCTIp
HVAC-cuctemoro abo Moxe reHepyBaTH HEeraTHB-
Hi 10HHU CaMOTEHEPAIli€l0 3 BAKOPUCTAHHSM JIBHTY-
HAa BEHTUJIATOPA BUTMIAPHHKA, 10 OCOOJIUBO aKTya-
JIBHO TSt BUCOKOMBUAKIcHUX moi3aiB (high-speed)
[14].

3a MDKHApOJHOIO TATEHTHOI KIacH(iKaIliero
MATeHTH L€l TPymd B OCHOBHOMY HaJEXaTh 0
kmacy «A» — Human Necessities (iroaceki motpe-
6u), migkmacy «A6l» — Medical or Veterinary
Science; Hygiene 3 moganbIIo AETaTi3aAIlERD
«AB1L» Methods or Apparatus for... Disinfection,
Sterilisation, or Deodorisation of Air.

Pe3yabTaTtu

B pesynbrati npoBe/ieHHsT JTOCIIIKEHHST BCTa-
HOBJICHO, IO BCi 3yCHJUIA BHHAXIiJHUKIB, 3aKpil-
JeHl iX TeXHIYHWMH PIlIeHHSMH, CIPSIMOBaHI Ha
3a0e3MNeUeHHs MiIBUILICHHS Oe3MeKH Ta KoM(pOpPTY,
3MEHIIICHHS] HEraTHBHOTO BIUIMBY Ha OTOYYHOYE
CepeloBHILE, BAKOPHCTAHHS BiIHOBIIOBAHUX JKe-
pen eHeprii, eHeproePeKTUBHICTD.

Tak, Hanpuknayg, y poboTax yKpaiHCHKHX J0C-
TMiaHUKIB [7, 8] po3risgaeThcsi MOXIHBICTD 1 POO-
JATbCA KOHKPETHI HPOMO3MMLIi IMI0A0 BKIIOYESHHS
B aBTOHOMHI MepeXi eNeKTpPONOCTayaHHs Taca-
KHUPCHKUX BAaroHiB TOHOBJIIOBAHUX JKEPEN EJIEKT-
pUYHOI eHeprii, 30KpeMa BiTpOTeHEepaTopiB, COHsI-
YHHUX Oarapei a0o X CyKyIHICTb.

3rigao MIIK, mo texHidnux obmacrei, Oau3b-
KHMX JIO TEMH HAIIOro JOCIiIKEHHS, HaJeXarTb Jie-
Kinpka kiaciB. Lle, mepmr 3a Bce, OCHOBHUH Kilac
«B» — Performing Operations; Transporting; a ta-
kok krac «F» — Mechanical Engineering;
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Lighting; Heating; Weapons; Blasting; kiac «A» —
Human Necessities; kmac «H» — Electricity.

I'pyna «HoBi TexHi4yHi Ta TexHoJOriYHi pi-
IIEeHHS y cucTeMax i 3acofax (pyHKUiOHYBaHHA
HVAC» Bk/I04a€ NaTEHTH:

1. Vehicle air system with high efficiency filter.
No. US 20170056806 Al (omyOaikoBaHO
2017.03.02; sunaxiguuku Mardall Joseph ta Ma-
ser Adam). MIIK B01D46/42, B01D46/00 [35].

2. HVAC systems for electrically-powered ve-
hicles. No. US 20160355068 Al (omy0sikoBaHO
2016.12.08; Bunaximuuku Andrew D. Sutherland
ta Stevem M. Myers). MIIK B60H1/00,
B60L1/02, B60H1/22, B60L1/00 [21].

3. Air distribution box and associated rail vehi-
clee. No. EP 2977288 Al (omyGuikoBaHO
2016.01.27; Bunaximank Gyorgy Kalman). MIIK
B60H1/00, B61D27/00 [15].

4. Refrigerant management in a HVAC system.
No. US 20140223936 Al (omyGiikoBaHO
2014.08.14; sumaximmumku  Jonathan  Phillip
Hartfield, Harry Kenneth Ring, Michael William
Groen, Stephen Anthony Kujak, Ronald Maurice
Cosby II; CIIIA). MIIK F28F13/02, F28F13/18,
F25B39/02 [31].

5. Carwash hot-water heating system outside
winter storehouse. No. CN 205878601 (U) (omy6-
mikoBano 2017.01.11; sumaximmuxu Xue Qiang;
Ruan Zhigang; Shui Chunyu; Fan Yinghong; Shen
Jun; Hong Wei; Zhou Liming; Yu Xiaoying; Li
Peng; KHP). MIIK B60S3/04; F24D17/02;
F24H4/02; F24H9/20 [16].

6. Powered distribution systems for powered
rail vehicles. No. US 8772962 B2 (omy6mikoBaHO
2014.07.08; sunaxigauk Ajith Kuttannair Kumar).
MIIK B60L3 / 00 , B60OL11 / 02 , B60L1 / 00 ,
B60L15/ 32, B60R16 / 03 [30].

7. CucreMa KOM(pOPTHOTO KJIiMaTy HacaXXHpCh-
koro Barona. Ne UA 70622 U (omy6nikoBaHO
2012.06.25; Bunaxigauku XpuctsH €. B., Msamiin
C. B., Hosixos M. M., Tpynos C. B., ['abpunenp
B. O., Turapenko I. B.; VYkpaina). MIIK B60H
1/00 [9].

8.CucreMa KOHIUIIMOHWPOBAHHS BO3AyXa B
Kyne naccaxkupckoro BaroHa. Ne RU 2488747 C2
(omybmikoBano 2013.07.27; BuHaxinmHuku PoxkoB
Annpeii Onerosuu, Onepupenko Annpeit Bacu-
apeBud, OBunHHHKOB Bukrop BacumbeBnu; PO).
MIIK F24F 3/00 [10].

9. VYcraHOBKa KOHAWIIMOHMPOBAHHS BO3JyXa
caonoB BaroHoB. Noe RU 135601 (omyOikoBaHo
2013.12.20; Bunaxinuuku 3akatoB Anekceit Cep-
reesud, JKapoB Auton Auapeesnd, CtapkoBa Ma-
puna I'eanagsesna; P@). MITIK B61D [12].

I'pyna «Hogi Ta ynockonajieHi pitneHHs 1A
ynpasiainasa cucremoro HVAC B TpaHcnopTHO-
MYy 3ac00i» BKJII0YAE MATEHTH:

1. Energy control mechanisms for an electric
vehicle. No. US 9352635 Bl (omy6mikoBaHo
2016.05.31; sunaxigamkn Seneca A. Schepmann,
Robert Clippard, Tim Stafford; CIIA). MIIK
B60L11/00, B60L11/18, B60H1/00 [18].

2.EV  Multi-Mode Thermal Management
System. No. US20160107504 Al (omyOGmikoBaHO
2016.04.21; sunaxigauk Vincent George Johnston;
CLIA). MIIK B60H1/00278 [19].

3. Fresh air control for a transport refrigeration
unit. No. WO 2015076872 Al (omybmikoBaHO
2015.05.28; Bunaxigauku Petr Trutnovsky, Lubos
Forejt, Radim Cermak). MIIK B60H1/24,
B60H1/00 [20].

4.System for operating an air conditioning
compressor from alternative sources. No. US
8491274 B2 (omybmikoBano 2013.07.23; BuHaxin-
nuku Taylor, Richard D., Harris, Paul E.; CIIIA).
MIIK F04B49/00; FO4B9/14; F25B27/00 [34].

5.Vehicular HVAC control systems and
methods. No. US 7918100 B2 (omy6mikoBaHo
2011.04.05; sBunaxigaumku David S. Breed,
Wendell C. Johnson, Wilbur E. DuVall; CIIIA).
MIIK B60H1/32, F24F11/00, B60H1/00 [36].

6. MojynbHasi CUCTeMa KOHIAMIIMOHUPOBAHHMS
BO3MlyXa maccakmpckoro Barona. Ne RU 2 512
068(13) C2 (omyoumikoBano 2014.04.10; BuHaxija-
uuku PoxkoB Awnzapeit Onerouu, OiedupeHko
Amnppeit BacunseBny, OBunHHuUKOB Buktop Bacu-
neeBud; PD). MIIK F24F 3/00 (2006.01) [4].

7.CucreMa KepyBaHHS aCHHXPOHHUM TeHepa-
TOPOM Y CKJIaJli BITPOEIEKTPOTEXHIYHOTO KOMILIE-
kcy. Ne UA 84633 (omy0mnikorano 2013.04.29; Bu-
Haximauku lllepbak Mapuna AnaromiiBHa, botiko
Cepriii MukonaiioBuu, Muxainuuernko JIMutpo
Amnatoniiony, Ciauyk Oner MuxkonaiioBuy,
VYxpaiuna). MITIK HO2P 9/00 )[8].

I'pyna «O30HyBaHHS MOBITPS B MAaCAKHUPCh-
KHX BaroHax» o0’ eqHye maTeHTH:

1. Air cleaner for high-speed railway.
KR101037798B1 (omy6nikoBano 2011-05-27; Bu-
maxigauku Old Young Jin, Kim Goo, Kim Woo-
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seop, Kim Sang Soo, Kim Chang-Hoon, Park
Chang Young, Yoon Hyun Chul, Choi Gil-yong,
Choi Yoo Mi; Korean). MITK A61L.9/22 [14].

2.Ion generator device. US9289779B2 (omy0-
mikoBano 2016-03-22; sunaximauku Charles
Houston Waddell, Joseph Anton Christiansen;
orpumyBad Global Plasma Solutions). MIIK
A61L9/22, F16M13/02, B03C3/41, HO01J37/16,
H01J27/02, HO1T23/00, HO1J37/30, BO3C3/011,
FO2M27/04 [23].

3. Method for using ozone as a disinfectant.
EP2051743B1 (omy6mikoBano 2013-04-10; BuHa-
xigauku Nigel Boast, Douglas Heselton, Jim
Hudson, Gordon Esplin. = Bulletin 2013/15.
EUROPEAN PATENT SPECIFICATION). MIIK
A61L2/20, A61L2/26, A61L9/015, A61L101/10
[26].

4. Method and device for decontaminating a
confined space. WO2017121767A1 (omy06:ikoBa-
HO 2017-07-20; sunaximuuk Philippe Saroul).
MIIK A61L2/202 Ozone [25].

5. Method of disinfecting one or more surfaces
and/or sterilizing air, and an apparatus for use in
the method. US9511163B2 (omybmnikoBano 2016-
12-06; Bunaxiznuk Jimmy Kjelby Larsen, otpu-
myBau Jimco A/S). MIIK A61L9/20, A61L9/015,
A61L2/10, GO1N23/00, F24F3/16, A62B7/08,
A61L9/12, A61L2/20, A61N5/00, A61L9/04,
AB1L2/24 [27].

B pesynbTati IOCHIKEHHS TaKOX BCTaHOBIIE-
Ho, o xapaktepHuM i1 CCHVAC e npusHadeH-
Hs OUTBIIOCTI MATEHTHHUX PIillleHb JJISi BUKOPHC-
TaHHS HE B CyTO 3alli3HWYHIN raiysi, a B3arajii Ha
tpancnopti. [lpu upomy go rpynu «O30HYBaHHS
MOBITPsI B MACAKUPCHKUX BaroHax», Ji¢ MPOBiIHOIO
€ TeMa 3a0e3MevYeHHs] HEOOX1THUX MOTPped JTFI0INHH
— 11 310poB’st (A 61 Mennyna abo BeTepHHApHA
Hayka. ['irieHa) Hanme)xaTh MAaTEHTH, TEXHIYHI pi-
LICHHS SIKHX MOXYTb BHKOPHUCTOBYBaTHCS B3araii
B 3aMKHEHHX NPUMIIIEHHAX (TPaHCIOPTHI maca-
XKHUPCHKI calloHu, odicu B OyIiBIAX, TyalleTH, ca-
HiTapHi KIMHATH TOIIO).

TakuMm 4YMHOM, MOXHA KOHCTaTyBaTH, IO Ta-
TEHTHUM JIOKyMEHTaM i3 YJIOCKOHAJICHHSI CHUCTEM
KHUTTE3a0€3MEUCHHST ACAKUPCBKOTO PYXOMOTO
CKJIay MNPHU3HAYAIOThCS OIHOYACHO pi3HI KOIH
MixnaponHoi marentHoi knacudikamii (MIIK;
auriI. International Patent Classification), 60 BoHH
OJHOYAaCHO MOXYTb CTOCYBATHCS KiJBKOX TE€XHiy-
HUX 00JIacTel 1 TEXHOJIOTIH.

Ha ocHOBi IbOTO MOKHA TIPHUITYCTUTH HMOBIip-
HICTH BHCOKOTO pIiBHS TPOHWKHEHHS 3B SI3KIB Y
PI3HHUX TEXHIYHUX 00JacTAX, JO SKUX HaJIe)KaTh
Cucrema ximiMar-koMpopTy, ONaIeHHs, BEHTHIIAIIIT
i kouaumiroBanus mositps (CCHVAC - Climate
Comfort, Heating, Ventilation and Air
Conditioning). Came wi 3B’sI3KM MOXYTh BinoOpa-
JKaTH HAsSBHICTh TEXHIYHUX MPOOJIEM y CHCTEMax
KUTTE3a0€3MEUeHHS B YChOMY CBITI Ta BU3HAYaTH
TEXHOJIOT1] iX BUPIILICHHS.

HaykoBa HOBHU3HA Ta IPAKTUYHA
3HAYMMICTh

JoBeneHo BHCOKHMI PIBEHb MPOHUKHEHHS
3B’S3KIB Y PI3HUX TEXHIYHHX O0JACTAX, IO SKHX
BimHocsThess marteHntd 31 CCHVAC. Asrtopowm,
BPaxOBYIOUH TMPUYMHHO-HACIIIKOBI 3B’SI3KH MIX
TEXHIYHUMH MPOOJIEMaMHU Ta TEXHOJIOTISIMH iX BH-
pillIeHHs, TpOaHai30BaHi MaTeHTH OYyIM cUCTeMa-
THU30BaHi 3a TppoMa rpymamu. lle «HoBi TexHiuHI
Ta TEXHOJOTIYHI pillIeHHS Yy cUCcTeMax 1 3acobax
¢dyakmionyBanast HVAC», «HoBi Ta ynockoHaneHi
pimmenHs ans  ynpaemiHHSA cuctemoro  HVAC
B TPaHCIOPTHOMY 3ac00i», «O30HyBaHHS MOBITPA
B NIACaXMPCHKUX BaroHax». BcraHOBJIeHO, IO Xa-
pakrepanm gt CCHVAC e mpusHaueHHS Oinb-
LIOCTI MATEHTHHUX PIlICHb JJISl BUKOPUCTAHHS HE B
CYTO 3aJi3HMYHIN Tany3i, a B3arajii Ha TPaHCIOPTi.

[TinTBepKEHHST BUCOKOTO PiBHS MIPOHUKHEHHS
3B’SI3KIB y PI3HUX TEXHIYHUX OOJACTSIX AO3BOJIHTH
BiZIOOpakaTH HAsSBHICTh TEXHIYHHX NpoOieM i3
CCHVAC B ychoMy CBITI Ta IPEe3€HTYBATH TEXHO-
yorii ix BupimeHHs. lle cnpustume Oinbmn iHTEH-
CHUBHOMY TEXHOJIOTIYHOMY MiJHOMY B YJOCKOHa-
JICHHI CUCTEM >KUTT€3a0e3MeUCHHS TacaXKUPCHKOTO
PYXOMOTO CKJIaJy.

BucnoBku

[HHOBALIMHNUI TEXHIKO-TEXHOJIOTTYHUAN HiIHOM
Ha 3aJi3HUYHOMY TPAHCIIOPTI HEMOXIJIMBHHA 0e€3
YIOCKOHAJICHUX CHUCTEM KJIiMaT-KoMQOpTy, ora-
JICHHS, BEHTWJISAMIT Ta KOHIWI[IOHYBAHHS TMOBITPSI.
Ha ocHOBI TIpoBeZICHOTO JOCII/PKEHHSI, CIPSMOBa-
HOTO Ha OTJISAJ] Ta aHANTI3 MATEHTIB y HAIPSAMI Ora-
JICHHS, BEHTHIIALIT Ta KOHIUI[IOHYBaHHS 3aTi3HNY-
HUX Macaxupcbkux BaroHiB (2011-2017 pp. i3 mas
myOutikaitii), 3po0JieHi HACTYIHI BUCHOBKHU:

1. Yci maTteHTH OOHUM 13 acHEKTIB MalOTh BHU-
pIlIEHHsS] MUTaHb OUIBII EKOJIOTIYHOTO, EHeproe-
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(eKTUBHOTO Ta OE3MEYHOro 3aCTOCYBAHHS CUCTEM
CCHVAC Ha 3a11i3HIYHOMY TPAHCIIOPTI.

2.IlaTeHTHI JOKyMEHTH 3 YIOCKOHAICHHS CHUC-
TEM XHUTT€3a0e3MeUeHHs MAaCaKUPCHKOTO PyXOMO-
ro CKJaxy OJHOYACHO MOXYTh MaTH Pi3HI KOIU
MixHaponHoi maTteHTHOI Kiacudikarii (aHrIL.
International Patent Classification), sk Ttaki, 110
CTOCYIOTBCSI KITPKOX TEXHIYHHX 00JacTel i TeXHO-
JIOTiH.

3. BpaxyBaHHs iHTepeciB i mepeBaru KO>KHOTO
Macaxupa, MParHeHHs A0 MOJINIIEHHS KOPHUCTY-
BAaI[bKOT'0 KJIIEHTCBKOTO JAOCBiNy NPHU3BOIATH M0
MosSIBM HOBHX pimreHb B obnacti Climate Comfort,
Heating, Ventilation and Air Conditioning He Tinb-
KU JIJIS1 KOJIEKTUBHUX CEpPEIOBUII, aje ¥ 10 iHAnBi-
IyaJIbHO KOHTpPOJILOBAHMX YMOB, IEpcoHi(ikoBa-
HUX MIKPO-E€KOJIOTIYHUX CHCTEM.

4. TlarenTHi pimeHHS TependavdarOTh A BXKE
ICHYIOUMX TpPaHCHOPTHHUX 3aCO0IB CTBOpEHHS PO-

3yMHHUX CHCTEM, SIKi O BIICIIJKOBYBaJIM 1 caMocC-
TIHHO ONTHUMI3yBalld MapaMeTpPH MIKPOKIIMaTy Ta
piBEHb BUKOPUCTAHHS €HEprii.

5. [IpocTexxyeTbes BiaXia Big CUCTEMH IIEHTpa-
JII30BaHOTO KOHIUITIOHYBaHHA, B T. 4. 32 PaXyHOK
PO3IIBHOTO KOHTPOJIO MPUXOBAaHUX Ta SBHHUX
TETIOHAAXO/PKEHb.

6. ABTOpY MaTEHTIB MPOMOHYIOTh HOBI MiIXOH
i pillleHHs, IO 3aCHOBaHI Ha aJaNTUBHHUX CHUCTE-
Max BeHTWIALil. [lepcrekTuBHUM € Tepexin Ha
aanTUBHI CUCTEMH 31 3MIHHOIO BHTPATOIO IOBIT-
ps, perynpoBaHi 3a (PaKTHYHOIO HAIIOBHIOBAHICTIO
CAJIOHIB MAacaKUpaMH, 3 THIUKALI€I0 3a TaTINKAMH
MPUCYTHOCTI 200 KOHIEHTpAIii BYIJIEKUCIIOTO Ta-
3y.

7.0mHUM 13 TOJIIOBHHX TOKa3HHUKIB KoMdopTy
JUISL TIACAYKUPIB TPAHCIOPTHUX 3ac00iB € SKICTh
MIOBITPSIHOTO Ta TETLIOBOTO PEKUMIB.
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YCOBEPHIEHCTBOBAHUE CUCTEM KU3HEOBECIIEYEHUSA
HACCAKHUPCKOTI'O HOABU/KHOI'O COCTABA: OB30P IATEHTOB

Heab. CoBepmeHCTBOBAaHNS OCHOBHBIX CHCTEM >XM3HEOOECHEUeHHUs, B T. 4. 00ECHedeHUE IMapaMeTpoB Kade-
CTBEHHOTO MHKPOKJIMMAaTa B BaroHE IOJABM)KHOTO COCTaBa, HaXoJATcs B (hOKyce BHUMaHUS m3oOperareneil u nc-
crenoBarenieil mupa. lccnenoBaHue HampaBIeHO Ha 0030p M aHANU3 IMATEHTOB B c(epe CHUCTEMbI KIMMAaT-
KoM$OopTa, OTOIUICHHS, BEHTIIANH U KOHIUIMoHupoBaHus Bo3ayxa (CCHVAC) xene3HOTOPOKHBIX MACCaXHP-
CKHX BaroHoB (xponosoruueckue pamku: 2011-2017 rr. co aus my6nukaiuu). MeToguka. B xome wmcciemoBanus
ObLT MpOBeNieH 0030p MaTeHTOB (3apyOekHBIX M oTeuecTBeHHBIX) B obmactu CCHVAC B maccakxmpckux TpaHc-
MOPTHBIX CPECTBAaX, B YACTHOCTH TaKUX, KaK >KEJIE3HOJIOPOKHBIE BarOHBI, UX ONTUMH3AIMU U CIIOCOOOB yIpaBiie-
HUs UMU. [JaTeHTHBIH MOUCK MPOU3BOJWICS MO OINpPEEeICHHBIM MOMCKOBBIM KPUTEPHUSM: KIIOUEBBIM CIOBaM, Bpe-
MEHHBIM paMKaM M B pa3IM4HBIX MAaTEHTHBIX CUCTeMax Mupa. Vcronb30BaH MeXAUCHUIIMHAPHBIN nmoaxon. Pe-
3yabTaThl. [lo urtoram noucka HaiineHo 157 nareHToB, U3 KOTOPBIX BeIOpaHO Juis aHanu3a 21 nokymeHT. [lateHThI
CUCTEMAaTH3HpOBaHbl B Tpu Tpynnsl: «HoBble TexHHMYeCKME M TEXHOJIOTUYECKHE pEIIeHHs B CHCTEMax
u cpencreax ¢pyHkuuoHnpoBauus HVAC», «HoBble U ycOBepIIeHCTBOBaHHbIE PELICHUS [UISl YIPABICHHUS CHCTEMOM
HVAC B TpancnoptHOM cpenctse», «O30HHpOBaHHE BO3AyXa B MACCAKHMPCKUX BAaroHax». Y CTaHOBJIEHO, YTO BCE
TIATEHTHI OJTHMM U3 aCIIeKTOB MMEIOT PEIICHHS BOIIPOCOB 00Jiee IKOJIOTMIHOTO, SHEPT03(H(PEKTUBHOTO U Oe301macHo-
ro npumeHeHus cucteM CCHVAC Ha xene3HonopokHOM TpaHcropre. HayuHasi HoBu3Ha. J[okazaH BBICOKMH
YPOBEHb TIPOHMKHOBEHHUS CBS3eH B pPAa3MYHBIX TEXHHYECKMX OONACTAX, K KOTOPBIM OTHOCSATCS IaTEHTHI
mo CCHVAC. VYcraHoBIeHO, YTO IJIsI HUX XapaKTEePHBIM SBIIETCS Ha3HadeHHWE OOJBIIMHCTBA MAaTEHTHBIX
pelIeHni 11 HCIOJb30BaHMS HE B Cyry0O JKEIe3HOJOPOXKHOM oOTpacim, a BOOONIE HAa TPaHCIOPTE.
IIpakTHyeckas 3HaYUMOCTb. [loaTBEpKIEHNE BHICOKOTO YPOBHS IPOHUKHOBEHHUS CBA3EH B Pa3IMYHBIX TEXHUYE-
CKHX 00JacTAX MO3BOJMT OTpaxkaTh Hamuune TexHndeckux mnpobdiem o CCHVAC u TeXHOMOTHH UX peuieHus: BO
BceM Mupe. IT1o OyIeT crocoOCTBOBATH O0Iee HHTEHCUBHOMY TEXHOJIOTHYECKOMY MOBEMY B COBEPIICHCTBOBAHUU
CHCTEM >KH3HEO0ECTIeYeHN TACCAXUPCKOTO MOJBIKHOTO COCTaBa.

Kniouegvie cnosa: maccaKMpCKUH TONBM)KHOW COCTaB; >KEJIE3HOJOPOXKHBIH BaroH; NMaTEeHT; CHCTEMa KJIMMart-
KoM(}OpPTa; OTOIUICHHE, BEHTIILIUA U KOHIuIoHnposanue; HVAC

S. R. KOLESNYKOVY

YDep. «Cars and Car Facilities», Dnipropertrovsk National University of Railway Transport named after Academician V. La-
zaryan, Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (056) 375 15 71, e-mail ser.koles13@gmail.com,
ORCID 0000-0002-0487-9257

IMPROVEMENT OF LIFE SUPPORT SYSTEMS OF PASSENGER
ROLLING STOCK: PATENT REVIEW

Purpose. Inventors and researchers of the world are focused on improvements of basic life support systems in-
cluding provision of quality microclimate parameters in a car of the rolling stock. The research is aimed at review-
ing and analyzing patents in the field of climate comfort, heating, ventilation and air conditioning (CCHVAC)
of railway passenger cars (the chronological framework: 2011-2017 from the date of publication).
Methodology. During the study there were reviewed patents (foreign and domestic ones) in the field of CCHVAC
in passenger vehicles, in particular railway cars, their optimization and ways of managing them. Patent search was
carried out according to certain search criteria: keywords, time frames and in various patent systems of the world.
An interdisciplinary approach was used. Findings. Based on the search results, 157 patents were found, 21 docu-
ments of which were selected for analysis. Patents are systematized into three groups: "New technical and techno-
logical solutions in systems and functioning facilities of HVAC ", "New and improved solutions for HVAC system
management in a vehicle", "Air ozonation in passenger cars". It is established that all patents have one of the aspects
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that have solutions to the issues of more environmentally friendly, energy efficient and safe application of
CCHVAC systems in railway transport. Originality. It was proved a high level of link penetration in various tech-
nical fields, which include patents with CCHVAC. It is established that it is characteristic for them to designate the
majority of patent solutions for use not in the purely railway industry, but in transport in general.
Practical value. Confirmation of the high level of link penetration in various technical fields will make it possible
to reflect technical problems with CCHVAC and technologies for their solution throughout the world. This will con-
tribute to a more intensive technological upgrade in the improvement of life support systems for passenger rolling
stock.

Key words: passenger rolling stock; railway car; patent; climate-comfort system; heating, ventilation and air
conditioning; HVAC
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MATEMATUYHA MOJIEJIb BATOHA JIU3EJIb-TIOI3JA JIIKp-2

Mera. Y HayKoBiif poOOTi Ha OCHOBI MeXaHIYHOI Mozemi BaroHa au3enb-nioizna J[1Kp-2 BupobrmuTBa Kprokisch-
KOT0 BaroHOOYAIiBHOTO 3aBOXy MOTPIOHO MOOYyOyBaTH MaTeMaTHYHY MOJENb IUIA BHBUCHHS AWHAMIYHUX SIBHIIL, SKi
BUHUKAIOTH IIPU PYCi pyXOMOTO CKJIaay 1o PeHKOBiH Kodii K Ha MPSIMUX, TaK 1 Ha KpUBHX AiUIsHKaX. Meroauka. J{is
noOyIOBH MaTeMaTUYHOT MOAEINI CKIANAeThesl cucTeMa 3 38 mudepeHIianbHuX PiBHAHb pyXy Iusenb-moizga. [lpu
BUKOPUCTaHHI B LEHTPAJIBHOMY PECOPHOMY IMi/IBIIIYBaHHI ITHEBMATHYHOI PECOpH il eKBIBaJIEHTHA MEXaHIYHA MOJEIb
NPENCTaBISEThCS y BUIIIAI By3ia KenbBina-QDoiirra, sikuii BKIIOYae y cebe mapaienbHO PO3TAIOBaHWI MPYKHHUA
€JIEMEHT Ta eJIeMEeHT B’s3Koro Tepts. [lomatiuBicTs peliKoBOi KOl BpaXOBY€EThCS MPYKHUM Ta AUCUIIATHBHUM eJie-
MeHTamu. [Ipu MozenoBaHHI MpuitMalioch, 110 KOJIICHA apa Ta B3aEMO/IiI04a 3 Hel0 Maca KOJlil pyXaroThcs 0e3BipH-
BHO. B skocTi 30yproBaHHsI ITpU JOCHIPKEHHI BUMYIICHHX BEPTHUKAJIbHMX Ta TOPU30OHTAIBHHX KOJWBAHb NPUHAHSITI
TeOMETPUYHI HEPIBHOCTI JIiBOT Ta mpaBoi peiiok. PesyabTaTn. Ha ocHOBI mpuitHATOT MeXxaHI4YHOT MO/l BaroHa Ju-
3enp-moi3aa Oyno MoOyJoBaHO MaTeMaTH4YHY MOJENb, sIKa CKIAmaeThes 3 38 mudepeHIianbHUX PIBHAHBb PYXY.
HayxoBa HoBu3Ha. Brieprie s BaroHa mmsenb-moizaa AIIKp-2 Oyma po3poOieHa HOro mpocTopoBa MaTeMaTHYHA
MOJIEINb i3 ypaxyBaHHAM OCOOJIMBOCTEH B3a€MO/IIl OKPEMHX €JIEMEHTIB KOHCTPYKIIii Ta MOXKJIMBOCTI IPOCAIKH PEHKO-
Boi komii. [Ipu moOymoBi MaTeMatmaHOi Mojemi Oyio 3ampONOHOBAHO BPaXOBYBATH IOAATIUBICTH PEHKOBOI KOl
NPYXXHUM Ta JAWUCHUIATHBHUM eyieMeHTamu. IIpakTu4yHa 3HaYMMicTh. MaTeMaTHdHa MOJENb BaroHa AM3elb-101371a
OyJie BUKOPUCTOBYBATHCS JJIsl BUBUCHHs IMHAMIUYHHMX SIBHI Ta BU3HAYCHHS JWHAMIYHUX HaBaHTA)XEHb €JIIEMEHTIB
KOHCTpYKIIi y Tpolieci ekcrutyaraiil. BUBYEHHS 1IMX SBUIL HEOOXITHO ISl ONITUMAIILHOTO BUOOPY CXEMH Ta IapaMeT-
piB 00JaAHAHHS PyXOMOTO CKJIajly, 30KpeMa BiOpO3axMCHUX MPUCTPOIB (PECOPHOTO MiBIIIYBaHHS, TOPU3OHTAIBHHX,
TO3/I0BXKHIX Ta MOMEPEYHUX 3B’SI3KIB KOJIICHUX Tap i3 paMolo Bi3Ka, Bi3Ka 3 Ky30BOM), & TAKOXK JUIsl 3MEHIIEHHS AMHA-
MIYHHUX CHJI, IIFOYMX HA CIEMEHTH KOHCTPYKIIT PyXOMOTO CKJIIy Ta PEUKOBY KOJIIIO.

Kniouosi crosa: maremMaTnyHa MOJIENb; TU3ENIb-TI0I311; CUCTeMa Mu(epeHIialbHAX PIBHAHB; MTHEBMATHYHA PECO-
pa; pecCopHe MiBIlTyBaHHS

OcHOBHe 3aBJaHHS JOCITIKEHHS] TUHAMIYHUAX
Beryn MIPOLIECIB Y CHCTEMI «PYXOMHM CKIaI—KOIis» TO-
JsiTae 'y BU3HAYEHHI ONTHMAJIbHUX 3HAYCHb Mapa-
METpIB Ii€i CHUCTeMH, MPHU SIKUX 3HAYHO 3HUKY-
IOTBCS aMIUTITy/Td KOJMBAaHb 1 JWHAMIYHI CHIIH.
[Tig mapameTpamu po3yMitOTh Ta0apuUTHI PoO3MipH,
MacH, JKOPCTKOCTI B’si3eit. J{j1sl BU3HAUEHHS ONTH-
MaJbHHUX TapaMeTpiB HEOOXiTHO MOCIITUTH KOJIH-
BaJIbHI MIPOLIECH PYXOMOTO CKJIAAy 1 1Oro okpeMux
YaCTUH, BCTAHOBUTH KPUTEPIi JUIsl OI[IHKH TLIABHO-
CTI XOAmy, CTIMKOCTI MpPOTH CXOKEHHS 3 PEHoK,
BiOpauii enementiB [12]. 3 Touku 30py AMHAMIKH

Bracniok B3aemoJii XOIOBUX YacTHH 13 BEpX-
HBOIO OYJIOBOIO KOJIii y Tporieci eKcrutyaTamii py-
XOMOT'O CKJIa/ly BUHHKAIOTh B3a€MHI MepeMillieHHSI
€JIEMEHTIB KOHCTPYKLIi IU3eNb-TI0134a, a TaKoX
JTUHAMIYHI CHJIA Ta MOMEHTH, BEJIUYMHU SIKUX HE-
00XiZHO 3HATH IS 3a0e3rmeueHHS KOMQOPTHHUX
YMOB MEPEBE3CHHS MacaXupis Ta 1x Oesmnexu [1, 6].

3ycuiuis, 0 BUHHMKAIOTH, y 3HAYHIM Mipi 3aje-
JKaTh BiJl KOHCTPYKIIT pyXOMOT'0 CKJIajly, CTaHy HOro
XOJIOBHX YaCTHH Ta BepXHbOi OyoBu Koutii [8-11].
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MeXaHi4Ha YacTHHA PYXOMOTO CKJaay MOBHHHA
BIIIIOBIATH TAKUM BAMOTAM:

— 3a0e3mneuyBaru CTIHKICTh pyXy eKilmaxy;

— 3a0e3neuyBaTd BUKOHAHHS YMOB MIiLlHOCTI
€JIEMEHTIB EKiNaxy;

— BIAMOBigaTH BEMOTaM J0 SKOCTI MEXaHIYHOT
YaCTUHH.

B po6orti [5] Oyna 3anpornoHoBaHa MIPOCTOPOBa
MeXaHigHa MOJIENb (PO3paXxyHKOBA CXeMa) JH3ENb-
moi3za, sIka BpaxOBY€e OCHOBHI BIIACTHUBOCTI JOCIi-
JOKYBaHOTO 00’ €KTa.

Merta

Ha ocHoBi MexaniuHOi Momeini BaroHa (y BH-
i By3na KenbBina-doiirra) nu3enb-moizaa

Za

HIIKp-2 BupoOHuuTBa KprokiBcbkoro BaroHoOy-
IIBHOTO 3aBOMy IMOOyAyBaTH HOTO MaTeMaTH4HY
MOJIETIb JJIsl BUBUCHHS TMHAMIYHHX SBUIL, SKi BHU-
HUKAIOTh MIPU PYCi pyXOMOI'O CKJIAAy MO PEHKOBIH
KOJIi SIK Ha MPAMUX, TaK 1 Ha KPUBHUX IUISHKAX.

MeToauka

O0’€eKTOM JOCIIKCHHS € BarOH MMacaXHPChKO-
ro amsenb-moizna AIIKp-2 BupoOHMnTBa Kprokis-
CBKOTO BaroHoOy/IiBHOTO 3aBoxy. MeTomom mare-
MaTUYHOI'O MOJEIIOBAaHHS Ha OCHOBI HPUHHATOI
PO3PaxyHKOBOI CXeMH HEOOXiHO MO0y yBaTH MO-
Jenb pyxy moizaa. MexaHiuHa MOJeNb BaroHa JIu-
3eIb-TI013/1a HalaeThCsl Ha puc. 1-3.

B

Puc. 1. Mexaniuna Mmozmens BaroHa nu3enb-noizna JIKp-2 B mromuni ZX

Fig. 1. Mechanical model of the diesel train DTKr-2 car in the plane ZX
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Puc. 2. MexaniuHa Mojienb Barona au3enb-noizaa JI[1Kp-2 B mnomuai YX

Fig. 2. Mechanical model of the diesel train DTKr-2 car in the plane YX
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Puc. 3. Mexaniyna Mozesns BaroHa ausenb-noizaa JI1Kp-2 B miomuni ZY

Fig. 3. Mechanical model of the diesel train DTKr-2 car in the plane ZY

[puiimaeMo HACTYTHI TPUMYIIEHHS:

—Ky30B, paMH Bi3KiB i KOJICHI TapH po3riisiyia-
I0TBCS SIK a0COIOTHO TBEP/i Tijla, TOMY IO iX KO-
PCTKOCTI 3HA4YHO IMEPEBUIIYIOTH YKOPCTKOCTI Tpy-
KHHX €JIEMEHTIB, 110 iX 3 €IHYIOTH;

—IEHTPH Mac WX TBEPJUX TiJl CIIiBHAAIOTH i3
iX reOMeTpUYHUMH ICHTPaMHU;

—PO3MIIANAIOTHCSl KOJMBAHHSA MiJICTpUOYBaHHS,
OOKOBOTrO BHMHOCY, NOCMHKYBAaHHsI, TaJOIyBaHHS,
OOKOBOTO XUTaHHSI, BUJISIHHSI,

—BEJIMYMHU JKOPCTKOCTEH 1 Koe(illieHTIB 3ra-
CaHHS PaxyIOThCS OJHAKOBUMHM ISl BiATIOBIIHUX
€JIEMEHTIB PECOPHOTO MiBIIIyBaHHS Pi3HHUX Bi3KiB
1 KOJIICHUX Tap;

—TIPYXHi 1 TUCUMATHBHI CHJIM BBAXKAIOTHCA [li-
IOYMMU TI0 OCi BiATIOBIZIHOTO MPYXHOTO 1 JUCHIIA-
THUBHOTO €JIEMEHTA;

—Ipy>XKMHA 1 apanenbHui 11 TigpaBiIiuyHui ra-
CHHMK KOJIMBaHb BBaXKAIOTHCS 3aKPIIUIEHUMH B OJI-
Hiit Toui [4, 7];

—HE BpPaXOBYETHCS KOPCTKICTh KOHTAKTy «KO-
neco—penkay;

—KOJIICHA T1apa Ta B3a€MO/Iil04a 3 HEel0 Maca Ko-
i pyxawTbcs 0€3BiPHUBHO;

—SIK TpUYMHU 30ypIOBaHHS MPUHHSITI TeoMeT-
PpHUYHI HEPIBHOCTI JIiBOT 1 PaBoi peHKH.

I3 HaBemeHMX TPHOX MPOEKIIH MeXaHIgYHOI
CXEMH BHIHO, III0 KOJIMBAHHS NPUHHATOT VIS JI0C-
JDKEHHST MOJIeNl BaroHa JAW3eNb-TIOi3Ja i peiko-
BO1 KOJIii MOXKYTh OyTH ONUCaHi HACTYITHUMH y3a-
raJlbHEHUMH KOOPJMHATaMH: MiACTPHOYBaHHA Z,_,
MNOCMHUKYBAaHHA X_, O0OKOBOro BUHOCOM Y, , rajo-
MyBaHHS ¢ _, BUWISHHA \,_, OOKOBOro XHMTaHHSIM
0, Ky3oBa; miJcTpuOyBaHHS Z

Bj > MMOCMHKYBAaHHSA

Xy » OOKOBOTO BHHOCY Ysj» TAIONYBaHHA @ , BH-
nsHES. Wy, GokoBoro xuramns 6, pam Bi3kiB
(J=1-2 nHomep paMu Bi3Ka); MiICTPHOYBaHHS

Z,,.;» NOCMMKYBaHHS X, ., OOKOBOrO BUHOCY Y, .,

KI1i 2 K1 ?

BIJISIHHSA \,;, OOKOBOTO XHMTaHHA 0, KOJICHHX
nap (i =1—4 — HoMep KOJIICHOT apH).

Sk 3a3HaYEHO Y PUNYIICHHI, IEHTPH PYXOMHX
CHCTEM KOOPIMHAT PO3TAIOBYIOTHCA B IIEHTpPax

doi: 10.15802/stp2018/123079
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Mac BIJIOBIJIHUX EJIEMCHTIB PO3PaxyHKOBOI CXe-
MH. BpaxoByroun Tako)X NMPHITYIIEHHS, 0 KOJIiC-
Ha Tapa i mpuBeAeHa 10 Hel Maca Kol pyXarThcs
0e3Bi1IpUBHO, OTPUMYEMO 38 CTYIECHIB BIILHOCTI.

Crin 3a3Ha4MTH, O B peAIbHUX KOHCTPYKIISX
ITHEBMAaTUYHA pecopa BCTAHOBIIOETHCS Ha Bi30K
eKinaxka, a 3BepXy Ha Hel OUPAETbCS Ky30B. ToMy
B CKJIaJICHUX PIBHAHHAX OyJe BpaxoBaHO, IO 000-
JIOHKY ITHEBMAaTH4HOI pecopH ae(opMyIoTh KOJIH-
BaHHsA Ky30Ba z_1Bi3Ka z,.

3anuuieMo akTUBHI NPY>KHI CHITH, Jif0Yl HA KYy-
30B, Bi3KH Ta KOJICHI MapH, Ki BHHUKAIOTh y BEp-
TUKAJIbHOMY, IIOIEPEYHOMY Ta I0340BXHbOMY
HaTpsMKax:
FZKn = OHCy (ZK * az(pyx + a3ex)

dKa BHWHHKAaE Tpu aedopmarii

— TIpyKHa BEPTH-
KaJbHA CHJIA,
N-i MHEBMATHYHOI PeCOpH (n =1—4) mij Jac Ko-
JMBaHb Ky30Ba;

FZB n = 9y (ZBj + Cl3ij )
CWia, sKa BHWHUKAaE mpu nedopmariii 00OIOHKH
n-i MHEeBMAaTHYHOI pecopu MiJ Yac KOJMBAaHb
] -ro Bi3Ka;

Fyxn = MHCoon (yK * LY+ a59K) — HpyxxHa ropu-
30HTaJbHA TIONEpeYHa CUIIa, sIKa BUHHUKAE TpH Jie-

¢dopmarii 06010HKH N-1 THEBMATHYHOI PECOPH i
4ac KOJHMBaHb Ky30Ba;

Npy’KHa BEPTHUKaIbHA

Foon =%C00n ( Ve —aGOBj) — Hpy’KHa TOPU30HTAlIb-

yB R

Ha MOTIepeYHa CUIIa, SIKa BUHUKAE NpH nedopmariii
00OJIOHKH N-i MHEBMATHYHOI PECOPH IIijl Yac KO-
JIMBaHb | -TO Bi3Ka;

Fxxn = o3 (xx + aS(pyK * a3\‘|j}() — IIpy’)KHa ropu-
30HTaJIbHA MTO3/IOBXKHS CUJIA, SIKA BUHUKAE MPU JIe-
¢dopmarii 06010HKH N-1 THEBMATHYHOT PECOPH TTijT
9ac KOJIMBaHb Ky30Ba;

Fion =900 (xw. + a3\ij) — IIpY>KHa FT'OPU30HTAJIb-
Ha TIO3/I0BXKHSI CHJIa, sSika BUHHKAE Tipu Aedopmariii
00O0JIOHKH N-i TTHEBMATHYHOI pEcoOpH MiJx Yac Ko-

JIHBaHb | -TO Bi3Ka;
Fang 29"‘31(251 a9, 161493]) — TIpYy)XHa BEpTH-

KaJbHAa CcWJa, sIKa BUHHKAae 1pH aedopmaii

g -1 OyKCOBOiI PYXHHU (g =1—8) ITiT 9ac KOJIH-
BaHb | -TO Bi3Ka;

Frag = ¢ (Zoi F @40, ) — TPYKHA BepTHKATbHA
cuiia, sSika BUHUKAE npu nedopmarii g -1 6ykcoBoi
MPYXUHH TiJ 9ac KOJNMBaHb |- KONICHOT mapu

(i=1-4);

FXB s = HCcan6nox (xBj + a7(‘pyBj * a4\VBj )

TOpHU3OHTAJIbHA ITO30BXHS CHUJIa, IKa BUHUKAE IIPU

Ipy’XKHa

nedopmartii S -ro caneH-0oka (S =1—8) mig gac
KOJINBaHb | -TO Bi3Ka,

Fxxn s = chcan.ﬁnox (xxni * a4WKHi )
30HTaJIbHA MMO3/I0BXKHS CUJIA, SIKAa BUHUKAE MIPH JIe-
(dopmMmarrii S -ro caneH-OJIOKa MiJg 4Yac KOJUBaHb
i -0i KOJTiCHOI Mapu;

Frug = on (ysi tay, + a7ij)

30HTaJIbHA IOICpCYHa CUJia, AKa BUHUKAE IIPpU OC-

Mpy>XHa TOpH-

— TIpyXHa TOpH-

dopmarii g -i 6ykcoBOI NPYKUHU (g =1—8) BijI
i KONUBaHb | -TO Bi3Ka,

F Cyon (Vi) — TIPY’KHA TOPH3OHTAIIBHA ITO-

YK g = ron
IepeyHa Ccuia, SKa BHHAKAE TIpu JedopMariii
g-i OykcoBoi TpYKHHHM TMiJI 4Yac KOJUBAaHb
i -1 KOJiCcHOT mapwu;
F. Fy — TIO3/IOBXKHI Ta MOTEePEYHi CHIIA KPITICHHS
B KOHTAKTI «Kojieco—peiikay [2, 3, 14-16].

st onvicy KOJNMMBaHb il 4ac MOOyI0BH MeXa-
HIYHOI MOJIeJIi BaroHa JU3eb-110i3/1a, Y IeHTpallb-
HI{ CTyIIEHI PECOPHOTO MiJBIIlTyBaHHS SKOTO BH-
KOPHCTOBYIOTHCSl TTHEBMAaTHYHI PEcopu 3 Mapase-
JBHO JI0 HUX BCTAHOBJICHWUMH T1JPaBIIYHUMH Trac-
HUKaMH  KOJIMBaHb, OTPHMAaHO MaTEeMaTH4HY
MOJIeJIb, KA CKJIAAAeThes 3 38 mudepeHIiaabHuX
PIBHSIHB JPYTOTr0 TMOPSIKY.

Pe3yabTaTtu

Ha ocHoBi po3paxyHkoBoi cxemu Oyna moOy-
JIOBaHA MaTeMaTHYHa MOJIeNIb BaroHa JU3ellb-
noizna JITKp-2.

Jlana  maremaTtm4Ha
HACTYITHUM YHHOM:

MOICIb BUTJII A€

Ky3o06
[MincTpubyBanHs

m -z +4B,, -2, +4B, - 2, +4oicy, - z

K

— 2010y 2y — 2010y Zp — 2By 2y — 2By 2 — 2By -2, — 2P, - 2

»=0

B.
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HaykoBa HOBU3HA Ta NPAKTHYHA
3HAYUMICTh

Brepmie mnst Barona mmsens-moizma JITKp-2
Oysia po3poliieHa HOTro MPOCTOPOBAa MaTeMaTHYHA
MOJIeTTh 13 ypaxXyBaHHSIM OCOOJIMBOCTEH B3a€MOJIil
OKpEMHX €JIEMEHTIB HOro KOHCTPYKILIi Ta MOXIH-
BOCTI mpocaaku peiikoBoi kouii. [Ipu moOymosi
MaTeMaTHYHOI Mojieii OyJio 3ampONOHOBAHO Bpa-
XOBYBaTH IMOJAATJIMBICTh PEHKOBOI KOJIii 3a J0mMO-
MOTOI0 MPYKHUX Ta JUCUTIATUBHHUX €JIEMEHTIB.

MaremaTyHa MOJETbh BaroHa JIW3eNb-TOi31a
Oyze BUKOPHUCTOBYBATHUCS Ui BUBYCHHS TUHAMIY-
HUX SBUII Ta BHU3HAYEHHS AWHAMIYHUX HaBaHTa-
JKEHb €JIEMEHTIB KOHCTPYKIII y TpOIleci eKCIuTya-
Tauii. BUBYeHHS IMX ABUI HEOOXIZHO IS ONTH-
MaJILHOTO BHOOpY CXEeMH 1 mapaMeTpiB oOsagHaH-
HSl PyXOMOTO CKJIaJy, 30KpeMa BiOpO3axXUCHUX
MPUCTPOIB (PECOPHOTO Mi/BINIYBaHHS, TOPU30HTA-
JBHUX, TIO3/I0BXKHIX Ta MONEPEYHUX B’sI3ei Koic-
HUX Iap i3 paMor0 Bi3Ka, Bi3Ka 3 Ky30BOM), a Ta-

KO JUIS 3MEHIIECHHS JUHAMIYHUX CHJI, SIKI JiIOTh
HA EJIEMEHTH KOHCTPYKIIT PyXOMOTO CKJIAy Ta
PENKOBY KOIIFO.

BucnoBku

1. Ha ocHOBI npuitHATOT pO3paxyHKOBOi CXeMHU
Oyna moOyJoBaHa MPOCTOPOBa MaTeMaTH4Ha MO-
Jens BaroHa am3enb-mnoizna JIIKp-2 mis BuBueH-
HSl JMHAMIYHUX SBUII, SKi BUHUKAIOTh Y PYXOMO-
MYy CKJIaJli Ta PEeMKOBIii KOTii.

2.Po3paxyHku MaremMaTudHOi Mozemni OymyTh
MPOBOJUTHCS B KOMIT FOTEPHOMY  CEpEJIOBHUIII
Maple.

3. OTpumani pe3ynbTaTi OyAyTb MOPiBHIOBATH-
csi 3 pe3ylNbTaTaMd EeKCHEepUMEHTAIBHUX JIOCHi-
JDKEHB.

4. HanpsiMKkamM# TOAANBLINX JOCIiIKEHb € BU-
KOPHUCTaHHS OTPUMAaHOI MOJENI I JTOCIIHKSHHS
CHJIOBOT B3a€MOJIiI PyXOMOTO CKIIaly 3 PEUKOBOIO
KOJII€I0 MU HOTO pyci SIK Ha MpSIMHX, TaK 1 Ha
KPUBHX IUISTHKAX KOJIi.

doi: 10.15802/stp2018/123079

62

© C. A. Koctpus, 1O. I'. Cobonescrka, A. 5. Kysummn, A. B. barir, 2018



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

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponeTpoBchkoro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOTO Tpancnopty, 2018, Ne 1 (73)

EKCIIIYATALIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

10.

11.

12.

13.

14.

15.

16.

CIIMCOK BUKOPUCTAHUX JIKEPEJI

JlnHaMuka JIOKOMOTHBOB : yue0. mocobue / M. A. U6parumos, B. 1. Kucenes, B. A. Pamios, A. B. Ckanun. —
Mocksa : PITOTVIIC, 2005. — 128 c.

JlnHaMuKa yCTaHOBHUBILIETOCS IBIKCHNUS IOKOMOTHBOB B KpuBhIX / C. M. Kynenko, A. 3. Pycco, D. I1. Enbaes
[7 mp.] ; mox pen. C. M. Kynenko. — XappkoB : Bercmr. mk., 1975. — 132 c.

Hoponun, C. B. J/IBmwkeHHe MHOTOCEKITMOHHBIX JOKOMOTHBOB B KPHBBIX Majoro paamyca : MoHorpadwus /
C. B. Joponun. — Xabaposck : M3x-so JIBI'YIIC, 2009. — 220 c.

Wbpaes, b. M. [lapameTpbl THEBMAaTHYECKOTO PECCOPHOTO IOJIBEIIMBAHUS PEIbCOBOro aBToOyca s Kazax-
CTaHCKOH JKeJIe3HOW JOpory : aBToped. AuC. ... KaHA. TexH. Hayk : 05.22.07 / 6paeB beitour MakcyToBuY ;
Mock. roc. yH-T myteii coobmenus. — Mocksa, 2009. — 24 c.

Kyszummn, A. 5. [TobymoBa MexaHigHOT MoJieni BaroHa qu3senb-noizna AITKp-2 ta ii ocobnusocti / A. f. Ky-
summH, A. B. barir / Hayka Ta mporpec tpancmopry. — 2017. — Ne 6 (72). — C. 20-29.
doi: 10.15802/stp2017/117936.

