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PO3BUTOK HAINIPAMY «KOHIAULIIOBAHHA HOBITPSI»
HA 3AJIIBHUYHOMY TPAHCHOPTI: HAYKOMETPUYHUU ACIIEKT

Mera. [locmipKeHHS CHPSIMOBaHO Ha OTPUMAHHS HOBHX 3HAaHb PO PO3BHTOK HANPSIMY «KOHAWLIIOBaHHS
TOBITPS» Ha 3aJTi3HUYHOMY TPAHCIIOPTi 3 BUKOPHCTAHHSAM TPOMYKTIB i cepBiciB HaykoMeTpuuHOi 6a3u manux Web
of Science (Wo0S). Xpownosoriuai pamMku mocrmikyBanux HaykoBux crareit — 2010-2015 pp. Meroauka. st
OTPUMaHHS PEJEBAaHTHUX EMITIPUYHUX JaHUX aBTOPAMH IPOBEJCHUI OIJIsI CBITOBOI JIiTEpaTypu MO TeMi poOOTH
3 BUKOPHCTaHHSIM MOBHOTEKCTOBHX 1 pedepaTHBHUX 0a3 jAaHUX. PO3IISIHYTO anroputM «ImokpokoBux» aid y WoS
mo10: 1) hopMyBaHHS «sipa» MyOJiKaliil; 2) OKpecaeHHS HalOIbII «TOMOBUX» TeM; 3) BUABJIECHHs HANOLIbII iH-
TENEKTYAIbHO NPOMYKTHBHUX aBTODiB; 4) BH3HAuYeHHs piBHA npencraBHUnTBa B WOS TeMaTWuHHX myOsikaiit
YKpaiHCHKUX BUCHHUX; D) HAsIBHOCTI KOMa0Oopalliii BUSHUX Pi3HUX KpaiH i3 mociimkyBaHol Temu. Pe3yabTaTn. ABTO-
paMu moBeAeHO: 1) TOm-TeMaMy HanpsIMKY «KOHAMIIIOBAHHS MOBITPS» Ha 3ai3HUYHOMY TPaHCIOPTI € KiliMar-
KOMQOPT, eHeproe(peKTUBHICTh, TepMO-KOMPOPT; 2) YKpaiHChKi BUCHI Ie HE 3aJyYHINChH JO CBITOBHX TPOIIECIB
0OMiHy TEMAaTHYHOIO HAYKOBOIO iH(OpMAIlier; 3) HaHOLIBIN iHTEIEKTYAIBHO MPOLYKTUBHIUMH aBTOPAMH HAyKOBUX
crateii € BueHi Kutaro; 4) mikHapo i Komabopariii BUCHHUX i3 JOCITimKyBaHoi Temu BiacyTHi. HaykoBa HOBH3HA.
ArTOpamu Briepiie 6yJ0 MPOBEACHO HAYKOMETPHYHE JOCIIKEHHS B Taly3i 3ali3HUYHOTO TpaHCmopTy (mpeamMer-
HUI HAMPSMOK «KOHIHIIFOBAHHS TIOBITPSA») HA OCHOBI TPOMAYKTIB i CepBiciB riobambHOi 6asu rmtyBanHs WOS.
IpakTuyna 3HayumicTb. Ha OCHOBI OTpUMaHHMX pe3yJIbTAaTiB MOXKIJIMBO SIK KOPEryBaTH OCOOMCTI TOCIIJHUIBbKI
PO3BIJIKM OKPEMHX BUEHHMX YW KOJIEKTHBIB HAYKOBIIIB, TaK i IPOTHO3YBATH MOANBIII MEPCIIEKTUBH PO3BUTKY MPEa-
METHOTO HampsiMKy «air conditioning» Ha 3amisHu4HOMY TpaHCHOpTi. JlaHi JOCTIHKEHHS TaKOXK MOXYTh OYTH KO-
PUCHUMH TIpH BHBYEHHI quciuInunind «CucTeMa HaykoBOi iH(oOpMalii Ta HayKOMeTpis», opraHizaiii HayKoBO-
MPAaKTHIHUX CEMIHAPIiB, KypPCiB ITiIBUIICHH KBai(hiKaIlii TOIIO.

Kniouosi cnosa: KOHIMIIIOBaHHS TOBITpS, 3aJI3HUYHUI TPAHCIOPT; HAayKOBI CTAaTTi; HAyKOMETPHYHE J0-
cimipxenns; Web of Science; eneproedektuBHicTh; KiriMaT-KOM(OPT; TEpMO-KOMDOPT

Beryn 1 JIETKUH JOCTYI A0 3HaHb Ta iH(opMmauii po3ris-
JAfOTh SK KJIF0OYOBI KOMITOHEHTH iHHOBAIIi# [23].
IHHOBAIlIHI HAayKOBO-TEXHIYHI PO3pOOKH Ha
3aJi3HUYHOMY TPAHCIOPTI € BEIUYE3HUM pecyp-
COM ISl TTiABUIIECHHS €(PEKTUBHOCTI 3aTI3HUIHOTO

HoBa mapagurma HayKu 1 TEXHOJIOTIH 3a0X0Tye€
JIO CIIBIIpalli YpSOH, YHIBEPCHUTETH 1 MPOMHCIIO-
BICTh JUIS CTHMYIIOBAHHS €KOHOMIUHOTO 3pOCTaH-
HA 3a paxyHOK iHHOBAIiiA. [Ipu IIbOMy IIBHIKHIA
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0i3Hecy, a TaKoXX 3allOPYKOI0 PO3BHUTKY HalliOHa-
JILHOT eKOHOMIKH [7]. Alle OlliHKa pe3ylbTaTHBHO-
cTi Ta e(PpeKTUBHOCTI HAYKOBO-TEXHIYHOI JTISITHHOC-
Ti, IPOTHO3YBAaHHS MOJAIBIIOTO MEPCIEKTHBHOTO
PO3BHUTKY HayKOBHX HalpsMiB OBUHHI CIIMPATHUCS
Ha TIOBHY, IOCTOBIPHY Ta CBO€YACHY iH(OpMAITifo.
3abe3nedyeHHs KOM(DOPTHOCTI HA 3aJII3HUYHOMY
TPAaHCHOPTi, B TOMY YHCHI y 3alli3HUYHHUX TpaHC-
MOPTHUX 3ac00ax, HEMOXKIUBE 03 CHCTEMHU KOH-
TMUTIIFOBaHHS MOBITPS. HOB1 cTanmapT pi3HUX aep-
JKaB BCTAHOBIIIOIOTH HOBI BUMOTH 1100 KOMQOPT-
HOCTI KIIiMaTy W CHCTEM OITaJieHHs], BEHTHJIALII Ta
KOHIUITIOHYBAHHS TOBITPS I TAaCaKHUPCHKOTO
PYXOMOTO CKIIa/ly, BPaxOBYIOUH TPH LBOMY Mak-
cUMi3alil0 e(peKTHUBHOCTI BUKOPHCTAaHHA EHepTii
[2]. Tak, cranmapt «T HR RS 08001 ST Climate
Comfort and HVAC on Passenger Rolling Stock.
Version 2.0» (2014, New South Wales, Australia),
BPaxoBYIOUM TJIOOQIbHI KIIMAaTH4YHI 3MiHH (Ha-
MIPUKJIaA, TiABUIICHAS TEMIIepaTypH 1 piBHS COHsI-
4HOI pajiaii) Ta 3pOCTaHHs O4iKyBaHb MACaXKUPIB
10710 KOM(OPTHOCTI TOT3/I0K 3aTi3HHYHUM TpaHC-
MOPTOM, BCTAHOBJIIOE 3aXOJIU 3 OIIHKU MPOJYKTH-
Buocti  cucremun  Kiimar-komgpopr  (Climate
comfort) [19]. Lle cTocyeThbes: Oe3MEKH CUCTEMH,
KJIIMAaTUYHOTO KOHTPOJIO, CIIOXHBAaHHS CHEPril Ta
e(hEeKTUBHOCTI, HAJAIMHOCTI, JOCTYITHOCTI TOIIO.

YucreHHi CBIiTOBI JTOCTIUKEHHS TPOTATOM
OCTaHHIX POKIB CBiAYaTh MPO TMOCTIHHHUN iHTEepec
BUCHHUX JI0 PIi3HUX aCIEeKTIB PO3BUTKY CHUCTEMH
Knimar-koMpopT Ha 3aJli3HUYHOMY TPAHCIIOPTI,
y TOMY YHUCI B OOJIACTI KOHIMIIIFOBAaHHS TOBITPS
[2, 9, 10, 12, 14, 16-19]. Tak, Google Scholar —
0E3KOIITOBHA MOUTYKOBAa CUCTEMA 3a MOBHUMH Te-
KCTaMH HAyKOBHX MyOmikalmid 3 ycix ramy3ei
3HaHb, BUJA€ PE3YJLTATOM IMOMIYKY 3a CIOBOM
«rail*», yTouyHeHHSM 3a KIIOYOBMM CIIOBOM «aif
conditioning» Ta XpOHOJIOTIYHMMHU paMKaMH —
2010—-2015 pp. mpubmmzuo 17 400 moxkymenris (Ha
01.05.2016 p.). IIpu 1BOMY CTpaTeriyHO BaXKITH-
BOMY AacleKTy 3 I[bOr0 MacuBy JOKYMEHTIB —
«energy efficiency» — mnpucBsueHo npuOIU3HO
7 100.

Sk BiIOMO, anrOpUTM BUKOHAHHS OyIb-SIKOTO
TOCTIDKEHHS Tiepe0ayae aHami3 JTOKYMEHTIB, 0
BiJINIOBIIAIOTh TEMATHIll JOCTIIKYBaHOI Ipolire-
MH, ajie OyJu BXXKE€ PO3TIIIHYTI paHille BUCHUMH
3 pi3HUX KpaiH cBiTy. JloCHigHHKH BiIOUPAIOTH
HaWOUTBII 3HAYMMI TMEpIIOKEpeNa, SKi MOXYTh
MaTd BHpIMIATbHE 3HAYEHHS UISI €(EeKTHBHOTO

po3B’si3aHHs 3aBAaHb. Came Ha IIbOMY €Tami, K
MpaBwiIo, GOPMYETHCSI TAKOK MIEBHHUN TEPEITIK CBi-
TOBUX HAyKOBHUX JKypHAiB, B IKHX BUYCHUH ITUIAHY€E
PO3MICTHTH aBTOPCHKY MyOuikailiro, 1mo Oyjae Bi-
Io0pakaTH pe3yNbTaTy HOro TOCTiKEeHHS .

Ha erami ¢dopMyBaHHS OTJISIIy CBITOBHX Hay-
KOBUX JIOCSTHEHb 13 MEBHOI MpoOJIeMU MiTbHOHU
JOCIIHAKIB 3BEPTAIOTHCA OO0 HAYKOMETPUYHUX
0a3 manux Web of Science (Wo0S) ta Scopus. Pe-
CypCH Ta CepBICH ITUX TII00ATFHUX 0a3 MUTYyBaHHS
JI03BOJISIFOTH BU3HA4YaTH: 1) BiTHOCHY LIHHICTH IMY-
Omikariii; 2) iHaeKkc BIUIMBY KypHaTiB; 3) BigHOC-
HUU BKJIQJI aBTOPIB M opraHi3aliii B pO3BUTOK Hay-
kd; 4) 1 rojJoBHE — BHOKPEMHUTH TEHICHIII Ta
HOBi HallpSMHU B PO3BUTKY MpPEIMETHHX oOJacTei
Hayku [1].

B Toli ke yac BueHI, PO3MIISIAIOYM MOXKJIMBI
BapiaHTH MallOyTHBOTO IJIsl HAYKH 1 TEXHIKH y BCeE
OimpIn TII00aTi30BaHOMY W HEcTaOlLIBHOMY CBITI,
CTBEPKYIOTh, IO iHTEIEKTyaIbHUI OOMIH 1 CITiB-
POOITHUIITBO 11033 MEXaMU JAMCHUIUTIHAPHUX
1 reorpadiuHUX KOPIOHIB IJIsi OTPUMAHHS 3HAHb
1 JIOACHKHX pecypciB Oyle HaWBaKIMBIIIUM 3a-
BaaHHAM [23]. SIMOHCHKI BYEHi, BUKOHYIOUH Hay-
KOMETPHUYHI JOCHIPKEHHsI 3 BUKOPHUCTaHHSIM CTa-
Tel B HAYKOBHX JKypHaJaX, NaTeHTIB Ha BUHAXOIH
1 TEXHOJIOTIi JOBENH, 110 MiKHAI[IOHAJIBHI Mmy0JIi-
Kallii, SIK IpaBuiIo, OUTBII MIMPOKO PO3TIISAAIOTHCS
B HAYKOBUX CHIIBHOTAX i IUTYIOTHCS OLIBII 4acTo
B HayKOBUX JKYpHaJIaX, HUK Ti, SKi HAITACAHI Tilh-
KU BITYU3HSHUMH aBTOpamu [Tam xe].

Tak, HayKOMETpUYHE TOCTIKEHHS IIOIO0 PO3-
BHTKY CBITOBOi HAyKOBO-IOCITITHOI isITBHOCTI
B HANpPSMKY CTaJIOr0 PO3BHUTKY (y TOMY YHCIi €He-
pPreTUKU Ta TPAHCIOPTY), 3aCHOBaHE Ha Oibiiome-
TPUYHOMY aHaji3i HayKOBOI JIiTEpaTypH, BHKOHY-
BaJIOCS 3 BUKOPHUCTAHHAM iH(MOopMarii 0a3u maHux
Scopus 3a mepiox 2000-2010 pp. [13]. I'pynoro
BUeHHX 3 yHiBepcuteTiB [lakucrany, Tainanny ta
Kurtaro BUBYABCSA MOCHIMHWIBKUN JaHmmadT Ha
pIBHSX KpaiH CBITY Ta IHCTHTYLIH 3a TIEBHUMH
KIIIOUOBHMH CIIOBAMHU.

Ha >xanb mas OiIbIIOCTi yKpaiHCHKHX BYEHUX
pobota 3 WOS ta SCOpUS i J10Ci 3aIMIIaEThCs IPO-
0JeMaTHYHOI0 sIK i3 (pIHAHCOBHUX NPHYHMH (JIMIIE
He3HauHa vactuHa BH3 VYikpainum copomoxknHa
OIUIATUTH JOCTYIH JI0 LUX KOMEPLiHHUX CHUCTEM),
TaK 1 3 MPUYHH CcJ1a0KOi 0013HAHOCTI Ta BiJICYTHOC-
Ti HABUKIB KOPUCTYBAaHHS Pi3HOMaHITHHUMH pecyp-
camu / cepBicamu.
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Crorogni y BITUM3HSHIM HAyKOBiH JiTepaTypi
e He BUCTadae OMyOIiKOBaHHUX PE3yNbTATIB Hay-
KOBHX JOCIIDKCHB 3 0101i0- Ta HayKOMeTpii, Bif-
MpanboBaHUX M ONMUCAHUX METOJIMK Jiil B IUX Ha-
npsMkax [5, 15].

VYV ramy3i 3aTi3HUYHOIO TPAHCIOPTY BIIEPIIE
B YKpaiHi JOCHIKCHHS IOJ0 BUMIPIOBaHHS pe-
3yJBTaTUBHOCTI HAYKOBUX JOCHI/PKEHh HAa OCHOBI
nmanux Scopus i ScienceDirect (Elsevier) 6yno Bu-
koHaHo B 2015 p. T. Konecuukosoro Ta O. Marse-
€BOIO, BUCHHMHU J[HIMpOMETPOBCHKOro HalliOHATb-
HOTO YHIBEPCUTETY 3alli3HUYHOTO TPAHCIOPTY
imeni akamemika B. Jlazapsma [5]. Byno BusHaue-
HO, 110 HaWOUIBII «TOIIOBUMM» TEMAMH IS TOCIII-
OHHUKIB yCBHOTO CBITYy B Tally3l 3aJi3HHYHOTO
tparcmopty B 2015 p. € rmuraHyBaHHS BHCOKOIIIBH-
JIKICHOTO PyXy, BH3HAYCHHS KPUTUYHOI IIBUIKO-
CTi, KOMII'IOTEpPHUI PO3PaxXyHOK 3aJTi3HUYHHUX MO-
CTiB.

CroromHi B yHIBEpCHUTETaX Ta HAYKOBHX YCTa-
HOBaX YKpalHH CTBOPIOIOTHCSI HOBI KOHIIEHIIIT PO3-
BUTKY HAyKOBHX TEPIOMYHHUX BUAaHb, OPIEHTOBA-
Hi Ha MDKHApOIHI BHIAABHUYI Ta €THYHI CTaHIAp-
TH, a TaKOXX HEOOXiTHICTh iHTerpamii pe3yyibTarTiB
HaYKOBUX JOCTIIUKEHb TI0 CBITOBOI'O HayKOBOTO
ingompoctopy [3, 6, 8].

be3yMoBHO, 1110 BITYM3HSIHI HPAKTUKUA JOCI-
JDKEHHS TIOTOKIB HAYKOBUX JOKYMEHTIB, Y T.4. i3
pI3HMX TpenMeTHHX O0JacTedl  3alli3HHYHOTO
TPAHCIIOPTY, HEOOXITHO TEPMIHOBO PO3ITUPIOBATH.

Merta

BpaxoByroun Bulle3ragane, aBTOpd MalOTh 3a
METy OTPUMaHHS HOBHX 3HaHb IIPO PO3BHTOK HAYy-
KOBOT0 HampsMmKy «air conditioning» (xonauiiro-
BaHHS TIOBITPS) Ha 3aMi3HUYHOMY TPAHCIIOPTI,
B T.4. y 3aJi3HUYHHAX TPAHCIOPTHHUX 3acoax, i3
BUKOPUCTAaHHSAM TIPOAYKTIB 1 CEpBICIB HAyKOMET-
puunoi 6a3u nanux Web of Science. Xpononoriysni
paMKH  JOCHI/UKYBaHMX HAyKOBHX CTared —
2010-2015 pp.

3aBiaHHs JIOCII/PKEHHS CIPSAMOBaHI Ha pO3-
IS aNTOPUTMY «IIOKpOKoBHX» Aiil y WOS mono:
1) <¢dopmyBaHHS «saapa» HAYKOBHX  CTaTeH;
2) OKpeCJIeHHs HAHOUIbII «TOMOBHUX» TeM; 3) BH-
ABJICHHS HaWOUMBII iHTEJIEKTyalbHO NPOIYKTHB-
HUX aBTOpIB MyONiKamiil; 4) BU3HAYCHHS PIBHSI
npencraBHULTBAa B WOS TeMaTHYHUX CTaTel yKpa-
THCBKUX BUeHMX, D) HasBHOCTI Komaboparlii Bue-
HUX PI3HUX KpaiH i3 TOCIiHPKYBaHOI TEMH.

MeTtoauka

JU1st OTpUMaHHS peNeBaHTHUX EMIIPHYHUX Ia-
HUX aBTOpPaMH BHKOHAHO OTJISAI CBITOBOI JIiTEpary-
p¥ 3 TEMH JOCIIHKEHHS 13 BUKOPHCTAHHSIM MOBHO-
TEKCTOBUX 1 pedepaTnBHUX 0a3 maHMX. TakuM 4u-
HOM, TEOPETHUYHOIO 0a3010 JOCIIHKEHHS CTaJId Ha-
ykoBi crarti (2010-2015 pp.), 10 BHCBITIIIONOTH:
1) nuTaHHS KOHAMIUIOBAHHS TOBITPS HA 3aTi3HUY-
HOMY TpAHCIIOPTi, B TOMYy YHCII B 3aJi3HUYHHUX
TPaHCIIOPTHHX 3aco0ax; 2) JOCBIX MPOBEICHHS Ha-
YKOMETPUYHUX JOCHTIHKEHb PO PO3BUTOK OKPEMHX
aCTIeKTIB CBITOBOI HAYKOBO-AOCIITHUIBKOI JIisiTb-
HOCTI B HaPSMKY 3aJTi3HHYHOTO TPAHCITOPTY.

[IpakTiyHa dYacTWHa JOCIiJXKEHHS BHUKOHYBa-
Jach 3a JIOMOMOT 00 NoIrykoBoi miatdopmu Web of
Science [21] (baza mamux Web of Science Core
Collection, anamitiuni iHcTpymeHTH, GiGmiorpadi-
yHa ytunuta EndNote Ta in.).

I3 Toukm 30py aBTOpIB, CHOTOMHIIIHS ITOJIITHKA
MinicTepcTBa OCBITH 1 HayKH YKpaiHU HE BH3HaJa-
€TBCS YITKICTIO 00 OLIHKK Pe3yJbTaTiB HAyKOBOI
nisutbHOCTI. Tak, HaITpHUKIIAA, YACIEHHI 3BITH Opi€H-
TYIOTh BUCHHUX Ha «TOHKY» 3a IIOKa3HUKaMH, a HE Ha
HAyKOBI pe3yJIbTaTH CBITOBOTO piBHs. He3Baxkaroum
Ha CHPSIMOBAHICTD 11i€1 poOOTH Ha BUKOHAHHS HAay-
KOMETPUYHOTO aHaNi3y 3 BHKOPHCTaHHAM 0i0iio-
METPUYHUX METOJIB, JJIsl aBTOPIB aKCiOMOIO € Te,
110 HOTY>XKHUM 1H(OPMAaLiHHUM IHCTPYMEHTOM TMil-
TPUMKHU PO3BUTKY HAyKH € HE TUTBKU KIITBKICHI ITO-
Ka3HUKH Pe3yJbTaTUBHOCTI HAYKOBUX JOCIHIIKEHD,
a M AKICHHMHA 3MiCT, YMOXJIMBJICHUN HAyKOBUM pe-
neH3yBanssM [5, 11, 22].

Ananiz nimepamypu. AHaJi3 KOHTEHTY CBITOBUX
HAyKOBHX ITyOImiKaIlii 3a Temoro «air conditioning»
(koHIULIIOBaHHS  TOBITPS) Ha  3aMI3HUYHOMY
TPaHCHOPTi, Y TOMY YHCJl B 3aTI3HUYHUX TPAHCIIO-
PTHHX 3ac00ax, JO3BOJISE MPUITYCTHTH, IO JUIS J0-
CJIiTHHUKIB I[IKABUMU € MUTAHHS. EHEProeeKTUBHO-
CTi, KOHIWIIIIOBaHHS K EJIeMEeHTy KIiMart-
KoM(bOpTY, 3MiHHA TEIUIOBOTO HAaBaHTa)KCHHS y B3a-
€MO3B’5I3KY 3 HABKOJIMIIHIM CEpeOBHIIEM (TeMIie-
PaTypoIo, BOJIOTICTIO, COHSIYHOKO PaJIialli€l0) TOILO.

Tak, manpuknazn, B 2006 p. crio>KuBaHHS eHeprii
CHCTEMOI0 KOHJMIIIIOBaHHS TIOBITPS CTaHOBHUIIO
60—70 % Bijg 3araJbHOTO CHOXHBaHHS CIICKTPOCHE-
prii B noi3ai [18]. Hamararounch 3HU3UTH 1Ii TTOKA3-
HUKH, BYCHI PI3HUX KpaiH JOCHIHKYIOTH YHCIIOBI
acrieKTH  B3a€MO3B™sBKy  «cucrema  Kirimar-
KOHTPOJIb — EHEPrOC(YEKTHBHICTHY.
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OOroBopeHHS MOXIUBOCTI 3HIDKCHHS 3aTpar
€JIEKTPUYHOI eHeprii, 1o NmoTpibHa I macaxup-
CBKAX CHCTEM BEHTWIALII Ta KOHIUIIIFOBAHHS
B MEPio/IM MIKOBUX TSATOBUX MOTPeO, MOJaHO B Ma-
Tepiamax koHdepenmii American Society of
Mechanical Engineers (ASME, 2015) [12]. Buxo-
HaHe JIOCHIJHKeHHS MOKa3ajo, M0 3alpOroHOBaHA
BUCHUMH CTpATeTis BiAKIIOYCHHS HaBaHTAKEHHS
MOKe OyTH peaiizoBaHa 0€3 HEraTWBHOTO BILIUBY
Ha 3arajbHOTalTy3eBi cTaHmapTH KOoMQopTy maca-
JKUPIB 1 BUKITIOYEHHS KalliTalbHUX Ta eKcIllyaTa-
[MIHHUX 3aTparT, MOB’s3aHUX 13 TOJOBHUM CHIIOBUM
omoxom (head-end power — HEP) moizza.

Bu3HaueHHs TEIIOBOrO HaBaHTAXKCHHS 1 po3y-
MiHHS HOTO 3MiH MAarOTh BHpIIIAIbHE 3HAYCHHS
st €EeKTHBHOTO TPOSKTYBaHHS TPAaHCIIOPTHOI
CHCTEMH KOH/MIIiFOBaHHs MOBITps. B podori [17]
3MiHa TEIUIOBOTO HABaHTAXXEHHS B KyIlle BaroHa
MeTpo abo 3aJi3HUYHOTO BaroHa JOCIHIHKeHa YH-
CEeNIbHO. CTaH HABKOJMIIHBOTO CEPEIOBHINA, CTaH
BCEpEeAMHI, MBHUIKICTh IEpecyBaHHs TPaHCIOPT-
HOro 3aco0y, 00’€M CBIKOTO TOBITpS, COHSAYHUIN
gac 1 KUIBKICTh MacCaXKMpiB OCPYTHCSA IO yBarm SK
KITIOYOB1 (DaKTOPH TSI YUCIIOBOTO MOJICIIOBAHHS
1 aHai3y CHCTEMH KOHIUIIFOBaHHS MOBITPSI.

HayxoBi po3Bifku BinOyBarOThCS TakOX B Ha-
NPSIMKY JOCII/IKSHHST 3aJIeKHOCT] 3HIDKEHHS eHe-
PreTHYHOr0 HAaBAaHTAXEHHS HA CHCTEMHU KOHIMIIi-
IOBaHHS TIOBITPS 13 TEIUIO3OJAIIMHUMU XapaKTe-
PUCTUKAMH MarepiajiiB, IO BHKOPHCTOBYBAINCH
MpY CTBOPEHHI BaroHiB BHCOKONIBHKICHOTO ITO13-

na [10].
Po3pobka HOBUX 1 yAOCKOHAJICHHS iCHYIOUHX
KOHCTPYKII  KOHAWIIOHEpIiB AN  PEHKOBUX

TPaHCIOPTHHUX 3ac00iB 3HAXOIATHCS B IICHTPI yBa-
TH JOCHITHUKIB CBiTY. Tak, Ha OCHOBI METOHiB
1 cTaHmapTiB, IO CTOCYIOTHCS SIK BHYTPIITHBOTO,
TaK 1 30BHIIIHBOTO MOBITPsI, OyJIO PO3pOOIEHO BHU-
npoOyBaTbHUNA CTEHJI 1 IPOTECTOBAHO MPOIYKTHB-
HICTh HOBOTO OJIOKY KOHIHWITIOHYBAaHHS IIOBITPS
[16]. HocnigHnkamu JOBEIEHO, IO HOBA KOHCTPY-
KIiss KOHIuIlioHepa Moxe 3aomaautu 50—-60 %
CTOKHMBaHHSI EHEpTii.

Jnst momryky myOmiKkanii YKpaiHChKUX BUEHHX
IOJI0 KOHWIIFOBAHHS TIOBITPS B 3ali3HUYHUX
TPAHCMOPTHHUX 3acobax abo crmopynax (MeTpo, BO-
K3ajax Ta in.) 3a mepiox 2010—2015 pp. aBropamu
OyJI0 BUKOPUCTAHO TOIIYKOBI PECYpPCH — PEIo3u-
tapiit HBYB «HaykoBa mepiomuka Ykpainm» Ta
cucrema caitiB Ha YPAH «HaykoBa mepiomnka

VYkpainu». Ha xanb, HayKoBi CTaTTi yKpaiHCHKUX
BUCHUX y LMX CUCTEMax 3a IaHWil mepiox mpen-
craBineno nuire omumMm asropom — l.Yu. Kho-
menko (I.FO. Xomenko) [9, 14].

Cuipg BigMituty, mo pociaimkenus T.0. Konec-
aukoBoi (2013 p.) [4] miaTBepauio aKTyalbHICTH
JUIsT YKpaiHCbKOi HayKH MpoOJeMH HEIOCTaTHBOL
penpe3eHTaTUBHOCTI MyOmiKaliidi BYEHUX, Y TOMY
YHUCIi — TPAHCIIOPTHUKIB, y MIKHAPOJHUX I1HIEK-
cax IUTYBaHHs. BuKkoHaHWI aHaNi3 JOBIB HETOTO-
BHICTh OLTBLIOCTI HAYKOBUX MEPIOAMYHHUX BHIAHD
VYkpaiHu 13 3aJi3HUYHOTO TPAHCIOPTY OO HpoLe-
IIypH peeCTpallii B MiXKHApOIHIX HAYKOMETPHIHUX
cUCTeMax, a TaKOX cIaOKuil piBeHb MPEICTaBHUII-
TBa crarell Ta aBTOpiB 3ani3HMYHMX BH3 Vkpainu
B BJI Scopus.

BueHi pi3HuX KpaiH CBiTY, BUMIPIOIOYH pe3yIib-
TaTHBHICTh HAYKOBUX JOCIIPKEHb, BUBYAIOTh Pi3HI
ACTIEKTH PO3BUTKY 3aJ1I3HUYHOTO TPAHCIIOPTY.

Tak, HayKOMETpUYHHMHA TMOXiT y ITO€IHAHHI
3 Bi3yalri3ali€ro MITBHOCTI 3piBHAHHS BioOpakeHb
OyJI0 BUKOpUCTaHO BYEHUMH YHiBepcuteTiB Himeu-
YUHM I aHATI3Y OMyOJIiKOBaHWX JaHWX, IO CTO-
CYIOThCS Tally3l TPaHCIIOPTHOI MEIUIIMHH B TIEPiox
31900 o 2008 pp. 3a nanumu WoS [20].

HaykomerpudHe AOCHiIKEHHS CTaHy NATEHT-
HOT JiSUIBHOCTI 3 TEXHOJIOTIH KOHTPOJIIO 3a CKOPO-
YEeHHSM BiOpauili y BUCOKOIIBHAKICHUX CHCTEMax
3a1i3HUYHOTO TpaHcmopTy B Kutai mpoBoammocsh
YHIBEPCUTETCHKUMH BUEHHMH 32 METOJUKOIO TpPU-
KPOKOBOi CTparerii Moumryky IaHHX Ta BHOKpPEM-
JICHHSI IATEHTHOTO «siipa» [24]. Tlepmmm kpokom
y cTpaTerii Mmomyky OyB BimOip JaHUX, SKi y Ha3Bi
naTeHTy abo ioro pedepaTi MadH KIIOYOBI CIIOBA
«rail*»,  «vibration» Ta  «reduction/attenua-
tion/control/damping». 3a 10IOMOro0 MOJANIBIIO-
ro 6ibmiomeTpuyHOTO aHANi3y Oyno chopmoBaHe
«saapo» 3i 193 marenriB (orpumanux no 2011 p.),
Ha OCHOBI SIKUX 3po0JeHa OIliHKa PO3BUTKY Ha-
MpsMY, BHSIBJICHI HAaHOUTBIIT iHTEIEKTYaIbHO aKTH-
BHI YCTaHOBH Ta 3as/BHUKH TOIIIO.

Buxopucmanmns npooyxkmie i cepsicie Web of
Science. Jlns BiAmoBimi Ha MATaHHS, SKi K KIFOUYO-
Bi my6mikartii (2010-2015 pp.) dopmyroTh Hayko-
BUIi TIpeIMETHHUI HampsMOK «air conditioning» nHa
3ai3HUYHOMY TPAHCIOPTI Ta BHU3HAYAIOTH HOTO
HNEPCIEKTUBHUM PO3BUTOK, CKOPUCTAEMOCS, B Iie-
puIy Yepry, MOIYKOBUMH Ta aHATITHYHHMH CEpBi-
camu W0S. KomdopTtHicTs poOoTH 3 Ii€r0 cucre-
MOIO JUTsI HAYKOBIIIB OUTBIIOCTI KpaiH cXimHOI €B-
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POIH MiABULIYETHCS 3aBASKH CTBOPEHHIO POCIHCH-
Koro iHtepdeiicy (ykpaiHchbkuil iHTepdeic MoKu
o BiacyTHii). B Toit xe uac, y WO0S, He3Baxkaro-
Yl Ha pociiicbkuil iHTepdeiic, ycl 3amuTH BHKO-
HYIOTBCS aHTJIICEKOI0 MOBOIO.

Hasenemo mokpokoBi ii.

Kpox 1. TlounHaemo po6oTy 3 6a3010 IUTYBaH-
a1 WOS i3 nepexony o pecypciB koiekuii «Web
of Science Core Collection» Ta o0MexeHHIM
xponoorigaux pamok (2010-2015 pp.). Ockinpku
HaM HOTPiOHI HAyKOBi CTATTI 3aJi3HUYHOI ramysi,
TO B yTO4HEHHI «TEMA» TpOmUCyeMO KIIOYOBE
cnoBo  «rail*»  (mosmauky *— craBUMO IS
PO3IIMPEHHST MOXJIMBUX  BapiaHTIB  IOLIYKY).
VYrounenns «TEMA» Mae Ha yBa3i BUKOPHCTaHHSA
bOTO CJIOBa B KIIOYOBHX CJOBax, Ha3Bl Ta
aHoTarii qokymenra (puc. 1). B pesynbrari 1poro
nouryKy 3HaiiieHo 21 566 nokyMeHTiB.

Kpox 2. JIns xoHKpeTH3alii AaHUX MOIIyKY
BHOEpPEMO JIOAATKOBE YTOYHEHHS pE3yJIbTaTiB:
B Manom «mun Ooxkymenma» — «articles» Tta

OTPUMYEMO 3MEHIIEHHS KITbKOCTI ITyOJiKaIii
Maitke BaBigi (13 663 mok.).
' Web of Science [v,5.21] - ¥ x‘& MepssoadHk Googls xY 5 Googls P W

€« C ft
2 Ceponewt [ [EN GoalRu [ videoMailRu B MalRu G Google [ Journal Rankings on Civ

InCites™ | Journal Citation Reports ® | Essential Science Indicators 5" EndHote ™M

WEB OF SCIENCE™

CopTuposate no: | KoNHYeCTBO UMTHY

1 O BenouErMA ypHan:

i -- OT HaKCI

Kpox 3. [lani B mignoni «xanpaeieHus uccie-
008aHUS» BBOJMMO «engineering» Ta
KOHKPETH3YEMO TIOIIYK KIFOYOBUM CIIOBOM «air
conditioning» (puc. 2). B pesynbraTi aHamizy
iHpopMarii Hamu oTpuMaHo AaHi po 19 crarei.

Kpox 4. Jlami mpoBOAMMO  aHANITHYHI
pPO3paxyHKH, BUKOPHCTOBYIOUH 3BIT IUTYBaHHS
cepsiciB WOS (puc. 3 Ta 4).

Otpumyemo KITBKiCTh OMyOIIiIKOBaHUX
JMOKyMeHTIB 3a kokeH pik: 2010 p. — 2 c1.; 2011 p.
—4cr,; 2012 p. —4 c1.; 2013 p. — L ct.; 2014 p. -
3ct.; 2015 p. — 5 cr. (puc. 3).

KinbkicTh nuTyBaHp B KOxHOMY pori: 2012 p.
- 1; 2013 p. — 16; 2014 p. — 26; 2015 p. — 50
(puc. 4). He3Bakaroun Ha 0OMEXKEHI XpOHOJIOTIUHI
pamku (2010-2015 pp.), cuctema WOS Bunae
TakoX MerazaHi Ha 4 crarri, 0 BUIAHO Ha
noyatky 2016 p.

Kpox 5. BuokpemiroeMo HaWOINbII ITUTOBaHI
CTaTTi — «sAApo», BHU3HadaeMo adimamio (3a
KpaiHaMH) iX aBTOpiB, BKAa3yeMO BHUXIJHI [aHi
cTareil Ta CKIafaeMo 3BIT i3 muTyBaHHA (Tabdm. 1).
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Puc. 1. Pesymprar nomyky y miamoii «\Web of Science Core Collection»,
xponoJoriero «3 2010 mo 2015» Ta 3a KJIF0YOBUM CIIOBOM «rail*»

Fig. 1. Search result in the subfield «Web of Science Core Collection»,
chronology «from 2010 till 2015» and by keyword «rail »
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Fig. 2. Search result in the subfield «Web of Science Core Collection»,
chronology «from 2010 till 2015»
by keyword «rail*» and detalization in subfields
«articles», «engineering», «air conditioning»
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3BiT 3 HUTYBaHHA: HAHOIIBII HUTOBAHI MyOdJTiKkanii
3a KJIIY0BUM CJI0BOM «air conditioning»

Citation report: most cited publications
by keyword «air sonditioning»

Tabnuns 1

Table 1

ABTOpHU

Hassa crarri

Querol, X.; Moreno, T.;
Karanasiou, A.

Gonzalez-Gil, A,;
Palacin, R.; Batty, P.;
Powell, J. P.