Massnes, A. C. KoHCTpyKIMHK 1 JUHAMEKA SJIEKTPHYECKOTO ITOIBIDKHOTO cocTaBa : MoHorpadust / A. C. Ma3Hes,
A. M. EBcradpeB. — Mocksa : ®TBOY «Yued.-MeToa. eHTp 1Mo 00pa30BaHMIO Ha XK.-1I. TpaHCIL», 2013. — 248 c.
Peiinemeiictep, A. I'. 3aBUCUMOCTH CBOMCTB MHEBMAaTU4YECKOW PECCOPBI OT MHEBMATHYECKOTO CONPOTUBIICHUS
npoccens / A. T'. Petinemeiictep, A. B. Kusumesa // Hayka Ta mporpec tparcmopty. — 2016. — Ne 2 (62). —
C. 157-164. doi: 10.15802/stp2016/67339.

Coxkom, 2. H. XKene3HogopoKHO-TpaHCIIOPTHOE TpouciecTBre U ero mexanusMm (CyzaeOHas skcrepTusa. Jie-
MEHTBI TEOPHHU U TpakTHKK) : MoHorpadus / 3. H. Cokon. — JIeBos : [TAIC, 2011. — 376 c.

Coxon, O. H. «Kmaccuueckuii» cX0a ¢ pelibCOB MOABHIKHOTO cocTaBa : Mmeroia. mocodbue / D. H. Cokomn,
A. A. TlepeitmbiOuna, J1. A. Pagkesuu ; mon pea. 3. H. Cokona. — Kues : ®enukc, 2006. — 168 c.

Cokomn, D. H. Kpymienus xene3HonopoxxHeix moes3nos (CyneOHast sKcriepTH3a. DJIeMEHThl TEOPUH U MPAKTH-
ku) : moHorpadwus / 3. H. Coxon. — Kues : ®dennkc, 2007. — 355 c.

Coxomn, 3. H. Cxompl ¢ pembCOB M CTONKHOBEHHUS MOABIKHOTO cocTaBa (CyneOHas sKkcmepTH3a. DIEMEHTHI
teopun 1 npakTuky) / 3. H. Cokon. — Kues : Tpancriopt Ykpainn, 2004. — 386 c.

Tpodpumorud, B. B. /IluraMuka 371eKTpONOABIDKHOTO cocTaBa : Kype jekmmii / B. B. Tpopumosmu. — Xaba-
posck : M3n-so ABI'YIIC, 2004. — 94 c.

Application of an inclined, spinning ball-on-rotating disc apparatus to simulate railway wheel and rail contact
problems / Y. Xi, M. Bjorling, Y. Shi, J. Mao, R. Larsson // Wear. — 2017. — Vol. 374-375. — P. 46-53.
doi: 10.1016/j.wear.2016.12.034.

Kalker, J. J. On the rolling contact of two elastic bodies in the presence of dry friction : Ph.D. Thesis /
J. J. Kalker ; University of Technology. — Delft, 1967. — 112 p.

Non-steady state modelling of wheel-rail contact problem / A. Guiral, A. Alonso, L. Baeza, J. G. Giménez //
Vehicle System Dynamics. — 2013. — Vol. 51. — Iss. 1. — P. 91-108. doi: 10.1080/00423114.2012.713499.
Wheel-rail contact: experimental study of the creep forces—creepage relationships / A. Alonso, A. Guiral,
L. Baeza, S. lwnicki // Vehicle System Dynamics. — 2014. — Vol. 52. — Iss. supl. — P. 469-487.
doi: 10.1080/00423114.2014.907923.

C. A. KOCTPULIAY, 10. T'. COBOJIEBCKAS®, A. SI. KY3BIIIVH®", A. B. BATUT'™"

1*Ka(b. «Teopernueckas ¥ cTpouTENbHAsI MEXaHUKa», J{HENponeTpoBCKUN HAlIMOHAIBHBIM YHUBEPCUTET KEJI€3HOI0OPOKHOTO
TpaHCIOpTa MeHHU akanemuka B. Jlazapsna, yiu. JlazapsHa, 2, [Jaunpo, Ykpauna, 49010, ren. +38 (056) 373 15 11,

ai1. moura kossa571@gmail.com, ORCID 0000-0002-7922-0975

Z"Kad. «DyH1aMeHTaIIbHbIE JUCIHIUTHHBD, J{HEIPONeTPOBCKUil HALMOHATLHEI YHHBEPCUTET KENE3HOLOPOIKHOIO TPAHCIIOPTa
nMeHHu akanemuka B. Jlazapsina (JIbBoBckuit prtran), yin. M. bnaxkesuya, 12-a, JIbBoB, Ykpauna, 79052, ten. (032) 267 99 74,
a11. moura sobolevskyu@gmail.com, ORCID 0000-0002-8087-2014

¥ J1a6. «XKene3HOLOPOKHO-TPAHCIIOPTHBIE HCCIIEIOBAHMS, JIbBOBCKMI HAYIHO-HCCISAOBATENBCKUI HHCTHTYT CyIeGHBIX
9KcHepTH3, yi1. Jlunuuckoro, 54, JIbBoB, Ykpaunna, 79024, tex +38 (032) 231 76 13, sn. noura kuzyshyn1993@gmail.com,
ORCID 0000-0002-3012-5395

4 J1a6. «JKene3HoI0pOIKHO-TPAHCIIOPTHBIE HCCIEA0BAHMs, JIbBOBCKHH HayTHO-HCCIEI0BATENLCKUIT HECTHTYT CyIeGHBIX
9KCTepTu3, yi. Jlunmuckoro, 54, JIbBoB, Ykpauna, 79024, Ten +38 (032) 231 76 13, an. moura batigashal 992@gmail.com,
ORCID 0000-0003-1205-6004

doi: 10.15802/stp2018/123079 © C. A. Koctpus, 1O. I'. Cobonescrka, A. 5. Kysummn, A. B. barir, 2018

63


https://doi.org/10.1080/00423114.2012.713499
https://doi.org/10.1080/00423114.2014.907923

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

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponeTpoBchkoro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOTO Tpancnopty, 2018, Ne 1 (73)

EKCIIIYATALIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

MATEMATHYECKAS MOJEJIb BATOHA JU3EJIb-IIOE3JA AIIKp-2

Henn. B HayyHoll paboTe HA OCHOBE MEXaHWYECKOH Monenu BaroHa amsenb-noesfa JIIKp-2 mpowussojctsa
KprokoBcKOro BarOHOCTPOUTEIBHOTO 3aBOJIa HYKHO MOCTPOUTh €0 MaTeMaTHUECKYI0 MOJAETb AT U3ydeHHs JUHa-
MUYECKUX SIBICHUH, BOSHUKAIOIIUX MPU ABIKEHHH ITOJBUKHOTO COCTAaBa MO PEIbCOBOMY NMYTH KaK Ha MPSMBIX, TaK
W Ha KpUBBIX ydacTkax. Meroauka. /[y mocTpoeHuss MaTeMaTH4ecKol MOZEIH cocTaBisieTcs: cuctema u3 38 nud-
(epeHIMATBHBIX YPaBHEHHUH JBHXKECHUs AW3ENb-Toe3/1a. [Ipy MCroap30BaHUU B LIEHTPAJIbHOM PECCOPHOM IIOJIBE-
LIMBAaHUS THEBMATHYECKON PECCOPBI €€ SKBUBAJICHTHAs MEXaHUYECKask MOJENb MpeACcTaBiIseTcs B Buae y3na Kenb-
BrHA-DONrTa, KOTOPHIA BKIIOYAET B ceOsS MapajuieNIbHO PACIOJOXKCHHBIM YIPYTHHA 3JIEMEHT M AJIEMEHT BA3KOTO
TpeHus. [1o1aTIMBOCTh PENBCOBOTO IyTH YUYUTBHIBAETCS YNPYIMM M JUCCHUIATHBHBIM 3JeMeHTaMH. [Ipu Mozpemupo-
BaHWHU IIPUHUMAJIOCh, YTO KOJIECHAS Mapa W B3aMMOACHCTBYIOIIAs ¢ HEHl Macca IMyTH JBIKYTCsS 0e30TphIBHO. B ka-
YECTBE BO3MYIICHHS IIPH HMCCIIECAOBAHUY BBIHY)KICHHBIX BEPTUKAIBHBIX W TOPU3OHTAIBHBIX KOJICOAHWN MPUHSTHI
reoMeTpHUECKUe HEPOBHOCTH JIEBOM U IIpaBoil penbcoB. PesyabTarsl. Ha ocHOBe MpUHATON MeXaHUYECKOH MOAETH
BaroHa Ju3elib-oe3ja Obula MOCTPOEHA MaTeMaTHdecKas MOJIeNb, KOTopas COCTOMT U3 38 anddepeHInaibHbIX
ypaBHeHui nBrkeHus. Hayunasi HoBu3Ha. BriepBbie anst Barona jaumsens-noesna [I1Kp-2 Obuta pazpaborana ero
MPOCTPAHCTBEHHAA MaTeMaTu4YeCcKast MOA€CJIb C y4YETOM OCO6CHHOCTeﬁ BSaHMO[[eﬁCTBHﬂ OTACIBHBIX 3JICMCHTOB KOH-
CTPYKLMH M BO3MOXXHOCTH IIPOCAJKH PEJLCOBOrO MyTH. [IpM MOCTpOeHHHM MaTreMaTHYecKOd Mopaenu ObuIo
NPpEeIAJIOKCHO  YUUTBIBATHL IMOJAATIUBOCTL  PEJIIBLCOBOI'O nmyTa ynopyrumMm W JUCCUIIATUBHBIM  3JICMCHTaMHU.
IIpakTHyeckasi 3HAYMMOCTBb. MaTeMaTH4ecKasi MOJENb BaroHa JU3eIb-110e31a OyAeT UCIIOIb30BaThCs A H3yde-
HUS IMHAMHMYECKHX SIBIICHUH M ONpENENeHus AMHAMHYECKUX HArpy30K 3JIEMEHTOB KOHCTPYKIHMH B MPOLECCE IKC-
Iuryatanuy. M3ydeHue 3Tux sSBICHUH HEOOXOJMMO ISl ONTUMAILHOTO BEIOOPa CXEMBI M TapaMeTPOB 000pYAOBaHUS
MIOJIBIKHOTO COCTaBa, B YaCTHOCTH BHOPO3AIINTHBIX YCTPOMCTB (PECCOPHOTO ITOJBEIIMBAHUS, TOPU30OHTAIBHBIX,
MIPOJIOTBHBIX 1 MONEPEYHBIX CBSI3€H KOJIECHBIX ITap C PaMOM TENEKKH, TENIEKKN C Ky30BOM), a TAK)Ke JJISI yMEHbIII e-
HUS TUHAMHUYECKHUX CHJ, IEHCTBYIOIUX HA HJIEMEHTHI KOHCTPYKIHUHU MOABHYKHOTO COCTABA U PENIbCOBBIH MyTh.

Kniouesvie cnoga: MaTeMaTnieckas MOJENb; IU3€Ib-110€3/1; cucreMa TuddepeHHanbHbIX YpaBHEHUI; THEBMa-
THYecKas peccopa; pecCOpHOE MO BEIINBaHNIE
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MATHEMATICAL MODEL OF DPKR-2 DYZEL TRAIN CAR

Purpose. In order to study the dynamic phenomena arising when rolling stock moves along a rail track both in
the straight and curved track sections, the article is aimed to construct a mathematical model of DPKr-2 diesel train
car. It will be constructed on the basis of mechanical model of this car of Kryukiv Railway Car Building Works.
Methodology. To construct a mathematical model a system of 38 differential equations of the diesel train movement
is formed. When it is used a pneumatic spring in the core stage of spring suspension, its equivalent mechanical mo-
del is presented as Kelvin-Voigt knot. It includes a parallel elastic element and an element of viscous friction. Rail
track flexibility is taken into account by elastic and dissipative elements. During simulation it was assumed that the
wheel pair and the track weight interacting with it were moving intact. Geometric inequalities of the left and right
rails were accepted as disturbances when studying the forced vertical and horizontal oscillations. Findings. On the
basis of the adopted mechanical model of the diesel train car we constructed the mathematical model consisting of
38 differential equations of motion . Originality. For the first time, for the DPKr-2 diesel train car we developed its
spatial mathematical model taking into account the features of the interaction of individual elements of its construc-
tion and the possibilities of the rail track depression. When constructing the mathematical model, it was proposed to
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take into account the flexibility of the rail track by elastic and dissipative elements. Originality. The mathematical
model of the diesel train car will be used for studying the dynamic phenomena and determining the dynamic loads
of structural elements during operation. The study of these phenomena is necessary for optimal choice of the scheme
and parameters of rolling stock equipment, in particular antivibration devices (spring suspension, horizontal,
longitudinal and transverse joints of wheel pairs with the bogie frame, bogie with the body), as well as for reduction
of dynamic forces acting on the elements of rolling stock construction and rail track.

Keywords: mathematical model; diesel train; system of differential equations; pneumatic spring; spring
suspension
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DETERMINATION OF CHARACTERISTICS OF THROTTLING DEVICE
FOR PNEUMATIC SPRING

Purpose. This paper focuses on determination of the dependence of the working medium flow on the capacity of
the throttling device, its geometric features and the pressure difference in the pneumatic spring cylinder and in the
auxiliary reservoir. Methodology. Calculation of the dependence of the working medium and pressure drop is per-
formed in two ways: 1) by numerical simulation of a stationary gas flow through a throttling element; 2) its analyti-
cal calculation expression using empirical relationships (control calculation to evaluate the reliability of numerical
simulation results). For the calculation, three models of throttling devices were chosen. Dependence of the flow rate
of the working medium on the capacity of the throttling device and its geometric features was determined based on
the approximation of the dependency graphs of the pressure drop against the mass flow rate of the working medium.
Findings. We obtained graphical dependencies between the pressure drop and the mass flow rate of the working
medium from the two calculation options. Based on the results of calculations performed with the help of a software
package with visualization of the results, we calculated a proportionality coefficient that describes the dependence of
the working medium flow on the throttling device capacity and its geometric features for each of the throttling ele-
ments considered, with three degrees of closure. The air flow values, obtained by numerical simulation, are greater
than the flow rates obtained from semi-empirical formulas. At the same time, they are in good qualitative agreement,
and the quantitative difference averages 25%, which can be regarded as confirmation of the reliability of the nu-
merical model. Based on the calculation results, we plotted the proportionality coefficient graphs against the degree
of closure of the throttling device. Originality. The work allows determining the degree of influence of the frictio-
nal component on the variation of the pressure difference in the pneumatic cylinder and the auxiliary reservoir of the
pneumatic suspension system. Also, the work proposes a method to determine the dependence of the working medi-
um on the capacity of the throttling device and its geometric features. Practical value. The ability to predict the
operating parameters of the pneumatic system depending on the pneumatic resistance of the throttling device will
improve the car running characteristics, increase the comfort of passenger transport, and also reduce the wear of the
rolling stock and track gauge due to vehicle-track interaction.

Keywords: spring suspension; pneumatic spring; pressure drop

velling valve and pneumatic springs [16]. It is ne-
Introduction cessary to consider the generalized structure of an
equivalent mechanical model, adopted on the basis
of pneumatic spring tests (Fig. 1) [3].

The ability to perceive high horizontal and di-
agonal movements, as well as torsional resistance,
makes pneumatic suspension systems an attractive
solution for all types of bogies [3, 16].

In general, the pneumatic suspension system
(Fig. 2) on the car has the form of the pneumatic
cylinder 1 and the auxiliary reservoir 4 connected
to each other [17, 19, 22]. To regulate the dissipa-
tive and elastic properties of the pneumatic suspen-

Recently, pneumatic springs have become very
widely used on trans-regional trains, high-speed
trains [3, 16]. The advantage of pneumatic spring
as an element of spring suspension is that it can be
used to realize large static deflections in the se-
condary spring suspension (up to 300 mm) and to
obtain a noise reduction in the passenger compart-
ments. In addition, for lines with raised platforms it
iS necessary to maintain a constant floor height of
the car regardless of the number of passengers in
the car. This is provided by the operation of a le-
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sion system, the throttling element 2 is located in
the connection fitting 3.

To calculate the properties of the pneumatic
system shown in Figure 1, there is a significant
number of mechanical models.

F

L,

X3

L,
il

G e

Fig. 1. Generalized structure of equivalent
mechanical system

Fig. 2. Diagram of pneumatic spring with reservoir

This model is based on the analysis of the
graphs obtained during the pneumatic spring tests.
The model consists of elements with instantaneous
contacts, represented in the same way as in the first
model, in the form of a connection between elastic
and dissipative elements. Herewith, in the model,
each of the elastic elements with a force F, and
dissipative ones with a force F, enables a physical
interpretation, which allows us to propose a corre-
sponding approximating expression for it. In par-
ticular, the elements with forces F,, F,,, F,;
model the elastic properties of the main and addi-
tional capacity of air suspension. The elastic ele-
ment with a force F,, simulates the change in the
effective area of the pneumatic cylinder when it
deforms and the elasticity of the rubber-cord shell.
The law of change is determined by the results of a
static calibration of the pneumatic springs and ap-
proximated by a piecewise-linear relationship.

The elements F,, and F,,simulate losses due

to air throttling. At the same time, the element F,

works mainly at low velocities of deformation of
the pneumatic cylinder (subcritical mode of air
flow through the throttle opening); the element F,,

is switched on at the deformation rate of the pneu-
matic spring when the supercritical mode of air
flow through the throttle occurs.

However, the awkwardness of the model and
a significant number of parameters limit its wide
application in theoretical calculations.

Another structural scheme for the calculation of
pneumatic spring is presented in [6] (Fig. 3).

Fig. 3. Mechanical model of pneumatic spring

The presented model of the pneumatic spring
takes into account the static stiffness of the pneu-
matic cylinder S;, the effect of changing the ratio

of air volumes in the pneumatic cylinder and the
auxiliary reservoir to the stiffness of the pneumatic
spring AS; and the damping coefficient of the
equivalent viscous friction of the pneumatic spring
Be -

The defining parameters of this pneumatic
spring scheme are: the load-bearing capacity of the
spring, the parameters of the throttling device and
air.

This model gives fairly accurate results in the
case of small oscillations.

The more complex and frequently used model
is the Nishimura pneumatic spring model (Fig. 4).
The Nishimura pneumatic spring model was de-
veloped more than 40 years ago [9, 10, 15, 18].
The model takes into account the changes in the
stiffness of the pneumatic cylinder K, and the re-

servoir K,, depending on the change in air vo-
lumes in them, K, is a change in the level of stiff-

ness of the pneumatic cylinder. The model can take
into account both linear and quadratic changes in
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the viscosity index C . That allows using it both
for modelling the stiffness of a pneumatic balloon
and for determining the resistance to air flow
through a connecting armature.

Fig. 4. Model of Nishimura pneumatic spring

VAMPIRE model is an extension of the Nishi-
mura model [9, 18, 19] with quadratic attenuation.
In addition, inertial effect M and auxiliary stiff-
ness k are introduced (Fig. 5).

Fig. 5 Model of VAMPIRE pneumatic spring

Berg pneumatic springs model, often found in
the literature under the name GENSYS, is three-
dimensional and can describe transverse, longitu-
dinal and vertical oscillations [9, 11, 14, 18, 20,
24]. It is worth mentioning that the model de-
scribes several parameters of the spring: elasticity,
friction and viscosity. The vertical model has a
nonlinear attenuation, which depends on the rate of
change in pressure in the pneumatic cylinder.

1

M

Fig. 6. Model of GENSYS (Berg) pneumatic spring

There is another model of pneumatic springs
Bouc-Wen [12, 13, 18, 21], which includes not
only elastic and dissipative elements describing the
state of gas in the system, but also a block that
simulates changes in the condition of the rubber-
cord shell of a pneumatic cylinder.

A E BW X
4
kg Cow Bouc-Wen
E:I A7
LV
e

Fig. 7. Model of Bouc-Wen pneumatic spring:
FBW — vertical force from the body, kBW —non-linear

elastic stiffness, Cg,, —damping component

To describe the behavior of pneumatic springs,
the mechanical model includes three parallel
branches: non-linear elastic stiffness kg, ; damp-

ing component cg,, ; block, which determines the

parameters of the pneumatic cylinder operation
depending on the behavior of the rubber-cord shell
Bouc-Wen.

The branch with nonlinearly elastic stiffness is
used to simulate the work of air within the pneu-
matic spring and to describe its geometric parame-
ters, as well as the thermodynamic processes that
take place within the pneumatic spring, which can
be derived in accordance with the thermodynamic
equation.

The branch with a damping component is used
to simulate the resistance of the air flow in the pipe
of the system «pneumatic cylinder — connecting
fittings — auxiliary reservoiry.

The friction branch is a block simulating a
hysteresis loop and amplitude dependences.

The widespread model is considered to be that
[1, 17] describing the pneumatic spring as a con-
nection between the parallel installed elastic ele-
ment with stiffness C and viscous friction element
with viscosity B (Fig. 8).

'Z

|_--_|ﬂ

Fig. 8. Equivalent mechanical system

In the previously mentioned schemes, the role
of the throttling device was performed by additi-
onally introduced viscosity parameters.
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Throttle is local adjustable or non-adjustable
resistance, set in the way of the working fluid flow
[1].

The main throttle characteristics are the meter-
ing and tuning characteristics. The metering cha-
racteristic is the relationship between air flow
through the throttle and the ratio of pressures be-
fore and after the throttle. The metering charac-
teristic largely depends on the regime of laminar or
turbulent flow. The flow regime is determined
from the Reynolds number. When R, < R, the flow
is considered laminar, when R, > R, -turbulent.

According to functional purposes, the throttles
are classified into constant and variable ones. Ac-
cording to the principle of operation, there are li-
near and quadratic throttles.

Constant throttles are generally an orifice in the
plate. They are conventionally divided into throt-
tling plugs and bushings.

The wide class of adjustable throttles include:
cylindrical, conical needle, threaded, throttles such
as «rotary valvey, flapper-nozzle and spool-type
throttling valves, as well as the role of a throttle
can be performed by throttling valves.

Purpose

The purpose of this work is to determine the
dependence of the working medium flow on the
capacity of the throttling device, its geometric fea-
tures and the pressure difference in the pneumatic
spring cylinder and in the auxiliary reservoir.

An important task in the course of the work
will be to determine the pressure difference when
the working medium passes through the throttling
element. The necessary part of the work is also to
determine the reliability of the results obtained
when determining the pressure difference in the
throttling device.

Methodology

Calculation of the dependence of the working
medium and pressure drop is performed in two
ways:

— By numerical simulation of a stationary gas
flow through a throttling element;

— Its analytical calculation expression using
empirical relationships (control calculation to
evaluate the reliability of numerical simulation
results).

We selected several different types of throttling
devices [4, 5], namely: corrosion-proof throttle
valve Aisi 304 (L)/316 (L) DN 40 (Fig. 9); San
Marino valves for air, gases and liquids normally
open of type «T» (Figure 10) and type «Y» (Figure
11) with G11/4» connecting thread.

Fig. 9. Corrosion-proof throttle valve
Aisi 304 (L)/316 (L) DN 40

Fig. 10. San Marino valve for air, gases and
liquids normally open of type «T»

Fig. 11. San Marino valve for air, gases and liquids
normally open of type «Y»

The diameters of the inlet and outlet openings
are 40 mm. The length of the Aisi throttle valve
body is 160 mm, San Marino valves for air, gases
and liquids normally open of type «T» — 120 mm
and type «Y» — 113 mm.

For analysis, we selected three stem positions:
open — «0», closed by 50% — «1/2», closed by
75% — «3/4».
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In numerical simulation, we consider the mo-
tion of the working medium (air) in the cavity of
the throttling element represented by the 3D mo-
del. The flow is stationary turbulent. The boundary
conditions are given as follows (Figure 12). The
surface that bounds the cavity is divided into three
areas:

— inlet opening — the pressure is determined,;

— outlet opening — the mass air flow is deter-
mined;

— walls — all motion speed components are ze-
ro.

Outlet Mass Flow
0.05 kgis

Fig. 12. Boundary conditions

The air movements describe the averaged
Navier-Stokes equations with two additional equa-
tions of the k-¢ model of turbulent flow [25].

As the input data, we set the pressure of the
working medium obtained in calculations of the
generalized pneumatic spring model in the Matlab
Simulink software package [23]. The change in the
flow rate of the working medium at the outlet from
the throttling device is set in the range from 0.001
ka/s to 0.26 kg/s, also according to the previously
obtained data.

The calculation is carried out at the environ-
mental temperature equal to 20°C. The software
package allows taking into account the properties
of various materials used in the design of throttling
devices, such as a bronze body, a brass plate, a
steel stem. Therefore, in order to take into account
the different degrees of resistance when the work-
ing medium rubs against the surface, one of the
input parameters indicates the type of material.

During the calculation it is possible to see not
only the final result, as a diagram with pressure
values, but also to trace the nature of the working
medium flow at any point of the throttling device
(Fig. 13).

Fig. 13. Distribution of velocities of the working medi-
um in the throttling device

Based on the results of calculations, graphs of
the dependence of the pressure drop on the flow
rate of the working medium are plotted.

To evaluate the reliability of the results ob-
tained, we perform calculations using the formulas
givenin |1, 2, 8].

_4.rh -m-p
Ny ’

R. 1)
where r, — hydraulic radius of the channel section,
m; ® — average velocity of compressed gas flow
along the channel section, m/s; p — gas density,
kg/m®; m, — coefficient of dynamic viscosity,

determined from the diagrams [7], Pas.
0= i , 2
p-F
where G — mass flow rate of gas, kg/s; F — cross-
sectional area of the channel, m?.
The density of compressed gas for working
pressure is calculated by the formula:

:(Pa+Pov)'u, (3)

R-T
where P, — atmospheric pressure, KPa;
P, — overpressure in the system of pneumatic

springs, kPa; R — universal gas constant, J/(mol
K); T — temperature, K; pu — molar mass of gas,
mol.

The pressure loss depends on two coefficients
of resistance: the coefficient of resistance ¢y cha-
racterizing the frictional losses during the move-
ment of the working fluid and the local loss factor

at the input Giy.
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The coefficient of resistance, characterizing the
friction loss, is determined by the formula:

— at the gas motion, when R, < R, < 10°, we
use the Blasius formula:

¢, =0.314-R%%®, (4)

— at the gas motion, when 10° < R, < 108, we
use the formula Nikuradze:

Gy =0.00332+0.221- R, %%, (5)

The coefficient of local losses at the input G, is
determined depending on the shape and geometric
dimensions of the inlet opening [2].

The coefficients of local losses in many cases
are determined from tables and graphs obtained
experimentally. So the local loss coefficients for
the presented throttling elements are selected from
the reference tables [2, 8].

The loss of pressure is determined by the for-
mula [2, 8]:

2
AP=¢- 2P (6)
2

According to the obtained data, graphs of de-
pendence of pressure drop on mass flow were also
constructed for further comparison with the calcu-
lation in the shown complex with the visualization
of calculations.

The dependence of the flow rate of the working
medium on the type of throttling device will be
determined based on the approximation of the
graphs of the dependence of the pressure drop on
the mass flow:

G=a-AP, 7)

where o — proportionality coefficient.

Findings

The graphical dependences of the mass flow
rate of the working medium G on the pressure dif-
ference AP are shown in Fig. 14-16 (based on the
results of numerical simulation) and in Fig. 17-19
(based on calculations using empirical dependen-
cies). The degree of closure of the throttling device
is denoted by .

The value of the air flow, obtained by numeri-
cal simulation, is greater than the flow rates ob-

tained from semi-empirical formulas. At the same
time, they are in good qualitative agreement, and
the quantitative difference averages 25%, which
can be regarded as confirmation of the reliability of
the numerical model.

As can be seen from the Figures 14-16, the
graphs are well approximated by the func-

tionG = ou- /AP , which allows us to show the de-
pendence of the working medium flow rate on the
type of throttling device. Calculation using a soft-
ware package with visualization of the results
gives more accurate data and visually realizes the
process occurring in the throttling device than the
calculation using approximate formulas.

Based on the results of calculations performed
with the help of a software package with visualiza-
tion of the results, we calculated a proportionality
coefficient that describes the dependence of the
working medium flow on the throttling device ca-
pacity and its geometric features for each of the
throttling elements considered, with three degrees
of closure.
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Fig. 14. Graph of the mass flow rate versus
the pressure difference of Aisi throttle valve
based on the mathema-tical
modelling results
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Fig. 15. Graph of the mass flow rate versus
the pressure difference for San Marino valve
type «T» based on the mathematical
modelling results
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Fig. 16. Graph of the mass flow rate versus the pressure
difference for San Marino valve type «Y» based

on the mathematical modelling results
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Fig. 17. Graph of the mass flow rate versus the pressure
difference for Aisi throttle valve based on the
calculation results using empirical dependencies
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Fig. 18. Graph of the mass flow rate versus the pressure

difference for San Marino valve type «T» based on the
calculation results using empirical dependencies
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Fig. 19. Graph of the mass flow rate versus the pressure
difference for San Marino valve type «Y» based on the
calculation results using empirical dependencies
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San Marino type

Fig. 20. Graph of the mass flow rate versus
the type of throttling device

Originality and practical value

The work allows determining the degree of in-
fluence of the frictional component on the varia-
tion of the pressure difference in the pneumatic
cylinder and the auxiliary reservoir of the pneu-
matic suspension system. Also, the work proposes
a method to determine the dependence of the work-
ing environment on the capacity of the throttling
device and its geometric features.

The practical value lies in the possibility to
predict the operating parameters of the pneumatic
system depending on the pneumatic resistance of
the throttling device will improve the car running
characteristics, increase the comfort of passenger
transport, and also reduce the wear of the rolling
stock and track gauge due to vehicle-track interac-
tion.

Conclusions

Analyzing the above graphs, we can conclude
that the use of modern computational complexes
with visualization of the results greatly increases
the accuracy of calculation and allows analyzing
the operation of the system and the state of the
working medium in it not only by the final results
in digital form, but also observing them directly at
the time of flow process.

The obtained data of the pressure drop depend-
ence on the working medium mass flow allowed
determining the law that describes the process
flowing in the throttling devices. The dependence
of the flow rate of the working medium on the ca-
pacity of the throttling device and the geometric
capabilities of its design is determined.
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BU3HAYEHHS XAPAKTEPUCTHK JPOCEJIIOI0OY0I'0 TIPUCTPOIO
JJIA THEBMATHUYHOI PECOPHU

Mera. Y HayKOBi# poOOTi HEOOXITHO PO3TIISIHYTH BU3HAYCHHS 3aJIC)KHOCTI BUTPATH POOOYOT0 CepeIOBHUIIA Bl
MPOIYCKHOI 3aTHOCTI JAPOCETIOIYOr0 MPUCTPOI, HOro TeOMETPUYHUX OCOOJHBOCTEH, PI3HMIN THUCKIB y OasioHI
ITHEeBMATHYHOI PECOpH Ta B JOJATKOBOMY pe3epByapi. Meroamka. Po3paxyHOK 3aJeXKHOCTI KUIBKOCTI poOo4YOoro
TiJIa Ta nepenajy THCKY BUKOHAaHHUH JABOMa criocobamu: 1) yrcenbHUM MOJETIOBAHHIM CTAalliOHAPHOT'O MOTOKY a3y
4yepe3 APOCEIIOIYNA TPUCTPId; 2) aHAIITHYHUM PO3PaXyHKOBUM BHPA30M i3 BUKOPHCTAHHIM €MITIPUYHUX 3aJ1€K-
HOCTeH (KOHTPOJIbHUH PO3paxyHOK JISl OIIHKH JIOCTOBIPHOCTI pe3yJIbTaTiB YHCEIHLHOTO MOJENMIoBaHH:). st po3-
paxyHKy Oyso oOpaHO TpH MOZENI APOCETIOI0UYMX MPUCTPOIB. 3aIEKHICTh BUTPAT POOOUOTO CEPEeAOBHIIA B Ipo-
ITyCKHOT 3IaTHOCTI JPOCENIOI0YOro MPHUCTPOI0 Oylia BH3HAYCHA, BUXOISYH 3 ampOKCHMAIll rpadikiB 3alie)KHOCTI
mepenaiB THCKIB BiJl MACOBHX BHTpAT pobodoro cepenopuma. PesyasraTn. OTpuMano rpadiddi 3a1eKHOCTI Mik
TIeperagoM THUCKIB 1 MaCOBUMH BHTpaTaMHu po0OOYOT0 cepeZoBHIIa 3a IBOMa BapiaHTaMM PO3paxyHKy. [3 po3paxyH-
KiB, MPOBEACHUX 3a JIOMOMOTOI0 MPOrPaMHOI0 KOMILICKCY 3 Bi3yali3alli€eld pe3yJsbTaTiB, 0OUUCICHUA KOehillieHT
nponopiiiHOCTI. BiH onmcye 3a5exHICT BUTPAT poOOYOro CepeIoBHINA Bijl MPOMYCKHOT 3aTHOCTI JPOCEIIOI0YOT0
MPUCTPOIO 3 YPaxyBaHHSIM [€OMETPUYHUX OCOOIMBOCTEH JUIsl KOXKHOTO 3 PO3TIITHYTHX €IEMEHTIB IIPH TPhOX CTyIIe-
HsIX X 3aKpUTTS. 3HAUEHHSI BUTPAT MOBITPs, OTPHMaHI IUIIXOM YHCEIBHOTO MOJEIIOBAHHS, OlIbIlle HIXK 3HAUEHHS,
3HaiIeH] 3a HamiBeMITipudHUMHU (popMyaamu. Y TO# ke Yac, BOHU 3HAXOMSATHCS B XOPOIIiil SKICHIHN BiJIOBIAHOCTI,
a KUTBKICHA PI3HHUII CTAHOBUTH Y CEPEAHBOMY 25 %, 110 MOXKHA PO3IJISAAATH SK MiTBEPIKECHHS TOCTOBIPHOCTI Y-
cenpHOT Mozeni. 3a pe3ynpTaTaMu po3paxyHKiB MOOYAOBaHI rpadiky 3aleXHOCTI KoedillieHTa MPONOPUiHHOCTI Bif
CTYHIEHS 3aKpUTTS Jpoceiorouoro npucrtpoto. HaykoBa HoBu3Ha. PoOora 103BONSIE BUSBHUTH CTYIHb BIUIMBY
CKJII0BOI CHJIM TEPTS Ha 3MiHY Pi3HHMII THUCKIB y ITHEBMOOAJIOH] Ta JOAATKOBOMY pe3epByapi CHCTEMH ITHEBMATHY-
HOTO MizBilIyBaHHs. TakoxX y poOOTI IPONOHYETHCS CIIOCIO BUSBJICHHS 3aJI€KHOCTI BUTpAT poOOYOro cepeaoBHIIa
BiJl IPOITYCKHOT 3[JaTHOCTI Jpoceiiodoro npucrpor. Ipakruyna 3HavuMicTh. MOXINBICTE IPOTHO3YBAHHS T1a-
paMeTpiB MHEBMATHUYHOI CHCTEMH 3aJIE)KHO BiJl THEBMATHYHOT'O OINOPY JPOCETIOI0YOTr0 HNPUCTPOIO TO03BOJIUTH I10-
JIIIIUTH XOJI0B1 XapaKTEPUCTUKU BaroHiB, MiIBUIINTH KOM(POPTAOEIbHICTh ITEPEBE3CHHS MacaXHpPiB, a TAKOK 3HH-
3UTH 3HOC PyXOMOTO CKJIaly Ta PeHKOBOI KOJIi1 BHACTIIOK B3aEMO/IT «EKiMaXK-TIIIIX.

Knouogi cnoga: pecopHe MiiBILIYBaHHS; THEBMAaTHYHA PEcopa; BTPATH THCKY
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OITPEAEJIEHUE XAPAKTEPUCTUK JPOCCEJIMPYIOLIEI'O
YCTPOMCTBA JIJISI THEBMATHYECKOM PECCOPBI

Hens. B HayuHoii paboTre HEOOXOANMO PaCCMOTPETh OMpEICICHHE 3aBHCHMOCTH pacxona padodeil cpenpl OT
MIPOIYCKHOM CHOCOOHOCTH JPOCCETNHPYIONIETO YCTPOUCTBA, €0 T€OMETPHUYECKIX 0COOEHHOCTEH, pa3HOCTH JaBie-
HUS B OaJJIOHE THEBMAaTHUECKOW pPECCOPHI U B JOIIOIHUTEIBHOM pe3epByape. Meroauka. Pacder 3aBucuMocTn pa-
Oodeli cpeqsl U Iepernaia JaBIeHUs BHIIIOIHEH ABYMs crioco0amu: 1) YHCIeHHBIM MOJEIHPOBAHHEM CTAIlIOHAPHO-
ro IOTOKA ra3a 4yepe3 APOCCENUPYIOIee YCTPOHCTBO; 2) aHAINTHYECKUM PACUCTHBIM BBIPaXKEHHEM C HCIIOJIb30Ba-
HUEM SMIHMPUYECKUX 3aBUCUMOCTEH (KOHTPOJIBHBIM pacueT JUIsl OLEHKH JOCTOBEPHOCTH PE3YIbTAaTOB YHCICHHOTO
MojenupoBanus). st pacyera ObUIO BHIOPAHO TPU MOJIENHN JPOCCENUPYIOUIMX YCTPOHCTB. 3aBHCUMOCTh pacxoja
pabouyeli cpeabl OT MPOMYCKHOM CIIOCOOHOCTH JPOCCENMPYIOIIEr0 YCTPOMCTBA M €r0 F€OMETPUYECKHX OCOOCHHO-
cTell ObUTa ompeneneHa, UCXOMs M3 allpPOKCHMAlUU IpaMKOB 3aBUCHMOCTH Mepernaja JaBIeHHs OT MacCOBOTO
pacxoma paboueit cpenpl. Pesyabrarbl. [lomydeHbl TrpaduuecKue 3aBUCHMOCTH MEXKIY IIEpPEragoM TaBJICHUM
1 MacCOBBIM Pacxo/oM paboueil cpensl o JByM BapHaHTaM pacuerta. 113 pacderoB, MPOBEACHHBIX C MTOMOIIEIO MPO-
TPaMMHOTO KOMIUIEKCA C BH3YyalIH3alUel pe3ylbTaToB, BEIUHCICH K03(duimenT mponopuuoraasHocTH. OH OIMH-
CBHIBAaeT 3aBUCHMOCTH pacxofa pabodeil cpeibl OT MPOIYCKHON CIOCOOHOCTH IPOCCEIMHPYIOMIETO YCTPOHCTBA C yUe-
TOM €r0 TeOMETPHUYECKIX OCOOCHHOCTEH IS KaKIOTO M3 PacCMOTPEHHBIX AJIIEMEHTOB IPH TPEX CTEMEHIX 3aKPhI-
THs. 3HAYCHUS pacxojla BO3AyXa, IOJYUYEHHBIC ITyTEeM YHCICHHOTO MOJCIHUPOBAHHA, OOJBINE 3HAYCHHU pacxola,
HaIEHHBIX N0 MOJTYIMIIPHYECKUM (opMynaM. B To ke BpeMs, OHH HaXOIATCS B XOPOIIEeM KadeCTBEHHOM COOT-
BETCTBHH, a KOJMUECTBEHHAs Pa3HHUIIA COCTABIIAET B cpeAHeM 25 %, 4TO MOXKHO paccMaTpHBaTh Kak MOATBEpIKIe-
HHE JJOCTOBEPHOCTH YUCICHHOW Mozenu. [1o pe3ysnbraramM pacueToB MOCTPOEHbI TpaduKu 3aBUCUMOCTH Ko duim-
€HTa MPOMOPIMOHATLHOCTH OT CTETIEHU 3aKpPhITUS APOCCENUpYIoNIero yctpoiictea. Hayunas noBusHa. Paborta mo3-
BOJISIET BBIABUTH CTCIICHDb BJIIWSAHUS COCTaBHHIOHleﬁ CWJIBI TDCHUA HA UBMCHCHUE PAa3HOCTU I[aBJ'IeHI/Iﬁ B ITHEBMOOAJLJIOHE
1 JIOTIOJTHUTENIFHOM pe3epByape CHCTEMBI ITHEBMATHUECKOTO IOJBEIIMBAaHUS. Taioke B paboTe mpezjiaraeTcsi crocod
BBIABJIICHUS 3aBUCHMOCTH 3aTpaT pabodeil cpesibl OT IPOITyCKHON CIOCOOHOCTH APOCCENUPYIOIIETO YCTPOICTBA U €ro
reoMeTpudecknx ocodeHHoctel. IlpakTuyeckas 3HAYNMOCTh. BO3MOXKHOCTH IIPOTHO3UPOBaHUS pabOUNX MapameT-
POB ITHEBMATHYECKOM CHCTEMBI B 3aBHCUMOCTH OT ITHEBMATHYECKOTO COTIPOTHBIICHHUS APOCCEIHPYIOIIET0 YCTPOUCTBa
MO3BOJIUT YIYYIIUTH XOJOBBIC XapaKTEPUCTHKU BaroHOB, TOBBICHTH KOM(OPTAOETHHOCTH TEPEBO3KHU ITACCAKHPOB,
a TaKkKe CHU3UTh U3HOC MOJBIDKHOTO COCTaBa M PEIbCOBOM KOJICH BCIICICTBHE B3aUMOJICUCTBUS «IKHIIAXK-TIYTHY.

Krouesvie crnosa: peccopHoe MOIBENINBAHNE; ITHEBMATHYECKAs Peccopa; MOTEPH JaBICHUS
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HEPCIIEKTUBHASA TPAHCHHOPTHO-DOHEPTETHYECKAA CUCTEMA
HA OCHOBE UHTEI'PAITUU MATHUTOJIEBUTAIIMOHHOM
TEXHOJIOT'MU U PACHPEIEJIEHHOU ®OTORJIEKTPHUECKON
AJEKTPOCTAHIUU

Henb. OCHOBHOI LENBI0 MCCIIEAOBAHUS SBISIETCS COBEPIICHCTBOBAHWE MAarHUTOJICBHUTAIMOHHOW TEXHOJIOTHUH
C UCTIOJIB30BAaHUEM IIEKTPOIMHAMUYECKOTO To/IBeca M odecreueHne ee (pyHKIIMOHNPOBAHNS HA OCHOBE YKOJIOTHYe-
CK{ palMOHAJIBHBIX YHEPTOCHCTEM. DTO 03HAYaeT BOZMOKHOCTh CO3/IaHHS Ha OCHOBE MarHUTOJICBUTAIIMOHHON TeX-
HOJIOTHH TPaHCIOPTHO-YHEPTETHUECKOW CHCTEMBI, UCIIONIB3YIOMEeH BO30OHOBIIEMbIE NCTOYHUKN SHEPTUH (B 4acT-
HOCTH, (JOTODJIEKTPHUYECKUE MPEOOPa30BaATENIN) U MOJKIIOYCHHON K HAI[MOHATBHON/IOKAIBHOM YHEPrOCETSIM B Ka-
YeCTBE MOTPCOUTENS U MPOU3BOMTEIIS SHSPTUH 0JHOBpeMeHHO. MeTomuka. [IpoBeieHHOE HCCIe0OBaHIE, AHAIN3
1 0000MIaroIIre BBEIBOJBI 0a3UPYIOTCS KaK Ha pe3yibTaTtaX pa0oT MO JaHHOW TEMAaTHKE, TAK W Ha COOCTBEHHBIX
HapaboTKax aBTOpOB. [Ipy MpoBeICHUN HCCIIEIOBAaHUI IPUMEHSUTUCH METOIBI CUCTEMHOTO aHaJIH3a U KOMIBIOTEp-
HOTO MOJICTUPOBAHUS KOMITIOHEHTOB OOJIBIION KHOEp(U3NUECKOH TpPaHCIOPTHO-IHEPTETHUCCKOW CHCTEMBI.
PesyabraThl. Pa3pa®oranbl  (PU3MKO-TEXHHYSCKHE  OCHOBBI  CO3JaHUS  MEPCICKTUBHOW  TPAHCIOPTHO-
SHEPreTUYECKOM CHCTEMBbI, BKJIIOYAIOIIEH BBICOKOCKOPOCTHOM HA3€MHBIM TPAHCHOPT Ha SJIEKTPOAMHAMHYECKOM
MOJIBECE M PACTPENCICHHBIA (POTOANEKTPHUESCKI YHEPTOKOMIUIEKC, aJalTHPOBaHHBIH K OCOOEHHOCTSM paboTHI
JAHHOTO BHa TPAHCIOPTA M TapaHTHPYIOUINHA ero HaJe:KHOe (YHKINOHHPOBAHHE B JIFOOBIX IMOTOIHBIX YCIIOBHX.
Hayunasi HoBu3Ha. BmepBrle 000CHOBaHa BO3MOXKHOCTB CO3JaHHS CAWHOTO TPAaHCIOPTHOTO KOMILICKCa,
oOBenuHSAIONMIET0 B cebe CKOPOCTHYI0 MAarHUTOJICBUTAIIMOHHYIO CHCTEMY U pAaCHpElCICHHYI0 CHCTEMY
9JIEKTPONUTAHUS Ha OCHOBE COJHEYHOM oHepruu. OHa OJHOBPEMEHHO SIBJISIETCS HEOTHEMIIEMOM YacTbiO
MIPEIM3UOHHON OBICTPOACHCTBYIONIEH CUCTEMBl yIpaBlieHUs, paboTamlield B peXUME pPealbHOTO BPEMEHH.
IIpakTHyeckasi 3HAYUMOCTh. [IpeaoxKeHHOE HAyUHO-TEXHIUECKOE PEIIeHHEe IT03BOJIIET HA OCHOBE BO30OHOBIIsIE-
MOTO MCTOYHHKA YHEPTUH PEIUTh MPOOJIEMbI 3JIEKTPOIIUTAHUS U yIPaBISHHUs] BHICOKOCKOPOCTHBIM TPAHCIIOPTOM.
A 3a cueT BKJIIOUEHHS PACTIPENICTeHHON CHCTEMBI AJIEKTPONUTAHUS B JIOKAIbHBIE HHTEJUIEKTYaIbHBIE SHEPTOCUCTE-
MbI o TexHojornd SMART-grid maet BO3MOXKHOCTh ONITUMH3UPOBATH YHEPTOMOTPEOIEHHE TEPPUTOPHIA, IO KOTO-
PBIM NIPOXOJIUT MarucTpajib BEBICOKOCKOPOCTHOIO TPAHCIIOPTA.

Knrouesvie cnosa: marauronesutannoHubli (MATJIEB) TpaHcmopT; pachpeneneHHas CHCTEMa JJIEKTpO-
MMUTAHWS; COTHEYHAS YHEPTHS; TIPEIM3UOHHAs OBICTPOICHCTBYIOMIAS CHCTEMA YIIPABICHUS
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BBeaenue

VY coBepIIEeHCTBOBAaHUE TPAHCIIOPTHBIX M JHEP-
reTHYeCKUX TexHosorui B XXI Beke JOKHO cie-
J0BAaTh TPUHIMIIAM YCTOMYHMBOTO PA3BUTHS, YTO
MIPENIONaraeT, ¢ OJHOW CTOPOHBI, OTPAaHUYECHHE
SHEPromnoTpeOICHUs] TPAHCIIOPTHBIMH CHCTEMaMHU
C OJTHOBPEMEHHBIM YMEHBIICHHEM UX HETATHBHOTO
BO3JCHCTBUSI HA  JKOCHUCTEMBI  TEPPUTOPHI,
a ¢ ApYrod CTOPOHBI — YIOBIETBOPEHHE MOTPEO-
HOCTH COITMYMa B COKpAIIIEHWH BPEMEHH, 3aTpadH-
BaeMOro Ha TMepeMelIeHHUs JIIoJIel M TOBapoOB.
[IpobneMaTHYHOCTh JOCTHKCHHS YKa3aHHOU LIEIH
B paMKax TPaAMLHOHHBIX TPAHCIOPTHBIX U JHEp-
FeTUYECKUX TEXHOJIOTUN KaXeTcd OUYEeBUAHOU —
9HEpPro3arpaTsl TPAHCIOPTHBIX CHUCTEM IpEBBIIIA-
0T TpeTh MOTpeOsisieMON B3HEpruM, a Hamboiee
OBICTPBIN BHJ TPAHCIIOPTA — BO3YIIHBIH, — SBIIS-
eTcs OJHUM W3 BEIYIIMX 3arps3HUTeNel atMmocge-
ppl. OOHMM W3 MEPCNEKTUBHBIX MYyTEH pelIeHUs
JAHHOW TPOOJIEMBbI MPECTaBIsIeTCs] 00beTUHEHUE
B €IMHOUW CHUCTEME TEXHOJIOTMI BO300HOBIISIEMBIX
HMCTOYHUKOB 3HEPTHU W MarHUTOJIEBUTAILIMIOHHOTO
TpaHCHOpPTa. YKa3aHHOE BbIIE OOBbEOUHEHHE MO-
JKET TMPUBECTH K MOJOKUTEIBHOMY CHHEpreTude-
cKoMy 3(eKTy IpH pelIeHNH aKTyaJbHOH 3a1a4uu
CO3/1aHUsI BBICOKOCKOPOCTHOTO HAa3eMHOI'O TpaHC-
[OpTa Ha OCHOBE 3KOJIOTUYECKH pallMOHAIbHBIX
JHEprocucTeM, KoTopas, K TOMY XK€, BXOIUT
B uucio npuoputeroB Pamounbix IIporpamm EB-
pocoro3a B obmactu Hayku u TexHonoruit [10]. B
pa3paboTKe TaKWX TPAHCHOPTHBIX CHCTEM C Mar-
wutHoW nesuranuedt (MAI'JIEB) akTuBHO ydact-
BYIOT YYEHBIE ITEpPEAOBBIX CTpaH, B TOM YHUCIIE
u Ykpaunsl [4]. [IpoGiemamMu BO300HOBISEMOI
SHEPreTUKH 3aHUMAETCS LIENBbIH psii MHCTUTYTOB
U npennpusastTuil B Ykpaune: WHCTUTYT 3JIEKTpO-
nuanamMuka HAH VYkpawnsl, MHCTHTYT BO300HOB-
nsemoii snepretukn HAH VYkpaunsl, 3aBon «Ilpe-
obpazoBarensy (T. 3amopoxkbe), Kb «KoHkopm»
(r. Arenp), MucTHTYT mpobnem »HEprocoepexe-
Hus HAH VYkpauns, Kb «Oxnoe», MHCTUTYT
obmeit suepreTikd HAH YkpauHbI, a Takoke psf
3apyOeKHbBIX MCCIIEA0BATEIbCKUX LIEHTPOB, IOCBS-
TUBIIMX MHOXECTBO MyOiMKauuii mpobieme mo-
CTPOEHMSI JJIEKTPOTEXHUUYECKUX KOMIUIEKCOB Ha
BO300OHOBISIEMBIX HMCTOYHHMKAx sHeprum [11, 13,
14]. HeobxomumocTh Takux pa3paboTok B YKpa-
WHE TPOJUKTOBaHA HE TOJIBKO Mpo0IeMoii sHepro-
HE3aBHUCHUMOCTH CTpPaHbI, HO W 0oJiee TII00aTbHOM

po0JIEMOI — OMACHOCTHIO HAPYIIUTh TEPMOIUHA-
MHAYECKUHA OaIaHC IUIAHETHI.