Chou, Pin-Fenn; Lu,
Chin-Shan; Chang, Yu-
Hern

Martins, Vania; Moreno,
Teresa; Cruz Minguillon,
M

Li, Wenhua; Sun, Jian

Variability of levels
and composition

of PM10 and PM2.5
in the Barcelona
metro system

A systems approach to
reduce urban rail energy
consumption

Effects of service quality
and customer satisfaction
on customer loyalty

in high-speed rail
services in Taiwan

Exposure to airborne
particulate matter
in the subway system

Numerical simulation
and analysis of transport
air conditioning system

Ha3sBa xypnana, Vewro nurar / CepenHe
PiK Ta BUITyCK IyOmiKaii YHCIIO [IUTYBAaHHS 32 PiK
ATMOSPHERIC
CHEMISTRY AND
PHYSICS, 2012, 12 (11) 22/4.4
ENERGY CONVERSION
AND MANAGEMENT, 13/4,3
2014, 80
TRANSPORTMETRICA
A-TRANSPORT SCIENCE,
2014, 10 (10) 6/2
SCIENCE OF THE TOTAL
ENVIRONMENT, 2015, 511 5/2,5
APPLIED THERMAL
ENGINEERING, 2013,
50 (1) 4/1

integrated with passenger
compartment

IIpu mpoMy mani 3 adiyamii HalOUTBIT IHTEIEK-
TyaJbHO NMPOAYKTHBHUX aBTOPIB HAYKOBUX CTaTeH
3a KpalHaMH BHUTJISIAIOTH Tak, %0:

Kurait 26,3
Icnanis 10,5
BenukobpuTanis 10,5
CLIA 10,5
Snonis 10,5
ABcrtpis 10,5
PesyabTaTtu

KonTtenT-ananiz myOmikamiid y HanpsMmKy «air
conditioning» (KOHIUIiIFOBaHHS ITOBITPs) Ha 3ai3-
HUYHOMY TPAaHCHOPTI JOBOJAWTH YUCIEHHICThH JO-

CIDKyBaHUX acIeKTiB. BUeHI BUBYAIOTH IMUTAHHS
eHeproe(heKTUBHOCTI, KOHUIIIFOBAHHS K €IEMCH-
Ty KIiMaTr-koM(opTy, 3MiHH TEIJIOBOTO HaBaHTa-
JKEHHS y B3a€EMO3B’SI3KY 3 HABKOJHIIHIM CEpeIo-
BUIIEM (TEMIIEPaTypolo, BOJIOTICTIO, COHSYHOIO
pamiarfi€o), ymOCKOHAJICHHS CHUCTEM KOHIMIIIFO-
BaHHSI TOIIIO.

3BepHEHHS M0 ITyOJiKaIiif, 1Mo BUCBITIIOIOTH
JIOCBIJlT BUKOHAaHHS HAyKOMETPHYHUX JOCIIIKEHb
y TPaAHCHOPTHIN Tany3i, JO3BOJHB YIOCKOHAIUTH
METOJIUKY po0OTH 3 IpoayKkTamH i cepBicamu WOS
Ta OKPECIUTH KOJIO MHUTaHb MO0 BHU3HAYCHHS
HaWOUIb 1MTOBaHMX nyOmikamiin (2010-2015
pp.), fAKi (GOPMYIOTh HAyKOBUH NpEeIMETHHIN Ha-
npsMok  «air conditioning» Ha 3aNi3HUYHOMY
TPAHCIIOPTI Ta BU3HAYAIOTH HOTO IMEPCIEKTUBHUN
PO3BHTOK.
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Jocnigaukamu Oysio OTpEMaHO TaKi pe3yJbTaTu:

— 3a 3a3HAYCHUMH MapaMeTpaMH 3HaWJICHO Jia-
Hi po 19 crareit, 3 AKUX «AIPO» CKIATAIOTH 5 1T0-
KyMEHTIB,;

— y BCIX cTaTTsIX mNpoOiieMaTHKa KOHIUIIIIO-
BaHHS Ha 3aJII3HUYHOMY TPAHCIIOPTi, B TOMY YHCIHI
3aI3HUYHUX TPAHCIIOPTHUX 3acolaX, po3risaa-
€TBbCA K eNeMeHT Kiimar-koMmdoprty — «climate
comfort» (100 %);

— mpoOJieMaTHKa «EHEeProeeKTHBHICTE»  —
«energy efficiency», B ToMy uu iHIIOMY acIexTi,
BUCBIiTJIeHA B 56 % crareii;

— MUTaHHIO «TepMo-KoMpopT» — «thermal
comfort» Ha 3aMi3HUYHOMY TPAHCIOPTi, BKJIFOYA-
1049 MIChbKHI (METpo, TpaMBail, Michbka €IeKTpHY-
Ka Ta iH.), mpucBsaeno 47,3 % myoOsikariii;

— YJOCKOHAJICHHS ~KOHCTPYKIIA y TpaHc-
MOPTHHUX 3aco0ax, M0 MOB’s3aHi 13 KOHIUIiIOBaH-
HAM, pO3rJIsiHYTO y 26,3 % myOikarii;

— HaWBWII TOKa3HWUKUA CEPEIHBOI KiIBKOCTI
[UTyBaHb Ha PiK MAalOTh CTaTTi KOJICKTHBIB aBTO-
pie: X. Querol, T. Moreno, A. Karanasiou
«Variability of levels and composition of PM10
and PM2.5 in the Barcelona metro system» (4,4) ta
A. Gonzalez-Gil, R. Palacin, P. Batty, J.P. Powell
«A systems approach to reduce urban rail energy
consumption» (4,3);

— HaWOUIBII UWTOBaHI CTATTi OMyOIIKOBaHO
B kypHamax «ATMOSPHERIC CHEMISTRY
AND PHYSICS» ta «<kENERGY CONVERSION
AND MANAGEMENT»;

— HAMOLIBII IHTENEKTYaNnbHO MPOAYKTHBHUMH
aBTOpaMH HayKOBUX cTared € Bueni Kwuraro
(26,3 %);

— myOmikanii yKpalHCbKUX BYCHHUX 13 TEMH J0-
CJIDKeHHS BiJICYTHI;

— Konabopalliif BUSHUX Pi3HUX KpaiH HE BUSAB-
JICHO.

HaykoBa HOBH3HA Ta NPAKTHYHA
3HAYUMICTh

ABTopamMu 1i€i poOOTH Ha OCHOBI MPOIYKTIB
1 cepBiciB HaykoMeTpruHOi cucremu WOS Briepiie
Oy70 BHKOHAHO [OCTI/DKEHHS B Taiy3l 3aii3HHUY-
HOTO TpaHcHopTy (IpeaMeTHH# HampsaMmok «air
conditioning»). AHali3 MeTagaHuX «sapa» HAyKoO-
Bux crareit (2010—2015 pp.) moBiB, mo HaiGiNbII
[IKAaBUMH Ta TIEPCIIEKTUBHUMHU (TOTTOBUMU») IS
MOJANBIUX JOCTIHUIBKAX PO3BITOK OyayTh Te-
MH, TIOB’s13aHi 3 KiliMaT-koM(opToM, eHeproedek-
TUBHICTIO, TEPMO-KOM(pOPTOM.

BusHaueHo, mo ykpaiHCBhKI BYEHI Ta HayKOBI
KOJICKTUBH, SIKi TPALIOIOTh HAJl MUTAaHHSAM KOHJIH-
IIFOBaHHS TOBITPS Ha 3aJII3HUYHOMY TPAHCIIOPTI,
1Ie He 3aJyYWJINCh J0 CBITOBUX IPOIECIB OOMiHY
HayKOBOIO iHpOpMAL€IO.

Ha ocHOBi oTpuMaHUX B pe3yibTaTi JOCIi-
JDKEHHS JJAHUX MOJKIIMBO SK KOPEryBaTH OCOOHUCTI
JOCIITHULIBKI PO3BIIKA OKPEMHUX BUCHHX YU KOJIE-
KTHBIiB HAyKOBIIiB, TaK i MPOTHO3yBaTH MOJANbIIII
HEePCIIEKTHBH PO3BUTKY IPEAMETHOTO HANPSMKY
«air conditioning» Ha 3aMi3HUYHOMY TPAHCIIOPTI.
HayxoBo-mocmifiHi CTpYKTypH YHIBEPCHTETIB Ta
aKaIeMiYHUX YCTaHOB MAarOTh HIATPYHTS I ede-
KTUBHOTO YIpaBJIIHHS Ta IUIAHYBaHHS HAYKOBOI
JUSITBHICTI.

Pesynbraté mporo JOCTIKEHHS MOXYTh MaTH
BIUIMB Ha NPUUHATTS ONTUMAIBHOTO pilllEHHS
3 ympaBiiHHA iHQOpMaLiiiHUMH pecypcaMu 3 Me-
TOI BJIOCKOHAJICGHHSI TPOIECIiB 1HPOPMAIIITHOTO
3a0e3MedeHHs Ta OOCIyrOBYBaHHs, B TOMY YHCII
OLIIHKK HAyKOBOTO BIUIUBY MyOJiKaIliii BYEHUX
1 HAYKOBHX JKYypPHAJIIB YHIBEPCHTETIB (aKaIeMidHUX
ycTaHOB). BoHM Takox MOXYTh OyTH KOPHCHUMH
npyu BUBYEHHI mucuumuiinkn «CucremMa HayKoOBOI
iHpopMaLii Ta HAyKOMETpis», opraHizalii HayKo-
BO-TIPAaKTUYHUX CEMiHApiB, KypCiB TMiABUINEHHS
kBasti(hikarii ToIIo.

BucnoBxku

Posrnsin anroputmy ¢opMyBaHHS MacHuBy Hay-
koBuX crarei 3a nepiox i3 2010 mo 2015 pp. y Ha-
npsMKy «air conditioning» (KOHIUIIFOBaHHS TOBi-
Tpsl) Ha 3aJTI3HUYHOMY TPAHCIOPTi, B TOMY YHCII
y 3QI3HUYHUX TPAHCIOPTHUX 3aco0axX, Ta BUOK-
pEMJICHHS 3 HUX HAHOLIBII UTOBAHMUX 33 JaHUMH
rnobanpHOi HaykoMmeTpuuHol 6a3u nanux Web of
Science, 103BOJHB 3pOOUTH BUCHOBKH:

1. MoXJTHBICTh JOCTYIIB 70 iH(pOpMAIli HayKo-
METPHYHHX CHCTEM € OJJHUM i3 KIIIOYOBUX KOMIIOHEH-
TiB iHHOBamii. ToMy mepearuara AOCTyMiB 0 T00a-
JIBHUX HayKoMmeTpudyHux cuctemM WOS uum Scopus,
HE3BaKAIOUM HA CKJIaJHI ()iHAHCOBI YMOBH YHIBEPCH-
TETIB, € HAI3BUYAIHO BaKIIMBOIO SIK IS BYCHHX, TaK
i ajgMiHicTparii 3aknmaniB. Pobora 3 pecypcamu Ta
cepBicaMH iHJIEKCIB IIUTYBaHHS J03BOJISIE BUPILTyBaTH
KOMIUIEKCHI MPoOJieMH MOHITOPUHTY, OOJIKY, aHaIi-
3y, OILIHKA SKOCTI Ta MPOTHO3YBATH IMOAANBIII Tepc-
TIEKTHBHU PO3BHUTKY HAYKOBOI JISUTHHOCTI BUYCHHUX, HAY-
KOBHMX KOJICKTHBIB, OKPEMHX YHIBEPCHUTETIB (HayKo-
BHUX YCTaHOB) YKpaiHH Ta CBITY B IUIOMY.
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2. JloBeZIcHO, 110 B HANPSAMKY KOHAUIIiIFOBAHHS
MOBITPSL Ha 3alli3HWYHOMY TPAHCIOPTI HAWOLIBII
[IKAaBUMH Ta TEPCIECKTHBHUMHU JUISl TOJNATBIIAX
JIOCTITHUAIIBKUX PO3BIIOK OYIyTh TEMH, TOB’sA3aHi
3 KIIiMaT-KoM(}OpPTOM, €HeproeeKTUBHICTIO, Tep-
MO-KOM(OPTOM.

3. BusHaueHo, 110 BUCHI Ta HAYKOBI KOJICKTHBH
VYkpainu, siKi MpamrTh HAJ PI3HUMHU aclEeKTaMu
KOH/IMIIIFOBaHHS TIOBITPs Ha 3aJi3HUYHOMY TpaHC-
MOPTi, Ie HE 3TYYJINCh IO CBITOBHUX IIPOIIECIB
00MiHy HayKOBOIO iH(OpMaLi€lo.

4. YKpaiHChKUM BYEHHUM HEOOXiJHO aKTHBHIIlIE
BKJIFOYATHCS B TIPOIIECH MIKHAPOIHOI Koraboparrii
HAyKOBIIiB, 00 MiKHAI[IOHAJbHI MyOmiKamii, sK
MPaBWJIO, OUTBII IIMPOKO PO3TIAAAFOTHCS HAYKO-
BUMH CIUTBHOTAMH 1 IIUTYIOTHCS B HAYKOBUX JKYP-
HaJlaX 4acTillle, HiXK HAIlMCaHl TUIBKY BITYM3HSIHU-
MU aBTOpamu. Lle Takok CTOCYEThCS MIKIUCIIMII-
JHAPHUX JOCIIHKEHb.
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PA3BUTUE HAITPABJIEHUSA «KOHANLIWUOHUPOBAHUE BO3/1YXA»
HA KEJIESHOAOPOXHOM TPAHCIIOPTE:
HAYKOMETPUUYECKUM ACIEKT

Heas. VccnenoBanue npesmonaracT NoJIy4YeHUE HOBBIX 3HAHUHM O Pa3BUTHH HANpPaBICHHS <KOHIUIIMOHHPOBA-
HHE BO3/lyXa» Ha EJEe3HOJIOPOXKHOM TPAHCHOPTE C MCIOJIb30BAHUEM NPOJIYKTOB U CEPBHCOB HAYKOMETPUYECKOH
6assr manubpix Web of Science (W0S). XpoHomornueckre paMKu M3ydaeMbIXx HayuHbIx ctateit — 2010-2015 rr.
MeTtomuxka. /st MOTyYeHUs peJICBAaHTHBIX SMIIMPUYSCKUX TaHHBIX aBTOpAaMHU IPOBEICH 0030p MUPOBOIT IUTEpaTy-
pBI IO TeMe paboOThI C HCIIOIb30BAHHEM IOJNHOTEKCTOBEIX M pedepaTUBHBIX 0a3 JaHHBIX. PaccMOTpeH airoputM
«IoTIaroBeIx» jaeiicteuii B W0S mo: 1) hopMupoBaHuio «sapay» myOIuKarmii; 2) yCTaHOBJICHHIO HanboJee «Tomo-
BBIX» TEM; 3) BBISIBICHHIO HAan0OJICe MHTEIUICKTYAIbHO IPOM3BOAMTEIBHBIX ABTOPOB; 4) ONPEICICHUIO YPOBHSI
npezncTaButenscTBa B WO0S TeMaTHIecKnx MyONUKaluil YKPanHCKHX YUCHBIX; 5) HAIHMYIMIO Koymabopamuil y4eHbIX
pa3HBIX CTpaH Mo ucciemayemMoit Teme. Pe3yabTaThl. ABTOpaMu qoKa3aHo: 1) Tom-TeMamu HampaBieHHs <KOHIH-
MOHMPOBAHUE BO3[yXa» Ha JKEJE3HOMOPO)KHOM TPAHCIIOPTE SBISOTCS: KIMMAT-KOM(BOPT, SHEProdpPpeKTUBHOCTS,
TepMO-KOMGOPT; 2) YKPaHHCKHE YUCHBIC €Il HEe MPUCOSTUHUINCH K MUPOBBIM MpoIeccaM 00MeHa TeMaTHIECKOi
HayyHoil wuH(popmarmeii; 3) Haubolee HWHTEIUICKTYyalbHO MPOAYKTUBHBIMH aBTOpDAMH HAy4YHBIX cCTarteil
ABISAIOTCS yueHble KuTas; 4) MeXIyHapoJHbIC KOJIa0OpalUMHM YYCHBIX IO HCCICAYEeMOHl TeMe OTCYTCTBYIOT.
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HayuHasi HOBU3HA. ABTOpaMH BIIEpPBbIE OBLIO MPOBEIEHO HAYKOMETPHYECKOE HUCCIICIOBAHUE B OOIACTH XKEJIE3HO-
JOPOXKHOTO TpaHcmopTa (IIpeIMeTHOE HalpaBJIeHHe KKOHIUIMOHMPOBAHUE BO3/IyXa») Ha OCHOBE MMPOIYKTOB H CEP-
BHCOB I7100a1bHOM 6a3bl urupoBanust W0S. IlpakTuueckasi 3Ha4uMOCTh. Ha OCHOBE IOyYCHHBIX Pe3yJIbTaTOB
MOHO KaK KOPPEKTHPOBATH JIMYHBIE UCCIENOBATENBCKHE PA3BEAKH OTAEIBHBIX YUCHBIX WM HAYYHBIX KOJUIEKTHU-
BOB, TaKk ¥ IPOTHO3UPOBATH JAIbHEHIIINE IEPCIEKTUBI PA3BUTHUSL TIPEAMETHOTO HAIPABJICHHUS <KOHIUIHOHUPOBA-
HUE BO3JyXa» Ha KEJE3HOJOPOKHOM TPaHCIOpTe. J[aHHBIE HCCIENOBAHHS TAKXKE MOTYT OBITh MOJIE3HBIMHE TIPH U3Y-
YeHUH JUCIHILINHBL «CHcTeMa HayqHOU WHGOPMAIMH U HAYKOMETPHS», OPraHH3allii HAyYHO-TIPAKTHIECKHX Ce-
MUHAPOB, KyPCOB TOBBILICHHUS KBATH(PUKAIINH U T. 1.

Kmiouegvie cnoséa: KOHIMIMOHHPOBAHME BO3/IyXa; KEJIE3HOJOPOXKHBIA TpPAHCIOPT; HAyYHbIE CTATHH;
HaykoMmeTpudeckoe uccienosanue; Web of Science; sueprosdhextuBHOCTD; KITMMaT-KOMPOPT; TEPMO-KOMPOPT
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OBTAINING OF NEW KNOWLEDGE IN CONCERNING
«AIR CONDITIONING» AT THE RAILWAY TRANSPORT:
SCIENTOMETRIC ASPECT

Purpose. The research aimes at obtaining of new knowledge in «air conditioning» direction development at
railway transport using products and services of Web of Science (WoS) scientometric database. Chronological
frameworks of the studied scientific articles are — 2010-2015 years. Methodology. In order to obtain relevant em-
pirical data the authors reviewed the world literature on the paper topic with the use of full-texts and abstract data-
bases. The algorithm of «incremental» actions in WoS was considered according to: 1) forming the «core» of publi-
cations; 2) establishment of the most «top» issues; 3) identifying the most intellectually productive authors; 4) de-
termining the representation level of thematic publications of Ukrainian scientists in WoS; 5) the presence of col-
laboration among scientists from different countries on the investigational subject. Findings. The authors proved:
1) climate comfort, energy efficiency and thermal comfort are the top-themes of «air conditioning» direction at rail-
way transport; 2) Ukrainian scientists have not yet joined to the global processes in the thematic scientific informa-
tion sharing; 3) the most intellectually productive authors of scientific articles are China’s scientists; 4) there is no
information about international collaboration of scientists on the investigational subject. Originality. The authors
firstly conducted scientometric research in the field of railway transport (subject area «air conditioning») on the ba-
sis of products and services in the global WoS citation database. Practical value. Based on the results, one can cor-
rect personal exploration research of individual scientists or research teams as well as predict further prospects of
the subject «air conditioning» direction at the railway transport. Survey data may also be useful in the study of the
«Scientific information system and scientometrics» subject, organization of workshops, training courses, etc.

Keywords: air conditioning; railway transport; science articles; scientometric studies; Web of Science; energy ef-
ficiency; climate comfort; thermal comfort
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UNIFIED VERIFICATION METHOD OF ELECTROMAGNETIC
COMPATIBILITY BETWEEN ROLLING STOCK
AND TRAIN DETECTION SYSTEMS

Purpose. Axle counters are more and more often applied in train detection systems. The wheel sensor is a main
part of each axle counter system. In parallel, more and more complex railway vehicles, especially traction ones, are
a potential source of interferences influencing the operation of these train detection systems. It is the reason to verify
the electromagnetic compatibility (EMC) between the signalling equipment, particularly train detection systems and
new vehicles in the process of obtaining the permission for their exploitation. The measurement of interfering mag-
netic fields generated by vehicles is one of tests to be carried out. Methodology. For the simplification and unifica-
tion purpose of the applied interference test methods the EN 50238 standard and TS 50238-3 technical specification
were developed. The specification defines unified testing procedures. However, it is necessary to verify if it may
replace different testing methods used in particular European states. It is the goal of the European research project
financed from the TEN-T network resources. Findings and originality. This project is part of the larger project of
facilitation and speeding up the ERTMS system deployment. One of nine measurement campaigns planned in the
frame of this project was conducted in Poland by Railway Research Institute.

Keywords: signaling; interoperability; railway transport

axles. Therefore such devices are detecting track occu-

Introduction

One of the basic functions performed by the
railway signalling devices is track occupancy de-
tection of the specified part of the railway network.
It may be a section of main track, station track,
junction or any other separated region which needs
continuous occupancy detection in order to provide
safe and uninterrupted rolling stock movement. In
the past, this function was mostly realized by the
various types of track circuits which primary oper-
ating principle is based on indicating electrical
(galvanic) shunting of each rail with rolling stock

pancy continuously along all track circuit area under
condition of preserving proper electrical isolation be-
tween rails. In addition as a side effect of above men-
tioned method diagnostic of rail cracks rail is possible
due to the fact that rail continuity is required for track
circuits operation. If rail is cracked or broken then
automatically track circuit indicates track occupancy
permanently. However difficulties in the application of
track circuits and need to maintain necessary technical
parameters of track and roadbed contributed to the
development of alternative methods for track occu-
pancy detection so called axle counters systems.
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Axle counters detect passing of a trains be-
tween two points of a track via wheel sensors that
are installed on each end of a supervised section.
Each time train passes over wheel sensor with the
first axle counting process starts. The same process
takes place in the second counting point and if two
counts have the same values the track is indicated
as unoccupied and clear for next train. Each count-
ing head consists of two independent wheel sen-
sors therefore each device is able to detect speed
and direction of a train. To improve the reliability
axle counting systems are usually designed with
redundancy that means at least two independent
channels are used to generate information regard-
ing track status.

Nowadays European railways are more often
increasing the number of axle counters systems
installations in relation to track circuits devices.
Railway infrastructure managers exchanged a lot
of track circuits for the axle counter systems, espe-
cially on the main lines of fundamental importance
for the whole transport system. This is directly
linked with the issue of ensuring the proper safe
and uninterrupted operation of axle counting sys-
tems that are resistant to the interferences gener-
ated from the rolling stock. Wheel sensors must
comply with requirements for sensitivity in order
to reliably detect wheel passage. Moreover this
parameter has to be reduced at the same time to
avoid undesirable influence of external interfer-
ences which can cause for example erroneous
counting of redundant axis. Wheel sensor is me-
chanically attached to rail and its circuit is sepa-
rated from it. However, the influence of interfering
magnetic fields cannot be avoided, since the sen-
sors operate on the principle of coupling or damp-
ing magnetic field between the transmitter and re-
ceiver of the sensor through the axis of the vehicle.
Wheel sensors operate in frequency bands charac-
teristic for a different types of axle counters. The
current flowing in the rails with frequency of
a sensor or external magnetic field at this fre-
quency will strongly affect the performance of a
sensor. Magnetic field vector for currents in the
rails has predictable direction, while the magnetic
field vector has a direction depending on the loca-
tion of interference source in relation to the wheel
sensor. The impact of interference will be different
for the sensor when there is no nearby axes and
another when the axle will be located in the sens-

ing area. Therefore interferences due to their origin
can be divided into: currents flowing in the rails
(return traction current and resonance currents in
catenary), magnetic fields (fixed and variable)
generated by elements of the rolling stock (eg rail
brakes, eddy current brakes, electric traction mo-
tors, converters). Providing the required reliability
of axle counting with usage of wheel sensors on
acceptable susceptibility level determines need of
elaborating electromagnetic field limits generated
from a rolling stock. This issue is called EMC
Electromagnetic Compatibility of railway vehicles
with signalling trackside devices in that case axle
counters. There are number of different types of
axle counting systems around the Europe and
many more of rolling stock that is usually prepared
and allowed to operate in a wider area of the rail
network, which results in considerable complexity
of the compatibility problem. Determining accept-
able levels of interference for each frequency band
of operation of wheel sensor is a subject of the so-
called process of frequency management and it has
been defined in the technical specification TS
50238-3.

Validation of the measurement method accord-
ing to TS 50238-3. Validation of measurement
method regarding permitted magnetic fields levels
generated from the rolling stock has been made in
the scope of European project WP11l. Measure-
ment campaign was performed according TS
50238-3 in following countries: Austria, Belgium,
Netherlands, France, Germany, Poland, Switzer-
land, Great Britain and Italy.

Research was conducted on the basis of pre-
agreed programs on selected sections of railroads
or special test tracks for all traction supply sys-
tems, i.e. For 1.5 kV and 3 kV DC and 15 kV and
25 kV AC. Each measurement campaign included:
measurements of magnetic fields generated from
rolling stock performed in consistent manner in
accordance with the technical specifications TS
50238-3, measurements in accordance with appli-
cable national test procedures of axle counter re-
sponse in case of magnetic field limit exceedances,
post processing of collected data in order to com-
pare interferences levels with existing national lim-
its.

Measurement campaign in Poland. Railway
Research Institute was responsible for performing
Polish measurement campaign and representation
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of the final results. In regard to abovementioned
issues there was a need to set up test system for
measuring magnetic field emissions generated by
rolling stock . Railway Research Institute acquired
all necessary components and build up complete
measurement system that provides testing of both
sides of vehicle at the same time. It was made ac-
cording to the technical specification TS 50238-3
and the measurement is performed in three dimen-
sions by specially designed antennas. The exami-
nation involves performing of a several test runs by
the tested vehicle over the sensors and recording
the levels of generated magnetic fields. In accor-
dance to TS 50238-3 requirements measurement
has to be conducted independently in three mutu-
ally perpendicular dimensions marked with letters:
X, Y, Z. Location of each measurement direction is
illustrated on Fig. 1.

In all stages of the Polish campaign measure-
ments were carried out simultaneously using two
antennas mounted on the inner side of rails in order
to measure maximum level of disturbances gener-
ated from the examined rolling stock regardless of
any asymmetry in the position of the interference
source on the vehicle.

In the first phase of the project all participants
elaborated measurement schedules. Polish cam-
paign was planned to take place first on the Test
Ring near Zmigréd that belongs to Railway Re-
search Institute and after that on a regular railway
line with high density of train movement. The pur-
pose of conducting measurements on the railway

line in service was to examine as many types of
vehicles as it was possible. Through measurements
performed on the Test Ring personnel had oppor-
tunity to familiarize with new research equipment,
test procedures and processing of collected data
according to TS 50238-3. Realization of the meas-
urements on the Test Ring also allowed extending
the range of examined vehicles. Second stage of
Polish campaign was conducted on CMK line
which is currently one and only line in Poland that
allows trains to travel with a speed up to 200 km/h.
Thus that fact there was possibility of performing
measurements with a speed which was not possible
to achieve on any other line in Poland. As it was
mentioned before third stage was carried out on
line with high density of railway traffic. Regarding
project assumptions it was the most important
phase and therefore measurements duration was
the longest and number of tested vehicles was the
largest. Data acquired during all phases of Polish
measurement campaign after digital processing led
to some conclusions regarding inferences levels
generated from variety of rolling stock on 3 kV
railway lines. Accuracy of measuring method and
measurement equipment was confirmed on the ba-
sis of final results. After examination of the same
vehicle within few days of the measurements it
was visible that results were very similar to each
other every time. Visual presentation of measure-
ment is something like a footprint of particular ve-
hicle and it is a unique like human fingerprints.

Fig. 1. Measurement directions

Fig. 2. Two measurement antennas mounted
to the rails
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Exemplary results of magnetic fields strength  out in technical specifications for each of the direc-
measurement are presented on Fig. 3, 4 and 5. tions. Measured data are marked with blue color;
Every time measurement was taking place it was red color represents limit values for each of the
automatically compared with the limit values set three directions.
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Conclusions

Measurement method and used equipment pro-
vided repeatability of results on acceptable level
what ensured reliability under condition of regular
calibration of whole system according to proce-
dures. Further conclusion concerning tests was that
it is possible to distinguish some groups of vehicles
regarding results types. First of all electric traction
vehicles equipped with electro-mechanical traction
converters generated significantly less disturbances
than the newer generation vehicles equipped with
electronic converters. Interference generated by
diesel locomotives, which were even smaller and
mostly did not exceed disturbance of a background
noise. Moreover it was noticed that the higher val-
ues of magnetic fields were observed in Y and Z
directions. Experience gained so far also indicates
that the magnetic fields strength exceedances emit-
ted by rolling stock generally concern the meas-
urement plane Y. This is due to the mutual influ-
ence of magnetic fields generated from rail cur-
rents and from rolling stock in this direction. Re-
sults gathered during campaign in all countries that
participated in the project may contribute to elabo-
ration of uniform European measurement method
of disturbances from rolling stock. This step will
give opportunity to eliminate all sources of ex-
ceeded interferences on the stage of approval tests.
Facing the general trend of introducing axle count-
ers on new railway lines and replacing track cir-
cuits with them on modernized ones, the issue of
testing the impact of magnetic fields on axle
counters is essential and it should be carried out for
the entire range of rolling stock that is operating on
a rail network. Presented method of measuring
magnetic field strength meets the requirements of
the technical specifications of theTS 50238-3 and
allows clear determination of whether the tested
vehicle may affect the operation of the wheel sen-
sors and consequently the axle counters. Such ac-
tion would eliminate rolling stock that may affect
the operation of axle counters, and thus will reduce
disturbances in train movements allowing easier
traffic management.
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YHI®IKOBAHUM METO/ NEPEBIPKA
EJJEKTPOMATHITHOI CYMICHOCTI MIK PYXOMUM CKJIAJIOM
TA CUCTEMOIO BUSIBJIEHHS ITOI3J1A

Merta. JIiunabpHUKY OCeil Bce YacTille i 4acTille 3aCTOCOBYIOTHCS B CHCTeMax BUSBIICHHS Noi3aa. JlaTuuk kodic
€ OCHOBHOIO YacCTHHOIO KOXXKHOI CHCTEMH IiApaxyHKy ocedd. [lapamensHo 3 mum, Bce OLIbII i OUTbII CKIIamHI
3aJIi3HUYHI TPAHCIIOPTHI 3aCO0H, 0COOJIMBO TATOBI, € MOTCHIIIHHAM JIKEPEIIOM MEPEIIKO/], [0 BILITMBAIOTH HAa pOOOTY
UX CHUCTeM BHSIBICHHA Moi3aa. lle € mpuYuHOK 1Sl mepeBipku enekTpomarHiTHOi cymicHocti (EMC) mix
oOJamHAaHHAM 3B’SI3KY, 30KpeMa, CHCTEeMaMH BHSBJIICHHS IOI3ZiB, 1 HOBUMH TPAaHCHOPTHUMH 3aCO0aMH Y IpOIeci
OTpUMaHHS J03BOJy Ha IX eKCIUlyarauilo. BHMIproBaHHS 3aBa)KalOUMX MAarHiTHHX IMOJIB, IO TCHEPYIOTHCH
TPAHCIIOPTHUM 3aCO00M, TIOBUHHE CTaTH OJHHM i3 BHNIpoOyBaHb. MeToamka. 3 METOIO CIPOIICHHS Ta YHi(ikaril
3aCTOCOBYBaHMX METO/IIB BUMPOOyBaHb Oyim po3poOueni cranmapt EN 50238 ta texuiuna crnemudikamiss TS
50238-3. Cnieumndikariis BU3Ha4ae yHi(ikoBaHi MeToau BUNpoOyBaHb. [IpoTe, HEOOXiJHO MEPEBIPUTH, YU MOXKYTh
BOHH 3aMIiHHTH pPi3HI MeTOOW BUIPOOyBaHb, IO BHUKOPHCTOBYIOTHCS B IHIIMX KpaiHax €BpPOMEHCHKOTO COIO3Y.
Ile Mera €BpPONEWCHKOTO JIOCHIJHUIBKOTO MpoekTy, (iHaHcoBaHoro 3 pecypciB  wmepexi TEN-T.
PesyabraTH Ta HaykoBa HOBHM3HA. JlaHWil NpPOEKT € YacTWHOK OULIBIIOrO MNPOEKTY IO CHPOLICHHIO Ta
MIPUCKOPEHHI0 po3ropTanHs cucremu ERTMS. OnHe 13 1eB’TH eKCHIEpUMEHTAILHUX BUMIPIOBaHb, 3aIIaHOBAHUX
B paMKax JIaHOTO IPOEKTY, Oyi1o npoBeneHo B [Tospnii [HCTUTYTOM 3a1i3HIYHOTO TPAHCIIOPTY.

Kniouosi crosa: curnanizanisi; CyMiCHICTb; 3aJIi3HUYHUH TPAHCIIOPT
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YHU®UIIUPOBAHHBIA METO/ ITIPOBEPKH
3JEKTPOMATHUTHOM COBMECTUMOCTH
MEXAY HOABUKHBIM COCTABOM

U CUCTEMOM OBHAPYKEHUA MOE3JA

Hean. Cuérunku ocell Bce yalle M Yalle NPUMEHSIOTCS B CHCTeMax oOHapyxeHHs moes3na. [latumk Koiec
SBJISICTCS. OCHOBHOW YaCTBIO Ka)XKIOH cucTeMbl mojcuéra oceil. [lapamiensHo ¢ 9THM, Bce Gosiee u Oosee CIOXKHbBIE
JKEJIe3HOIOPOXKHBIE TPAHCIIOPTHBIE CPEACTBa, OCOOCHHO TATOBBIC, SBISIOTCS MOTCHIMAIBHBIM UCTOYHHKOM ITOMEX,
BIMSFONIMX HA pPaboTy O3THX CHCTEM OOHAapyXeHHs Tmoe3ia. OTO SBISETCSs MNPUYMHOW Ui HPOBEPKH
SIIEKTpOMAarauTHoO coBmectumoctr (OMC) Mexay 060pyI0BaHHEM CBSI3H, B YACTHOCTH, CHCTEMaMH OOHAPYKEHUSI
[0€3/10B, U HOBBIMU TPAHCIIOPTHBIMU CPEICTBAMU B MpOLECCEe MOJTYyYSHHUs pa3pellieHHs Ha MX SKCIUTyaTaluio.
M3MmepeHne MeIIanuX MAarHUTHBIX IOJIeH, TeHEPUPYEMBIX TPAHCHOPTHBIM CPEICTBOM, JOJDKHO CTaTh OJHHMM M3
ucnbitTanuii. Metoauka. C LeNbl0 yNpolleHHs W YHU(QUKALWK TPUMEHSIEMBIX METOJIOB HCIBITAHUH ObUIN
paspadoranbl cranmapt EN 50238 w texumueckas cneuudukanus TS 50238-3. Cneumduxanus ompenemnser
YHU(HULIMPOBaHHBIE METOIbl HCHbITaHWH. TeM He MeHee, HEOOXOAMMO NPOBEPUTH, MOTYT JM OHHM 3aMEHHTHh
pasyIMuHbIe METOJBI UCIIBITAHUH, HCIIONIb3yeMbIe B IPYyTHX cTpaHax EBporeiickoro coro3a. OTo menb eBpoInencKoro
MCCJIE/IOBATEIbCKOTO TPOoeKTa, (pruHaHcHpyeMoro u3 pecypcoB cetr TEN-T. Pe3ynasTaThl m Hay4Hasi HOBH3HA.
JaHHBI TPOEKT SBJIAETCS 4YacThlO 0OoJiee KPYIHOTO IPOCKTa IO YIPOLICHHIO W YCKOPEHHIO pa3BepTHIBAHUS
cucreMsl ERTMS. OnmHO W3 AEBSTH SKCIEPUMEHTANBHBIX W3MEPEHWH, 3aIlNTaHUPOBAHHBIX B PaMKax ITaHHOTO
NPOEKTa, ObLIO poBeaeHo B [lonbuie MHCTUTYTOM »KeTe3HOZOPOXKHOTO TPAHCIIOPTa.

Knrwouesvle crosa: curHanu3anysi; COBMECTUMOCTb; JKEJIE3HOJOPOIKHBIN TPAHCIIOPT
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CONTROLLING THE SPEED OF ROLLING CUTS IN CONDITIONS
OF REDUCTION OF BRAKE POWER OF CAR RETARDERS

Purpose. The study aims to develop the requirements for organization of the marshalling process in the condi-
tions when the power of retarder positions is less than the nominal one. Methodology. The research is carried out
using the train traffic safety theory and mathematical modelling of hump processes. Findings. The current technical
standard documents regulating the operational performance of humps do not contain direct instructions on how to
proceed in the event of brake power loss by car retarders, thus creating threats to the traffic safety. This problem is
quite acute for the Ukrainian railways in connection with a chronic shortage of funds for the repair and renewal of
technical equipment, including the humps. At the same time, a significant drop in the volume of work leads to the fact
that the hump required processing capacity can be provided in case of partial failure of retarders as well. Herewith the
most important task is to ensure the breaking-up safety in conditions of parametric failures of retarders. The analysis of
dangerous situations, the occurrence of which is possible at humps, as well as the modelling of cut rolling, allowed
establishing the connection between the value of retarder tire pressing force on the car wheels and the breaking-up
modes, providing the safety of marshalling process. The paper sets the application areas of such measures as the
breaking-up speed reduction, breaking-up termination, the use of additional braking by block hangers. Originality.
The originality of the work lies in the fact that it first obtained the complex of dependencies that determine the per-
formance requirements for the power of hump retarders and allow the staff to enter the appropriate limits for break-
ing-up modes to ensure the marshalling process safety. Practical value. The results of the research can be used to
supplement the «Instruction on the maintenance of facilities of mechanized and automated humps» in order to de-
termine the limits of breaking-up modes when detecting the reduction of retarder power below the nominal one.

Keywords: hump; car retarder; traffic safety; marshalling process; breaking-up of trains

Introduction The main technical means providing breaking
up and making up of freight trains on the railways
are humps. The humps are one of the most danger-
ous places in the stations, which are characterized
by a significant number of injuries, car derailment,
car and cargo damage. One of the acute problems
of mechanized gravity humps is worn condition of
car retarders, which as a result are fully or partially
disabled or unable to implement regulatory brake
power.

The problems of humping process safety are
currently the subject of a large number of scientific
papers. An analysis of humping process safety
conditions is carried out in [10, 19, 23]. In particu-

One of the negative realities of present-day
conditions of railway transport functioning in
Ukraine is the critical deterioration of the basic
technical equipment of the industry, which exceeds
85%, and a chronic shortage of funds for its up-
grade. Also we should note a significant drop in
traffic volumes, which led to the formation of a
large reserve of worn-out technical equipment. In
these circumstances, in different areas of the indus-
try the following question arises quite often: «Is it
possible to ensure the safe execution of processes
using the worn-out technical facilities?»
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lar, the paper [10] stated that 88.1% of cases of
traffic safety violation at humps occur when con-
trolling the speed of rolling cuts. Breaking-up and
formation of trains at humps is a major cause of
damage to freight cars [16, 17]. According to the
assessment, conducted in [19], in 2009 29 ths. of
cars were da-maged at Ukrainian humps.