Hean

Lenpro wuccrnemoBaHusi SBISAETCA COBEPIICH-
CTBOBaHME MAarHUTOJIEBUTAIIMOHHOW TEXHOJIOTUU
Ha 3JIEKTPOJMHAMHUYECKOM IOJIBeCe M olecrede-
HUEe ee (DYHKIMOHMPOBAaHUS HAa OCHOBE JKOJIOTH-
YECKH PaIlMOHAILHBIX YHEPrOCUCTEM. JTO O3HaUa-
€T BO3MOXXHOCTh CO3J]aHUSI HA OCHOBE MarHUTOJIE-
BHUTAI[MOHHOM TEXHOJIOTUU TPaHCIIOPTHO-
SHEPTeTHUYECKON CHCTEMBI, HCIIONB3YIOIEH BO300-
HOBJIICMBbIC HCTOYHHMKH SHEPruM (B YaCTHOCTH,
(hoTOdNIEKTpUUCCKHE MPeoOpa3oBaTeid) M IOJ-
KIFOUYEHHOW K HAIlMOHAIHLHOW/JIOKAIEHOW 3HEPro-
CETSIM B KaueCTBE MOTPEOUTEIIS U MPOU3BOIUTEISA
SHEPTHUH OJHOBPEMEHHO.

PaccmaTpuBaeMass ~ KOHIIEIIIUS «IOPOTH-
ANEKTPOCTAHIIUN» TIPENICTABIsIET COOOH MarHUTO-
JICBUTAIIMOHHYI0  TPAHCIOPTHYI0  MarucTpalib
(puc. 1) ¢ sHeprooOecmeueHHEM OT COJTHEYHOU
ANEKTPOCTAHIIUH, Pa3MEIIEHHOW BIOIh OOKOBBIX
MIOBEPXHOCTEH MyTernpoBoaa (CM. BCTaBKY BHHU3Y
cJeBa).

MeToauka

[To xnaccudukanum akagemuka Ilerpa Kanvibt
npezanaraeMas pa3paboTka sBIsieT cO0O0H mpuMep
KOMIUIEKCHOH HAy4YHOW TMPOOIIEMBI, Kacaroliencs
TPeX B3aMMOINPOHHUKAIOIINX TEXHOJIOTWI: MarHu-
TOJIEBUTAL[IOHHOTO TPaHCHOPTa, (POTORNEKTpUye-
CKOTO TpeoOpa3zoBaHus U (ha30MeTpUIECKON pajan-
OHABUTALMM, M Ui JOCTIKEHHS IOCTaBJICHHOU
uenu TpebyeT cucreMHoro noaxona. Ilostomy B
Ka4ecTBE METOAOJIOTHYECKOTO HHCTPYMEHTAPHS
IIPU NIPOBEACHUH MCCIEIOBAaHUN HCIOIb30BAINCH
METOABI CHCTEMHOI0 aHaJIN3a, METOIbl JEKOMIIO-
3ULUM W CHUCTEMHOTO AaHaIH3a, KOMIBIOTEPHOTO

MOJICJINPOBAaHHUS, a TaKxe pacueTHo-
CTaTUCTUYECKHE METOJIBI.
PesyabTaThl

[IpuHnMIIManpHass OCYIIECTBUMOCTh IPEIJIO-
’)KEHHOM KOHIEMNIIMU SHEProTPAHCIOPTHOM CHUCTe-
MBI CJIEIyeT U3 MPUEMIIEMOTO COOTHOIICHUS MEXK-
Jy MOIIHOCTBI) IOTOKA COJIHEYHOTO W3IYUYCHHS,
JIOCTUTAIOIIET0 TIOBEPXHOCTH 3E€MIIHM, M JHEPrHuei,
HE0OXO0aMMOH JIJIsT pabOTHI KaK cCaMOTro JTUHEHHOTO
CHHXPOHHOTO 3JICKTPOJABHUTATEINs, TaK M JPYTHX
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noacucrem MATIJIEBa. Ilpu pacuere pacmpene-
neHHo Baoiab MAIJIEB-Tpaccsl  comHeuHOM
3JEKTPOCTAHLNY UCXOIMIN U3 NIOJIyYEHHOI'O paHee
SHEPreTHYECKOro Oananca [1], COrmacHo KOTOpOMY
i paboThl  TATOBO-JCBUTALMOHHOH CHCTEMBI
TpeOyercs 3neprus nopsaka 123 Br-u/t-km/. Ona
MOXET OBITh OOeclieueHa IyTeM pa3MeIleHHs
BIOJIb Kaxjoro moroHHoro wmerpa MAIJIEB-
MarucTpaiy (QOTOIEKTPUIESCKUX TMaHeJeH, BbIpa-
0aTBIBAIONIMX JIEKTPOIHEPTHUIO Mopsiaka 157 Br-u.
Pacuer sHepruu, nmpousBoauMoii oTodnexTpuye-

MiHoBaA MOWHOCTE MPOTAMEHHOH
CONHEYHOH anexTpocTaMymm Gonee 1 MBT

- o

Aynimge yairty S0 | 10eE-50 10

+ B0 1D 1200 1200 00 > Wi

[

CKMMHU TIaHEJISMH, TOJIPOOHO ONHMCaHHBIA B [9],
Cc ydeToM KO3((UIMEHTa TONEe3HOTO JACHCTBUS
COBPEMEHHBIX IpeoOpazoBaTesieil COTHEYHOTO H3-
JydeHUs B  DJIGKTPODHEPTUIO U IOTOJHO-
KIIMMaTHYeCKUX (aKTOpOB, TOKa3ad, dYTO IS
obecrieyeHrs: CyTOYHOTO DHEPTONOTPEOICHUS T10-
TOHHOTO METpa JOpPOTH HEOOXOAMMO Pa3MECTHTh
HA TOM K€ MeTpe MyTH KaK MUHUMYM 4—5 M® TopH-
30HTaJbHO OPUEHTUPOBAHHBIX COJHEYHBIX IaHE-
nei.

SolarCE 0 302 Cecldesiel Solar w10

Puc. 1. MATJIEB-marucrpans Ha (oHe aTiiaca MHCOJISILUH Y KParHBI

Fig. 1. MAGLEV-guideway at the background of insolation atlas of Ukraine

Ha BTOpom sTame uccnepoBanuii ObUI0 AOKa3a-
HO BBITTOJIHCHHE OajlaHca MEXITy MOTpeOICHHEM
sHeprun MAIJIEB-TpancnoproM H 3HEpruew,
MPOU3BOJNMOM (POTOINEKTPUIECKUMHU HaHEISIMHU,
BJIOJIb BCEU MPOEKTUPYEMOW MarHUTOJIEBUTAIIMOH-
HO¥ TpaHCTOpTHOM Maructpanu (puc. 1). IIporrnos
YpOBHEH 3HEProo0ecCreueHHOCTH pa3pabaThiBac-
Moit Beceykpamackod MATJIEB-tpaccer 601 ocy-
IDECTBJICH NYTEM CHCTEMATHU3allK, aHaJInW3a Hu
YHUCICHHOW OOpabOTKM CTaTUCTHYECKHX JaHHBIX,
MOJYYEHHBIX OT CITyTHHUKOBBIX M300pa)KeHWH MO-
BepxHocTH 3emin. KpymHeitmue 0a3bl aHHBIX,
MPEIOCTABISIOIINE 3HAYCHUSI YPOBHSI SHEPTUU Ta-
JAIOIEro MOTOKAa CONHEYHOIo W3JIydeHHs (MHCO-
JSAUN) B OTKPBITBINA JOCTYI, MpPUHAJIEKAT ame-
PUKaHCKMM W 3aIlaJIHOCBPONEHCKUM OpraHu3alu-
sMm. OJHAKO pa3NIuihe TEXHUYECKHX CpPEACTB U

METOAMK OIpEIeTeHNs] 3HaYCHUI COJIHEYHOH pa-
JMaliy Ha TIOBEPXHOCTH 3€MJIM MPUBOJIUT K JIO-
CTaTOYHO 3HAYMMBIM OTJIMYMSAM B JaHHBIX. llo-
3TOMY OYE€Hb BAXKHO BBISBUTH (YHKLHUIO pacope-
JIEJIEHUs] WHCOJISILIMU 110 TEPPUTOPUHN Y KPaHHBI.
[IponenanHas aBTOpaMH CTaTHCTHUYecKas oOpa-
00TKa MMEIOLINXCS] B OTKPBITOM AOCTYIIE Ha CalTe
NASA OonbIINX MacCHBOB METEOPOIOTHUECKUX
JIaHHBIX 3a NepUoJ 35 JeT M03BOJIMIIA YCTAHOBUTD,
YTO MHCOJSILMS HAaWIydlIMM 0Opa3oM amlmpoKCH-
mupyetcs (pyHKuei pacnpenenenust [[xoHCOHa
SB. Kak mokazan pacyer, COTHEUHBIH MOTEHIHAT
Yxkpauns! (cMm puc. 1) mo3BoseT 00eceYnTh mo-
HOLIEHHYI0 paboTy BCEro 3JIEKTPOTEXHHYECKOTO
KOMIUIeKca  BbIcOKockopocTtHoro — MATJIEB-
TpaHCIIOPTa, MPOEKTUPYEMOro uepe3 Bce o0JacT-
HBIE IIGHTPbl YKpauWHBl HCKIIIOYUTEIIBHO 33 CUET
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COoJIHEYHOU sHepruu. Jlo cux mop B TPaHCIOPTHOU
OTpaciii JIEKTPOIHEPTHs, MOIYYEHHAs B PeE3yiib-
TaTe MpeoOpa3oBaHUs COJHEYHOW OJHEPTUH, HC-
MI0JIb30Bajach B OCHOBHOM JUISI SJIEKTPOCHAOKEHNU S
MHQPACTPYKTYpPHI, HampuMmep, s OCBEIICHUS
BOK3aJIoB (T. bepnun).

BaxxHo mipu 3TOM, 9TO MEpexoj Ha AJIEKTPOIIH-
tanue MAI'JIEB-Tpancnopra oT pacnpeneneHHON
BJOJb Tpacchl (OTOINEKTPUUECKON 3HEProcucre-
MBI TI03BOJISIET KapAWHAJIBHO MEPECTPOUTH U camy
cucteMy ympasieHus asuwxeHueM MAIJIEB-
noe3noB [7], B pe3ynbTaTe 4ero AOCTUTAETCS 3Ha-
YUTENbHOE MOBBIIIEHUE TOYHOCTHU MO3ULUOHUPO-

BaHUS T0E3]I0B, IBUXKYIIMXCS ¢ 0OJbIIMMH, 10 500
KM/4ac, ckopoctsamu. IlomydyenHoe aBTopamu pe-
IICHUE 3aMaTeHTOBAHO, OMyOJIMKOBAHO B CIEIHAa-
JMU3UPOBAHHBIX JKypHANax M JOKIAJbIBANIOCH Ha
psile OTEYECTBEHHBIX M 3apyOeXHBIX Hay4HBIX
KOH(epeHLUH 110 HaBUTAalMOHHBIM CHCTEMaM, BbI-
COKOCKOPOCTHOMY TPaHCIIOPTY U BO30OHOBIISIEMOM
SHEPreTHKE.

[Ipenusnonnas cucremMa yIpaBJICHUS
MATIJIEBoM ¢ 3J€KTpOnUTaHHEM OT COJHEYHOU
SHEepPruM B CXEMaTHYECKOM BHJIE MpejcTaBiIeHa Ha
puc. 2.

FIP€  ronacc
-~ s S
S
Jluans |
Jlunus 2
Jlunus 3
Jlunns 4
2z
™ T e g pp—
DITIYV|OIDY |SIIV[DITIY] [ R 3‘1’“5” m? ?
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LT s T
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Puc. 2. ®a3zomerprdeckas pagroHaBUTAIIMOHHAS CHCTEMa YIPABJICHUS IBIKCHIEM MarHUTOIIaHA

Fig. 2. Phase-metrical radio-navigational system of magnitoplan movement control

BakHas poib mpu MOCTPOCHHHM SHEPTOCHUCTEM
Ha BUD oTBOAUTCS HAKOMUTENSIM 3JICKTPOIHEP-
THUH, KOTOpPhIE HE TOJHKO ITO3BOJLIIOT Obecredn-
BaTh A6MOHOMHOCHb YHEPTrOCHAOKEHUS, HO U BO-
o0Iie TpencTaBisiOT Cco00H  KIFOYEBOE 3BEHO
B 3HeprocucteMe. BBeneHue mojacucTteMbl HAKOI-
JIEHWUST SHEPTHH IO3BOJIAIIO TMPEOJOJICTh IPEIIsT-
CTBUS HAa NMYTHU peaju3allid NPEJIOKEHHOU KOH-
LETINH, CBSI3aHHBIE C XapaKTEPHOH 0COOEHHOCTHIO
COJIHEYHOTO WCTOYHMKA DHEProCHaOXeHUS — He-
MTOCTOSTHCTBOM T€HEPUPYEMOU MOIITHOCTH. OHAKO
clenyeT OTMETUTh, YTO POJib YKa3aHHON Heorpe-
JIEJICHHOCTH HECKOJIBKO TPEYyBEIUYCHA. DHEPTHI0
BETpa U COJHIIA CIEIyeT MpU3HATh HE TOJBKO H3-
MEHYHUBOH, HO U MPEICKA3yeMOMU, TaK KaK UMEETCs
BO3MOXKHOCTb JTOCTATOYHO TOYHO ITPOTHO3UPOBATH,

HACKOJIbKO BETPEHOH M COTHEYHOH OyJeT moroja B
TEUEHHE OIPEIENICHHOr0 CpoKa, Hampumep, Oyu-
JKalllIMX JBYX JHEH.

Takas mojcucreMa, Kpome odecriedeHus HeoO-
xomuMmbIx dHeproszarpatr MAI'JIEB-noporu, Oy-
IOy4Yd BKJIIOUYEHHOH B JIOKaIbHBIE MHTEIJICKTYallb-
Hble sHeprocucteMbl (SMART-grid), Mmoxer Takxke
cOo311aTh LICHHBIA pecypc IJIsl ONTUMH3ALUU SHEp-
ronoTpedieHns NpUiIekKalux K MarucTpaid Tep-
PUTOPHH.

Hns nobimieHuss 3GGEKTHBHOCTH 3HEPTOCH-
CTeM Ha BO30OHOBISIEMBIX MCTOYHHMKAX SHEPTUH,
B YaCTHOCTH COJIHEYHBIX, aBTOPaMHu ObUI MTPOBENEH
LUK WCCIIEIOBAaHNHM, HANpaBICHHBIX Ha YyIydYlle-
HHUE XapaKTePUCTUK KOMIIOHEHTOB 3HEPIOCUCTEM H
cOaJaHCUPOBAHHOCTH CUCTEM B LejoM. B gacTHo-
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CTH, OBUIO OCYIIECTBJICHO KOMIIBIOTEPHOE MOje-
JUPOBAHUE COJIHEYHBIX MOIYJEH MepCreKTHBHBIX
KOHCTPYKITHI IT0 METOIMKE, OIMCAaHHO# B [6, 12].
bouto mokaszaso [8], uTo s ymporuneHus Tpe-
OoBaHMH K MOHTaXYy COJHEUYHBIX OaTapedl mox
CTPOTO ONpEAETICHHBIM YIJIOM K TOPU30HTY CIEIy-
€T WCIOJb30BaTh COJIHEYHBbIE OaTaped Ha OCHOBE
aMOp(HOro KpeMHUS, KOTOPBIE, K TOMY €, UMEIOT
ele psid HeOCIOPUMBIX IPEUMYILIECTB MO CpaBHe-
HUIO C (OTORIIEKTPUIECKUMH MPeoOpa3oBaTesIMU
Ha OCHOBE KPUCTAJUIMYECKOTO WM TOJUKPHCTAII-
JIMYECKOTO KpeMHUs. TOHKOMJICHOYHBIE COJIHEY-
Hple OaTapen Ha aMOp(pHOM KpeMHHH, OOnanas
MEHBIIECH TEMIEPATYPHOH M YIJIOBOM 4YYyBCTBH-
TENBHOCTBIO M MOBBIEHHOW 3(PQPEKTUBHOCTHIO
paboThl B PacCcEessHHOM CBeTe, 00ECHeYMBAalOT Io-
JIOBYIO BBIPaOOTKY 3jekTposHeprun Ha 15-20 %
BBHIIIIE TI0 CPAaBHEHHWIO C MOAYJISIMH M3 MOHOKpH-
CTaJUIMYECKOTO KPEMHHMsS, pPa3MEIICHHBIMH Ha
OONBIIMX TUIOLIAJAX IMPH OJWHAKOBHIX YCTaHOB-
JICHHBIX MOULIHOCTAX W OJMHAKOBBIX YCJIOBHSX
skciutyatanuu. OOImas ycTaHOBJIEHHAs] MOIHOCTD
COJIHEYHOH 3JIEeKTPOCTaHLMM BIOJNb pa3padaThiBa-
emoii MATJIEB-Tpaccel coctasinsier okono 1 I'Bt.

[llupokoe BHeIpeHHE TOHKOIUICHOYHBIX COJI-
HEYHBIX OaTapeil Ha aMOpP(PHOM KpPEMHHUH Ha dHEp-
reTuyeckuil peiHOK mpenmnonaraercs ¢ 2030 roxa,
Korjga OyJeT MOCTPOEHO JOCTATOYHOE KOJIMYECTBO
(habpuvk Mo ux pou3BoACTBY. EcrecTBeHHO, mpen-
cTaBisieT OOJNBIION HMHTEpEC 3amycKk B YKpauHe
COOCTBEHHOTO CEpUHHOTO MPOM3BOACTBA COJHEY-
HBIX Momynei. [Ipoekt Takoh ¢abpuku, paccyu-
TaHHBIA Ha TPOM3BOJACTBO B T. JHemp doTodmek-
TPUYECKHX  MOAYJNEeH  IPOM3BOAMTEIHLHOCTBHIO
35 MB T1/roxn, pa3paboraH ydeHbIMU Hamiero WH-
CTUTyTa COBMECTHO co crnenuanuctamu MHIIK
«BECTA». DTOT HpoeKT MNpeAnonaraeT MNpHBIIE-
YeHHWE TPAHCHAIMOHAIBHOW  WHXKWHHUPUHTOBOM
bupmber  «M+W  Group» co 1uTab-KBapTUPOM
B llItytrapre (®PI'), mMmeromeil OmbIT CTPOUTETH-
CTBa MPOU3BOJCTBEHHBIX KOMILIEKCOB MOYJIHHOTO
TUIA.

OcymiecTBIEHHEe JOTOTO TIPOEKTa MOTJIO OBl
CTaTh TOJYKOM JJIsl POCTa BCEH HKOHOMHKH YKpa-
VHBI, TaK KakK MOBIEKIO OBl 3a COOOW pa3BUTHE
CMEXKHBIX OTpaciyiell (Hampumep, MOJIy4deHUE rasa
CHJIaHa, SIBISAIOLIETOCS CBHIPbEM sl IPOU3BOJICTBA
¢doromonyneit, Ha 3amopoxkckoM 3aBone «lloiy-
IIPOBOJHUK»), & TAK)KE PACIIMPEHUE IIPOU3BOICTBA

JNIEKTPOTEXHUYECKUX KOMIIOHEHTOB M, KOHEYHO
e, CO3JJaHNEe HOBBIX pab0YMX MECT.

[lepcnieKTUBHBIM HAaNpaBJICHUEM B Pa3BUTUHU
mpeJlaraéMol  3HEProTPAHCIIOPTHOM — CHCTEMBI
«MAI'JIEB-nopora — comHe4YHast 3JEKTPOCTaH-
[AS» SBIISICTCS MOAKITIOUEHUE K HE OpOUTAIIEHOTO
¢parmMeHTa, mepenaromero MnpeoOpa3oBaHHYIO B
CBY-1tyu CcONHEYHYIO JHEPrUI0 C OpOUTAIBHON
m1aThopMbl Ha 3€MHYIO TIOBEPXHOCTh. Mcmonb30-
BaHUE COJHEYHBIX KOCMHYECKUX 3JIEKTPOCTAHLIUH
(CKDC), BcaencTBue BBIHOCA MX 32 MPEACIHI 3€M-
HOHM aTMocdepbl [2], npu3HaHO AEHCTBEHHBIM CIIO-
cOOOM TOBBITIEHUS CTAOMIBHOCTH 3HEPrOMOCTYII-
JICHHUS.

IIpu cyumiecTByromeM pa3BUTHM KOCMHUYECKHX
texHonoruii coopyxkeane CKOC notpedyer Bech-
Ma 3aTpaTHOM HMHQPACTPYKTYpbl IO CO3IAHHIO
U TOJAEPKAaHUI0O KOCMHYECKOHW CHCTEMBI B JKC-
wryaraun. OHAKO, C YUYETOM IMOCIEIHUX JOCTH-
XKEHUH B (U3MKE IMOJYNPOBOIHHMKOB M panuodu-
3WKE W C MMPUMEHEHUEM EIMHOM SJIeMEHTHON 0a3bl
CK3C Ha ocHOBe NOJYNPOBOAHUKOBBIX TEXHOJO-
TUi U MUKPOIEKTPOHUKH CBEPXBBICOKHX YacCTOT
(CBY), MOXHO 3HAYMTENHFHO YMEHBIIUTH BEC
U pa3Mephl YCTPOWCTB, BBHIBOJUMBIX Ha OpOUTY,
U TEM CaMbIM CHU3UTh CTOMMOCTb TaKOH pa3zpa-
6otku. C 3THUX MO3UINI BEChMa IIPUBIICKATEIHHBIM
BBIIVISIIUT IPUMEHEHHE B KayecTBE Majorabapur-
HBIX reHepatopoB CBU-konebanuii TBepaoOTENb-
HBIX IUOAOB |'aHHAa KaK OCHOBHBIX KOMIIOHEHTOB
CKOC mns mpeobpazoBaHHS ITOCTOSHHOTO TOKa
B BBICOKOYACTOTHBIE KOJIEOAHUS C MOCIEAYIOIIEH
nepeaayeil SHEpriuy Ha 3eMITI0 10 MUKPOBOJIHOBO-
My JIydy.

OnHuUM 13 BapuUaHTOB YCOBEPIIEHCTBOBaHMS
KOHCTPYKLUMH AUOJ0B ['aHHA sBIseTCS NpUMEHe-
HUE KaTOAOB, UHIICEKMUPYIOWUX «TOPSIUE» DIICK-
TPOHBI B IIpOJIETHYIO 0o0jiacTs. B xoxe mpoBexneH-
HOTO HWCCIIEIOBAHUSI C HCIOJB30BAaHUEM KOMIIBIO-
TEPHOTO MOJIEJIUPOBAHMS OBLIO YCTAHOBIECHO, YTO
B KauecTBE TAKOI'O HH)KEKTOpa MOXET OBIThb HC-
nosib3oBaHa MHorocioiHas INAlGaAs-ctpykrypa,
oOpa3ymomas 0apbep, COOTBETCTBYIOIIMIA 3HEPTe-
THUYECKOMY HHTEPBaly MEXJOJIMHHOIO IIepexoa.

BaxHbIM 3J1€eMEHTOM KOCMHUYECKOro (parMeH-
Ta TIOCTaBKM »dHeprun axkTuBHOMy MAIJIEB-
MYTENPOBOAY SIBJIAETCS  3JIEKTPOJUHAMHUYECKAs!
cucTeMa Uil M3Iy4eHHs U (OKYCHPOBKH MHKpO-
BOJIHOBOT'O JIy4a, pe3yabTaThl MOAEIHUPOBAHUS KO-
TOpOM IpUBEACHBI HA PHC. 3.
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Puc. 3. MonenupoBaHue 3JIEKTPOAMHAMHYCCKON CUCTEMBI JJISl M3JIy4eHUSI U (POKYCUPOBKU MUKPOBOJHOBOTO JIyda!
a — 6a30BbIii HIEMEHT MUKPOTIOJIOCHOW aHTEHHOM PELIETKH; 6 — TpEeXMEpHas 1uarpaMma aHTEHHOM pelIeTKu

Fig. 3. The modelling of the electrodynamic system for the radiation and focusing of microwave beam:
a — base element of microstrip antenna array; b — three-dimensional diagram of antenna array directivity

MogenupoBaHue 0CyIECTBISIOCH C UCIONb30-
BarmeM mporpammHoro makera CST Microwave
Studio. 3aBucuMocTh 00mICH 3()(HEKTUBHOCTH OT
YacTOTHI PE30HAHCHOTO XapakTepa, ¢ MAaKCHMyMOM
93,2 % BOmu3u yactotel 95 I'T1, aBnseTcsa cien-
CTBHEM TOTO, YTO 3JIEMEHTHI COTJIIACOBAHMS CXEMBI
HACTPOEHBl UMEHHO Ha 3Ty pabouyio 4acToTy. Bol-
0op Takoil paboueil 4acTOTHI OIpenensieTcs TeM,
YTO OHA JIGKHT B CEPEJHE BTOPOTO aTMOC(EpHO-
r0 OKHa MPO3PAaYHOCTH, W 3TO TO3BOJSET oOecte-
YUTh MUHHMAaJbHBIE MOTEPH MOIIHOCTH NpPHU IMPO-
XOXACHUU JHEPreTUYEeCcKOro Jyda 4Yepe3 3eMHYIO
atMocdepy.

Ilocne TpaHcmsinuu moTpedyeT CBOEro pelie-
HUS 3a7a4a o0paTHOro mpeoOpa3oBaHMs SHEPTUU
MPUHATOTO Ha3€MHOM PEKTEHHOW MHKPOBOJIHOBO-
ro JIy4a B TOK MPOMBIIUIEHHOW 49acTOoThl. C 3TOMH
[enpl0  OBUIO  pa3paboTaHO COOTBETCTBYIOIIEE
yCTpoicTBO mpeodpazoBanusi CBU-sHepruu B 1ie-
PEMEHHBIH TOK, MCIIOJNB3YIOIIee sSBJICHUE BHEITHE-
r0 OTPHIATENBHOTO TU(PEPEHIINATHHOTO COMPO-
TUBJICHUSI, TPOSBISAIONIETOCS B OOBEMHBIX ITOITY-
MPOBOJHUKOBBIX CTPYKTYPaxX B CHIBHBIX DIIECKTPH-
YeCKHX Imoisx [5].

JJ1s IOBBITIIEHNS TTPENETbHOTO YPOBHS MPHHU-
MaeMoOi MOIIHOCTH BO3MOKHO MapaljieIbHOE CO-
eMHeHHE MOJyJeH-peobpasoBareneii (mpuuem,
BO m30exaHwe rnepeoTpaxkeHust m3nydenus CBY-
MOIIIHOCTH OT HE IOJHOCTBIO COTJIACOBAHHOM ¢
BOJIHOBOJHOM JIMHUEN MOIYNPOBOJHUKOBOIO 3Jie-
MEHTa Mpeo0pa3oBaTelh MOXKET OBITH IOCTPOEH 1O

mocToBo# cxeme) [3]. IIpu 3ToM MOCTOBas cxema
MO3BOJISET MPeoOpazoBaTh B TeIio Ty 4actb CBY-
MOIITHOCTH, KOTOpasi He y4acTBYeT B peoOpa3oBa-
HUU B TOK IPOMBINUICHHOW YacTOTHI, Onaromaps
YeMy BO3MOXKHO IIOJIHOE Hcmonbp3oBanne CBY-
MOIIHOCTH, TIOCTYMAIIEH ¢ OpOUTaNBHON (oTo-
CBU-sneproycranoBku. CrefoBaTenbHO, MOXKEM
CYHUTaTh, YTO OOOCHOBAaH HOBBIM TMOJXOMA K paspa-
6otke 3nementHO 6a3p1 CKOC — Ha ocHoOBe enu-
HBIX TI0 CBOEH MPHUPOAE MOTYIIPOBOJHUKOBBIX TEX-
HOJIOTUH W MHKPODJIEKTPOHUKH CBEPXBBICOKHX
9acToT.

B pesynbraTe mNpOBENEHHBIX HCCIEIOBaHUI
U3y4YeHBl OCOOCHHOCTH Pa0OThl MarHUTOJICBUTA-
[IMOHHOTO TPAHCIOPTa Ha 3JEKTPOAMHAMUYIECKOM
nogBece M pazpaboTaHbl  (DU3MKO-TEXHUUECKHUE
OCHOBBI ~ CO3JaHHA  €OUHOTO  KOMIUIEKCA  —
«MATJIEB-nopora — pacmpenenernas GpoTodek-
TpUYECKas CHCTEMa».

Hay4yHnasi HOBU3HA U MpaKTHYecKast
3HAYNMOCTb

OTH pe3yNbTaThl MO3BOJSIOT BIEPBBIE oOecrie-
YUTh BCENOIOJHOE TapaHTHPOBAHHOE 3JIEKTPOIH-
tanne MAI'JIEB-maructpain Ha OCHOBE COJTHEY-
HOW 3JIEKTPOCTAHLIMHU, KOTOpas, OyIydd Mpu 3TOM
MOJIKITFOYCHHOHN K JIOKAITBHBIM MHTEJUIEKTYaTbHBIM
sHEprocucTeMam 1o TexHojgorud SMART-grid,
MO3BOJISAET €IIIe ¥ ONTUMHU3UPOBATH YHEPrOMOTPEO-
JICHWE TPUIEKALINX K BBHICOKOCKOPOCTHOW Maru-
CTpaJIu TEPPUTOPUIL.
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BriBOaBI

Takum oOpa3zoM, MOXKEM clenaTh 0000Iaro-
LUK BBIBOJ O TOM, YTO L€JIb paOOTHI JIOCTUTHYTA U
9TU Pe3yNbTaThl, B COBOKYIIHOCTH C pa3paboTaH-
HeIM panee yueHsiMH WTCT HAH Vkpaunst
«TpaHcmar» BO B3aUMOJCHCTBUHM CO CIELHAIHU-
cTaMi MeXAyHapoaHON Hay4HO-TTPOMBIILIEHHON
koprnopanuu «BECTA» (r. JlHenp) mpoekToM ce-

pUMHOTO TMPOU3BOACTBA B YKpauWHE COJIHEUHBIX
Oarapeil Ha OcHOBE aMOP(HOrO KpeMHHUS TpPOU3-
BOAMTEIBHOCTEIO 35 MBT/Tom, OTKpBIBAIOT BO3-
MOXHOCTH K OCYIIIECTBIICHHIO B YKpawHE MEXKOT-
paciieBoro MHHOBAIMOHHOTO TPOEKTa OOIIEHAIIH-
OHAJILHOTO MacIiTada MO CO3aHUI0 BBICOKOCKO-
POCTHBIX Ha3eMHBIX TPAHCIIOPTHBIX KOPUIOPOB Ha
SKOJOTUYECKU PALIMOHATIBHBIX Y3HEPrOCUCTEMAX.
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NEPCIIEKTUBHA TPAHCIIOPTHO-EHEPTETUYHA CUCTEMA HA
OCHOBI IHTETPAIIII MATHITOJIEBITAIIMHOI TEXHOJIOTII TA
PO3MNOAIJIEHOI ®OTOEJEKTPUUYHOI EJTEKTPOCTAHIIII

Meta. OCHOBHOIO METOIO TOCIIHDKEHHS € BIOCKOHAJICHHS MAarHITOJIEBITAIlIHHOT TEXHOJIOTI] 3 BUKOPHUCTAHHAM
€JIEKTPOANHAMIYHOTO MiABICY Ta 3abe3medeHHs ii (yHKIIOHYBaHHS Ha OCHOBI €KOJIOTIYHO paIliOHAIEHUX €HEProCH-
creM. Lle 03HaYae MOKIJIMBICT CTBOPEHHS HAa OCHOBI MarHiTOJIEBITAlIHHOI TEXHOJIOT1i TPaHCIOPTHO-EHEPreTHYHOT
CHCTEMH, III0 BUKOPUCTOBYE BiJHOBIIIOBaHI JpKepesa eHeprii (30kpema, (pOTOoeNeKTpUYHI epeTBOPIoBaYi) Ta IiIK-
JIFOUCHA JI0 HalliOHAJIBHOT/IOKaJIbHOT €HeproMepex SIK CIIoKUBay 1 BAPOOHUK eHeprii ogHodacHo. Meroauka. [Ipo-
BeJICHE JIOCIIJDKEHHS, aHaJli3 Ta y3arajbHIOIYi BUCHOBKH 0a3ylOThCs SIK Ha pe3yjbTaTax pooOiT i3 TaHOI TeMaTHKH,
TaK i Ha BJIACHMX HaNpalfoBaHHIX aBTOPiB. IIpy MpoBeaeHHI NOCHTIKEHb 3aCTOCOBYBAJIMCS METOJIU CHCTEMHOTO
aHaJli3y Ta KOMITIOTEPHOTO MOJCIIOBAHHS KOMIIOHEHTIB BEJHKOI KiOep(i3udHOi TpaHCIIOPTHO-CHEPTeTHIHOI CHC-
Temu. PesyiabTaTtn. Po3pobrieHi ¢i3nKo-TeXHIYHI OCHOBH CTBOPEHHS MEPCHEKTHBHOI TPAHCIOPTHO-CHEPTEeTHIHOT
CHCTEMH, SIKa BKJIIOYA€ BHCOKOIIBHIKICHUI Ha3eMHHUI TPAHCIIOPT HA €IEKTPOAMHAMIYHOMY Mi/Bici Ta po3MOise-
HUH (HOTOETEKTPUIHUI EHEProKOMIUIEKC, aIaTOBAHUI 10 0COOIMBOCTEH POOOTH JaHOTO BULY TPAHCIIOPTY 1 rapa-
HTYIOUHH Horo HajiliHe (QYHKIIIOHYBaHHS B OyIb-sIKMX MOTOAHUX yMoBax. HaykoBa HoBu3HA. Brepme oOrpyHTO-
BaHa MOJXXJIMBICTH CTBOPEHHS €JMHOTO TPAHCIOPTHOTO KOMIUICKCY, 00'€JHYI090T0 B c00i IIBHAKICHY MarHiTOJNEBi-
TalliiHy CUCTEMY Ta PO3NOAICHY CHCTEMY €JICKTPO)KUBIICHHS Ha OCHOBI COHsIYHOI eHeprii. Bona ogHouacHo € He-
BiJl'€EMHOIO YAaCTUHOIO MPEIM3IHHOT MIBUIKOMIAHOI CHCTEMH YIIPABIIHHSI, 10 MPAIFOE y PEKUMI peabHOTO Yacy.
IIpakTHyna 3HaYMMIicTh. 3alIPONOHOBaHE HAYKOBO-TEXHIYHE PILICHHS J03BOJISE HA OCHOBI BiTHOBJIIOBAHOTO JIXKE-
pena eHeprii po3B's3aTH NPOOJIEMH €IEKTPOKUBIICHHS Ta YIPABIiHHS BUCOKOUIBUAKICHUM TPAaHCIOPTOM. A 3a pa-
XYHOK BKJIFOYESHHS PO3IOJIIIEHOT CUCTEMH eJIEKTPOKHUBIICHHS! B JIOKAJIbHI 1HTEJIEKTYaJIbHI €HEPrOCUCTEMH 32 TEXHO-
noriero SMART-grid mae MOXIHBICTh ONTHMI3yBaTH €HEPrOCIOXKUBAHHS TEPUTOPIH, MO SIKMX MPOXOJUTH Marict-
paiib BUCOKOUIBH/IKICHOTO TPAHCIIOPTY.

Kniouosi cnosa: marnitoneitaniitanit (MAI'JIEB) TpancmopT; po3moaiieHa CHCTEMa eIeKTPOKUBICHHS, COHS-
YHa EHepris; Mpenn3iiHa MBUAKOMIHHA CHCTEMa YIIPaBTiHHS
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EJIEKTPMYHUIA TPAHCIIOPT

PERSPECTIVE TRANSPORT-POWER SYSTEM BASED ON THE
INTEGRATION OF MAGLEV-TECHNOLOGY AND DISTRIBUTED
PHOTO-ELECTRIC STATION

Purpose. The research main purpose is the perfection of magnetolevitating technology on electrodynamic sus-
pension and providing its functioning on the base of ecologically rational energy systems. It means creation of the
MAGLEYV transport-power system which uses renewable energy sources (in particular, photoelectric converters)
and connected to national/local networks as an energy user and producer simultaneously. Methodology. Conducted
research, analysis and summary conclusions are based both on the results of works on the given subject, and own
works of authors. The methods of systems analysis and computer design of components of the large cyber-physical
transport-power system were used during conducting research. Findings. The physical-technical foundations of
conception of the perspective transport-power system, including high-speed ground vehicle on electrodynamic sus-
pension and distributed photo-electric energy complex were developed. It adapts to the performance of the given
transport type and guaranteeing its safe functioning in any weather terms. Originality. For the first time authors
substantiated the possibility for creation of single transport complex uniting the speed magnetolevitating system and
distributed power supply system on the base of sun energy. It is simultaneously the inalienable part of the precision
fast-acting control system, working in the real-time mode. Practical value. The offered scientific-technical solution
allows on the base of renewable energy source to solve the problems of power supply and a high-speed transport
control. Due to the inclusion of the distributed power supply system into local intellectual networks on the SMART-
grid technology it gives the possibility to optimize energy consumption of territories neighboring to high-speed way.

Keywords: magnetolevitating (MAGLEV) transport; distributed power supply system; sun energy; precision
fast-acting control system
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MOIEJIOBAHHA 3AZTAY TPAHCIIOPTY TA
EKOHOMIKHA

YK 629.421.5:004.94

L. A. KJIIOIIHUKY

"Ka. «EnexTponsi oGumcIoBanbHi ManuHimy, JHIIPONETPOBCHKHIT HAIOHAIBHIN YHIBEPCHTET 3aTi3HHIHOTO TPAHCIIOPTY
imeHi akazgemika B. Jlazapsina, Byn. Jlasapsna, 2, [{ninpo, Ykpaina, 49010, ten. +38 (056) 373 15 89, en. nomta klugran@i.ua,
ORCID 0000-0001-9939-0755

AOCIIKEHHS PAITIOHAJTBHUX XAPAKTEPUCTUK KAHAJIIB
HEPEJAYI JAHUX IHOOPMALINHO-BUMIPIOBAJIbHOI CUCTEMHA

Mera. CtaTTs CTaBUTh 32 METY BU3HAUYCHHS palliOHAJBHHUX MapaMeTpiB iHTepdeliciB mepenaui qanux iHpopma-
LifHO-BUMIPIOBAJIbHOT CUCTEMH BUIPOOYBaHb TipaBIiYHUX Hepead TEIUIOBO3iB, a TAKOXK 3HAXOJDKEHHS CTYIEHS
BiZIMOBOCTIHKOCTI B PI3HHX peKMMax podotu cucteMu. Meroauka. Y poOOTi JOCIiTHUKOM Oy BU3HAUYEHI Ta TEO-
PETHUYHO PO3paxoBaHi OCHOBHI XapaKTEpUCTUKH KaHANIIB Iepeadi JaHuX BiJl anapaTHUX MEPETBOPIOBAYIB CHTHAIIB
aHAJOTOBHX JAaTYMKIB TEXHOJIOTIYHHMX IapaMeTpiB 0 Komm'toTepa. J[yns Oinbll MOBHOI OLIHKM B CEPEAOBHILI
MATLAB 0ymo CTBOpEeHO iMiTaliifHy MOJENb y paMKax TOCHTIKEHHS IOCTaBICHOI 3amadi. AHaNi3 pe3yibTaTiB
TEOPETHYHHUX PO3PaxXyHKIB Ta MOKA3HUKIB, OTPUMAHUX 3a JOMNOMOTOIO IMITaIliifHOI MOAENi 3 METOI0 BH3HAYCHHS
palioHaTBPHUX HaJaIITyBaHb iHTep(eiiciB (BUIKOCTI mMepenadi, eIeMEeHTHOI 0a3n, CTPYKTYPH CHCTEMH TOIIO) Tie-
penadi maHUX, MO3BOJSIE BH3HAYMTH HEOOXiNHI XapaKTepHUCTHKH cucTeMH. Pesyabprartu. [ icHyrouoi iHpopma-
[ifHO-BUMIpIOBAIBHOI CHCTEMH BHIIPOOYBaHb TiApaBIIUYHUX Mepefad TEeIUIOBO3iB OyIH MPOBEICHI TOCIiIKCHHS
3 METOI0 BU3HAYECHHS Ta PO3PAaXyHKY OCHOBHHMX XapaKTEPUCTHK KaHANIB Iepeladi JaHWX Bij almapaTHUX MEpeTBO-
pIOBayiB CUTHAJIB aHAJOTOBHUX JATYMKIB TEXHOJIOTIYHUX MapaMeTpiB 0 KoMm torepa. [ 1ociipKeHHs TaxoMeT-
PpHYHOT TiJcKCTEMH OYJIO CTBOPEHO IMiTalliiHy MOJIENIb, SIKa JO3BOJIMIIA JOCIIIUTH OCHOBHI XapaKTepUCTUKHU KaHa-
JIB repefavi JaHuX Bijl anapaTHUX MEPEeTBOPIOBAYIB CHUTHAJIB aHAIOTOBUX JATYMKIB TaXOMETPUYHHX MapaMeTpiB
0 KoMIT'IoTepa. byB mpoBemeHuil aHami3 JaHUX, OTPUMAHUX 3a pe3yJabTaTaMH TEOPETHYHHX PO3PaxyHKIB
i 3a J0NOMOror iMiTamiiHOi MOAeNi, Ta BHM3HAUEHI LUIIXM palliOHAJBHOTO HAJAIITYBaHHS IX mepenauyi.
HaykoBa HoBu3Ha. J{oCimiPKEeHHSI Ta TEOPETUYHI PO3PaxyHKH OCHOBHHX XapaKTEPHUCTHK KaHAJIB Iepenadi JaHUX
BiJl armapaTHUX INEPETBOPIOBAYIB CHTHAJIB aHAJIOTOBHX JATUYHKIB JI0 KOMIT'IOTE€pa IMOKa3ajH, 10 CHCTEMa IPalloe
y pexuMi QaKTHIHOI «BiTMOBH Bix 0OCIyroByBaHH:». /s ORI AeTaNbHUX JOCIIHKEHB MPOIECIB, MO MPOTiKa-
I0Th Y CHCTEMI IIepe/iadi TAXOMETPUYHUX JaHuX, y cepenoBumi MATLAB Oymna cTBopeHa imiTamiiHa MOJIEINb, sIKa
JI03BOJIMIIA TIPOBECTH psi excriepuMeHTiB. IlpakTuyna 3HaunMicTb. Ha OCHOBI eKcriepUMEeHTIB 13 MoAemIo Oynu
BCTaHOBJICHI PalliOHATbHI IUISXHU PO3B’SI3aHHS iICHYIOUOI MPOOJIeMI: poOOTH CHCTEMH B PEXKIMI (PaKTHIHOT «BIIMO-
BU BiJl 00CIIyroByBaHHs;». TakoX BIPOBAKEHHS OJIHOTO 13 3alpONOHOBAaHUX CIIOCOOIB BHpIlIEHHS MPOoOIeMu abo
ix KoMOiHyBaHHs MOTPEOYIOTh MOAAIBUIMX JIOCIIKEHb Y peajibHill cUCTEMI.

Kniouosi crosa: imitaniiina mozens; MATLAB; SIMULINK; ringpasniyna nepenada; BUPOOyBaHHs Tixporie-
penay; BUIIpOOyBabHUiA cTeH ; iHpopMaliiiHO-BUMIpIOBaJIbHA CHCTEMA

HUM 13 CKJIQJHUX 1 BIAMOBIAAJLHUX BY3JIB TEILIO-
Beryn BO3a € rijpasniyna nepeaava. Ilicns xamiTaabHHX
PEMOHTIB TiJpaBIiYHHUX Iepenad TEIUIOBO3iB MPo-
BOJIATBCS iX BUNPOOOBYBaHHS 0€3 HaBaHTaKECHHS
3 METOI0 MPUIPALIOBAaHHA JeTajleld, a TaKoX BU-
mpoOyBaHHS I1iJ] HABaHTRKEHHAM 13 METOIO Iepe-
BIpKM OCHOBHHUX TapaMeTpiB. 3a TEXHIYHUMHU YMO-

Binpmocti T0KOMOTHBIB i3 TipaBIiYHOIO Iie-
penavero MOTYXKHOCTI, SIKi BUKOPHCTOBYIOTHCSI Ha
Teputopii Ykpainu, HEoOXiIHO TPOBEJCHHS Karli-
TaNbHOTO 200 KalliTaJbHO-BiZIHOBIIOBAHOTO PEMO-
HTy. Ilpn BUKOHaHHI KamiTalbHOTO PEMOHTY OJI-
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BaMH{ MIAMPUEMCTB, IO PEMOHTYIOTH TiApaBiiuHi
nepeaayi, peKOMEHIYETbCS TPOBEJCHHS TIEBHOTO
00CsTy OIIIHOYHUX 1 PEryioBaJbHUX BUIIPOOYBaHb
TiApaBIIiYHUX TIepeaad TEeIIOBO3iB i3 METOIO KOHT-
poITEo X MICISPEMOHTHOTO CTaHy. 3TiHO 3 MPaBH-
JaMH PEMOHTY B Mpoleci 0OKaTKU TiIpaBiIiuHUX
nepeaay TemaoBO3iB 0e3 HaBaHTA)KEHHS Ta 3 HaBa-
HT2)XEHHSIM B OCHOBHOMY KOHTPOIIIOETHCS PiBEHb
IyMy, TepMETHYHICTh, TEMIIEPATypPHI PEXHMHU,
TUCK Y MAaclsHHX CHUCTeMaX, PO3TiH TypOiHHOTO
BaJly, CIpAIfOBaHHS OJOKYBIBHHX HPHUCTPOIB,
BMHKaHHA My(T peBepcy 1 PeXuMiB, BeIHMYHWHA
BiOpawii Kopiycy, HafiliHiCTh 1 YiTKICTh POOOTH
CHCTEMH aBTOMATHYHOTO yIpaBiIiHHs [D].

B VYkpaini chorofHi /st BUKOHAHHS 3aBOJICH-
KHUX BHIIPOOYBaHb TiIpaBIiYHUX Nepead TEIioBO-
3B BUKOPUCTOBYIOTHCSI THIIOBI CTEHIH, SIKI He
B TMOBHIN Mipi BiANOBITAIOTh CY4aCHUM BHMOTaM
JI0 BUIIPOOYBaHb. 3BUYANHO, JTaHI CTCHIU 3a KiJib-
KICTIO KOHTPOJIBHHX MapaMeTPiB 1 TOUHICTIO BUMi-
proBaHHs (y TepeBakHIA OLIBIIOCTI 3aCTOCOBY-
IOTBCS CTPIJIOYHI aHAIOTOBI IHAWUKATOPH) HE Bij-
MOBIJIAIOTh CYYaCHOMY PiBHIO PO3BUTKY OOUYHUCIIO-
BAIPHOI TEXHIKM, a caMe: He JI03BOJISIOThH
¢ikcyBaTH qUHAMIKy TiporieciB. BimcyTHicTs aBTO-
MaTH4HOI (hikcalil BUMIpSHHUX TapaMmeTpiB Ta Mpo-
TOKOJIy BUNPOOYBaHb 3MCHIIYE MOKJIMBOCTI aHa-
T3y pe3ynbTaTiB BUIPOOYBaHb i BUITPOOYBaIHHIX
CTEHIIB y LIJIOMY.

Jyis oTpuMaHHs Okl MOBHOT iH(opMariii po
TEXHIYHWUH CTaH TiIpaBIiYHOI mepemayi Mg dYac
BUIIPOOYBaHbh HEOOXITHO 3aCTOCOBYBAaTH HOBI Me-
TOIM Ta 3acobm BUTpoOyBaHb. BinmoigHo 10 BH-
MOT pO3pOO0JIEHOI METOJIUKU MPH BU3HAYEHHI Me-
XaHIYHUX BTpAT y TiApaBIiYHUX Iepenadax IIif
Yyac CTEHJOBHUX BUNPOOyBaHb [3] HEOOXigHO 3a-
0e3MeYnTy BUCOKY TOYHICTh BUMIPIOBaHHS 4acTo-
T o0epTaHHs TYpOIHHOTO KoJyieca TiJpaBIIivHOI
repeadi.

Meta

[IpoBeneHi mocmimKeHHsI CTaBWIM 32 METY BH-
3HAYNUTH pallioHaJIbHI apameTpH iHTepdeiiciB me-
penadvi qaHuX iHGOpMaIliHHO-BHMIPIOBAILHOI CHC-
TEMH BHIIPOOYBaHb TiPaBIIYHMAX Iepenad, a Ta-
KOXXK BU3HAUUTH CTYIiHb BiJMOBOCTIHKOCTI B pi3-
HUX pPEeXHMaxX POOOTH CHCTEMH.

J1a AOCSATHEHHS TOCTaBIEHOI METH BHpINTyBa-
JIMCS HACTYTIHI 3a/1a4i:

— BH3HAYCHHS Ta PO3PaxXyHOK OCHOBHUX Xapa-
KTEPUCTHK KaHAJIiB Iepeiadi TaHUX BiJ arapaTHUX
MIEPETBOPIOBAYIB JaHUX CUTHAJIB aHAJIOTOBUX Ja-
TYUKIB TEXHOJIOTIIHUX rmapameTpiB o
KOMIT 10Tepa,;

— CTBOPCHHS IMITAIiifHOT MOJAENl Ui JOCIi-
JOKCHHSI OCHOBHUX XapaKTEPUCTHUK KaHAJIB Iepe-
Jadi JaHUX BiJ allapaTHUX MTePETBOPIOBAUIB JAHUX
CHTHAQIIB aHAJOrOBUX [JATYHMKIB TEXHOJOIIYHHUX
mapamMeTpiB 10 KOMIT 10Tepa,;

— aHaNi3 OTPUMAHUX 3a pPe3yJbTaTAMH TEOpe-
TUYHAX PO3PaxyHKIB Ta 3a JOMOMOTOIO iMiTalliii-
HOT MOJIEJIi JJaHWX 13 METO BHU3HAYCHHS pallioHa-
JMFHUX HAJAITYBaHb iHTep(denciB (IMBUIKOCTI Te-
penadi, eneMeHTHOI 0a3H, CTPYKTYPH CHCTEMH TO-
110) TIepeIayi JaHux.

MeTtoauka

Crpomena cxema iHpopMaIliiHuX MOTOKIB Ja-
HUX iH(pOPMALiHO-BUMIPIOBAIbHOI CHCTEMH BU-
poOyBaHb TiAPaBIIYHUX MEpeady TEIUIOBO3IB T0-
Ka3aHa Ha puc. 1.

Sk BuaHO 3 puc. 1 Ta 3a [5], cuctema onparbo-
Bye€ iH(OopMalilo BiJl TPhOX JATYHKIB YACTOTH 00e-
pTaHHS, SKi OOpOOISAIOTH TPU MIKPOKOHTPOIEPH
ATMEGA 8, mo nocmiIoBHO TiepesaroTh 1o JaH-
I0KKY 3a gornomoroto intepdeiicy UART pospa-
XYHKOBI JIaHI 4acTOTH 00epTiB, OTpPUMaHi Ha OCHO-
Bl CHTHANy BiJ BiJIMOBIIHWUX JATYHUKIB YaCTOTH
obepranns. [y mepenaui JaHUX O KOMII IOTEpa
OCTaHHIN (TpPETii B JAHIIOKKY) MIKPOKOHTpPOJIED
repeiae TOCiIOBHO SK CBOi JaHi BUMIPSHOI 4ac-
ToTH 00EpPTIB, TaK i JaHi IHIIUX ABOX €IUHUM IIa-
KETOM JIaHMX 3a JIOTIOMOTOI0 MepeTBOproBaya
3 UART na USB FT232RL.

Jani iHmWX mecsaTu mapameTpiB (TemmepaTrypa
Maclia B KOJi [UPKYJISIIl Mepuioro Ta Apyroro ri-
npotpancopMaTopiB, TeMiepaTypa Maciia A0 Ta
TTiCHIs TiAporepeavi, THCK Maclia B KOJi ITUPKYIIs-
mii mepmioro Ta Jpyroro TiaporpaHchopMaropis,
CTPYM Ta Hampyra NpuBOJHOTO €JIEKTPOBUTYHA Ta
HaBaHTa)XXYBAIBHOTO TEHEpaTopa) OOPOOISIOTHCS
3a JOIIOMOTOI0 1HJIMKATOPiB TEXHOJOTTYHUX Mapa-
MeTpiB «MukPA U3» (ams Temneparypu, cTpymy,
Hanpyru) ta «MukPA H4» (nna Tucky), sKi nepe-
ArOThCS II0 3arajibHiil mmHl Ha 0as3i RS-485 3a
JIOTIOMOTOI0  TIPOTOKOJIy ~ KaHAIBHOTO  PIBHA
MODBUS RTU.
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VI'TI 750-1200

KOMIT'foTepa

Mikpokontponep 1 JlaTuMK 4acToTU ITpuBonHmii Bolwiaiwaiin
ATMEGA 8 obepranus €1EKTPOJABUIYH i &
MikpokonTposep 2 JlaTuuk yactotu - Po3natounuii Ban
ATMEGAS [*] * obepranua [7| | cHeparop <
MikpokoHtpoaep 3 Jlatuuk qactotu S
ATMEGA 8 [*1 - < TypOinnuii Ban
Y v
"RreE” | | RRSERE" o) Depersoposan el
5 & | - |- 2
a2 = CHTHAITIB JaTUHKIB THCKY, CTYpMY Ta
FT232RL FT232RL TeMnepgTypu, F}‘]anp§?" d
T THCKY, CTYPMY Ta
MIIKPA 113
_ Cuerema sGopy MUKPA 14
»indopmartii Ha 6a3i (10 wr.)

Puc. 1. Cropormiera cxema iHpOpMaIifHAX MOTOKIB TaHUX iHPOPMAIifHO-BUMIPIOBAIILHOT CHCTEMH
BHIIPOOYBaHb TiIPaBIIYHAX IIepegad TeIUIOBO3IB

Fig. 1. Simplified scheme of information data flows of information-measurement system for tests
of locomotive hydraulic gears

ITpotoxomr MODBUS RTU [8] notpebye 3Hay-
HHUX 4YacoBHX 3aTpuMok (mo 1,75 Mc MiKKaapoBi
3aTPUMKH Ta 710 9 OaiiT B KOXXHOMY KaJpi), TaKOX
JUIs OTPUMAaHHS JIaHUX TIOTPiOHO BiIIPAaBUTH Kajp-
3alUT Ta OTPUMATH KaJp-BiJIOBIb BiJ BiAMOBI-
HOro npucTporo. CaMUMH IBUAKOIUIMHHUMH TIPO-
1ecaMy B CUCTEMI € TIepeXiiHi MPOLEeCH CTPyMy Ta
HaTpyry Ha JABUTYHI Ta reHeparopi. Sk moka3yroTh
nociipkeHHst [4], CrekTp MepexiTHOro Mporecy
MICTUTh MaKCUMaIIbHY dacToTy 1,22 I'ni. Jlns Toro,
o0 BiITBOPUTH TaKWil CHTHAN 32 TeopeMoro Haii-
kBicTa-KoTenbHHKOBa, HEOOXiTHO BECTH OIUTY-
BaHHS [OAaTYUKIB 13 BIBIYl OIJIBIIOK YacTOTOIO,
10670 2,4 I'tt. [l)1s1 3a0e3meuenHst TOBHOTO BiTBO-
PEHHSI CTPYMIB 1 HAaIIPyT, a TAKOX 1HIINX MapameT-
piB, MmO OOPOONAIOTHCA 3a JTOTOMOTOIO 1HIUKATO-
piB TEXHOJOTIYHUX MapameTpiB (apke iHII mapa-
METPHU HE MOXYTh 3MIHUTHUCS HIBUJIIIE, HIK CTPyM
abo Hampyra Ha JBUTYHI), IIJIKOM JIOCTaTHBO 3a-
crocoByBatu nporokoa MODBUS RTU 3 Bukopu-
CTOBYBAHOIO IIBHJKICTIO mepeaaul nanux y 9 600
001, 110 JI03BONUTH BecTH (pikcariito naHux Big 10
JIATYUKIB 13 YacToro 0im3bko 14 I'o.

Sk cBiguath mocmimkeHHs [1] B 3aBOACHKHX
yMoBax (MOAIOHMX /[0 TEIUIOBO30PEMOHTHOTO 3a-
BOJY), MOXYTh BUHUKATH €IEKTPOMATHITHI 3aBajin
B mianasoni Big 600 mo 1 200 kI'1. Tomy BIMB Ha
CTIIOTBOPEHHS JaHUX MpH Tepeaadi MiHiMalabHUH,
a/Ke Ha TaKMX BHCOKMX YacToTax AaHi He (ikcy-
I0ThCS CUCTEMOIO. | HaBITh IPU HAIXOMKEHHI CIIO-
TBOPEHHX JIaHUX — Taki JjaHi OyayTh MPOIrHOpoOBa-
Hi, ockinbku CRC — cyma Takoro kaapy JaHuX —
Oyne HempaBWIBHOI. TakoX Taki NepenIKoan HO-
CATh HE TMOCTIMHUH XapakTep, OCKIIbKH 3/1e01Jb-
1IOr0 B YMOBAaX 3aBOJIy MOCTIIHO TPOXOSTH Tepe-
Xi/IHI TIpotiecH, SKi OB’ 3aHi 3 BMUKAHHIM Pi3HUX
MOTY>KHHUX CII0’KHBAYiB.

3 ToukH 30py Mepenadi JaHUX BUMIPSHUX Jie-
CSITH TIapaMeTpiB (TeMIepaTypu mMaciia B KOJi IUp-
KyJIsLii Mepimoro Ta JApPYroro riaporpaHcdopma-
TOpIB, TEMIIEpATypy Maclia JIo Ta Micis Tiaponepe-
Jadi, TUCKY Macja B KOJIi HUPKYJISALii Hepuoro ta
Jpyroro rigporpaHcopMaTopiB, CTpyMy Ta Ha-
MPYTHd TPUBOJHOTO EJIEKTPOJBUTYHA Ta HABaHTa-
KYBAJIBHOTO TeHeparopa) — Iepejnava ix 3a Joro-
morowo «MukPA M3» (s TemnepaTypu, cTpymy,
Hanpyru) ta «MukPA W4» (msa tucky) i nepeaadi

doi: 10.15802/stp2018/120156

© I. A. Kirrorauk, 2018

89



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

Hayxka ta nporpec Tpacnopty. Bicauk /IHinponeTpoBchkoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOTrO Tpancnopty, 2018, Ne 1 (73)

MOJIEJTTOBAHHA 3AJIAY TPAHCIIOPTY TA EKOHOMIKH

iX 10 KOMIT'FOTepa 3a JIOTIOMOTO0 II€PEeTBOPIOBaYa
3 RS-485 na USB FT232RL € mocuts HagiiHUMH
— 3 TOYKH 30pY 3aBaHTAXCHHS CEpEeOBHIIIA Tepe-
nadi JaHuX (3aBISKK 3aCTOCYBAHHIO TPOTOKOIY
MODBUS RTU) [8], ta mMafoTh parioHaIbHy Yac-
TOTY ONUTYBaHHS, IO 3HAYHO MEPEBHLIYE PO3pa-
XyHKOBY. ToMy mojmanblinii po3paxyHOK Ta BHOIp
ONTUMAJbHUX IApPaMETPiB y AAHOMY BHIIAQAKY —
HEIOUUIBHHMN, aJkKe Yyepe3 3aTPUMKHU IpU niepeaadi
nanux no mportokory MODBUS RTU, a Takox
OJHOYACHY POOOTY JIMIIE 3 OJHUM EK3EMIULIPOM
«MukPA U3» a6o «MuxPA M4» Oymp-ski MOX-
JUBI KOMI3ii y CHUCTEMi 3BOAATHCS MPAKTHYHO OO
HYJISL.

Tomy po3rastHyTO OiNBII JETATFHO XapaKTepH-
CTHKHU KaHAJIB Mepeaadi JaHuX BiJl arlapaTHHUX Iie-
peTBopIoBaviB (MIKpOKOHTPOJIEPIB) JaHUX CHUTHA-
JiB aHAJIOTOBHX JATYMKiB TEXHOJIOTIYHUX Iapame-
TpiB (TaXOMEeTpUYHHX) 10 KoMIT toTepa. [Iporpamu
yCiX TPbOX MiKpOKOHTPOJIEPIB BUKOHYIOTH Mepe-
nady 31 mBuakictio 9 600 6ox. MikpokoHTponepH
MatoTh Oydepu npuitmadiB UART, piBHi 2 Gaiitam.
Mixkpocxema-nieperBoproBay FT232RL mae Oydep
mpuiiMada, piBamiA 128 OaiiT. JlaHi B JMaHIFOKKax
MePelaloThCSl B MIKPOKOHTPOJIEPAX ONpa3y IicIs
HaJXOJKEHHs a0o0 TCIIA 3aBepICHHS BUMIPIOBaH-
HSl BiJIIOBITHUM MiKpOHTpoJiepoM. Tomy 3aTpum-
KU TIpH Tipuiiomi, (hopMyBaHHI HOBHX JaHUX 1 Bij-
MpaBLi NPAKTUYHO JOCUTH HEBEJIMKi, HUMH MOXKHA
3HEXTYBAaTH, SIKIIIO BOHU JOCSTaIOTh HE Ouibiine 90
MKc (M MakcHManbHEX obeprax 1 500 xB™ pos-
OixHIicTh Oyze ckiamaty npuoim3Ho 20 XB'l, TOOTO
B paMKax CTaTHCTUYHOI MOXUOKH, sika Oyia po3pa-
xoBana B [10]). Ockinbku caMuM CITaOKMM MiCIieM
cucremMu (HaWOLTBII HaBaHTaXeHHM) Oyne mepe-
Jlada JaHuX 13 TPEeThOro MIKPOKOHTpOJIEepa 10 MiK-
pocxemu-tiepeTBoproBada FT232RL, To Oymo Bu-
KOHAHO PO3paxyHOK 4Yacy nepenadi JaHuX BiJ IIbO-
ro MIKpOKOHTpOJepa Ta 4aCcTOTH (OPMYBAaHHS iM-
nyJabciB  BiJl JgaTduka. bynmm npuitHATI  Taki
JONYIICHHS:

— MIKpPOKOHTpOIIEp Tepenae AaHi 31 MIBUAKOC-
oM 9 600, 19200, 38 400, 115200, 250 000,
1 000 000 6ox;

— BHKOHYETBCS PpO3PaxyHOK y pa3i Haaxo-
JUKEHHSI CUTHAJIy BiJl ONTUYHOTO natymka Ha 10
3yO1IiB 3a POPMYJIOH0:

1

-~ .60, 1
' oN ()

Iie, T — TepioJl CHTHAITY, C ; ® — BUMIpsIHa 9acTOTa
o0OepTaHHs, xBY N — KiIBKIiCTb 3yOIliB JUCKa JaT-
YHKa;

— BUKOHYETBCS PpO3PaxyHOK Yy pa3l Haaxo-
JOKeHHS CHTHAJy BiJ TaxoreHepaTopa 3MIHHOTO
CTpyMy i/a00 onTHYHOTrO (OTOJATYHKA 32 Yac IO-
BHOTO oOepraHHs fgaTdnka Ha 10 3yOmiB 3a dop-
MYJIOIO:

T= L 60, (2)
®

— BUMIpsIHI JaHi IepenaloThes ABoMa OalTaMu
BiJl KO’)KHOTO MiKPOKOHTpOJIEpa, a Ha MOYaTKy i B
KiHIIl TIepeIadi moJaroThC 3 METOI0 CHHXPOHI3aIlil
10 OJTHOMY CITy>kOOBOMY OalTy BiAIOBITHO (TOOTO
BUKOHYETBCS Tepellavya MOCUIOK JdaHuX (KaapiB),
sIKi piBHi 8 Gaiitam);

— MakcHMaJlbHa 4acToTa 00epTaHHs CTAHOBHUTH
1500 x8;

— y pa3i BiICYTHOCTI HOBUX JaHUX Ha MOMEHT
BIJIITPAaBKH 3aMiCTh HUX BIAMIPABIIAETHCS ABA CITYXK-
00Bi OAUTH-TTYCTYIIKH.

— CTPYKTypa KaJpa HacTylHa: TIOYaTKOBUH
cnyxO0Buil OalT, 2 OalTH NaHUX BiJ MEPIIOTO
JaTdauka abo JBa CIy>)KOOB1 OaWTH-ITyCTYIIIKH, JBA
0aliTH JaHWX BiJ] JPYroro JaTduka abo JBa CIykK-
00Bi 0alTH-MYCTYIIKH, JBa OalTH JaHUX Bill Tpe-
THOTO JaT4hka abo JBa CIykKO0OBi OaiiTh-
MTyCTYIIKH.

3BHYaiHO, MOYKJIMBO OLHUTH MOJIUBICTE II€-
penavi MOBHOrO KaApy AaHUX NPH Pi3HUX MIBUA-
KOCTSIX Tepenadi JaHWX Ta ajiroputMax oOpoOKu
MPH YMOBI, M0 MaKCHMAaJILHO MOXIIMBA YacTOTa
o6epranms — 1 500 x8™ . Bepyun 10 yBaru gopmy-
ay (1), MOXXHaA OTpUMATH HACTYIHY (HOPMYITY:

1 60

p=oN /., A3)

ne P — kinbkicte mepepannx kaapis; K — kimbkicTh
Oaiit y kanpi; V,— NIBUAKICTb Niepeaadi, 00,

AHAJIOTIYHUM YHUHOM, BHKOPUCTOBYIOUHM (HOP-
MyJy (2), MOXXHA OTPUMATH:

p=o

K (4)
Vi’l

doi: 10.15802/stp2018/120156

90

© I. A. Kirrorauk, 2018



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

Hayxka ta nporpec Tpacnopty. Bicauk /IHinponeTpoBchkoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOTrO Tpancnopty, 2018, Ne 1 (73)

MOJIEJTTOBAHHA 3AJIAY TPAHCIIOPTY TA EKOHOMIKH
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KiIbKICT ITepelaHiX ITaKkeT1B

9600 19200

38400

115200 250000 1000000

[TenakicTh TIepeaadi, 0o

Puc. 2. 3anexHicTh KUIBKOCTI NepelaHuX MaKeTiB JaHUX (PO3MipOM IIBHIKOCTI y 8 OalT)
3a 1/10 obepranus Bamy mpu mBrHakocti 1 500 xa™

Fig. 2. Dependence of number of transmitted data packets (speed size of 8 bytes)
for 1/10 shaft rotation at a speed of 1 500 min™

il S B S JLS B VS R S S L) B e
) R ]

S OO OO O

KinmpKicTh TepeTaHiTx MaKeTiB

9600 19200

38400

115200 250000 1000000

IIBuAKicTE epeaadi, 6o

Puc. 3. 3aexxHiCTh KUTBKOCTI ITepeJaHnuX MaKEeTIB JaHUX (PO3MIpOM IIBHIKOCTI y 8 OaiiT)

3a MMOBHE 00epTaHHS Bay mpu mBHAKocTi 1 500 xB

1

Fig. 3. Dependence of number of transmitted data packets (speed size of 8 bytes)
for full shaft rotation at a speed of 1 500 min*

Sk BHIHO 3 pHC. 2, IpU ANTOPUTMiI 0OpPOOKH
JMaHuX Bin jgaryuka 3a 1/10 oOepTaHHS MOTOYHOT
mBuakoctTi 9 600 6ox ABHO HELOCTATHBLO IS IIE-
penadi kajpy NaHUX BiJl YCIX TPHOX JATYHKIB 3a
YMOB MaKCUMaJIbHOI 4acToTh oOepTaHHs. Cxoxka
TEHJICHIIISI TaKOXX JEMOHCTPYEThCS Ha puc. 3 (Ha
SIKOMY TI0Ka3aHO KUIBKICTh TIE€pEeIaHuX IMaKeTiB
JMaHUX 3a OJMH O00epT Baly IPH MaKCHUMaJlbHIiH
IIBUAKOCTI). AJie B JaHOMY BHUIAJKY MOXKJIHBO
MepesIaT 10 5 KaJIpiB, 10 € IIJIKOM JOCTaTHIM JJIs
poboTH cucTemu.

Jiist GUIBII TIOBHOTO JIOCHIJKEHHS MPOIIECIB Y
HicHCTeMi BUMIPIOBAaHHS 4acTOT o0epTaHHs Oyia

CTBOpEHa iMiTamiifHa MoOIeldh B CEPEIOBHII
MATLAB SIMULINK i3  3acTocyBaHHSM
SimEvents.

Jlana Mozenb BHKOHYE DO3PaxyHOK 3a

QJITOPUTMOM, 3alpONIOHOBaHUM aBTopoM y [9].
VY naHoMmy anropuTMi Yac oOepTaHHsS 31 NIBHJKiC-
10 710 80 XB™ CKIIaZia€ BEIMUHY, SIKY MOYXIIHBO PO-
3paxyBatu 3a ¢Gopmynior (2), a ans MIBHIKOCTI,
mo nepesuiye 80 xB' — 3a popmynoro (1). Yac
ornutyBaHaa FT232RL nopisnroe 0,4 c.
CTpyKTYpHO MOJIEJIb TIOKa3aHO Ha pHc. 4.
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(-]

Constant

MarcHymanbHa KimbkicTs| UacToTa oGepTaHHA

3aABOR JaTunka 1, 0b/xB

mQueries

JaTaHKa 2, 00/XB

cTOTa 0OepTaHHA croTa obepramma | [IIBHAKiCTS mepenaui,

JaTunka 3, 00/XB

Connlpp————— 1 Connl Conn2pp—————»Connl Conn2p>——— 4 Connl Conn2p——» Query ToKill
Microcontroller 1 (ATMEGAS)  Microcontroller 2 (ATMEGAS)  Microcontroller 3 (ATMEGAR) UARTtoUSB(FT232RL) Sink
Pc:y:mmm'
J 152705 Iﬁ\vrl_mgthThz ;{ 1.589¢-05 | Im-rm@hm 1618
Cepensa qoBxHHA uepra 1 Cepenna JOBKMHA Yepry 2 Cepenna TOBKHHA JeprH 3

Puc. 4. Ctpykrypna cxema CMO B cepenosuii MATLAB

Fig. 4. Structural diagram of queue system (QS) in MATLAB environment

Bbyno mpoBeneHo cepil0 eKCIepUMEHTIB TpH
MakcHManbHii mBuakocti 1500 xB™' Ta pizHux
(SIK1 MATPUMYIOTBCS SIK TIpUMMavYaMu, Tak 1 mepe-
JaBavyamMM)  [IBHIKOCTSX: Bix 9600 1o
1 000 000 Gox, mpu Bapialisgx Yacy OIHUTyBaHHS
mikpocxemu-niepersoproBada FT232RL (Bix 0,4 no

120
118
~ 116

§114

o
(28]

<112
=110
108
106

CepeHs JJOBKITHA
yepru(3aHaTicTs Oydepa

9600 19200

0,1 c), a TakoX 32 yMOB PO3paxyHKy 4acToTu 00e-
pranss 3a 1/10 obepTaHHs Ha BCiX Bajiax i 3a yMOB
pPO3paxyHKy 4YacTOTH oOepTaHHs 3a OJHE MOBHE
obOepranHs Ha Bcix Bamax. OCHOBHHUU KpHUTEpii
OIIHKM — CEpeNHs JOBXKWHA Yepru (3aHATICTh Oy-
¢depa FT232RL).

38400 115200 250000 1000000

ITBuaKicTE Trepemayi, 601

Puc. 5. 3anexHicTh cepeIHbO1 JOBXKUHH YEPTH BiJ] IMBUIKOCTI mepeaadi 3a 1/10
obepTanHs BCix BamiB npu gactoti o6epranns 1 500xs™, mpu uaci omurysanns FT232RL 0,4 c.

Fig. 5. Dependence of the average queue length on the transmission speed for 1/10 rotation
of all shafts at a rotational speed of 1 500 min.™ at the polling time of FT232RL 0.4 sec.
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100
30
60

&40

Cepe/Hst IOBKITHA
Jepru(3aHgaTicTs Oyhepa

9600 19200 38400 115200 250000 1000000

IBmakicTs mepenadl, 0o

Puc. 6. 3anexHicTh cepeiHbOI TOBKHHHU YepTH BiJI IIBUAKOCTI nepeaadi 3a 1/10 oOepTaHHs BCiX BaJliB IPH 4acTOTI
obepranns 1 500xs™, mpu waci omurysanms FT232RL 0,1 c.

Fig. 6. Dependence of the average queue length on the transmission speed for 1/10 rotation of all shafts at a rota-
tional speed of 1 500 minutes™ at the polling time of FT232RL 0.1 sec.

Cepeaus T0BKITHA
yepru(3aHATicTs Oydepa
)
2

9600 19200 38400 115200 250000 1000000
[IBnakicTs Hepenaui, 6o

Puc. 7. 3anexHicTh cepeHOI JOBKUHHU YSPTH BiJl IBUAKOCTI Iepeadi 3a TOBHE 00epTaHHS BCiX
. . -1 .
BayiB npu yactoti obepranus 1 500xB™, mpu gaci onurysanns FT232RL 0,1 c.

Fig. 7. Dependence of the average queue length on the transmission speed for the total rotation of all
shafts at a rotational speed of 1 500 min.™ at the polling time of FT232RL 0.1 sec.

44

D

o
[

FT232RL)
=

40

CepeiHs JIOBKITHA

yepru(3auaTicts Oydepa

9600 19200 38400 115200 250000 1000000
[IBnakicTs mepemadl, 6o

Puc. 8. 3anexHicTh cepeiHbOT IOBKHHU YepPry BiJl IIBUAKOCTI IIepeadi 3a oBHE
. . . 1 .
oOepTaHHS BCiX BaJliB pu yacToTi ooepranus 1 500xB ™, npu vaci onutyBanns FT232RL 0,4 c.

Fig. 8. Dependence of the average queue length on the transmission speed for the total rotation of all
shafts at a rotational speed of 1 500 min.™ at a polling time of FT232RL 0.4 sec.

PesynpTatn OCHOBHHX cepiii EKCIEPHMEHTIB Sx BuaHO 3 puc. 5—6, npu YacToTi oOepTaHHS
MoKa3aHo Ha puc. 5-8. 6mu3pKo 1 500 xB™" 'y xoua 6 OHOTO 3 ATUHKIB
cepenHs 3aiHATICTE Oydepa FT232RL Oyxne mpak-
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THYHO OJJHAKOBOIO JIO MAaKCHMAIBHO MOXKIIHBOT
mBuakocti, Brmarodaroun 1 000 000 Ooxm, HaBIiTH
npu 3MeHIIeHHi dacy onutyBaHHs FT232RL. He-
3HAYHHUH PICT TMOB'SI3aHUHN 3 THUM, IO EKCIICPUMEH-
TH BEITUCSI 3 OJHUM MAaKCHUMAJIbHUM YHCIIOM 3as-
BOK, Miclsi OOpOOKM SIKMX CHMYJISLiSl TPUITHHS-
nack. Tako 3MEHIIEHHS Yacy OMUTYBaHHS HUKYE
0,0156 ¢ daxTuHo HeMoxnmBO [2, 6, 7], mI0
MOB’s3aHO 3 TOYHICTIO pobotu Taiimepy B OC
WINDOWS, Ha 6a3i sikoi npamtoe APM, npudomy
Oydep Oyzne GpakTHIHO TIEpETIOBHEHUM, TOOTO JaHi
HE BCTHUTAIOTh BYAacHO mepemaBatucs 1 FT232RL
Oyle mepeBaHTOKEHWM, MPO IO 1 CBigYaTh Ha
MIPAKTHIIi, Y MTPOLIECi eKCIUTyaTallil CHCTEeMH, HEeTIo-
OJIMHOKI 3001.

ToMy HEOOXiZHO TPOBECTU PSJl JOAATKOBUX
nocaimkedb. OueBUAHO, HEOOXIJAHO BU3HAYUTU
paIlioHaTbHHIA adTOPUTM O0POOKH TaXOMETPHIHUX
nanux (3a dopmysoro (1) abo 3a dopmymnowo (2).
3 mier0 MeTor OyJl0 MPOBEACHO EKCIICPUMEHTH
3 IeAKUMH MOAUQIKaIisasMu MoJieni (3MiHa alropu-
TMy OOpOOKH CHTHANIB BiJl NaTYHUKIiB, TOOTO 3MiHH
¢dopmyn po3paxysky 3 (1) na (2). Pezynbratu exc-
MEepUMEHTIB TOKa3aHi Ha puc 7. Sk BHIHO
3 puc. 7/, Ipu 3aCTOCYBaHHI PO3PaxXyHKOBOI (pop-
mynu (2) wactotu obepraHHs, Oydep MpPaKTUYHO
HE 3alOBHIOETHCSI HA BCHOMY Jlialia30Hi IIBUIKOC-
Teit (mpu vaci omuryBanus 0,1 c.). IIpu 306iabIeH-
HI 4acTOTH ONMTYBaHHs Oydep Oyne 3amoBHIOBA-
TUCh (DAKTUYHO HATMOJOBUHY, MPO IO CBITYUTH
puc. 8.

[Ipu wmakcumanpHid mBuakocti 1 500 xB*
Ha BCiX TPbOX JAaTUHUKAX pallioHATBEHO 3aCTOCYBATH
Take pIlIeHHS — 3MEHIIUTH 4Yac OIHTYBaHHS
FT232RL o 0,1 ¢ Ta 3MiHATH adTOPUTM PO3paxy-
HKY, 3a SIKOTO PO3pPaxyHOK YacTOTH O0epTaHHS BU-
KOHYBaBcs 0 13 3acrtocyBaHHsIM (opmyiu (2), TOO-
TO, 3a OJlHe TIOBHEe oOepTaHHs Bamy. [Ipu Takomy
pIllIeHH] MIBUIKICTh TIepeadi JaHUX MOXXIUBO 3a-
st 9 600 001, OCKIJIBKH B 3aBOACBKHX YMO-
Bax 30UTBIIICHHS MIBUIIKOCTI Iepeiadi MOXe Mpu3-
BECTH 10 30UIBIIEHHS MOMWJIOK y Tepefadi IHux
JaHUX B YMOBax IMEPMaHEHTHHUX eJeKTPOMArHiT-
HUX 3aBa/l.

PesynbTarn

Junst icHyrouoi iH(oOpMaIiifHO-BUMIpIOBaIbHOT
CUCTeMH BUNPOOYBaHb TiAPaBIIYHUX Tepenad Te-
IUIOBO31B Oy/M NpOBEIEHI AOCIHIIKEHHS 3 METOIO
BU3HAYEHHS Ta TEOPETUYHOI'O PO3PaXyHKY OCHOB-

HHAX XapaKTEPHUCTHUK KaHAIIB Iepemadi JaHuX Bif
anapaTHUX TEPETBOPIOBAYIB JaHMX CUTHAJIB aHa-
JIOTOBUX JIATYMKIB TEXHOJOTIYHUX MapaMEeTpiB J0
KoMIT'totepa. J[as MOCHiKEHHS TaxXOMETPHIHOL
MiJCUCTEMH OYyJI0 CTBOPEHO IMITamiiHy MOZENb,
sIKa JTO3BOJIMIIA JOCIIUTH OCHOBHI XapaKTePUCTH-
KM KaHaJTIB Iepeliadi JaHWX BiJl allapaTHUX MEPeT-
BOPIOBAUiB JaHWUX CUTHAJIIB aHAJIIOTOBHX NATIHKIB
TaXOMETPUYHHUX MapaMeTpiB 0 KoMir'toTepa. bys
MIPOBEJICHUI aHali3 OTPUMAHUX TI0 PE3yjbTaTaM
TEOPETHYHUX PO3PAXyHKIB Ta 32 JOTIOMOTOIO iMi-
TaIliHOI MOJEITI JTaHUX Ta BH3HAYCHO pallioHaIbHI
HaJalTyBaHHS CHUCTeMHU (IIBHIKOCTI TMepeadi,
Yyacy OMHTYBAHHS, aITOPUTM PO3PAXYHKY YACTOTH
o0epTaHHs) mepenadi TaHuX.

HaykoBa HOBH3HA Ta PAKTHYHA
3HAYHMICTh

JlocnmiDkeHHS 3 METOI0 BH3HAYEHHS Ta Teope-
TUYHOTO PO3PaxyHKy OCHOBHUX XapaKTEPUCTHK
KaHaJIB Mepenadi JaHWX BiJl alapaTHUX IEePEeTBO-
pIOBauiB JaHWX CHUTHANIB aHAJIOTOBHX JAaTYHKiB
TEXHOJIOTIYHUX MTapaMeTpiB 4acTOTH 00EepTaHHS 10
KOMIT'IOTepa IOKa3alid, IO CHCTeMa MpaIioe y
pexxuMi (paKTHIHOI «BiTMOBH Biff OOCIyTOBYBaH-
Hst». J{7s GBI meTampHUX TOCIIHKEHb MPOIIECIB,
SIKl TIPOTIKAIOTh y CHUCTEMI Iepefadi TaXOMeTpuy-
HUX naHux, B cepenoBuini MATLAB Oyna ctBo-
peHa iMiTariitHa Mojens. Jlana Mojens T03BoJMIIa
NPOBECTH Psi eKcrepuMeHTiB. Ha ocHOBI ekcre-
PUMEHTIB 13 MOJIeJUTI0 OyJIM BCTAHOBJICH] palioHa-
JIBHI IIISTXM PO3B’S3aHHS 1CHYIOYO1 IPOOIEMH pPo-
00TH cucTeMHu B pexuMi (pakTHYHOI «BiAMOBHU Bif
00cCITyroByBaHHs». TakoX BIPOBAKCHHS OJHOTO
i3 3alpPONIOHOBAHMUX CIOCOOIB BHPIIICHHS MPOOIIe-
MU 200 X KOMOiHyBaHHS TOTPEOYIOTh TOJAIBIIIX
JIOCTIIDKEHb Y peajIbHIi CUCTEMI.

BucHoBku

Bynu npoBesieHi HOCITIDKEHHS 3 METOI0 BH3HA-
YeHHS Ta TEOPETHYHOTO PO3PaXyHKYy OCHOBHHUX
XapaKkTepUCTUK KaHaly mepenadi (po3mipis Oyde-
Py, YacTOTH ONHUTYBaHHS, aJlrOpPUTMY OOpOOKH
TaXOMETPUYHUX JaHUX) , 10 OTPUMaHi BiJ amapa-
THHUX IEPETBOPIOBAYIB JIaHMX CUTHAIIB aHAJIOro-
BUX JIATYMKIB TEXHOJIOTIYHUAX TapamMeTpiB 4YacTOTH
oOepTaHHA 10 KoMl 1oTepa. JlocipKeHHs TToKa3a-
JIM, IO CUCTEMa TPAIIOE B PEKUMI PaKTUIHOT «Bi-
JIMOBH BiJl 00CITyroBYBaHHs» (32 ICHYFOUOTO alro-
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pUTMy OOpOOKM TaxoMeTpu4HUX JaHux [9] Ta
MBUAKOCTI niepeaadi ganux 9 600 6ox). Jns Oinbin
JeTalnbHUX AOCIIIKEHb MPOLECiB, SIKi MPOTIKAIOTH
y CHUCTeMI mepeiadi TaXOMETPUIHUX JaHUX, B Ce-
penoBumi MATLAB Oyna cTBOpeHa imiTariiHa
Mojenb. JlaHa Moaenb TO3BOJIWIIA TPOBECTH PSIT
CKCIICPUMCHTIB 13 BU3HAYCHHS DAlliOHAIBLHUX IIa-
pameTpiB cuctemu (po3MipiB Oydepy, dHacToTH
ONUTYBAHHS, aJITOPUTMY OOPOOKH TaXOMETPUIHHUX
nannx). Ha OCHOBiI eKCIIEPUMEHTIB i3 MOJEILIIO
Oynu 3ampoIOHOBaHI MUISXH PO3B’SI3aHHS 1CHYIO-
qoi mpobmemu. [lpym MakcuMandbHIA ITBHUAKOCTI

1500 xB™" I BCiX TPHOX AATUHKIB PaI[iOHATBHO
3aCTOCYBaTH TaKe PIllICHHS — 3MEHIIUTH Yac OIu-
tyBaHHs FT232RL no 0,1 ¢ Ta 3MiHUTH anropuT™
PO3paxyHKy, 3a SIKOI'O PO3paxyHOK 4acTOTH o0ep-
TaHHS BUKOHYBaBCS O 13 3aCTOCYyBaHHAM (HOPMYIH
(2) ToOTO 32 O7MH TOBHMIA 00epT Baity. [Ipu Tako-
My pillICHHI HIBUAKICTH Mepeiadi JaHUX MOKIJIUBO
saaumuTd B 9 600 6o, OCKUIBKM B 3aBOJICHKUX
yMOBax 30LJbIICHHS MIBUAKOCTI Mepeiadi MOXe
MPU3BECTH A0 301TbIICHHS MOMHJIOK y Tepeaadi
JaHUX B yMOBAax MEPMaHEHTHUX BUCOKOYACTOTHHUX
€JICKTPOMAaTrHITHUX 3aBajl.

10.

CIIMCOK BUKOPUCTAHUX JUKEPEJI

benamos, B. FO. MoOuiIbHBIN SKCIIEPUMEHTAIBHBIA KOMILIEKC JIsI UCCIIEOBAHUS SJIEKTPOMArHUTHBIX MOJEH,
TeHEpUPYEMBIX JJIEKTPOOOOPYAOBaHUEM M JJIEMEHTaMHU AJIeKTposHepreTnueckux cucreM / B. 0. Benamios,
A. U. Acanynnus // [Ipombinuiennas sHepretuka. — 2012, — Ne 8. — C. 52-55.

bparyxa, M. A. HccnenoBaHue TOYHOCTH OTCUETa BpEMEHHBIX MHTepBaoB B cucteMe windows / M. A. Bpa-
tyxa, O. I'. llleByenko // Indopmaruka ta komm 1oTepHi TexHonorii-2012 : matepianu VIII Mixnap. Hayk.-
TeXH. KOH(}. CTyJEHTIB, aclipaHTiB Ta MOJOAMX HaykoBuiB / JloHen. Ham. TexH. yH-T. — JoHeupk, 2012. —
C. 59-63.

BuxopucraHHS METOAY BUIFHOTO BHOITY IpW BH3HAUCHHI MEXAaHIYHHX BTPAT B TiAPaBIIYHUX Iepenavyax Mmpu
creHnoBux BunpoOyBanusax / b. €. Bograp, O. b. Ouxkacos, P. O. Kopentok, I. A. Kimtorauk // [Ipo6nems! n
MIEPCICKTHBEI Pa3BUTHA K.-I. TPAHCIOPTa : Te3. 77 MeXAyHap. Hayd.-mpakT. koHd. (11-12 mas 2017 r.) /
Juenponetp. HaLl. YH-T X.-I. TpaHcn. — Juemnp, 2017. — C. 16-17.
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nocJie1oBaTesibHOro Bo30yxkaeHus / B. A. Ocyanenko, H. C. Hukoptok // Bica. KpemeHd. aepi. nomitexH. yH-
Ty : 30. Hayk. p. — Kpemenuyk, 2006. — Bun. 3, u. 2. — C. 137-139.
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HCCJIEJOBAHUE PAITUOHAJIBHBIX XAPAKTEPUCTHUK KAHAJIOB
HHEPEJAYU JAHHBIX TH®POPMALIMOHHO-USMEPUTEJIBHOU
CUCTEMbI

Heab. CtaThs CTaBUT LEIbIO ONpENeNICHHE PALMOHAIBHBIX IapaMeTpoB MHTEp(EHCOB mepeaayn JaHHBIX HH-
(opMaIMOHHO-U3MEPHUTENLHOM CHUCTEMBI HCIIBITAHUI TUIPABIMYECKUX Mepeaad TeMI0BO30B, a TAK)KEe HAX0XKICHUE
CTETICHN OTKa30yCTOMYMBOCTH B pasjIMUHBIX pekMMax paborsl cucrembl. Meroauka. B pabore uccienoarenem
OBUIH OIpEeAesIeHBl U TEOPETUYECKH PACCUUTAHBI OCHOBHBIC XapaKTePUCTHKH KaHAJIOB MEpeiavyr JaHHBIX OT amma-
patHbIX mpeoOpa3oBarelieil CUTHAJIOB aHAJIOTOBBIX JATYMKOB TEXHOJOTHYECKUX MapaMeTpoB K KoMmbrorepy. s
0oJiee TIOJTHO OLIEHKH OBLTa cOo3aHa UMHUTAIOHHAs Moaenb B cpeae MATLAB ans nccrnenoBanus moctaBIeHHOM
3a7a4i. AHIN3 Pe3yIbTaTOB TEOPETHIECKUX PACUCTOB, MTOTYYECHHBIX C TOMOIIbI0 MMHTAIIMOHHON MOJIENH C LEIBIO
OTIpEICTICHUS pallMOHAIBHBIX HACTPOEK MHTEP(EHCOB (CKOPOCTH Mepenadu, JEMEHTHOH 0a3bl, CTPYKTYpPBI CHCTe-
MBI 1 T. [I.) IEpeadn JaHHbIX, I03BOJISET ONPEAEIUTh HEOOXOIUMbIE XapaKTepPUCTUKH cucTeMbl. Pesyabrarsl. [
CYIIECTBYIOIIEH WH()OPMAINOHHO-U3MEPUTEIBHOW CHCTEMbl HCIBITAHWN THAPABIMYECKHX IIepeiad TETIOBO30B
OBUTH TIPOBEIICHBI MCCIICIAOBAHMS C LENBbIO ONPEACIEHHS U PacuyeTa OCHOBHBIX XapaKTEPHCTHK KAHAJIOB NEpefadn
JAHHBIX OT AamIapaTHBIX IpeoOpa3oBaTeNedl CHUTHAJIOB AHAJIOTOBBIX MATYMKOB TEXHOJOTHYECKUX MapaMeTpoOB
K KoMIbtoTepy. [Jist McciieIoBaHus TaXOMETPUYECKOM ITOICHCTEMBI ObUIa CO31aHa UMHUTAIIMOHHAs MOJIEITb, KOTOpast
MIO3BOJIMJIA MCCIIEJIOBATh OCHOBHBIEC XapaKTEPHCTUKN KaHAJIOB IIepeauy JaHHBIX OT alllapaTHBIX peobpa3zoBarenei
CUTHAJIOB aHAJIOTOBBIX TaTYMKOB TaXOMETPHUUECKUX IapaMeTpoB K KOMIIBIOTepy. BBLT mpoBeneH aHaIW3 JaHHBIX,
MOJIYYECHHBIX IO pe3ysbTaTaM TEOPETUYECKUX PACYETOB U C MOMOIIBI0 UMUTALIMOHHOW MOJEIH, U ONIpeIeNIeHbI IIy-
TH palMOHAIBLHOM HacTpoiiku ux nepenayu. Hayunasi HopusHa. VccinenoBaHue U TEOPETUUECKHUE PACYEThl OCHOB-
HBIX XapaKTepPHCTHK KaHAJOB Nepefadyn JaHHBIX OT alllapaTHBIX NMpeoOpa3oBaTeNiell CUTHAIOB aHAIOTOBBIX NaT4H-
KOB K KOMITBIOTEpPY IMOKa3aJd, YTO CHCTeMa paboTaeT B pexuMe (HaKTHIECKOTO «OTKa3a OT 0OCIyXuBaHHD». st
Ooisiee AeTaNbHBIX HCCIICAOBAHUM IPOLECCOB, MPOTEKAIONIMX B CHUCTEME Mepeladyd TaXOMETPHUUECKHX JaHHbBIX,
B cpene MATLAB 06pita co3aHa UMUTANMOHHAS MOJENb, KOTOPAs IMO3BOJIMIIA MPOBECTH PN AKCICPUMEHTOB.
IIpakTHyeckas 3HaYMMOcTh. Ha OCHOBE 5KCHEPHMEHTOB C MOJENBIO OBUTH yCTaHOBIICHBI PAlMOHAIBHBIE MYyTH
pelIeHus CyIecTBYOMEed NpoOsieMbl: pabOTBl CHCTEMbI B PeXHME (DAaKTHUECKOTO «OTKa3a OT OOCIYKHBAHHS».
Takxe BHeJpEeHHE OJHOTO M3 MPEJIONKEHHBIX CIOCOO0B pelieHrs npobaeMbl WU WX KOMOMHHUPOBAaHHUE TPEOYIOT
JlanbHEHUIINX UCCIIEI0BAaHUM B pEalbHOM CHUCTEME.

Kniouesvie cnosa: nmutanmonnas mozenb; MATLAB; SIMULINK; ruapasiaudeckas nepenava; HCHBITAHUS
THIpOIepead; UCIBITATEeIbHBIN CTeH I; HH)OPMAIIMOHHO-U3MEepUTEIbHASA CHCTEMa

I. A. KLIUSHNYKY

Dep. «Electronic Computersy», Dnipropetrovsk National University of Railway Transport named after Academician
V. Lazaryan, Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (056) 373 15 89, e-mail klugran@i.ua,
ORCID 0000-0001-9939-0755

RESEARCH OF RATIONAL CHARACTERISTICS OF THE DATE
COMMUNICATION LINKS OF THE INFORMATION AND MEASURING
SYSTEM

Purpose. The article focuses on determining the rational parameters of data transmission interfaces for infor-
mation and measuring system for testing the hydraulic transmissions, as well as determining the degree of fault to-
lerance in various operating modes of the system. Methodology. In the study the researcher has determined and
theoretically calculated the main characteristics of the data transmission channels from the hardware converters of
the data signals of analog sensors of technological parameters to the computer. For a more complete assessment, an
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imitation model was created in the MATLAB environment to study the assigned task. Analysis of the results ob-
tained from the theoretical calculations and using the simulation data model to determine the rational settings of
interfaces (rational transmission speed, rational element base, rational system structure, etc.) of data transmission
makes it possible to determine the rational characteristics of the system. Findings. For the existing information-
measuring system for testing hydraulic locomotive transmission of diesel locomotives, studies were carried out to
determine and theoretically calculate the main characteristics of the data transmission channels from the hardware
converters of data signals from analog sensors of technological parameters to the computer. To study the tachomet-
ric subsystem, an imitation model was created that allowed to investigate the main characteristics of the data trans-
mission channels from the hardware converters of data signals of analog sensors of tachometric parameters to the
computer. The results of theoretical calculations were analyzed and the rational settings of the data transmission
system were determined using the simulation model of data. Originality. The study to determine and theoretically
calculate the main characteristics of the data transmission channels from the hardware converters of data signals of
analog sensors of technological parameters to the computer showed that the system operates in the mode of actual
«non-maintenancey». For more detailed studies of the processes occurring in the transmission system of tachometric
data, an imitation model was created in the Matlab environment. This model allowed carrying out a number of ex-
periments. Practical value. On the basis of experiments with the model, rational ways of solving the existing prob-
lem of the system operation in the mode of actual «non-maintenance» were established. Also, the introduction of
one of the proposed methods for solving the problem or combining them requires further research in the real system

Keywords: simulation model; MATLAB; SIMULINK; hydraulic transmission; hydrotransmission tests; test
stand; information-measuring system
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BUKOPUCTAHHSA BY AIBEJIBHO-OPIEHTOBAHOI'O IIK SCAD JIJIAA
AHAJII3Y POBOTU MAIIMHOBY AIBHUX KOHCTPYKIIN

Mera. V Bumaaky aHalnizy poOOTH MAaIMHOOYAIBHAX KOHCTPYKINH Oe3nocepeqHe BUKOPHUCTAHHS OyIiBEIBEHO-
OpIEHTOBaHHUX MPOTPAMHHUX PO3POOOK € HEMOXKIIMBHM, OCKUIBKH 1IEOJIOTis Ta METOAWKA PIMICHHS Pi3HOMAHITHHUX
3a7a4 y OyJIBHMITBI Ta MalIMHOOYIyBaHHI Pi3HAThCS. TOMy NMpH NMpPOBENECHHI NMPaKTUYHUX PO3PaxyHKIiB BUHHKAE
HEOOXIHICTh Y MEBHOMY KOPUTYBaHHI 3aKJIJICHUX y MPOTrPaMHi KOMIUICKCH MIiAXO/IB Ta X aJamnTailii 10 MallinHO-
OyniBHOI ranmy3i. BukiageHHs: aBTOPCHKOTO JJOCBiy BUKOPHUCTAHHS OyiBEIbHO-OPI€EHTOBAHOTO MPOTPAMHOTO KOM-
mwiekcy SCAD for Windows i aHaiizy poOOTH pi3HOMaHITHUX MAalIMHOOyIIBHUX KOHCTPYKIIiH, X BY3JIiB Ta arpe-
ratiB i € Oe3mocepeIHpOI0 MeTOr0 myOutikarii. MeTommka. Ha mpoTs3i 3Ha4HOro TEpMiHY Yacy aBTOp 3aiiMaBCs aHa-
Ji30M poOOTH OyHiBENbHUX, NEPEBAKHO TOHKOCTIHHUX, CTAIEBUX KOHCTPYKIIH 32 TOMOMOrOI0 METOJY CKIHYEHHX
enemenTiB (MCE) Ha 6a3i mporpamuoro xomiuiekcy SCAD for Windows. ITapanensHo 3 muM Oyno po3TisHYTO
3HAaYHY KITBKICTh MAaIIMHOOYNIBHUX KOHCTPYKIiH, B TOMY YHCIi OIWHHUIB PYXOMOTO CKIIAAy 3ali3HUI. bipmricTs
i3 TaKuX 3a/ad MepepoCcTaad B HAYKOBO-TIONIYKOBY MPOOIeMy, sIKy HEOoOXiqHO Oyio BCeOIYHO NOCTITUTH Ta Mpo-
aHaN3yBaTH Tepell TUM, SK HaJaBaTH KOHCTPYKTOPCHKI pekoMmeHnamii. Pesyabrarn. B myOmikarmii mpencraBieHi
OlnblIe JecsTKa Pi3HOMAHITHUX 3a7ad, XapaKTepHUX Ui Taly3l MallMHOOYAyBaHHS, 3 SIKUMH aBTOPY JOBEIOCS
Maru crpaBy. Cepesl HUX CTaTUYHA Ta KBasicTaTM4HA 33jadi, 3a7a4a pyXy B 4yaci, KOHTaKTHA 3aJa4a, 3ajia4a po3BH-
TKY TpillMH, (i3WYHA Ta TeOMETPUYHA HENHIMHOCTI. BiAmoBiqHO 10 KOXKHOT 3 IMX 3aJa4y HaBe/eHI OCHOBHI IpO-
07eMH, 0COOJIMBOCTI Ta MPAKTUYHI NPUHOMH, HANpalbOBaHi IiJl Yac JOCITI/PKEHHS, @ TAKOX B SKOCTI LmrocTparii
Npe/ICTaBIeHI 00Y/I0BaHl CKiIHUEHHO-eJIeMEeHTHI Mozieni. HaykoBa HOBH3HA. Y3araJbHEHO JOCBIiJ] BUKOPHCTAHHS
OyIiBEeIbHO-OPIEHTOBAHOIO MPOrPAMHOI0 MPOAYKTY Ha 0a3i METOAy CKIHUYECHHX €JIEMEHTIB Ul aHali3y poOOTH Ma-
HIMHOOYIBHUX KOHCTPYKUiH. BuKageHo HU3KY NpakTHYHUX NPUIOMIB Ta MiJXO/IB 10 BUPIIIEHHS PI3HOMaHITHUX
3ama4y y MamuHOOyAiBHIHM ramy3i. [IpakTuyna 3HAYHMicTh. 3acTOCyBaHHs HaBeAeHOI iH(opMmarlii, METOIiB Ta
MiJXOMIB O3BOJIIE HE TUTHKU BHPIIMINTH KOHKPETHI MPaKTHYHI 3a7adi MalIMHOOYMIBHOI Tamy3i, a i oTpUMaTH
KOPEKTHI Ta MPaKTUIHO MPUHHATHI pilleHHS.

Kouosi crosa: meton ckinuenux enementiB; [IK SCAD for Windows; MammHOOy1yBaHHS; KOHCTPYKIIis

TOJI, BapialliiHU{ METOJ, METOJ HEB’ A30K i METOT

BBeaenns
EHEPreTHYHOro OajaHcy, a TaKoXK TpU (OpPMH 3a-

VY TenepimiHiil 4ac OHUM i3 OCHOBHHUX METOIIB
aHamizy poOOTH pI3HOMAHITHUX KOHCTPYKIIiH
€ merox ckindenux enementiB (MCE). ¥V kmacuu-
HOMY BUTJIS/Ii BiH OyB BHUKIAJCHUU B poboTax
O. 3enkeBuya (auB. HanpuKIaz [7]).

CyuacHe TpakTyBaHHsS LIbOTO METOAY Hajidye
HOro 4OTHpH BUAH, SKI BIAPI3HAIOTHCS 32 CIIOCO-
0OM OTpUMAaHHSI OCHOBHHX PIBHSIHb — MPSIMUI Me-

JIEKHO BiJl BHOOPY BY3JIOBHX HEBIJIOMHX — METOJI
MepeMileHb, METO CHJI 1 3MimaHui merox [13,
16]. Takox OCTaHHIM YacoM BHHHKAIOTh pPi3HOMa-
HiTHI Bapiaii riopuanoi dopmu MCE [14, 15, 18].

Hlupoxe Bukopuctanas MCE s iHxeHepHUX
pO3paxyHKiB 00YMOBIICHO, B OCHOBHOMY, MO>KJIHU-
BICTIO CTBOpEHHS Ha MOTO OCHOBI TPOrpaMHHX
MPOAYKTIB, SIKi HAZAIOTh 3MOTY 3MOJIEIIOBATH AY-
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’Ke IIUPOKE KOJIO 3ajad, TOYMHAIOYN 3 MEXaHIKH
TBEPJAOrO Tijla, MEXaHIKU PiIUH Ta ra3iB, i 3aKiH-
YYI0UH eJIEKTPOMAarHeTU3MOM i SAepHOI0 (Hi3UKOIO.
Haii6inpmn moTy>)XHUMH Ta BiIOMHMH TOJIOHUMH
Cy4aCHUMH KOMIUIEKCAMH € ANSYS
(www.ansys.com) [8, 19] Ta SolidWorks (solid-
works.com) [1, 17]. IIpote iXx BUCOKa BapTiCTh Ta
3HaYyHa TPOMI3AKICThP Yy BHKOPHCTaHHI HEPIAKO
CTalOTh JAYKE CYTTEBUMH MEpErNoHaMH IS iHXKe-
Hepa. J[o Toro i KOMIUIEKCH MarOTh BUPAKEHY
MamuHOOYAIBHY crienu}ikKy.

VY cBoro 4epry, pisHOMaHITHI 3a/Ja4i MEXaHIKH,
MOYMHAIOYH 31 CTATUYHUX, TEMIIEPATypHHUX Ta 3a-
KIHYyIO4Yd TUHAMIYHUMH H yJapHO-1HEepIIHHUMHA
3aJla4yaMu, HEPIIKO MOTPeOyIOTh PO3POOKH cremia-
J30BaHUX MAKETiB MPOrpam, 0 OPi€HTOBaHI CyTO
Ha MEBHUHN Pi3HOBHJ a00 KOHCTPYKIIiH, ad0o cepe-
nopuia. HaiGinpmn momynsipHOIO TOMIOHOK0 PO3-
pookoro € NASTRAN [6]. TIpote ioro odiriiina
BEpCis TAKOXK Ma€ JIOCUTh 3HAYHY BAapTIiCTh 3a Mip-
KaMH iHXKeHepii.

[IpoBimHI BITYM3HAHI TIPOTPaMHI MPOAYKTH Ha
ocHoBi MCE B ramy3i MexaHiki xo4a i MalOTh Ha
MOPSIOK HIDKYY BapTiCTh, MpOTe € OymiBeIbHO-
OpIEHTOBAaHUMHU KOMIUIEKCAMH ~ — SCAD
(scadsoft.com) [12], Lira (lira.com.ua) [4], Cenena
(selenasys.com).