The main directions of the humping process
safety improvement are currently the mechaniza-
tion and automation of humps [19, 22], the devel-
opment of new methods of their design [13, 24,
19], improvement of methods of cut braking mode
selection [18, 1, 6], improvement of the mainte-
nance and service system of hump devices [15]
improvement of hump technologies [12]. In these
studies the tasks of train breaking-up control are
solved in the conditions of functioning of hump
technical facilities within the normative values.
The problem of failures of individual devices at the
hump is considered from the perspective of their
early detection. At the same time, insufficient at-
tention has been given to the problems of hump
complexes functioning in the conditions of worn-
out technical equipment and deviation of their pa-
rameters from the standard values.

Hump is a complex technological system. Vio-
lation of their operation conditions can lead to sub-
stantial material damage due to damaged cars and
goods, and in some cases — to the loss of life and
environmental disasters.

The methodological basis for solving the prob-
lem of the hump functioning in the condition of
brake power loss by the retarders can be the traffic
safety theory [8]. In accordance with the concept
of this theory, the system may be in operational,
non-operational safe and non-operational danger-
ous state. In operational state the functioning of
technological systems takes place in the environ-
ment where its parameters comply with technical,
technological and design documentation, as well as
the performance values. In default of these terms
the technological system is in non-operational con-
dition. If there are adverse factors in this condition,
it is considered unsafe, otherwise — safe condition.
If the transition of the system into non-operational
dangerous conditions is excluded with a high de-
gree of probability, there is a technological system
with protected conditions. With regard to the prob-
lem of controlling the speed of rolling cuts at
humps it is necessary to find such processing limits
whose application in the conditions of breaking-up

will allow the compliance with marshalling process
safety requirements.

Additional limits when arranging the breaking-
up and making up of trains leads to decrease in the
processing capacity of humps. It should be noted
that during the Soviet period with substantial traf-
fic volume the humps were the elements limiting
the station processing ability, and malfunction of
their facilities was eliminated in the shortest possi-
ble time. Currently, the car processing volume is
decreased significantly. For example, loading of an
odd hump of Nizhnedneprovsk-Uzel station is
63%, and of an even one — 37%. As a result, from
the economic point of view the long-term opera-
tion of humps in protected mode may be more ap-
propriate.

Purpose

The purpose of this work is to develop the re-
quirements for organization of the humping opera-
tion in the conditions when the power of retarder
positions is less than the nominal one.

Methodology

Design of construction and modernization of
humps was performed in accordance with the re-
quirements [14], and starting from 2013 - in ac-
cordance with [3]. The works [3, 14] note that the
number of brake positions of a hump, their loca-
tion, capacity and equipment shall ensure the safe
car marshalling with the set maximum breaking-up
speed. Herewith the retarders shall ensure the al-
lowable speed of cut entry into the second and
third brake position, full stop of cuts on this posi-
tion, as well as the allowable speed of cut ap-
proaching the cars on classification track.

The power of hump brake equipment is tested
during its design by modelling the rolling of four-
axle gondola car weighing 100 tons with the main
resistance of 0.5 N/kN (BT roller). To ensure the
reliability and survivability of the cut rolling speed
regulation system the required power of brake po-
sition is calculated taking into account the factor of
its increase k,=1.2. At the same time the first brake
position is equipped with an additional retarder; in
addition rounding of the required number of re-
tarders is performed upwards. As a result the
humps must have brake position power reserves
that can be used in case of retarder brake power
reduction during their operation.
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It should be noted that at the design stage of
some humps there were made significant devia-
tions from the requirements [14] and the brake
power reserves at such humps are minimal. The
example is even hump of Nizhnedneprovsk-Uzel
station, where the first brake position is equipped
with one retarder instead of two, and the air net-
work power is produced by the compressor station
of the train depot, which provides a pressure of
0.5-0.56 MPa instead of 0.65 MPa. In this regard,
the retarder brake power reserves have individual
nature for each hump and may vary significantly.

The main cause of brake power loss by the re-
tarders in the course of operation is their fault or
the lack of pressure in the pneumatic circuit. The
typical procedures for hump operators under such
conditions are set forth in [9]. It is stated in [9] that
if the pressure in the pneumatic circuit is less than
0.65 MPa, the breaking-up process must be discon-
tinued. In case of failure of retarders and their
switch-off for repair the breaking-up process can
continue in the normal mode provided the switch-
off of one retarder at the first brake position and
with breaking-up speed reduction provided the
switch-off of one retarder at the second brake posi-
tion. When some retarders are switched-off, the
breaking-up speed at the brake position decreases
and the additional braking by block hangers can be
used. When two retarders are switched-off at the
same time on the rolling route, the breaking-up
stops.

Maintenance of retarders at Ukrainian humps is
carried out in accordance with [4]. In particular, [4]
specifies the procedure to check the retarder tire
pressing force onto the wheel and the tolerances to
reduce these values. The measurement results are
recorded in SHU-2 form log. However, the exist-
ing legal documents do not impose strict criteria on
how to disable retarders for repairs due to insuffi-
cient brake power. In fact, in case of power loss by
retarders the breaking-up speed and the cut weight
are reduced. However, there is neither rationale for
these measures nor the analysis of their efficiency.

The humps of Ukrainian railways use the beam
retarders, providing car braking due to the wheel
friction on the tires. Specific damped energy
height, implemented by the retarder, is calculated
by the formula:

_ ZuR K nl,

hy = -l 1
o 1)

where z — number of friction surfaces (2 — for sin-
gle-cut retarders and 4 — for two-cut ones); u -

coefficient of car wheel friction on the retarder tire;
P, — retarder braking tire pressure force on the

wheel; K, — reduction coefficient determined by

the distance between the centre of gravity of the
brake-tire-wheel adhesion area to the wheel sup-
porting point and the wheel radius; n —number of

axles of a cut; It —length of retarder tires; Q —cut

weight.

To determine the energy height realized by the
retarder during braking of particular car according
to the formula (1) is rather difficult, because, first
of all, the friction coefficient is a random value that
varies within the range of 0.05 to 0.20 [5]; in addi-
tion, the height of wheel tires and the position of
retarder tires also are random values, varying with-
in tolerances. As a result, the energy height
damped by the retarder is also a random variable in
each case. The analysis of research reports of the
Hump testing laboratory of the Dnepropetrovsk
National University of Railway Transport named
after Academician V. Lazaryan shows that the
brake power of new retarders was established on
the basis of statistical data accumulated as a result
of cut deceleration measurements under various
conditions with a confidence level of at least 0.95.

An indicator of the humping process quality is
the probability of ROR (Railway Operating Rules)
set speed of cut approach to cars on classification
tracks. However, there is no control of this re-
quirement at the humps. It should be noted that the
car collision over-speeding in each separate case
does not cause accidents, but causes an increase in
frequency of these events. The main result of this
breach of the ROR requirements is the accumula-
tion of fatigue changes in the design of cars, caus-
ing premature wear.

Given the above, assessment of the retarder
power impact on humping process safety perform-
ance on the basis of experimental observations is
quite a challenge, requiring large expenditures of
time and resources for the accumulation of statisti-
cal material. Therefore, to determine the breaking-
up modes, which comply with the traffic safety
requirements, the study of the humping processes
is conducted using cut rolling simulation [2].
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Findings
Analysis of the formula (1) shows that the ac-
tual brake position retarder power H,can be de-

termined by checking the pressing force of their
tires on the wheel using the expression

Hoon 37, 2)

rpnom j=1

where p; — measured in accordance with [4] tire

pressing force on the lever axles; r —number of
levers; H,., — nominal brake power of the re-

min

tarder; ppom — Minimum nominal pressing force of

retarder tires on the wheel.

Sufficiency of the retarder set power is deter-
mined based on the analysis of fulfilment of the set
of conditions.

Retarders of the first retarder position (RP1)
shall provide entry of all cuts to the second braking
position (RP2) with a permissible speed. This re-
quirement is put forward in connection with the
fact that the cuts entering RP2 at higher speed may
damage the retarders.

The minimum required power of RP1 is deter-
mined by the results of BT roller rolling simulation
in favourable conditions by the formula

brp2 2
P |10 3 O nom Vrpz
Hp 2 Z'

gbtr

_hrt:]rpZ _ hg(r:pZ hbrpZ (3)

ew

brp2

where »'il10° - profile height of the section

HT
from the hump top to the bundle retarder position
entry; Vo nom breaking-up speed;

brp2 brp2 brp2
b s Npe s Neyy

respectively, the main one, of points and curves, of
environment and wind at the section from the
hump top to the bundle retarder position entry; gy,

— acceleration of gravity subject to inertia of car
steadying effect m/s’,

For the purpose of standardization, the expres-
sion (3) can be represented as

— specific work of drag forces,

I

dpit=q (4).

i

here the parameter C,, characterizing the minimal

allowable value of the retarder tire pressing force
on the wheel, is defined as

brp2 V 2 -V 2
rpmi” z ||10-3 + 0,nom RP2 _
nom 4 .
Cl =" | HT 29btr )
nom
_hr?]rpZ _ hbrp2 _ hbrpZ

Z ;™ — sum of the measured values of BP1 re-
tarder tire pressing force on the lever axles.

Given the fact that it is not possible to provide
alternative ways for cut braking at this section of
the hump, when the condition (4) is violated, the
breaking-up shall be discontinued.

Retarders of RP1 and RP2 shall provide entry
of all cuts to yard retarder position (YRP) with a
permissible speed. The possibility of this condition
is checked using the expression:

2 yrp V V2
Sty > S s e
i=1 gbtr
PR,

yrp
where »'il10° - profile height of the section

HT
from the hump top to the yard retarder position
entry;

V,», — permissible speed of cut entry to the yard

retarder position; h)*, hYP hXP —

oc » New — specific work of
drag forces, respectively, the main one, of points
and curves, of environment and wind at the section
from the hump top to YRP entry.

If the condition (5) is violated, the breaking-up
shall be discontinued.

According to [3], the first and the second re-
tarder positions together shall provide a cut stop at
the second retarder position. This requirement is
necessary to be able to stop the rolling cuts if there
is any situation threatening the traffic safety within
the point zone. The possibility of this condition is
checked using the expression:

2 rpeZ 02
nom
D Hy =) il0® +

i=1 HT btr

__R'Pe2 _ prpe2
hm hpc

h rpe2 (6)

ew !
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rpe2
where »"il10° - profile height of the section

HT

from the hump top to RP2 exit; h/P®?, h'"® pPez _

Y pe Y ew
specific work of drag forces, respectively, the main
one, of points and curves, of environment and wind
at the section from the hump top to RP2 exit.

Graphically safe modes of brake retarders op-
erations can be presented as the feasible region of
braking modes [20].

To illustrate the limits of 3, 5 and 6, they are
represented on a coordinate plane Hgp1OHgp; in the
Figure 1 in the form of lines U;, U, and Uz which
outline three areas Q4, Q, and Q3. If the available
powers of RP1 and BP2 correspond to (area, the
breaking-up is performed in the normal mode, if
to QQ, area —with restrictions, if to Q; area — break-
ing-up is discontinued.

Us

-
L

HRP]

Fig. 1. Graphical representation of the retarder position
power limits of the hump lowering section

Resistance of the environment and wind, as
well as of points and curves depends on the cut
movement speed. Therefore, the effect of the first
and the second retarder positions on the car energy
height loss is not equivalent. In this connection, the
conditions (5) and (6) are represented as

D Pk P =Gy, @)
j j
D4k, > i =C,. (8)
j j

; ~ —sum of the measured values of

T
where » p
J
RP2 retarder tire pressing force on the lever axles.
The left side of expressions (7) and (8) corre-
sponds to the actual pressing force of retarder tires
on the wheel, subject to different degrees of their
influence on the damped energy height value char-

acterized by coefficients k; >1 and k, >1. The
parameters C, and C, characterize the minimum

acceptable value of the retarder tire pressing force
on the wheel for which the conditions (5) and (6)
are fulfilled. The values of coefficientsk,,k,, and

the parameters C,,C, are determined on the basis

of cut rolling simulation.

In case of failure to meet the requirement (8)
the process of interval regulation of the cut rolling
speed shall be transferred to a secure state. The
power loss of the hump lowering section may re-
sult in increased probability of un-broken cuts as
well as hazards associated with the cut in the
points zone. Herewith the secure states of the
humping process can be realized due to the inter-
rupted breaking-up for separation of unfavourable
combinations of cuts in the bundles and due to the
interrupted breaking-up for separation of the cuts
following into one section. The use of the first
mode is allowed subject to the possibility of ade-
quate intervals on the separating elements arranged
before RP2, in the calculated combination of roll-
ers [3]. Herewith the ability to separate the light
slow and the heavy fast rollers is determined by the
condition

h

Z ijPl 2Cy, )
i

and the power of RP2 and of the yard retarder posi-

tion (YRP) allows partial use of RP1 for separation

of heavy slow and light fast rollers. This condition

is formulated as

(Z SAEE'SY p}(RPj/kH >C,. (10)
j j

— sum of the measured values of

3
where > p/~
i

YRP retarder tire pressing force on the lever axles.
The values of the coefficient k;, and the pa-
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rameters C,,C; are determined on the basis of cut

rolling simulation.

In the protected state of interval cut rolling
speed regulation the duty operator of the hump
prior to breaking-up based on the analysis of train
structure and classification tracks state shall single
out the unfavourable combinations of cuts and de-
termine the screening tracks. During the breaking-
up process the power of the first retarder position
should be used as much as possible, and that of the
second position — depending on the needs of the
target regulation of cut rolling speed. Pushing of
cars stopped in the point zone is prohibited.

The power of retarders on the hump lowering
section and classification tracks shall meet the re-
quirements of the target regulation of the cut roll-
ing speed, which specifies the cut rolling till cars in
the marshalling yard with ROR-set speed V,,=

5 km/h. Herewith the design target point is as-
sumed the point at a distance of 50 m from the
yard braking position [3]. It should be noted that
the longitudinal profiles of a significant number of
classification tracks of Ukrainian railway stations
have accelerating gradients. In such circumstances,
the retarders shall provide a cut stop at YRP, i.e.
the calculation point is assumed the YRP exit
point, and V,;= 0. In general, the target regulation

requirements are represented by the following con-
dition:

2 2

0,nom _th _

tp
H . >Yil107° +

3
,i
i=1

—hy —h2 —hg, (12)

tp
where )il10° - section profile height from the
HT

hump top to the calculation point; h¥®, h®* h® —

m? "'pc? Tew
specific work of drag forces, respectively, the main
one, of points and curves, of environment and wind
at the section from the hump top to the calculation
point.

Condition (11) can be represented as

n H 3
D4k, i ks> p[ T 2Co. (12)
i i i

The values of coefficients k,,ks, and parame-
ters C, are determined on the basis of cut rolling

simulation.

If this condition is not fulfilled, then the proc-
ess of impact regulation of cut rolling speed is
transferred to the protected state using additional
braking by block hangers on the classification
tracks. The use of this state is possible if the re-
tarder position power along the rolling route pro-
vides the allowable block hanger entry speed of
cuts V., <4.5m/s. This condition is formulated

using the following expression

3 BHRP 2 _y?
ZHrp,i > Z ”10—3 +V0,nom ' Vbhe _
i-L HT 20y
_pHRe _ hFIJBCHRP — hBHRP (13)
BHRP
where )" il10°® - section profile height from the
HT

hump top to the block hanger retarder position;
he''®, horR® h& R — specific work of drag forc-

1w
es, respectively, the main one, of points and
curves, of environment and wind at the section
from the hump top to the block hanger retarder
position.

Condition (13) can be represented as

3

h f
Dk ik, Y p[F > C,.
i i

]

(14)

The values of coefficients kg, k,, and parame-
ters C, are determined on the basis of cut rolling

simulation.

In the protected state of interval cut rolling
speed regulation the breaking-up rate shall allow
the car speed controllers to perform the cut brak-
ing. In case of sequential rolling of cuts designated
for the track serviced by one controller, the break-
ing-up shall be interrupted. The length of the free
ends of the classification tracks shall enable cut
braking to the safe speed of its approach to the cars
standing on the tracks. Pushing of cars at the sec-
tion to block hanger kicker is prohibited.

In general, based on the analysis of the hump
retarder power the following breaking-up modes
can be selected:

— regular mode;

— protected mode ensuring the requirements of
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interval regulation of cut rolling speed, which is
realized by reducing humping speed and the break-
ing-up interruption when predicting dangerous sit-
uations on the hump lowering section;

— protected mode ensuring the requirements of
the impact regulation of cut rolling speed, which is
implemented due to additional braking by cut
block hangers on the classification tracks, break-
ing-up interruption to allow for sequential braking
of cuts by car rolling speed controllers on different
tracks and performing additional work to prepare
the tracks for breaking-up;

— ban on car rolling from the hump onto spe-
cific tracks without a locomotive.

In accordance with the established methodol-
ogy it is possible to assess the impact of currently
used limits for breaking-up speed and cut weight
on the humping process safety.

Permissible values of train breaking-up speed
for humps of different capacities are installed in
[3]. In particular, for high capacity humps the cal-
culation of longitudinal profile and brake equip-
ment power is performed at a maximum speed of
2.2 m/s, for medium capacity humps — 1.9 m/s.
The minimum breaking-up speed can be accepted
as 0.8 m/s, set as the nominal speed for non-
mechanized small capacity humps. Thus, the addi-
tional value of the damped energetic height to be
implemented by retardants in case of excess of the
minimum breaking-up speed makes 0.23-0.16 m.
of en. h. This value is insignificant compared to the
power of braking positions at high and medium
capacity humps. In this regard, the train breaking-
up speed has not essential influence on the required
power of braking position retarders. The main ef-
fect that is achieved by breaking-up speed reduc-
tion is the increase in time slack at the separating
elements up to 11 sec., which guarantees the sepa-
ration of cuts at railway points located before BP2.
Given that more than 70% of separations fall to
these points, humping speed reduction significantly
decreases the number of breaking-up interruptions
and provides resource saving during train accelera-
tion and deceleration.

Brake power loss by retarders restricts the abil-
ity of persons, who control the cut rolling process,
to react to dangerous situations on the hump lower-
ing section and also leads to increased work-load
of the controllers of car speed on classification
tracks. The value of additional time slack achieved
by breaking-up speed reduction does not ensure the

management of these dangerous situations and, in
case of their occurrence, the humping process safe-
ty should be ensured not by low breaking-up
speed, but due to planning of intervals in breaking-
up process to avoid hazardous situations.

When rolling the multi-car cuts it is necessary
to consider a number of features of their move-
ment.

The consequence of increased number of cars
in a cut is its reduced acceleration at the hump rap-
id section. As an example, Fig. 2 shows the rela-
tions V = f(S) for one- and ten-car cuts. Here-
with, the low BP1 entry speed of the latter may
lead to the errors of a hump operator when choos-
ing a cut braking mode as well as the retarder pow-
er loss due to admittance of cars without braking.

v,

m/s
8 One-car cut

b |

B //\I—Q;TLHF cut

Fig. 2. Curves of rolling speed for one- and ten-car cut

/

S, m

At some humps, for example, at the odd hump
of Nizhnedneprovsk-Uzel station, the RP1 retard-
ers close location to the hump top may result in the
stop of long cuts already at RP1 and their run down
by approaching train. Such a situation may cause
car derailment and damaged retarders.

The research conducted in [16, 17] show that at
speeds lower than 5 km/h there occurs the above-
standard voltage in the side frames of bogies, lead-
ing to premature wear of the latter. To ensure the
normal operation of cars, [16] recommended the
retarder entry speed for cars to be min 10-15 km/h.
In this regard, it may be advisable to limit the cut
length so that the RP1 entry speed in adverse con-
ditions would make min 3 m/s.

The specific work of the retarder brake forces is
proportional to braking axle-meters. Therefore,
during braking to a full stop the multi-car cuts shall
pass a longer way than the one-car cuts. In this re-
gard, the preparation of the classification tracks for
breaking-up shall include the provision of the track
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length sufficient to reduce the multi-car cut speed
to an acceptable level. If additional braking by
block hangers is used on the track, this distance
shall be determined from the block hanger kicker.
[7] recommends to limit the cut length on the as-
sumption of providing the exit of their first cars
from YRP with ROR-set speed of cut approach to
the cars standing on the classification tracks of 5
km/h. Analysis of the causes of dangerous situation
at the hump, requiring the introduction of such re-
strictions, shows that it is connected not with the
multi-car rolling but with pushing of the cars that
stop after the yard braking position with the help of
multi-car cut. Due to poor predictability of move-
ment of cars at low speeds, as well as their connec-
tion with the standing cars, such pushing may lead
to cut stop on the hump lowering section and is not
permissible. Therefore, the breaking-up safety
shall be ensured by way of advance preparation of
track for multi-car cut rolling or by breaking-up
interruption and taking measures to eliminate
a dangerous situation.

These dangerous situations are peculiar both for
regular modes of the hump operation and for
emergency modes caused by retarder brake power
loss. Therefore, we can conclude that the problem
of multi-car cut rolling requires more research;
however there is no direct connection between
humping process safety and multi-car cut rolling in
the conditions of power loss by retarders.

Originality and practical value

The originality of the work lies in the fact that
it first obtained the complex of dependencies that
determine the performance requirements for the
power of hump retarders and allow the staff to en-
ter the appropriate limits for breaking-up modes to
ensure the humping process safety.

The results of the research can be used to sup-
plement the instruction [4] in order to determine
the limits of breaking-up modes when detecting the
reduction of retarder power below the nominal one.

The values of coefficientsk, —k,, C,—C, are

individual for each hump and depend a lot on the
local conditions. The calculation of their values

shall be carried out after the construction or recon-
struction of the hump, and after repair work that
resulted in the change of its height. As an example,
below there is a list of expressions to assess the
brake position capacities of the hump given in [11].

Ensuring allowable speed of cut entry to BP2

(4):

24
D Pt =630 kN. (15)
i

Ensuring allowable speed of cut entry to YRP

(7):

24 24
> +1.074> pf? >1020 kN.  (16)
f j

Enabling cut stop on RP2 (8):

J

24 24
D pft+1.096) pf?>3660 kN.  (17)
i i

Enabling cut separation on point switches be-
fore RP2 (9) and (10):

24
Y pFi>0, (18)
i

24 24
> piP?+0.431) p/** 23670 kN.  (19)
] j

Ensuring allowable cut speed at the TP (12):

24 24
S P 1.0875 p2
j j

24
+0.469) p;/" >3990 kN.  (20)
i

Ensuring allowable speed of cut entry to block
hangers (14):

24 24
D pf*+1.000) pi +
j j

24
+0.464% p/*" 22540 kN.  (21)
i

During hump operation upon completing the
measurement of the tire pressing force onto the
wheel, fulfilment of the conditions (15) — (21)
must be checked and according to the check results
the breaking-up modes must be set.

Conclusions

The conducted research led to the following
conclusions.
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1. The current railways regulatory documenta-
tion does not set the strict criteria for disabling re-
tarders for repairs due to insufficient brake power,
as well as the scientifically based methods of hump
operation in such conditions. It results in more
likely violations of ROR requirements and the oc-
currence of accidents at humps.

2.To ensure the humping operation safety in
the conditions of brake power loss by retarders it is
possible to take the measures based on breaking-up
speed reduction, breaking-up termination, using of
additional block hanger braking, more frequent
pulling and taking-up of cars during track prepara-
tion for breaking-up. The article presents a meth-
odology that allows setting the limit values of tire
pressing force onto the wheel, which indicate the
necessity to carry out the transition into the various
secure states of the humping operation.
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YIIPABJIIHHSA HIBUAKICTIO CKOYYBAHHS BIJYEIIB
MPU 3MEHIIEHHI I'AJIbMIBHO{
MNOTYKHOCTI YIOBIVIbHIOBAYIB

Mera. [lociKeHHS CIIPSIMOBAHO Ha PO3POOKY BHMOT JIO OpTaHi3aIlil COpTYBAIBHOTO TPOIIECY B yMOBaX, KOJIA
MOTY>KHICTh TAIbMIBHHUX MO3HUIIIH € MEHIIIOIO 32 HOMiHaIbHY. MeToauka. JlocikeHHs BUKOHAH] 3 BUKOPUCTaHHIM
METOIB Teopii Oe3NmeKu pyxXy IMOI3IIB Ta MaTEMATUIHOTO MOCIIOBAHHS TipKOBHX TporeciB. Pe3yabTaTun. YuHHI
HOPMATHBHO-TEXHIYHI JOKYMEHTH, IO PErJaMEHTYIOTh eKCIUTyaTalliifHy poOOTy COPTYBaJIBHUX TIPOK, HE MICTAThH
MPSIMUX BKa3iBOK MPO MOPSAOK Hii y pa3i BTpaTH BArOHHUMH YIOBIIBHIOBaYaMH TaJIEMiBHOI ITOTYKHOCTI, B pe3yJib-
TaTi YO0 BUHUKAIOTH 3arpo3u Oe3meri pyxy. 3a3HaueHa mpodiemMa JOCUTh TOCTPO CTOITh Iepes 3ai3HUISIMA YKpa-
{HM y 3B’3KY 3 XpPOHIYHUM JIe(ILIUTOM KOIITIB HA PEMOHT 1 OHOBJICHHS TEXHIYHUX 3aC00IB, B TOMY YHCIIi H COPTY-
BaJIBHUX TIpOK. Y TOW e 4ac CyTTe€Be HaJiHHS 0OCSTiB poOOTH NMPHU3BOAUTH JIO TOTO, 110 HEOOXinHa mepepoOHa
CIPOMOXHICTh TIPOK MOXKe OyTH 3a0e3rneueHa i MpU YacTKOBUX BiJIMOBaxX yMNoOBUIbHIOBaYiB. HaiiBaxxmuBimmM 3a-
BIAHHIM TIPH LOMY € 3a0e3NeueHHs] Oe3leKy PO3IMyCKy B YMOBax IapaMeTpHYHMX BiIMOB ymoBinbHIOBawiB. Ha
ijcTaBl aHaNlizy HEOE3NEUHUX CHUTYallif, BHHUKHEHHS SKUX MOJJIMBE Ha COPTYBAJbHIHM Tipli, a TAKOX MOJIEII0-
BaHHS CKOYYBAHHS BiJUeIiB BCTAHOBJICHO 3B 30K M BEJIMYMHOIO 3YCHJIb HATHCKAaHHS IIWH YIOBUIBHIOBAYIiB Ha
KoJIeca BaroHiB Ta peHMaMH PO3ITycKy, 10 3a0e31edyoTh Oe3NeKy coOpTyBaJbHOTO Iporecy. BeraHoBieHO obnac-
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Ti 3aCTOCYBAaHHS TaKUX 3aXOIB, K 3HIKEHHS IIBUIKOCTI PO3IIYCKY, IEpEePUBaHHS PO3IYCKY, BAKOPUCTaHHS 10JaT-
KOBOTO TajbMyBaHHA OamMaxkamu. HaykoBa HOBH3HA. Briepiie oTpuMaHmii KOMITIEKC 3aJ€KHOCTEH, 110 BU3HAYA-
IOTh eKCIUTyaTaliiiHi BUMOTH 10 TIOTY>KHOCTI CIIOBUTbHIOBAYiB COPTYBAIBHUX TiPOK 1 TO3BOJISAIOTH €KCIUTyaTaIliiHO-
My TEpPCOHay BBOJIUTH OOIPYHTOBaHI OOMEKEHHSI PEXKUMIB PO3MYCKY /I 3a0e3neueHHs] 0e31eKH COPTYBaIbHOTO
npouecy. IlpakTuyHa 3HaYNMicTh. Pe3ynbraTu BUKOHAaHHMX JOCIIKEHb MOXYTh OyTH BUKOPHCTaHI Ui JIONOB-
HeHHs1 «|HCTPYKUII 3 TEXHIYHOr0 OOCIYrOBYBaHHSI NPHCTPOIB MEXaHI30BaHMX 1 aBTOMaTH30BaHUX COPTYBAIbHHX
TipoK» i3 METOI0 BU3HAYCHHSI OOMEXXEHb PEXHUMIB PO3IYCKY P BHUSBJICHHI 3MEHILICHHS MOTY)KHOCTI YIIOBUILHIOBA-
YiB H)KYE HOMIHAJIBHOI.

Kniouosi cnoea: copryBanpHa Tipka, BarOHHHH YIOBIJIBHIOBAY; Oe3leka pyxy HOI3/iB; COPTYBaJbHUII MpOIEC;
PO3(QOpMyBaHHS COCTaBIB
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YIIPABJIEHHUE CKOPOCTBIO CKATBIBAHUSA OTHEIIOB
MPU YMEHBIIEHUA TOPMO3HOM MOIIIHOCTH 3AMEJIJIUTEJIEA

Hesas. MccnenoBanne HaNpaBiaeHO HA pa3pabOTKy TpeOOBAaHMI K OPraHW3allMy COPTHPOBOYHOTO MPOIIEcca B yc-
JIOBUSIX, KOTJIa MOIITHOCTh TOPMO3HBIX MO3HIMH SBJISETCS MEHbIIE HOMHUHaIbHOW. MeToauka. VccnenoBaHus BbI-
TIOJTHEHBI C UCTIOJIb30BAHUEM METOJIOB TEOPUH 0€30MaCHOCTH JBIKEHNUS TOE3/10B M MAaTEMaTHIECKOTO MO/ICINpPOBa-
HUSI TOPOYHBIX TporeccoB. PesyiabTarel. JleiicTByromnme HOPMAaTHBHO-TEXHUIECKHE TOKYMEHTBI, PErTIaMEeHTHPYIO-
M€ KCILTYaTaOHHYIO pabOTy COPTUPOBOYHBIX TOPOK, HE COJIEPrKAT MPSIMBIX yKa3aHUH O MOpsaKe ACHCTBUN B CITy-
Jae MOTepH BarOHHBIMH 3aMEAJIMTEISIMH TOPMO3HOH MOIIHOCTH, B PE3YJIbTAaTE YEr0 BOSHUKAIOT yTPO3bl O€30MacCHOCTH
JIBIDKEHHS. YKazaHHas [po0JieMa JIOCTaTOYHO OCTPO CTOUT IIepe]l HKeNe3HBIMHU JI0pOraMu YKpauHbl B CBSI3U C XPOHH-
YECKHM JICUIIUTOM CPE/ICTB Ha PEMOHT 1 OOHOBJICHHE TEXHUYECKOTO 000PY/I0BaHMS, B TOM YHCIIE U COPTHPOBOYHBIX
ropok. B To ke Bpemsi cyliecTBeHHOe TafieHne 00beMOB PabOThI MPUBOIUT K TOMY, YTO HY)KHAsl IepepadaThiBatomias
CIIOCOOHOCTH TOPOK MOXET OBITH OOecIeueHa M MpH YaCTUUYHBIX OTKa3axX 3amemuTesned. BaxHeled 3amaueid npu
9TOM sIBJIsIeTCsl oOecriedeHre Oe30IMacHOCTH POCITyCKa B YCIIOBHSIX ITapaMETPHUYECKHX OTKa30B 3ameaiuTeneld. Ha oc-
HOBE aHaJlM3a ONACHBIX CUTyaluil, BOSHUKHOBEHUE KOTOPBIX BO3MOXKHO Ha COPTHPOBOYHOM TOpKe, a TaKke MOJEINH-
POBaHUsI CKaThIBAHMS OTLIETIOB YCTAHOBJICHA CBSA3b MEXK/TY BEJIMUMHON YCUIMH HaXKaTHsl IIMH 3aMeUINTeNIel Ha KoJie-
ca BaroHOB M PEXHUMaMH POCITyCKa, 00ECIEUMBAIOIINMH O€30MacCHOCTh COPTHPOBOYHOTO IpOIiecca. Y CTaHOBIECHBI
0051acTH IPUMEHEHHS TaKHX MEPOIPUATHH, KaK CHHKEHHE CKOPOCTH POCITYCKa, MPEPBIBAHUE POCITYCKa, HCIIOIb30Ba-
HHE JIOTIOJTHUTENBFHOTO TOpMOoXeHHs OammMakamu. HayuHass HoBu3Ha. BriepBeie MmoydeH KOMIUIEKC 3aBUCHMOCTEH,
OTIPEEIISIONINX AKCITyaTallMOHHbIE TPEOOBAHUS K MOIIHOCTH 3aMEATIUTENCH COPTHPOBOUYHBIX TOPOK M MO3BOJISIO-
IIMX KCIUTyaTallMOHHOMY MEPCOHAy BBOJUTH OOOCHOBAaHHbBIE OIPaHUYEHHSI PEIKMMOB POCITYCKa IJIsi 00ecreyeHus
6e30macHOCTH COpPTUPOBOUYHOrO mpouecca. IlpakTnyeckas 3HAYMMOCTB. Pe3ynbTaThl BBIOIHEHHBIX HCCIIEAO0BA-
HUH MOTYT OBITh WCIIOJIB30BaHbI Ul NOMOJHEHHs «HCTPYKIMHM HO TEXHHYECKOMY OOJY)KMBAHHUIO YCTPOMCTB
MEXaHN3UPOBAHHBIX ¥ aBTOMAaTH3HPOBAHHBIX COPTUPOBOYHBIX TOPOK» C LENBIO ONpEesICHHsT HEOOXOIMMBIX Orpa-
HUYCHHUH PEKUMOB POCITyCKa PU 0OHApYKEHHH YMEHBIIEHHSI MOLIIHOCTH 3aMeUInTeIel HiKe HOMHHAIBHOM.

Kniouegvie cnosa: copTupoBOYHasi TOpPKa; BarOHHBIN 3aMeTUTENb; 0€30I1aCHOCTh ABHKEHHSI 10€3]10B; COPTUPO-
BOYHBIH Iporecc; pacopMHpPOBaHHE COCTABOB
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COMMAND - CONTROL AND SIGNALING SYSTEM
DOCUMENTATION AND ITS SAFETY

Purpose. The publication presents the importance and influence of railway traffic control system documentation
on its safety. Furthermore, it presents certain selected issues of formal and semi-formal description. Methodology.
Development of correct and complete descriptions of the informal, semi-formal and formal becomes important in
terms of safety requirements. Background documentation and forms of command-control and signaling system de-
scription are the base documents of proof of safety. It seems necessary to implement the analysis of the design,
manufacture process and operation of safety-related equipment into the work of the Polish railways. Firstly, this
applies to traffic control devices. Findings. This publication also shows the importance of risk analysis, which is
essential when deciding on the implementation of signaling systems to operate, which require both in the regulations
and making rational decisions about the implementation of the systems. Originality. Presented a problem changes
the approach to certain records and makes us aware of their validity. Practical value. The presented problems can
help understand certain legal requirements.

Keywords: control systems; formal description; risk; safety; informal description.

Introduction Within the RTC systems, safety is the key factor
which qualifies a particular system for release to
service. Following Poland’s accession to the EU
structures within the area of safety, the following
standards have become applicable: PN-EN 50126,
EN 50128 and EN 50129]. PN-EN 50126 standard
determines the reliability, availability, maintain-
ability and safety (RAMS), as a process based on
the system life-cycle. This process defines particu-
lar stages of the system and procedures for ap-
proval before moving on to the next stage (re-

| Bl | quirement specification, design, implementation,
v v ] R 3

Safety is the basis of any rail transport and sig-
naling system. Risk analysis is a key element of
safety management systems in rail transport. The
method used, good practices, practical and diligent
approach to risk analysis largely determine the ef-
ficiency of activities and effectiveness of measures
designated to improve railway safety. The impor-
tance of safety may be analyzed in terms of a wide
range of factors.

;y  etc.). Standard EN 50128 specifies the procedures
et | [heggyee] [ ] | et #¥ and technical requirements for designing software
e ! I I for secure electronic system of railway control and
=1 [==] [ =] I3 security [8]. It should be noted that this standard is
" not fully obligatory. Standard EN 50129 defines
e | [ | [ | [ {f  the requirements for the design, testing, commis-
T T . 3, sioningand approval of electronic systems, subsys-
3 3 2l |l j ARAE tems and related signaling devices with security in
Ak § ioo(E[ENEE] [#(|&| |2 |#]| #  railway applications.
5 3
e | Purpose
The introduction of electronic systems in the
Fig. 1. Safety components and test methods field of railway traffic control into the railway
for rail transport transport required defining the rules which would

replace or supplemented the fail-safe principle. To

The diagram (Fig. 1) shows that documentation this end, the safety integrity levels (SIL) were de-

is an important element of the safety components.
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fined. The fact that they are in use means that the
ail-safe principle is applied at the system function
or module levels, and at the hardware lever, an
analysis is carried out concerning the security
measures preventing random and systemic damage,
where the occurrence of random damage is associ-
ated with defects of memory, processors, etc. and
the occurrence of systemic damage is associated
with human errors throughout the entire system life
cycle, which means that these also include, among
other things, its design and maintenance.

Neither the fail-safe principle nor a high level
of SIL, usually SIL4, which are interpreted as
a guarantee of full security, do not ensure complete
elimination of accidents and events in rail trans-
port. According to the Community law, security
means the absence of unacceptable risk (i.e. no
hazard). In order to achieve security, according to
the prevailing approach, in accordance with the
Community law, it is necessary to manage security
through security monitoring following respective
risk management. Risk management involves
scheduled application of management policies,
procedures and practices in the field of risk analy-
sis, risk valuation and hazard recording by infra-
structure managers and railway carriers. Security
monitoring is the systematic application of man-
agement strategies, priorities and plans by the same
managers and carriers in order to maintain security.

Methodology

The process of designing, manufacturing, de-
ployment and operation of computerized control-
command and signalling systems due to the com-
plexity and compliance with the safety require-
ments while maintaining the conditions of integrity
of the structure of hardware and software SIL 4
requires application of specific rules and proce-
dures. In the area of knowledge relating to this
process, there are a number of different standards
developed by individual centres, academic and in-
dustrial societies which develop their own stan-
dards and do not meet the mutual compatibility
requirements. Regardless of any individually de-
veloped methods, the process of control-command
and signalling system development may proceed
methodically based on the recommended scheme
called the V cycle, taking into account the assump-
tions of the RAMS analysis.