Meta

VY Bumaaky aHanizy poOOTH MaIIMHOOYAiBHHX
KOHCTPYKIIill Oe3rocepeiHe BUKOPUCTAaHHSI TMOi0-
HUX OYJiBeNbHO-OPIEHTOBAHHUX IMPOTPAMHUX PO3-
POOOK € HEMOXIIMBUM, OCKUJIBKH 11€0JI0TisI Ta Me-
TOJIMKA pillIEeHHS Pi3HOMAaHITHHX 3a]a4 B OyaiBHH-
ITBI Ta MalIMHOOYYBaHHI PO3Pi3HSIOTHCS, BHHU-
Ka€ HEOOXIJHICTb Yy TII€BHOMY KOpPHUTYBaHHI
3aKJIAJICHUX y TPOrpaMHI KOMIUIEKCH MiJIXOJIB Ta
X ajanTariii 10 MalMHOOYAIBHOI raiy3i.

BukmnageHHs aBTOPCHKOTO JOCBiy BHKOpPHC-
tanus 11K SCAD for Windows st ananisy po6o-
TH PI3HOMaHITHHX MalIMHOOY/IBHUX KOHCTPYKIIH,
iX By3miB 1 arperariB € 0e3IMOCepeHBOI0 METOIO
JaHoi myOmiKari.

MeTtoauka

Ha mpots3i 3HauHOTO TepMiHy 4acy aBTOp 3a-
HMaBcs aHami3oM poOOTH OyZIiBENbHUX, IEpeBaXK-
HO TOHKOCTIHHMX, CTaJIeBUX KOHCTPYKIIH 3a J0-
nomororo MCE Ha 6a3i I[IK SCAD for Windows

[9]. MTapanenbHO 3 UM OYyJI0 PO3TISHYTO 3HAYHY
KUTBKICTh MalIMHOOYIBHUX KOHCTPYKILIH, y TOMY
YHUCIII OJJUHUIIb PYXOMOTO CKJIay 3aJli3HHIII, CITiB-
nparmoroun 3 I'HJI quaaMiku 1 MIITHOCTI pyxomo-
ro cKjanmy yHiBepcuTeTy. Taki KOHCTPYKIIii TaKoX
YTBOpEHi 31 CTaJeBUX HECYYHX €JIEMEHTIB, IO Ma-
I0Th TOHKOCTiHHI mpodini. Tomy ix pobGorta gyxe
CX0Xa 3 poOOTOI0 TOHKOCTIHHHX €MHICHHX KOHC-
TPYKLiii, ajie 3 MeBHOO CHenn(iKor0.

Binpa3y xotinocs 0 Big3HauwWTH, 1m0 Oarato
MPAaKTUYHUX 3a7ad, 13 SKUMH IOBEJOCS 3IIITOBX-
HYTHCS, HE MaJIH aHi TEOPETHYHOTO OIUCY B CIIe-
Hiani3oBaHii JiTepaTypi, aHi MPaKTHYHUX BKa3iBOK
o0 iX po3B’si3ky. Tomy OiIBIIICTE 13 TaKUX 3a-
J1a4 TIepepoCTaId B HAYKOBO-TIOIIYKOBY IIPOOIIeMy,
SIKYy HEoOXiZHO OyJi0 BCeOIYHO NOCTIIUTH Ta MPo-
aHaJi3yBaTH Tepel TUM, SK HaJaBaTH KOHCTPYK-
TOPCHKI PEKOMEH/IAIII].

Hwxue mpeacraBneHi HaWOUIbII MiKaBi Mpakx-
TUYHI 33J1a4i, 3 SKUMH JIOBEJIOCS] MaTH CIpaBy aB-
Topy. BiAmoBigHO 10 KOXXKHOT 3 HUX HaBeNeHI OcC-
HOBHI Ipo0JeMu, 0COOIMBOCTI Ta MPAKTUYHI MIPH-
HOMHM, HAPaIlbOBaHI ITiJ] 4ac poOOTH.

Pe3yabTaTtu

1. CraTuuna 3agava. /{aHa 3agaya € HaAHOLTBII
MOIIMUPEHOIO I OyIiBEIbHUX KOHCTPYKIIIH, Mpo-
T€ B MalIMHOOY[IBHIA Tamy3i BOHA 3yCTpidaeThCs
JIOCUTH PIKO, aKe BCl MalIMHH a00 PyXarThCs
cami, abo MarTh pyxomi dacTuHH. Bce 1e cTBO-
pIO€ Pi3HOMAHITHI JMHAMIYHI HABAHTAXKEHHS. IX
TOYHE Ta KOPEKTHE BpaxyBaHHs SBIIsE COOOI0 A0-
BOJII CKJIaJHY MpoOIeMy, ajpKe OLTBIIICTP 13 TaKux
HABaHTa)XCHb Ma€ BAXXKOIPOTHO30BaHWI BHUIIA[-
KOBUi1 XxapakTep. TOMy B MpakTHIli JOCHTH MOIIH-
PEHUM € 3BeICHHS TUHAMIYHO 3a/1a4i 10 KBazicTa-
TUYHOI 3 JIOTIOMOT'OK0 Pi3HOMAHITHUX JUHAMIYHUX
KOE(iIi€HTIB.

Oco0MHMBO MOMYJSIPHUM € TaKUH MiAXifd 1Mo BiJl-
HOILIEHHIO /10 3aJli3HUYHUX PYXOMHUX OIMHHUIbL —
€JIEKTPOBO3IB, TATOBUX arperariB, BaroHiB TOIIO.
Bin odgimifiHo 3akpituieHnii Y HOPMATHBHUX JTOKY-
menTax [10, 11], skuMu KOpUCTYIOThCS B YKpaiHi
[E€BHI 3aMOBHHUKH POOIT.

1.1. HaliGinpim 1(iKaBUM Ta TPYAOMICTKHM
MPUKIIAIOM Takoi 3afayi Oyja 3amava aHaji3y oJ-
HOcekIiitHoro enektpoBody JIC3. CkiHueHHO-
€JIEMEHTa MOJIeNb ENIEKTPOBO3a MpejCTaBIeHa Ha
puc. 1, a. Bona sBnse co0OI0 IUIaCTHHYACTO-
cTepkHEBY cuctemy 3 01m3bk0 40 000 By3namu.
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Pesynprati po3paxyHKIB BiJ IPHUKIAACHUX Ha-
BaHTAXKEHb JUIS PI3HUX PEXUMIB MOPIBHIOBAINCS
3 pe3yJibTaTaMu €KCIIEPUMEHTAIBHUX JOCITIKEHb.
ITo BCiX KOHTPOJBHUX TOYKAX ITOTPINTHICTH HE TIe-
pesumyBana 30-35 %, MO CBIAYNTH MPO TOCHTH
BUCOKY BipOTiIHICTb SIK caMoi oOyaoBaHOI Moze-
i, Tak i B uimomy I1IK SCAD, xoua ii BUKOpHCTO-
BYBAJIUCS JOCUTH CTapi BepcCii I[bOr0 KOMILIEKCY.

e mano MOXIMBICTH BU3HAYUTH TICBHI pe3ep-
BU KOHCTPYKLii MaIllMHU Ta 3allpONIOHYBaTH Bapia-
HTH 3MEHIIEHHA 1i KOHCTPYKTHBHOI Macu Ha
1,5 ToHH, YOTO 1 BUMaras 3aMOBHUK.

OCHOBHOIO CKJIaJHICTIO MiJ Yac CTBOPEHHS MO-
neni BUSIBWIACS HEMOXKJIMBICTb BHUKOPHUCTAHHS
BOymoBanoi y [IK SCAD onmii momo BU3HAYEHHS
po3paxyHkoBux cronydeHsb 3ycuwib (PC3), amxe
PO3POOHHKH 3aKiadyl TPUHHATY B OYAiBHHUITBI
knacudikalio HaBaHTKEHb Ta BIAMOBIAHY CHC-
TeMy KoedimieHTtiB. ToMmy Ui IUIACTHHYACTHX
CJIEMEHTIB pe3yJbTaTH MOPIBHIOBAIUCS 3a HAIPY-
JKEHHSIM, a JJI CTeP)KHEBUX €JIEMEHTIB — HeoOXi-
HO OyJi0 Bpy4HY CKJajaTu Ta aHamizyBatu PC3.

Takox ApYyror CyTTEBOIO TPYAHICTIO BUSIBHCS
aHalli3 pe3yNbTaTiB y KOHIEHTpAaTOpax Harpy-
xeHb. Ll mpobnema B3arami, sk Oyno 3’sCOBaHO
Mi3HilIEe, € OOHUM 31 «cilabkux micup» MCE Tta ii
PO3IIIsily aBTOp MPUILUISIB OKpeMy yBary [2, 3].

[TobynoBana monens enexTpoBody JHC3 takox
J03BOJIMJIA TIPOAHAII3yBaTH iHIIY HPaKTHYHY CH-
Tyamito. [Ipu peMOHTHHX poOOTax y JEMO KOPITyC
MaIllMHU MiAiHMaTh Ha JOMKpaTax. [lpu mpomy
3aBISKM HEPIBHOMIPHOCTI MiAHOMy BHHHUKAIOTh
MEBHI TIEPEKOCH, 10 Bele, HANPHUKIAL, 10 3aK/Id-
HIOBaHHs JiBeped MainuHicTa. Jljis oTpuMaHHs pe-
3yJBTATIB aHAJI3Y CUTYyaIlii OyJIo pO3TIITHYTO OJH-
3pk0 20 pi3HMX BapiaHTiB PO3TallyBaHHs IiJHOM-
HUX JIOMKpAaTiB Ta OOpaHO HaWOLIBII parioHalb-
HUH, sSKUi mependayaB MiHIMaNbHI Jedopmartii
Ky30Ba MaIllUHH.

1.2. Ockinbku I[IK SCAD He nepenbavae MOX-
JHMBOCTI CyOMOJENIOBaHHS, TO [UIS JETAIBHOTO
aHaNi3y OKPEMHUX KOHCTPYKTHBHHUX EJIEMEHTIB Ta
By3u1iB MammHu JIC3 HeoOXigHO OyJI0 CTBOPIOBATH
OKpeMi CKiHYeHHO-eJeMeHTI mozeni. OpHiero
3 mepmmx Oyna mozens OydhepHoro 6pyca, po3pi-
3aHOTO HABIUI JUIsi €KOHOMIi MalllMHHUX PecypciB
(puc. 1, 6). Bona sBisuia CO0OH IUIACTUHYACTY
cucremy 3 01m3bko 3 500 Byznamu.

OCHOBHOIO CKJIQJIHICTIO TIPH TAKOMY «BHpi3aH-
HI» OKPEMHUX YaCTHH MAIMHU € HEOOXITHICTh KO-

pexTHOi mepenadi BHYTPIIIHIX 3yCHJIb Ha TaKWAN
¢parMeHT, a TakoX BHOIp TPaHUYHHUX YMOB, fKi
0 MaKcHMaJIbHO BiJTBOPIOBAJIM XapakTep POOOTH
eJIeMEHTa B KOHCTPYKIIi.

SIKIIO MO BiAHOIIEHHIO IO TEPLIOT0 MOMEHTY
MO’KHa HaJIaTH YiTKY arpo0OBaHy PEKOMEHIAIIII0
— BKJIFOYATH JI0 MoJieni (hparMeHTa Iie JBa J01aT-
KOBI TIepepi3u elIeMeHTa, TO IO BiIHOIICHHIO [0
XapaxkTepy 3aKpilieHb — IX BiITBOPCHHS B KOXKHO-
My KOHKPETHOMY BHIIQJIKY IOCHUTH iHIHBiIyalbHE,
X0ua TIepeBary Kpaimle HaJaBaTH 3aKpilUICHHIO
B IUIONIUHI «BUPI3y» TUIBKH TPHOX JIHIMHHUX TIe-
PEMIIIEHb.

1.3. [HmmMM  pO3TASHYTUM  KOHCTPYKTHBHUM
enemeHToM enektpoBo3a JIC3 Oy izomarop kpim-
JICHHSI CTPYMOBEIyYHX E€JIEMEHTIB Ha JIaXy MalllH-
Hu. [locramieHa 3amaua nepeadoavaia aHali3 30HU
MIPUKPITUIEHHS] CaMOro 1307TOpa A0 KOHCTPYKIII.
Hns 1l pimenns Oyno moOyJqoBaHO CHeHianbHYy
CKIHYEHHO-EJIEMEHTHY MOJEJb, IO BKJIIOYAa MO-
JIeTFOBaHHs 3BApHUX IIBIB, YTPUMYIOUHX €JIeMEH-
TH OTIOPH.

[lpu upoMy HaibOiIMBI TMPOOIEMHUM Ta CyIie-
pewIMBUM TUTaHHAM Oylia HEOOXiNHICTh aHaNi3y
BUTPHMYBAHHS TaKUX €JIEMEHTIB KPIIUICHb HA eKC-
TpeMaJlbHE HaBaHTKEHHS BEIMYUHOIO 3J, peKo-
mengoBane Hopmamu [10]. Onnak, 4iTke BH3Ha-
YeHHsS TOrO, II0 B HECYYHMX €JEMEHTaX BBAKATH
KPpIIJICHHSM, B HOPMaXx BiJICYTHE.

Cawmi 3BapHi mBH Oynu 3MOJIENBOBAHI Crielia-
TeHUMH  i3omapameTpudauMu  20-By3JI0BHMH
MPOCTOPOBHMH CKIHYEHUMH EJIEMEHTaMH, BKIIIO-
yeumu 10 Oiomiorekn enemenrtis [IK SCAD
(puc. 1, 6). Takuii eneMeHT 3 yCix HasBHHX TOKa-
3aB HaliKkpamuii piBeHb 301KHOCTiI pE3yNbTaTiB,
MOPIBHSHO 3 aHAJITHYHUMH PO3paxyHKamu. Tomy
came BiH MOXe OyTH peKOMEHJIOBaHWHU JJIsl Mojie-
JIFOBaHHS 3BapHUX IIBIB Y KOHCTPYKIISIX.

1.4. [HI0F0 MaNIMHOIO, 3 KO aBTOPOBI JOBE-
JIOCSI MaTH cripaBy, 0yB enekTpoBo3 [IE1. [ToOymo-
BaHa IUIACTHHYACTa MOJIENIb HECy4Ooi paMHu Bi3Ka
HaBeJIeHa Ha pHC. 2, a. BoHa ckiaganacsk i3 OJu3b-
ko 15 000 ckinuenux enementiB Ta 15 000 By3miB.
Ha puc. 2, 6 npencrasieHa MoJielib OOKOBUHH Bi3-
Ka, 0 cKiagaerbesa 3 Onmm3pko 5 000 cxiHueHHX
enemenTiB i 5 000 By3miB. Takok OkpeMo po3riisi-
Janach pama IIijl eJeKTPOoOoOJIaJHAHHS, PO3TaIllo-
BaHa B Kopryci enexrpososa JIE1. Ii monens sBns-
na co0O0l0 IUIACTHMHYACTY CHUCTEMY 3 OJHU3BKO
40 000 By3namu — puc. 2, 6.
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Puc. 1. CkiHueHHO-eeMeHTHI Moeni enekTpoBo3a JIC3 Ta ioro KOHCTPYKTHBHUX €JIEMEHTIB!
a — enextpoBo3 JIC3; 6 — OydepHuii Opyc; 6 — i30IATOp KPIIUICHHS CTPYMOBEIYINX €IEMEHTIB

Fig. 1. Finite element models of the electric locomotive DS3 and its structural elements:
a — electric locomotive DS3; b — buffer beam; ¢ — insulation for fastening of current-carrying elements

VY 1bOMYy KOHCTPYKTHBHOMY €JIEMEHTI CTepiK-
HBOBI OaJKH Ta CTiMKM OynuM 3MOAENBOBaHI fK
TUIACTUHM. 3a pe3yJbTaTaMH IMOPIBHIBHOTO aHa-
JIi3y 3 aHAJIOTIYHOI CTEP)KHEBOIO MOJCIUIIO B Ca-
MHUX CTEPXHSX PI3HHUIII B MOKa3HUKAX HAMpyKEHO-
nedopMoBaHOTO CTaHy He nepeBuiryBaiu 10 %.
IIpore mepexin Ha BUKOPUCTAHHS IIACTHMHYACTUX
CKIHUEHHUX €JIEMEHTIB [I03BOJIUB, IO-TIEpIIE, 3MO-

JIEINIOBATH TIOTHYTOCTI Ta OTBOPH B €lIEMEHTaX pa-
MH, a MO-ApYyre, BUSBUTH HU3KY HEOE3MEYHUX
KOHIIGHTPATOPIB Y BY3J1aX CTUKOBKU OKPEMHUX CTe-
pkHIB. 3BICHO, IO CTEPXKHEBA MOJIEIb HE JI03BO-
JIsSi€ BiIOOpa3UTH 1IMX OCOOJIMBOCTEH, TOMY MOIOHI
KOHCTPYKIIii HEOOXiTHO MOJIETIOBATH IIJIaCTUHYAC-
TUMH €JIeMEHTaMHU.
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i
Puc. 2. CkiHueHHO-eJIeMeHTHI Moei eixekTpoBo3a JIE1 Ta Horo KOHCTPYKTHBHHX €JICMEHTIB:
a —pama Bi3Ka; 6 — OOKOBHHA Bi3Ka; 6 — pama IIiJ] elIeKTPooOIIa[HaHHS

Fig. 2. Finite element models of the electric locomotive DE1 and its structural elements:
a — bogie frame; b — bogie side frame; ¢ — frame for electrical equipment
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1.5. Jlyst migBUIIEHHST TOYHOCTI Ta JOCTOBIPHO-
CTi pO3paxyHKOBHUX MOZEJEH NOCUTh 4acTO BHUKO-
PUCTOBYIOTH TIPOCTOPOBi (00’eMHi, 3D) ckiHYeHHI
enemeHTu. Lle camo mo coOi 30UTBIIyE TOYHICTH
MOJZICNTI Ta Hamae MOXJIUBICTH SKHAWKpalre mepe-
JIATH TEOMETPII0 peaslbHUX 00’ EKTIB.

[Ipuknamom Takoi MOJENi MOXKE CITy>)KUTH MO-
nenb Oykcn emektpoBosa J{C3 — puc. 3, a. Bona
Mae B cBoemy ckiaai Omuspko 140 000 mpocropo-
BUX C€JIEMEHTIB §-BY3JIOBOTO i30HapaMeTpUYHOTO
TUmy. B pe3ynmpTaTi po3MipHICTB 3aqadi CKiIagana
o6mu3pko 400 000 crymeniB BinmbHOCTI. Bukopuc-
TaHHS B I[bOMY BHUMAJKy 20-By3JI0BOTO MPOCTOPO-
BOTO CKiHYEHHOT'O elleMeHTy, Oe3yMOBHO, IIi/IBH-
IIy€e TOYHICTH OOYMCIEHb, poTe B 3—4 pa3u 30i-
JIBIIYE PO3MIpH 3ajadi, M0 )i CKIAIHHX KOHC-
TPYKUiH € JOCUTh MPOOIEMATUIHUM.

OCHOBHOIO CKIaAHICTIO Tpu 3acTtocyBaHHi [1K
SCAD € npakTu4HO TIOBHA BiJICYTHICTH iHCTpyMe-
HTaJIbHOI 0a3u U1 poOOTH 3 MPOCTOPOBUMH CKiH-
YeHHUMH eJieMeHTaMu. Haifripmum € Te, mo BCio
CKiHYEHHO-EJIEMEHTHY CITKy HEOOXiTHO MOJIEIO-
BaTH Bpy4Hy (!) 3a BiACYTHOCTI 3aco0iB ii aBTOMa-
Tr3oBaHOi reHepaii. el Hap3BUUaliHO CyTTEBHUI
HEJIOJIK TMPAKTUYHO YHEMOJKJIMBIIIOE BUKOPHUCTAH-
Ha IIK SCAD nns mpocTopoBuX 3ajad 3HaYHOTO
oOcsary. Hampukian, Ha moOymoBy Ta Hajlaro-
JDKeHHS Mojeni Oykcu Oynmo BHTpadeHO Maibke
MICSAIb KPOITITKOT Tpari.

3ayBakuMO, 110 Y BUMAJKY 3a]la4 HEBEJIUKOTO
00cAry — po3poOKH KPOHIITEHHY 6-OCHOTO ITyMII-
kapa (puc. 3, 6) — 3acrocyBants [IK SCAD e mis-
KOM IIPUHHSATHUM.

1.6. Take cTaHOBHIIE peUCH MPUMYCHUIIO ITyKa-
TH 1HIII IUIIXM MOJIETIOBAaHHSA, 30KpeMa, o€ THAH-
HSl TIPOCTOPOBUX CKiHYEHHUX EJIEMEHTIB 13 MJIOCKH-
mu. [TpuknamoM Moxe CIIy>KUTH MOJielb (TI0JOBH-
Ha) Oydeproro Opyca emektpoBoza JIEI, sxa
Brurtouae 6mm3pko 70 000 enementis i 65 000 By3-
7B — puc. 4.

[lepenHs crinka Ta cucTeMa BHYTPIIIHIX pedep
KOPCTKOCTI ~ MOJICNTIOBAIMCh  IUIACTHHYACTUMH
CKIHYCHHMMH €JICMEHTaMH, YCl 1HIII YaCTHHU Opy-
Cy — MPOCTOPOBHUMH eJIeMeHTaMH. Take pilieHHs
Oyno oOyMOBIIeHO Ie ¥ HEOOXiMHICTIO 3a/1aBaTh
HaBaHTa)XeHHS Ha noBepxHioo. Llg ommis B IIK
SCAD mnepenbadeHa TiAbKH JUIS IUIOCKMX CKiH-
YEHHUX €JIEMEHTIB.

OCHOBHOIO CKJIAIHICTIO TaKOr'0 «IIOABIMHOTO»
MOJISITIOBAHHSI € CIIOTBOPEHHS Pe3yNbTaTiB y Mic-

X KOHTAaKTy CKIHYEHHUX EJIEMEHTIB PI3HHUX TH-
miB. AJKe y BY3/1ax IUIOCKOTO €JIEMEHTY Bially-
KYIOTbc 6 HEBIIOMHX MepeMillleHb, a y By3lax
mpocTopoBoro — nuire 3. YactrHa 3ycuis Haue0To
«3HUKaE» TPH Tepeadi BiJ eleMeHTa OJHOTO TH-
my g0 iHmoro. Tomy Taky KoMOiHamil0 CKiHYeH-
HUX €JIEMEHTI Pi3HHX PO3MIPHOCTEH CIiJ BUKOpU-
CTOBYBaTH IyK€ OOEpexHO, 100 He OTpPUMAaTH
XUOHMI pe3yIbTar.

e
5
e

Puc. 3. CkiHueHHO-eNeMeHTHI MO/Ieli 3 IIPOCTOPOBUX
CKiHYCHHUX CIIEMCHTIB:
a — Oykca enexrpoBo3a JIC3;
0 — KPOHILTEHH 6-0CHOTO JyMIKapa

Fig. 3. Finite element models of spatial finite elements:
a — electric locomotive DS3 box;
b — bracket of the 6-axis dumpcar
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Puc. 4. CkiHueHHO-eJIeMEeHTHa MOIeJb Oy(epHoro Opyca enektpososa J[E1

Fig. 4. Finite element model of buffer beam in electric locomotive DE1

2. 3amaua pyxy B 4aci. llle ogaumM npoGieM-
HUM KOHCTPYKTHBHHM €JIEMEHTOM EJICKTPOBO3a
JC3 6yB cTpymomnpuiimad. 3a XxapakTepoM poOoTH
LI€ € PyXOMHU €JIEMEHT, KU MOXKE CKJIaJaTH-
csi/po3KiIafaTucs MiJ 4ac eKcIUlyaTalii MalluH|,
a TaKOX JIEII0 3MIHIOBATH CBOE ITPOCTOPOBE TIOJIO-
JKEHHSI B 3aJIC)KHOCTI BiJI HATSATY JPOTIB.

Hns anamizy takoi curyanii y [IK SCAD Bin-
CyTHI Oyap-sKi 3aC00H, 5K JJO3BOJSUTH O MOZEIIO-
BaTH 3a/1a4i pyXy B 4aci, OCKUIBKH B Oy/iBEIHHHUX
KOHCTPYKI[IAIX po0OTa eJIeMEHTIB mepeadadaeThes
SK cTaTW4Ha, 0e3 3MiHHM iX T€OMETPHYHOrO IOJIO-
xeHHs. Tomy Oyna po3po0iieHa criemniaabHa METo-
IMKa, siKa mependavana moOyJ0BY psily CKiHYEH-
HO-EJICMEHTHUX MOJICNIeH 13 PI3HOK T'€OMETPIENO.
Tak, cTpymMonpuiiMay MOJIEITIOBABCS IS TOBHICTIO
CKJIaieHoro nojoxeHHs (kyT 10 °), moBHICTIO po3-
KpHUTOTO MoJoKeHHs (KyT 50 ©) i HU3KU MPOMIiXK-
HUX mojoxeHnb (kytm 12, 15, 25, 35 1 45°) —
puc. 5, a—e.

Mopenp siBisiia co0OI0 CTEPIKHEBY CHCTEMY
3 75-u ckiHYeHHX ejeMeHTiB. Haitbinpmni 3ycuis
3a pe3ynbTaraMi O0YHCIIEHb CIIOCTEPIraauch MPH
KyTi migiomy 14,5 ©, nns goro OymyBanachk anpok-
cUMaliiiHa KpHBa.

BukopucTaHHS CTEP)KHEBHUX €JIEMEHTIB y JAaHii
3aja4i 00yMOBJIEHO (DOPMOIO IOMEPEUHOro IMepe-
pi3y caMuXx eleMeHTiB — Kpyria Tpyba. Y BHIAIKY

MOJICTIIOBAHHSI TAaKOT'0 Iepepizy IUIaCTHHYACTHMHU
eJIeMEeHTaMH HEOOXiHa TOCHTH JpiOHa pO30MBKa
Ha CKiHYEHHI €JIEMEeHTH TI0 JTOBXKHHI Komna. SIK cBi-
JT4aTh JaHi TECTOBUX MOJEJCH, CIelialbHO Mo0Y-
JIOBaHMX Ta MPOAHAII30BaHUX JJIS IbOTO BUIAJKY,
JIOCTaTHIM CIIiJi BBOKATH TaKy KiIBKICTh €JeMeH-
TiB, 32 SKOI YTBOPIOETHCA KYT HE Oijibime 5 © Mik
OKpPeMHMHU CKiHYeHHMHU ereMeHTamu. [lpu mpomy
HE CTBOPIOETHCS BHKPUBJICHHS IOJISI HAIPY)KCHb,
omucane, Hanpukia, y [19].

Ha npakruri, Buxonsun 3 HEOOXITHOCTI MaTH
(hopMy CKIHUCHOTO €JIEMEHTY, L0 HaOJMKEHA JI0
KBaJIpaTHOI, 1€ NMPUBOJUTH JI0 3HAYHOI KiJIBKOCTI
CKiHUEHHX €JIEMEHTIB 1O JIOBKHWHI KOHCTPYKTHB-
HOTO €JIEMEHTY. 3a MiipaXyHKaMH aBTOpa B CHUTY-
aIii, 10 PO3rIISIIAETHCS, MOICNIb CTPYMOIIpUiiMaya
Mana 6 mictutu 6mu3pko 500 000 By3miB, mo cTa-
HOBUTH TOPSAAKY 3 MIJIH. CTyNeHiB BimbHOCTi. Ha-
BiTh JIJISl CYy9aCHHX KOMIT IOTEPiB MOKIIMBICTH (Po-
PMyBaHHS Ta aHallizy mojiOoHoi Mojeni mae OyTh
CHeIiabHO OOTPYHTOBAHA.

VY 3B’SI3Ky 3 OCTaHHIM HEOOXITHO TaKOX Bij-
3HAYHUTH, [0 THUTAaHHS CTBOPEHHsS JApiOHOI CKiH-
YEHHO-E€JIEMEHTHOI CITKH Ta, BIAMOBIAHO, MOAEIEH
3HAYHOI PO3MIPHOCTI, 3AJIMIIAETHCS BCE € JOCTa-
THBO aKTYaJIbHUM, aJKe SIK BIAMIUE€HO, HAIIPUKIIAJ,
B po0Oori [5], Bce x Taku 30epiraeTbcs HeOe3mneka
BTpaTH TOYHOCTI PIIICHHS Mij] 9aC MaTeMaTHUIHHUX
orepallii 13 HaOJIMKEHUMH YUCIIaMH.
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Puc. 5. CkiHueHHO-EJIeMEHTHI MOJIeNi CTpyMonpuiiMada enekTpoBo3a J[C3 B MmoJIoKeHHSIX:
a—10° 6—15° ¢ —35° 2—50°

Fig. 5. Finite-element models of the current collector in the electric locomotive DS3 in the positions:
a—10° b—15° ¢ —35° d-50°

3. KonrakTHa 3aga4ya. Taka 3ajaua € Haimo-
MIUPEHINIO I MAaIMHOOYMIBHUX KOHCTPYKIIIM.
[pore pns mporo Bunanky [IK SCAD nepenbauae
JIUIIE JIOCUTh MPOCTUI 1HCTpYMEHTapiil AJsl po3r-
TSIy HAWOpPOCTINIOrO BHIAJIKY KOHTAKTY JIBOX
wronmH. OJHAK, SK MMOKa3alu pe3yJbTaTH TECTO-
BOTO MOJICIIOBAaHHS, HABITh y IIbOMY BHUIAJIKy Te-
OMETPHYHO-HEJTIHIHHA 33j1a4a TPUMYIIYe BUKOHY-
BaTH 3HAYHY KUTBKICTh iTeparliii, mo caMo 1o coOi
MiBHINYE Yac MOIIYKY pinreHHs. J[o Toro x ayxe
4acTo Ha OJIHOMY 3 KPOKIB pillIeHHS 3a/1aqy MPOCTO
«BHOWBaE» Yepe3 BHYTPIIIHIO MOMHIIKY, 00yMOB-
JICHY, SIK TIPaBUJIO, BUCOKOI HEB’SI3KOK MK iTe-
pariiHUMH KpOKaMH.

OnHUM 13 MOXJIUBUX BUXOJIB € BUKOPUCTAHHS
CTEP)KHEBHX €JIEMEHTIB Y 30HI KOHTaKTy. Tak Oyio
3MOZENTHOBAHO B3AEMOJIIO CTYMHIlI KOJIeca €JIeKT-
poso3a JIC3 3 HecyuuM BajoM — puc. 6.

SNTa s ks
R
QLRI
SRR,
Ry

Puc. 6. CkiHueHHO-€IEMEHTHA MOJIEIb KOJIECa
enexrposo3a [1C3

Fig. 6. Finite element model of the wheel in the
electric locomotive DS3
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3acTocyBaHHS CTEPXKHIB Tependadac BUKOHAH-
Hsl TOTPiOHUX iTepauiil «Bpy4Hy». CyTHICTH Takoi
METOAMKH TIOJISITae B TOMY, IO Ha TIEPIIOMY KPOLIi
BHpINIyETbCA 3BUYAiiHA ITiHIHHA 3ama4ya 3 ycima
3MOJICTIhOBAaHUMH CTepKHAMHU. [lo pesymprarax
MEPUIOro KPOKY Ti CTEPKHi, B AKUX HASBHI 3yCHJI-
JIS1 PO3TATY, BUAAISIOTHCS 3 MOJIeIi. 3HOB BUPILIY-
€ThCS 3BUYAlHA JIiHITHA 3aj]a4a, 1 3HOB PO3TATHYTI
CTEpKHI BHIAIAIOTHCS 3 Mojedi. Tak MpomoBxKy-
€TBCS IO THUX Tip, JOKH IICJIS YEeProBOrO po3paxy-
HKOBOTO KPOKY HE 3aJIMIIATHCS TUTBKA PO3TATHYTI
CTEp’KHi. 3BICHO, IO THIT CKIHYCHHOTO CTEp)KHE-
BOTO CJIEMEHTY Mae OyTH TakuM, mo 3abe3rneuye
poOOTY TUTEKH Ha CTUCK-PO3TAT.

AHAJIOTIYHUM TIDTIXOM BHPINIYBAIUCS pi3HOMA-
HITHI «KOHTaKTHI» 3amau4i 3a goromororo [TK SCAD,
MpOTE JOCTOBIPHICTh OTPHUMYBAaHUX PE3YJIbTATIB Y
’KOJJTHOMY BHIIaJIKy TOYHO BCTAaHOBHUTH HE BIIAJIOCS —
4epes3 BIICYTHICTh JIaHUX IS TOPIBHSHHSL

4. 3agaya po3BuTKY TpimuHu. Taki 3azaadi,
B SKHX TOTPiOHO BiJCIIAKYBaTH TpOILEC PYHHY-
BaHHS Marepially KOHCTPYKIIil, BBaYKalOThCS OJ-
HUMH 3 HalicknanHimux. [Ipore BupimmuTh iX 3a-

cobamu IIK SCAD 6e3mocepeqdb0 HEMOKIIUBO,
4yepe3 BIJICYTHICTh HEOOXITHOTO 1HCTPYMEHTApIIO.
Tomy B mpoMy BUMagKy MoOxe OyTH 3acTOCOBaHa
METOJINKa «PYYHUX) ITepaiid, aHaJIoTidyHa 10 BH-
MajKy KOHTaKTHOI 3a/1adi.

[i cyTHicTh monsArae B TOMy, IO B MIiCLISIX €KCT-
pEMaNbHHUX Hampyr, sKi HepeBHUILYIOTh MEXi Mill-
HOCTI Matepiaimy, WIiCIS 3BHYARHOTO JiHINHOTO
PO3paxyHKy BHUpi3a€Thcs MEBHA AITSIHKA KOHCTPY-
KIii, SIKa MOAETIOE YyTBOpeHHs TpimuHu. Jani Bu-
KOHY€TbCS TOBTOPHHH pO3paxyHOK, ICISA YOTo
OIHIOETHCS PiBEHb HAIPYT y 30Hi, MIO pO3Tisaa-
€THCS, — SIKIIO BiH MEPEBUIIYE MEXKY MIIIHOCTI Ma-
Tepiay, TO po3Mip «TpirmuHN» 30imbIryeTbes. Ta-
KAM 9MHOM BHUKOHYETHCS PSIIl PO3PAXYHKIB, JTOKH

HAIMpy>XXCHHA HE IMCPCBUITYBATUMYTH BCTAHOBJICHY
MexKy. [Ipu 1IbOMY PO3BHTOK «TPILIMHE» MOXKE SIK
NPU3YIHHUTHCS, TaK 1 TIPOTOBKUTHUCH.

Taka mertomumka Oyna anpoOoBaHa Ha MoOJENi
mpecy Jisi INTaMITyBaHHS 3alli3HUYHUX KOJIC —
puc. 7. TpimmHa nocaria BeMUYMHA ONMHM3BKO 1 M
1 3yIHATIACS.

Puc. 7. CkiHYeHHO-eJIeMEHTHA MOJIeIIb IIPECy /IS IITaMITyBaHHS 3aJli3HUUHUX KOJIIC

Fig. 7. Finite-element model of press for railway wheels stamping

5. ®izuuna HeqiHiliHicTh. OKpeMUM Pi3HOBH-
JIOM 3ajiad, 10 MpuTamMaHHi cdepi MammHoOyay-
BaHHsI, € 3a7ayi TPAaHCIOPTYBAaHHA Pi3HOMAaHITHUX
BaHTaxiB. /s bOro MOXyTh OYyTH CIeliaIbHO
CKOHCTPYHOBaHI Ta BUKOHAHI JIOJIATKOBI KOHCTPY-
Kuii 3 7eMnyrouyuMH eJeMEeHTaMu, SKi yTpuMyBa-
71 O BaHTaX Y IPOEKTHOMY ITOJIOKEHHI.

Tak, omuiero 3 moAiOHUX 3amau Oyna 3amaqa
TPAHCHOPTYBAHHS 3aJI3HULEI0 6-OCHOTO JyMIIKa-
pa. Ilpu npoMy Bi3KH TPaHCIOPTYBAIHUCH OKPEMO,

a caM KOpITyC HacaJDKyBaBCsl Ha CIelialIbHO CKOH-
CTpyHOBaHi OalKK 3 OMOPHAMH KOHYCAMH Y BEpX-
Hilt yactuHi (puc. 8). Ha moBepxHIO IbOTO KOHYCY
YKJIaJIaBcs map CIeIiaJbHOTo MoJiMepy, SKUH BU-
KOHYBaB QYHKIIit0 temrdepa.

MogzenroBaHHS TaKoro MpOLIAPKY Mependadae
MOXITMBICTb 3aBJaHHs HENiHIIHOI AiarpamMu poOOTH
Marepiayy Ta PpilleHHs BiINOBiAHOI (i3UYHO-
HeniniiHoi 3axa4i. [Ipote B [IK SCAD Taka mMox-
JIUBICTH TOBHICTIO BIACYTHS, 1 Ui TOJIMEPHOTO
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MPOIIAPKy B MOZENI MPHHIIUIOCS 33aBaTH ycepe-
HeHi JNiHiiHI ¢i3nyHi XapakTepucTHKH. Hackinbku
11 BUKPUBHJIO pe3yJIbTaT — BCTAHOBUTH HE BIAJIOCH.

6. Ilocagka 3 HatsiroMm. llle ommiero posmo-
BCIOJDKEHOIO 33/1a4er0 Tally3i MallnHOOYAyBaHHS €
3’€IHAHHS €JIEMEHTIB i3 HaTsaroM. Hampukian, Ta-
KUM YMHOM BCTaHOBJIOIOTHCS B OTBOPHU HITLTIHTH,
nependadeHi B CHemiaJIbHOMY MIPUCTPOL IS BUTO-
TOBJICHHS 3aKJICTIOK XOJIOJTHUM CITOCOOOM (puc. 9).

Janwii knac 3ama4 GakTUYHO MOETHYE B COO1
JIBa OKpeMi Pi3HOBHHW 3a]]ad — KOHTAKTHY 1 3a/1a4y
MOTIEPETHBOTO  HAmNpyKeHHS (0 pedi, BigoMy
B OyniBHunTBi). KoskHa 3 nmx 3amay cama mo cobi
€ TeOMETPUYHO-HENIHIHHOO, a X TIO€AHAHHS € Te-
OMETPUYHOIO HEINHIHHICTIO «B KBaApaTi». 3BiICHO
XK, IX PIIICHHS SIBJIIE COOOIO JTOBOJI CKIIAHY U He-
OJIHO3HAYHYy Tpo0IeMy, HaBiTh JJIS CIeliani3oBa-
HUX TporpaMHuX npoaykTiB tumy ANSYS abo
SolidWorks.

B IIK SCAD, Ha xajb, moAi0HI MaTuHOOY/IiB-
HI 3a7adi BUPIMIATH Ta, HaBiTh, 3MOJEIOBATH

a—a

B TENEPINIHIA Yac BUSABISETHCS MPAKTHIHO HEMO-
*uBUM. TOMY B MPAKTHUIl JTOBOJIUTHCS PO3TIsLaa-
T KOHCTPYKTUBHUI €JIEMEHT i3 OTBOPaMU 3aMiCTh
MOJICITIOBAHHS, HANPHUKIIAJ, MIUTIHTIB, BBAKAIOTH
TaKe PIlleHHS «AIy4IUM B 3a11acy.

HaykoBa HOBH3HA Ta IPAKTHYHA
3HAYUMICThH

Ockinpky B HasiBHIM (axoBiif JiTepaTypi Mo
MPOEKTYBAaHHIO 3ac00iB TPAaHCHOPTY MPAKTUYHO
MOBHICTIO BIJICYTHSI iH(pOpMALisi CTOCOBHO BHKO-
pucTtanHa OyiBETHHO-OPIEHTOBAHUX IMPOTPAMHHUX
mpoaykrie Ha 6a3i MCE, To y3arampHeHWiA aBTO-
POM JIOCBIJI JACIIO 3MEHIIIYE IICH MPOOiL.

Takox, Ha AyMKy aBTOpa, (paxiBii, IO Ipa-
mIOITh Yy chepli BUKOPUCTaHHS CKiHYEHHO-
€JIEMEHTHOT'O MOJICNIOBaHHs, O€3yMOBHO, MarOTh
3HalTH A7 cebe B AaHid myOuikaiii HOBI MPaKTHU-
YHI MPUHOMH YU MiIXOAH 0 BUPIMIEHHS pizHOMa-
HITHUX 33]1a4 y MalTMHOOYAiBHIH ramys3i.

T
s
T

T

Puc. 8. CkiHueHHO-eIleMEHTHA MOJIEIIb @ — OIIOPHOI OalKy Ta 6 — ONIOPHOTO KOHYcCa
JUIsl TPAHCIIOPTYBaHHs 6-0CHOTO JyMIIKapa

Fig. 8. Finite element model a — the supporting beam and b — the supporting cone
for transportation of 6-axle dumpcar
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Puc. 9. CkiHueHHO-€JIeMEHTHA MOZCJIb IPUCTPOIO AJI1 BUTOTOBJICHHSA 3aKJICIIOK XOJIOAHUM crocoooM

Fig. 9. Finite-element model of the device for cold rivets making

BucnoBku

[lincymMOByIOUM BCE BUINEBHMKIIAJCHE B JaHIiH
myOJiKalii, ciij] y3aralbHUTH HAaKOIMUYCHUH 10C-
BiJl BUKOPUCTaHHS OyaiBenpHO-opieHTOBaHOTO 1K
SCAD s MmammmHOOYAIBHOT TaTy3i:

1.V uinomy [IK SCAD no3zBosisie BUpilIyBaTH
JIOCUTh 3HAYHE KOJO MAIIMHOOYIIBHHMX 3ajad,
CXOXMX Ha 3aJadi OI[iHKM HEeCy4doi 3AaTHOCTI B
OyniBHuNTBI. [Ipy bOMY CITiZi OKpEeMO 3BaXKaTH Ha
npobaeMy 301KHOCTI pe3yNbTaTiB y KOHIIEHTPATO-
pax.

2. OCHOBHMMH OCOOJMBOCTSIMA BHKOPHCTaHHS
[IK SCAD npu uipomy e€:

— PO3paxyHKOBI CIIOJYYEHHsS HaBaHTAXECHb
MaloTh BU3HAYATHCh BPY4YHY, a KOMOiHAIlil HaBaH-
TaKeHb — 3aJIaBaTHCS MIPH CIIEiaIbHOMY 3aBaHTa-
JKEHHI;

— MOXIIUBICTh «CYOMOJICITIOBaHHS» Ma€ pealli-
30BYBaTHCS MOOYIOBOO OKPEeMOi MO IS J10C-
JDKYBaHOI YaCTHMHM KOHCTpyKmii. Ilpu mpomy
HEOOXi/THO 3aJMIIaTH «Ha 3armac» MPUOIU3HO TIO-
NBIAHUI po3Mip niepepisy;

— JUIS MOJICNTIOBAaHHS 3a]1a4 HEBEIMKOI PO3Mip-
HOCTi, Y TOMY YHCIIi ¥ JJs 3BapHUX INBiB, Haii-
OLIIBIII BUCOKY TOYHICTh 3a0e3Iedye MpOCTOPOBUI

i3omapameTpruuamii 20-By3JIOBUI CKIHYEHHUW ele-
MEHT;

— JUTS MOJICTIIOBaHHS 3a/1a4 KOHCTPYKI[ii 3Ha4-
HOI PpO3MIpPHOCTI HEOOXiTHO BHKOPHCTOBYBATH
3BUYAHUI §-BY3IOBHIA IPOCTOPOBUH i30mapameT-
PUYHMIA CKiHYCHUH eneMeHT. [IprnuoMy moegHanHsS
B OJHIN MOJEJI TaKOTO €IeMEHTY pa3oM i3 Iac-
TUHYACTUM TIPU3BOAWTH 1O BTPATH TOYHOCTI pi-
LICHHSI.

3. MogentoBaHHs 3a/1a4i pyXy KOHCTPYKTHBHO-
ro eleMeHTa B Yaci Moxke OyTH peani3oBaHO 3a
JIOTIOMOT0I0 TTOOYJI0BU cepii Mojenell i3 pizHUM
MPOCTOPOBHM TIOJIOKEHHSIM PYXOMHX €JIEMEHTIB
Ta MOJAJIBIINM BiJIIYKYBAaHHSIM HaWTipIIOro mo-
JIOKECHHS.

4. JIns MOJear0OBaHHS KOHTAKTHOI 3amadi CIIijI
BHKOPHCTOBYBATH OIMCaHy B ITyOJiKaiii MeTOIu-
Ky «pPYYHUX» iTepamiii. AHaioriuHa 3a 3MICTOM
METOJIMKa MOKe OYTH BUKOPUCTaHA ¥ JIJIsl IPOTHO-
3yBaHHSI PO3BUTKY TPIillIKH.

5.Bin monemoBanHsa ¢i3WMYHO-HENIHIHHUX 3a-
nad Ta 3amad nonepeanboro Hatary B I[IK SCAD
Kpaile BiJMOBUTHCh Ta BUKOPHUCTOBYBATH JUIS
IbOTO OINBII TOTYXXHI 3aKOPJOHHI IMPOTpaMHi
MPOAYKTH.
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"Kac. «CTpontensHoe mpoH3BOACTBO i Teoe3Hs», JHenpOneTpOBCKIi HAHOHANBHBIH YHHBEPCHTET KENE3HOLOPOIKHOTO
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NCITOJIB3OBAHUE CTPOUTEJIBHO-OPUEHTUPOBAHHOI'O
IIK SCAD JJi1 AHAJIN3A PABOTDI
MAIIMHOCTPOUTEJBHBIX KOHCTPYKIUM

He.m;. B Clly4dac€ aHaJiu3a pa60TBI MAaIIMHOCTPOUTECIIbHBIX KOHCprKIII/Iﬁ HEMOCPCACTBECHHOC MCIIOJIB30BAaHUC
CTPOUTCIIbBHO-OPUCHTUPOBAHHLIX IMPOTPaMMHBIX pa3pa60TOK SABJIACTCSLT HEBO3MOXKHBIM, IIOCKOJIBKY HWACOJOrUA
1 METOAMKA PCIICHU pa3H006pa3HI>1x 3aJa4 B CTPOUTCIILCTBE U MAIIMHOCTPOCHUHN PaA3JINYarOTCA. HOSTOMy npu
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HETPAJIALIMHI BUJIU TPAHCIIOPTY. MALLIMHU TA MEXAHI3MU

MPOBEJCHUH MPAaKTHIECKUX PacueTOB BO3HHKAET HEOOXOAMMOCTH B ONPENCICHHONW KOPPEKTHPOBKE 3AJI0KCHHBIX
B IIPOrpaMMHBIE KOMIUIEKCHI ITOJXOA0B U MX aJaNTallii K MaIlMHOCTPOUTENBHON oTpaciu. M3noxeHne aBTopCKoro
OTIBITA HICTIONIB30BaHUS CTPOUTEIFHO-OPUEHTUPOBAHHOTO MporpamMmHuoro kommuiekca SCAD for Windows ans aHa-
nr3a paboTel pa3sHOOOPA3HBIX MAIIMHOCTPOHUTEIBHBIX KOHCTPYKIWH, MX Y3JIOB, arperaToB M SBISIETCS HEIOCPEn-
CTBEHHOH Lenblo myonukanuu. Meroauka. Ha npoTsbKeHUM 3HaYUTENHHOTO MEPHOAa BPEMEHH aBTOpP 3aHMMAJICS
aHaJIM30M pabOThl CTPOUTENIBHBIX, IPEUMYIIECTBEHHO TOHKOCTEHHBIX, CTANBHBIX KOHCTPYKIMH ¢ HOMOIIBIO METOIa
KoHeuHbIX 3neMeHToB (MKD) Ha 6a3e mporpammuoro komiuiekca SCAD for Windows. IlapamiensHo ¢ 3TuM ObLITO
PaccMOTPEHO 3HAUUTEIbHOE KOIMYECTBO MAIIMHOCTPOUTEIbHBIX KOHCTPYKIUI, B TOM 4HCIIe €IUHUL] TOJABHKHOIO
cocCTaBa )eJe3HO! J0pord. BobIIMHCTBO M3 TaKKUX 3a/1ad lepepacTaid B HAyYHO-TIOMCKOBYIO ITPpo0IeMy, KOTOPYIO
HEOOX0AMMO OBIJIO BCECTOPOHHE MCCIIEAOBATh M IPOAHAIM3UPOBATh Nepell TeM, KaK MPUBOIUTH KOHCTPYKTOPCKUE
pexomeHmanun. PesyabTarel. B mybnukanun npeacTaBieHsl Ooliee AECsATKAa Pa3HOOOPA3HBIX 3a/1ad, XapaKTEPHBIX
JUTSL OTPACIIN MAIIMHOCTPOEHUS, C KOTOPBIMU aBTOPY HPHUIUIOCH UMETh Aeno. Cpeay HuX craTudecKkas M KBa3ucTa-
THUYECKas 3a/auy, 3a/7ada JBIDKCHUS BO BPEMEHHM, KOHTAKTHAs 3ajada, 3ajada pasBUTUS TpeIluH, (Quizmueckas
U reoMeTpuuecKas HelnnHeHHOCTH. COOTBETCTBEHHO ISl Ka)XKJOH M3 9THX 3a/1a4 NPHUBEACHBI OCHOBHBIE MPOOIIEMBI,
0COOCHHOCTH U NPAKTUYECKHE MPHUEMBI, HApaOOTaHHBIE BO BPEMs NCCIIEOBaHMS, a TAK)KE B KAYECTBE MILTIOCTPALUHI
MPEACTaBIICHBI TIOCTPOCHHBIE KOHEYHO-2JIEMEeHTHbIe Moziend. Hayunas HoBu3Ha. O00OIIEH OMBIT MCIIOJIb30BAHUS
CTPOUTEIBHO-OPUEHTHPOBAHHOTO IPOrPAaMMHOTO MPOAYKTa Ha 0a3e MeTo/a KOHEUHBIX AJIEMEHTOB JJIs aHajlu3a
paboThI MaTMHOCTPOUTENIBHBIX KOHCTPYKIUiL. 3110%KeH ps MPaKTHYSCKUX MPUEMOB M MOAXO0B K PEIICHUIO pa3-
HOOOpa3HBIX 3a/auy B MamMHOCTpouTenbHoU cdepe. IlpakTuyeckass 3HaumMocThb. [IpuMeHeHHe TPHBEICHHON
nHpopMannK, METOAOB U TOAXO/0B IO3BOJSAET HE TOJIBKO PEIINTh KOHKPETHBIC MPAaKTHYECKHUE 3a7a4yd MaIluHO-
CTpOUTENIBbHOU cepbl, HO M HOIYYUTh KOPPEKTHBIE M MPAKTHYECKU PUEMIIEMBIE PELLICHHS.
Knrouesvie cnosa: meron xonewunsx 3nemMeHnToB; [IK SCAD for Windows; ManmmHOCTpOSHNE; KOHCTPYKIIHS

D. O. BANNIKOVY

Dep. «Construction Production and Geodesy», Dnipropetrovsk National University of Railway Transport named after Acade-
mician V. Lazaryan, Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (097) 532 54 46, e-mail bdo2010@rambler.ru,
ORCID 0000-0002-9019-9679

USAGE OF CONSTRUCTION-ORIENTED SOFTWARE SCAD FOR
ANALYSIS OF WORK OF MACHINE-BUILDING STRUCTURES

Purpose. In the case of analysis of work of the machine-building structures, the direct usage of construction-
oriented software developments is impossible, since ideology and methodology for solving various tasks in con-
struction and machine-building are different. Therefore, in the conducting of practical calculations, there is a need
for a certain adjustment of the approaches put in the program complexes and their adaptation to the engineering in-
dustry. The presentation of the author's experience of the construction-oriented software SCAD usage for Windows
for analyzing the work of various machine-building structures, their components and assemblies is the immediate
purpose of the publication. Methodology. During a long period of time the author was engaged in analyzing the
work of building, mainly thin-walled, steel structures using the Finite Element Method based on the SCAD for Win-
dows software package. At the same time, a considerable number of machine-building structures were considered,
including railroad rolling stock units. Most of these tasks grew into a scientific and research problem that needed to
be thoroughly researched and analyzed before giving design recommendations. Findings. The publication presents
more than a dozen different tasks, typical for the machine-building industry, which the author had to deal with. Stat-
ic and quasi-static problems, the problem of motion in time, the contact problem, the problem of the cracks deve-
lopment, the physical and geometric non-linearity are among them. Accordingly, for each of these problems the
main challenges, features and practical techniques developed during the work are presented, as well as the con-
structed finite element models are presented as an illustration. Originality. The experience of construction-oriented
software product usage on the basis of the Finite Element Method for analyzing of the work of machine-building
structures is generalized. A number of practical methods and approaches to the solution of various problems in the
machine-building sphere are set forth. Practical value. The application of the given information, methods and ap-
proaches allows not only to solve concrete practical problems of the machine-building sphere, but also to obtain
correct and practically acceptable solutions.

Keywords: Finite Element Method; SCAD software package for Windows; machine-building; structure
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MNPOMUCJIOBU TPAHCIOPT
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3BPUCTUYECKHUI METOJ OTEOPA CY/IOB JLIsI
COTJIACOBAHHO¥ PABOTBI BOJJHOI'O TPAHCIIOPTA

Heas. B HacTosAIIeM HCCIETOBAaHHN HEOOXOAUMO PaccMOTPETh (JOPMUPOBAHUE METOIHMKH OTOOpa CYHOB MpH
COTTIaCOBAaHHOM paboTe MOPCKOIO M PEYHOro TPAHCIOpPTa C INPUMEHEHHEM 3BPUCTHYECKOTO MOAXOJa.
Mertoauxka. [Iyig peanusaiy NOCTaBICHHON B MCCIICJOBAaHUM 1€ aBTOpaMu ObUI IIPOBEAEH aHAJIN3 OTCUESCTBEH-
HBIX U 3apyOeXHBIX JUTEPATypHBIX UCTOYHHKOB IO TeMe padoThl, U3yueHa crenupuka u ycaoBus 3hGeKTHBHON
paboThl MOPCKMX MOHOKOPITYCHBIX CY/IOB U COCTaBHBIX 0apeOyKCHpHBIX cynoB. Pesyabrarsl. Ha ocHoBaHuu pe-
3yIbTaTOB aHaNW3a ObUIM C(HOPMYIHPOBAHBl METOABI HIBPUCTHKH, OOECIEYMBAIOIIME BHIOOP THUIOPa3MEPOB
OapxeOyKCUPHBIX CyJOB CMEIIAHHOIO IUIABAaHUA «PeKa-MOpPe» U3 MPUOPUTETHOTO psifia CyJOB HAIUYHOTO (IoTa.
[pemioxKeHHBIN TOIX0 MO3BOJISIET BHIIIOIHUTE OTOOP CYAOB, B OOJIBIICH CTENCHH COOTBETCTBYIOIIMX YCTAaHOBJICH-
HOI cxeme paboTbl. PanmoHanbHBIE COYETaHUS TEXHHKO-IKCIUTYaTALMOHHBIX XapaKTePUCTHUK TaKUX Map, Kak
«Oapxu U OykcHp», «0apKeOYKCHPHOE Cy[JHO M MOPCKOE CYITHO», «0apKeOyKCHPHOE CYIHO W OrpaHHYHBAOIINC
XapaKTePUCTUKH paifoHa ITaBaHUS, SBIIIOTCS NMPEANIOCHUIKON K YBEIUYCHUIO MPUOBLIN CYIOXOJHOH KOMITaHHH 32
CUeT YBEJIMYEHHs MPOBO3HOW cOCOOHOCTH cynoB. HayuyHasi HOBU3HA. ABTOpaMH BIIepBbIC ObLI IPHMEHEH JBPH-
CTHYECKHUI OAX0 K 0TOOpY OaprkeOyKCHPHBIX M MOPCKHX CYZOB ISl COTIaCOBAaHHOM pabOThI C BBIIOJIHEHHEM IPY-
30BBIX OINEpAlMi Ha peiije yCTheBOro mopTa MpH IepeBO3Ke MacCOBBIX I'PY30B. B 0CHOBY Hoaxoaa MOJIOXEH MOJ-
00p palMOHANBPHOTO COOTHOIICHUS TEXHHKO-3KCILUTyaTAllMOHHBIX XapaKTEePHCTHK Oapx u Oykcupos. [Ipemmoxen-
HBIH MOAXOJ TO3BOJIAET ONPENEIUTh HAMIydlllee COUeTaHHEe TUIIOPA3MEPOB CYJIOB IPHU OPraHU3al[MU COBMECTHOM
POOOTHI MOPCKOrO M pedHoro Tpancmopra. [Ipu sToMm obecrieunBaeTcs HENPEPHIBHOCTH MPOIECCa IEPEBO3KU IPy-
30B, CJIEAYIOIUX U3 MOPCKHX ITOPTOB B PEUHBIE, PACTIOI0KEHHBIE B ITTyOMHE CTpaHBI (M B 0OpaTHOM HANpaBJICHUH).
IMpakTHyeckasi 3HAYMMOCTB. [IpeacTaBlieHHAass METOAMKA SBISAETCS JIOTMYECKUM MNPOIOJDKEHHEM LHMKIA paboT,
BBINIOJIHEHHBIX aBTOpaMU. [1oydeHHbIe pe3ysbTaThl TakxkKe OyAyT MPUMEHEHBI B IMOCIEAYIOMINX JTHYHBIX HCCIeI0-
BaTeJIbCKUX pa3padoTkax. KpoMe Toro, npeacraBieHHOE UCCIIEA0BaHHE OyaeT MONE3HBIM ISl CYIOXOJHBIX KOMIIa-
HHH, OIIepUPYIOIUX OapKeOyKcUpHBIM (utotoM. Taroke 1aHHAas METOJUKA MOXET OBITH BHEJpEHA B y4eOHBII Mpo-
LIECC TPAHCIIOPTHBIX BBICIINX YUeOHBIX 3aBe/ICHUH PH U3YYSHUH COOTBETCTBYIOIIUX JUCIIMTLIIHH.

Knrouesvle crosa: Mopckue 1 0ap)xeOyKCHpHBIE CyJa; peiIoBas eperpyska; 0T00p; IBPUCTHUECKUH TTOIXO0]

BBenenue HEOOXOIMMOCTh XpaHEeHHsI TPY30B JIJIsi HAKOTLJICHUSI
cynoBoi napruu. [IpeumyImecTBo Takol TEXHOJIO-
TMU 3aKJIFOYAeTCA B TOM, YTO T'PY30BBIEC OIEpalliU
B YCTBEBBIX MOPTaX MOTYT BBIIOJHATHCS Ha peie,
I7ie TIyOMHBI TO3BOJISIIOT HCIIONB30BAaTh MOPCKHE
cyJa OoJbIIei TPY3010AbEMHOCTH.

UzBectHo [1, 6], 9TO 3PEKTUBHOCTH MEPEBO-

OnHUM W3 BapuaHTOB COTJIACOBAHHOW palOTHI
MOPCKOT'O M PeYHOro (hioTa sSBISETCS OpraHU3aLust
poriecca NepeBO3KH IPY30B, CIEAYIOMINX IO BHYT-
PEHHUM BOAHBIM ITyTSAM Ha 0ap keOYKCHPHBIX Cy1ax
(BBC), u peiinoBoii meperpy3ku HEMOCPEICTBEHHO
Ha MOPCKOE€ MOHOKOPITYCHOE Cy/iHO. Takasi opraHu-

3alisi TPAHCIIOPTHOTO MPOIECCca UCKITF0YaeT orepa-
U1 CKJIIaApOBaHWA B IHOPTY M, KaK CJICACTBUC,

30K Tpy30B BBC 3aBHCHT OT parMmoHaILHOTO HC-
MIOJIb30BAaHUSI TEXHUYECKHUX cpencTB. Ilockonbky
pabora BBC npeanonaraer ¢popMupoBanue cocra-
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[IPOMUCJIOBUIT TPAHCIIOPT

Ba U3 OyKCHpa M HECKOJBbKUX Oapik, To ajs obec-
MIE€YEHHs] HENPEPHIBHOCTH TPAHCHIOPTHOIO IpoOLEc-
ca MepeBO3KU I'PY30B IPHU B3aUMOACHCTBUU PEIHO-
r0 ¥ MOPCKOT'O TPAaHCIOpPTa BO3MOYKHO BapbHpOBa-
HUE KOJIMYECTBOM M TEXHMKO-3KCIUTyaTalllOH-
HeIMH  XapakTepuctukamu (TOX) cTpykTypHBIX
anemenToB bbC.

3amaua otdopa tunopasmepa bbC sBisiercs on-
HOM M3 3aja4 OpraHM3allii TPAHCIIOPTHOIO IPO-
ecca, KOTopas IpeanonaraeT noaoop TuIopasmMepa
CyJHa M3 BO3MOKHBIX BapHaHTOB, HaWIYYIIUM
00pa3oM COOTBETCTBYIOLIETO YCIIOBHUSIM IPEACTOs-
mei pabotel. 3amada (GOPMHUPOBAHMS MHOXKECTBA
BapuaHTOB TumopasmMepoB bbC i 3amaHHBIX
YCIIOBHI 9KCIUTyaTaIlMK TIpe/ICTaBIeHa B pabore [5].

Takum oOpaszoM, 3amada orOopa THIIOpasMepa
BbC n3 MHOXecTBa BO3MOKHBIX, HAMITYUYIIHM 00-
pa3oM COOTBETCTBYIOLIETO CXE€M€ IMPEACTOSILEro
pelica, sIBISeTCS aKTyaJlbHOM.

Ananusz numepamypnvix OGHHBIX U HOCMAHOBKA
npobnem. Hadano HaydyHOTOo OOOCHOBaHHMSI OTeve-
CTBCHHOW TNPAKTHKH 0apKeOYKCUPHBIX MEPEBO30K
cymamu (BBIT) mpuxoautcs va 2030 IT. U A0CTHT-
na coero muka k 70-80 rr. XX cr [3]. Oanaxo,
noBbIIeHHbIA uHTEpec K BBII B mocnenxnue necs-
THJIETHsI, 000CHOBaHHBIH B padorax [1, 6], Tpebyer
COBEPIICHCTBOBAHUS TEOPETUYECKUX OCHOB Opra-
Huzaimu pabotel BBC ¢ yderoM coBpeMeHHBIX
YCIIOBHM PBIHKA M TEKYIIMX TEXHUYECKHX BO3MOX-
HOCTEH, B TOM 4YHUCJI€ B CYAOCTPOECHHH, IMIPOTEX-
HUKE U TIp.

OcHoBbl opranu3anuu padotel BBC Obumn pas-
paboTaHBI elie B COBETCKOE BPEMsI B ITUKOBBIN IIe-
puox passutus bbIl u otoOpaxens! B paborax Ta-
kux yduenblx, kak: M. C. Tepstaukos, A. A. Coro-
30B, A.Il HUpxun, B. K. Illeneros, B.II. 3auecos,
H. A. IOmuH, u np. Hanpumep, paccMoTpeHsI 3a1a-
yn otoopa BBC s paboThl Ha MMHUAX TIO KpUTe-
pUsSAM ONTUMAaJBbHOCTH (DUHAHCOBBIX TMOKazaTenel
U TIPOBO3HOI#1 criocobHoCTH cynoB [2]. OmHako, mo-
CTaBJICHHAs! aBTOPaMH 33/1a4a He OTpakaeT 0COoOCH-
HOCTH OpraHM3aluu coBMecTHOU pabotel BBC
U MOPCKHX CYJOB, YU€T KOTOPBIX MO3BOJIMT COKpa-
TUTh HEMPOU3BOACTBEHHBIE MpocTou ¢utota. Kpome
TOTO, B MPEIOKEHHON MOJEIHN aBTOPaMH HE y4H-
TBIBAIOTCS. OTPAaHWYEHHS HA Tpacce CIeOBaHM,
OKa3bIBarolue BiausHue Ha tunopasmep bbC.

B nacrosmee BpeMs MCCIEAyIOTCS OTAEIbHBIE
MpoOJIEMBI, TPEUMYIIECTBEHHO HOCAIINE WHXKe-
HEPHO-TEXHUUYECKUH Xapakrep skciuryatanuu bbC

B 00J1aCTH CYAOCTpOCHUsI U cynoBoxaeHus [1, 13].

B oreuectBenHbix Tpyaax BBII mpaxtuuecku
He paccMmarpuBaioTrcsa. Ho B pabore [1] mpencras-
JICH YacTHBIM ciy4ali OueHKH 3(PPEKTUBHOCTU
9KCILTyaTaliu 0apkeOyKCUPHOTO cocTaBa
«JlHempo-Make» Kjlacca B CPaBHEHUH C CyXOTrpy3-
HBIMHU CyJJaMH, OJIHAKO HE 0TOOpaXKaroluii 001ue
OpraHU3alMOHHbIE MPHHIUIBI 0TOOpa CyIOB IS
BBII. Taxxe m3iaokeHa METOANKA BEIOOpA BapraH-
Ta OpraHu3aluy padoThl ONPEAETCHHBIX THIIOB
BBC mo mpeacTtaBaeHHBIM cXeMaM JKCILTyaTaluH
COCTaBOB C PEUIOBOHM IEPErpy3KOM Ha MOPCKHUE
cyna. OgHaKO aBTOPOM HE OIPENAEIECHO YCIIOBHE
MPUHATHS PEIICHHs 10 0TOOPY CYAOB Ul OCBOE-
HUS TPY30I0TOKA.

Kpome o603Ha"ueHHBIX 007acTelt CyOCTpOSHUS
U CYHOBOXIEHHS, 3apyOeKHBIE paOOTHI TaKxKe
HamlpaBlICHbl HAa HCCIEAOBAaHHUA B CIEIYIONIHX
HalpaBICHUSX:

— CTPaTErn4ecKoro Pa3BUTHUSI CMEIIAHHBIX IIe-
pEBO30K «peKa—Mope» B LeJIoM, B ToM yucie BbII
[9, 10, 12, 14, 15];

— MHTEPMOJAJIbHBIX KOHTEHHEPHBIX IEPEBO30K
[8, 11].

Tak, B padorax [8, 11] U310KeHBI METOAUKH O~
CTPOCHUSI MHTEPMOAAIBHONW CETH OOCITyKUBaHUS
JIUHAHN TIPY TIEPEeBO3KE KOHTEHHEPOB Ha OapKax.

B paborax [1, 9, 10] mpeacTaBieHbl METOAUKH
BBIOOpa CyJHA JUISl TIJIaBaHUS 10 MapLIpyTy «peKa—
MOpe» IO SKOHOMUYECKHUM IIOKa3aTessiM paboTh
cynos. [Ipu pemenny mocTaBIeHHOH 3a1a4n B pabo-
tax [9, 10] BbIOHparoTCs Cyaa M CXeMbl UX pabOThI,
WCXOJIS U3 TIPEICTABICHHBIX B HUX OrPaHUYCHUH.

Taxum 00pa3oM, U3 aHaNK3a NPUBEAEHHBIX UC-
TOYHHMKOB BHJIHO, YTO BOMPOCaM OpTraHU3allud pa-
6otsl BBC mpm mnepeBo3ke MaccOBBIX T'PY30B,
a TaKKe BOMPOCaM COTJIACOBAHHOW PabOTHI MOp-
ckux cynoB U bbC He yneneHo JOKHOTO BHUMa-
Hus. OcoObIlii MHTEPEC BBI3BIBAIOT, MPEK]IE BCETO,
BOINPOCHI, cBsi3aHHbIE ¢ 0TOopoM BBC s opranu-
3aIuy UX paboThl Oe3 3aKkperuieHus TSru (Oykeupa)
3a TOHHaXeM (Oapkamu) IIpU PerI0BOi meperpy3-
Ke Ha MOPCKHE CyJa.

Hean

Ilenpro HACTOAIIEr0 HCCIEIOBAHUS SIBIISIETCS
(¢hopMHpOBaHHE METOAMKH OTOOpa CyIOB IIPH CO-
[JIACOBAaHHOM paboTe MOPCKOIO M PEYHOro TpaHC-
MOpTa ¢ MPUMEHEHHEM 3BPHCTHUECKOTO TIOJX0/1a.

Hcxonst n3 menu, MOCTaBJICHbI CIEAYIONIHe 3a-
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[IPOMUCJIOBUIT TPAHCIIOPT

Jlau¥l UCCIICTOBAHMUS:
1)uszyyenue cnenudukud pabOThI CYIOB TPH
B3aMMOJICHCTBHH MOPCKOTO ¥ PEYHOTO TPAHCIIOPTA;
2)onpenenieHue ycioBus ux 3((GeKTUBHOM pa-
OOTEHI;

3) bopmyaupoBaHHe  METOIOB  IBPHCTHKH,
obecrieunBarome BbIOOp THIOpasmepoB BBC,
B OOJBIICH CTETIEHH COOTBETCTBYIOIIETO yCTAaHOB-
JCHHOH cXeMme paboThl 3a CYET PAIMOHAIBHOTO
couetanusg TOX Oapx u OYKCHPOB.

Mamepuanvt u memoowr uccneoosanus. Jns
peanu3anMy 17K, MOCTAaBICHHOW B HCCIEN0Ba-
HHUH, pa3paboTaH 3IBPUCTHYCCKHUN ITOJIXOM, KOTO-
pBIii oOecrieurBaeT JOCTATOYHBIN MO OTHOLICHUIO
K UCXOMHOH HMH(OpPMAaluU ypOBEHBH TOCTOBEPHO-
cru. Kpome toro, Bpems, HeoOXonumoe Ha pere-
HHE 33Ja4l SBPUCTHYECKUM METOJIOM, B OTIIHYHE
OT 3aJia4, OCHOBAaHHBIX Ha CTPOTUX MCTOJaxX OITHU-
MH3aLIH, B HECKOJIIBKO JIECATKOB pa3 MEHbIIE. DB-
PHCTHYECKHUH ITOIX0/] TIO3BOJISIET COUYETATh TOUHBIE
MaTeMaTH4YeCKHe MPUEMBI C MPOIeSypaMHu, OCHO-
BaHHBIMU HAa MHTYWIHWU W OIIBITC PCHICHUA 3ajday
aTOrO Kiacca [4].

Takum oOpa3oM, pa3paboTka 3BPHCTHUECKOIO
nojxosa st 0TOOpa TEXHHUYECKUX CPEACTB ped-
HBIX U MOPCKHUX CYAOB IIpPHU PEIOBOM meperpyske,
SIBIISIETCS AKTYaJIbHOM.

MeTtoauka

[IpeanoxeHHbIH MOIXO OCHOBAH Ha HUXKE ClIe-
JYIOIIHX TIPUHITUIAX OpraHu3anyu padoTtel bbC:

1. JlyymuM BapuaHTOM OpraHW3anuu PadoOTHI
BBC sBnsercss nmpuHOun «BepTymkn» [1], koto-
pBIi mpenmnosiaraeT HaJWM4YMe B IOpTax OTHpaBIIe-
HHsl U Ha3HAYCHWs MO OJHON Oapxe (nMmbO roro-
BBIX K OTHPAaBJICHUIO, THOO0 HAXOIAIIUXCS O] TPY-
3000paboTKoi). Ilpu HEOOXOIMMOCTH B CXEMY
MOJKET OBITh BKJIFOYEH NPOMEKYTOUHBIN nopT. Ta-
KM oOpa3om, Tpu omnucanHoM Bapuante bbBC
«1 6ykup+3 Oapxku» oauH Oykcup paboTaer coB-
MECTHO C TpeMsl KOMIUIeKTamMu Oapx. B mexnyHa-
POIHOH MpaKTHKE NMPUMEHSIOTCS W JPYrHe BapH-
antsl BBC [7].

2.bykeup, kak cocraBHas uacte BBC, mpen-
craBisieT coOoil ero HamboJiee IOPOrOCTOSIIYIO
gacTh. [109TOMy W3 JByX BO3MOXHBIX BapHaHTOB
opranuzalu paboTel Oykcupa: OYKCHp OXHUAAET
MOTpy3Ky (BBITPY3KY) OapikKu, C KOTOPOW TPHIIIEI
B HOpT (BapuaHt 1), u OyKCcHp MpPOJOIIKAET ABHKE-
HUe c Oapked, KoTopas yKe HaXOIUTCS B JTOM

nopty (BapuaHT 2) — MpeANoYTeHbE OTAaeTcs Mo-
CllelHEMY, IIOCKOJIbKY, B 3HAUUTEIBHOH Mepe,
MMEHHO B 00€CIIeYeHNH HETPEpHIBHOM paboTHl Ha
XO/ly AOpPOTrOCTOSIIIel YacTH CyAHa (MalIMHHOTO
OT/AENEHHA) 3aKmovaeTcss dPPEKTUBHOCTb PAOOTHI
BBC.

3. lnst obecrieueHus TydIIUX YCIOBHHA PaOOTHI
kaxgoro tuna bbC HeoOXoauMO NpHHHMATh BO
BHUMaHHE CIIEAYIOLIME OPaHUYUBAOIINE (DAKTOPHI,
KOTOpbIE BJIMSIOT HAa TabapUTHBIC Pa3Mephl U KOJIH-
4ecTBO OapK B cCOCTaBe, a, CIENOBaTe]IbHO, U HA
IPY30MOJEEMHOCTh U MOIIHOCTh JABUTATENs OYKCH-
pa:

— MHTCHCUBHOCTbH I'PYy30BbIX paboT B OpTax;

— MaKCHMAaJIbHO JOMYCTHMbIC TadapuThl CYI0B
Ul 3aX0la B TOPT, MPOXOKACHUS ILUIIO30B, pas-
Mepbl HM3BWIIMCTBIX YYAaCTKOB TPacChl, a TaKkKe
YYaCTKOB TPOXOXKIEHHS MI0J] MOCTaMHU;

— MPOTSDKEHHOCTh y4yacTKa Iepexoa.

[IpuHuMass WHTEHCHUBHOCTb TIPY30BBIX pPaboOT
B MOPTax MOTPY3KH U BHITPY3KU B ONPEACICHHBIX
NOPTaX BEJUYMHOW IIOCTOSIHHOW, BapbUPOBAaTh
MOKHO TOJBKO MOIIHOCTh ABHIaTelsi U TIPy30-
MOILEMHOCTh OapKu (KOMIUIEKTa Oapx).

4. CoBpeMEHHbBIC CHCTEMBI COeAMHEHHS Oapx
1 OYKCHPOB MO3BOJISIOT 3KcIuTyatupoBaTh bbC He
TOJIBKO Ha PEYHOM YYacTKe, HO U C BBIXOAOM
B Mope. Takum oOpa3om, palioH TIIaBaHHS TaKKe
OKa3bIBACT BIMSIHUE KaK Ha KOHCTPYKTHBHBIE diie-
MEHTBl CygHa, TaK W Ha KOJUYECTBO Oapx
B coctaBe. OHAaKO, B yCIOBHSIX MOPCKOTO IUIaBa-
HUS BO3MOYKHA JUIIb koMOmHanus cocraBa BBC,
COCTOSIIIETO U3 OAHOr0 OYKCHUpa M OHOW OapxH.

5. Ilpeanonaraemass MeToAuKa JeHCTBUTENIbHA
kak mpu pabote bBC ¢ 3arpy3koii ToIpK0 B OHOM
HamnpaBJICHUH, IPU YYaCTHM OJHOTO IOpTa IOo-
IPY3KH M OJZHOTO MOPTa BBITPY3KH, TAaK U C yUETOM
00paTHOTO IMepexoja C MOPOXKHEH Oapykel WiH ¢
00paTHOH 3arpy3Koil MexIy IByMs mopramu. [Ipu
HINYMKM 0OpaTHOrO TpPy30II0TOKAa HEOOXOIMMO
YUUTHIBATH 00IIee BPEMsl CTOSTHOK MO/ MOTPY3KOit
1 BBITPY3KOH 10 KOKIOMY TOPTY.

Hcxons u3 BhIIECKa3aHHOTO, c(HOPMYIHPOBa-
HBI CIIEAYIOIIHME METOJAbI IBPUCTHUKH, YUET KOTO-
pBIX obecrieuuBaeT BEIOOP cxembl st pabotel BBC
OTIPEICJIEHHOTO THIIOpa3Mepa b0 BBIOOP THUIIO-
pasmepa BBC ans onpezneneHHON cxeMbl pabOTHI
3a CYeT palMOHAJIBHOTO COYETaHHS TEXHHUKO-
IKCIUTyaTallMOHHBIX XapaKTepUCTHK Oapx U OyK-
CHUPOB:
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1. JIyumei#t sBAseTcs Ta cXeMa, IJie HET Mpo-
cTos OyKcupa B OKHUIAHUHA OCBOOOXKIIEHUS OT TPY-

30BBIX omepanmii 6apxu (t S)}I](KC B(1) ), T. €. BpeMs

OXUIaHUSA OyKCHPOM OCBOOOXKIEHHUS OapXKu OT
MOTPY304HO-PA3rPy30YHBIX PabOT CTPEMHUTCS K
HYJI0, 100 JODKHO OBITh MHHUMAJIBHBIM, U 3a7a-
eTCs TPaHUTAMH:

0<t OyKe BN 4 OyKe, L)
0OX

OyKC
rae d — BEJIWYHMHA, MOJJIexKaIias 000CHOBa-

HUIO W OmpezesseMas COOTHOIICHHEM JO0XOJIOB
BBC ot nmepeBo3ku u pacxomoB OyKCHpa Ha CTOSH-
Ke.

Wuaue, BpeMs oxxugaHus OYKCUPOM OCBOOOXK-
JeHVs 0apKU OT TOTPY309HO-Pa3rPy30YHBIX padboT
orpeaenseTcs mo Gopmye:

t Oykc B(11) —t Oapx B(11) _t OyKc BHM3(BBEPX) )
0K o X ’

OyKc BHU3(BBEpX)

< — XO0BOE BpeMsi Oykcupa

raoet

Oap:x B(I)
c

BHU3 (BBEpX) K yCThIO, CYT; t BpeMs

CTOSIHKH Oap»KH I10J1 BBITPY3KOi (TIOTpYy3KOii), CYT;
[Ipu monoxuTenbHOM 3Ha4eHUH t — IpOCTOil B
MOPTY OTMPABIIEHUS, IPH OTPUIIATETFHOM — B TIOP-
Ty Ha3HAYCHMSL.
2. Jlyumeii sBnsieTcsl Ta cXema, TAe HeT Mpo-
CTOsI Oap KM B OKHUJAHUKM OCBOOOXKICHUS MPHUXOJIa

Oykcupa ('[((jfilcp)K B(1m) ), T. €. BpeMs OXHJaHHS

Oapxeil npuxoaa Oykcupa CBOIUTCS K HyIo. Ta-
KAM 00pa3oM, BpeMsi MPOCTOsl GapKu CBOIMTCS
K HYJIIO, JUOO JIOJDKHO OBITh MUHMMAJIBHBIM JIJIs
Yero 3aJaeTcsi PaHUIIaAMH:

o<t Gapx B(1) <d 6ap>x<1 3)
0K

Oaprx
roe d — BEJIMYMHA, TOJyIeKaIas 000CHOBa-

HUIO U oOmIpejensieMas COOTHOLICHHEM JO0XOJ0B
BBC ot nepeBo3ku K pacxonaM O6ap)Ku Ha CTOSTHKE.

WupiM  cnocoboMm, BpeMsi mOpocTost  Oapiku
B OKHJIaHMH OyKCHpa ONpeaessieTcsl Kak

¢ Oapx B(11) -t Oapx 1 _t Oapx B
0K c c

(4)

nim

t Oaprk B(H):t Oykc BepX(BHUM3)

0K X

t Oaprk B(1) + Oykc B(H), )
c 0K
Oap>x B(11)

rre tC — BpeMms OXHIaHUS OyKcHpoM

OCBOOOXKICHUS Oapxu oT MTOTPY309HO-

Pasrpy30uHBIX pabOT B MOPTY BBITPY3KH (TOTPYy3-

KH), CyT; t S;l(p KB _ BpeMsI OJKUAaHUs OapiKeit

npuxona OyKcupa B MOPTY BBITPY3KH (TIOTPY3KH),

CYT.

HpI/I IMMOJIOKUTCIIBHOM 3HAQUYCHUUN YPABHCHUA —
IIPOCTOM B IOPTY OTIPABIIEHUS, IIPU OTPHULIATEIIb-
HOM — B TIOPTY Ha3HAuCHMS.

3. UnTepBan ortmpasnenns bbC u3 mopra ort-
MpaBICHUS IPU PEUIOBON IEPETPY3KE JOJDKEH
OBITH PaBEH BPEMEHH CTOSHKH Oap ¥ MO BBITPY3-
KO B MOPTY HA3HAYCHUSI:

t =t Oapx B
u c

, (6)

rae t , — MHTEPBAIl OTHPABICHUS BBC u3 nopra

OTIpPAaBICHUS, CYT.

4.Bpems KpyroBoro peiica rpy30Boro MOpcKo-
ro CyAHa KpaTHO IEJIOYMCICHHOMY 3HA4YEHHIO
BpPEMEHH KPyroBoro (3aMKHYTOT0) peiica Oykcupa:

t MC= [,y s Oyxc , )
p
rme t™M€ — Bpems kpyrosoro peiica Mopckoro
. Oykc
cyana, cyt; t P — BPEMEHH KPYrOBOTO

(3amkHYyTOTO) pefica OykcHpa, CyT; a — IEIOYHC-
JIEHHOE 3Ha4YeHHe, paBHoe kKonnuecTBy bbC.

[Ipu sTOM BpeMsi KpyroBoro peiica rpy30BOro
MOPCKOTO CyZIHa OIPEAEIISIeTCS U3 BHIPAKECHUS

t Oykc —t Oykc HI3 it OyKc BBEpX
p X X

+t YRe B (g

5.BpemMsi 3arpy3ku MOpCKOro CyiHa JOJKHO
OBITH KPaTHO LIEJIOYHCICHHOMY BPEMEHH 3arpy3KH
KOMIUJIEKTa OapK M OompenensieTcs HeoOXOIUMBIM
KOJMYECTBOM KOMIUIEKTOB OapX HJsl 3arpy3ku
MOPCKOTI'O CyHa:
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Q Mop
n¢ =< — 9
Gapx ~ QVAP

MO
rae QC P _ MakcumanbHO JIOIyCTUMAs 3arpy3Ka
MOPCKOTo cyHa, T; N € — HEOOX0IMMOE KO-
Oapx

JIMYECTBO KOMIUICKTOB OapiK Ui 3arpy3kd MOp-

Oa
ckoro cymHa; Q P _ Makcumansao JOTyCTUMAsT

3arpy3ka KOMIUIEKTa OapK (MakCHMalbHO BO3-
MO’KHOE KOJIMYECTBO TPY3a, KOTOPOE MOXKET OBITH
NPUHATO HA CYHO B JAHHBIX YCIOBHSX €ro pado-
THI), T.

Mertoarka onpeaencHus BpeMEHH MaKCHMallb-
HO JIOITYCTHMOM 3arpy3Ku KOMIUIEKTa Oapxk, HCXO-
Isl U3 OTpaHHYeHUi, n3ioxeHa B padore [5]. Ilo
AHAJIOTHH OTpEeeIsieTcs MaKCUMalbHO JIOMYCTH-
Masl 3arpy3Kka MOPCKOT'0 Cy/Ha.

Pe3yabTarbl

HarnsimHo paccMOTpeHHBIE METOABI 3BPUCTUKU
MPEJICTaBICHbI B BUJIE 0JI0K-CXEMbI Ha pHuC. 1.

[lpn pemieHNH KakAOro JIOTHYECKOTO OJoKa
C TOJIOKHUTEIBbHBIM pe3yabTaToM (Kputepuii K)
MPUCBANBAETCS 3HAYCHUE «+», C OTPHLATECIHHBIM
(kputepuii g) — 3HaueHue «—». O6paboTKa pe3yJib-
TaToOB IMPOBOAUTCA 1O MaKCHMAJIILHOMY CyMMap-
HOMY 3HauyeHuto kputepus K. [Tpu paBHBIX pe3yiib-
tatax st Heckonbkux BBC opmupyercs rpaduk
s >tux TanoB BBC. OkxoHuYaTenbHBIM 0TOOP
Cy/iHa TIPOU3BOAMTCS IO SKOHOMHYECKHM IIOKa3a-
TensaM. Mcxons U3 pemaeMoil B McciaeJOBaHUM 3a-
Ja4M, paccMaTpuBaioTcs cxembl { U OapkeOyk-

CUPHBIE Cy/ia THIA Z (€=1,_L; z=1,2).

Hay4yHast HOBU3HA ¥ NpaKTHYeCKast
3HAYUMOCTh

ABTOpaMu BIiepBble ObII MPUMEHEH 3BPUCTH-
YecKuil Tomxos K oTOopy OapkeOyKCHpPHBIX W
MOPCKHX CYZIOB JUIsI COTJIACOBAaHHOM pabOTHI C BBI-
MOJHEHUEM T'PY30BBIX ONepaluii Ha peijie ycTbe-
BOro mopra. B ocHOBy moaxona mosioxeH moadoop
pauroHaIbHOro cooTHomeHus: TOX Gapxk U Oyk-
cupos. IlpemnyioxxeHHbId OIXO0 MO3BOJISIET OIIpe-
JIEJITh HAWTY4Ilee COYETaHHE THIOPa3MEPOB Cy-
JIOB TIpY OpraHU3allil COBMECTHOM POOOTHI MOp-
CKOTO M PEYHOT0 TPAHCIIOPTa, TEM CaMbIM oOecrie-

YyrBasg HEMPEPHIBHOCTH MpoOIecca MEepPeBO3KU TPy-
30B, CIEIYIOIUX W3 MOPCKHX TOPTOB B PEYHbBIC,
pacmtooXeHHbIe B TIIyOHHE CTpaHbI (M B 00paTHOM
HaTpaBJICHUH).

[TomyueHHble pe3ynbTaThl OYAYT NPUMEHEHBI
B JIMYHBIX MCCIIEIOBATENLCKUX pazpaborkax. Kpo-
M€ TOTO, IMPEACTaBICHHOE HCCICIOBAaHUE MOXET
OBITh TOJIC3HBIM ]ISl CYJOXOHBIX KOMITAaHUH, OTIe-
pupytonmx OapxkeOyKCUpHBIM (IIOTOM, a TaKxKe
METOJINKa MOXET OBITh BHEJPEHA B YIEOHBIN MPO-
LECC NPU M3YYCHUU AUCHUIUIMHBI «OCHOBBI TEO-
pUU TPAHCHOPTHBIX MpPOIeccoB U cucteM (OpraHu-
3arus paboTHI (h1oTa)».

BriBoabI

B xone paccMOTpEeHHOTo HCCIIEAOBaHHS ObLI
MPOBEICH AaHAJIM3 JIMTEPAaTYPHBIX HCTOYHUKOB
U BBISIBJICHO CIEAYIOIIEE:

A. MHccrnenoBanus 1mo paccMaTpuBaeMon IMpo-
OnmemaTuke B OTEUECTBEHHOH JuTepaType He-
CKOJIBKO yCTapenu;

Bb. 3apyOexnble wuccieOBaHUS TMPOBOJSTCS
W IIUPOKO  OCBEWIAIOTCS  MPEUMYIECTBEHHO
B HalpaBJICHUSX:

1) BBII rpy30B B KOHTEiHEpax B pa3U4HBIX

pailoHax IJaBaHUs;

2) TEXHUYECKOW peau3alui BO3MOXKHOCTH
skcmityataiui bBC B pa3nmuyHbIX MyTEBBIX
YCIOBHSIX.

B. TloarBepkaeHa akTyalbHOCTH TEMBI HC-

CJICZIOBAHMS.

PaccmaTpuBaemass B cTarbe 3ajada BXOJUT
B KOMIUIEKC 3aJa4 OpraHu3anuud  paboThl
OapxeOykcupHOTro (rora.

[IpuBeneHHsbIi B paboTe IBPUCTHIECKUAN TTOAXO]
K 0TOOpY CYZIOB JJIsl pabOTHI MO CXeMe (CXeMaM):

1) obecrieunBaeT HENPEPHIBHBINA MPOIIECC Iepe-
BO3KH I'PY30B IO BHYTPEHHHUM BOJHBIM IMYTSIM, MU-
HUMU3UPYET 33ZEP>KKU CyIOB B TPAaH3UTHBIX IOP-
Tax, 00ecreurBaeT PeryaspHyIo Moaady CyIoB.

2) IO3BOJIIET ONpPEICITUTh HAWITydlllee coveTa-
HUE KOJHMYECTBA TEXHHMUYECKHX CPEACTB MNpHU IUIa-
HUPOBAHUU POOOTHI MOPCKOTO W PEYHOr0 TPaHC-
ropra.

B pesynbraTe wucclieoBaHUI COCTaBISETCS
NPUOPUTETHBIA psif u3 TunopasMepos bbC ams
paboTHI Ha IMHUU.

HanpHeilliee pa3BUTHE METOJUKH TIpearnosara-
€T OLIEHKY 1esiecoo0pa3HocTu 3kcruryaranuu bbC
TUIIA Z U3 TPUOPUTETHOIO PsiJia Ha TUHUH.
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Fig. 1. Composition and sequence of ship selection operations using a heuristic approach
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EBPUCTUYHMII METO/JI BIIBOPY CYJAEH JUISI V3T OJKEHOI
POBOTHU BOJJTHOI'O TPAHCIIOPTY

Mera. Y naHoMy J0CIIUKEHHI HEOOXITHO PO3MIISHYTH (POPMYBaHHS METOAMKHU BiOOPY CYJEH MPH Y3TOJDKEHIH
PpOoOOTI MOPCHKOT'O Ta PIYKOBOTO TPAHCIIOPTY 31 3aCTOCYBAHHSAM CBPUCTHYHOTO miaxony. Merommka. [{s peamizamii
MOCTABJICHOI y JOCIHi/KEHHI METH aBTOpamMH OyJI0O NMPOBEIECHO aHali3 BITYM3HSIHMX 1 3apyODKHUX JIiTEpaTypHUX
JOKEpeIl 32 TEMOIO pOoOOTH, BUBYEHO clielin(iKy Ta BU3HAUE€HO YMOBH €(peKTHBHOI pOOOTH MOPCHKHUX MOHOKOPITYC-
HUX Ta CKIaJeHuX OapkeOykcupHux cyneH. PesyasTaTn. Ha mincrasi pesynbrariB ananizy Oynu chopmynboBaHi
METOIH €BPHCTHKH, IO 3a0e3MedyoTh BHOIp THIOPO3MIpiB Oap:KeOYKCUPHUX CyIEH 3MIIIaHOTO IIaBaHHS «pika-
MOpe» 3 TPIOPUTETHOTO PSAY CYAEH HasBHOTO (pioTy. 3ampOmOHOBaHMHA MiAXiA JO3BOJISE BUKOHATH Big0ip CyeH,
o B OiBIIi Mipi BIiATIOBiAAaOTH BCTAHOBJICHINH cxeMi poboTH. PallioHanbHI MOeTHAHHS TEXHIKO-SKCIUTyaTaIliiHIX
XapaKTepUCTHK TaKUX Tap, K «Oapxi i Oykcupy, «OapxkeOyKCHpHE CYIHO i MOPCBHKE CyTHO», «OapxeOyKCHpHe
CYIHO i XapaKTepUCTUKH, IO OOMEKYIOTh PaliOH IIABAHHSY, € TIEPEIyMOBOIO 110 301IBIICHHAS MTPUOYTKY CYAHOILIA-
BHOI KOMITaHil 3a paXyHOK 301UIbIIEHHS MPOBi3HOI 3maTHOCTI cyneH. HaykoBa HoBH3HA. ABTOopamu BHepiie OyB
3aCTOCOBAHUI €BPUCTHYHUI MiAXix A0 BiIOOpY Oap)keOyKCHPHHUX Ta MOPCBHKHMX CyIEH Uil Y3rOoJKEeHOi poOoTH
3 BUKOHaHHSM BaHT)XHUX OIEpalliii Ha peiilli TMpJIOBOro MOPTy NP MEepeBEe3eHHI MAaCOBUX BaHTaXxiB. B ocHOBY
MiIX0/1y MOKJIaIeHO MiAlip parioHaJbHOTO CITIBBITHOILEHHS TEXHIKO-EKCILUTyaTalliiHUX XapaKTepUCTUK Oapx i OyK-
cHpiB. 3apoNOHOBaHMI MiJX1/ J03BOJISIE BU3HAUUTH ONITUMAJIbHE [TO€HAHHS THIIOPO3MIpIB CYAEH IPH OpraHizarii
CHUIBLHOT POOOTH MOPCBHKOTO Ta PIUKOBOTO TpaHcHopty. [Ipu oMy 3abe3nedyeTsesi Oe3mepepBHICTb NpoLecy Ie-
peBe3eHHs BaHTaXiB, IO IPSIMYIOTh i3 MOPCHKUX HOPTIB Y PiYKOBi, pO3TalIOBaHi B IIIMOMHI KpaiHu (1 B 3BOPOTHOMY
HanpsMKy). [IpakTuyHa 3HauuMicTsh. [IpencraBneHa MeToanKa € JOTIYHUM NPOJOBKEHHAM LMKy poOiT, BUKOHA-
HUX aBTOopamu. OTpuMaHi pe3yibTaTH TaKOX OYAyTh 3aCTOCOBaHI B HACTYIMHHX OCOOMCTHX JOCIHITHUX PO3POOKaXx.
Kpim ToTrO0, nIpencTaBiaeHe JOCHIIKeHHS Oy/ie KOPUCHNM JUIs CYAHOIUIABHUX KOMIIaHiH, IO OmepyroTh OapxeOyk-
cupHUM ¢oToM. Takok JaHa METOAWKa MOXeE OyTH BIPOBA/DKEHA B HABYATBHUH NPOIEC TPAHCHOPTHHUX BHIIUX
HaBYAJIbHUX 3aKJIAJIB IIPH BUBYCHHI BIAIOBIIHAX JUCIHILTIH.

Krouosi crosa: MopchKi Ta 6ap:keOyKCHpHI CYIHA; pelioBe TIepeBaHTAKCHHS; BiIOIp; eBPUCTUYHUH MiAXiT
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HEURISTIC METHOD OF SHIPS SELECTION FOR THE
COORDINATED WORK OF WATER TRANSPORT

Purpose. The study aims to develop a formulation methodology for ship selection in the coordinated work of
sea and river transport using a heuristic approach. Methodology. To realize the purpose set in the study, the authors
carried out an analysis of domestic and foreign literature sources on the current topic, studied specifics and condi-
tions for the effective operation of marine mono-hulled ships and composite tug/barge towing ones. Findings. The
analysis results allowed formulating the heuristics methods that ensure the selection of the type sizes of tug/barge
towing ships for the mixed «river-sea» navigation from the priority range of ships of the existing fleet. The proposed
method makes it possible to select ships in a more appropriate manner according to the established scheme of work.
Rational combinations of technical and operational characteristics of such pairs as «barges and tows», «tug/barge
towing ship and sea-going ship», «tug/barge towing ship and restrictive characteristics of the area of navigation» are
a prerequisite for the shipping company profit growth by increasing the capacity of ships. Originality. For the first
time, the authors applied a heuristic approach to the selection of tug/barge towing ships and sea-going ones for co-
ordinated work with the performance of cargo operations on the raid of the estuary port when transporting bulk
goods. The basis of the approach is the selection of a rational mix of technical and operational characteristics of
barges and tugs. The proposed approach allows determining the best combination of ship type sizes in the organiza-
tion of coordinated work of sea and river transport. At the same time, the continuity of the goods transportation pro-
cess from the sea ports to the river ones located in the depth of the country (and in the opposite direction) is ensured.
Practical value. The presented methodology is a logical continuation of the cycle of studies performed by the au-
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thors. The obtained results will also be applied in subsequent personal research developments. In addition, the pre-
sented research may be useful for shipping companies that run the tug/barge towing fleet. The presented methodolo-
gy may also be introduced into the learning process of transport higher education institutions in the study of relevant
disciplines.

Keywords: sea-going and tug/barge towing ships; raid overload; selection; heuristic approach
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Purpose. The existing mathematical models of unsteady heat processes in a passenger car do not fully reflect the
thermal processes, occurring in the car wits a heating system. In addition, unsteady heat processes are often studied
in steady regime, when the heat fluxes and the parameters of the thermal circuit are constant and do not depend on
time. In connection with the emergence of more effective technical solutions to the life support system there is
a need for creating a new mathematical apparatus, which would allow taking into account these features and their
influence on the course of unsteady heat processes throughout the travel time. The purpose of this work is to create
a mathematical model of the heat regime of a passenger car with a heating system that takes into account the un-
steady heat processes. Methodology. To achieve this task the author composed a system of differential equations,
describing unsteady heat processes during the heating of a passenger car. For the solution of the composed system of
equations, the author used the method of elementary balances. Findings. The paper presents the developed numeri-
cal algorithm and computer program for simulation of transitional heat processes in a locomotive traction passenger
car, which allows taking into account the various constructive solutions of the life support system of passenger cars
and to simulate unsteady heat processes at any stage of the trip. Originality. For the first time the author developed
a mathematical model of heat processes in a car with a heating system, that unlike existing models, allows to
investigate the unsteady heat engineering performance in the cabin of the car under different operating conditions
and compare the work of various life support systems from the point of view their constructive solutions.
Practical value. The work presented the developed mathematical model of the unsteady heat regime of the passen-
ger car with a heating system to estimate the efficiency of unsteady, transitional temperature states in passenger cars,
taking into account the design features of the heating system and the regulatory requirements. This allows the devel-
opment and implementation of optimal technical characteristics of heating appliances and the construction of an
algorithm for controlling their operation in accordance with operating conditions, taking into account the thermal
inertia of the car in the transitional modes of heating, on the basis of mathematical modeling.

Keywords: mathematical modelling; passenger car; unsteady heat processes; heating system

common with the field experiment. This way of
research allows simulating the processes that arise
in the actual operation of separate equipment and
life support systems in general, as well as the im-
pact of various factors thereon. The basis of ma-
thematical modelling is the method of differential
balance equations [11].

The mathematical modelling of heat processes
in passenger cars with heating systems is usually
realized in steady regime, when the heat fluxes and

Introduction

At present, mathematical modelling is widely
used to assess the effectiveness of various con-
structive solutions. A peculiarity of mathematical
modelling is the large amount of computational
work; therefore, recently, in terms of accessibility
and improvement of the capabilities of computer
technology, numerical experiment has become
widespread. Mathematical modelling with the use

of adequate mathematical models has much in

parameters of the thermal circuit are constant, do
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not depend on time. The steady regime refers to the
situation in the car, when there is balance between
the thermal energy that comes in and that given by
fencing structures into the environment. The ener-
gy balance of such a system in a steady regime is
studied quite well [4-8, 12]. But, any heat ex-
change is dynamic, and it is not enough to describe
a single steady regime. The worse situation is with
the analysis of the thermal condition of heated cars
in unsteady conditions, in particular, when the
heating of high-voltage heating systems is
switched off in motion and in parking places with
further heating, resulting in transitional heating
regimes.

The mathematical model of the car heat condi-
tion, when the car is heated with an air heating sys-
tem, is considered in the works [14, 16, 17], the
model, when a car air conditioner operates in the
heat pump mode, is considered in the works [3,
13]. The works [2, 15] present a mathematical
modelling of unsteady heat exchange processes of
a passenger car with air conditioning systems.
These mathematical models are similar to each oth-
er, and allow the insertion and extraction of addi-
tional elements into the calculation scheme rather
easily, but the air flow is used for heating and cool-
ing as a coolant. The presented mathematical mo-
dels do not fully reflect the thermal processes occur-
ring in the car when using a water heating system,
where the intermediate coolant is water. There are
no such indicators as heat energy accumulation [1].

The works devoted to passenger car heating
systems indicate that a car needs the heating sys-
tem with capacity of 48 kW in the winter period.
These requirements were substantiated in the
70-80s of the last century for cars with an effective
thermal conductivity of about 1.7 W/ (m? - K) with
the environment temperature of —40°C in winter,
with a number of passengers from 32 to 60 people
(considered by Kitayev B. N. [6, 7], Kuzmin L. D.
[11], Zharikov V. A. [4, 5], Sidorov Yu. P. [10]
and other researchers).

Already at the beginning of the 21 century, the
car builders of PJSC «Kryukov Railway Car Build-
ing Works» reached an effective conductivity in
a passenger car of about (0.8 = 1.0) W / (m? - K),
and the installation of double-glazed windows sig-
nificantly increased its tightness.

Thus, taking into account the car structural
changes and the new trends, a more thorough ana-

lysis of the car heat regime is required, taking into
account the unsteadiness of the process, when heat-
ing the passenger car.

Purpose

The purpose of this study was to create a math-
ematical model of the unsteady heat regime of
a passenger car with a water heating system to
evaluate the role of unsteady, transitional tempera-
ture states of the passenger car, the selection of
optimal technical characteristics of heating devic-
es, and constructing an algorithm for their opera-
tion control in accordance with operating condi-
tions, and particularly taking into account the man-
ifestation of the car thermal inertia during the tran-
sitional operating modes of the heating system.

Methodology

To achieve the set task the author composed
a system of differential equations, describing un-
steady heat processes during the heating of a pas-
senger car. For the solution of the composed sys-
tem of equations, the author used the method of
elementary balances.

When studying the transitional regimes in the
process of cooling and subsequent heating of
a passenger car during the operation, the conditions
are taken into account when the heat from the
TEHSs (tubular electric heaters) is perceived by the
intermediate coolant and then transmitted to the
car. The same is when the car is cooled from the
initial temperature to the critical, at which the next
heating process begins. The dynamic equation of
the temperature process in this case should be
solved in two stages: in relation to the intermediate
coolant, and from the coolant to the air in the car
and then to the outside air.

During formation of the car heat model, physi-
cally grounded and experimentally confirmed fea-
tures of the car heat condition were taken into ac-
count, namely:

— temperature of the interior partitions of the
car practically coincides with the temperature of
the car air;

— difference between the internal partition wall
with the temperature t, and the average air tempe-
rature t, in the car does not exceed 3 K, since the
temperature difference between the external envi-
ronment with the temperature t. and the car air

doi: 10.15802/stp2018/123409

122

© E. V. Biloshytskyi, 2018



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

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOrO Tpancnopty, 2018, Ne 1 (73)

PYXOMMI CKJIAJL 3AJIIBHULIB I TATA IOI3/11B

with the temperature t. is mainly damped on its
thermal insulation;

— temperature of the air removed from the car
through deflectors is equal to the air temperature in
the car t,.

— due to increasing the coefficient of heat
transfer by convection on the outer surfaces of the
partitions, depending on the car speed from 0 to 80
km/h, the heat transfer of the car body increases by
10%, at speeds from 80 to 160 km/h, the coeffi-
cient increases by 1%;

— air infiltration volume, depending on the car
speed up to 120 km/h, can reach 325 m*/h;

The physical essence of these equations is re-
duced to the following.

The heat flow is evolved from TEHS Qyzu(z) in
the time interval 7, is transmitted to the intermedi-
ate coolant and the metal structure of the heating
system. Since the heating devices can not physical-
ly transfer the entire heat flow Qgzxu(r) evolved
from TEHSs, part of this heat is accumulated in the
coolant and the metal structure of the heating sys-
tem Qps.