Start
Task: to develop railway
traffic control system

The target operation system.
Secure execution of control tagks

documentation at all stages
of construction and.
maintanance

CeCS
CSES

Fig. 2. Cycle V signaling system construction

The diagram (Fig. 2) shows the scheme of the
control-command and signalling system implemen-
tation process which lists each step of the process
and shows that it is important to create records of
every stage of the system development. Creation of
the said records at every stage is intended to miti-
gate the number of errors committed in the course
of the system development, thus increasing the
level of security of such systems. The system de-
sign and development begin with the control-
command and signalling system assumptions de-
velopment which include informal description
documents. In the Polish design and investment
reality, these may include documents prepared at
the stage of orders, e.g. Specification of Material
Terms and Conditions of Order, Ordered Item De-
scription and other informal documents, including
an informal analysis of the specifications or docu-
ments specifying additional control-command and
signalling system requirements completed a de-
tailed formulation of principles of the control-
command and signalling system. Documents such
as the Specification of Material Terms and Condi-
tions of Order, Ordered Item Description form the
basis of performed tasks, which is why it is
important that they contain clear and accurate
information.

Once the informal documents are gathered,
semi-formal description documents are designed.
Based on the semi-formal description formal de-
scription is prepared which contains specification
of data bases and the dependency relationship. On
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the basis of the formal specifications algorithms
and software are developed. The process of creat-
ing the semi-formal and formal descriptions may
also be automated by use of information systems.
A sample description of the sequential formation
of the specifications related to the drivers, confirm-
ing the adopted principle of applying the subse-
guent stages of design, was presented e.g. in [3], in
accordance with IEC 61131 standard. In the proc-
ess of creating a control system involves engineers
and experts of different specialties including spe-
cialists who prepare the informal descriptions in
natural language, specialists in control technique
and technology as well as IT specialists and pro-
grammers. The knowledge and experience of the
people involved in the system development is es-
sential, otherwise confusion or errors may arise,
which ultimately has material adverse impact on
the safety level.

The informal control-command and signalling
system description documents include, but are not
limited to:

— the above-said Specification of Material
Terms and Conditions of Order, Ordered Item
Description ;

— instructions, e.g. [4] and other specific docu-
ments, depending on the specific requirements and
objectives for which the control-command and
signalling system is developed;

— station work description
technology)

— control-command and signalling equipment
scheme.

The formal and semi-formal documents in-
clude, but are not limited to conduct ways specifi-
cation within the station area with the demonstra-
tion of the way objects and safety facilities;

— dependency table and/or other related docu-
ments;

—scheme and table of inter-relations of
a station track scheme (so-called track system
model)

— conducts runs cards;

— contradictory runs table.

The formal description documents are collec-
tions of data and relations expressed, depending on
the accepted standards, by more or less advanced
syntactic and editorial forms. The sequence of de-
velopment of the control-command and signalling
system descriptions is shown in Fig. 3.

(station work

Description informal - natural
language using names and symbols

!

Semi-formal description - structured and
drafted in standardized forms (gg. tables,
diagrams) using symbolic desienations

¥

Formal description - 2 description of the use of
data sets and reports containing mathematical
functions, equations and expressions of

nronasitional lagie
Y v v

Computer software dependency

Fig. 3. Descriptions of the control-command
and signalling system

Development of informal, semi-formal and
formal (i-s-f) descriptions, and consequently the
system designing should be in particular consistent
with the assumptions and guidelines of many
documents and regulations. The beginning of the
design process is determined by the informal de-
scription documentation underlying the semi-
formal description, which in turn becomes the ba-
sis for a formal description, which, as the only
form of description, enables algorithmization and
development of dependency computer software.
This means that any errors committed or not de-
tected at the first stage of the process, i.e. in the
course of development of informal records, are
usually reproduced in subsequent process stages.
All forms of «i-s-f» description are mandatory
documents also used i.a. for the purposes of valida-
tion, i.e. conformity (consistency) verification, as-
sumptions and testing review. However, despite
the clearly formulated guidelines for the design
principles, in practice, there is no indication of all
the substantive description elements. This enables
the designers to achieve the various control-
command and signalling system concepts. Certain
conditions that should be fulfilled by any «i-s-f»
descriptions were indicated. These conditions in-
clude clarity of information, completeness of
documentation and the principle of generation of
the subsequent document on the basis of algorith-
mization he previously developed documents.

The system documentation greatly influences
the level of safety of a particular railway traffic
control system. The most important documents of
the control-command and signalling system in-
clude certification documents that are required un-
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der Directive 2008/57/EC of 17 June 2008, and the
technical specifications for interoperability (TSI).
In accordance with the above Directive, in order to
be put into service, each subsystem or
interoperability constituent shall receive an EC
verification certificate, which is issued by the
notified body. The notified body selected by the
project contractor will be able to issue the
certificate of EC verification after it has checked
and confirmed that the subsystem or
interoperability constituent meet all relevant
Technical Specifications for Interoperability. The
TSI requirements are checked at various stages of
investment, i.e. at the design, construction and
final testing stages.

Selection of the o Referral to be put to
Notified Body / service

Selection of
assessment modules

—

/

The application to be put
to service

Verification of the
subsystem

/

Declaration of
compliance
s s

Izssuance of a certificate
of compliance
/
[ 7
Development of the
process documentation

Fig. 4. Stages of the process of obtaining approval to be
put to service [5]

In order to be put to service, the documentation
of a given control-command and signaling system
must be complete and in accordance with the re-
quirements and standards cited in the TSI (Deci-
sion 2012/88/EU, as amended), namely also with
the safety standards, i.e. PN-EN 50126, BS EN
50128 and BS EN 50129 standards.

The control-company subsystem must be built
and installed in accordance with the Community
law, and at the same time it must be compatible
with the existing railway system to which it is acti-
vated. The notified bodies are responsible for the
examination of the subsystem conformity with the
essential requirements of the Community. On the
other hand, the bodies authorized by the Member
State of the European Union where the subsystem
is to be placed in service, perform the tasks related
to verification of compliance of the subsystem with
the national regulations.

The certification process is based largely on an
assessment of the correctness and consistency of

documentation which is not always so obvious.
The certification process is designed to increase
safety, or to exclude unacceptable risks in the
manufactured command-control and signaling
system.

Findings

The approach to the safety of rail transport in
Poland and in Europe undergoes significant
modification. These changes were initiated in 2004
under the provisions of the Directive on rail safety.
This Directive makes it clear that all operators of
railway systems, infrastructure managers and
railway carriers should bear full liability for the
security of the system, each one to their respective
extent. This issue is a novelty in the rail industry
and causes a lot of confusion of interpretation
disputes, in particular due to the fact that it falls
within the overlaping areas of technical and
management sciences. The units assessing the
adequacy of the risk management process in
railway transport were forced to undertake
activitied under the Commission Regulation (EC)
No 352/2009 [10] on the adoption of a common
safety method on risk evaluation and assessment,
and the Commission Implementing Regulation
(EU) No 402/2013 on the common safety method
for risk evaluation and repealing Regulation (EC)
No 352/2009. The introduction of the provisions of
these regulations created the need for a systematic
approach to risk management processes, including
risk evaluation and assessment, which apply to all
changes of the railway system considered
significant. Risk analysis and risk are inherently
connected to the security of the system, therefore
they are one of the important elements in deciding
on the application of the system.

The provisions of Polish and European
standards require that the risk analysis be carried
out not only with respect to the safety analysis, but
also require that the risk analysis be a mandatory
part of the decision-making process concerning the
implementation of the system into service. The
command-control and signaling system docu-
mentation should be prepared at every stage of the
manufacturing, implementation or operation
process. With the development of appropriate
documentation, especially at the stage of the
concept and design, the system can be considered
safe.
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Currently, a lot of risk analysis methods are ap-
plied such as E.g. the event tree analysis, fault tree
analysis, or analysis of the types and effects of un-
fitness. The IEC 60300-3-9 standard recommends
a risk analysis in the following order:

— scope delineation (area);

— identification of hazards and their conse-
quences;

— risk assessment (impact and frequency);

— review

— documentation;

— updated analysis.

Originality

The infrastructure managers and railway
carriers, by making changes in their activities, and
accepting changes in subcontractors, regardless of
whether these changes are of a technical nature,
whether operational or organizational, are obliged
to perform risk valuation, which is assessing the
acceptability of risk introduced by the amendment.
Such an assessment it is also required from the
contracting entities and producers and contractors
if they engage a notified body to carry out the EC
verification procedure of the subsystem. This
requirement means a commitment of contracting
entities, manufacturers and contractors to carry out
the assessment of the acceptability of risk
introduced by the construction, modernization,
renewal of the subsystem. Based on the criteria of
risk acceptability, the acceptability of a specific
risk is assessed; these criteria are used to determine
whether the level of risk is low enough not to make
it necessary to take immediate action to reduce it.
The risk assessment resulting from a significant
change, is carried out by verification of application
of codes of practice or by comparison with similar
systems or by open risk estimation. The choice of
method is left to the infrastructure manager, the
carrier, the contracting entity, manufacturer or
contractor who conducts evaluation of the
acceptability of risks arising from the significant
changes and cannot be imposed by an independent
Assessment Unit. In the event of any significant
change it is required to carry out an independent
assessment of the adequacy of the risk
management process and its results, conducted by
the Assessment Unit. With each change into the
system or of any risk analysis must be created by
appropriate documentation, which would later be

assessed by the competent assessment bodies.

At each stage of creating a command-control
and signaling system errors may occur, which then
affect the proper operation of the system or its
safety. The diagram (Fig. 5) shows an example of
the cause of errors which, at a certain stage of
development of the system, may cause a decrease
the level of security.

Human errors caused by e.g. lack of skill, fatigue or | Technical er

Exploitation

Human errors caused by e.g. fack of skil, fatigue or
haste

Train Accdents or fadure of command-controland
signaling system

Fig. 5. Scheme of errors and their causes during
the construction of the command-control
and signaling system

The main factor in reducing the level of
security is the human factor. Often at the first stage
of the creation of the system documentation errors
arise due to lack of knowledge and training among
the staff, which at the later stages can lead to
serious financial losses, and more. The
organization of the competence of personnel of all
stakeholders is certainly a difficult challenge.
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Conclusion

The influence of the command-control and
signaling system documentation on the safety of
such systems, as presented in this publication,
demonstrates the importance of  correct
documentation created in the process of release to
service. Preparation of informal and semi-formal
description  documents is  obligatory, but
nevertheless they must comply with the relevant
requirements and should be analyzed in terms of
risk assessment. The formal description documents
enable algorithmization by developing a series of
tools relevant to the design documentation for the
command-control and signaling system of under
safe conditions, that is, i.a. the development of the
safety confirmation. The question of formalizing
the description of signaling systems, although
a number of secure computer systems have been
developed, is still valid. The search for new forms
of standardization of documentation — descriptions
of signaling systems, and including the
formalization of the description, is used to
minimize the risk to preserving the condition of the
integrity of the system-level design process. When
creating informal or formal documents it is crucial
that they are prepared by competent personnel
which have a large impact on the correctness of
these documents, which of course also results in an
increase in the level of security of the system.

LIST OF REFERENCE LINKS

1. BialoA, A. Problemy certyfikacji urzadzen srk na
przyktadzie ERTMS / A. Biaton, P. Gradowski,
A. Torun // Problemy kolejnictwa. — Warszawa,
2011. - P. 81-85.

2. Biaton A. Bezpieczenstwo i ryzyko na przyktadzie
urzadzen sterowania ruchem kolejowym Problemy
kolejnictwa / A. Biaton, M. Pawlik. — Warszawa,
2014.-27.163. - P. 27-28.

3. Dyrektywa 2008/57/WE  Parlamentu  Euro-
pejskiego i Rady z dnia 17 czerwca 2008 r.
w sprawie interoperacyjnosci systemu kolei we
Wspdlnocie. — P. 8-14.

4.  Dyrektywa Parlamentu Europejskiego i Rady
2008/110/WE z dnia 16 grudnia 2008 .
zmieniajaca dyrektywe 2004/49/WE w sprawie
bezpieczenstwa kolei wspoélnotowych.

5.  Fischer, S. Systematic Specification of a Logic
Controller for a Delayed Coking Drum /
S. Fischer, H. Teixeira, S. Engell // Proc. of the
11™ Intern. Symposium on Process Systems Engi-

10.

11.

12.

13.

14.

15.

16.

17.

neering. — Singapore, 2012. — Vol. 31. — P. 355—
359. doi:10.1016/B978-0-444-59507-2.50063-9.
Gradowski, P. Aktualne problem certyfikacji
urzadzen sterowania ruchem kolejowym /
P. Gradowski, A. Biaton. — Logistyka. — 2014. —
Ne 3.— P. 2183-2184.

Instrukcja o prowadzeniu ruchu pociagéow Ir-1 (R-
1), tekst ujednolicony przyjety uchwata Nr
176/2008 oraz zarzadzeniami Nr 3/2011 i Nr
13/2014 Zarzadu PKP Polskie Linie Kolejowe
S.A.

Kycko, M. Koncepcja metody oceny i wyboru
rozwiazania ERTMS/ETCS dla linii kolejowej
0 zadanych parametrach ruchowo  —
przewozowych, praca magisterska / M. Kycko. —
Politechnika Warszawska, Wydziat Transportu,
Warszawa, 2015. — P. 39-58.

Maciejewski, W. Basis of the Formalization and
the Algorithmization of the Control Functions in
ATC Systems / M. Maciejewski, W. Zabtocki //
Communications in Computer and Information
Science. Transport Systems Telematics. — 2010.
- Vol. 104. — P. 253-262. doi: 10.1007/978-3-
642-16472-9_28.

PN EN 50129:2007. Railway applications -
Communication, signalling and processing sys-
tems — Safety related electronic systems for sig-
naling. — P. 20-27.

PN EN 50128:2011. Railway applications -
Communication, signalling and processing sys-
tems — Software for railway control and protec-
tion systems. — P. 15-16.

PN EN 50126:2002. Railway applications -
The Specification and Demonstration of Reliabil-
ity, Availability, Maintainability and Safety. —
P. 7-10.

Rozporzadzenie Komisji (WE) nr 352/2009
w sprawie przyjecia wspdlnej metody oceny
bezpieczenstwa w zakresie wyceny i oceny
ryzyka. — P. 10-17.

Rozporzadzenie wykonawcze Komisji (UE) nr
402/2013 w sprawie wsp6lnej metody oceny
bezpieczenstwa w zakresie oceny i wyceny
ryzyka i uchylajace rozporzadzenie nr 352/2009. —
P. 13-15.

Wymagania  bezpieczenstwa dla  urzadzen
sterowania ruchem kolejowym — DG PKP KA nr
KA2b-5400-01/98 z dnia 06.02.1998 r.

Wytyczne  techniczne  budowy  urzadzen
sterowania ruchem kolejowym le-4 (WTB-E10),
Zatacznik do zarzadzenia Nr 1/2014 Zarzadu PKP
Polskie Linie Kolejowe S.A. z dnia 14 stycznia
2014. - P. 100-107.

Zabtocki, W. Podstawy opisu formalnego
zaleznosci  stacyjnych /  W. Zabtocki //
TRANSPORT: Prace naukowe / Politechnika
Warszawska. — Warzsawa, 2007. — Z. 62. — P. 2-6.

doi 10.15802/stp2016/74711

46

© M. Kycko, 2016



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

Hayka Ta nporpec Tpancnopry. BicHuk J[HIIponeTpoBChKoro
HALIOHAIIBHOTO YHIBEPCUTETY 3alli3HHYHOr0 Tpancmnopty, 2016, Ne 3 (63)

ABTOMATU30BAHI CUCTEMMU YIIPABJIIHHA HA TPAHCIIOPTI

M. KILIKO*

YKad. «Bimmin sxocti Ta ceprudikarii», 3amisHmanmii incturyT, By Xiominskoro F0seda, 50, Bapmasa, ITonsima,
04-275, texn. +48 (84) 473 10 71, exn. mowrra mkycko@ikolej.pl, ORCID 0000-0002-8447-2472

YIIPABJIIHHS, KOHTPOJIb, TOKYMEHTAIIS
CUCTEMMU CUT'HAJIIBALII TA IT BE3IIEKA

Meta. B HayKoBiif cTaTTi HEOOXITHO PO3TIITHYTH BaXKJIUBICTh BUKOPHCTAHHS JTOKYMEHTALlli CHCTEeMH YIIPaBIIiH-
HSL pyXOM TIOi37iB Ta {i BIuiB Ha Oe3mnexy pyxy. Kpim Toro, TpeGa BUCBITANTH MeBHI BUOOPYi MUTAaHHS (POPMAIHHO-
ro 1 HamiBodiuiiiHoro onucy wiei nokymeHTanii. Meroanka. Po3poOka npaBiibHUX Ta MOBHUX HeodiliiiHuX, Ha-
miBoQIiHHUX 1 OQIIIHHUX OIMUCIB CTae BAXKIMBOIO 3 TOYKH 30py BUMOr Oesneku. [TosicHIOBanbHa TOKyMEHTALis,
(GbopMH YIPABIIHHA-KOHTPOJIIO Ta OMUCY CHUCTEMH CHTHAJI3aIlil € OCHOBHUMH JOKYMCHTaMH JIOKa3y ii OC3IEKH.
HeoOximHuM € 3aificHEeHHS aHali3y NpPOEKTYBaHHs, IPOLECY BHPOOHHMITBA Ta EKCIUTyaTalii oOJajHaHHS,
MOB'SI3aHOTO 3 OC3MEKOK PyXy B POOOTI MONBCHKUX 3aii3HUIG. llepmr 3a Bce, 1€ BiTHOCUTHCS IO IPUCTPOIB
YIpaBiiHHSA JOPOXHIM pyxoM. Pesyabrarn. /lana myOmikamis nmokasye BaXJIMBICTh aHA3y PH3MKY, SKHH Mae
CyTTEBE 3HAUCHHS IS NMPUHHSTTS PIlIEHHS MO0 BIPOBADKEHHS CHCTEM CHTHami3amii y poboty. Lli pesymbratn
MOTpiOHI TaKOX 11 HOpMAaTUBHUX akTiB. HaykoBa HoBU3HA. BupimeHHs mpeacTaBIeHUX Mpo0IeM 3MiHIOE TiAXia
JI0 TIEBHUX JTAaHWX 1 JOBOIUTH IO BioMa Mpo ix AifcHicTh. [IpakTHYHA 3HAYMMIicTh. PO3TIISIHYTI B CTAaTTi IUTaHHS
JIOTIOMAararoTh 3pO3YMITH MEBHI IOPUANIHI BUMOTH.

Knrouosi crosa: cuctemu ynpapniHes; GopMaNbHUH omvC; pU3HK; Oe3reka; HehopMaIbHUHN OTHC

M. KMLIKOY

l*Ka(b. «Otnen kauecTBa u ceprudukaumn», JKenesHoqopoxKHbI HHCTUTYT, yi1. Xnonuikoro 03eda, 50, Bapiuaza,
Tlonbura, 04-275, ten. +48 (84) 473 10 71, an. moura mkycko@ikolej.pl., ORCID 0000-0002-8447-2472

YIIPABJIEHUE, KOHTPOJIb, JOKYMEHTALIUSA
CUCTEMBI CUTHAJIM3AIIUMU U EE BESOITACHOCTb

Leab. B HayuHOW crarbe HEOOXOAMMO pacCMOTPETh BaXKHOCTh HCIIOJIb30BAHUS JOKYMEHTAIUU CHCTEMBI
YIpaBJICHUs IBUKEHHEM T0€3/I0B U €€ BIMsIHUE Ha 0e30MacHOCTH JIBMKeHHs. Kpome Toro, Hajjo OCBETHTH OIpe/ie-
JICHHBIE N30HMpaTesIbHBIE BOIPOCH POPMAIILHOTO U MOJYO(QUIIHAIEHOTO OMMCAHNS ATOW JOKyMeHTaunu. MeToanka.
Pa3paboTka NpaBUIBHBIX W MTOJHBIX HEO(UIHMAIBHBIX, MOTYO(MUIMAIEHBIX U O(QUIMANbHBIX OIMMCAHUHA CTAHOBHUTCS
Ba)XHOU C TOUKHM 3peHHs1 TpeOoBaHuil Oe3zomacHocTH. [losicHUTENBbHAs TOKyMeHTaus, GopMBbl yIIpaBiIeHUs] KOHTPO-
7Sl ¥ OIMCAHUSI CHCTEMBI CUTHAJIM3AINH SIBISIOTCSI OCHOBHBIMH JIOKYMEHTAMH JOKa3aTelbCTBA €€ Oe30MacHOCTH.
HeobxoauMo mpoBeneHne aHanu3a MPOEKTUPOBAHUS, MpOIecca MPOM3BOACTBA M 3KCILUTyaTallid 000pYIOBaHMS,
CBSI3aHHOTO C OE30IaCHOCTHIO JBIDKEHHUS B pabOTe MOJBCKHUX >KENEe3HbIX aopor. IIpexxae Bcero, 3To OTHOCHTCS
K YCTpOWCTBaM YMpPAaBICHUS JOPOKHBIM JBIDKCHHEM. Pe3ynbTaThl. JlaHHas myOnukanusi MOKa3bIBA€T BAXKHOCTh
aHaJIM3a PUCKA, KOTOPBIH HMMEET CYIIECTBEHHOE 3HAU€HWE Ml IPUHITUS PEIICHUS 110 BHEAPEHUIO CHUCTEM
CUTHAJIM3ALUK B paboTy. DTH pe3ynbTaThl Hy KHBI TaKXkKe AJsI HOpMaTUBHBIX akToB. HayuHasi HoBU3HA. Pemenne
NPE/CTaBICHHBIX MPOOJEeM MEHSeT IOJAXOJA K ONpE/IeICHHBIM JaHHBIM M JIOBOAUT JIO CBEICHUS 00 uX
neiictBeHHocTd. IIpakTHyeckass 3HA4YMMOCTh. PaccMOTpeHHbIE B CTaThe BONPOCHI TIOMOTAOT IOHATh
oIpezieTICHHbIE IOpUANYECKUE TPeOOBaHUS.

KnroueBble ciioBa: cucTeMbl yrpasieHus; (opMaibHOE ONMCAaHKUEe; PUCK; 0€30MacHOCTh; HeopMallbHOE OmKca-
HUe
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MOHITOPUHI' PAJIOAKTUBHOCTI
CTYAEHTCBKOI'O MICTEYKA JTHY3T

Meta. Pobora cripsiMoBaHa Ha BU3HAYECHHS PaJioaKTUBHOIO 3a0pyHEHHS Ha TEPUTOPIi CTYyIEHTCHKOTrO MicTed-
ka J[HIpONeTpOBCHKOTO HAI[IOHAIBHOTO YHIBEPCHTETY 3ali3HHYHOTO TPAHCIOPTY iMeHi akamemika B. JlazapsHa
(IHVY3T). Meroauka. J[o3uMeTpaMy BUMIpPIOBAIOCH PATiOAKTHBHE 3a0pyTHEHHS Y PI3HUX MiCIIX (TOUKax) CTye-
HTchKoro micteuka JJHY3T, ocobnmBa yBara mpuaiisiiacs MicIsiM CKyIm4eHHs roaei. LleHTpamMu BUMIpiB cTamu
CTYICHTCBHKI TYPTOKUTKH, TTaM’ SITHUKH, 3yITHHKH, TOJIOBHI BXOIW B HOBUH Ta CTapuil KOPITYCH, ayIUTOPii, migBay,
GaceiiH, xoTenpHA Ta iHmI. Pe3yabTtaTH. Ha OCHOBI HO3MMETPHYHOrO KOHTPOJIO BIIEpIIE B iCTOpii yHIBEpCHUTETY
BHSIBJICHI JKepeia palioaKTUBHOTO 3a0pyTHEHHS CTYJEHTChKOTO MicTeuka Ta Teputopii JHY3T. HaitGinbmmii pa-
JianiiiHui GoH criocTepiraeTbes y TphOX TOUKaX, a caMme: mocramenTi nam’sitauka M. 1. Kanininy, mam’aTHUKY cTy-
JICHTaM-BOiHAaM, TOJIOBHOMY BXO[Ii ¥ HOBHIl Kopmyc (koyoHH). Lle MOXHa MOSICHUTH HASBHICTIO TPAHITOBHX MaTepi-
aJiB, i3 SIKKX 3po0JieHi mocraMeHTH Ta cxoau. HaykoBa HoBu3Hna. HalOinpummii BKIIaK y BEJIMYMHY CyMapHOI pid-
HOT e(heKTUBHOI 03U ONPOMIHECHHSI JOJCH BHOCATH JpKepena ioHi3yrouoro BunpominioBanHs (/{IB) OyniBensHuX
marepiainiB (mo 65—70 %). PiBeHb pagioakTUBHOCTI OyAiBEbHUX MaTepialiB BU3HAYAETHCS BMICTOM y HUX TPHPOJI-
HUX PaTiOHYKIIZIB, SKi BXOISITh B ypaHO-pajieBuil Ta TopieBuil psau posmany (18 i 12 pamioHykmifiB), a TakoK
kanisg-40. PamioakTHBHICTE OyAiBETHPHUX MaTEpiajliB OLIHIOETHCS BMICTOM B HUX JOMIHYIOUUX PaliOHYKIIIIB paisi-
226, Topis-232 i kamif-40. Ix noMiHy04a postb MOACHIOETHCA THM, IO 11 JOBIOXKHBYYi BUCOKOEGHEpreTHuHi o, 3, U -
BUIIPOMIHIOBaYl € NMPOAYKTaMH po3najay panisi-226 B ypaHOBOMY psity 1 panisfi-224 y TopieBOMY psily 3 BUIUICHHSAM
pamioakTHBHUX Ta3iB (pagoH-222 Tta pamoH-220). PamioakTuBHI ra3ud 30MparOThCS y MifBaNaX HaBYAIbHHX
KopmyciB, ix posman cymnpoBomkyerbess 100 % anbga-BUNpOMiHIOBaHHAM, SKMH € HaWOLIbII HeOe3neyHHM.
IMpakTHyHa 3HaYMMicTh. 32 pe3ynbTaTaMu JOCIIDKEHHS 3pOOJICHI HACTYITHI BHCHOBKH: 011 00’ €KTIB i3 MiJBH-
MICHAM PaliOaKTHBHUM BHIIPOMIHIOBAaHHSM CIIiJl TOCTABUTH IMOKAXKYUKHU PaliOaAKTHBHOCTI Ta IMONIEPEKEHHS 111010
HeOe3mekn I JiTed 1 Momosi. 3 METOK 3MCHIICHHS PaiOaKTUBHOTO BIUTUBY paZoHYy Ha CTYACHTIB Ta CIIiBpOOIT-
HUKIB B YHIBEPCHTETI CIiJl 3pOOUTH OiNBIN eeKTHBHY BEHTIJIALIIO ITiBAJIIB HABYAILHUX KOPIYCiB, OacelHy Ta
TYPTOXXHUTKIB.

Knrouosi cnosa: panioakTHBHE ONMPOMIHIOBAHHS, MOHITOPHHT; CTYACHTChKe MicTeuko BH3; OyniBensHI MaTepi-
aIy; paJioH
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Beryn

PanioexosoriYHU# MOHITOPUHT € CKJIAJ0BOIO
3arajJpbHOTO E€KOJIOTIYHOro MOHITOpHHTY. Pamio-
CKOJIOTIYHMI MOHITOPHHI — KOMILIEKCHa iH(Op-
MalliiiHa TexHiYHa CHUCTeMa CIIOCTEPEIKEHb, JTOCTi-
JDKEHB, OITIHIOBaHHS W TMPOTHO3YBaHHS pasiarliii-
Horo craHy Oiocdepwu, Tepuropii moomuzy AEC
1 MOTepHiMX BOJ BiA paxiamiiHux amapii [3, 4].
Cepen pi3sHOMaHITHHX BHJIB 10HI3yFOUHX BHIIPO-
MIHIOBaHb HAA3BUYAIHO BAXKJIMBUMM IIiJ 4ac BU-
BUCHHSI O€3MEeKU 37I0POB’S 1 KUTTS JIFOJIMHU € BU-
MPOMIHIOBaHHS, 1[0 BUHUKAIOTh B PE3YJIBTaTi pO3-
magy saep pamioaKTHBHHX EJIEMEHTIB, TOOTO pa-
JI0aKTUBHE BUIIPOMIHIOBAHHS. IIpuponnuit
panianiiinuii GOH € pe3yJabTaTOM CBIIOMOI IisUIb-
HOCTI JIFOTUHMU.

Panianiiina Oe3neka — 1e 3a0e3neueHHs 3aXHUC-
Ty BiJ 10HI3yIOUOrO ONPOMIHEHHS OKpPEeMHUX ocil,
iX MOTOMCTBA 1 JIFO/ICTBA B LIJIOMY, 1 B TOH K€ 4ac
CTBOPEHHSI BIAMOBITHUX YMOB ISl HEOOXimHOL
MPAaKTHYHOI MisUTBHOCTI JIIOJMHM, B HPOIEC] AKOT
BOHA MOXX€ MOTPAIUIATH IIiJ] Jif0 i0HI3yIOUUX BH-
MIPOMiHIOBaHb. [l03UMETpHYHUN KOHTPOJb 3a0py-
THEHUX 1 He3a0pyJAHEHUX TEPUTOPIH 3AIMCHIOIOTH
JUISE CBOEYACHOTO OTPUMAHHS JaHWX IMPO JIO3U
OTIPOMIHEHHS JIIOJIed Ta CTYHiHb 3apa)KeHHS Mic-
LIEBOCTI, TEXHIKU TOIO, JUIS BXUATTA 3aXOMIB 100
3MEHILEHHS HeOe3MeKH paliallifHOro ypaskeHHS.

Meta

Mertoto poOOTH € BH3HAYCHHS Pajli0aKTHBHOTO
3a0pyTHEHHS! HA TEPUTOPIi CTYJEHTCHKOT'O MiCTeU-
ka JIHIMPONMETPOBCHKOTO HAI[IOHAIBHOTO YHIBEp-
CUTETYy 3aJi3HUYHOTO TPAHCIIOPTY iM. aKamaeMika
B. Jlazapsna (JJHY3T).

Ananiz ocmauHix 0ocaiodcenb ma nyonikayii.
«Y mepion OyzaiBensHOTrO OyMy 4epe3 BiJICYTHICTh
HOPMAaTHBHHUX BHUMOT IIOAO OOOB’SI3KOBOTO pasio-
JIOTIYHOTO KOHTpPOJIFO B Micto [[Hinpo Oyna 3aBe-
3€Ha 3Ha4YHA KUIBbKICTh OYyIiBEThHUX KOHCTPYKIIiH,
OOJIHITIOBAILHOTO KaMeHIO i mebeHro (B OCHOBHO-
My 3 TOKiBChKOTO Kap’epy) 3 MiIBHIICHOI pajio-
aKTHBHICTIO. Y pe3ynbTaTi pamiauiiHuil GoH y mi-
cTi mizBunmBes 10 24 MxP/rog, i BiH yxe BBaxa-
€TbCsi HopManbHUM (ipupoanuii 7—15 mxP/rom)»
[5]. Li cmoBa MOXyTh OyTH BiZIHECEHI HE TIIBKU J10
JHinponerpoBcbka, ane # 10 0aratboX MICT i ce-
mumn Ykpaiau. Pamimre ta gexonu i 3apas Imix gac
yXBaJIeHb pillleHb 3 TPOCKTYBAaHHS i OyIBHHULITBA

€KOHOMIYHI iHTEepecH MPeBalIOTh HaJ €KOJOriy-
HUMH. BoJHOYac «KHTIO IIOAWHU 3000B’s3aHE
MaTH €KOJIOTIYHY IiHHICTH 1, TOMIOHO O JIFOAMHHM
3 JUTUIOMAaTHYHUM TaclopTOM, IMYHITET €KOJIOTi-
4HOi Oe3neku» [5].

Exonoris xutia — KOMIUIEKC apXiTEKTYpHO-
OyniBenbHUX, TeorpadidHnX, (i3UKO-XIMIYHHX Ta
IH)KEHEpHO-TEXHIYHUX HAampsMKiB, sKi B paMKax
€KOJIOTIT JIFOAMHY BUBYAIOTH B3a€EMOIIIO 1 B3a€EMO-
BIUTUB HEBUPOOHWYOi 1 BHUPOOHWYOI IisSITLHOCTI
JIOJVHY ¥ MPUPOJHHUX MPOIECIB, 10 BiIOYBAHOTh-
Cs1 B YMOBAX JKHIIOT €KOCHCTEMH Ha TEPUTOPIT MICT,
HaBUANbHUX 3aknanmiB (ax npukman, JHY3T),
i 30HH ix BmBY [1, 13, 15].

Bubyx peaxtopa Ned nHa YoprnoOumibscekiit AEC
26 xBiTHA 1986 poky BKpail HEraTWBHO BILTUHYB
Ha HABKOJIMIIHE CepelioBHIIE 1 00’ €KTHBHOIO pea-
JIBHICTIO HAIIUX IHIB € Te€, 10 MUIBHOHU JIIOAEH
B YKpaiHi 3MyIIeH]i XUTH Ha 3a0pyIHEHild paiio-
HyKIigamMu Teputopii. Takoxxk y Hami OyIWHKH
3-Mij 3eMJ1i Oe3MepepBHO HAJIXOAUTh Pai0aKTHB-
HUU ra3 pajoH.

3aire)xHO Bim Mii HA KUBUH OpraHi3M OIpPOMi-
HEHHSI MOJIISIOTh Ha 30BHIIIHE i BHYTpilHe [16].
30BHIIIHE OMPOMIHEHHS MPUIYCKAE, IO JKEPENO
nii mepebyBae mo3a oprasizMoM. Lle onmpomiHeHHs
(bopMy€eTHCS TPhOMA CKIIaJIOBUMHU:

— KOCMIYHHM BHITPOMIHIOBAHHSIM,;

— BUIPOMIHIOBaHHSM PAaTiOHYKIIIB, PO3Cisi-
HUX y Oiocdepi;

— BWIPOMIHIOBaHHSM MaTepialaiB 1 CHOPYI,
CTBOPEHUX JIFOTUHOIO.

VY BHmangky, SKIOO pagioOaKTHUBHI PEUOBUHU
3 1K€, BOJIOK a00 BIUXYBaHUM IOBITPSAM MOTpa-
IUISIIOTh BCEPENUHY OpraHi3My, 3’SBISETHCS IKe-
PEeIio BHYTPIITHBOTO OTIPOMiHEHHSI.

VY JnroawHM, CCaBIliB, MITaXiB Ta iHINX aepooio-
HTIB, sSIKI MarOThb JIETEHEBHUH amapar, BHYTpIIIHE
OMpOMiHEHHST (OPMYETBCA JBOMA CKJIAJTOBHMH:
pamioHyKIimaMH, SKi BiIKIaIHCI B TKaHWHAX,
1 pamioHyKJIiaMu, II0 3aTPUMAJIKNCh B CIU30BIH
000JIOHII OpraHiB JuxaHHs (paoH Ta iH.).

Jlns MOQWHU cepelHs TKaHWHHA 710332 3YMOB-
JIeHa MPOAYKTaMU pO3Majy paloHy ¥ TOpiro, MpH
KOHIICHTpallii B TOBITpI eMaHaIiil OJU3bKO
11,1 Bx/M® nopisrioe 2,5x 10°x/kr 3a pik. Jlo3a
ONpOMiHEHHsS Oa3aJIbHUX JITOK OpOHXIAIBHOTO
SMITENII0 BHACIIZOK TMEPEBAXHOI'O OCIIaHHSI Ha
HBOMY JOYIpHIX TIPOAYKTIB pO3Maay eMaHaIlii
MpUOIN3HO B 5 paziB OUTbIE HIXK 10332 OMPOMi-
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HEHHs anbBeoJisipHOTrO emiTenito. [lornmuuena no3a
B T JIFOMWHU Bil TMPUPOIHUX JKEPET BUIIPOMi-
HIOBaHHS Ha OUIBIIIA YacTHHI CYIIl CTaHOBHTH
B cepexHboMy Ommbko 107 JLk/kr 3a  pik,
70—80 % wi€l BeNMMYMHU CTBOPIOE BUMPOMiHIOBaH-
Hf, peIITa TpPWIANae Ha BHYTPINTHE OMPOMi-
HeHHst [12].

[Ipupoani mpoMeHeBi HABaHTAXKEHHS HA JIFOJU-
HY, 0COOJIMBO Ti, 110 3yMOBJICHI!

— BUIIPOMIHIOBAHHSIM, TIOB’sI3aHi 3 pajiaiiiHuM
¢oHOM OYIOB, SIKM BH3HAYA€ThCA TPbOMa CKJIa-
JIOBUMH:

— BTOPUHHUM KOCMIYHUM BUIIPOMIHIOBAHHSIM;

— BUIIPOMIHIOBaHHS Oy/IiBEbHUX MaTepiallis;

— palIioaKTUBHICTIO aepO30JIiB.

Jlo3a BTOPMHHOTO KOCMIYHOTO BUIIPOMIiHIOBaH-
HS TIPSIMO 3aJISKUTH BiJl TeorpadiqHOro MOJI0XKeH-
HSl HACEJICHOT'O IMyHKTY ¥ THITYy OyJOBU >KUTIIA.

B OCHOBHOMY /103y 30BHIIIHBOTO OMPOMIHIO-
BaHHS CTAaHOBIITH BUIPOMIHIOBaYI HYKJIIAHW. CBH-
Herp-214, BicmyT-214, TOpiii-228, akTuHIN-228,
a Takox Kanii-40, mo 3HaXOIUThCS B OCHOBHOMY
Yy BEpXHBOMY IIIapi IPYHTY.

BHyTpillHE ONpOMiHEHHS JIOAWHHU 3A1HCHIO-
€TBbCS PAAIOHYKIIIaMH, SIKi MOTPAIUISIOTh BCepe-
JIUHY OpraHi3My 3 MOBITPsM, BOIOTO, Dketo. Haiibi-
JIbIIC BIUIMBAIOTH PAJIOH, Kajid, pajiid, MOJIOHIN
Ta iH.