In accordance with the energy conservation law
(heat balance), the heat flow Qzy(t) is consumed
on four main components:

QTEH (T) = th + Qpp + ch + le ' (1)

where Qs — heat accumulated by heating system;
Qpp — heat consumed by heating pipes; Q. — heat
consumed by the coolant to heat the outdoor air;
Qu — heat consumed for water heating for hot wa-
ter supply, as the boiler does not affect the micro-
climate in the car and has a slight consumption of
heat, this parameter will not be taken into account
further.

The listed components are determined by the
relationships:

dt
th - C'hs a ) (2)
Qpp = CWGW (tin - tout) ) 3)
ch = CWGW (tin - tout) ’ 4)

where Cjs — total heat capacity of the water and the
metal structure of the heating system; t;, — coolant
temperature at the inlet to the heating pipes and
heater; t, — coolant temperature at the outlet from
the heating pipes is determined by the formula:

tout = ta + (to - ta )e—all (5)

where to — coolant temperature at the inlet to the
heating pipes; t,, — room air temperature; | — length
of the heating pipes; a — coefficient determined by
the expression:

4k, D,

a= 7
Cwwai Oy

(6)

where k, — coefficient of heat transfer of heating

pipes; D,, D; — outside and inside diameter of
the heating pipes; p, — coolant density;
o,, — coolant speed in the heating pipes.

To analyse the heating regime of the car heat-
ing system, the equation (1) + (3) must be supple-
mented by another equation that is used to calcu-
late the heating and cooling of the heating system
coolant from a given initial temperature t(0) to
a certain final temperature t, for a short period of
time z, at any stage and has the form:

Qren — (Qpp +QCI)1:.

hs

t, () =t(0) + (7)

The amount of heat entering the car from
Qpp(7), as can be seen from equation (3), depends
on the coolant temperature, the heating pipes area,
the heat transfer coefficient ki, the rate of coolant
circulation in the heating pipes. The heat Q.(z),
evolved by the air flow Vg at the time z, is uniquely
associated with the change in its enthalpy and is
determined by the relation:

Q) =(1(t562) ~ 1 tada) JpVo (), (®)

where 1(t;¢;) — specific enthalpy, temperature
and relative humidity of air entering the car after
heating in calorifer; 1(t,¢,) — specific enthalpy,
temperature and relative humidity of air in the car;
Vo — volume of outside air supplied by the ventila-
tion system; to determine the specific enthalpy of
air | d — wet air diagram is used; t; —air tempera-
ture heated by the calorifer is determined by the
expression:

CWGW (tin — tout) +

c
t, =
CapaVO

b )
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The heat brought by the heated outside air can
be determined by another less precise expression:

Qa (T) = apaVO (t; _ta)(T) ' (10)

The heat flows Qp(1), Qa(t), Qi(t), entering the
car at the time 1, are absorbed by three
components:

(QI + Qa + Qpp)(r) = Qlos + Qinf + Qcar !

where Qs — heat lost by partitions, as well as win-
dows; Qjn — heat consumed for heating of the cold
air, which penetrates through the body imperfec-
tions and is characterized by Vix(S), that is, by the
volume of infiltrated air, depending on the speed of
movement; Q.- — heat consumed for heating the
internal air and equipment of the car.

The listed components are determined by the
relationships:

11

Qlos = ko Fo (ta _te) ' (12)
Qinf = capal/irgf (ta _te) ' (13)
dt
Qcar = Coar (14)
dr

where k, — coefficient of heat transfer through
outer lining; F, — area of outer lining; t, — room air
temperature; t. — environment temperature;
c, — heat capacity of air; Vi — volume of air en-
tered into the car as a result of infiltration;
Cear — total heat capacity of all internal partitions,
wooden lining of external car frame and half heat
capacity of the heat-shielding layer.

For an integrated analysis of the car heat re-
gime we need one more equation to calculate the
heating and cooling of the car air temperature from
a given initial temperature t(0) to a certain final
temperature t, for a short period of time z, has the
form:

/Ct. (15)

ta(’[,') :t(0)+£(Qpp +Qc +QI)_J

_(Qlos + Qinf )

It is advisable to highlight several of the most
characteristic stages of the car heat regime, within
each of which almost constant values of the output
parameters are kept:

Cas Cys Pas Pws ko; I:o; ¢a; Ccar; Chs; Gw = const (16)

With restrictions (16), equation (7) (15) has at
its separate stage its own, individual analytical so-
lution of the form:

The equation describing the change in air tem-
perature (15) takes the form of:

di _ Qpp + (QI + Qa _me) - Qlas
dt C

car

N €Y

where the step part depends on both t,, and t;, = t,.
So, this is the equation of two variables:

ta :ta (T) and tin :tb (T)

The equation describing the temperature of the
coolant in the boiler (7) takes the form:

di _ Qren — (Qpp +Q,)
dr G, ’

(18)
S
where the right side also depends on t, and t,.

Consequently, we have a system of two dif-
ferential equations with two variables:

%_Qpp +(QI +Qa_Qinf)_Qlus .
dr C ’

car

(19)
% _ Qren — (Qpp +Q,)
dt Cis '

The grouping of the right-hand sides of the
equations with respect to the variables t,, and t
and after transformations has the form:

«,G,-e*-C,G)t, +
(€, G, - C,G, — k,F,)x
t, +(Q+Q—Q,p) +
k,Ft,

=gt +ot, +0;

car (2 O)

where g, 0, — indicators of car thermal inertia at
the considered stage; 6, — index of car heat entropy
at the considered stage:

_G,Gy(t-e™)

g = c (21)

car
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_ CWGW : (e-al _1) - koF;)

= 22
' Ccar ( )
+Q,-Q )+k Ft
el (QI Qa (:me) 0" o"e ' (23)
car
e -1C, Gt +1-e)C,G,t,
G
hs , (24)
—QTEH_Q"’—SI +0,t, +6
— %2 2%a 2
Chs

where ¢,, 0, — indicators of thermal inertia of the
heating system at the considered stage;
0, —indicator of heat entropy of the heating system
at the considered stage.

-al
g, =& ~VGCu (25)
Chs
_
0, = % , (26)
Chs
0, = Qren —Qu ] 27
Chs

Thus, the initial system of equations has the
form:

dt
— =gt +oit, +0;
dt

(28)

dt
—L2 =gt +o,t, +0,,
dt

That is, linear equations with constant coeffi-
cients.

The linear non-homogeneous second-order
equation with third-order coefficients has the form:
t+p-ty+g-t,="1, (29)

where
p=—(o,+¢,), (30)
g =0,&, —€,0,, (31)
f =0,0,—0,0,. (32)

Discriminator of the characteristic equation:

D=p*-4g. (33)

The solution of homogeneous equations for the
boiler and the car room temperature has the form:

t, (1) = Ky + K" +i, (34)
g

K, Re™ + K,R,e™ — 4,1, —C,

t. ()= B
2

(35)

where R;, R, are the roots of the characteristic
equation:

r-—P-YD (36)
2
R, = # , 37)

o,t,(0)+6, +sl-i—

K, = I(R,—R,),(38)

f
—(R; —&,)- [tb (0) _Ej

f
K, :tb(o)_a_[{l' (39)

The expressions (34), (35) allow us to estimate
not only the temperature of the coolant in the com-
bined electric-coal boiler and the air inside the car,
but also to carry out a comprehensive analysis of the
heat processes while heating the passenger car,
taking into account the structural changes and the
unsteadiness of the processes, and evaluate the effi-
ciency of the system «heating system — passenger
car». To do this, the initial temperatures t,(0), t(0) of
the boiler and inside the car at this stage and the
value of the output parameters should be known.

Approbation of the mathematical model when
compared with experimental data. The mathemati-
cal model described above allowed constructing
a calculated model of the car temperature condition,
using a water heating system with natural circula-
tion and a discrete two stage high-power heat supply
(2 groups of 24 kW).

For simplicity, the infiltration volume was taken
from the average speed of movement. The heat ca-
pacity of the internal equipment and the heating sys-
tem is taken in the water equivalent. Heat-efficiency
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of the combined water-heating boiler is 24+24 kW.
The work of the ventilation system was not taken
into account; it was not switched on during the ex-
periment.

The dimensions and physical parameters of the
elements used to construct the calculation model
are given.

The model approbation used the experimental
data obtained by the author. The experiment was
conducted during train movement, the car number
26487, manufactured at «KVZ» in 1985, overhaul
reconditioning on 10.12.2014. Measurement of

temperatures was carried out by stationary means,
the temperature of the car air was measured by two
thermometers located on the boiler and no-boiler
side of the car, the temperature of the coolant in
the boiler was measured by a regular remote ther-
mometer with a remote sensor.

As can be seen from the data given in Fig. 1,
the modelling results quite well coincide with the
results of the experiment, that is, the constructed
model can be considered rather accurate and used
for theoretical studies.

Input data for the calculation model

Body area, m? 330
Coefficient of heat transfer of partitions, taking into account the speed of movement 1.3
Infiltration volume, m*h 200
Area of heating pipes, taking into account the coefficient of finning, m* ki, 19.5-2.9
Coolant circulation velocity, m/s 0.04
Number of passengers, people 52
Car heat capacity, Cey, KW 3056
Heat capacity of the heating system, Cys, KW 1000
Coefficient of heat transfer of heating pipes, W/m* K 10.8

Findings

The computational algorithm allowed develop-
ing a computer program for conducting a complex
analysis of heat processes during the heating of
a passenger car, taking into account structural
changes and unsteadiness of processes, estimation
of the efficiency of the system «heating system —
passenger car».

Originality and practical value

The mathematical model of the unsteady heat
regime of the passenger car with a water heating
system was developed for evaluation of the role of
unsteady, transitional temperature states of a pas-
senger car, taking into account the features that are
determined by existing requirements. This allowed
the selection of optimal technical characteristics of
heating devices and the construction of an algo-
rithm for controlling their operation, in accordance
with the operating conditions, including in view of
the car thermal inertia at the transitional operating
modes of the heating system. For the mathematical

modelling of unsteady heat regime of a passenger
car with a water heating system, the method of
elementary balance was applied. The model makes
it possible to simulate the operation of the heating
system, to conduct a comprehensive analysis of the
thermal processes in the passenger car heating,
taking into account the structural changes and un-
steadiness of the processes and evaluate the effi-
ciency of their work.

Conclusion

The paper presented a mathematical model of
unsteady heat exchange processes in passenger
cars when using the heating systems. There were
analysed the existing mathematical models, which
do not fully reflect the thermal processes occurring
in the car using a water heating system, where the
intermediate coolant is water. The system of dif-
ferential equations that characterize the unstable
processes of heat transfer in a passenger car al-
lowed developing a computational algorithm. The
computer program was developed for the complex
analysis of thermal processes during passenger car
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heating, taking into account structural changes and efficiency, by means of a mathematical experi-
unsteadiness of processes, estimation of operation  ment.

tv, boiler temperature x Experimental data

=== Calculation model
65

.
60 Kossree, M——e
o b o
] . ¥ *e
D X o P .
L] 0. .0 0.
-
55 3 . s X X
& * o A
*
- . .0 0‘ -
- o o
* *
50 : « X X e
- .' .0 Q..‘
o ‘e -
£ 0. o
-
45 +— *eX .
: ...--“
-
-
40 X

ta, TOOmM air temperature Calculation model

O Experimental data
24

235 O O O O
23 ©)
22,5 O © (©) O O
22 O
215 O
21 O
205 ©
20

Environmental

te, environmental temperature —
temperature

4

I
I
I
I
|
/
\

0 0.5 1 1.5 2 2.5 3 3.5 4 4,5 5 5.5 6 6.5 7
kW T, time, year
48

24

Operation of high-voltage heaters (TEH)

Fig. 1. Experimental temperature graphs and calculation model
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E. B. BUIOLLIMIbKUIY

¥ (IIpoeKTHO-KOHCTPYKTOPChKE TEXHOIOTTUHE GI0po», JIHIPONETPOBCHKHIT HALIOHANBHIIT YHIBEPCHTET 3aII3HUIHOTO
TpaHCHOPTY iMeHi akanemika B. JlazapsHa, Byn. JlazapsiHa, 2, [JHinpo, Ykpaina, 49010, Ten. +38 (056) 371 51 12,
en. momira e.beloshickiy@gmail.com, ORCID 0000-0002-2424-8479

MATEMATHUYHA MO/IEJIb HECTAHIOHAPHOI'O TEIIVTIOOBMIHY
HACAXKHUPCBKOI'O BAI'OHA 3 CUCTEMOIO OITAJIEHHA

Merta. IcHyroui MaTemMaTn4Hi MOJIeJi HECTALlIOHAPHHUX TEIUIOBHX ITPOIECIB y MacaKUPCHKOMY BaroHi He B ITOB-
Hilf Mipi BiJoOpakaroTh MPOLECH, 110 BiOYBAarOTHCS MPU BUKOPHCTaHHI cUcTeMH onaieHHs. Kpim Toro, Hecramio-
HapHI TEIUIOBI MPOLeCH HalYacTille JOCII/DKYBAJINCS B CTAl[lOHAPHOMY PEXHMMi, KOJIM ITOTOKU Ta MapaMeTpu Tell-
JIOBOTO KOHTYpPY TOCTiHHI Ta HE 3aJie)XaTh Bi Yacy. Y 3B’S3KY 3 MOSIBOIO OiNbII €(peKTHBHUX TEXHIYHHX PIIllICHb
CHCTEMH XHUTTe3a0€3MeYeHHs] BUHUKIA 1TOTpeba W y CTBOPEHHI HOBOI'O MAaTEMAaTHYHOTO amapary, sSKuil gaBaB Ou
3MOTY BpaxyBaTH Ii OCOOJHMBOCTI Ta iX BIUIMB Ha Iepedir HEeCTAllilOHAPHUX TEIJIOBHUX INPOLECIB MPOTATOM YCHOTO
peiicy. Meta maHoi poOOTH — CTBOPEHHSI MaTEMaTHYHOI MOJETIi TEIUIOBOTO PEXHUMY MacaXMPCHKOT'O BaroHa 3 CHC-
TEMOIO OIAJIEHHS, III0 BPAaXxOBYE HECTAIIOHAPHICTH TEIUIOBUX mporieciB. Meroanka. [ peamizanii mocraBieHol
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3aadi METO/IOM MOJICTIOBAHHA Oyla CTBOpPEHA CHCTeMa Au(epeHIiadbHAX PiBHAHb, SKi OMMCYIOTH HEeCTaIliOHApHI
TEIUIOBI MPOIIECH TIPU OTAJICHHI MMACaKUPCHKOTO BaroHa; sl pO3B’sI3aHHS CKIIAJICHOI CHCTEMH PiBHSIHb BUKOPUCTO-
BYBaBCS METOJ €JEMEHTapHUX OaiaHciB. PesyabraTn. Po3po0ieHO po3paxyHKOBHH aNrOpUTM Ta CTBOPEHO
KOMII'IOTEpHY IIPOTpaMy Ul MOJEIIOBAaHHS IIEPEXiIHMX TEIUIOBHX NPOLECIB Y MacaXUPCHKOMY BaroHi JJOKOMOTHB-
HOI TSITH, 11O JI03BOJISIE BPAaXOBYBAaTU Pi3HI KOHCTPYKTHBHI PIIICHHS CHCTEMH >KUTTE3a0€3IIEUEeHHsI NMAacaXKHMPChKUX
BaroHiB Ta 3/ICHIOBATH MO/JIEJIIOBaHHS HECTALlIOHAPHHX TEIJIOBUX MPOIIECiB Ha OyIb-sikoMy eTamni peiicy. HaykoBa
HOBH3HA. Briepiue po3po0iieHO MaTeMaTHYHy MOJIENb TEIJIOBUX MPOLECIB Y BaroHi 3 CUCTEMOIO ONajeHHs, 1110 J10-
3BOJISIE, HA BIAMIHY Bijl ICHYIOUHMX MOJIEJICH, JOCIHIXKYBAaTH HECTAI[IOHAPHICTh TEINIOTEXHIYHOTO CTaHy B CaJIOHI Ba-
TOHa 32 Pi3HUX YMOB €KCIUTyaTalii Ta MOPIBHIOBATH POOOTY Pi3HMX CHCTEM >KUTT€3a0E3MEeUYeHHS 3 TOUKU 30pYy iX
KOHCTPYKTUBHHX piiieHb. [IpakTuyna 3Hauumicts. Po3pobieHa mareMaTHyHa MOJIETbh HECTAI[IOHAPHOTO TEIIO-
BOTO PEXUMY ITaCa)XKUPCHKOTO BaroHa 3 CHCTEMOIO OIAJICHHS U OLIHKKA e(EeKTHBHOCTI HECTAI[lOHAPHUX Mepexi-
HUX TEMIEpaTypHUX CTaHIB y MPHUMIIIEHHIX IMaca)kKHPCHKOTO BArOHY 3 YpaxyBaHHAM OCOONMBOCTEH KOHCTPYKIi
CHCTEMH OTIaJICHHS Ta HOPMaTUBHHUX BUMOT. Lle mo3Bossie 3nificHIOBaTH pO3poOKy ¥ peaizamito ONTUMATbHUX TeX-
HIYHAX XapaKTepUCTHK MPUJIAJIiB OMAICHHS Ta MOOYAOBY alrOpUTMy KepyBaHHS iX poOOTOIO BiANOBITHO 10 YMOB
eKCIUTyaTalil, y TOMy YHCIi 3 ypaxyBaHH;IM TEIUIOBOI 1HEpIii BAroHy NMpH HNEPeXiIHUX PexUMax poOOTH CHCTEMHU
OMaJICHHS IIUIIXOM MaTEMaTHYHOTO MOZCTIOBaHHS.

Kniouosi cnosa: maremMaTniHe MOJICNIOBAHHS; ACAKUPCHKUII BaroH; HECTALlIOHAPHI TEIUIOBI MTPOLIECH; CUCTEMA
OTaJICHHS

3. B. BEJIOILINIKUIY

¥ (IIpOEKTHO-KOHCTPYKTOPCKOE TEXHONOTHUYECKOE GFOPOY, JIHEIPOIETPOBCKHUIT HALMOHANBHEIN YHHBEPCUTET
JKEJIE3HOI0POKHOTO TpaHCIopTa UMeHU akaneMuka B. JlazapsiHa, yn. Jlazapsna, 2, [{nunpo, Ykpauna, 49010,
ten. +38 (056) 371 51 12, sn. mouta e.beloshickiy@gmail.com, ORCID 0000-0002-2424-8479

MATEMATHYECKAA MOJIEJIb HECTAIIMOHAPHOI'O
TEILJIOOBMEHA IMTACCAXKHUPCKHUX BAIT'OHOB C CUCTEMOM
OTOIIVIEHUA

Heasb. CymecTByrome MaTeMaTHIeCKHe MOIEIHN HECTAlMOHAPHBIX TEIUIOBBIX IPOIIECCOB B MACCAXKUPCKOM Ba-
TOHE HEe B TOJHOM Mepe OTpakaloT MPOLECCHI, MPOTEKAIOIe PH HUCIOIb30BAHUHM CHUCTEMBI OoToIUIeHus. Kpome
TOT0, HECTAI[OHAPHBIE TETUIOBBIE POIIECCH Yallle BCEro MCCIeOBAIICH B CTAIIMOHAPHOM PEXXUME, KOT1a TOTOKH U
rapaMeTpsbl TEIJIOBOr0 KOHTYpa MOCTOSIHHBIE, HE 3aBUCSIIUE OT BpeMeHU. B cBs3u ¢ nosiBieHnem Gosee dpdexTus-
HBIX TEXHUYECKHX PEUICHUI CHCTEMBI )KN3HEOOeCTIeYeH!sI BO3HUKIIA HE00X0IMMOCTh B CO3JJaHUM HOBOT'O MaTeMa-
THUYECKOTO amnapaTa, KOTOPBIH JaBai Obl BO3MOXHOCTh yUECTh 3TH OCOOEHHOCTH M MX BIMSHHE Ha XOJ HECTaIHO-
HapHBIX TEIUIOBBIX IPOIIECCOB B TEUEHUE BCETO BpeMeHH peiica. Llenb nanHON paboThl — co3aHie MaTeMaTHIecKoi
MOJIENIM TEIUIOBOTO PEXHMa IACCaKMPCKOTO BaroHa C CUCTEMOHN OTOIUICHHS, YUMTHIBAIONIYIO0 HECTAI[MIOHAPHOCTH
TEIUIOBBIX TpolieccoB. Meroauka. [ peannusaiyy MocTaBJICHHON 3a7a4l METOZOM MOJAEINPOBaHUs Oblila co3ia-
Ha cucteMa JTuddepeHIMaNbHBIX ypaBHEHHH, KOTOPHIE ONMCHIBAIOT HECTAIIMOHAPHBIC TEIUIOBBIE INPOIECCHI MPH
OTOIUICHUH IaCCaXMPCKOT0 BaroHa; IJIS PEIIeHHs] COCTABIEHHON CHCTEMbl YpaBHEHHH HCIIOJIB30BAJICS METOJ die-
MeHTapHbIX OanaHcoB. Pe3yabrarhl. PaspaboTan pacueTHbIH alrOpUTM U CO34aHa KOMIBIOTEpHAsI IpOrpaMMa s
MOJICIMPOBAHMS NEPEXOIHBIX TEIUIOBBIX MPOIECCOB B ITACCAKUPCKOM BaroHe JOKOMOTHBHOM TSTH, IO3BOJISIONIAS
YUUTBIBATh Pa3lNYHbIE KOHCTPYKTUBHBIC PEIICHHUS CHCTEMbI KH3HEOOECIIEUEeHHUs MaCCa)KUPCKUX BAarOHOB U OCY-
IIECTBIIATH MOJICIMPOBAHHE HECTALMOHAPHBIX TEMJIOBBIX MPOIECCOB Ha JM000M 3Tame peiica. Hayunast HoBu3Ha.
Brnepsrie pa3zpaboTaHa MareMaTHdecKas MOJIENb TEIUIOBBIX MPOIIECCOB B BarOHE C CHCTEMOM OTOIJICHHUS, TO3BOJIA-
I0IIasi, B OTJIMYME OT CYIIECTBYIOIINX MOJEJEH, HCCIIE0BATh HECTAIMOHAPHOCTh TEINIOTEXHUYECKOTO COCTOSTHHUS B
CaJIOHEe BaroHa IIPH Pa3IMYHBIX YCIOBUSX JKCIUTyaTallMd M CPAaBHUBATh PabOTy pa3iMYHBIX CHCTEM >KH3HeoOecre-
YEeHUsI C TOYKHM 3PEHHs MX KOHCTPYKTHBHBIX pemieHui. IIpakTudeckasi 3HaunMocTh. PazpaboraHa maTemarnie-
cKasi MOJieJb HECTAl[HOHAPHOTO TEMJIOBOIO PeXHMMa MacCakKUPCKOr0 BaroHa € CUCTEMOH OTOIJIEHMs A OLEHKU
5 PEKTUBHOCTH HECTAIIMOHAPHBIX MEPEXOJHBIX TEMIIEPATYPHBIX COCTOSHHUI B MOMEIIEHUIX [TaCCAKUPCKOT0 BaroHa
C YY4ETOM OCOOEHHOCTEH KOHCTPYKLHMHM CHCTEMBI OTOIUICHHMS M HOPMATHBHBIX TpeOOBaHWI. DTO MO3BONISET OCY-
IIECTBIATH Pa3pabOTKy M peau3alfio ONTUMAIBHBIX TEXHUYECKHX XapaKTepHUCTHK MPHOOPOB OTOIDICHHUS M IIO-
CTPOCHUS AITOPUTMA YNPABICHHUS X PabOTONH B COOTBETCTBHHU C YCIOBUSAMH 3KCIUIyaTallld, B TOM YHCJE C YI€TOM
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TEIJIOBOM WHEPIHUHU BaroHa mnpu nepeXoaHbIX PEKUMaX pa60T1>1 CHUCTEMBI OTOIUICHU IIYTEM MAaTEMATUICCKOTO MO-
JACITUPOBAHUA.

Kniouesvie crnosa: MaTeMaTHiecKoe MOICINPOBAHUE, nacca;xnpcxnﬁ BaroH; HECTAIITMOHAPHBIE TEIUIOBBIE IMIPO-
IECChI, CUCTEMA OTOIIJICHUA
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TEOPETUYHI TA EKCHEPUMEHTAJIbHI JOC/I?KEHHS1
MIIHICHUX AKOCTEHU XPEBTOBOI BAJIKH BAHTAKHOTI'O
BAT'OHA

Merta. ['0JI0BHOIO METOIO JTaHOT POOOTH € aHai3 Pe3ybTaTiB TCOPETUUHHX Ta CKCICPUMECHTAILHUX JOCITIKEHb
MIIHICHUX SIKOCTEH PYXOMOTO CKJary; MOLIYK 3aco0iB NMpPOEKTYBaHHS, MOJEIIOBAaHHS, BHOOPY, OOIpYHTYBaHHS
MIPOJIOBXKEHHsI TEPMiHYy CIy’)kOM BaHTa)XHMX BaroHiB Ta ix enemeHTiB. Meroamka. B po0oTi 3acTocoBaHO MeTon
ckinueHHux enemeHTiB (MCE), sikuil 103BOJIsIE IPAKTHYHO IMOBHICTIO aBTOMAaTH3YBaTH PO3PaXyHOK MEXaHIYHHX
CHCTEM, TIPOTE, SIK MPABMIIO, BUMArae BUKOHAHHS 3HAYHO OLIBIIOTO Ynciia OOYHCITIOBANIBHIX ONEpalliil y MopiBHIHHI
3 KJIACHYHAMHU MeTojaMu MexaHiku. CydacHHH piBeHb PO3BHTKY OOUHCIIOBANBFHOI TEXHIKH BiIKPUBA€E MIUPOKI MO-
ximBocTi s BuposamkeHHs MCE B imxenepHy npaktuky. MCE peanizoBaHo B 0aratbox BiIOMEX i IIUPOKO PoO3-
MOBCIO/DKEHUX NPOTPaMHHUX MPOIYKTAX, IO 3a0€3MeUyI0Th MIIHICHHH pO3paxyHOK MOJENeH MallWH, MEXaHi3MiB,
KOHCTPYKIIH, Y TOMY YHCIIi pyXOMOTO CKJIaay 3ali3HHIb. Pe3yJbTaTn. Y CTaTTi NpeACTaBICHO aHaJi3 IPOBEACHUX
TEOPETUYHHX Ta EKCIIEPUMEHTAIBHUX JOCHIIPKEHb MIIHICHHX SIKOCTEH €JIeMEHTIB PYXOMOTro CKJIaJy Ha MpHKJIaIi
XpeOTOBOi OaJIki BaHT@)KHUX BAaroHIB; PO3PaxyHKH BHKOHAHO 3 BUKOPHCTAHHSIM CYYacHOTO TAKETy MPHKJIAIHHX
nporpam. [IpeacTaBieHunii npuKiIas BUKOPUCTAHHS 3allPOIIOHOBAHOTO TIiIXO/y 3aCBIIYMB HOTO Mpare3laTHICTh Ta
e()eKTUBHICTh, & TAKOX NMPABUILHICTh CHPSMYBAHHS BiJIOBIIHMX HAYKOBO-IOCTITHUX POOIT. 3anponoHoBaHU# mi-
IIXi7 MO>Ke OyTH BUKOPHCTaHMI NP BUPIIICHHI [TOAIOHNX ONTUMI3aLliiiHUX 3a[a4 y HaAyKOBO-AOCIIIHINA Ta qOCIij-
HO-KOHCTPYKTOPCBKiH MPaKTUIll TPAHCIOPTHOTO MamHOOy yBanHs. HaykoBa HOBM3HA. ABTOpaMHM 3alpOIIOHOBA-
HHUH MeTO]] BU3HAUCHHS MOKAa3HMKIB HaAIHHOCTI Ta PO3B’s3aHHS HayKOBO-TIPHKIIAJHOI MPOOIEMH PO3PaXyHKY eie-
MEHTIB BaHT@)XHHX BaroHiB i3 ypaxyBaHHSIM OCOONMBOCTEH €KCIUTyaTalii Ta BIUIMBY PEKUMY HABaHTXKEHHS, IO
Jla€ MOXKJIMBICTD BM3HA4aTH iX JOBIOBIYHICTH I Ha CTajii MpoeKTyBaHHS. Po3pobieHo Ta JOCTIKEHO MOAENIb
XpeOTOBOi OaNKKM BaHTa)KHOTO BaroHa, Ha OCHOBI SKOI OTpHMaHIi 3aJIe)KHOCTI, II0 XapaKTEepU3yIOTh HANpYXKEHO-
nedopMOBaHUiA CTaH ii eneMeHTiB. Bynu oTprMaHi HayKOBO-0OTPYHTOBAHI Pe3yIbTATH 3 OIIHKH MIIHICHUX SKOCTEH
XpeOTOBUX OaloOK BAaHTaXHMX BAaroHiB 3aJieKHO BiJl X KOHCTPYKTUBHOTO BHMKOHAHHs. PO3INISHYTI acnekTy,
MOB’SI3aHI 3 CY4YacHMM CTaHOM ¢ NEpPCIEKTHBaMH PO3BUTKY 3aJli3HUYHOIO TPAHCIOPTY, BHKOPHUCTAHHSIM
NPOTrPaMHOTO0 KOMIUIEKCY HpH IPOEKTYBaHHI Ta po3paxyHKax pyXOMOro CKIaay B 3ali3HWUYHIN ramysi.
IpakTuuna 3HauYuMicThb. TeopeTHUYHI Ta eKCIIEpUMEHTAJIbHI JIOCIIDKEHHS MIIIHICHUX SKOCTEH €JIeMEeHTIB pyXOMO-
rO CKJIaJly PO3IJISHYTO Ha MPUKIaAi XpeOTOBOI Oalkyu BaHTaKHOTO BaroHy; PO3paxyHKH BUKOHAHO 3 BUKOPHCTAH-
HSIM CY4acHOTO IaKeTy MporpaM. 3acTOCYBaHHsI OTPUMaHHUX Pe3yJIbTATIB CHPUSIE MiBUIIEHHIO OS3MEeKH PyXy BaH-
Ta)XHUX BAaroHiB Ta JJ03BOJIUTH MOKPAIINTH TEXHIKO-€KOHOMIYHI TIOKa3HUKH POOOTH 3aTi3HUYHOTO TPAHCIIOPTY.

Knrouosi cnosa: MeTo]] CKIHUEHHUX €JIEMEHTIB; MILIHICTh CIIEMEHTIB PyXOMOTO CKJIaJy; HallpPYXKEeHHS B XpeOTo-
Bilf OaIi BaroHa; pyXxoMuil ckiag; XpeOToBa Oajika BAaHTA)KHOTO BaroHa

Beryn B3a€MO3B 30K BCiX 1I elleMeHTiB, 3abe3nedye
(hyHKIIIOHYBaHHS CBITOBOTO T'OCIIOApPCTBA 1 MOT-
ped HaceneHHs B ycix BHJaX IepeBe3eHb. B ymo-
BaxX CKJIaJHHX CBITOBHX EKOHOMIYHHX IIPOLECIB
epeKTHBHA Jep)KaBHA TPAHCIOPTHA IOJITHKA
VYkpaiHu MOBHHHA BPaxOBYBAaTH T'€OMOJITHYHI ac-
MEKTH, OCOOJIMBOCTI Traimy3i B LUIOMY, ii pOJb
y Mpolecax eKOHOMIYHUX W COLiaJIbHUX NEepPEeTBO-

TpancmopT — o/1Ha 3 BaXJIMBIIINX Tally3eil Ha-
IIOHANBHOT EKOHOMIKH, e(peKTHBHa poOOTa SIKOi
€ HEOOXiZHOI0 YMOBOIO cTadimizawii, CTpyKTYPHUX
MEPEeTBOPEHb, PO3BUTKY 30BHIIIHBOEKOHOMiYHOI
JISUILHOCTI, 3aXHUCTy E€KOHOMIYHHMX IHTEpECiB
VYkpainu; 1e 1aHka rocnoaapcTsa OyIb-iKoi aep-
XaBH, sika hopmye iHPpacTpyKTypy Ta 3abe3neuye
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peHb IUIsl PO3BUTKY Tally3i, 3a0e3ledeHHs i KOH-
KypeHnTocnpomoxkuocTi [7, 10, 20, 23].

VY BiamosimHOoCcTI A0 KommrekcHoi mporpamu
OHOBJICHHS 3aJII3HUYHOTO PYXOMOT'O CKIany YKpa-
ian Ha 2008-2020 poku, CtpaTerii po3BUTKY 3alli-
3HMYHOTO TpaHCHopTy Ha mepiox no 2020 p., Hep-
XKaBHOT porpaMu «YKpaiHChKUI Baron» OJHUM i3
MPIOPUTETHUX HAMPSAMKIB PO3BUTKY 3aJli3HUYHOI
ragy3i € OHOBJICHHS BAHTQ)KHOT'O BarOHHOT'O MapKy
YKp3adi3HUIli KOHKYPEHTOCIPOMOXHUMH MOJIe-
JSIMM BaroHiB BITYM3HSHOTO BHPOOHWITBA IUISA-
XOM YJOCKOHAJICHHS 0a30BUX KOHCTPYKIIHA 3a
HaHBaXIUBIIIMMH TEXHIYHMMH, €KOHOMIYHUMH,
IHTETpANbHUMH KPUTEPIsIMU, SIKi BiAMOBIJAIOTH
CYy4acCHOMY pIBHIO TEXHIKO-€KOHOMIYHUX ITOKa3-
aukiB (TEII). OmauM i3 HabiBaxauBimux TEII
€ MaTepiaJoeMHICTh (Tapa) BaroHiB, 3HIDKEHHS
SKOi € OJJHUM 13 IPIOPUTETHUX HANPSIMKIB YIOCKO-
HaJICHHS X KOHCTpyKIii [7, 15-17].

3araJlbHOBIJOMUMH LUIIXaMHU 3HIDKEHHS TapH
BaroHiB € 371iiCHEHHS 3aXOJiB, 110 3a0e3MeuyIOTh
3MEHIIICHHS 3yCUJIb, SKI JIIFOTh HAa BaroH, 1 Horo
CKJIaJIOBUX; PO3pOOKa ONTHUMAaJIbHUX KOHCTPYKTH-
BHUX (hOpM; pallioHaEHUI BUOiIp MaTepiaiiB; yao-
CKOHAJICHHS TEXHOJIOTil BHUIOTOBJICHHS, TE€XHIYHO-
ro 00CITyrOByBaHHS i PEMOHTY BaroHis.

TexHigyHUI piBEHh PyXOMOTO CKJIATy 3aTi3HUY-
HOTO TPAaHCHOPTY Oe3MocepeIHbO BIUIMBAE HA €KO-
HOMIYHI TIOKa3HHKHU TPAHCIIOPTHOI Tajly3i Ta eKo-
HOMIKH KpaiH{ B winoMy. TOMy MOCHIIEHHS MOTY-
KHOCTEH 3ai3HMYHOI Tainy3i YKpaiHu € crpareriu-
HUM HaTpsSMKOM PO3BUTKY ii ekoHOMikH. KirtouoBy
pOIb y TIJIBUIICHHI KOHKYPEHTOCIIPOMOXXHOCTI Ta
e(eKTUBHOCTI 3aJi3HUYHOTO TPAHCIIOPTY BiJirpae
piBEHb TEXHIKO-€KOHOMIYHUX IMOKAa3HHUKIB PyXOMO-
ro CKJIaay, HaiOipla yacTKa SIKOro NpUnagae Ha
BaHTaXHI BaroHu. [IpiopuTeTHUM HaIPSIMKOM IO-
JUTIIICHHS TEIIT BaHTAKHUX BaroHiB
€ YIOCKOHaJleHHs1 iX KOHCTPYKII 3a paxyHOK
CTBOpEHHsI iHHOBaIliHHUX KOHCTPYKIi ab0 Moje-
pHi3allii OKkpeMHuX ckiazoBuX. [Ipu bOMy BIOCKO-
HaJICHHsI CKJIQJIOBUX Tependavyae BUKOPUCTAHHS y
SIKOCTI 1X eJeMEeHTIB HOBHX MPO(iiB, SKi XapaKTe-
PU3YIOTHCSI MEHILIOK) MaTepiaIOEMHICTIO Ta COO0i-
BapTICTIO BHT'OTOBJICHHS MpH 3a0e3redyeHHi HeoO-
XiTHHX yMOB MinHOCTI [15-17].

AKTyanbpHICTE CTaTTi OOyMOBIIEHa OJHIEIO
3 OCHOBHUX 3aJia4 KoHIemniii po3BUTKy TpaHCIop-
THO-TIUISIXOBOT 1H(pacTpykTypn YKpaiHu — BH3HA-
YEeHHSM IepcneKkTuB i1 po3BuTKy a0 2020 p. Ocki-

JBKM TPAaHCIOPTHA CHUCTeMa YKpaiHu € OJHIE0
3 BAXJIMBUX CKJIQJOBHX COLIaJbHO-€KOHOMIYHOT
CHUCTEMH JIepKaBH, IO 3a0e3redye moTpedu BUpo-
OHUIITBA ¥ HACeleHHS, IITICHICTE €KOHOMIYHOIO
MpoCTOpY YKpaiHW, BOHA Tpa€ BaXJIHUBY pPOJIb
Yy PO3BUTKY IHTETpaIlifHUX IMPOIECiB, CTBOPEHHS
MO3UTUBHOTO IMIJIKY KpaiHH.

VY 3B’s3Ky 3 IUM Ha/aJli OUTBIIIO HACHYCHICTIO
PUHKY BaHT@)XHUM PYXOMHM CKJIAZIOM y MaiOyT-
HbOMY, YCIIXOM Ha PWHKY 3aJi3HUYHUX TEpeBe-
3eHb OYIyTb KOPUCTYBATHCS TiIbKM Ti BaHTaXKHi
BaroHW, sIKi MalOTh TOJIMNIIEHI TEXHIYHI XapakTe-
pUCTUKH, IO 3a0e3neyaTh BUKOHAHHA TOJIOBHOT
BUMOT'H — HamiiHocTi [19]. [i migBuIEeHHS 103BO-
JIS€ 3HAYHO 3MCHIIUTH KUIBKICTh I03aIIAHOBUX
BIIYIMHUX PEMOHTIB 1, OTXKe, 301IIbIITyE eKOHOMIY-
Hy €(QEeKTHBHICTh BAaHTaXHOTO PYXOMOTO CKIIaIy,
SIKMI €KCIUTYaTy€EThCHL.

[ligBumIeHHS SIKOCTI CTBOPIOBAHOTO MEXaHid-
HOTO YCTaTKyBaHHA W KOHCTPYKIIii HEOOXiTHO
OB’ I3yBaTH, HacaMIIepel, 31 SMEHILICHHSM 1X Baru
i BapToCTi, 30UIBIIEHHSM HaJiHOCTI Ta IOKpa-
[IEHHSIM HU3KH IHIINX XapakTepucTuk. Hapasi ak-
TyaJbHOIO € Mpo0JieMa MOEJHAHHS B POIIECi Mpo-
eKTYBaHHS JBOX B3a€EMOBUKIIOUHHMX TEHICHIIIMH:
eKOHOMIi MaTepiany, 3 OogHOTO OOKy, i 3a0esme-
YeHHsI HEOOXITHIX XapaKTePUCTHUK MIITHOCTI KOHC-
TPYKILii — 3 iHmoro. Bee 1ie MoxHa 3a0e3meYnTr
3a paxXyHOK BHKOPHCTaHHS KOMII IOTEPHHX TEXHO-
mori# [6, 15-17].

Merta

Cepenr OCHOBHUX HaNpsIMKIiB JSUIHOCTI 3ai3-
HUYHOI ray3i €: pO3BUTOK IIBUAKICHOTO PYyXY MOi-
311iB; MiJBUIIEHHS pPiBHA O€3MEeKH pyXy; po3poOKa
HOBOI'O PYXOMOTrO CKJIaay 1 MOJAEpHi3allis iCHyo-
yoro mapky. lle miaTBepIKye, IO TpaHCIOPTHA
rajgy3b IIOBUHHA PYXaTHCS B HaNpsIMKY 1HHOBaLlili-
HUX 3MiH, IIJBUIIYBAaTH CBOE 3HAUYCHHS SIK BaXKJIH-
BOI TPaH3UTHOI MiJICUCTEMH Ha IIISIXY OHOBJICHHS
HE TUTbKH 1HQPACTPYKTYypH, a ¥ cTparerii ycix
CKJIaJIOBUX IIEPEBI3HOTO MpOIeCy, B TOMY YHCIHI
i ipu poOOTi y B3a€EMO3B’S3KY 3 IHIIMMHU BUJIAMH
tpancnopry [9, 15-17].

OyHKIIOHAIBHA 3aJI€XKHICTh MPOAYKTHBHOCTI
BaroHa IOB’sA3aHa 3 WOTO JWHAMIYHAM HaBaHTa-
KEHHSIM 1 cepeaHhOA000BUM MPOOIroM, a MiJBH-
LICHHS JTUHAMIYHOTO HABAHTA)KEHHS BaHTaXKHOTO
BaroHa 3MEHINUTh BUTpPATH 3aji3HuIl. SIK BiZOMO
3 momepenHix gocmimkers [9, 20-23], BUBUEHHs
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IUHAMIKM BaHTKHHUX BaroHiB — Ii€ CKJIaJHa TE€O-
peTryHa 3aaa4a 040 BU3HAYCHHS AOIYCTUMUX Ta
0e3neuHunX, 13 TOYKH 30py B3AEMOJII1 Koeca i pei-
KH, IIBUJIKOCTEH PyXY.

Mertoto nanoi poOOTH € aHali3 pe3yabTaTiB Te-
OPETHYHHUX Ta EKCIEPUMEHTAIbHHUX JOCIHIIKEHb
MIIHICHUX SKOCTEH PyXOMOTO CKIIajay; MOIIYK 3a-
co0iB MPOEKTYBaHHs, MOAEIIOBaHHs, BUOOpPY, 00-
TPYHTYBaHHS TIPOIOBXKEHHS TEPMiHY CIy>XOHW BaH-
Ta)XHUX BaroHiB Ta iX eJIEMEHTIB.

MeTtoauka

MiuHiCTh Ta pecypc OCHOBHUX HECY4HX elieMe-
HTIB PyXOMOTO CKJIQAy 3aTi3HUIG € PyHIaMEHTaTb-
HUMH BJIACTUBOCTSIMH, SIKI BH3HAYAIOTH X MOJAJIb-
Ily YCHIIIHY eKCIUTyaTallil0 MPOTAroM TPHBAJIOTO
nepiony dyacy. OmiHka IMIX TOKa3HUKIB TICHO
MOB’s13aHa 13 3a0e3MeueHHsIM BUMOT O€3MEeKH PyXy
Ha 3aTI3HUYHOMY TPaHCIIOPTi, TOMY Ipo0JiiemMa Hay-
KOBOTO OOTPYHTYBaHHS OIIIHOK XapaKTepUCTUK JH-
HaMIKH, MIITHOCTI 1 pecypcy HECYIHX KOHCTPYKIIiH €
B)XJIMBOIO Ta aKTYaJILHOIO SIK JUISI HOBOTO PyXOMO-
TO CKJIaAay, TaKk i Mpu MPOBEACHHI poOiT i3 pooB-
JKEHHSI TEPMIHIB CITy)KOM PyXOMOTO CKJamy, SKHN
BUPOOHMB TapaHTOBAaHHWU 3aBOJJOM-BUPOOHHKOM Te-
pMiH [6].

Juis oOTpyHTOBaHOTO BUIMIEHHS 3a3HAYECHOI
Mpo0JIeMH BUKOHYIOTHCSI KOMIUIEKCHI (pyHIaMeH-
TaNbHi, eKCIIEPUMEHTANIBbHI, TEOPETUYHI Ta OpraHi-
3aiifHi poO0OTH, SIKi MOXKYTh BKJIIOYATH B cebe:

— OLIHKY HOTOYHOTO TEXHIYHOIO CTaHy HeCy-
YUX KOHCTPYKIIM eKIMaKHOI YacTHHH PYXOMOTO
ckinaay (Mpy MPOBENIeHHI poOiIT i3 OIIHKK #Horo 3a-
JIMIIKOBOTO PECYPCY);

— QHANITHYHUN PO3PaXyHOK XapaKTEPHCTHK Mi-
IHOCTI €JIEMEHTIB €KIMa)KHOI YaCTHMHU 3 BUKOPHC-
TaHHSM JIOATKOBUX MOJIEJEH METOIOM KiHIIEBHX
€IIEMEHTIB 13 METOI BHSBJICHHS HaWOLUIBII HaBaH-
TaKEHHUX 30H HECYYUX KOHCTPYKIIiH, a TAKOXK JIOITy-
CTHMUX PIBHIB KOPO3iiHOT ii;

— NPOTHO3 JUHAMIYHHX SIKOCTEH eKilaxky MeTo-
JIlaM{ MaTeMaTUIHOTO MOJICITIOBAHHS,

— OIIIHKY pecypcy (IMOBHOTO ab0 3aJIMIIKOBOTO)
3 MakCHMaJIbHO MOKJIMBHUM BHUKOPHUCTAHHAM JAaHHUX
HaTypHUX BUIPOOYBAHB;

— OIIIHKY «KUBYYOCTI» KOHCTPYKIIIT Ha TiJICTaBl
TEOPETUYHUX JIOCHTIJKEHb Ta Bi/MOBIIHUX BUIIPO-
OyBaHb.

[lpn BUKOHAHHI IHXKEHEPHHX PO3PaxXyHKIB,
IIOB’SI3aHMX 13 aHAJTi30M MIIHOCTI MAaIllMH, MEXaHi3-

MiB, KOHCTPYKII{ Ha MPaKTHII BUKOPUCTOBYIOTh SIK
AHATITAYHI, TaK 1 YUCENIbHI MeTOaH. BuUKoprcTaHHS
CYyJaCHUX KOMIT IOTEpPHUX KOMIUIEKCIB JO3BOJISIE HE
JIMIIE BiTBOPIOBATH JaHi W BIIOMOCTI TUM 4YH iH-
MM CIOCOOOM, a TaKOX HaJa€ MOXKIIHBICTh edek-
TUBHO Ta Oe3MocCepeHbO B3aEMOIIATH 3 iH(OpMa-
LHiAHUM 00’€KTOM, IO CTBOPIOETBHCS a00 JEMOH-
crpyerhest. [IporpamMHi KOMIUIEKCH Pi3HOTO TPH3HA-
YEeHHS BMIJIO 3aCTOCOBYIOTh CYYacHi KOMII FOTEpPHI
TEXHOJIOTi] Ha BCiX eTamax MpOeKTyBaHHsI, PO3po0-
KM, eKcIUTyaTamii, Uil BHU3HAYeHHS OCTaTOYHOTO
pecypcy, a came: Ha eTami HONepeJHbOrO JOCHi-
JOKEHHSI, BHOOPY TIPUHITUITIB i, pO3pOOOK €CKi3HO-
ro Ta TEXHIYHOrO MPOEKTIB, X ONTHUMI3aIlil, Miaro-
TOBKH KOHCTPYKTOPCBHKOI JOKYMEHTalii Ta Kepyro-
4oi iH(popMallii A1 aBTOMaTH30BaHUX BUPOOHUIITB,
BcebiuHOTO imKeHepHoro anamizy tomo [10, 20-
23].

VY 3B’s3Ky 3 aKTHBHHM BIIPOBaJKCHHSM B iH-
JKEHEpHY TMPAaKTHKy OOYHCIIOBATIBHOI TEXHIKH
HaWOUIbII e(PEeKTHBHUM HAOJMKCHUM METOIOM
BUPIIICHHSI TaKOTO KJacy MPHUKIAJAHUX 3a7ad Me-
xaHiku € MetoA ckindeHux eneMeHTiB (MCE), sk
OCHOBHHUH METOJ, IIO0 JISKUTH B OCHOBI IEepeBaXK-
HO1 OLIBIIOCTI Cy4yacHUX MPOTPaAMHUX KOMIUIEKCIB,
MIPU3HAYEHUX TSI BAKOHAHHS 1HKEHEPHUX 3a/1a4 Yy
pisHOMaHiTHHX Tamy3sx [6, 10]. KmrouoBa imes
MCE (nmanpukiaj, BaroH-xorep) Mojiirae B Ha-
CTYITHOMY: MOJENb KOHCTPYKIlii 3aMiHIOETHCS Ha
TUCKPETHY NIISAXOM PO30UTTA 11 Ha KiHIIEBI eleMe-
ot (KE) (puc. 1). Po3ramoBaHi NMeBHUM YHHOM
(3aJIe)KHO BiJl KOHCTPYKIIT 00’€KTa) Ta 3aKpiruieHi
BIJIMTOBIIHO /10 TPAaHWYHUX YMOB, KiHIIEBi €JeMeH-
TH JIO3BOJISIOTH aJIEKBaTHO OIMCATH BCE pi3HOMa-
HiTTss Mmojeneit [10, 14].

Puc. 1. KinmeBo-eneMeHTHa MOJIENb Ky30Ba
Ta paMH BaroHa-xorepa

Fig. 1. Finite element model of a body and
a frame in a car-hopper
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Jlo KIiHIICBOTO €IEMEHTY MOXYTh OyTH TMpPHK- BOISATHCSA JO BY3JIIB JaHOTO EJIEMEHTY 1 HOCSTh
naneHi (puc. 2) 30BHINIHI HABaHTAXKEHHS (30cepe- Ha3By  By3JIOBMX  HaBaHTaxkenbp [10,  14].
IDKEHI Ta pO3MOAUICHI CHIITH i MOMEHTH), SIKi TIPH-
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Puc. 2. Cxemu npuKiajaHHs HABaHTa)KCHb Ha €JIEMEHTH Ky30Ba 1 paMu
BaroHa-xorepa npu I-y po3paxyHKOBOMY pexXumi:
a—yjaap; 0 — PHUBOK; 6 — CTUCKAHHS; ¢ — PO3TATaHHS;
III-y po3paxyHKOBHH PEXUM:
0— yaap; € — puBOK; J¢ — CTUCKAHH; 3 — PO3TATaHHA

Fig. 2. Schemes of loads application to the elements of a body and a frame
of a car-hopper: | calculated mode:
a—impact; b — a jerk; ¢ — compression; d — stretching;
111 calculated regime: e — impact; f — jerk; g — compression; h — stretching
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VY nporieci po3paxyHKy Oyab-KOi KOHCTPYKIIil
3aBXJM MO)KHA BUIITTUTH €TaIH, Cepel AKUX:

— imeamizaris, SKa TOJATAE y TIEPEXOIl IO PO3-
PaxyHKOBOI CXEMH;

— aHaJi3 — BJIACHE DPO3PaxyHOK 1/1eani30BaHOl
PO3paxyHKOBOI CXEMHU;

— iHTepIpeTalis — MEePEHECCHHs! pe3yJbTaTiB
PO3paxyHKy 10 BHXiZHOI CXE€MH, BUCHOBKH MIOAO
peabHOI KOHCTPYKIIIi.

Meroa KiHIIEBHX €JIEMEHTIB JO3BOJISIE TPAKTH-
YHO MOBHICTIO aBTOMAaTHU3yBaTH PO3PaxyHOK MeXa-
HIYHUX CHCTEM, X04a, SIK MPaBHIO, BUMArae BUKO-
HaHHA 3Ha4yHO OLIBLIOTrO yHcia OOYMCIIIOBAJIBHUX
orepariiii y mopiBHAHHI 3 KJIACUYHUMHU METOJaMHU
MexaHiku. CyuacHHH piBEHb PO3BHUTKY OOYHCIIIO-
BaJbHOI TEXHIKH BIJKPHBA€E€ IIMPOKI MOXKIUBOCTI
s BupoBapkeHHs MCE B iHXeHepHY TpaKTHKY
[10].