Piuna moza 3anmexwTh BiJl T€OJOTIYHUX, TPYH-
TOBUX, aTMOC(EpHHUX Ta iHMMX yMOB. B paifoHax
3 HopmanbHuM porom (JJHY3T) piuna edekrrBHa
€KBIBaJIGHTHA 1032 BHYTPIIIHHOTO ONPOMiHIOBaH-
HS Maibke BIBidi OUTBIIE HIX /032 30BHIIIHBOTO
OTPOMIHIOBaHHSI: BOHH CTaHOBJATH BIAMOBIIHO
omm3pko 1,35 m3B (135 wmpem) i 0,65 m3B
(65 mpem), 3 Hux 0,3 M3B (30 Mpem) npunagae Ha
KOCMIiYHE BUTIPOMiHIOBAHHSI.

Crig 3a3HaYuTH, 1O i YaC MPUPOIAHOTO 10Hi-
3yI0YOTr0 BUIIPOMIHIOBAHHS pivHA 7032 OMPOMIHIO-
BaHHS JUTSYOTO opraHiamy B 1,5 pa3y Bumia, HiX
it gopociux. Lle mosicHIoeTbest 0coOMUBICTIO (i-
3iosorii AuTsivoro opra”izmy. Tak, IiTH OIepXKy-
10Th y cepenuboMy 3 M3B (300 Mpem) mpoOayKTiB
po3naay pajoHy 3 TOBITPSAM, IIO BIUXAETHCS.
VY Toli e Yac mepioj] HaiBBUBEACHHS 1e3ir0-137
y nopocnux craHoButh 70—140 (y cepemHboMmy
110) ni6, a y mireit, 3anexHo Bix Biky — Big 50 mo
20 mi6 (miTH, 3a7€KHO Bif BiKy, MailOTh pi3Hi Tep-
MiHE MeTabomiyaux (0OMiHHHX) TporeciB. Yum
MOJIOIIIINKA OPraHi3M, TUM IIBUIIIE 32 iHIIUX PiB-

HUX YMOB OYMUIYETHCS Bil 1HKOPIIOPOBaHUX pa-
JIOHYKJTi/TiB.

Y npupomHHX YMOBax pamiOHYKIIAN IOTparl-
JSIFOTH Y BOAY, IPYHT, HB1 i POCIIMHHI OpTraHi3MHu.
ToMy mnuTaHHS WIOAO XapakTepy pPO3MOALTY
PamgiOHYKIIIIB V CEPEIOBHUINI CTAHOBHUTH ITCBHHI
intepec [13].

CepenHi yacTKM MMOBHOI aKTHBHOCTI PagiOHYK-
JAiB y BOMI CTaHOBJATH 27, Y MIIIAHOMY TPYHTI —
43, y 6iomaci — 28 %.

Hespaxxaroun Ha maiy ajcopOIlito micKy, OCHO-
BHA YacTKa CEPEIHbOI aKTMBHOCTI IpUIagae came
Ha IIe MaTepial, o MOBUHHO BPaXOBYBATHCS ITiJT
Yyac BUTOTOBJICHHs Oy/iBENbHUX MartepiajiiB i BU-
po0iB.

OpauM i3 (hakTOpiB, SKi BINTMBAIOTH HA PO3IIO-
I pagioOHYKIIIIB y PI3HUX CEPEIOBHINAX, € CO-
JLOBUH CKJIall BOJH.

YcTaHoBJIeHO, MO 13 30UIBIIEHHSM BMICTy Ka-
JBINII0 Y BOMI BOJONMHUINA BiMOYBAETHCS TEPEXin
aKTUBHOCTI cTpoHIIito Sr-90 3 rpyHTy (IOHHHX Bif-
KnaneHp) y Oiomacy Bomu [12]. Ile mMae BaxiuBe
3HAQUEHHs SIK IPU OTPUMAaHHI NUTHOI BOIM, TaK
1 IpY BUKOPUCTAHHI TaKWUX BOJ Y OyTiBHHUIITBI.

MeTtoauka

JlocTikeHHs 3 BUSIBIICHHS €KBIBaJICHTHOI JO3H
(EI) i motyxHOCTI aMOITHOrO €KBiBaJeHTa J03H
(TTEJ) ramMa — BUIIPOMIHIOBAHHS, @ TAKOXK OILlIHKH
MMOBEPXHEBOI 3a0pyTHEHOCT] OeTa-paJioHyKIiIaMu
Oymd BHKOHAaHI 3a JOIOMOTOIO  TIPHIIAJiB-
no3uMetpiB pagiomerpiB tunmy MKC-0,5 «Teppa-
I» (puc. 1).

Jlo3uMeTpaMu  BUMIpIOBAJIOCh  paiOaKTUBHE
3a0pyZHCHHS y Pi3HHX MicIpiX (TOYKax) CTYICHT-
cekoro Mmicreuka JJHY3T, ocobnuBa yBara mpumi-
JsIack  MICIAM  CKyIYeHHs moned (puc. 2).
leHTpamMu BHMIpiB CTaIH CTYIEHTCHKI TYPTOXKHUT-
KM, IaM’ ITHUKH, 3yTIMHKY, TOJIOBHI BXOU B HOBUi
Ta CTapuil KOpIlyc, ayauTopii, mimBaiu, OaceiiH,
KOTEJNIbHS Ta iH.

Bnaue 6ydisenvrux mamepianie na padioaxmu-
eHicmb cepedosuiya. BUpomiHIOBaHHS, IO CTBO-
pIOEThCS OyIIiBETPHUMHU MaTepianaMi, 3yMOBJICHE
HasBHICTIO B IXHBOMY CKJaJi TOJIOBHUM YHHOM
pamionykrinis: paxito (*°Ra ) — 3,7x10 “Bx/r,
topito (***Th) — 2,59x 10 “Bx/r i kamio (*°K) -
48,1x 10 “Bx/r. [9, 15]. Kpim Toro, y 6yamarepia-
Jax MOXYTh OyTH B Pi3HHX KOHIEHTpALISX YpaH,
¢docdop ta in. 1115 MOPIBHAIBHUX OILIHOK pPajlioak-
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TUBHOCTI Pi3HMX OyZAiBEJIbHHUX MarepiajiiB 3acTo-
COBYIOTh €()EKTUBHY ITUTOMY aKTHBHICTB.

Puc. 1. losumerp-pagiomerp MKC-0,5 «Teppa-I1»

Fig. 1. Dosimeter-radiometr MKS-0.5 «Terra-P»

3rigHo 3 Hopmamu papiamiitaoi 6e3nexn Ykpa-
iun (HPBY-97) [10, 11] yci GyaiBensHi MaTepiaim
32 e(heKTUBHOI MUTOMOK) AKTHBHICTIO MOMALUISIOTH
Ha TpH KiacH (tabm. 1).

Sxmro OymiBenmbHI MaTepialld MaroTh €PEKTHB-
Hy nutoMmy aktuBHicTh >1350 Br/kr, TOo mutaHHS
10710 BUKOPHUCTaHHSA iX y OyAiBHULTBI BUPILIy€ETh-
¢Sl B KOXKHOMY BHIAJIKy OKpeMo 3 J103Boiy MiHic-
TEepPCTBAa OXOPOHHU 3/I0POB’ sl YKpaiHH.

BubipkoBi ZoCHmiIKeHHs MMOKa3aly, 10 cepen-
Hs e(eKTHBHA THTOMa aKTHUBHICTh OyIiBEITHHHX
Mmarepianis Ykpainu cranosuts 105,1 Bx/kr, 1mo
Jemio Oiiblie, HDX JUIsl OyJIBEIBHUX MaTepiajiiB
konmiHasoro CPCP (93,5 br/kr) [12]. Teputopis
VYkpaian, B ToMy gucii i reputopis JJHY3T, pos-
TaIlOBaHA Ha KPUCTATIYHOMY INUTI 3 HAsSBHICTIO
BEJIMKMX POJOBHIIN TipChbKUX mopin (rpanity, rao-
PO, MapMypy, BalHsIKY TOIIO), IO MICTATh MPHUPO-
IHI pamioOHYKIiIH, i3 SKUX BHUTOTOBJISIOTH Pi3HI
OyziBebHI MaTepiaiH.

3HAYYIIICTh BHECKY NMPUPOJHUX PATiIOHYKIIIB
(TTPH) y BUKOPHCTOBYBaHHMX OYIiBEIBHHUX Marepi-
aNiB 1 MiACTWIBHUX TPYHTaX Mia OYyIiBIISIMH Yy Be-
JMYUHY A03U ONPOMIHEHHS BU3HAYAETHCS THM, IO
IS TaHWUX JHKEpell BHIPOMIHIOBaHb Ma€ CHCTEMa-
TUYHHUH XapakTep (JHoaMHA MPOBOIUTH y MPHUMI-
meHHsx OyxiBenb no 80 % wacy), i Tomy
OCOONUBICTh [ii — ONPOMiIHEHHS B MPHUMIIIEHHI
BimOyBaeThCs B reoMeTpii 41 ( Ha BiIKpHUTOMY IIO-
BiTpi — 21m).

Tabnuns 1

Kaacugikauis 6yniBeabHUX MaTepiajiB
3a e(peKTMBHOIO MUTOMOI0 AKTHBHICTIO

Table 1

Classification of construction materials
accordingly the effective specific activity

Knac
Oyxise-
JIGHUX
Marepia-
1B

I <370

EdekruBHa mutoma
AKTHUBHICTh

Ki/kr

Codepu MOXITHBOTO
BUKOPHCTaHHS B
OymiBHUITBI

Bx/xr

<1x10® Bbe3 oOMmexeHn
y BCIX BHJIAX

OyIiBHHIITBA

1x10%....
2x10°®

11 370....

740

Tinbku ays
MIPOMHCIIOBOTO
1 TOPOKHBOTO
OyJiBHHIITBA

B Meax HaceJe-
HUX ITyHKTIB

2x10%....
3,65x10°

I 740....

. Tinekn mst no-
1350

POXHBOTO Oy/IiB-
HHUIITBA 1032 Ha-
CENICHUMHU MyHK-
TaMu; y Hacene-
HUX MyHKTaX —
JUTs OyIiBHUIITBA
MA3EMHUX CIIO-
pya

Konuentpauist [IPH y BukopucroByBanux Oy-
NiBENBHUX MaTepialiax BU3HAYa€ BEIMYHUHY 30BHi-
ITHROI 1 BHYTPIIIHBOI CKIIAOBHUX J03HM OMPOMIiHIO-
BaHHs1. Tomy HPBY-97 BcTaHOBMIOIOTH JIOMTyCTUMI
piBHI edpexTnBHOI muToMoi aktuBHOCTI [THP y Oy-
NiBENbHIM CHUPOBWHI, MaTepianax, BupoOax, sKi
KOHTPOJIIOIOTHCS Ha eranax: J00yBaHHs OyiBellb-
HOI CHpOBHHH (MarepiaiiB) i BUpOOHHUITBA Oy/Ii-
BEJIbHUX MarepialiB (BUpoOiB).

Po3rnsHyTi TUTAaHHS TOKa3ylOTh MOKJIHBICTH
YIpaBIIiHHS piBHEM pafialiiiHoT Oe3neKu 00’ eKTiB
OyIiBHUIITBA HA OCHOBI BCTAHOBIIEHHS PiBHIB pe-
TYJIFOBaHHS KOHTPOJILOBAaHUX TapaMeTpiB Oyiime-
JIHOTO BUPOOHHIITBA.

T'az padon y nawomy scummi. 3a TaHUMHU ame-
PUKAHCHKUX JOCIHITHHKIB, 3 THCSAY1 JIFO/IEH, SKiI HU-
HI )KMBYTb, 3—4 JIIOIWHHU 3aT'MHYTh BiJ paKy Jiere-
HiB, BUKJIMKAHOTO PAJ0HOM, IPUTOMY IO CEePEIHS
KOHIIGHTpaIlisi pajoHy B OyIWHKax JOPIBHIOE
25 Br/M°. Alle piBeHb KOHIICHTpALi] PaoHy B II0-

doi 10.15802/stp2016/74712

© JI. ®. Tonuua, B. I1. Kinsowii, JI. B. Actaxos, M. B. Kanum6er, 2016

51



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

Hayka Ta nporpec Tpancnopry. BicHuk J[HIIponeTpoBChKoro
HALIOHAIIBHOTO YHIBEPCUTETY 3alli3HHYHOr0 Tpancmnopty, 2016, Ne 3 (63)

EKOJIOI's1 HA TPAHCIIOPTI

BITPSHOMY CEpEIOBHILI NPHUMILIEHb HaBiTH ABOX
pO3TalIOBaHUX NOpPydY OYIMHKIB MOXE CHIBHO
BimpisHaTHCS.  [lpm  KOHIEHTparii  pamoHy
200 Bx/M® mpupedeHi 3axBopiti pakom Bike 3—4
JIFOMHH 13 cOTHI MerkaHniiiB [11, 12, 18].
Panon-222 — HeBUIUMHUK Pai0OaKTHBHHN 1HEP-
THUI Ta3, KU y 7,5 pasy BaKkde HIXK 3a MOBITPS,
HE Mae 3amaxy, CMaky W Kombopy. € nodipHIM
MPOAYKTOM PaJi0aKTUBHOTO PO3Mangy Topito-232,
a TOH y CBOIO 4epry — MPOAYKTOM pPO3Maay ypaHy-
238. I'a3 pajoH HAAXOIUTH Yy TMOBITPS 3-IIiJ] 3eMITi
BCIOJTY, ajieé HaHOLIbII BHCOKI HOTO KOHIIEHTpAIii
CITOCTEPIraloThCA B 30HAX PO3JIOMIB, TTOOIU3Y BH-
XOJly PafioakTUBHUX MOpia (rpaHiTiB Ta iH.), ypa-
HOBHX IIAaxT 1 kKap’epiB. Mu 4acTo He po3yMieMo,
YoMy pAanTOM TICHHTh IUXaHHS B IIiJBaJbHUX
npuMilieHHsIx abo IMOTaHoO MPOBITPIOBAHUX MpU-
MIIIEHHSX MEpIIOro MOBEPXY, THKYAIOTH MOBIKH,
CTa€ po3CisHOI0 yBara. | MequIHa IOBrUil yac He
MOTJIa JIaTH BIAIOBiZb, YOMY B INEBHUX paloHaX
a00 HaBITh B OKpeMHX OyJMHKax Ha0araTo BUILMUH
BIJICOTOK 3JI0SKICHUX IMyXJHH. Y HENpOBITPIOBa-
HHUX T€PMETHYHHUX CHOpYyJaxX KOHLEHTpALs pajo-
HY MOXXE€ JIOCSATTH 3HAYHHUX BEJIMYMH i CTAHOBUTH
MOTEHIIHHY HeOe3neKy Ui 3J0pOB’S  JIIOJCH.
VY cepenapomy 50 % ¢oHY B MpHUMIMEHHIX 3yMO-
BJICHO PaJIOHOM i IPOJYKTaMH HOTO po3May.
IBuaKicTs BUAIIEHHA PaJOHY 3 TOBEPXHi 3e-
MII HasHBaeThes ekcxamimiero (MBr/M®xc) [13,
14, 19]. Excxansiis 3aJeKuTh Bif 0ararboxX YMH-
HUKIB. TUIy TIPYHTIB, MiJICTWIBHUX TIOPiJ, Yacy
J00u, ce30Hy, KIIMaTHYHUX YMOB Ta iH. (Tabu. 2).

Tabauns 2

Excxanasiuis pagony
B Pi3HHX HAceJIEHUX MyHKTax (5)

Table 2
Exfoliation radon
in different localities (5)
Micra i paiioHu Tun rpyHTy Excxamsmis,
MBr/M%c
M. JIHimpo YopHozem
JiBui Oepir
npasuii Geper Hopnozem 9,0
Iipceruit 115
2KosTti Boau YopHozem 13,0
Kiposorpan CyrimHoK 28,0

Excxamauiss pamoHy Oinbiia BHOYI, OCKIJIBKH
HEMae pyXy TNOBiTpsS abo X BiH MiHIMaJIbHHU.
B3uMKy ¥ BOCEHH EKCXaNAIis pagoHy B IPHUMi-
MIEHHSIX MEHINA, OCKUTHKH IPYHT 3BOJIOKEHUN a0o
MEp3JHi, a BIITKY Ta BECHOIO — BUXiJ panoHy Oi-
JIBITIE, OCKUTHKH BiOYBA€THCS OLIBbIIE BUIIAPOBY-
BaHHS IPYHTY. [IpoTe B3UMKY B JKHUTJIOBHX Ta Ha-
BUYAJILHUX TPUMINICHHAX, OCOOJWBO TiJBaJIbHUX,
BMICT paJioHy OiIBIINH, OCKUIBKH IPYHT Tix Oyau-
HKaMH He 3aMep3a€, a MOBITPOOOMiH (BEHTHIIALLIS)
3HW)KEHA. YTEeIUIEHHS MPHUMILIEHb NPU3BOIUTDH 110
HiIBUIICHHS TUTOMOI aKTHBHOCTI PaZIOHY.

Cmyoenmcoke micmeuxo JHY3T. Y JHY3T
HABYAETHCS OJIN3BKO 6,5 THCAY CTY/ICHTIB, MPAIIOE
omu3pko 1500 cmiBpobitHHKIB Ta me 600 cmiBpo-
OITHHMKIB Ta iXHIX CiMell MpoXWBae Ha TepUTOPil
MicTeuka, sike 3aiimae 29 ra 3emuti. Beroau 3enens,
KIIyMOH, KBiTH, HaBiTh pOCTE SIMOHCHKA «CaKypa».

Ha rtepuropii yHiBepcuteTy € uymoBe ¢yTdO-
JBHE TIO0JIe, JI¢ CTYISHTH 3aiMaroThCs IMiJ Jac 3a-
HSTH Ta KypcaHTH Kadeapu BiiicbKOBOI MiATOTOBKH
31a0Th CBOI HOpPMAaTHBH. BapTo Bif3HAYMTH, IO
timeku JJHY3T 1 HI'Y matots cBoi kadeapu Biiich-
KOBOI MATOTOBKH cepen By3iB Juinpa. Kepipaui-
TBO YHIBEPCHUTETY HAMAraeTbcsi MaKCUMAJILHO NPH-
MIEIUTH CTyAEHTaM Jr000B 10 cropty. Lo GpyHK-
0 TAaKOX BUKOHY€E OACEiH, IO 3HAXOIUTHCS HA
BIZIKPUTOMY TOBITpi, @ B3UMKY MiJirpiBacThCA.

Mamu-cTyIeHTKH 31 CBOIMH IITBMHU BiAIIOYH-
BaIOTh Y MICTEUKY, OCOOJIMBO M 1MO00a€THCS Bif-
MOYMBATU OISl KOJHMITHBOTO maM’siTHuKa KaniHi-
HY, TOCTAMEHTH SKOTO0 3p00JieHi 3 aioputy (pi3Ho-
BHJI TPaHiTy).

Hamoro mMetoro Oyno BUMIpATH sSIKOMOTa O1JTb-
Iy KUIBKICTh TOYOK CTYASHTCHKOTO MICTEYKa Ha
HasBHICTh  PaJi0AKTHBHOTO  BHIIPOMiHIOBAaHHSI.
Haii6inpury yBary npuaissiig 00’ eKTaM CKyTICHHS
mopei, a came: nam’ stHukaMm Kanininy, Crynes-
TaM-BOiHaM, CTYJICHTCHKHM T'YPTOXXKUTKaM, BXOJaM
B HOBHMH Ta CTapui KOPITYCH, MICISIM BiIITOYHHKY
BIICHKOBHX, MapKaH B3/IOBX IMPOCHEKTy iMm. [ara-
piHa, 3ynuHLI OiNsg mapkaHy, JIKapHi, CTaliOHy
MiHi-pyTOOTy, BEIMKOMY CTaJliOHy, OyIWHKaM
cTapoi moOyn0BH, IUKIOHY Ha TEPUTOPIi CTYICHT-
CBKOTO MiCTEUKa T4 HOBOMY JKUTIIOBOMY OYIHMHKY.
Takoxx Opanu 1o yBaru OAuH i3 TakuX (aKTopiB,
sIK OyHmiBeNIbHI MaTepiaiu, 3 SKUX ToOyaoBaHi ITi
00’extu. Sk 3a3Haydanocs pasime, OyAiBeIbHI Ma-
Tepiaii MaroTh paaialiiHui QoH.
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3aMipu Ha TEpUTOpii BUKOHYBAJIH B CyXy Ta
coHsiuHy morony. Bei mani Oynu witko 3adikcoBa-
Hi. MU TakoX 3BEpHYJIH yBary Ha HOBHUU >KHTIIO-
BUl OyauHOK, 30ynoBanuii B 2015 porri. B 1ieit uac
Ui OyIOiBHHMLTBA BUKOPHCTOBYIOTH JOOPOTHI
i mopori OymmMarepianu, sKi He HIyTh Hi B SKe TI0-
piBHSHHS 3 OyAiBEeJIbHUMH MarepiaiaMu pajsHCh-
KOTO Iepiony.

Tlopsdox euxonanns eumipie ma 001AOHAHHS
ons eumipy paodiayiinozo eunpominenus. Jo3u-
metp-pamiomerp MKC-05 «TEPPA-II» npusHaue-
HUI 771 BUMipIOBaHHs ekBiBaneHTHOT mo3u (E]I)
1 TOTY)XHOCTI aMOI€EHTHOTO €KBIBaJICHTa JIO3H
(ITE) ramMma-BUNPOMIHIOBAHHS, @ TAaKOX OLIHKH
MMOBEPXHEBOi  3a0pymHeHOCTI  OeTa-pamioHyK-
nigamu. J1ogaTKoOBO B TO3MMETpi peanizoBaHi QpyH-
KIIii TOAMHHWKA 1 OyauibHuKA. Jlo3uMeTp BUKOpH-
CTOBYETHCS B TOOYTOBHX IUIAX. IJII KOHTPOIIIO
paniamiifHo YUCTOTH KUTIOBUX MPHUMIIIEHB, Oy 1Ii-
BEIb 1 CIIOPYH, NMPEAMETIB MOOYTYy, OAATY, TpaHC-
MOPTHUX 3ac00iB, TOBEPXHI IPYHTY Ha MpHUCaIO-
HUX JUISHKAX; JUTS OIIHKH paialiifiHoro 3a0pyn-
HEHHJ JTICOBUX SITiJ i TpHOiB, a TAKOXK K HAOTHHIMA
IMOCIOHUK 11 HaBYAJIbHUX 3aKJIAJiB.

B nosumerpi nporpamyroTbCsi 3HaYSHHS IOPO-
roBux piBHiB [IE/] ramma BuUnmpomiHIOBaHHS B Jia-
masoni Bix 0,01 1o 9,99 Mk3B/To 3 AMCKPETHICTIO
0,01 mMx3B/roa. 3HayeHHS MOPOTOBOTO PIBHS, KU
BCTaHOBJIIOETHCS ABTOMAaTHYHO IIPH BKJIIOUEHHI
mosumetpa — 0,30 Mx3B/roj, Mo BiANOBigae Mak-
CHUMaJIbHO JIOIyCTUMOMY PiBHIO TamMMma-(oHy ajs
MpUMIIIeHb 3riqHo 3 «Hopmamu pamiamiiaoi 6e3-
neku Ykpaiau». Jlo3uMeTp 1mojiae 3ByKOBi CUTHAIH
Pi3HOT NepiOIMYHOCTI 1 Pi3HOI TOHAIBHOCTI y pasi
TIepeBUITICHAS  3arporpamoBadoro piBasS  [1E/,
CHpalboBYBaHHS OyAWIBHUKA 1 pO3psaKK Oarapei
KMBJICHHSI HIDKUYE JOIyCTHMOro piBHA. Jlozumerp
3a0e3reuye YOTHUPUPIBHEBY I1HAMKAIIIO O3HAKU
po3panku jkepena >kuBieHHA. 3HadueHHA [IE]]
i moporosux piBHiB I1E]J], a Takox 3HaYeHHS pea-
JILHOTO Yacy 1 BCTAHOBJICEHOTO 4acy OyMJIbHUKA
MOYEpProBO BUBOIATHCS Ha LM(POBHUIT pinKOKpuC-
TamivyHuid iHauKatop (mani — uupoBuil iHAMKA-
TOp) 3AJICKHO BiJi OOPAHOTO PEXKHMMY 3 BHCBIUY-
BaHHSM O3HAK BiIIOBIAHOCTI iH(pOpMaITii.

Puc. 2. ITnan repuropii JHY3T
Fig. 2. Territory plan of DNURT

Mpumitka: 21, 27, 31 — naBuanehi kopmycy; 4, 15, 16, 25, 29 — cnopruBHi cnopyau (MaligaHnduk, OGaceiiH,
CTajlioH, CIoOpTHBHMM Komintekce); 13, 17, 18, 26, 40 — maiictepui Ta mabopatopii; 1, 2, 5, 6, 7 — TypTOXKHUTKH CTY-
nentis; 3, 8, 9, 11, 12, 14, 20, 23, 24, 28, 34, 36, 39, 41 — nonomixHi moOymoBU (HACOCHA, Tapax, iMATBHS, KOTENb-
Hs, OyIiBeNbHO-PEMOHTHA Tpymla, MarepianpHuWi ckian, [lamanm KympTypH, AWTSYWE KOMOIHAT, MiACTaHILA,
MOJTIKITiHIKa, MaicTepHs); 22 — skutioBuil houxa yuisepcutety; 30, 33 — mam’sitauky; 19, 38, 42 — criopyau me-

KaHILIiB MiCTEYKa.
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Jlosumerp 3abe3nedye BUMIPIOBAHHS 3a TaKHX
YMOB:

— Temneparypa Big —10 o +50 °C;

— BigHocHa BoJoricth 10 (95 £ 3)% mnpu Tem-
nepatypi +35 °C;

— arMmocdepnuii Tuck Bix 84 no 106,7 klla.

[lepex mouaTkoM poOOTH 3 TO3UMETPOM HEOO-
XiTHO O3HAHOMHTHCS 3 PO3TAIIyBaHHSIM Ta IIPU-
3HA4YeHHSM OpPTaHiB YIPaBIiHHS.

PesyabTaru

Jani, oTpriMaHi 3 MiCIlb BUKOHAHHS BUMIpIB,
Oynu 3aHeceHi B TaOI. 3 I MOAANBIIOT 3pYYHOCTI
aHai3y Ta BUBUCHHS.

Tabnuns 3

Papianiiinuii ¢pon crynentrcskoro micreuxa JTHY3T

Table 3
The radiation background of DNURT campus

Miclie BUKOHAHHS BHMi- Panianiiitanit pon

py MK3B MKP
Bxia B HOBHIA KOpITYC 0,30 30
Bxin B crapwmii kopmyc 0,18 18
[Nam’stHuK Kanininy 0,41 41
[Nam’sstHuK CTyCH- 0,33 33
TaM-BOiHAM
Micre s nagiHHsS 0,25 25
BiICEKOBHX
ITapkaH, IPOCIIEKT 0,09 9
l'arapina
3yIHHHKA, TPOCIEKT 0,12 12
larapina
CryneHTchbKa JiKapHs 0,09 9
Mauuii cramion 0,08 8
Benukuii cragion 0,23 23
Hoswii OyauHOK 0,08 8
Crapuii Oy AHHOK 0,19 19
ukaon 0,08 8

Sk BuaHO 3 TabN. 3, HAWOINBIIUI pamianiiHUN
GoH crmocTepiraeThcss Ha TPhOX TOUYKAX, a came:
MOCTAMEHT KOJHIIHBOTO Iam’ aTHHKa Kanininy,
nam’siTHUK  CTyZieHTaM-BOiHaM, TOJIOBHHE BXiJ
B HOBUH kopmyc (kononu). Ile MOxHA MOSICHUTH

HasIBHICTIO TPaHITOBHX MartepiaiiB, 3 SKUX 3po0-
JIeH1 MOCTaMEHTH Ta CXOJIH.

PozramryBanHs MicIlh 3aMipy MOKHA CITOCTEpi-
raTd Ha TUlaHi cryaeHtchbkoro micteuka JJHY3T.
Jnst Ginbll AE€TaNbHOTO MOHITOPUHTY OYJO B3SITO
STIKOMOTA OUTBITY KiUTBKICTh TOYOK ISl BUMIPIB.

HaykoBa HOBM3HA Ta NPAKTUYHA
3HAYUMICTh

Ha ocHOBI 103UMETPHYHOTO KOHTPOJIIO BIEPIIE
B icTOpii YHIBEPCUTETY BHSBIICHI Kepela paiio-
AKTHBHOTO 3a0pYyIHEHHS CTYAEHTCHKOTO MicTeuKa
ta Teputopii JHY3T. HaiiGinpme pamioakTuBHE
3a0py/THEHHSI BUSBJICHO OijIs 1aM’ SITHUKA CTYICH-
TaM-BOTHaM Ta MOCTaMEHTY 3HECEHOTO
nam’sITHAKA, BX1Jl B HOBHU KOPITYC, MiCIe JUIsl Tia-
ninHs. Take 3a0pynHeHHS OOyMOBIEHE THM, IIO
JUist OyJIBHMIITBA BKa3aHUX 00 €KTIB BUKOPUCTO-
BYBAJIUCh TPaHITHI NOpoay Ta iX pizHOBUI (AiOpHUT
Ta iH.)

Haii6inpmmii BKIam y BEIHIUHY CyMapHOi pid-
HOi eQeKTHBHOI 03 ONPOMIHIOBAHHS JIIOJEH
BHOCSITh 10HI3yt0ouoro BunpomintoBanus (/II1B) Oy-
IiBenmpHOTO BHpoOHHUITBA (0 65-74 %). PiBeHn
panmioaktuBHOocTi JIIB OyniBenpHHX MarepiaiiB
BU3HAYAETHCS BMICTOM B HUX TNPHPOJHHUX pamio-
uwykmigiB ([TPTI), ski BXOAATh B ypaHO-paaieBUil
i TopieBuii psiam posnany (18 i 12 pamionykiiais),
a Takox kamis-40.

PanioakTuBHICTH Oy/iBETHHUX MaTepialiB OIli-
HIOETHCS BMICTOM B HHUX JIOMIHYIOUHX PaliOHyKi-
IiB pajisn-226, Topisn-232 1 kamis-40. Ix JIOMiHYI04a
POJIb MOSICHIOETHCST THM, IO IIi JOBrOTPUBAJi BHU-
COKOCHEpreTHyHi «, 3, L -BUIPOMiHIOBaHHSI € TIPO-

OYKTaMH posmnajay panisi-226 B ypaHOBOMY psity
1 pazmis-224 y TopieBoMmy psiay 3 BUAUICHHAM pa-
JIOAKTUBHHX Tra3iB (pamoH-222 ta pagoH-220).

PamioakTuBHI Ta3u 30MpAlOThCA Yy MigBaNax
HaBYAIBHUX KOPIYCIB, IX po3maj CyNpoOBOKY€ETh-
cs 100 % anbda-BUNIpOMiHIOBAaHHSM, SIKUH € Hali-
0171p111 HEOE3EeUHHI.

3 MeTOr0 3MEHIICHHS PaJiOaKTHBHOTO BILIUBY
paJioHy Ha CTYJIEHTIB Ta CIiBpOOITHUKIB YHIBEpPCH-
TeTy HEOOXiTHO 3poOuTH OUThIT e()EeKTUBHY BEH-
TWIALIIO TiIBaiB HABYaJIbHUX KOPITYCiB, Oaceiiny,
TYPTOXHUTKIB.

binsg o0’ekTiB 3 MiABUINEHUM paJiOaKTUBHUM
BUIIPOMIHIOBaHHSIM HEOOXiTHO MOCTaBUTH MOKaXK-
YUK PagiOaKTUBHOCTI 1 3a00POHUTHU TYJISTH CTylie-
HTaM 13 JITbMHU.
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MOHHUTOPHUHI PAIMOAKTUBHOCTH
CTYAEHYECKOI'O I'OPOAKA JHYXT

Hean. PaboTa HanpaBiieHa Ha ONpEAEIEHNE PaJHOaKTHBHOTO 3arpsI3HEHNS HA TEPPUTOPHHN CTYAEHYECKOTO TOPOJI-
Ka JIHEemponeTpoOBCKOrO HAILMOHAIBHOTO YHHUBEPCUTETA KEJIE3HOJOPOKHOTO TPAHCIOPTa HMEHHM aKaJeMHUKa
B. Jlazapsina (IHYXKT). Metoauka. J[o3uMerpaMu H3MEpsUTIOCh paJHOAKTHBHOE 3arpsA3HEHHE B PasHBIX MecTax (Tod-
Kax) cryzaerdeckoro ropoaka JIHYXKT, ocoboe BHUMaHKe yaCsIIOCh MECTaM CKOIUIeHHs Jironei. LlenTpamu m3mepe-
HHI cTaIn CTYACHYCCKUEC O6HIC)KI/ITI/IH, NaMsATHHUKH, OCTAHOBKH, I''TaBHBIC BXObI B HOBBIN U CTaprﬁ KOpIyChl, ayJIUTO-
puu, noaBaiisl, Oacceii, KoTeabHas U 1p. Pe3yabTaTsl. Ha ocHOBE O3UMETPHYECKOTO KOHTPOJIS BIIEPBbIE B HCTOPHU
YHUBEPCUTETA OOHApY)KEHbl WCTOYHUKHM PaJAMOAKTUBHOTO 3arps3HEHHs CTYJEHYECKOro TOpOjKa M TEPPUTOPHUU
JHYXXT. Hanbonpmmii pagranyioHHslii (GOH HAOMOAAeTCsl B TpeX TOYKAX, a MMEHHO. MOCTaMEHTE MaMsTHHKA, Ia-
MSITHUKE CTyJCHTAM-BOWHAM, TJIABHOM BXOJI€ B HOBBI KOPIMYC (KOJOHHBI). ITO MOXHO OOBSICHUTH HATUYHEM IPAHHU-
TOBBIX MaTepHaJIOB, U3 KOTOPBIX C/IENIaHbl IIOCTAMEHTHI U JiecTHUIBI. Hayunasi HoBu3Ha. HanGoubimii BK1a] B BENy-
YUHY CyMMapHOW rojioBoi 3()()eKTUBHON J03bI OOIydYEHUS JFOACH BHOCAT MCTOYHMKH MOHU3HPYIOLIETO H3IyUeHUS
(UMW) crpoutenshbix Matepranos (no 65—-70 %). YpoBeHb paqroakTHBHOCTH CTPOHTEIBHBIX MAaTEPHAIOB OIPEICIIs-
eTCsl COZIEPKAHNEM B HUX NPHUPOTHBIX PAANOHYKIINIOB, KOTOPHIE BXOJSAT B ypaH-PaMEBbI U TOPHEBBIN PSABI paciaga
(18 u 12 pammonyknaoB), a Takke Kanusi-40. PaquoakTHBHOCTh CTPOUTENBHBIX MATEPUAIOB OLICHHBACTCS COEPIKa-
HHEM B HUX JOMHUHHPYIOIIHUX PAIMOHYKINIOB paansi-226, Topus-232 u kanus-40. VX 1oMUHUpYOIIask posib OOBSICHSI-
€TCS TEM, YTO ITH JOJTOKHUBYIIUE BHICOKOIHEPTETUYECKUE O, [3, |\ -U3ITyUaTeNy SBJISIOTCS MPOLYKTAMH PacIiaia pa-

Jusi-226 B YpaHOBOM psily U paiusi-224 B TOPUEBOM PsIy C BbIICICHUEM PaJHOAKTUBHBIX ra3oB (pagoH-222 u pajoH-
220). PaquoakTHBHBIE Ta3sl COOMPAIOTCS B MOABAIAX YUEOHBIX KOPIYCOB, MX pacnan conpoBoxmaetcs 100 % amsda-
M3IyYeHHEM, KOTopoe sBisieTcss Hanbosee onacHbM. IlpakTuyeckas 3HauuMocts. [1o pesynbraTamM HccieIoBaHU
ClieIaHbl CJISAYIONINE BBIBOABL Y OOBEKTOB C MOBBILICHHBIM PAJHOAKTHBHBIM H3ITy4eHHEM CIIEAyeT IIOCTaBUTh yKa3a-
TEJN PaJAMOAKTHBHOCTH U NPEAOCTEPEKEHNUSI OTHOCUTEIHFHO OIACHOCTH Ul AeTei u Monoaexu. C Lenblo yMeHble-
HHS PaJOaKTUBHOTO BO3JEHCTBHS PaJlOHa Ha CTYICHTOB U COTPYIHHKOB B YHHUBEPCHTETE CleyeT chenarh Ooiee
3P PEKTUBHYIO BEHTHJISIIUIO ITOIBAJIOB YYCOHBIX KOPITYCOB, OacceiiHa 1 OOIIEKUTHIA.

Knrouesvle crnosa: panuoakTHBHOE 0ONydYeHHE, MOHUTOPHHT; CTyAeH4YecKui ropogok BH3; crpourtenshbie mate-
pHaJIBI; paJioH
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MONITORING OF RADIOACTIVITY AT DNURT CAMPUS

Purpose. The research paper aims to determine radioactive contamination on the territory of campus of
Dnipropetrovsk National University of Railway Transport named after Academician V. Lazaryan (DNURT).
Methodology. The dosimeters measured the radioactive contamination in different places (points) of DNURT cam-
pus, focusing on public places. The centres of measurements became dormitories, monuments, stops, main entrances
of the new and the old buildings, classrooms, basements, a swimming pool, boiler room and others. Findings. The
conducted radiation monitoring for the first time in the history of the University discovered the source of radioactive
contamination on DNURT territory and campus. The highest radiation background is observed on three points,
namely: the pedestal of the monument, the monument to students-soldiers, the main entrance of the new building
(columns). This can be explained by granite materials, which the pedestals and the stairs are made of. Originality.
The largest contribution to the total value of annual effective dose of human exposure is made by ionizing radiation
sources (IRS) of building materials (65-70%). The radioactivity level of building materials is determined by the
content of natural radionuclides that are included in uranium-radium and thorium decay series (18 and 12 radionu-
clides) as well as potassium-40. Radioactivity of building materials is evaluated by the content of dominant radionu-
clides radium-226, thorium-232 and potassium-40. Their dominant role is explained by the fact that these long-lived
high-energy o, 3, 1L -emitters are the products of decay of radium-226 in uranium series of and radium-224 in tho-

rium series, exposing radioactive gases (radon-222 and radon-220). Radioactive gases are accumulated in the base-

ments of educational buildings; their decay is accompanied by 100% alpha radiation, which is the most dangerous.

Practical value. It is necessary to set radioactivity signs near the objects with high radiation and to prohibit students

with children walking there. In order to reduce radon radiation exposure to students and staff the university should

be equipped with more effective ventilation of educational building basements, swimming pool and dormitories.
Keywords: radioactive irradiation; monitoring of the university campus; building materials; radon
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BIIJIUB BIBPOAKYCTUYHUX ITAPAMETPIB
PYXOMOI'O CKJIALY HA BUBIP PAIIIOHAJIbHUX 3HAYEHDb
XOA0BOI YACTUHH JIOKOMOTHUBA

Meta. Ycmix mepeBe3eHb Ha 3aMI3HMINX YKpaiHM 3aJIeKUTh BiJ KUTBKOCTI Ta EKCIUTyaTallifHOTO MapKy
eneKkTpoBo3iB. ChOTOHI B JOKOMOTUBHHX JIETIO €KCILUTYyaTYIOTh (Pi3UYHO Ta MOPAILHO 3acTapiji el1eKTPOBO3H, KOTpi
MAalOTh HU3bKY HaJiiHiICTh. MoJepHi3allis MUX CIeKTPOBO3iB CKOHOMIYHO HE BHUIpaBlaHa. METOK JOCIIIHKECHHS
€ MiJBUIICHHS OC3MEKH TATOBOIO PYXOMOIO CKJaJy IUIIXOM YacTOTHOTO aHaji3y JAWHAMIYHUX CHCTEM, SKHH
JI03BOJISIE TIPOBOAUTH PO3PAxXyHOK BIACHHX (PE30HAHCHMX) YACTOT KOHCTPYKLII Ta BiamoBigHUX HOPM KOJHBAHB.
Metoanka. JlocmipkeHHS IMTPOBOAMIOCS METOJaMH aHAJITUYHOI MEXaHIKM Ta MaTeMaTHYHOTrO MOJICIFOBAHHS
eKCILTyaTalifHIX HaBaHTa)XCHb BAHTAXKHOTO JIOKOMOTHBY IIPH PYCi 3 PI3HUMH IIBHIKOCTSAMH MO NPSAMHUX 1 KPUBUX
JUSIHKAX OUIXy. TeopeTH4Hy WiHHICTE poOOTH CKIlanae po3poblieHa MEeTOAWKa BUOOPY KOHCTPYKTHUBHOI CXEMH
i pamioHaTBHMX MapaMeTpiB TIEPCIIEKTHBHOTO €JIEKTPOBO3Y 3 YpaxyBaHHSAM iHEpIHHHMX KOe]iIlieHTiB Ta
KoedirmieHTiB xopcTrocTi piBHAHB Jlarpamxky II poxy. PesyabtaTn. Bupimeni 3amadi TeOpeTHUHUX IOCIiIKEHD
i po3poOKM MaTeMaTW4YHOI MOJEN IPOCTOPOBHX KONWBaHb €JIEKTpOoBO3a. HaBeneHi TEOpPETWYHI JOCIiIKEHHS
BIUIMBY 1HEpLIHHUX KOoedillieHTIB Ta KOe]ili€HTIB )KOPCTKOCTI HA TUHAMIYHI MOKA3HUKH Ta 3HAUYEHHS MapaMeTpiB
XOJIOBHX YacTUH enekTpoBo3y. HaykoBa HoBH3Ha. CyKyIHICTh pO3pPOOJICHNX MOJIOKEHb i OTPUMAHUX Pe3yJIbTaTIB
€ TIPaKTHYHUM DILIeHHSIM BHOOpY pallioHaJbHUX MapaMeTpiB Bi3KiB BAHTA)KHOTO MariCTpajibHOTO €JIEKTPOBO3Y ISt
3aii3Hubs Ykpainu. CdopMmynboBaHa KOHLEMNLisS BHOOPY KOHCTPYKTMBHOI CXEMHM I palliOHAJbHUX IapaMeTpiB
MEepPCIIEKTHBHOTO JIOKOMOTHBY. Po3po0biieHa MeToanKa pO3paxyHKy IPOCTOPOBHX KOJIMBAaHb €JIEKTPOBO3Y IS
BU3HAYCHHS HOro JMHAMIYHMX TIOKa3HWKIB. BrpoBapkeHO TporpaMHUil KOMIUIEKC OOpOOKM  JNaHHX
EKCIIEPUMEHTAIBHUX JIOCIIDKEHb TUHAMIYHHUX TTOKa3HUKIB €JIEKTPOBO3Y Ta MOPIBHSHHS PE3YJIbTAaTiB TEOPETUUHHUX
PO3paxyHKIB i3 TaHUMHU HaTYpHUX BUNpoOyBaHnb. [IpakTudyHa 3HaYnMicTh. [IpoBeeHe TeopeTHUHE NOCIIHKEHHS
JTO3BOJIUIO 00’ €KTHBHO OLIHWTH BIUIMB MapIliaIbHUX YacTOT €JIEMEHTIB €JCKTPOBO3a SIK Ha palliOHAIbHI 3HAYCHHS
mapaMeTpiB HOro eKimaXHoi YaCTWHH, TaK 1 Ha Mpane3JaTHICTh Ta (i3ioJOTiYHUI CTaH JOKOMOTHBHOI OpHTau.
TakuM YHHOM, TMpaKTHYHA MLIHHICTH BCHOTO KOMIUIEKCY TEOPETHYHOTO MIOCIHIDKCHHS IONIsrae B pO3pobieHi
ANTOPUTMY H porpamu, BHOOpPi pallioHATBHUX ITapaMeTpiB Ta PO3PaxXyHKOBOI CXEMH XOJI0BOI YaCTHH €JIEKTPOBO3Y.
BukopucTtaHHS NpPOrpaMHOro KOMIUICKCY JUIS JOCIHIUKEHHS HPOCTOPOBHX KOJHMBAaHb EJIEKTPOBO3Y JO3BOJIMIIO
3 JIOCTaTHBOO (1S MPAKTUYHKX 3a/1a4) TOYHICTIO OLIHATH THHAMIYHI MOKa3HUKH €Kila)XHOI YACTHHH EICKTPOBO3Y.

Kniouosi cnosa: inepuiiini koedirieHTH; KoedimieHTH KOPCTKOCTi; piBHsHHs Jlarpamxy I pony; BaHTaKHMI
€JIEKTPOBO3; JAMHAMIYHI MOKAa3HWKH, AWHAMIYHE HABAHTAXXCHHS, MPOCTOPOBI KOJMBaHHS; PalliOHAIbHI 3HAYCHHS
napameTpiB

Beryn TPAaHCIOPTY MPIOPUTETHUM HANPSIMKOM aJamnTarii.
[Ipu poMy ofHIErO 13 HAHOUTBII BaXIJIMBUX IIPO-
onem € mpoOiiema 3abe3rnedeHHst Oe3NeKn pyxy Ta
OHOBJICHHSI PyXOMOT'0 CKJIaay YKp3amizHuui [5].
VYcmix nepeBe3eHp Ha 3alli3HUISX 3HAYHOK Mi-
POI0 BU3HAYA€THCS JOCTATHHOK KIJIBKICTIO Ta Ha-
JIIHICTIO EKCIUTYyaTyeEMOTO JIOKOMOTHBHOTO MapKy

3aranpHOZAEpKaBHA MporpaMa ajamnTauii 3aKo-
HOJIaBCTBa YKpaiHM O 3aKOHOJABCTBa €BpoIei-
cekoro Coro3dy, 3aTBep/pkeHa 3aKOHOM YKpaiHu
Nel629-1V Big 18.03.2004, BuzHauae HOPMATHBHY
0a3zy, IO peryiaioe MiSUTbHICTh 3aTi3HUIHOTO
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pyxomoro ckiany. Ha cydacHomy erami ans 3a-
Oe3nedeHHs1 Oe3lekW pyxXy TMepen 3ali3HHIYHUM
TPAHCIIOPTOM TIOCTaBJICHI OCHOBHI 3aBJIaHHS, Ce-
pell SIKMX OHOBJICHHS MapKy PyXOMOTo CKJaxy Ho-
BOr'O IOKOIIHHS, AKUA OH BIAIOBI1ZAB YMHHUM €B-
POTIEHCHKAM €KOJIOTIYHUM HOpPMaM; IIiABUITICHHS
piBHS Oe3neku pyXy; BUKOPUCTaHHS €Heprozoepi-
raloyux TexHosorii Tomo [19]. Lli 3aBnanHs,
a TaKoXX BHMOTH JI0O PyXOMOT'O CKJIJy 3yMOBIIIO-
I0Th OCHOBHHI HamlpsIMOK 3 YJOCKOHAJICHHS KOHC-
TPYKUill JOKOMOTHBIB i 0COOIHMBO 1X XOJOBUX 4a-
CTHH, sIKi, B OCHOBHOMY, BILTUBAIOTh HA JMHAMIYHI
SIKOCTi. Bij mpaBMIIBHO 0OpaHWX TEXHIYHUX Xapa-
KTEPUCTHK 3aJIe)KaTh eKCIUTyaTamiiHi Ta eKOHOMi-
YHI TIOKa3HUKU OJMHHIL pyXxomoro ckiamy [11,
12, 20].

JaHi o0 po3noiny 1Mo perionax CBiTy Mapky
J0KOMOTHBIB (puc. 1, @) Ta mapky eneKTpoBO3iB
(puc. 1, 6) cBiguath Mpo HarajgbHy MOTPeOy HOBO-
ro TATOBOTO PYXOMOTO CKJIaAy Ha 3alli3HHIIX
[9, 10].

[Iporpama OHOBJIEHHS JIOKOMOTHBHOTO IapKy
3ami3HuIe Ykpainn Ha 2012—2016 poku nepeada-
Yyae JIOBEJCHHS BJIACHOTO BHPOOHHITBA JIOKOMO-
tuBiB 10 90 % no 2016 poky [19]. Meroro IIpo-
IpaMHU € OHOBJICHHS JIOKOMOTHUBHOTO TApKy 3aji3-
HUIb YKpainu ist 3a0e3neueHns Oe3nepediitHoro
NepEeBE3CHHS ACAXHUPIB i BAHTAXKIB.

Ha cporomHi TeXHIYHHI CTaH PyXOMOTO CKIIaLy
HE BIAINOBIila€ Cy9acHHM BHUMOTaM IS TPAHCIIOP-
tHOI cuctemMu XXI| cromitrda. OgHi€r0 3 HANTOCT-
pimux mpo6ieM 3aii3HHLb € (i3udHe Ta MOpallbHE
CTapiHHS JIOKOMOTHBHOTO TAPKY.

AOCOIIOTHY OINBIIICTh TATOBOTO PYyXOMOTO
CKJIay YKpaiHCBKUX 3aji3HHLB 1MOOYyI0BaHO 3Tif-
HO 3 TEeXHIYHUMHU BUMOramu 60-X pOKiB MHHYIIOTO
CTONITTSA. BiH XapakTepu3yeThcs 301TBIICHUMH,
MOCTIHO 3pOCTAalOYMMHU EKCIUTyaTalifHUMH BU-
TparaMy Ta Ma€ HU3bKY €KOHOMIYHICTH MOPIBHSIHO
3 JIOKOMOTHBAaMH HOBOT'O ITOKOJIIHHS.

Ha 1ieit yac BimmpaitoBajii BCTaHOBJICHUN 3a-
BOJIaMH-BUPOOHUKAMH HOPMAaTHUBHHUN CTPOK CITyK-
6u 75 % emexkTpoBo3iB. TemMnu cTapiHHS JIOKOMO-
TUBHOTO TApKy 3aji3HHLb YKpaiHW 3HAYHO Iepe-
BUIIYIOTh TEMIH MPUAOAaHHSI HOBUX CyYacHHUX 3pa-
3KiB TATOBOTO PYXOMOTO CKJaay BHACIIZOK
IIOPIYHOTO HEMIOCTAaTHHOTO (hiHAHCYBAHHS IS
BIIMOBITHOTO OHOBJIEHHS [14].

a—a
2
4
3
1 — 3axigHa €Bpora, 16 %;
2 — IliBniuna Amepuxka, 21 %; 3 — Aszis, 22 %);
4 — xpaiau CHJI, 23 %; 5 — inmi, 18 %;
o—b

¥ gm

1 — IlenTpannpHa it [liBnenna Amepuka, 0,1 %;
2 — IliBniuna Amepuxka, 0,4 %; 3 — ABctparis
ta Tuxookeancbkuii perios, 0,5 %;

4 — Adpuka ta brmsekuit Cxig, 5 %;

5 — Cximna €sporra, 10 %;

6 — 3aximHa €Bpoma, 25 %; 7 — xpainu
komumabsoro CPCP, 28 %; 8 — Asis, 31 %

Puc. 1. Po3nofin mo perioHax cBiTy:
a — mapKa JJOKOMOTHBIB; 6 — IapKa eJIeKTPOBO3iB

Fig. 1. Distribution of:
a — locomotive fleet; b — electric locomotive fleet
over the regions of the world

[Ipobnemy mepenbadaeTbcsi PO3B’sI3aTH LISA-
XOM:

— TEXHIYHOTO Ta TEXHOJOTIYHOTO IepeocHa-
HIEHHS 1 PO3BUTKY JIOKOMOTHBHOI'O TOCHOJAapCTBa
3TI3HUIL YKpPaiHH IIUIIXOM PO3POOKH, CTBOPCHHS
{ BOPOBAKCHHSI HOBUX THIIIB JOKOMOTHBIB, a Ta-
KO TpUAOaHHS ICHYIOUMX 3pa3KiB €JIeKTPOBO3iB,
SKi BIAMOBIAAIOTh Cy9aCHUM BHMOTaM HaiHOCTI,
0e3IeKku, OXOPOHH TIpart;

— onrTuMizauii BUTpaT €HEProHOCIiB, a TaKoX
BUTPAT HAa PEMOHT 1 MOTOYHE YTPHMaHHS HOBHUX
JIOKOMOTHBIB,;
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— PO3BUTKY BITUM3HSHOI HAayKOBO-TEXHIYHOI
0a3u B pe3ysbTaTi 3aJy4eHHsI YKpPaiHCBKUX HAYyKO-
BIIIB JO CIIJIBHUX TPOEKTIB 3 MPOBIIHUMH BHUPOO-
HUKaMH 3aTi3HHYHOI TEXHIKH, a TaKOXX PO3BUTKY
BITUM3HSHOI BUPOOHWYO-TEXHIYHOI 0a3M JIOKOMO-
THBOOYMIBHOI Taiy3i i CTBOPEHHS HOBHUX POOOUYHX
MICIIb TMiJT YaC BUPOOHMIITBA Cy4aCHUX JIOKOMOTH-
BiB 3 BUKOPHCTaHHSAM B iX KOHCTPYKLil KOMILJICK-
TyBaJIbHUX BUPOOIB BITYM3HIHOTO BUPOOHHUIITBA.

Takum YWHOM, € JMOIIUIPHAM HAalaroJUKEHHS
BJIACHOT'O BUPOOHHIITBA TATOBOTO PYXOMOT'O CKJIa-

a—a

Iy, skuii OyB OM HaJiiiHMM, MOTY>XKHUM, HEIOPO-
THM, MaB BUCOKY PEMOHTONPHIATHICTh. Y 3B’SI3KYy

3 IIMM CBOT'O 4Yacy CHJIAaMHM HU3KH HayKOBHX Ta BHU-
pOOHMYMX opranizamiid, y ToMy uucii i JHinpore-
TPOBCHKOTO HALlIOHANBHOTO YHIBEPCUTETY 3alli3-
HAYHOTO TPAHCIOPTY iMeHi akameMika B. Jlazaps-
Ha (AIIT), OyB po3poOseHuit Ta noOymOBaHHIA
NEpIIUA BaHTAaXXHUM YKPAlHCBKMM €IEKTPOBO3
(puc. 2, a).

YT TN

N

Puc. 2. BanTaxHU# €JIEKTPOBO3:
a — 3arajibHUH BUIIIAA, 6 — XO/I0Ba YaCTHHA; 6 — PO3PaxyHKOBa CXeMa

Fig. 2. Freight electric locomotive:
a — general view; b — running gear; ¢ — design scheme
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KpiM BH3HaueHHS pamioHAILHUX 3HAYCHb IIa-
paMeTpiB XOJOBUX YACTHH €JIEKTPOBO3a, OyJIO BH-
KOHAHO YaCTOTHUH aHali3 €JIeMEHTIB KOHCTPYKIIii
JIOKOMOTHBA 3 METOI0 BCTAHOBJICHHS OCHOBHHX
MOKA3HUKIB, SKi BIUIMBAIOTh SK HA palliOHAJIBHI
3HAUCHHS TapaMeTpiB HOro eKilmaKHoi YacTHHH,
TaKk 1 Ha Tpane3JaTHICTh Ta (i3i0JOTiYHHN CTaH
JIOKOMOTHBHOI Opuraau. JIns mporo eramy AOCIHi-
JOKeHb Oynm ckianeHi nudepeHIidHI piBHAHHS
CHUCTEMH, 3a JOIOMOTOI0 SKHX Oyl BHU3HAYCHI
BJIACHI PE30HAHCHI YacTOTH KOJIMBaHb YaCTUH
KOHCTPYKIIii eeKTPOBO3a.

Ileit HAmpsIM MOCIHIIKEHB, SIK 1 OaraTo iHIWX,
BUKOHYBABCsI O€3MOCEPEHbO IMiJi KEPIBHUIITBOM
JOKTOpa TeXHIUYHUX Hayk, mpodecopa Bikropa [la-
HwioBn4a JlanoBuua. Marepian 1iei myOmikarii
npucBsiuyeMo mam’sati BueHoro, Buurtens, mns
SIKOTO BUPIIICHHS CKJIaJHUX HAyKOBUX 3a/1a4 OyJI0
CIPaBOI0 YECTi, MyApPOCTi Ta aBTOPUTETY — MpPH-
KJIaZ0M IS BCIX OKOJIIHb.

Meta

3ai3HUYHAN TPAHCIIOPT TIOB’SI3aHUHN 3 TIPOSIBOM
HU3KH IIKTUBUX (aKTOpPiB, MO0 HETATHBHO BILIHU-
BalOTh K HAa MPAIIBHUKIB, TaK 1 Ha HABKOJIHUIIIHE
cepenoBuie. Sk Bimomo, Heski GakTopH, 30KpemMa
TpuBajia BiOparlisi, 3aBIafOTh BEIMKOI IIKOJH 3J10-
POB’10 JIFOIMHU — TIOPYIIIEHHS CEPIIEBOT JiIsUTLHOCTI,
HEPBOBOI CUCTEMH, YYTJIMBOCTI LIKipH, KPOBOOOITY,
3’ SIBISAIOTHCS edopMalii M’s3iB, TaJTFOIMHAILLI, T0-
TipIIeHHS 30Dy, MOPYIICHHS BECTHOYJISIPHOTO ara-
pary, MBUIKAa BTOMJIFOBAHICTh, CIIa3M CyJIUH, 3MIHU
y cyrio0ax, MpaiiBHUK MEPEAYaCHO BTOMITIOETHCH,
MIPH ITLOMY TIPOIXYKTUBHICTH HOTO TIpaIli 3HWKYETh-
cs Ta iH. Pe3ynprar nii BiOparii 3anexuTs Bif i am-
IWITYAU Ta 9acToTh. Oco0aMBO MWIKiAIMBa BiOpamis
3 4aCTOTaMH, OJIM3bKUMHM 10 YaCTOT BJIACHHUX KOJIH-
BaHb Tijla JIFOIWHY, OUIBIIICTD 3 SIKAX 3HAXOIUTHCS
y mexax 6—30 I,

MeTor IOCHIIKEHHS € MHiABUIIEHHSA OE3IEKU
TATOBOTO PYXOMOTO CKJIaAy IUISXOM YacTOTHOTO
aHaJli3y AMHAMIYHHMX CHCTEM, SIKUH JI03BOJISE BU-
KOHYBaTH PO3PAaXyHOK BIAacHUX (PE30HAHCHHUX)
4acTOT KOHCTPYKIIi Ta BiAMOBiZHUX (OpM KOJH-
BaHb. 3A1MCHIOIOYHN MIEPEBIPKY HAsSBHOCTI pe30HAH-
CHMX YacTOT B poOOYOMY YaCTOTHOMY Jliala3oHi
JIOKOMOTHBA Ta ONTHUMI3yHOUN KOHCTPYKIIIO TAaKUM
YUHOM, 00 BUKIIOYNTH BHHUKHEHHS PE30HAHCIB,
MOJKJIMBO TIJBHIIUTH 1i HAaIIHHICTh ¥ mparie3aar-
HICTb.

Axmyanvricmos. OqHIEO 3 HAHOUTBIT BAXKITUBUX
1 aKTyaJbHUX TPOOJEM CBOTOJEHHS, IO CTOSATh
Mepe1 CBITOBOIO CIIJIBFHOTOIO, € MpodjIeMa CTaIoro
PO3BUTKY Ta 3aXHCTy HABKOJHUIIHBOTO MPHPOIHO-
ro cepenoBuina. Ha 1ieil yac nmutaHHAME €KOJIOTI1
3alMaroThCs (haxiBIll BCIX raiay3eil Ta HaIpsIMKiB,
OCKIIbKM HEeraTHBHA CKJIaJ0Ba aHTPOIOICHHOI [ii-
SUIHOCTI 3HAYHO TMEPEBAXKAE HAJ IMO3UTHUBHOIO.
OpnHuM 13 TOJIOBHHUX a0ioTHYHUX (DaKTOpPiB HABKO-
JUTTHROTO cepeAoBHINa € (hi3WUHI MOJIA, IO 3aro-
BHIOIOTh CEPEJIOBUINEC MPOXKUBAHHS Ta BILUTUBAIOTH
SK Ha JKUBY, TaK i HeXuBY mnpupoxy. OmiHIi cTy-
MIeHs BIUTUBY (hi3WMYHUX TIOJIB Ha JOBKIUIA TIPHUIi-
JIIEThCS. OCHOBHA yBara B po3iii (i3MuHOI eKO0JIo-
rii. BopoBamkeHHs HOBOTO Ta MOAEPHi3alis iCHY-
104oro O0JIaHAaHHSA, 30UTBIICHHS MPOTYKTHBHOCTI
palli i, SIK HACMIJIOK I[bOTO, 3POCTAHHS MOTYKHOC-
Tl 1 MBUAKOXIIHOCTI MAaIllMH Ta MEXaHI3MIB 4acTo
CYMPOBOKYETHCS TOTIPIICHHSIM YMOB TIpalii Ha
BUPOOHHUIITBI — 3HAYHUM TiABUIICHHSIM PiBHS BiO-
pariii Ta 1rymy Ha poOOYHX MiCIISIX.

Cporo/iHi BHBUEHHIO, aHAJI3y Ta MOJEITIOBaH-
HIO BIUIMBY MapaMeTpUYHHUX 3a0pynHEHb Ha Ha-
BKOJIUIITHE CEPEJOBHUINE MPHUIUICHO yBary Oara-
ThOX BITYM3HSHMX ¥ 3aKOPJOHHUX BUCHHUX,
cepen axux OscsarikoB C. H., Ilomos B. 1., Tu-
menko I'. JI., Aopakito B. E., Ocunos €. 4.,
IOgin B. A., Anderton D., Kalivoda M. T.,
Priede T. ta 6araro iHmUX M0CBiqueHUX (axiBIIiB.
BuBueHHs cTaHy HayKOBO-TIPaKTHYHOI 0a3u 100
MUTAHHS J03BOJIUTh 00’ €KTUBHO OIIIHUTH CTYIIHb
NapaMeTPUYHOTO BIUIMBY 00 €KTIB 3ali3HUYHOTO
TPAHCIIOPTY Ha HABKOJIMIITHE CEPEIOBHINE Ta 0OH-
patu HalOimbIl e(EeKTHBHI METOAM 3MEHIICHHS
HeraTUBHOTrO BILTHBY [17].

B cBoro uepry, BUBUEHHS AMHAMIKH PYyXOMOTO
CKJIaay 3a0e3Medye CTAHOBJICHHS IMEPCIIEKTHBHHUX
TEXHIYHUX PIlIEHb B ranysi 3aJi3HUYHOTO TpaHC-
MOpTy, cepex SAKUxX. Oe3rmeka poOOTH PYyXOMOTO
ckiany, Oe3mepeOiliHiCTh, peHTAOENBHICTh TpaHC-
MOPTHHUX 3aCO0IB Ta BiIOBIIHICTh CYy4aCHUM €KO-
JIOTIYHUM HOpMaM.

B ymoBax peamizartii 3aXo/iB II0J0 IIiABHIIECH-
HSl IBUJKOCTEH pyXy MOi3NiB BKE Ha MEPIIOMY
eramnl HEOOXIOHMM € AeTaabHUP aHajal3 IUHAMI4-
HUX XapaKTEPUCTHUK XOJOBUX YaCTUH PYXOMOTO
CKIIay, XapaKTepHUCTUK BIOPO3axUCTy Ta BHUPI-
LIEHHS MPOOJIeM MiABUIICHHS O€3MeKH PyXY.

[Ipu 1bOMy HM3Ka HOPMAaTUBHUX akTiB YKpai-
HH, a came. 3akoH Ykpaiau «IIpo oxopoHy HaBKO-
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JHUIIHBOTO TPUPOJHOTO  CEpelOBHILA», 3aKOH
VYxpaiau «llpo 3abe3meueHHs caHITapHOTO Ta elli-
JIeMigHOTO Ojaromoiryddsi HaceleHHs» Ta Jlepika-
BHI CaHITapHi NpaBWja TUIAHYBaHHA 1 3a0yJ0BH
HACEJICHUX MyHKTIB BUMAraroTh BXKUBAaTH HEOOXiJ-
Hi 3aX0I{ IOJO0 3amoOiraHHs Ta HEAOIYIICHHS
MIepEBUILICHHS BCTAHOBJICHUX PIiBHIB BiOpOaKyCTH-
YHOTO BIUIMBY Ha HaBKOJHIIHE TPUPOIHE CEPEao-
BUIIIE 1 310poB’s moaunu [17].

MeToauka

EnekTpoBo3 3 OMOPHO-OCHOBOIO MiJBICKOIO Ts-
roux enekrpoasuryHis (TEJl), 3 nBoBicHUMHU
0e34YeMIOCHUMH  Bi3KaMU OE3IIKBOPHBOBOI KOHC-
Tpykuii (puc. 2, 6). Cuna TAru Ta TalbMOBI CHIH
MepefaloThCs BiJ Bi3KiB 0 Ky30Ba 3a JOIIOMOTOO
MOXWJINX TAT, 3’ €JHAHUX 3 OJHI€] CTOPOHM 3 Ky30-
BOM 3a JIOTIOMOT00 0ajlaHCHUpa, CTEPXKHIB Ta MeTa-
JIEBUX PE3WHOBUX LIal0 3 KPOHIUTEHHAMH, YKpIiIl-
JICHUMH 3HU3Y 3 paMOIO Ky30Ba, a 3 APYroi cTopo-
HH — 3 TATOBHMH TNPHUCTPOSIMH Ha pami Bi3Ka.
B cxemi ommpaHHS Ky30Ba Ha BI3KH € MPOMDKHI
Oasiky, 3 SKUMH 3B’S13aHO KY30B 3a JOIIOMOTOIO
JFOJICYHUX TiABICOK [3].

[lepmuit cTymiHE MiABINIYBaHHS CKIIAJA€THCS
3 TPYXKHH, TiAPOaAMOPTHU3ATOPIB Ta MPYKHHUX II0-
BIJIKIB; MIABIITyBaHHS IPYroro CTYIICHS — JIFOJIEY-
HE 3 TigpoaMopTH3aTopamu. J{Jsl migBUILECHHS Ha-
IOifHOCTI POoOOTH JIOJIEYHHX MiJIBICOK MpPYKUHH
BEPTUKAIBHOTO 3B’513Ka Ky30Ba Ta Bi3KiB yCTaHOB-
JIIOIOTHCS HE HA caMmi IMiIBICKH, a MK paMOIO Bi3Ka
1 IPOMDKHHAMU OankaMH, sIKi 3 HEIO 3’€JHaHi map-
HipHO. [IpomixkHa Oanka € BaxkeneM, 0 KiHIA KO-
ro MpHUKJIaJCHA Yepe3 JIFOJICUHI MiABICKA JacTHHA
Baru Ky30Ba, a B MPOMDKHIM TOYII MepeaaeThes
HaBaHTA)KEHHsI Ha MPYXHHU Ky30BHOTO PECOPHOTO
MiIBINTYBaHHS, SKi ONMHAPAIOTECA HA paMy Bi3Ka.
[MpyxuHH, sIKi COpUAMAaIOTh BEpTHUKAILHE HaBaH-
Ta)KEHHsI, PO3TAIIOBAHO OKPEMO MiXK JBOMa IpO-
MDKHAMH OajkaMH Ta paMmoro Bizka. Ky3oB depes
JIFOJICYHI MMABICKU TIABIMIIEHUH 10 MPOMDKHUX Oa-
JIOK, SIKi MOXYTb OyTH 3’€IHaHi 3 pPaMoOI0 Bi3Ka
B TOPHU30HTAJIBHOMY IO3J0OBXHBOMY Ta IONEped-
HOMY HampsMKax 3a JOMNOMOIOK HIapHIpHO-
CTEpPI)KHBOBUX 3B’SI3KiB 3 MPYKHO-TUCHIIATHBHUMH
€JIEMEHTAaMH OIHOCTOPOHHBOI [ii, SIKi MpaIIoIOTh
TIIbKH Ha CTUCKAHHS.

[Ipu BnKcyBaHHI eKinaxka B KPHUBi AUISHKH KO-
7ii BUHMKAa€ 3HAYHUI NPOTHUBOMOBOPOTHUH MO-
MeHT. JIBi JtoNedHi miABICKH, SIKi pO3TaIllOBaHi 1O

JiaroHani Bi3Ka, MPH MOBOPOTI Bi3Ka MOBHHHI MO-
JIOBXKYBATHCA, NIBI IHIIUX — yKopouyBarucs. Koco-
CUMETpPUYHE HaBaHTA)XCHHS, [0 BUHHUKAE, 3MYIIYE
MPOMIKHI OaJiKé MPaIOBaTH K «IPOTIENep», T0O-
TO BUKOHYBATH KOJINBAaHHS TaJOMyBaHHS B IPOTH-
Je)KHOMY HampsiMKy. [lboMy cripusie mpocTOpoBUid
HIapHip, 3a JOTIOMOTOI0 SIKOTO OOHIBI Oanku
3’eHaH] 3 pamMolo Bi3ka. TakuM 4MHOM, P BIIHU-
CYBaHHI Bi3Ka B KPHBI JAUISHKA KOJii, KpiM BiHOB-
JIIOI0YOTO0 MOMEHTA, B JIFOJICYHUX IMiJIBICKaX BUHH-
Kae€ 1 BIJTHOBIIOIOYMI MOMEHT B IIPY>KUHAX.

[Ipn xonmuBaHHIX MiACTPUOYBAHHS, ITO3OBXK-
HBOI Ta OOKOBOI KaukKH Ky30Ba BITHOCHO paM Bi3-
KiB 3 SIBJISIOTHCSl BiJHOBIIOIOYiI CHIIM Y BOCBMH
OpYKWHAX, PpO3TAlIOBAaHUX B3AOBXK JIIOJICYHUX
migBicok. B mporeci BUISIHAA Bi3Ka BITHOCHO Ky-
30Ba BHHUKAE BiIHOBIIOIOYMH MOMEHT, BHKIIMKA-
HUM TpboMma (pakTopamu: 3MiHOIO BEPTHUKaIBHUX
HaBaHTOKEHb Ha TiABICKH; IMOSIBOIO TO3IOBXKHIX
TOPU30HTATBHUX CKJIAIOBHUX CHUI, JIIOYUX B IIiIBi-
CKax; TMOMEPEeYHHX TOPU3OHTAIBHUX CKJIaJOBUX
cun [3].

st po3paxyHKy IapaMeTpiB eKilma)KHOi dac-
TUHH €JIEKTPOBO3a, SIKHH PYXa€eThcs 10 peabHUX
HEpiBHOCTAX 1HEpLiHOI Kosii y BepTUKAILHOMY
Ta TOPU30HTAILHOMY HampsiMKax, 0yso po3po0ie-
HO MaTeMaTH4YHy MOJIENb Ta 0OPaHO PO3PaxyHKOBY
cxemy (puc. 2, 6) HOro MpOCTOPOBHX KOJHMBaHb.
[Ipu 3BHUAtHUX TPUTYIIEHHSX 00’ €KT PO3TIISIaB-
cs SIK MEXaHIYHa CHUCTeMa, CKiianieHa 3 15 TBepaux
Tin (Ky30Ba, JBOX paM Bi3KiB, YOTHPHOX BiAMOBIiI-
HO mpomikHuX Oanok, TEJ[ Ta komicHHUX map)
i 8 Mac kouii, MpUBEACHUX IO TOYOK KOHTAKTy KO-
jic 3 peiikamu. CkaJieHO PIBHSHHS 3B’sI3KiB, Ha-
KJIQJICHUX Ha TiJIa CUCTEMH; BH3HAUEHO KUIBKICTh
y3araJlbHEHUX KOOPJMHAT; MpoIucaHi audepeHii-
abHI PIBHSIHHS MPOCTOPOBHX KOJIMBAHB €JICKTPO-
BO3a.

Ha ocHOBi oTpuMaHHX pIiBHSHB OYyJIO PO3p00-
JICHO Ta HAaJaro/pKeHO MPOTPaMHHIA KOMILIEKC 00-
yucmioBadbh 3a gornomMororo ITEOM. Bukonano
PO3paxyHKH Mif yac pyxy eIeKTPOBO3a M0 MPSIMHX
ab0 KpHWBHX IIISHKAX KOMil, 3 aHATTHYHAM 3a-
BJAHHSM TIOBEPXHI KOYEHHS Kojieca IiJ] 4ac pyxy
BIIepen a00 Ha3aj, MPH 3aBJaHHI BHUITAJKOBUX He-
piBHOCTEH peanbHOI CTHKOBOI KOJIi, 3allMCaHux
rajgy3eBOI0  HAyKOBO-AOCIHIHOIO J1a00paTopiero
JUHAMIKH Ta MIIHOCTI pyxomoro ckimaxy (CHJIJT
JIMPC) OIITy mix yac MpOBEACHHS Pi3HHUX EKCIie-
PUMEHTaJIBHUX JOCTiKeHb. BapiroBaimce mnapa-
METpH 3B’ A3KIB MPOMDKHOI Oajiké 3 Ky30BOM: JIOB-
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JKUHA JIFOJICYHOT MiIBICKH, KyTa ii HaXuily, BiJICTaHb
B MO30BXHBOMY HANpPSIMKY MDK JIFOJICYHHMH TiJI-
BiCKaMH Ta iH., IO JTO3BOJIMJIO O0paTH parfioHaibHi
3HAUCHHSI TMApaMeTpiB JIIOJICYHOTO MiBIlTYBaHHS.
[IporpamHunii KOMIUTIEKC JO3BOJUB PO3TIISIHYTH Pi3HI
BapiaHTH >KOPCTKOCTI MPY>KUH MiABIITYBaHHS, BH-
KOHATU aHali3 BIUIMBY HAa JIMHAMIYHI TOKa3HUKU
YCTaHOBKH TIOBIJIKiB y BEPTHKAIILHOMY Ta TOPHU30H-
TJIPHOMY HaIpsIMKax; AOCIIAWTH BapiaHTH IWHA-
MIYHUX TIOKa3HUKIB TIPH PIi3HHX MapaMeTpax Tifpo-
aMOPTH3aTOPIB, TPUIOMY LIS TIEPIIIOTO Ta APYTOTO
CTYNEHIB MiABIIIYBaHHS. JKOPCTKICTh OOKOBOTO
YIIOPY, OPCTKICTh 3B’SI3KYy TMOXWIJIOI TATH 3 KY30-
BOM €JIEKTPOBO3a B PEXHMi BHOIry Ta B pexXnMi
Tsru Tomo. Hampuknan, Ha puc. 3 ta 4 HaBeneHO
3aJICKHICTh Koe(DillieHTa TOPU30HTAIBHOT JUHAMIKH
(mo pamuux cunax) K A v:} KoeimieHTa TUHAMIY-
HUX J100aBOK BEPTUKAIBHUX CHJI B OYKCOBOMY TIijI-
BimyBanHI K ;B BiJl IIBUIKOCTI PyXy TPH Pi3HUX
3HAUEHHSIX B’S3KOTO TEPTSA B TiAPOAMOPTH3ATOPAX
B, Ky30BHOTO mizBinryBanHs [3].

Byno pocnimkeHO TOPU3OHTANBHI IMOIEPEYHI
NepeMillleHHs Ky30Ba BIiTHOCHO paM Bi3KiB, IO
BiOyBaJIMCh HE3aJIS)KHO BiJ OOKOBOI KadyKH Ky30-
Ba, 1 BIOHOBIIIOIOYl CHJIM, BUKJIAKAHI 3MIIIEHHAM
[EHTpa Mac Ky30Ba Ta MOBOPOTOM JIFOJICUHHX ITiJ-
BIiCOK, 1[0 BHHUKAIOTH TUILKH NMPU OOKOBOMY BijI-
HOC1 Ky30Ba BiIHOCHO paM Bi3KiB; IIEPEMIIICHHS Ta
BiJTHOBJIFOIOUMH MOMEHT TpU OOKOBIH Kadyili Ky30-
Ba BIIHOCHO paM Bi3KiB. BpaxoBano niro rizpo-
aMOPTH3aTOPIB JPYroro CTYINEHIO MiJBilIyBaHHS,
SIKi YCTaHOBJICHI MK paMOIO Ky30Ba Ta paMoIo Bi-
3Ka y BEPTUKAIbHIN MOMEpeyHii MIOMuUHI mif Ky-
TOM 0O, 10 TOPH30HTY, Ta CHIIH, SIKI BUHUKAIOTh

B HUX [3]. Takox Oynu BU3HAYCHI IEPEMILIICHHS Ta
CWIY TIPH PI3HUX MapaMeTpax XapaKTEePUCTHK KO-
Jii Ta MBUAKOCTI PyXy €JIEKTPOBO3a, TOOTO MpHU
pO3B’s3yBaHHI 3a/avi BapiloBajach 3HAYHA KiJlb-
KICTh TapaMeTpiB XOJIOBUX YaCTHH Ta TAHAMIYHUX
MOKAa3HUKIB. 3a pe3yjbTaTaMu PO3paxyHKIB Oyiu
BHU3HAYEHI JWHAMIYHI ITOKa3HUKH, AKi TIOPiBHIOBA-
JIUCH 3 1X JOMYCTHMUMH 3HAYCHHSIMHU.