MCE pearnizoBaHo B 6araTbOX BiJOMHX ¥ IIH-
POKO PO3IMOBCIO/PKEHUX TPOTPAMHHUX MPOIYKTaX,
[0 3a0e3MeYy0Th PO3PaXyHOK MIITHOCTI MoJenen
MallliH, MEXaHi3MiB, KOHCTPYKIIH, y TOMY YHCIi
PYXOMOTO CKJIay 3aJ1i3HHUIIb.

Hana Mertonuka TpyHTyeTbcs Ha IlocTaHoBi
KaGinery MinictpiB VYxkpainu Binm 30 rpynss
2015 p. Ne 1194, sxa 3atBepmxkye «Texniunuii pe-
TIIaMeHT Oe3MeKH PyXOMOTO CKIIaNy 3aji3HHWYHOTO
TPAHCHOPTY», 3 BU3HAYCHHSIM OCHOBHHX BUMOT J0
PYXOMOTO CKJIaJy, IO BUTOTOBISIETHCS Ta MOJEP-
HI3YETHCS, @ TAKOXK J0 HOro CKIaI0BHX 1 3aIIacHUX
YaCTHUH /1 Yac TPOEKTyBaHHS, BUPOOHUIITBA, MO-

HTa)y, HAJIarOJKCHHSI, BBEICHHS B €KCILTyaTallilo,
eKCIDTyaTaIlifo, pEMOHTY.

KoHcTpyKIiiiHi pimeHAs pyXxoMOro CKIIany 3a-
J3HUYHOTO TPAHCIOPTY TOBMHHI 3a0e3meuyBaTh
Horo Oe3rneKy MpOTATOM YCTaHOBIIEHOTO BUPOOHU-
KOM CTpOKY eKcInTyaTarii Ta/abo rapaHTiiHOTO
CTPOKY BHUKOPHUCTaHHS Ta/abo CTpOKy 30epiraHss,
BUTPUMYBATH BIUTUBH, SIKi MalOTh Miclie B Ipo1Leci
HOTO0 eKcIuTyaTartii.

Hanpuknan, pama BaroHa € OCHOBOIO Ky30Ba,
sKa CIpUIMae BiJl HHOTO Ta BaHTaXy, IO MEPEBO-
3UTBCS, yC€ HaBaHTAKEHHS, TepeJae Horo Ha Xo-
JIOBl Y9aCTHUHH 1, KPIM TOTO, CIYXXUTh JJISI PO3Mi-
LICHHS] aBTOTaJIbMOBOTO OOJIaJHAHHS W aBTO34ell-
HUX TpUCTpoiB [6]. PamMu cydacHMX BaHTaXKHHX
BaroHiB MPEACTaBISIOTH COOOI0 MIIlHI MeTaJeBi
CYLITFHO3BapHI KOHCTPYKINI 3 MOB3JOBXKHIX 1 TO-
MEPEeYHNX OaJIoK.

XpebroBa 6anka (puc. 3) € ogHUM 13 HAHOLITBIIT
BIJIMTOBIaIbHIX HECYYMX BY3IIIB paMH BaroHa,
CIY)KHTh JJIS KpIIUICHHS Ha Hiil aBTO3YIITHOTO
H ragbsMIBHOTO OOJagHAHHSS, 32 JOTIOMOT'OIO aBTO-
34ilTHOTO TIPUCTPOIO BOHA TIEpeAae MOB3IOBXKHI
cwin Ha i Baronu. Ockiibku XpeOToBa Oanka
JKOPCTKO 3B’s3aHa TAKOXK 13 1HIIMMHU €JIEMCHTaMHU
Ky30Ba, TO TOPSA[ i3 TIOB3JOBXHIMH BOHA CIIPHii-
Mae ¥ BepTHKaIlbHI CHIH. TakuM YHHOM, XpeOToBa
OaJika MOBMHHA MATH JOCTATHIO MIIIHICTh Ta KOPC-
TKICTb, OYTH TPOCTOIO M0 KOHCTPYKIIii, HATIIHOIO
B eKCIUTyaTalii, JOCTYIHOIO JJIsl TEXHIYHOrO OrJsi-
1y [6]. i BuroToBnsIOTH i3 HOTYKHMX Z-TIOAIOHUX,
HIBEJIEPHUX Ta JBOTABPOBUX MPOKATHUX MPOQLITIB.
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Puc. 3. XpebToBa Oanka:
1 — BepxHs Oanka; 2 — Haan aTHUK; 3, 6 — HIDKHI THCTH; 4 — niadparma; 5 — Oanka; 7 — BYIIKO;
8 — ynop 3anwiii; 9, 10 — 3axnenku; 11 — nnanka; 12 — ynop nepenHiii

Fig. 3. Spine beam:
1 — upper beam; 2 — anthrax; 3, 6 — lower plates; 4 — diaphragm; 5 — beam; 7 — ear;
8 — stop back; 9, 10 — rivets; 11 — strap; 12 — stop front
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[IkBopHEBi OanKM NepearoTh Yepe3 M’ ATHUK Ta
KOB3YHH Ha BI3KHM BCi BHHUKAIO4i B TPOIECI PyXy
CTaTW4HI ¥ AWHAMIYHI 3ycriuis. Born npeacraBis-
I0Th COO0I0 KOHCTPYKIIIO KOpOOYacTOro MepeTUHy
3MIHHOi BHCOTH IO JIOBXKWHI Ta YTBOPCHI JBOMa
BEPTHKAIGHIMH W HIDKHIM JHCTaMU. Y TIEpeTHHI
3  XpeOTOBOKW  INKBOPHEBI Oallkl  IMOCHJICHI
HaJIIT’ ITHUKOBOIO KOPOOKOIO [6].

Pe3yabraTn

JuHamivHi ymapHi BHUNPOOYBaHHS BaHTAXHHUX
BaroHiB, NP SKUX TO3/I0BXHI YAApHi CHIIM TPHUK-
JaJA0THCS 10 paMU BaroHa 4epe3 aBTO3YeIUICHHS,
MPOBOJATH 13 METOI0 BU3HAUEHHS JMHAMIYHUX Ha-
NpPYXEHb Ta IX PO3MOALTY B €IEMEHTaX paMu 1 Ky-
30Ba BaroHa J10 TPaHU4YHOI JOIyCTMMOI BEJIMYUHU
TIO3/IOBKHBOI CHIIH, TIPU SIKiA MOKe BiOyTHCS pyii-
HYBaHHS paMy a00 Ky30Ba BaroHa.

Metoro BUIIPOOYBaHb Ha CTaTUYHY MIIHICTh
€ OIIIHKA MOKAa3HHUKIB MIITHOCTI Ta HECY4Oi 37]aTHOC-
Ti KOHCTPYKIIii Barona. 3riaHo 3 [4, 11, 19], ominka
MIIIHOCTI KOHCTPYKIIi JOCHiHOTO 3pa3ka BaroHa
MpY MIIHICHUX CTaTUYHUX BUIIPOOYBaHHAX MPOBO-
IWUThCS LUIIXOM IOPIBHSHHA BEIMYMH CyMapHHX
HaMpy>XeHb BiJl TOETHAHHS PO3PaXyHKOBHX EKC-
IuTyartaliiiaux HaBaHtaxeHb 1o I, 111 i peMonTHUM
PO3PaxyHKOBUM PEKUMaM i3 BEIWYMHAMH MAOILyC-
TUMHUX HaIpy>KEeHb:

I pesxum — TporaHHs 3 MiCIIsl, OCaKyBaHHs a00
eKCTpEeHE TajbMyBaHHS NpPU MaJMX MIBUAKOCTSX
PYXY, 3ITKHEHHsI BarOHIB IPH MaHEBPOBHUX POOOTAX;

II pexxum — pyx moizna 3 HaHOLIBLIOW JOIyC-
THMOIO IIBHJIKICTIO;

PEMOHTHHUI PEXUM — IiAHIMAHHS 3aBaHTAXEHO-
r0 1 IOPOXXHBOTO BaroHy JOMKpaTaMH, BCTAHOBJIE-
HUMH Y BIJITIOBITHUX TOYKAX.

Jnst npuknaxy npeacTaBiieHi JesKi pe3ysbTaTH
BUTIPOOYBaHb HA MIIHICTh XpeOTOBOI OANKK Pi3HUX
BUJIIB PyXOMOTO CKJIA/Ty:

— misg BaroHiB Mozenmi 13-1839, 13-9990-01
i 11-9962 mpencrasneni B Tabn. 1 ta Ha puc. 4, a
(pe3ybTaTH CTaTUYHUX BUIPOOYBaHb Ha MIIHICTh
BaroHiB BiJ| Jii BEPTUKAILHOIO HABaHTA)KEHHS, O14-
HOI CHJIM, HAaBaHTa)KEHHS BiJl Pi3HUIII BUCOT aBTO3-
YerieHb, OIYHMX CHII B3a€MOJIi Mi’K BaroHaMHu II0
KPHBUX, MO3JIOBXKHIX PO3TATYIOUMX Ta CTUCKAIOYHX
HaBaHTaxeHb npu | 1 11l po3paxyHKOBUX pexrMax)
[3, 5, 19].

HactymHuM etamom BiAmpaitoBaHHsI KOHCTPY-
KItii BaroHa, OI[iHKH HOTro MMHAMIYHUX Ta MIiIHiC-

HUX SIKOCTEH 3 METOIO0 BBEJACHHS B CKCIUTyaTallifo
€ IWHAMIYHI MO13HI (X0m0Bi) BUnpoOyBaHHs [2, 4,
11]. 3a pe3ynpTaramMu NpUHMaTEHUX BUIPOOYBaHb
BCTaHOBIIOIOTHCS IPUIATHICTh BaroHa A0 €KCILTY-
atauii. 30KpeMa, BCTAHOBIIOETHCS JOMYCTHMa
MIBUIKICTh PyXy BaroHa, MpH fKii 3a0e3meuyeThest
Oe3neka pyxy, HeoOXiJHA MIIHICTh, CTIHKICTb
i MjaBHICTH XOJy BaroHa (B OCHOBHOMY JJisl Ma-
CaXUPCHKUX BAroHiB) Ha MPSMHUX Ta KPUBUX IijIs-
HKaX Cy4acHOI THIIOBOi KOHCTPYKIIii BEpXHBOI Oy-
JOBU KOJii, IO 3a/I0BOJIbHSIE BCTAHOBJICHUM HOP-
MaM MMOTOYHOI'0 YTPUMAaHHSI.

Taonums 1

MaxkcuMaJIbHi eKBiBaJIeHTHI HANIPY/KeHH S
B XpeOTOBIiii 0ayui

Table 1
Maximum equivalent stresses in the spine beam
Mopeni BaHTQ)XHUX BaroHiB
Excnepumesn-
TaNbHI HATIpy-
xewns, MITa 13-1839 13-9990-01 11-9962
O, 1 PO3T 122 145 106
O, LCT 96 65 325
o, Ul po3r 147 175 97
o, Hlcr 61 148 135
G, DPEMOHT 30 132 166

JunHamiuHi MinHICHI BUNPOOYBaHHS BAaroHiB
BHUKOHYIOTHCS BiNMOBiAHO 10 [4]. Peectpamist Bu-
MIpIOBaHUX JIAHWUX IPOIECIiB MPU XOJIOBHUX BHIIPO-
OyBaHHSX MPOBOJUTHCA HA MPSMUX, KPUBUX LIS
HKax KOJii Ta Ha CTPIJIOYHUX [IE€PEBOJIAX, Y BCHOMY
Jiana3oHi JOMYyCTUMHUX EKCIUTyaTalliiHUX IIBUJ-
KOCTEMN, MOYMHAIOYM 31 IIBUAKOCTI 25 KM/TOX 1O
KOHCTpYKIiHOI mBuakocti 120 km/rox B 3aBaH-
TaXEHOMY PEKUMi BaroHis.

Ha puc. 4 npencrasineHi rpadiku 3aJIe:KHOCTI -
HaMiYHHMX HalpY>KeHb B OCHOBHUX HECYUHX BY3JIaxX:

— BaroHa-muctepHu moxeni 15-1900 Ta miBBa-
rona mozeni 12-1905 (puc. 4, 6) [2];

— BaroHa-tutatgopmu Mojeni 13-9975 Ha piz-
HUX JTUITHKaX 3aj1i3HU4HOI Kodii (puc. 4, 6, 2) [18].

3 ypaxyBaHHSIM TPOBEIACHOTO OOCTEXEHHS
TEXHIYHOTO CTaHy B Pe3yJIbTaTi PO3paxyHKiB Oyiin
orpuMani HanpyxenHs npu | i Il po3paxynkoBux
pexxuMax:

— nna Baro”iB wMoxaeni 11-715 Ta 12-515
(tabi. 2 Ta puc. 4, 0, e) [13, 14].
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Puc. 4. Hanpy>xeHHst B XpeOTOBI# Oaiii:
a — MakCUMAaIlbHi eKBiBaJICHTHI HAMpy)XeHHsI B XpeOToBiit Oanii Baronis mogem 13-1839, 13-9990-01 i 11-9962;
6 — TMHAMIYHI HaIpy>XeHHs B XpeOTOBHUX OaKax BiJ IIBUIKOCTI pyXy BaroHa-IUCTEPHU
mozeni 15-1900 i niBBarona mozeni 15-1905;
6 — TMHAMIYHI Halpy>KeHHs B XpeOTOBiH Oani BaroHa-matdopmu Mozgeni 13-9975 (mopoxHiit pexnm);
2 — IMHaMIYHi Harpy>XeHHs B XpeOToBii Oaii BaroHa-mardopmu Mozeni 13-9975 (3aBaHTakeHHi pexnum)
Fig. 4. Stresses in the spine beam:
a— maximum equivalent stresses in the spine beam of the model cars 13-1839, 13-9990-01 and 11-9962;
b — dynamic stresses in the spine beams on the speed of the tank-car of the model 15-1900
and the gondola car, model 15-1905;
¢ — dynamic stresses in the spine beam of the car-platform, model 13-9975 (empty mode);
d — dynamic stresses in the spine beam of the car-platform, model 13-9975 (loaded mode)
Tabmuus 2
MaxkcuMaJibHI HANPYy>KeHHs B XpeOToBiii 0aaui
Table 2
Maximum stresses in the spine beam
) MaxkcumaisHi HanpyxerHs, MI1a
Micue npuknane Moaem Baro- [ pexim 11 pesum
HHSI HaNIpYKEHHS HIB
yaap | PUBOK | CTHCKaHHS | pO3TSAr | yJap | pPUMBOK | CTUCKaHHS | PO3TAT
VY cepenniit yactTuHi 11-715 152 | 108 131 115 76 74 82 57
V 30Hi MKBOPHEBOT 11-715 294 | 215 257 203 102 84 86 71
Oasku
12-515 282 | 250 237 200 160 | 101 84 75
11-715 97 82 185 176 35 15 12 72
Y KOHCOIBHIH YacThHI
12-515 270 | 242 253 223 150 91 120 103
doi: 10.15802/stp2018/123457 © JI. O. Henyxa, A. O. Ilsens, 2018
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Jlnist 3°sICyBaHHS alrOPUTMY BHKOPHCTAHHS Te-  HICTh XpeOTOBOI Oajiky BaroHa-miaTGopMu Moesi
OpPETHYHOT0 MaTepiaty Ta OTpuMaHHs npakTuaaux — 13-7024 (puc. 5, a) [6, 10, 12].
HABUYOK HABEJICMO MPHKJIA] PO3PaXyHKY Ha Mill-

6-Db

Puc. 5. Baron-mnardopma mozeni 13-7024: a — 3aranbuuii BUrisiT; 6 — po3paxyHKoBa cxema
Fig. 5. Car-platform, model 13-7024: a — general view; b — the calculation scheme

s poro xpebroBa Oanmka Oynma posrimsHyta  h =330 wm, b =140 mm, d =7 mm,
SIK CTATHYHO BH3Ha4YyBaHa Oanka (puc. 5, a), odme-

i ¢ I, = 9840 cu”; ma Ganxy mie piBHOMipHO po3MIO-
pTa Ha MIApHIPHUX OMOpax, 3 PO3MipaMH

ith (S5 (5 HaBaHTaKECHHS IHTEHCUBHICTIO
=18,5m, =24,4m, L =25,62 m, 3 nomne-
L L? ’ q = 25 kH/m.
peuHuM Tepepizom — 3 aBotaBpy Ne 33 (puc. 5, 6),
3 TeoMeTpuyHMMH Tapamerpamu: t =112 am,
a-a A 6-b
R, L, Ry
' L, ' b
[ E—— |
L
231,25 _ -
[T e nose |©
Q [T d
73.75 ©
- o
231,25 z
108,78 108,78 o
® 1 |
y
960,75
Puc. 6. 3aranbuuii BUrIsL;
a — enropa po3noiny BHYTpilHix 3ycuiib Q Ta M mo 1oBxuHI XpeOTOBOT Oajku;
6 — nonepevHui mepepi3 XxpeOToBoi Ganku
Fig. 6. General view:
a — an epure of the distribution of internal forces Q and M along the length of the spine beam;
b — cross section of the spine beam
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3 BUKOPUCTAaHHSIM OCHOBHUX METOJIB TEOPETHU-
9YHOI MEXaHIKH Ta ormopy Matepiaiis [12] moOymo-
BaHO CIMOPHU TTOTEPEYHUX CHJI Ta 3THHAIBHUX MO-
MeHTIB (puc. 5, a). Jng Hebe3meyHoro mepepizy
o04HrCIIeHl HOpMallbHI Ta NOTWUYHI Hampy>KeHHS B
ISTH TOoYkax (puc. 7) Ta moOymoBaHi miarpaMu
po3noniay HopManbHUX (puc. 7, 6) Ta JOTHYHHUX
HanpyxeHb (puc. 7, 6) M0 BUCOTI Tepepizy; BHKO-

HaHO PO3PaXyHOK i3 MEPEeBIpKM HA MIIHICTh IS
TOYKH 3’€THAHHS TOJHII 31 CTIHKOIO JBOTaBpa. Sk
BHIHO 3 PE3yJbTaTiB PO3PaxyHKIB, OTPUMaHi PO3-
PaxyHKOBI 3HAYCHHS HAIPYKCHb HE MEPEBUIIYIOTh
JIOTTYCTHUMOTO 3HAYCHHSI JJI1 OCHOBHHUX MapoK CTa-
7i xpebTroBux 6anok [6], i3 AKUX BUKOHYIOTh Baro-
HHU pyXOMOTro ckiafgy (Tabm. 3).

a—a b 6-b 6—C
@ o &
¥ (o) 182.5 T
4.2 83,9
170.1
—-
d
— el et
- -— ;
z J 1117
170.1
[ ] 12 83,9

1825

Yy

Puc. 7. Jliarpamu po3noainy Hanpy»eHb [0 BUCOTI ABOTaBpa:
a — TIoTIepeYHUH Tepepi3 XpeOToBOI OaNKK; 6 — emopa PO3NOAUTY HOPMAIFHIX HAIIPYKEHB;
6 — eIIopa PO3MO/IUTY JOTUYHHX HAIPYKEHb

Fig. 7. Diagrams of stresses distribution along the height of two-taurus:
a — cross section of the spine beam; 6 — an epure of the normal stresses distribution;
6 —an epure of the tangential stresses distribution

Tabmums 3
I'pannui BUTPUBAJIOCTI 1151 MAPOK cTaJjlell XpeOTOBUX 0AJIOK
Table 3
Boundaries of endurance for steel grades of spine beams
_ OOMerxeHa TpaHUIlsT gHTpHBaHOCTi TIpH CH-
e | St |
(ae mMeHIIE)
G_iNo T_1no
Cr. 3 (20) 380 240 170 110
Cr.5(35) 500 280 220 140
OcB, OcJI 560 — 590 280 220 -
Cr. 6 (45) 600 310 250 160
0912 (091211) 460 310 200 130
09I 21T, 10I'2C1 500 350 230 140
40X (romimimeHa) 1000 800 380 230
4512 700 400 320 190
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3akiHueHHs Tabdi. 3

End of table 3

I'panums MimHOCTI,

I'pannns Texydocri,

OOMerxeHa rpaHHUIls BUTPUBAIOCTI IPH CH-
MeTpuyHOMy 1K, MIla (He MeHIe)

Mapra crani MIla, (e meHIE) Mlla, HOPMaJIbHi AOTHYHI
(He MeH1Ie)
O_1No T_1No
55C2 (nominmeHa) 1300 1200 550 330
JIuta cranp 3a T3 YB3
Ne 61, 420 250 170
T3-1# Ne 517 T3-1
Byrnenesa (paconni 420 220 170 _
BriUBKH): 20J1

500 280 200 -

35]1

Ipumitka: ['paHuIli BETPHUBAJIOCTI BiTHOCATHCS JO MANHX MOJIPOBAaHUX 3pa3KiB

[lepeBipHUii po3paxyHOK Ha MIIHICTH XpeOTO-

npu KpyroBomy 3rusi it Ny = 10" umknis

Bo1 Oanku (puc. 8-9) BukoHaHO 3a gomomororo  12].
6-b

a—a

OJTHOTO 3 CyYacHUX mporpaMHuX KomrurekciB [10,

a—a

Puc. 8. Entopu:

a — oriepeyHux cui Q; 6 — 3STUHANEHUX MOMEHTIB M

Fig. 8. Epures:

a — transverse forces Q; b — bending moments M

| ¥t peyrmn
e

Puc. 9. Pe3ynbTaTtu po3paxyHKy: a — «Hamnpysxenss»; 6 — «[lepemiteHHs»

6-b

Fig. 9. Results of calculation: a — «Stress»; b — «Moving»
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3a pe3yibpTaTaMy PO3paxyHKy TaKOX OTPHMaHa
niarpamMa HamnpyKeHO-7Ie(OPMOBAHOTO CTaHy Xpe-
0ToBOi Oanku mwrardopmu (puc. 10).

Pyxomuii ckmazg, mio mMae 3HaYHWI TEpMiH CIy-
*OH, BUMarae J0AaTKOBOIO KOHTPOJIIO AJs 3a0e3-
nedeHHst Oe3rmekn pyxy. Y 3B’S3Ky 3 UMM, BKpau
BOXJIMBO 3HAaTH HE TUIBKH pEalibHy KapTUHY Ha-

MpyKEeHO-1e()OPMOBAHOTO CTaHy, HAa OCHOBI SIKOTO
BHUKOHYETBHCS OINIHKA pecypcy, a W QaxkTudHi (i3u-
KO-MEXaHIYHI XapaKTePUCTUKH MeTanmy. Sk 3MiHU-
JIMCSL OCHOBHI MEXaHI4Hi XapaKTepUCTHKU (TPaHHLs
MIIIHOCTi, TBEPIICTh, IPAHULI BUTPUBAJIOCTI, yaap-
Ha B’SA3KICTH 1 T. T.) HECy4oi KOHCTPYKIi MiCIIs
TpuBaoi exciuryaramii [ 13].

Puc. 10. Jliarpama Hanpy»xeHO-1e(hOpMOBAHOTO CTaHy XpeOTOBOT Oaku

Fig. 10. Diagram of the stress-strain state of the spine beam

Pesynbratn o0CTeXEHHS TEXHIYHOTO CTaHy Ba-
TOHIB MICJIA TPUBAJIOI eKCILTyaTallii MMOKa3yrTh, 0
OUTBIIIICTh eKCIUTyaTaliiHIX YITKOKEHb TTOB’s3aH1
3 MOPYUICHHSMH B eKCIUTyaTallii Mpyu HaBaHTaKCHHI
1 BUBaHTa)XCHHI BaHTaXYy. BilbIoro Miporo 1e mo-
LIKO/KEHHSI  PO3BaHTaKYBAIBHO-JO3YIOUHX IIPU-
CTpOIB, OOIIMBKYU Ky30Ba, OyHKEpIiB i T. T. Y TO¥i ke
Yac, BUSBJICHHSI iCTOTHUX J€(EKTIB HECY4YnX KOHC-
TPYKIIiH, TAKUX SK TPIIIMHU B XPEOTOBUX Ta IIKBO-
pHEBHUX Oaikax, HeNmpuUIycTHMi iX aedopmarii Ta
1HIII HECNPABHOCTI, 110 HE MiIJISraroTh PEMOHTY,
MaroTh IOCUTb MaJIHH BiJICOTOK.

3a pe3ynbTaTaMd BHKOHAHMX PO3PaxyHKIB, 3
ypaxyBaHHsM iH(pOpMaIlii, OTpUMaHOl MPH TEXHiY-
HOMY OOCTE)KEHHI BAaroHIB, a TAKOXK PEKOMEHAIliN
[4] po3poOIAEThCS cXeMa HaKIEHKH TeH30MeTpHY-
HUX JaTYUKIB JUIS MOJAbIIOTO TPOBEICHHS KOHT-
poNBHUX BUIIPOoOyBaHb BaroHiB. BigiOpanuii 3pa3ok
(BaroH) 3 HaUTipIIMM TEXHIYHUM CTAaHOM HAIPaBIIsi-
€TBCSI IS MIPOBEACHHS KOHTPOJIBHUX BUIPOOYBaHb,
0 BU3HAYAIOTh PEXKUMH HABAaHTAXKEHHS, SKi Xapa-
KTEpHI JJI eKCIUTyaTalii: MpH 3ITKHEHHI BaroHis,
CKW/IaHHI 3 KIMHIB (iMiTamii TOI3HOTO pPEXHMY),
NP 3aBaHTa)KEHHI/PO3BaHTAKEHHI.

Pe3ynbrati po3paxyHKiB 1 POBEJICHUX BHUIIPO-
OyBaHb JAlOTh MPAKTUYHO MOBHY KapTHHY Harpy-

KEHO-1e(OPMOBAHOTO CTaHy KOHCTPYKIIii BaroHa.
VY To¥ ke gac, i3 oAy Ha HOro TpUBAy eKCILTya-
TaIliro, HeoOxigHa iH(opMarlist mpo (akTudHI 3Ha-
YeHHs! Pi3MKO-MEXaHIYHUX XapaKTEPUCTHUK Matepi-
alry, 3 SIKOTO BUTOTOBJICHA HeCy4Ya KOHCTPYKIIis, 10
BU3HAYa€ 3aJMIIKOBUI pecypc BaroHa. XpeOToBa
Oajyka MiaeThCs BILIMBY HAaBaHTAXKEHHSI, SKE 3Mi-
HIOETBCS IMKJIIYHO. [Iprdomy HampyKeHHs Jocs-
rar0Th MAKCUMYMY B 00JIacTi, IPWIICTIIN 10 TpaHU-
i MK BEPTHKAJIBHOIO CTIHKOIO Mpodimo Ta Horo
HWKHBOIO TOJIUIICI0. Y TIPOLIECi TPUBAIOI eKCIlTya-
Tauii e MOKe MPHU3BECTH A0 3apOPKEHHS 1 aKyMy-
TSl y JaHiid obmacti JedeKTiB, Mo 3HWKYIOTh Me-
XaHI4HI XapaKTEePUCTUKH CTaII.

Bazyrourice Ha OTpUMaHUX pe3ylbTaTax po3pa-
XYHKIB 1 BUIIPOOYBaHb, BCTAHOBIIOIOTHCS MPOOIIEM-
Hi 30HU HeCy4ol KOHCTPYKIIii, a TakoX i3 ypaxy-
BaHHsAM JedopMarlii cTaii, po3poOISIOTECS CXeMHU
BUPI3KU 3pa3KiB METaTy JAJIsl TOCHIIPKEHHS XIMI4HO-
ro CKIay i (pi3uKo-MeXaHIYHMX BIACTHBOCTEH Ma-
Tepialy Hecy4oi KOHCTPYKIIii.

Jeski pe3ynpTaT BU3HAUEHHS MEXaHIYHHUX Xa-
pakrepuctuk ctani 09121 micist TpuBanoi eKcIy-
aranii npencrasieHi B Tadbn. 4 [13] ta na puc. 11
[14].
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Tabnuus 4
MexaHiyHi XapaKTepUCTHKH cTaJi Xpe0TOBOI 0aJIKH paMH BaroHa
Table 4
Mechanical characteristics of steel in the spine beam of the car frame
Howmep 3paska 0, . Milla 0, . Mlla 3, % V. %
ITo T'OCT 19281-89 Tabmuus 1 TOCT 19281-89 — CoproBuii i hacoHHuU# npokar
Knac MinHocTi 345 He < 345 He < 480 ne <21 -
3pa3ku, BUpi3aHi 3 BEpXHBOI ITONHUIII
CepenHe 3HaUCHHS 355 478,85 24,7 74
3pasku, BUpi3aHi 3 BEpTUKAIBHOI CTOWKH
CepenHe 3HAaUCHHS 360 479,4 24,48 73

st 3’sicyBaHHSI QITOPUTMY BUKOPHCTAHHS Te-
OpPETHYHOTO MaTepiany Ta OTPUMAaHHS IPAKTUIHUX
HaBUYOK HaBeIEMO INPHKIAA PO3PaXyHKY Ha MiL-
HICTh XpeOTOBOI OayKu BaroHa-miaaTGopMu MOAENT
13-7024 (puc. 5, a), [6, 10, 12].
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Puc. 11. I'padiku 3a1exKHOCTI MAKCUMATBHUX
HaMpyKeHb B XpeOTOBI# Oasili BAroHiB
mozem 11-7151 12-515:

a — y 30Hi IKBOPHEBOI OalIKH; 6 — B KOHCOJIbHIHN YacTHHI

Fig. 11. Dependency graphs of the maximum stresses in
the spine beam of the cars, model
11-715 and 12-515:
a — in the area of the span bolster; b — in the console part

Ak Bxke Oyi0 3a3HaueHO y «TeXHIYHOMY per-
JIAMEHTI», OJHICI0 3 OCHOBHUX YACTHH TEXHIYHOI'O
3a0e3neyeHHs] Oe3MleKH PyXy € BHUPOOHHUUTBO PY-
xoMoro ckmany. CydacHUM BHMOTaM BiJIIOBigae
JHiS A1 BUTOTOBIIEHHS XpeOTOBUX OaJlOK BaHTa-

XKHHUX BaroHiB (puc. 12), mo € yHiBepcaabHOIO,
JIO3BOJISIE TIOBHICTIO aBTOMATHU3yBAaTH 1€l MpoleC
Ta BHUITYCKATH IX IUISI TPHOX THUIIB BaroHiB Ha OJ-
HOMY 1 TOMY > 0oOnagHanHi [1].

a—a

Puc. 12. Po6oTOTeXHIYHHI KOMIDIEKC 1 BATOTOBJICH-
Hs1 XpeOTOBOT OAJKH:
a — 11 3BapIOBaHHS MPOMDKHUX 6anok; 6 — 1uis
MIPUBAPIOBaHHS MiJCUIIIOI0YOro Mpodiito 10 XpeOdToBoi Oanku

Fig. 12. Robotic complex for manufacturing
of the spine beam:
a — for welding the intermediate beams; b — for welding the
reinforcing profile to the spine beam
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YcTaHOBKa aBTOMATHYHOTO 3BaprOBaHHS elie-
MEHTIB XpeOTOBOi 0aKu € KOMIUIEKCOM TEXHOJO-
rigHOTO 00JamHAHHS, MO 3a0e3medye iX 300pKy Ta
MOIajIbIlle 3BAPIOBAHHA MiX COOOI0 B aBTOMATH4-
HOMY PEKHUMi 31 3aCTOCYBaHHSM €JICKTPOMEXaHId-
HOI CHCTEMH CTEKEHHS 3a 3MIHOIO ITOJIOXKEHHS OCI
3BapHOrO 3’ €THAHHSI.

HaykoBa HOBU3HA
Ta MPAKTHYHA 3HAYHMICTh

Besneka pyxy BaHTaXHUX MOi31iB, 3HAYEHHS
JOMYCTUMUX IIBUIKOCTEH IX PyXy ¥ BaHTasKOIi[I-
HOMHOCTI, BUTpPAaTH Ha YTPHUMAaHHA pPYXOMOTO
CKJIay 1 KOJMIHHOTO TOCIONapCcTBa Ta 301UTBIICHHS
MIKpPEMOHTHHUX MpOOIriB BaroHiB CyTTEBO 3alie-
XKaTh BiJl KOHCTPYKIIi BaHTaXHOTO PYXOMOTO
CKJIQJy 3alli3HHIb. Ba)JMBHM HampsSMKOM JUIs
MOKpAIIEHHST TEXHIKO-CKOHOMIYHHUX IapameTpiB
PYXOMOTO CKIIaJly € BJOCKOHAJCHHS KOHCTPYKIiH
XpeOTOBUX OaNOK AJs IMiIBUIIECHHA iX MIIHOCTI,
JIOBFOBIYHOCTi, OChOBOTO HaBaHTaKeHHs. Jlocmi-
JDKEHHSI 3 BUKOPHCTaHHSM CYYacHHX KOMILIEKCIB
T03BOJISIE 3pOOUTH IIe OJMH KPOK Y JETaIbHOMY
MOJICJIFOBAHHI 3aBaHTAXKEHOCTI €JIEMEHTIB BaHTaX-
HUX BaroHiB, 30KpeMa XpeOToBHX 0aJIoK, i3 ypaxy-
BaHHAM X KOHCTPYKTHBHOTO BHKOHAHHSI [9].

HaykoBa HOBH3HA OTPHMaHHX Pe3yJbTaTiB po-
0OTH MOJISIra€ B HACTYITHOMY:

— 3aMpoNOHOBAHO METOAM BU3HAYCHHS IOKa3-
HUKIB HQIIMHOCTI Ta pO3B’SA3aHHS HAYyKOBO-
MPUKIAJHOI TPOOJIEMH PO3PaXyHKY €JIEeMEHTIB
BaHTA)XHUX BaroHiB i3 ypaxyBaHHSM OCOOJIHBOC-
Te eKcIulyaTtamii Ta BIUIMBY PEXHMY HaBaHTa-
KEHHsI, 110 J1a€ MOXJIMBICTh BU3HAYaTH IX JOBTO-
BIYHICTB 1 Ha CTa/Iii MPOCKTYBAHHS;

— po3po0JIeHO Ta JIOCIIPKEHO MOJESIh XPeOTo-
BOi OajKM BAaHTA)XHOI'O BaroHy, Ha OCHOBI SIKOi
OTPUMaHI 3aJIe)KHOCTI, sSKI XapaKTepU3yITh Ha-
MpyKeHO-1e()OPMOBAHHIA CTaH €IEMEHTIB XpeOTo-
BOI OasIKH;

— OTPUMaHO HAYKOBO-OOTPYHTOBaHi pe3yibTa-
TH 3 OIIHKW MIITHICHUX SIKOCTEH XpeOTOBUX Oaiok
BaHTA)XHHUX BAaroHIB 3aJIE)KHO BiJ iX KOHCTPYKTHB-
HOTO BUKOHAHHS.

PosrnsHyTo acmekTH, mo MOB’si3aHi 3 cydac-
HUM CTaHOM Ta TEPCIEKTUBAMH PO3BHUTKY 3ai3-
HUYHOTO TPAHCIOPTY, BUKOPUCTAHHS IPOTPaMHO-
ro KOMIUIEKCY MPH MPOEKTYBaHHI Ta PO3paxyHKax
PYXOMOTO CKJIay B 3aJli3HUYHIN Tairy3i.

[IpakTHuHy MiHHICTE TEOPETUYHHX Ta EKCIIe-
PUMEHTAIBLHUX JOCHIJDKCHb MIIHICHUX SKOCTEH
CJIEMEHTIB PYXOMOT'0 CKJIady PO3TISHYTO Ha IpH-
KJIa7i XpeOToBOi OalKyW BaHTa)XHOTO BAaroHy, PO3-
pPaxyHKH BHKOHAHO 3 BHKOPUCTAHHSIM CY4acHOTO
MakeTy MporpaM. 3acTOCYBaHHS OTPUMaHUX pe-
3yNBTATIB CIIPHSIE IMiIBUIIECHHIO OE3MeKN PyXy Ba-
HTa)XHUX BaroHiB i JO3BOJHTH MOKPAIIUTH TEXHi-
KO-€KOHOMIYHi TOKa3HWKU pOOOTH 3aIi3HUYHOTO

TPaHCIOPTY.

BucHoBkn

VY craTTi HpencTaBieHo aHami3 MPOBEICHUX Te-
OPETUYHHX Ta EKCHEPHUMEHTAIBHHUX JIOCHIHKEHb
MIITHICHUX SIKOCTEH eJIEMEHTIB PyXOMOTO CKJIaly Ha
NpuKiIaal XpeOTOBOi OalKku BaHTaKHHX BaroHiB,
PO3paxyHKH BUKOHAHO 3 BHKOPUCTaHHSM Cy4YacHO-
'O MAKEeTy NPUKJIAJAHUX IIPOTPaM.

IIpencraBnenunii npukiag BUKOPUCTAHHS 3a-
MIPOIIOHOBAHOTO MiJAXOY 3aCBiIYMB HOro mMpares-
JATHICTH Ta eEeKTHUBHICTh, a TAKOXK MPABUIHHICTH
CIpsSIMyBaHHS  BiJIIOBIIHUX HAYKOBO-TOCIIIHIX
poOiT.

3anporoHOBaHUN MiJXiJ MOXe OyTH BHUKOpPHC-
TaHUWA TIPY BUPIMICHHI MOMIOHUX ONTHUMi3amiiHIX
3aJad B HAYKOBO-AOCHIAHIA Ta  JOCIHIIHO-
KOHCTPYKTOPCHKIA TPaKTHI[i TPaHCHIOPTHOTO Ma-
mHOOY TyBaHHS.

ABTOpH BHpakaioTh noasky npod. C. B. Msawm-
JIIHY 32 JJOTIOMOTY TIPH TIATOTOBIl CTATTI.
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TEOPETUYECKUE U DOKCIHEPUMEHTAJIBHBIE NCCJIEAOBAHUA
MNPOYHOCTHBIX KAYECTB XPEBTOBOM BAJIKU I'PY30BOI'O
BAI'OHA

Hens. ['maBHOH 1eNbI0 JaHHOW PaOOTHI SABISETCS aHAIM3 PE3yIbTATOB TEOPETHUCCKUX M HKCIEPUMEHTAIbHBIX
HCCIICAOBAHUN MPOYHOCTHBIX KAYeCTB ITOIBIDKHOTO COCTaBa; IMOMCK CPEACTB MPOCKTHPOBAHUS, MOJICIHPOBAHUS,
BEIOOpa, 0OOCHOBAHUSI MPOJICHHUS CPOKA CITYKOBI TPY30BBIX BarOHOB U WX 3JieMeHToB. Meroauka. Pabora ocHOBa-
Ha Ha MeToJie KOHeUHbIX 3neMeHToB (MKD), no3BosnsoneMy npakTHIECKH MOJHOCTHI0 aBTOMATU3UPOBATh PACUET
MEXaHUYCCKUX CUCTEM, XOTs, KaK IpaBuiIo, TpeGyeT BBIITOJTHEHHS 3HAYUTEILHO OOMIBIIETO YHCIIA BEIUYUCIUTEILHBIX
onepaumﬁ IO CPaBHCHHUIO C KIIACCUYCCKUMU METOJaMU MEXaHUKU. COBpeMeHHLIﬁ YPOBCHDb pa3sBUTUA BbIYHUCIIUTEIIb-
HOM TEXHHMKHU OTKPHIBAET IIMPOKHE BO3MOXKHOCTH i BHeaApeHus MKD B umkeHnepHyro mpaktuky. MKD peannzo-
BAaHO BO MHOT'UX HM3BECTHBIX M HIMPOKO pacCOpOCTPAaHCHHBIX MPOrpaMMHBIX IMPOAYKTAaX, KOTOPLIC O6eCHe‘IHBaIOT
HpO‘-IHOCTHOﬁ pacyeT Mo,ueneﬁ MaluH, MCXaHU3MOB, KOHCprKHHﬁ, B TOM 4YMCJIC IIOJABUXKHOI'O COCTAaBa KCJIC3HbIX
nopor. PesyabTarhl. B crarthe npejacTaBieH aHann3 NPOBEACHHBIX TEOPETHUECKUX U IKCIEPHUMEHTAJIBHBIX HCCIIe-
JIOBaHWH MPOYHOCTHBIX Ka4EeCTB 3JIEMEHTOB ITOJBIKHOTO COCTaBa HA IpUMepe XpeOTOBOH OaiKl rpy30BBIX Baro-
HOB; pacyeThl BHIIIOJHEHBI C WCIIOJF30BAaHMEM COBPEMEHHOIO ITaKeTa MPHUKIATHBIX mporpaMM. [IpemcTaBieHHBIH
MIpUMeEp HCTIONB30BaHMS MPEIIOKCHHOTO MOAX0/1a IOKa3al ero padboTocmocoOHOCTh U 3()(HEeKTHBHOCTD, a TaKXKe
MIPaBUIBHOCTD HAIIPABIICHHUS COOTBETCTBYIOIIMX HAYYHO-HCCIEAOBATEIBLCKUX padot. [IpemnokeHHBIH MOIX0a MO-
KeT OBITh UCTIONBE30BaH IPU PEIICHUU MOJOOHBIX ONTHMHU3AIMOHHBIX 32/1a4 B HAYYHO -HCCIIEIOBATEIIECKOM 1 OIBIT-
HO-KOHCTPYKTOPCKOM TPAaKTHKE TPAHCIOPTHOTO MalIMHOCTpoeHHs. HayuHast HOBM3HA. ABTOpPaMH MpPEAJIOKEH
METOJ ONpe/eNeHHs NOoKa3zaTeJeld HaJe)KHOCTH M PEUICHHs Hay4HO-TPHKIIAJHON MPOOJEeMbl pacdeTa 3JIEMEHTOB
T'PY30BbIX BAroHoB C YUCTOM 0co0eHHOCTEHN OKCIITyaTallii U BJIUAHUA PEKHUMaA HArpy3KH, 4TO IMO3BOJIACT OINPECac-
JIATh UX JIOJITOBEYHOCTH €IIe Ha CTaAWU MpOoeKTHpoBaHUs. Pazpaborana M MccieroBaHa MoOJens XpeOTOBOM Oanku
IPy30BOTO BaroHa, Ha OCHOBE KOTOPOW IMOJy4YeHbl 3aBUCHMOCTH, XapaKTEpU3YIOUIME HAaNpsKEHHO-
neopMUPOBAHHOE COCTOSIHUE €€ JIeMEeHTOB. [1oJrydeHbl HayuHO 0OOCHOBaHHBIE PE3YJIbTAThI OLCHKH MPOYHOCTHBIX
Ka4eCTB IMO3BOHOYHBIX OaJIOK IPY30BBIX BarOHOB B 3aBUCHMOCTH OT WX KOHCTPYKTHBHOTO HCIONHEeHHs. PaccMoTpe-
HBI aCIIeKTHI, CBSI3aHHBIC C COBPEMEHHBIM COCTOSHHEM H IEPCIIEKTUBAMH Pa3BUTHUS JKEJIC3HOIOPOKHOTO TPAHCIIOP-
Ta, UCIOJIH30BAHHUEM MMPOTPAMMHOTO KOMIUIEKCA MPH MPOSKTHPOBAHUU W pacdeTax IMOJBHKHOTO COCTaBa B XKeIle3-
HOZOPOXHOH oTpaciu. [IpakTHYecKkas 3HAYUMOCTh. TeopeTHdecKie U IKCIICPUMEHTAIBHBIC HCCIISOBAHUS TPOY-
HOCTHBIX Ka4eCTB AJIEMEHTOB TIOJIBIKHOTO COCTaBa PAaCCMOTPEHBI Ha MpHMepe XpeOTOBON OATKU TPy30BOTO BaroHa;
pacueThl BHITOJIHEHHI C UCTIOB30BaHUEM COBPEMEHHOTO MakeTa nporpamm. [IpruMeHeHrne oTy9eHHBIX pe3yIbTaToB
OyzeT crocoOCTBOBAThH MOBHIIIEHUIO OE30MACHOCTH JIBI)KEHUS T'PY30BBIX BarOHOB M TIO3BOJIUT YJIYYIIUTh TEXHUKO-
HKOHOMHUYECKHE IT0Ka3aTeNn paboThl KeJIE3HOAOPOIKHOTO TPAHCIIOPTA.

Knouesvie cno6a: MeTOll KOHEYHBIX 3JIEMEHTOB; IMPOYHOCTH JJIEMEHTOB IMOJBIIKHOTO COCTaBa; HAIPSDKEHHE B
XpeOTOBOH Oanke BaroHa; MOJBIKHOW COCTaB; XpeOToBas Oanka rpy30BOro BaroHa
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THEORETICAL AND EXPERIMENTAL RESEARCH OF STRENGTH
PROPERTIES OF SPINE BEAM OF FREIGHT CARS

Purpose. The purpose of this paper is to analyze the results of theoretical and experimental studies of the
strength properties of rolling stock; search for design tools, modeling, selection, justification of the service life ex-
tension of freight cars and their elements. Methodology. The article is based on the finite element method (FEM). It
makes possible to completely automate the calculation of mechanical systems, although, as a rule, it requires a much
larger number of computational operations than the classical methods of mechanics. The modern level of develop-
ment of computer technology opens wide opportunities for the introduction of FEM into engineering practice. FEM
is implemented in many well-known and widely distributed software products that provide strength analysis of
models of machines, mechanisms, structures, including the rolling stock of railways. Findings. The article presents
an analysis of the theoretical and experimental studies of the strength properties of rolling stock elements on the
example of the spine beam of freight cars; calculations were performed using a modern application program pack-
age. The presented example of use of the offered approach has shown its operation capacity and efficiency, as well
as correctness of the research direction. The offered approach can be used when solving similar optimization tasks in
research and developmental practice of transport mechanical engineering. Originality. The authors proposed me-
thod of determining the reliability indicators and solving scientific and applied problem of calculating the elements
of freight cars, taking into account the operation features and the loading mode impact. This allows determining
their durability at the design stage. There were developed and investigated the models of the spine beam of a freight
car, on the basis of which the dependences characterizing the stress-strain state of its elements were obtained. Scien-
tifically substantiated results of the evaluation of strength properties of spine beams of freight cars were obtained
depending on their design. The aspects related to the current state and development prospects of railway transport,
the use of the software complex in the design and calculation of rolling stock in the railway industry are considered.
Practical value. The theoretical and experimental studies of the strength properties of rolling stock elements were
considered on the example of a spine beam in a freight car. Calculations were performed using a modern software
package. The application of these results will contribute to increase the safety of freight cars and improve the tech-
nical and economic performance of railway transport.

Keywords: finite element method; strength of rolling stock; stress in spine beam of car; spine beam of freight car
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1) caiin 31 cTarTero Ta APYKOBAaHUHA MPUMIPHUK PYKOIHCY 3 IMiIIHCAMH BCiX CITIBaBTOPIB HA OCTAHHBOMY apKy-
1 po6oTH;

2) opurinain JlineH31i{HOTO TOTOBOPY 3 IMiIMIICAMH BCiX CITIBaBTOPIB;

3) ¢aiin 3 BiTOMOCTSMH PO KOXHOTO 3 aBTOPIB — MPI3BHIIE, iM’s, T0-0aThKOBI MOBHICTIO, MOCa/1a, Micie pobo-
TH, HAyKOBE 3BaHHSA, HAYKOBHH CTYIIiHb, KOHTaKTHa iH(popmamis (TenedoH, ampeca €ICKTPOHHOI MOINTH), KOX
ORCID. BigomocTi npo aBTOpiB IIOJAIOTHCS TPhOMa MOBAaMH — YKPaiHCHKOIO, POCIHCHKOIO Ta aHIIIIHCHKOIO;

4) OpuriHan eKCIIepTHOTO BUCHOBKY.

¥YBara! 3rigHo 3 Mi>kHapOJHHMH CTAHAAPTAMH SIKOCTi HAYKOBUX MyOJIiKaniii HeoOXiTHNM €: HAsBHICTH aB-
Topchkux postmpenux (250-300 ciiB) i cTpykrypoBanux pestome (pedeparis — abstracts), y T.4. anrmificbkor Mo-
BOIO, PEleH3ii, NpUcTaTeHUX CHHCKIB JIiITEpaTypy B pOMaHChbKOMY ajidasiTi Towo.

Bukiag 0CHOBHOT0 MaTepiajny cTaTTi IOBUHEH MaTH TAKI eJleMeHTH:

—  BCTYIH: IIOCTaHOBKA NPOOJIEMH, aHANII3 OCTaHHIX JOCTIKEHb;

- Mery,;

—  METOAMKY: BUKJIaJ OCHOBHOT'O MaTepially JOCITIPKCHHS 3 TOBHUM OOIPYHTYBaHHSM OTPHMaHUX HAayKOBHX
pe3ynbTatiB. JloKIaHO OMUCYIOTh 3arajbHy METOAUKY AOCITIPKEHHS, 100 HOTro pe3ynbTaTd MOIIM OYTH BiATBOpE-
Hi: OITUCYETHCS MOCIIIOBHICTh BUKOHAHHS JOCIIKEHHS, OOTPYHTOBY€ETHCS BHOIp BUKOPHCTOBYBAHHX 1 BUKJIATAETh-
s CyTh IIPOIIOHOBAHUX METOJIIB 1 MOJIeJIel, 3MICTOBHO BU3HAYAETHCS, 1110 CaMe JIOCIIIKYBaJIOCs KOXKHUM METOJIOM;

—  Ppe3yJbTaTH: MICTATh €KCIIEPUMEHTANIbHI YM TEOPETHYHI J[aHi, OTpUMaHi B poOOTi, AJIsl IeMOHCTpalii Toro,
110 OTPUMAaHO HOBE PIllIeHHS MPOOJIEeMH, 1 1110 poOOTa € 3HAYHUM KPOKOM BIIEpe/l y MOPIBHSHHI 3 MONEPEAHIMH J0C-
mipkeHHsMu. Jlani nogaroteest y opmi tabnuis, rpadikis, giarpam, piBHsAHb, GoTorpadiil, puCyHKIB, CTaTHCTHY-
HUMH OLliHKaMu. Pe3ynbTaTé MOBHHHI OyTH BHKIIAJIeHI KOPOTKO 1 YiTKO, NPU IIbOMY MICTHTH JOCUTH iH(pOpMAaLil
JUIsl OL[IHKK 3pOOJIEHMX BUCHOBKIB, TAKOX Ma€ OyTH OUEBHIIHO, YOMY JUIsl aHaNi3y oOpaHi came 1 JaHi;

—  HAYKOBY HOBM3HY Ta NPAKTHYHY 3HauUMMicTh. HaykoBa HOBU3HA OTPUMAHUX PE3yJIbTaTiB BUKIAIAETHCS
apryMEHTOBAaHO, KOPOTKO i 4iTKO. JI0 HayKOBOI HOBHU3HHM HE MOXKHA BiJHOCHUTH IPHKJIAIHI pe3ynbTaTH (crocoou,
NPUCTPOI, METOAUKH, CXEMH, AITOPUTMH). [IpakTH4YHE 3HAYCHHS OTPHUMAHUX PE3YNbTATIB CTAHOBJIATH BiJOMOCTI
PO BUKOPHCTAHHS PE3yJIbTATIB AOCITIPKEHb 00 PeKOMEHallii 3 IX BUKOPUCTaHHS;

—  BHCHOBKH: HEOOXiTHO HABECTH AOCSATHYTI KUTBKICHI Ta SKiCHI OKa3HUKH IOCHIHKCHHS, BUKIACTA PEKO-
MEH/IAIT 3 TX BUKOPHCTAHHSL.

3 ycix nuTaHb 3BepTaiiTecs 10 peaakiii ;KypHaJ1y 3a aJpecoro:
HaykoBo-TexHiuna 0i0mioteka (aya. 166),
JlHiponeTpoBChKMiT HAllIOHANBHUH YHIBEPCHUTET 3aJII3HUYHOTO TPAHCTIOPTY iMeHi akazemika B. Jlasapsiaa,
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