OcHosHa yacmuna. Y OUTBIIOCTI CydacHUX J0-
CIIIJKCHb JMHaMIiKa B3a€MOJIii KOJIi Ta pyXOMOTO
CKJIaJly XapaKTepU3YEThCS BUIMAJKOBHMH TpOIIE-
caMH Ta BIATIOBIZHMMH CTAaTUCTUYHHMH XapaKTe-
puctukamu. OCHOBHHM JDKEPEIIOM 30YyPIOIOYOr0
BIUIMBY Ha €KiMaXk MiJ Yac pyxy € 3ali3HUYHUN
nusx [1, 4, 8].

Kar
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Fig. 3. Dependence of horizontal dynamics coefficient
(according to the frame forces) K. on the speed

at different values f,
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Fig. 4. Dependence of coefficient of dynamic additions
of vertical forces in axle-box suspension K,

on the speed at different values B,

KosuBaHHS BIUIMBAaIOTh IMPAKTHYHO Ha BCI OC-
HOBHI €KCIUTyaTalliiHi BJIACTUBOCTI JIOKOMOTHBA!
KOM(OpTaOeNbHICTh Ta TUIABHICTH XOAY, CTIHKICTB,
KEpOBaHICTh ¥ HaBITh BUTpaTa mamuBa. BoHu 3po-
CTaIOTh 13 30UTBIIEHHSAM IIBHUIAKOCTI pyXy, IiIBH-
IICHHSIM MOTY)KHOCTI JIBUTYHA, ICTOTHUH BILIUB Ha
KOJIMBaHHSA HaJa€ TAaKOX SAKICTh KOli, K Haci-
IOK, BHUHHWKAE IMIKI[UIMBUI BIUIMB Ha MAaIIMHICTA
JIOKOMOTHBA, MACKUPIB Ta HABKOJIUIIHE CEPEIO-
Buie. BcraHoBiieHI HOPMU Ta CTaHAAPTH, L0 BU-
3HAYarOTh JOMYCTHMi piBHI KOJIWBaHb, BiOpaIiit
# mymiB B KOHCTpYKIi siokomoTuBiB [2, 11, 12,
17, 18].
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KonuBaHHa BUHHKAIOTH HacaMIiepes MpH B3ae-
Mozii Koxic 3 moBepxHero kouii. B pe3ymprari ko-
Jeca Ta Ky30B 3IIMCHIOIOTH CKIIaTHI KOJHMBAaHHS,
sKi 0e3MocepeIHhO BH3HAYAIOThH IUIABHICTH XOJIY.
3ajekHO BiA AKOCTi KOJii Ta MIBHIKOCTI PyXy KO-

JIUBaHHA JIOKOMOTHMBAa MOXYTh  BimOyBaTHCS
3  PI3HUMH  YacTOTaMH ¥  IPUCKOPEHHAMH
[13, 15, 16].

VY xoni mocmimkeHHs: OyJI0 BUKOPHCTaHO OCHO-
BHI TIOJIOKEHHS ¥ METOJM aHAJNITHYHOI MEXaHIKH
Ta CTATUCTUYHOI MHAMIKU €KillaxiB, Teopii WMo-
BIpHOCTEH Ta MaTeMaTUYHOI CTATUCTHKH, MaTpHY-
HOI anreOpH, YaCTOTHOTO aHAIi3y AMHAMIYHHX CH-
creM. IpyHTYIOUMCh Ha PIBHAHHSX JUHAMIKH €Ki-
naxy, AOCIiAKYBaJIUCh BIACTHBOCTI HOTO Pi3HUX
CNIEMEHTIB, TOJIOBHUM YMHOM, iX YaCTOTHI Xapak-
TEPUCTHKH, SKI BaXJIMBI NMPH BUPILICHHI 3aBAaHb,
MOB’SI3aHUX 3 BUITAJIKOBUMH KOJIMBAJBHUMHU IIPO-
necamu [1, 15, 23].

3a pomomororo piBHsHHSA Jlarpamka Il pomy
Oyyio ckiageHo cuctemy AudepeHIiaTbHUX piB-
HSIHb KOJIUBAHb €JICMEHTIB EKiMa)kKHOI YaCTHHU JIO-
KOMOTHBA, 3a SKUMH OyJIM BU3HAUYEHI BIIACHI Pe30-
HaHCHI yacToTH. Ha ixHili oCcHOBI OyJi0 po3paxo-
BaHO ¥ JIOCII/PKEHO aMILTITYHI Y4aCcTOTHI Xapak-
TEPUCTHKH, cepell KUX iHepLiliHi koedilieHTn a;
3 pIBHSTHHS JJIs1 KIHETUYHOT eHeprii Oynu Bu3Haue-
Hi 332 TAKUMH 3aJIC)KHOCTSIMH:

— JUT Ky30Ba JIOKOMOTHBA:

a, =m,

Jae M — Maca Ky30Ba,

4 2
a =m+—2-(mn-bcn+lnx),

Z
I

e M, — maca mpomixHOI Oanku; b, — Bixcrans
B TONEPEYHOMY HANpPSIMKY BiJ OCi KpiIUICHHS
HPOMDKHOI OaJIKH 10 BEPTHUKAIBHUX NPYKHH; D
— BIZICTaHb B IONIEPEUYHOMY HAIPSIMKY BiIl OCI Kpi-
IUICHHS IPOMDKHOI O6anku 1o ii uentpy mac; |, —
MOMEHT 1HepIlii POMiXKHOT OaJIKH BiJTHOCHO OCI X;

a, =1 +t;iz(b,<o ~h, tan, )(m,b2 +1,,),

it

ae |, — MoMeHT iHepuii Ky30Ba BIIHOCHO OCI X;

2b,, — BiAcTaHb B IONMEPEYHOMY HAMPSIMKY MDK

TOYKAMH KPIIUICHHS 10 Ky30Ba JIFOJICYHUX IIiJBi-
cok; h, — BHCOTa LEHTPY Mac Ky30Ba HaJ{ TOYKa-

MH KpIIIEHHs JII0JE€YHUX MiJBICOK 10 Ky30Ba; O,
— KYT HaxuJjIy JIFOJICYHOT IMiJIBICKH;

a,=1,+41,,
me |, — MOMeHT iHeplii Ky30Ba BIJHOCHO OCI ;

IHZ
oci z;

— MOMEHT iHEepIlii TPOMI’KHOT OaJTKH BiJTHOCHO

Je |, — MoMmeHT iHepiii Ky30Ba BIJHOCHO OCi Z;
— IS paMH| Bi3Ka:

2m_ -/
—2 Y4 2m, - 1—bc" +2
4 b

A I

II'IX

a;=m_ + x,
b;

ZI T

Je M, —Maca pamu Biska; m - maca TEJ] (Tsro-
BOTO JIBUTYHA); {  — BIJICTaHb B TO3J0BXHBOMY
HaIPsAMKY MK IIEHTPOM Mac KOJICHOI mapw i mpy-
’KHHM ynopom; £, — BiICTaHb B NO3I0BXHBOMY
HaNpsIMKY MDK HEHTPOM Mac KOJICHOI mapH i Bic-
CIO MasiTHUKOBOI I1JIBICKH,

aei = ITX’

ae |, —MOMEHT iHepLii paMu Bi3Ka BITHOCHO OCi X;

2m, -0,
a‘PIZITy—i——EH‘fﬁ y

e ITy — MOMEHT iHepIIii pamMH Bi3Ka BiJIHOCHO OCi

y; 2¢_ — BIACTaHb B IO3JOBXHBOMY HAaIPIMKY
MDK ocsiMud MasTHHKOBOI miasicku TEJ] ozmoro
BI3Ka,

2m, -0,

+ +21
Y

nz’

a; =

ae |, —MoMeHT iHepuii pamMu Bi3Ka BiJHOCHO OCl Z;
— 711 KOJIICHUX Tap:

doi10.15802/stp2016/74712

© I0. B. 3enensko, JI. O. Henyxa, A. O. IlIsens, 2016

65



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

Hayka Ta nporpec Tpancnopry. BicHuk J[HIIponeTpoBChKoro
HALIOHAIIBHOTO YHIBEPCUTETY 3alli3HHYHOr0 Tpancmnopty, 2016, Ne 3 (63)

EKOJIOI's1 HA TPAHCIIOPTI

Ayim =M, + ~ '(iﬂ gy) ’
pis
+m (tanaim12+tanocim22),
a, —m_+ m, .(iﬂ _KY) +2m,,

Je M, — IpuBe/ieHa Maca KoJlii y BepTUKaJbHIl I110-

IIUHI; Oy — KyT HaXWly IUIOLIMHY, JOTHYHOI JI0 1O~
BEPXHI KOYCHHS KOJIeca B TOYI[i KOHTAaKTy, IO 3aJie-
KWTh  BiI  BiICTaHIi MDK TpebeHeM  Koieca

1 KOJTI€F0 B TOPH30HTAILHOMY TOTIEPEYHOMY HAIPSIMKY;
_ 2 2
Agim = I](X + qu +m, (biml + bimz)’

Bime =(-1)" -b, —r - tan o,

Mk Imk !

ne |, — MOMEeHT iHepuii KOJIiCHOI mapy BiTHOCHO

oci x; |, — moment inepuii TEJ] (Tarosoro nsu-

TyHa) BITHOCHO oci x; 2D, — BincTaHb B monepeu-

HOMY HampsAMKy MiX KOJaMH KaTaHHS KoJic; I —
pazniyc Kojeca o KOy KaTaHHS,

mﬂ-(zﬂ—zy) ,

a\yim = mK + / ’ aI[K +1

+1 2

KZ

ne a, — BiJICTaHb MK IIEHTPAMH Mac KOJICHOI Ia-

pH 1 KOJTiCHO-MOTOpPHOTO OJ10KY; |, — MOMEHT iHe-

KZ

pItii KOicHOI mapw BigHOCHO oci Z; | , — MoMeHT

nz
inepuii TE]J] (TsiroBoro ABUTyHa) BiHOCHO OCi Z;
— JUIA TATOBUX IBUTYHIB KOJICHHUX TIap:

_mﬂ-(fﬂ—fy)-ff,
omim fﬂ

+ 1

a 1y

ne 1,, — moment inepuii TEJ] (tarosoro nsuryHa)

BIIHOCHO OCi ).

Koeoimientn xopctkocti  C;;

i BHM3HAYaluCh

3 piBHsHb Jlarpamxka Il poxy Ta BiAmoBigHO 1OpiB-
HIOIOTb!

— I Ky30Ba JIOKOMOTHBA!
C,=8K, +2K,,

e K., — KOPCTKICTb JIIOJIEYHOrO MiJBIilIyBaHHS
IpH 3TUHI BiIHOCHO oci x; K, — JKOPCTKICTh I0-

XWINX TAT, MPUKPITIIEHNX 10 Ky30Ba 1 I0 paM Bi3-
KiB, B HaIPSIMKY OCI X;

C, =8K,, +12K,, -tan’§,,

e KKy — JKOPCTKICTh JIFOJICYHOTO MiABIIIyBaHHS

IpH 3THHI BITHOCHO oci y; K, — JKOPCTKICTh JIto-

VA
JIEYHOTO MiABINIYBaHHS TPU CTHCKaHHI BiTHOCHO
oci Z; 8, — KyT HaxXHiIy JIFOJIEYHOI MiJBICKY;

C,=12K_ +2K,,

Je K, —KOPCTKICTb MOXUIMX TAT, IPUKPIIIICHUX
JI0 Ky30Ba i 10 paM Bi3KiB, B HANPSIMKY OCi Z;

Cy =12K,, (b, —hy -tandy)” +2h2 - K,

h, — Bucora HeHTpPYy Mac Ky30Ba Haj TOUKOIO Kpi-

IJIEHHS 7O Ky30Ba IMOXWJIOI TSTH, [(Ty — JKOpCT-

KICTh IOXWIINX TSAT, MPHUKPIIJICHUX 10 Ky30Ba i JI0
paM Bi3KiB, B HalIPsIMKY OCi );

C, =4K,, -(3(° + 247 )+ 8N}, - K +2h? K.,

ne 2/ — 6a3a Ky30Ba; 2a, — BIZICTaHb B ITO3/IOBXK-

HBOMY HamNpsSMKY MiX TOYKaMH KPIIIEHHA O Ky-
30Ba MOXHWJIUX TS,

C, =4K,, (3" +2aZ)-tan’ 5, +

+80% K, +8bZ K, +2K

Ky !

K., K,, K

KX ! Ky !

migBinryBauas 1mpu 3ruHi (K

KX !

Jc

KZ !

K., — OpPCTKOCTI JIFOJICIHOTO
K, ), cruckammi
(K., ), ckpyuysanni (K., );
— JIIs paMU Bi3Ka:
C, =4K, + K +4K,,,

ne K, — KOpCTKOCTI MiX paMaMH Bi3KiB 1 Oykca-
MU BiTHOCHO OCi X;

2
C,i =4K,, +6K,, -tan” 5, + 4K, + 2K,
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ne Kg, — XOPCTKOCTI MK pamMaMmy Bi3KiB 1 Oykca-
MH BIIHOCHO oci y; K — OPCTKOCTI MiXK pama-
mu Bi3kiB 1 TEJ] BiHOCHO OCi y;

C, =6K, +4Kg, +2K ,,
K6

BiIHOCHO oCi Z; K, — JKOPCTKOCTI MK pamaMu

, — JKOPCTKOCTI MIX paMaMH Bi3KiB 1 Oykcamu

Bi3kiB i TE/] BigHOCHO OCi Z;
Cyi =6K,, -b? +4K, -hZ + 4K, -bf + 2K -h,

ne b, — BiacTaHp B momepevyHOMy HAmpsMKY Bif

0Ci1 KpIiIJIeHHs POMIXKHOI OaNKH 10 BEPTUKAIHHHIX
npyxuH; hy, — BHCOTa LEHTPY Mac paMH Bi3Ka HaJ
piBHeM oceill KomicHHX map; 2D, — BiACTaHb B I10-
HepeYHOMY HATpPsSIMKY 70 OYKCOBHX MpyskuH; h —
BHCOTA IIGHTPY Mac paMH Bi3Ka HaJ TOYKOIO
kpittenns miasicku TEJ] no pamu Bi3ka,

C,i =4K, -al +4K  -h% —K_-h?+

+4Kg, -hE +4K, 07+ 2K, - 2,

ne h, — BHCOTa TOYOK KpIIIEHHS 10 Bi3Ka JIIOJIe-
YHUX MiJBICOK HaJ IIEHTPOM Mac paMu Bi3ka; h, —

BHCOTA LIGHTPY Mac paMH Bi3Ka HaJ TOYKOIO Kpill-
JIeHHsI OXMJIOT TSATH 10 Bi3Ka; 2/, — 6a3a Bi3Ka;

C, =4K,, -a’ -tan*3; + 4K, -ag +
+4K . -bZ + K, +4Kg, bl +
+HAK,, L7+ 2K - L7,

Je 2a, — BIACTaHb B IIO3/0BKHBOMY HAIIPAMKY

MDK TOYKAMH KpIMJICHHSA OO0 Ky30Ba JHOJICYHUX
miaBiCOK Bi3ka; 2D, — BiACTaHb B MONEPEYHOMY

HaNpsIMKY MDK TOYKaMH KpIIJICHHS IO Bi3Ka JItO-
JIEYHUX I1JBICOK;
— IS KOJICHUX Tap:

C><im :2K6x'
Cy|m = 2K6y + Kﬂy’
C,im =2Kg, + K, +2K,,

ne K, — npuBeeHa )OpCTKICTb KOMii BITHOCHO OCi y;

Coim = 6K, -b7 + 2K, -b3,

6im
Cyim = 2Ky, -(bf +b§M)+ 2K, -a’ +
+Kay-(/éﬂ —am()z,

ne 2b, — BiAcTaHb B MONEPEYHOMY HANPSIMKY JIO
OyKcoBHUX NpykuH; 2D, — BigcTaHb B MONEpeYHO-
My HaIpsMKy MiK KOJaMH KaTaHHs Komic; b =~ —

BiZICTaHb B MOIEPEYHOMY HANpsIMKY BiZ oci Kpin-
JICHHSI TPOMIXKHOT OaJKu 10 MasTHUKOBOI IMiJBic-
KM; @, — BIICTaHb MK LEHTPaMH MAacC KOJICHOI

MapH i KOJIiICHO-MOTOPHOTO OJIOKY;
— JUIA TSATOBHX JIBUTYHIB KOJIICHHX Tap:
C

oaim

2 2
=K, 0+ K,y

ne K, - JKOPCTKOCTI Mk pamamu Bi3kiB 1 TE]]
BiIHOCHO oci Z; K, — JKOpcTKOCTI Myt Onoky
«pEeIyKTOp — KOJiCHA Iapa» BiIHOCHO OcCi Z; /, —

BiICTAaHb B TIO3J0BXKHBOMY HANPSIMKYy MK

[EHTPOM Mac KoiticHoi napu i sikopem TE/I.
[MapiianbHi YacCTOTH ENEMEHTIB JIOKOMOTHBA

BHU3HAYAIIMCH 32 JIOIOMOTOI0 TaKHX 3aJIC)KHOCTEH:

(Dﬁi =C;/a,,

oy =+/Cii/ay

ae C;; — koedillieHTH )KOPCTKOCTI; a,; — iHepiiiHi
koeimienTH;
fni = (,Om /27'5.

Sk BiZIOMO, PE30HaHC — I SIBHIIE CTPIMKOTO
3pOCTaHHS aMILTITYAH 3MYIICHUX KOJIMBaHb CHUCTE-
MU, SIK€ HACTA€ TiJl 4aC HAOIMKCHHS YaCTOTH 30B-
HIITHBOT il 10 MEBHUX 3HAYEHb (PE30HAHCHUX Yac-
TOT), 3yMOBJIEHMM BJIACTUBOCTSAMH cucTeMH. Ilpu-
YHHOIO PE30HAHCY € 30iraHHs 30BHIIIHBOT (30y1TH-
BOI) YaCTOTH i3 BHYTPIlIHKOIO (BJIACHOI0) Y4aCTOTOIO
KOJIMBATGHOI cucTeMH. [|Jis BHITydeHHS pE30HAHCY
€JIEMEHTIB KOHCTPYKIII PYXOMOTO CKIQay TOTST
Ma€ pyXaTHcs 31 MIBUAKICTIO, IO BUKJIIOYAE 30ir
YaCTOTH yIapiB KOJIC IO CTHKAaX PEHOK i3 BIIACHOIO
YacTOTOI0 KOJHMBaHb OKPEMHX EJIEMEHTIB KOHCTPY-
K11, U 90ro OOYMCITIOETHCS V1383 :

V. _=36-f

pe3

L,

ni

ne L — goBxuHa TaHKKA CTUKOBOI KO, M.
OtpumaHni 3Ha4eHHs Oynu 3BeneHi o Taou. 1.
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Tabnuns 1
Pe3yJ’lLTaTl/l PO3PAxXyHKYy BJIACHHUX YACTOT KOJIUBAHb eJIEMEHTIB JIOKOMOTHBA
Table 1
The results of calculation of the natural oscillation frequency of locomotive elements
Hepemiments C; a, o, , pan/c fi T Ve, » kM/TOR
L =125m L=25m
X 20705,12 48 20,77 3,31 148,8 297,6
y 1818 48 6,15 0,98 44,1 88,2
z 3996 48,38 9,1 1,95 65,25 130,5
0 27273 93,82 5,39 0,86 38,7 77,4
¢ 125 542,58 835,064 12,26 1,95 87,86 175,72
1% 24 190,13 819 5,43 0,86 38,7 77,4
X. 290 352,6 9,86 171,6 27,3 12285 2457
1
Y, 21 044,89 9,86 46,2 7,36 331 662
z 24238 9,65 50,12 7,38 360 720
0. 12 907,23 53 49,35 7,86 353,7 707,4
I
o; 34 418,64 114 17,4 2,8 126 252
1
v 381 746,62 119,13 56,6 9,01 405,6 811,2
X. 140 000 6,2 150,3 23,9 1075,5 2151
m
Vi 10 068 6,2 40,3 6,42 288,9 5778
7. 98 880 7,52 114,67 18,26 821,7 16434
m
0. 59 514,22 4,24 110,9 17,66 794,6 1589,2
im
Vi 170 636,74 4,75 189,54 30,2 135,8 271,6
) 10 893 1,41 87,9 14 630 1260
(Pmm
Pe3yabTaTtu BUPOOHMIITBI HaiyacTille IiF0Th CKIAIHI Nepioan-

xepenamu BiOpauiil € pi3HI JBUTYHHU i Mexa-
Hi3MH, QYHKITIOHYIOYi Y BEJIHKIH KUTBKOCTI Ha BCiX
MiAPUEMCTBAX, 110 00CIYTOBYIOTh €KCILTyaTallii-
HUHM mpouec Ta Oe3MocepeiHbO0 PYXOMHUH CKIaj
3ami3HUIB. BiOpamis, mo BUHUKAE TpH Oii IHUX
YCTaHOBOK, MOXX€ CIpHHAMATHCA Oe3mocepeaHbo
JiFoYMM opraHoMm (Tak 3BaHa MiclieBa BiOpairis)
abo mepemaBaThCs dYepe3 mepekputTs (BiOpartis
3araJpHOTO il abo Bibparis pobodoro micipr). Ha

YHI KOJMBAHHS, IOB’s3aHi B OCHOBHOMY 13 cepel-
HBOI YaCTHHOIO 3BYKOBHX 4acToT. OJHaK B cydac-
Hill MPOMUCIOBOCTI MOXXYTh BHHHUKATH BiOparii
1 3HAYHO OUIBIIMX YaCTOT. 3a Li€I0 XapaKTepUCTH-
KOIO BCi MEXaHiuHI KOJIMBAaHHS MOMIISIOTh Ha TPH
rpynu: BiOpamig iH(Pa3ByKOBHHA YacTOTH — Bif
1 no 16 rix; BiOparlis 3BykoBOoi yacToTu — Bijg 16 110
20 000 rr; Ta BiOparist yIpTpa3ByKOBOi YaCTOTH —
monax 20 000 I' [6, 7].
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xepenamu BiOparlii Ha pyxoMoMy CKJIafi
€ JIBUTYHH 1 BJIACHI KOJMBAHHS OKPEMHUX CKIIAI0-
BUX YaCTHH caMoro pyxomoro ckmaay. Criocrepi-
raloThCS SK TEPiOANYHI, TaK 1 IOIMITOBXOITOMIOHI
KoJInBaHHA. B3araii, Ha 3aJli3HHYHOMY TPaHCIIOPTI
MEePeBaKAIOTh BEPTHKAIBHI BiOpallii HU3bKUX Yac-
totT B Mexax Bij 2—3 g0 10 ri. Xapakrep kouu-
BaHb, BEJIMYMHA IOIITOBXIB, iX JKOPCTKICTH 3aJre-
KaTh BiJl TUIy Ta 3aBaHTAXCHOCTI MalIuHH abo
BaroHa, XapakTepy IMOKPUTTS JOPOTH ab0 CTaHy
PEHKOBOTO MUIAXY, ITBUIKOCTI PyXy 1 T.IL.

Bennunna BiOpoKONMBaHR B 3ali3HUYHUX Ba-
roHax 3aJieKuTh BiAg Oaratbox (akTopiB, Hampu-
KJIaJl, BAaroMe 3HA4Y€HHsI Ma€ Miclle po3TallyBaHHs
BaroHa, OCKIJIbKH BiOparlisi MOMITHO 301TbITY€THCS
B Mipy BiJJIaJIeHHS BiJ JIOKOMOTHBA, TPH IHOMY
3HAYHO MOCHJIIOIOTHCS TOPU30HTAJIbHI KOJIMBaHHS.
B Toli ke yac BepTHKaJIbHI KOJWBAaHHS OJIHAKOBO
MIPOSIBISIIOTHCS TI0 BCIM TOBKHMHI pyXOMOTO CKJIa-
ny. BinmoBigHO 10 BUMIpiB, BiOpallisi macakupchb-
KAX BaroHiB XapaKTePU3YETbCA  AaMILTITYIOHO
0,1-5,0 mm mpu yactori 1,5-4 'l 1 npuckopeHHi
12-130 cm/c? [6, 7, 17].

BB okpemux xapakTepHCTUK BiOpauii B ma-
TOTeHe31 pi3HUX (Di3I0JNIOTIYHUX 1 MATOJOTIYHHX
MTOPYIICHB, 10 BUHUKAIOTH B OPTaHi3MIi IIiJ] BILIH-
BOM IIbOTO YHHHHKA, HE OJHaKoBa. Tak, Hampwu-
KJIaJ1, JUIi BUHUKHEHHs BiOpaiiifHO1 XBOpoOUu BU-
pilianbHe 3HAYCHHS! Ma€ 4acToTa KOJHMBaHb, B TOH
yac sIK BeCTHOYJISIpHHIA amapar HailOiybIne qyTin-
BAH 70 3MiH BEJIMYWHHU TpUCKOpeHHsS. TpymHOmI
BCTaHOBJICHHS Ha MPaKTHII MEPEeBaKHOTO 3HAYECH-
HS B €TIONOTIi CIIOCTEPEKYBAaHHUX MATOJOTIYHUX
3MiH KOXKHOI 3 3a3Ha4eHUX (Qi3MIHUX BEIUYHH, 10
XapaKTepu3yIOTh BiOpallito, moysrae me # y Tomy,
II0 B BHPOOHHYMX YMOBax JOBOJUTHCA MAaTH
CrpaBy HE 3 MPOCTUMHU TapMOHIMHUMH KOJHMBaH-
HSAMH, a 3 BiOpamisiMu OiTbII CKJIAJHOTO XapakKTe-
Py, IO SBJIAIOTH COOOI0 MTOBUTBHY KOMOIHAIIIO pi-
3HUX 4acTOT. TOMy Jjisi OLHKHU BiOpaiii pi3HOTrO
XapakTepy MOBUHHI OyTH IIPaBMIIBHO BUOpaHi pi3Hi
MOETHAHHA TIOKAa3HUKIB Ta KoeilieHTiB, 0 xapa-
KTepHU3YIOTh iX (i3nuHi Bennuunu [20—-22].

Brme BiOparii Ha moauHy-omeparopa (JIoKo-
MOTHBHa Opurana) kiacu(ikyioTh 32 TAKUMHU I10-
Ka3HUKaMH. 3a crocoboMm mepenadi BiOpamii Ha
JIIOMHY, 32 HAPSMKOM Aii BiOparii Ta 3a 4acoBOIO
XapaKTEPUCTUKOIO BiOpaIlii.

Taxkum gyuHOM, MMOKAa3HUKH BiOparliiiHoro HaBa-
HTa)XEHHS Ha olepaTopa MOBHHHI (POPMyBaTHUCS
3 TaKUX IMapaMeTpiB:

— BIOpONpHCKOpeHHS (BIOPOIIBUIKICTE);

— JiarnasoH 4acTor,

— Yac BIUTUBY BiOparii.

OTxe, TOKa3HUK TEPEBUIICHHS BiOpaIliiHOrO
HaBaHTa)KEHHs Ha ONepaTopa — € Pi3HHLS JIorapu-
(¢MIYHAX pIBHIB, CHiBBITHOMEHHS aOCONIOTHUX
3HAYEHb CHEKTPAILHUX 200 CKOPUIOBAaHMX 3a 4ac-
TOTOI0 IOKAa3HMKIB BiOpaIifHOTO HaBaHTa)KEHHS
Ha Oreparopa B KOHKPETHUX BHPOOHHYHMX YMOBax
1 IPaHUYHO AOMYCTHMHUX 3HAa4€Hb, BCTAHOBJIECHUX
CaHITApHUMH HOpPMaMH JAJIsl IIMX YMOB, 3 TpUBAJIicC-
TIO pobouoi 3minu 8 roauu [11, 12].

Benununna, B3a€MO3B 430K Ta CIIiBBIJHOIIECHHS
3a3Ha4YeHUX MOKa3HUKIB MOXYTh OyTH OTpHUMaHi 3a
IOIIOMOTOK0  JOCIIKEHh OWHAMIKA  B3a€MOMIIT
B CHCTEMI «KOJIisl — PyXOMHUH CKIIaJ».

HaykoBa HOBM3HA Ta NPaKTUYHA
3HAYUMICTh

CykynHICTE pO3pO0JIEHUX TOJNOXKEHb i OTpH-
MaHUX pe3yJIbTaTiB € MPAKTHIHUM PIIlICHHSIM BH-
0opy palliOHAJILHUX HapaMeTPiB Bi3KiB BaHTaXKHO-
rO0 MaricTpallbHOTO €JEeKTPOBO3a IS 3alli3HUIh
Vkpaian. CdopMynp0BaHO KOHIICIIIIIO BUOOPY
KOHCTPYKTHBHOI CXeMH i pallioHaJbHUX Mapamer-
piB TEPCHEKTUBHOTO JOKOMOTHBA. P03pobieHo
METOJIMKY PO3paxyHKy IPOCTOPOBHUX KOJIUBaHb
CJIGKTPOBO3a ISl BU3HAYCHHS HOro JWHAMIYHUX
MOKAa3HUKIB. BrpoBa/pkeHO mNpOrpaMHUN  KOM-
TUIEKC OOPOOKH JaHUX eKCIEPUMEHTAILHUX JIOCITi-
JDKEHb MWHAMIYHUX ITOKa3HHKIB EJIEKTPOBO3a Ta
MOPIBHSIHHSL PE3YJIbTATIB TEOPETUYHUX PO3PaAXYH-
KiB 3 TaHUMH HATypHUX BUIIPOOYBaHb.

Bukonane TeopeTnyHe TOCIIHKCHHS JTO3BOJIH-
JI0 00’€KTHBHO OI[IHUTH BIUIMB MapIliaIbHUX Yac-
TOT EJIEMEHTIB €JIEKTPOBO3a SK Ha pallioHAIbHI
3HAYeHHS TapaMeTpiB HOTO eKilMaXHOi YacTHHH,
TaK 1 Ha TMpare3NaTHICTh Ta (i3ioNoTiYHuA CcTaH
JIOKOMOTHBHO1 OpHUTaIH.

TakuM dYWHOM, TpPaKTHYHA IIHHICTH BCHOTO
KOMIUIEKCY TEOPETHYHOIO IOCIIPKEHHS IMoJIsiraia
B PO3pOOJICHHI anropuTMy i mporpamu, BHOOPI
pallioHaTPHUX TapaMeTpiB Ta PO3PaXyHKOBOI CXe-
MH XOZ0BOI YacCTHH €JIeKTpOBO3a. BuUKopucTaHHS
MPOrPaMHOr0 KOMIUIEKCY JJIsl AOCHIKSHHS IIPOC-
TOPOBUX KOJUBaHb €JIEKTPOBO3a JO3BOJIMIO 3 JI0-
CTaTHBOIO JUIA TPAKTHYHUX 3a/a4 TOYHICTIO OIli-
HUTHA OWHAMIYHI ITOKAa3HUKH EKIMMa)KHOI YaCTUHU!
€JICKTPOBO3Y.
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Pesynbratu mociimkeHb 3HAWIIIM CBOE HAYKO-
BE BHUKODUCTAHHA B HU3II NyONiKamiid aBTOPiB
B CHELiaJbHAX Ta HAYKOBUX BUIAHHAX, BUCTYIAX
Ha HAYKOBUX KOH(EPEHIIIsIX.

BucnoBxu

EdextuBHE 3HIWKEHHS pIiBHI HETAaTHBHOTO
BIUIMBY OO €KTIB 3aJi3HUYHOTO TPAHCIIOPTY Ha
JIOAVHY 1 HAaBKOJUIIHE TPHUPOJHE CEPEIOBUIILC
MOJKJIMBE TUIBKU TIPH ILiJECIIPIMOBAHOMY BIIPOBa-
JDKEHHI CIIeMiaIbHUX, TEXHOJOTIYHO OOTpYHTOBA-
HuX 3axo0iB. OcoOIMBOCTI 1 TEHIEHIIT PO3BUTKY
Cy4acHOTO PYXOMOTO CKJIaJy BHU3HAYalOTh HEO0O-
XIIHICTh yAOCKOHAJICHHS METOIOJOTIYHOTO 1 Ma-
TEMaTUYHOTO armapary JOCHi/KCHHS BUIBHHX Ta
BUMYIIIEHUX KOJIMBaHb KOHCTPYKTUBHUX EJIEMCH-
TIB CydacHOI TEXHIKH 3 ypaxyBaHHIM iX (i3uKo-
MEXaHIYHHUX BIIACTUBOCTEH.

[Tepm 3a Bce, MOBa MOBUHHA WTH MPO peaiza-
[i}0 TPUHIHUIIB CUCTEMHOTO WiAXOIy TNPH BUPI-
MEeHHI TIpo0JieM eproHOMIKH, Oe3MeKH 1 OXOPOHH
HABKOJIMIITHHOI'O CEPEJIOBUIA Ha 3ali3HUYHOMY
TPaHCIIOPTI.

PesynbraTi, oTpuMani B mporieci JUHAMITHHX
XOJIOBHX BHIIPOOYBaHb, JO3BOJISIOTH MOJCIIOBATH
pauioHaJbHI XapakTEPUCTUKH BHOOPY KOHCTPYK-
THBHOI CXEMH XOJIOBHX YacTWH JIOKOMOTHBA, IIO
B TMEPCIECKTUBI JJO3BOJIUTh 3HU3UTH PIBEHb HEraTH-
BHOTO BIUIMBY BiOpPOKOJMBAaHb Ha JIOKOMOTHBHI
Opuramy Ta TOKPAIIUTH EKOJOTIYHI TMOKa3HUKHU
B MUTaHHI BiOpoaKycTHYHOI OE3MMeKH Ha 3aTi3HUY-
HOMY TpPaHCHOPTi B IJIOMYy, HIO Y3TOJKY€EThCS
3 BUKOHAHHSM BiJIMOBIIHUX JUPEKTUB CBPONCIHCH-
KOTO COIO3Y.

BukoHaHI B MOAANBIIOMY JMHAMIYHI XOJOBI
BUNIpOOYBaHHs IMOKa3al, L0 JaHi PO3paxyHKIiB,
Ollep’KaHi 3 BHUKOPUCTAHHSM TEOPETHYHHUX JIOCITi-
JUKeHB, TOCUTHh JA00pe BiAIMOBINAIOTH pe3yiabTaTam
BUNpoOyBaHb, IO CBIAYUTH MNP0 BAAIUN BHOIp
KOHCTPYKTHBHOI CX€MHU XOJOBUX YaCTHH.

TakuMm YWHOM, OTPUMaHI Pe3yJIbTaTH PO3paxy-
HKIB JO3BOJIAIOTh 00’ €EKTMBHO OLIHUTH BIUIUB iHE-
PUIMHUX Ta KBa3iylmpyXHUX Koe]ili€eHTiB HA AU-
HaMi4Hi SKOCTI BAHTaKHOTO JIOKOMOTHBA.
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BJIUSITHUE BUBPOAKYCTUYECKHNX IAPAMETPOB
MOJABUKHOI'O COCTABA HA BBIBOP PAIITMOHAJIBHBIX
3HAYEHUM XOJ10BON YACTU IOKOMOTHBA

Hesb. Ycmex mepeBo30K Ha KeNe3HBIX I0porax YKpauHbI 3aBUCUT OT KOJMUYECTBA U AKCIUTYyaTaIl[IOHHOTO TapKa

3NIEKTPOBO30B. CerofHs B JIOKOMOTHBHBIX JIETO AKCIUIYaTHPYIOT (GU3MYECKH ¥ MOPAIBHO yCTAapEeBILHE JIEKTPOBO-
3bI, KOTOPBIE UMEIOT HU3KYIO HaJeKHOCTh. MoOJIepHU3aIUs 3THX 3JIEKTPOBO30B 3KOHOMUYECKH HE omnpasjaaHa. Lle-
JIbIO MCCIIEIOBAaHUSI SIBJISIETCSI TOBBIILIEHHE 0€30MaCHOCTH TATOBOTO MOABMKHOI'O COCTaBa IyTEM YaCTOTHOTO aHAJIH-
3a IMHAMHYECKHX CHCTEM, KOTOPBIN MTO3BOJISET MPOBOUTH PACUET COOCTBEHHBIX (PE30HAHCHBIX) YAaCTOT KOHCTPYK-
LIMM ¥ COOTBETCTBYIOIIUX (opM KojeGanuii. Merognka. VccinenoBanne npoBOAUIOCh METOIAaMH aHAJIMTHUECKOM
MEXaHUKU U MaTEMaTUUECKOT0 MOJEIUPOBAHUS IKCIUTyaTallHOHHBIX HArpy30K Ipy30BOT0 JIOKOMOTHBA MPH JABHXKE-
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HUH C PA3IMYHBIMH CKOPOCTSMH TI0 PSMBIM U KPHBBIM Y9acTKaM IMyTH. TeopeTHYecKyro IIEHHOCTh PabOThI COCTaB-
JISeT pa3paboTaHHAs METOJMKA BHIOOpAa KOHCTPYKTHBHOW CXEMBI M PAIMOHANBHBIX MMAPAMETPOB MEPCIECKTHBHOTO
AJIEKTPOBO3a C YUYETOM HHEPIUOHHBIX KO3(DPUIIUEHTOB U KO PHUIIMEHTOB KeCTKOCTH ypaBHeHui Jlarpamxka II po-
na. PesyabTaTsl. PemieHpl 3a1aun TEOPETUYECKUX WCCICIOBAHMH M Pa3pa0OTKHM MaTeMaTHYECKOH MOIETH IIPO-
CTPaHCTBEHHBIX KOIIeOaHUI 31eKTpoBo3a. [IpuBeneHBI TeopeTHUECKHUEe UCCIESIOBAHNS BIUSHHUS HHEPIHUOHHBIX KO-
3(hUIIeHToB 1 KOAPPHUIIMEHTOB KECTKOCTH Ha THHAMHYCCKIE ITOKA3aTeNN U 3HAYCHUS MTapaMeTPOB XOOBHBIX Yac-
Teil anexTpoBo3a. Hayuynas HoBu3Ha. COBOKYITHOCTH Pa3pabOTaHHBIX IOJIOKEHHH W MOJIYYCHHBIX pPe3ylbTaToB
SIBIISICTCS TPAKTUYHBIM pEIICHHEM BBIOOpa pallMOHAIBHBIX APAMETPOB TEJIEKEK IPY30BOI0 MAarHCTPAIBHOTO HJIEK-
TPOBO3a IS KeJe3HBIX A0por Ykpaunbl. ChopMynupoBaHa KOHIICIIIH BEIOOpA KOHCTPYKTHBHON CXEMBI M PaIHO-
HAJIBHBIX MTAPAMETPOB MEPCICKTHBHOIO JIOKOMOTHBA. Pa3paboTrana MeTOMKa pacyeTa MPOCTPAHCTBEHHBIX KojeOa-
HU 3JICKTPOBO3a JIJIsl OTIPEICIICHHS €r0 JMHAMHUCCKUX MOKa3aTelieil. BHeIpeH nporpaMMHbI KOMILIEKC 00paboT-
KU JaHHBIX SKCIEPUMEHTAJIbHBIX UCCIEIOBAaHUN TUHAMUYECKHUX MOKa3aTesied 3JIEKTPOBO3a U CPaBHEHHUE pe3yJibTa-
TOB TEOPETUYECKUX PACUETOB C JAaHHBIMU HATypHbIX HcnbiTaHui. IlpakTudeckas 3HauumocTh. [IpoBeneHHoe
TEOPETHYCCKOE MCCIICOBAHNE MMO3BOJIMIO OOBCKTHBHO OLICHUTH BIIMSHHUC MAPIMATBHBIX YACTOT 3JICMECHTOB JJICK-
TpPOBO3a KaK Ha pallOHAJIbHBIC 3HAYCHUS MMApaMETPOB €ro SKUMAKHOW JacTH, TaK U Ha pabOTOCTIOCOOHOCTh U (pu-
3HOJIOTHIECKOE COCTOSIHUE JIOKOMOTHBHOM Opuraapl. TakuMm oOpa3oM, MpakTHdecKas IIEHHOCTh BCEro KOMILIEKCa
TEOPETHYECKOTO HCCIEOBAHUS 3aKII0UaeTCs B pa3pabOTKe alfOPUTMa W IPOTPAMMBI, BBIOOPE PAallMOHANBHBIX I1a-
PaMETPOB U pacUYETHOM CXEMBI XOJOBOW YacTH 3JIEKTpoBO3a. Vcrnonp3oBaHME NPOrpaMMHOrO KOMIUIEKCA AJIS MC-
CIICIOBAHMUS TIPOCTPAHCTBEHHBIX KOJCOAHMI SIIEKTPOBO3a MO3BOJMIIO C JAOCTATOYHON (JUIs MPaKTHIECKHX 3a/1aY)
TOYHOCTBIO OLICHUTh AUHAMHUYECKUE NIOKA3aTENN SKUIIaXKHOW YacTH JIEKTPOBO3a.

Kniouesvie cnosa: wnnepumonHsle K03()(OUIMEHTH; KBa3Wymnpyrue KodpduuueHTsl, ypaBHeHus Jlarpamxa II
pofa; Tpy30BOH AIIEKTPOBO3; AMHAMHYECKHE ITOKa3aTeNd; AUHAMIYECKas Harpy3Ka, IPOCTPAHCTBEHHBIE KOJIeOaHMS;
palMOHAIbHBIE 3HAUEHUS TAPAMETPOB
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INFLUENCE OF ROLLING STOCK VIBROACOUSTICAL
PARAMETERS ON THE CHOICE OF RATIONAL VALUES
OF LOCOMOTIVE RUNNING GEAR

Purpose. The success of the traffic on the railways of Ukraine depends on the number and the operational fleet
of electric locomotives. Today, the locomotive depot exploit physically and morally outdated locomotives that have
low reliability. Modernization of electric locomotives is not economically justified. The aim of this study is to im-
prove the safety of the traction rolling stock by the frequency analysis of dynamical systems, which allows conduct-
ing the calculation of the natural (of resonant) frequencies of the design and related forms of vibrations. Methodol-
ogy. The study was conducted by methods of analytical mechanics and mathematical modeling of operating loads of
freight locomotive when driving at different speeds on the straight and curved track sections. The theoretical value
of the work is the technique of choice of constructive schemes and rational parameters of perspective electric loco-
motive taking into account the electric inertia ratios and stiffness coefficients of Lagrange second-order equations.
Findings. The problems of theoretical research and the development of a mathematical model of the spatial electric
vibrations are solved. The theoretical studies of the effect of inertia ratios and stiffness coefficients on the dynamic
values and the parameter values of electric locomotive undercarriages are presented. Originality. The set of devel-
oped regulations and obtained results is a practical solution to selecting rational parameters of bogies of the freight
mainline locomotive for railways of Ukraine. A concept of choice of constructive scheme and rational parameters of
perspective locomotive is formulated. It is developed the method of calculation of spatial electric locomotive oscilla-
tions to determine its dynamic performance. The software complex for processing the data of experimental studies
of dynamic parameters of electric locomotive and comparing the results of the theoretical calculations with the data
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of full-scale tests is implemented. Practical value. The theoretical study allows objectively assessing the impact of
the partial frequency of electric locomotive elements on both the rational parameters of its underframe, and the per-
formance and physiological condition of the locomotive crew. Thus, the practical value of the whole complex of
theoretical research was to develop an algorithm and program, choosing rational parameters and design scheme of
electric locomotive running gear. Using a software package for the study of spatial fluctuations of electric locomo-
tive made it possible to evaluate the dynamic performance of the electric locomotive underframe with sufficient ac-
curacy for practical problems.

Keywords: inertial coefficients; stiffness coefficients; the Lagrange equations of second-order; freight electric
locomotive, dynamic performance; dynamic load; spatial fluctuations; rational parameters
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BJIOCKOHAJIEHHS CUCTEMMH TEIIVIOITOCTAYAHHA
CTYIMICTEYKA YMAHCBKOI'O HAIIIOHAJIBHOI'O
YHIBEPCUTETY CAAIBHULTBA

Meta. B cygacHHX yMOBax 3pOCTaHHS CIIO)KHBAaHHS €HEPTOPECYPCiB Ta CTPIMKOTO ITiIBUIIEHHS BapTOCTI eHep-
TOHOCI{B aKTyalbHOIO MPOOIEMOI0 € PO3po0Ka 1 peartizallisi MporpamMu eHepro30epeKeHHs, IEPETBOPEHHS Pecypco-
30CpeXKCHHS Y JOKEpPENIo 3a0e3IeUcHHs MOTpPeOd MPOMHUCIOBOCTI I KOMYHAJIBHOI eHEepreTukd. Metoro poboTu
€ BHpILICHHS aKTyaJIbHOI MPOoOJeMH eHepro3depexeHHs, epeKTUBHOTO BUKOPHCTAHHS MMAJINBHO-CHEPIeTHYHUX Pe-
CypCiB Ta ONTHMI3allil CHCTEMH TEIJIONOCTa4aHHs Ha 0a3i YMaHCHKOTO HalliOHAIFHOTO YHIBEPCUTETY CaJliBHULITBA
(YHYC). Meroauka. B po0oTi HOCTiIKyBaBCS TEXHOJOTIYHHN MPOLIEC OMAICHHS 1 rapsyoro BOJOMOCTaYaHHS
npotsirom 2007-2015 pokis. Peanizamiss akTyassHOI npoOiieMu eHepro3OepexeHHsS IPYHTYETbCS Ha HayKOBO-
MPaKTUIHOMY Ta eeKTHUBHOMY 3a0e3IeueHHI BUKOPUCTaHHS manwBa i eHeprii. [Ipu mpomy eHepro3bepirarodi Tex-
HOJIOTIi PO3TIISINAIOTHCS K HAMPSIM MPIOPUTETHOTO PO3BUTKY €HEPIETHYHOI C(epH, 3HIKEHHSI TEXHOTEHHOTO HaBa-
HTa)KCHHS Ha HaBKOJUIITHE CEPEIOBUINE Ta SK OIWH 13 MUILXIB MiIBUIICHHS KOHKYPEHTOCIIPOMOXKHOCTI HaIliOHAIb-
Hoi ekoHOMIKH. Pe3yabTaTu. [IpoBeneno 30ip Ta aHaNi3 CTATUCTHYHUX JAaHUX BUTPATH a3y 1 TeMIIEpaTypH 30BHi-
ITHBOTO TIOBITPS 32 IeB’ATh pokiB. Ha 0CHOBI 11bOT0 aHAMi3y BHUsBIEHA MTPOOIeMa Ta IOCTaBIeHI KOHKPETHI 3axad4i 1i
BupinieHHs. HaykoBa HoBH3HA. PO3rIIsiHYTI HOBI HAIIPSMKHU BUPIIICHHS [TPOOIEMH eHepro30epexeHHs Ta eexTu-
BHOTO BHKOPUCT@HHS NAJMBHUX PECypciB YKpaiHM IUISXOM BIIPOBAJPKEHHS CHCTEMHOIO MiJIXOXy, pPO3pOOJICHHS
METOJUKH €(EeKTHBHOIO BUKOPHUCTAHHS PI3HMX BHIB NAJIMBA Ta ONTHUMI3yBaHHsS POOOTH JIOKAIBHOTO ONAJICHHS
3 Cy4yaCHUMHM CHCTEMaMH aBTOMaTu3allii i KOHTpoJIo. Briepiie neransHO npoaHasi3oBaHa i NpoBeJeHa KOMILIEKCHA
OLliHKa BIUIMBY PI3HUX (PAKTOPIB HAa EKOHOMIIO €HEPropecypcCiB i3 BpaxyBaHHSIM JIOJCHKOTO (hakTopy — mpodeciii-
HOCTI ¥ BIJIOBIZaFHOCTI ONEPaTOpiB KOTEJICHb Ta iX HAYaIbHUKIB, a TAaKOX BIAMOBIIHUX CIIy’)KO KOHTPOITIO.
IpakTuyna 3naunmictsb. i cryamicteuka YHYC Oyio 3zilicHeHO riOpuHe BUKOPHCTaHHS TBEPAONAINBHUX
1 Ta30BUX KOTJIB, MPOBE/ICHA NEIICHTPATi3allisi CHCTEMH YHIBEPCUTETCHKOTO OIAJICHHS IUIIXOM BCTaHOBIEHHS 350
IHAMBIyadbHNX OMATIOBAIFHUX CHUCTEM Y JKHTIOBUX OyIMHKAaX, BiAgaleHUX Kadeapax Ta TYpTOXKHTKaX CTyIMic-
Tedka. Y BUCHOBKAX 3allPOIIOHOBAHO IEPEIIiK 3aX0/IiB 13 peaIbHOI0 EKOHOMI€IO MATMBHO-CHEPTETHYHUX PECYpCiB Ta
3aX0JIH 100 TTOAOIaHHS eKOHOMIYHOI 1 MOIITHYHOT KPU3H B KpaiHi.

Kniouosi cnosa: eHeprozdepexeHHs; KOMyHAIbHE TEIUIOCIIOKHMBAHHS,; JEIEHTpali3allis; CHCTeMa OIaJICHHS,
TBEPIOMAJIMBHI KOTJIH; Ta30Bi KOTJIH; aBTOMAaTH3Aa1lisl; JTIOJICHKUH (pakTop

Beryn MOTPeON TaKWX rary3eil MPOMHUCIOBOCTI, SIK XiMid-
Ha, HadromepepoOHa, MeranypriiiHa, MamIMHOOY-
NiBHA Ta 3a0€3MEeYNTH TEIUIOHOCISIMU KHUTIOBO-
KOMYHaJIbHE TOCIOAapcTBO. EHepro3depekeHHs
JUIi Hamol KpaiHM Mae TeXHIYHy, EKOHOMiYHYy

Eneprernyna mpoOiiemMa € aKTyaJbHOIO JUIs
BCIX KpaiH CBITY, 0COOJIMBO roCTPO BiT4yBa€THCS B
VYkpaini, sika Ha 35—40 % 3maTHA 320BOJBHUTH
BJIACHUMH IaJMBHO-EHEPTCTHUHIMHU peCcypcamu
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1 MONITHYHY TIpoOJieMy. YKpaiHa 3HaYHOI MipOro
3aJICXKUTH BiJ MTOCTaYaHHS 3-3a KOPJOHY OpraHid-
HOrO IaJauBa, sKe CTaHOBHUTL Onm3pko 60 % Bin
3arajibHOTO 00CATY crioXkuBaHHs [1, 4].

Uepes 3pocTaHHs CIIOKUBAHHSI CHEPropecypciB
1 TOCTIMHOTO 30iNBLIEHHS BapTOCTI OPraHiYHOTO
MajBa BUHUKAE HEOOXIAHICTH €KOHOMIi eHepro-
HOCIiB. AKTyaJIbHOIO MPOOJIEMOIO CHOTO/IHI € PO3-
poOKka i peamizaliisi IporpaMu €Hepro30epekeHHs
1 IepeTBOpEHHs pecypco30epekeHHs y BHUPIIIab-
He JpKepeno 3abe3nedeHHs NoTped MPOMHUCIIOBOCTI
1 KOMyHAQJIBHOT EHEPTeTHUKH.

B yMoBax 3aye:KHOCTI €eKOHOMIKH JICPIKaBH Bif
IMIIOPTY TAJIMBHO-CHEPTEeTHYHUX PECypciB, TIO-
CTIIHOTO 3pocTaHHS iX BapTOCTi, AKTyaJIbHUM
€ TIMTaHHS 100 3MEHIICHHS BUTPAT Ta BTpaT eHe-
PrOHOCIIB, MiIBHINEHHS €(PEKTUBHOCTI BHKOPHC-
TaHHS TaJIMBHO-CHEPTETHYHHUX PECypCiB Ta 3HU-
JKEHHSI eHEPrOEMHOCTI BUPOOHUIITBA.

YkpaiHa mMa€e 3HaYHUI MallMBHO-€HEPTreTUYHUN
KOMIIJICKC, ajie¢ B HbOMY BEJIMKa 4acTKa 3acTapiio-
ro, TEXHIYHO 3HOIICHOTO OOJagHAHHS Ta YCTaTKYy-
BaHHs. CrorogHi HeOOX1THO BCEOIYHO OCMHCIIUTH
mpo0iieMy eHepro30epeKeHHs, TEXHOJIOTIYHOTO Ta
€KOHOMIYHOTO OOIpYHTYBaHHS 3aXOMdiB 3 €HEPIo3-
OepekeHHsI TaTMBHO-CHEPIEeTHYHUX PECypCiB Kpa-
THH.

Mema i 3a0aui pobomu. Meroo poboTH
€ BUpINICHHS MPOOJIeMU EHepro30epeKeHHs Ta
¢(heKTUBHOTO BHKOPWCTAHHS IMAJIMBHUX PECYpCIB
IUISIXOM BUKOPHCTaHHS PI3HUX EHEProHOCIiB Ta
ONTHMI3allig CHCTEMH TEIUIONOCTauyaHHs Ha 0asi
YMaHChKOTO HAIlOHAJILHOTO YHIBEPCHTETY CaliB-
uunrea (YHYC)

st mocsITHEHHS 11i€l METH B POOOTI TTOCTaBIIE-
Hi Takl 3amaui:

— pO3poOHTH  CTpaTeritoeHeproBUKOPUCTAHHS
Ta PO3POOUTH 3aXOAU 3 CKOHOMIl TaJUBHO-
SHEPreTHYHHUX PECYPCIB 3 YpaxyBaHHSAM IWHAMIKH
3pOCTaHHA IIiH Ha €HEPTOHOCII;

— 3ampoIOHYBATH 3aX0/AU 3 €Hepro30epeKeHHs
ICHYIOUHX CHCTEM TEIJIONOCTaYaHHs 3 TOMEPeHIM
ix 0OCTEXEHHSIM Ta OIIHKOIO iX e()eKTUBHOCTI;

— 31IHCHHUTH TepexiJ Ha BUKOPUCTAHHS ajbTe-
PHATHBHUX TaJMBHO-€HEPTETUYHHUX DKEPEeN IUIi-
XOM BBEJICHHS B €KCIUTyaTallif0 TBEpAOIAaTHBHUX
KOTIIIB;

— JIeLeHTpaNi3yBaTl CHCTEMY YHIBEPCHUTETChH-
KOTO OMaJeHHs HUISXOM BCTaHOBJICHHS ONaJlfoBa-
JHHUX CHUCTEM B JKUTIIOBUX OyJWHKax Ta Ha Bigaa-
JeHuX Kadeapax i rypToKUTKaX;

— 3allpOBAaJUTH aBTOMATH3ALUI0 CHCTEMH Tell-
JIOTIOCTaYaHHs CcTyaMicTeduka Ymancekoro HYC
JUTsL TI030aBJICHHS 3aJIS)KHOCTI BiJl JIFOACHKOTO (hak-
TOpY 1 3a0e3neunuTn OB eeKTHBHE BUKOPUCTAH-
HI TETJIOBOT €HEprii;

— 3a0e3MeUYnTH EKOHOMII0  IMaJMBHO-EHEpre-
THIHHUX PECYpCiB, OE3IEKy Ta 3aXHCT CHCTEMH TETl-
JIONOCTAa4YaHHs CTyAMICTEUKa BiJ KOpo3ii Ta iHIIMX
(axTopis;

— JUIS ONAJICHHSI Ta rapsdoro BOJOMOCTaYaHHS
3alpOBaJUTH Cy4YacHI KOHTAKTHO-IIOBEPXHEBI Tell-
JIOr€HEepaTopyu KOHAEHCALIMHOTO TUILy HOBOTO IO-
komiuaHg 3 BucokuM KK/I.

Metoauka

Peamizariisi akTyanpHOI TpoOiieMu eHEpro3oe-
PEKEHHS IPYHTYETHCSI HA HAYKOBO-TIPAKTUYHOMY Ta
e(hekTHBHOMY 3a0e3lcUeHHI BHKOPHCTOBYBAHHS
nanuBa i eHeprii. [lpm 1mpoMmy eHeprozoepirarodi
TEXHOJIOTIl PO3TISIAIOTECS SK HAMPSM TPIOPHUTET-
HOTO PO3BHUTKY €HEpPreTHYHOi cdepH, 3HIMKEHHS
TEXHOTCHHOT0 HAaBAaHTAXXCHHS HA HABKOJIUIIHE Ce-
PEIOBUIIIE 1 SIK OAWH 3 NIIAXIB IMiABUIICHHS KOHKY-
PEHTOCTIPOMOYKHOCTI HAIIOHATEHOT €KOHOMIKH.

Po3B’s13aHHs 6arathox MpooIeM i 3a1a4 B IbOMY
HANpPsIMKY MOXe OYyTH JOCSTHYTE IUITXOM BiIMOBH
BiJl CTBOPEHHS LIEHTPAJIi30BAHUX CHCTEM TEILIOMNO-
CTadaHHA 1 TIEPEeXOqy IO HOBHUX CHCTEM IOMIipHOL
1 HEBEJUKOI OJMHUYHOI MOTYXKHOCTi, a TaKOX JI0
PO3YKPYITHEHHS, y HU3I BUIMAJKIB, iCHYIOUHX KpY-
ITHUX CHUCTEM. Y 3B’SI3Ky 3 ITUM OWUIBIN ITUPOKO 3a-
CTOCOBYBATHCh CHOTOJIHI MIOBUHHI CUCTEMU JICLICHT-
palli3oBaHOTO  TEIUIOTIOCTAYaHHS BiJ] JIOKAJIBHUX
KOTEJIeHb 3 BHUKOPHCTAHHSIM DI3HHUX EHEProHOCIiB.
Jns BupiimeHHs ipo0ieMu eHepro3abe3nedeHHs Ta
eKoHOMIi eHepropecypciB B YMauncskomy HYC Oy-
JIO 371MCHEHO MEepeXil Ha BUKOPUCTAHHS albTepHa-
TUBHUX [TaJJMBHO-€HEPTETHYHUX JDKEpeN IUIIXOM
BBEJICHHS B €KCILIyaTallil0 TBEPAONATUBHUX KOTIIB,
a TaKOX JICIICHTPAIi30BaHO CHCTEMY OIaJCHHS Ha-
BYaJBHOTO 3aKnany [5, 7, 12, 13].

Pe3yabTatu

CrpiMKe 3pOCTaHHsS BapTOCTI EHEPTrOHOCIIB
B PI3HUX perioHax YKpaiHu, 30KkpeMa i B M. YMaHb
Yepkacekoi ob6maacti, (Tadna. 1) cnoHykaio no mo-
pYLIEHHS NUTAaHHS BIPOBA/UKEHHS 3aXOJiB, CIIpS-
MOBaHHMX Ha HaHOUTbII e(eKTHBHE Ta EKOHOMHE
BUKODHCTAaHHSI CHEPropecypciB B CTyIMICTEUKY
YMaHCBKOTO HAliOHAJIBHOTO YHIBEPCUTETY CafiB-
nunrea (YHYC).

doi 10.15802/stp2016/74720

76

© A. ®@. T'onouyk, 2016



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

Hayka Ta nporpec Tpancnopry. BicHuk J[HIIponeTpoBChKoro
HALIOHAIIBHOTO YHIBEPCUTETY 3alli3HHYHOr0 Tpancmnopty, 2016, Ne 3 (63)

EKOHOMIKA TA VIIPABJIIHHA

Tabnums 1
JuHamika 3pocTaHHs HiH Ha eHeproHocii (M. YManb, Yepkacbka 00.1.)
Table 1
Growth dynamics of energy prices (m. Uman, Cherkasy region)
Enepromnocii Bapricts (Tapud) eneproHocist 3a pokamu
2006 p. 2008 p. 2009 p. 2010 p. 2015 p.
EnexkrpoeHnepris neHHUIH 0,3514 0,7155 0,7427 0,83964 bes I1/IB 311/IB
tapud, rpa/kBT-rox
1,5320 1,8384
EnexrpoeHeprist HiYHHI 0,0812 0,1754 0,182 0,28812 0,3755 0,4506
tapud, rpa/kBr-rox
EnexkrpoeHeprist mKkoBuit 0,5848 1,2627 1,3106 1,383 2,7036 3,2443
tapud, rpa/kBT-rox
Ipupouuii ra3, rpa/m° 0,796 2,1464 2,6537 2,998 6,2226 7,4671
[Tiyre moOyTOBE MAIKBO, 4,75 4.8 6,0 5,73 6,6667 8,0
TpH/KT
MasyT, rpH/KT 1,9 3,34 3,8 4,5 4,1667 50
Byrimist antpanur, rpa/kr 0,42 1,07 0,95 15 2,75 3,3
Jlposa, TpH/KT 0,08 0,144 0,168 0,154 2,1667 2,6

Hpumitka': Ipodecop Fonopuyk A. . mpairoBas peKTOpoM Y MaHCHKOTO IEPiKABHOTO arpapHOro yHiBepCH-
tery (2008—2009pp.) Ta peKTOpOM YMaHCHKOTO HAIlIOHAIBLHOTO YHiBepcuTeTy caniBuumTea(2009-2012 pp.).

Temmomoctauanus cryamicteuka go 2010 poky
BimOyBaJOCs ILIEHTPali30BaHO BiJ KOTEIbHI (pHC.
1), sika TakoX 3HAXOJUTHCS HAa TEPUTOPIl HaBYAIIb-
HOTO 3aKJIaJy.

Ywmancekuit HYC 0yB 3acHoBanuii y 1844 porti
sk ['0NoBHE yumiMile CaJAiBHHUIITBA. 3 JTHS 3aCHY-
BaHHS IIeW HaBYAJNBHUIA 3aKIaj] PO3TAlIyBaBCS Ha
wiomi 94,1lra Oinsg BCECBITHRO BiZIOMOTO TapKy
«CodiiBka». Ha TepuTopii YHIBEpCHTETCHKOTO Mi-
CTeuKa po3MilieHo 12 HaBYaNbHUX Ta aIMIHICTpa-
TUBHO-JIOTIOMIDKHUAX KOPHYCIB, 5 CTYIEHTCHKHX
TYPTOXXUTKIB, 6 BHCOKOIOBEPXOBUX IKUTIOBHX
OynuHKIB, HaykoBa 0iOjioTeka, caHaTOpIM-
npodiNakTopiid, CHOPTUBHHUIA KOMIUIEKC, MEAITYHKT
3 TepaneBTHYHUM 1 CTOMATOJIOTIYHIM KaOiHeTaMmu,
imanbHi 1 Kade, Mara3wHu, KOTEJbHI, MalCTEpHI,
BiJUIUIEHHS 3B’S3Ky, METEOpOJIOTIYHA CTaHIIis,
opamepei 1 TEIUIHIli, BeTeTalliiiHi OyIWHKHU Ta iH-
1l TOTTOMIXHI 00’ €KTH, SKi 3a0€31eUyIOTh KUTTE-
JUSUTBHICTD BHIOTO HaBYANBHOTO 3aKiany [3, 12].

Jus  remmozabe3nedeHHs YHIBEPCUTETY  Bif
[EHTPAJIbHOI KOTENbHI NPOKIAJeHa TeIioBa Me-
pexa (puc. 3), Bil sIKOT TEIIOHOCIT MOJAI0ThCS Ha
OMajieHHs Ta rapsiue BOAONOCTayaHHs BiIIOBIAHUX
OymiBemb, a TaKOXX Ha «OOIrpiB  TPYHTY».
VYV 2010-2011 naB4yanpbHOMY POIIi TEIUIOBA MEPEkKa
CTYAMiCTeUKa, SIKa MaJia 3acTapily i HesaKicHy Tel-
JIOI30JIAIIF0 YacTKOBO Oyna 3aMiHEHa Ha HOBY
(puc. 5). B Tabn. 2 HaBe[eHa ONMaNiOBaIbHA IIIOIIA
YMaHCBKOTO JIep>KaBHOTO arpapHOro yHiBepCcUTe-
Ty (YVIAY) cranom Ha 2009 pik.

Y 2009-2010 HaB4aapbHOMY poOILi B yHiBep-
CUTETI CaJliBHUIITBA OYyJM BUKOHAHI 3aXOIH IIOJ0
JIEICHTpalTi3alii CHUCTEMHU OMNaJICHHS 1 Traps4oro
BoJONOCTa4aHHsA. 1151 epeKTUBHOTO BHKOPUCTAH-
HS TETUIOBOT €Heprii B KOHCTPYKIIiI0 CHCTEMH TeI-
JIOTIOCTayaHHs BBEJCHI HOBI eHeprozdepiraroui
KOTJIA Ha TBEPJOMY TMaiuBi i rasi [6, 8, 14].
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Tabnuus 2
OnanoBajbHa mioma no YIAY na 2009 pix
Table 2
Heating area in USAU for 2009

Ne 3/m [MpumitieHHs 3aranpHa | CriBBiJHOLICHH,
Io011a, %
KB. M
1 JKutnosi Oy- 16 993,4 24,5
JTMHKHA
2 I'yproxxurtku 21 818,2 31,5
3 Hapuansni 30529,6 44,0
KOpILyCH Ta
1H.
Bcebsoro 69 341,2 100,0

Ha nmouarky onamoBansHoro ce3oHy 2008 poky
Ha cremialbHoOMy (OHMI YHIBEPCHTETY, 3 SIKOTO
NpOBOAMIIACS OIUIaTa 3a CHOXHTHUH ras, elneKTpo-
eHeprito Ta iHmi mocayry, Oyno numre 226 295 rpu
Ta YHIBEPCHUTETChbKI Oopru Oijbine 3 MIH I'PH 3a
OMajieHHs] KBapTHp 0araTormoBepXOBHX OyaiBelb
cryaMmicTeuka. Takuii BenMKuil OOpPr BHHUK 4Yepe3
PI3HHINIO BapTOCTI raszy Uil IOPUANIHUX Ta (i3ud-
HUX 0Ci0.

Jo npoGnemu Temio3ade3neueHHs CTyMiCTeuKa
y 2010 pomi momanmuch AOAATKOBI OMANIOBAIBHI
wiomi. Y mpoMy KaJeHIapHOMY poOIli B YHiBep-
cUTeTi caliBHUITBA Oyja 34aHa B EKCIUTyaTallifo
mepma yepra HaBYAJIbHO-KYJIBTYPHOTO LEHTPY
(mayxoBa 6i6mioTeka, OyxramTepist, BimIin Kaapis,
pekropar Ta i.) mwiomero 4 300 M® i pekoHCTpyiio-
BaHi KOPIlyCH HOBOCTBOPEHOTO (pakynbTeTy Jrico-
BOTO i CaJ0BO-TIAPKOBOI0 TocmomapcTBa (OyaiBias
crapoi Gyxramrepii 764 M%) Ta imKeHepHO-
TexHosoriuHoro dakynbrery (OyaiBis crapoi 6i0-
miotexku 572 M?) 3aralbHOK ONATIOBAIBLHOO ILIO-
meto 1336 M.

Y 2010 poui BupimeHa ¢iHaHCOBO-TEXHIUHA
npobnema BiaacHUKiB 350 KBapTHp IIISXOM Tepe-
BEIICHHS BCIX KBapTHp OaraTormoBepXOBHX Oyi-
BeJb HA IHAMBIIyallbHE OMNAJCHHS, BIIKIIOUEHHS
TEIUIONOCTAa4YaHHsT KBapTUP BiJl LEHTPaJIbHOTO
OMaJIeHHS 1 rapsY0ro BOAOIOCTaYaHHS Ta OIJIATOO
OaratopidyHUX OOPTiB MEUIKAHIIIB CTYAMICTEUKA.

Ha pexoHCTpyKLil0 ra3omnpoBOIiB BHTPAYCHO
152,3 THc. TpH yHIBEpCUTETCHKUX KOIITIB, 3aMiHe-
HO BHICOKO3aTpaTHI Ta30Bi KOTIU Yy KOTENbHI yHi-
BEPCHUTETY Ha Cy4yacHI €Hepro3oepirawoui 3 BHKO-

PHUCTaHHSM aJbTEPHATHBHHUX BHIIB MAJINBA Ha CY-
My 730 tuc. rpH. BeranoBineHo cyyacHy amaparty-
PY 3 peryioBaHHS, KOHTPOIO Ta OOJIKy rasy Ta
enekTpoeHeprii Ha cymy 365,5 Tuc. rpu. Lle gamo
ekoHoMito Omm3pko 700 THC. TPH 3a OMANTIOBAJIh-
HU# ce30H (Tabm. 3).

[licnst BupimieHHs1 (iHAHCOBO-TEXHIYHUX 1 KO-
MYHaJIBHO-TOCITOTAPCHKHUX MPOOJIEM aJMiHICTpaITis
yHiBepcutery y 2010 poui mepenana XHUTIOBUI
(OHJT CTyIMICTEUKA 10 HOBOCTBOPEHUX 00’ €THAHb
CIIBBIIACHHUKIB  0araromoBepxoBuX  OymiBelb
(OCBB). OCBB «Arpapii» i «Marsouisi» cTBOpeHi
Ha TEpUTOPii HABUAILHOTO 3aKJIaAy 1 ChOTOAHI ycC-
MIITHO BUKOHYOTh cBOI  (pYHKIIOHAIBHI
000B’ 3KH.

BpaxoBytoun 3pocrarody I[iHy Ha €HEproHocii,
B TOMY YHMCIi i Ha TPUPOJHUN Ta3, Mepexim Ha
ONAJICHHS AalbTEPHATUBHUMH BHIAMH IIaJHBa
(npoBa, mmiema, comoMa) OYB CBOEYACHUM Ta BHBa-
JKEHUM KPOKOM Ha HUISXY €KOHOMIi eHepro3arpar.
Ie nano MoxuBICTh (TabM. 3) 3MEHIIUTH BUTPATH
razy y 2009-2010 maBuanpHHUX pOKax IMOPIBHSHO 3
2007-2008 mnaBuyanpbHMM pokoM Ha 38,6 %
(788 221 M3), IO B CBOIO Yepry Jajio MOXKIHBICTh
3MEHIINTH BUTpPaTH Ha HOro 3aKkymiBIIO Ha
2091 701,75 rpH.

B Tabn. 4 i 5 HaBejeHI NMOPIBHSUIBHI JaHi BU-
TpaTH Ta3y 3aJleXHO BiJ TeMIepaTypH HaBKOJIMII-
HBOTO CEPEJIOBHUIIIA B OMATIOBAILHUH CE30H 32 4O-
tupu poku 2007-2010 pp.

3 Ttabn. 4. BugHo, mo y motomy 2010 poky
CIIO’KMBAHHS Ta3y 3MEHIIMJIOCS MOPIBHSIHO 3 JIFO-
tim 2007 poxy Ha 31,5 %, a6o Ha 46 923 v°.

AHayoriyHa KapTHHA CIIO)KUBAaHHS Ta3y 3aJekK-
HO BiJl TeMIIepaTypy HaBKOJIMIIHBOTO CEPEIOBUINA
iy 6epesni nporsirom 2007—2010 pp. Tyt crioxu-
BaHHs 3MeHmmTocs Ha 52 000 M 3 111101 m°
y 2007 pori mo 59 101 m® y 2010 poui, a6o Ha
46,8 %; a nopieHsHO 3 2008 pokoMm 115 pi3HMIIA 1IIe
Oimpma. Y 2008 poui ueHTpajdbHa KOTEIBHS
YIIAY croxwuna 157 789 m° razy, a y Tomy x 2010
pori mwmre 59 101 m® (ta6ur. 4), ne Ha 98 688 M°,
abo Ha 62,5 % menme, Hixk y 2008 porii.

[TpoaHani3yBaBIIM CIIOKUBAaHHS Ta3y B yHIiBep-
cuteti 3 2007 poky, 6aunMo, 1110 HOro 3MEHIIEHHS
cranoButh 869 862 M, abo Ha 75,2 %.
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Tabnuus 3
Butpara rasy sl ce30HHOI0 ONAJICHHS CTyAMiCTe4Ka
YMaHCBHKOI0 HALIOHATBHOT'O YHIBEPCHTETY CAliIBHMITBA
Table 3
Gas consumption for the seasonal heating of campus
at Uman National University of Horticulture
Ne 3/nt 3a pokamu 2009-2010 no | 2009-2010 no 3MEHIICHHS
2007-2008p., 2007-2008, BUTpAT Ha 3a-
% y HaTyp. BU- | KyIIiBIIO ra3y B
2007-2008 2008-2009 2009-2010 Mip., M rpoloBoOMy
Pp. Pp. Pp. €KBiBaJIEHTI,
TpH
’KoBTeHs 49 878 22611 18193 36,47 31685 84082,48
JIucronan 457 436 101780 55267 12,08 402169 1067235,80
I'pynens 241 950 135519 152556 63,053 89394 237224,85
CiueHb 183 025 164721 102603 56,06 80422 213415,86
JTroTmit 150 476 119465 102250 67,95 48226 127977,33
Bepesenp 157 789 81720 62744 39,76 95045 252220,91
Ksitens 43 150 15583 1870 4,33 41280 109544,73
Bceroro 3a 1283704 641 399 495 483 38,6 788 221 2091 701,75
OonaJIIOBaJIbHUN
Ce30H
Tabnuus 4

IopiBHsuILHUAN aHATI3 BUTPATH ra3y Ta 30BHIIIHBOI TeMmepaTypu nositpsi 3a arotuii 2007—-2010 pp.

Table 4
Comparative analysis of gas consumption and external temperature for February, 2007-2010
Ne Jlrotuit 2007 JroTuit 2008 Jlrotuit 2009 JIrotuit 2010
3/ t, C° M t, C° M t, C° M t, C° M
1 -3,2 5180 0,2 4530 -2 5440 -1,8 5234
2 2,4 6 081 -0,6 6 024 -53 5379 -3,6 4746
3 2,4 5764 3,2 5381 -6,4 5570 -53 5424
4 =52 5142 —4,7 5916 -2,2 5393 -5 5377
5 -2,2 4814 -04 5886 1 3850 -7,2 4841
6 -1 4 698 2 5209 2,9 2936 -10,9 5538
7 —4,2 4727 -1 5193 3,6 3801 -11 5778
8 1,9 4747 -1,4 5109 6,5 3826 -8,8 3728
9 0,8 4 368 -0,8 5209 74 3447 -7 2596
10 0,6 4m489 —4 5401 3 4290 -3 2005
11 -2,9 4 440 -5,6 5 566 0 4354 -3,8 2784
12 2,5 4691 -8 5491 2,6 4158 —4,6 5470
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End of table 4

Ne JIrotmit 2007 JIrotuit 2008 JIrormit 2009 Jlrormit 2010
3/n t, C° M t, C° M t, C° M t, C° M
13 3,8 4 461 —4,8 5806 15 3387 -1,6 3833
14 1,6 4 459 0,2 4987 0,4 4151 0,3 5092
15 —0,4 4543 —4,9 5949 -1 4142 —4,4 5112
16 —4,3 4924 —6,6 6 352 -1,1 1735 —4,2 2282
17 -9,5 6 062 —9,6 6670 -2,6 4379 5,2 2581
18 —4,5 6013 -6 5728 -2,8 3830 -0,2 2462
19 —4,5 6314 -1,4 5621 -2,2 3411 0,8 1218
20 1,8 4335 -2,4 6 130 -2,3 3765 2 1003
21 1 5021 -1,3 6103 -4,9 4844 1 1614
22 1 6 603 304 5937 -5 5352 0,2 1614
23 -8,8 6 366 604 4413 -1,4 5797 2,1 2550
24 -15,2 6782 4 3378 -6,1 5397 2,4 1686
25 -12 6 342 3,6 3912 —6 4 866 1,8 1593
26 -8,2 6104 7.4 3408 -8,2 4201 1 2792
27 7,4 6 407 0,8 3560 -0,8 3499 -2 3685
28 5,4 5299 7.3 3883 -0,2 4 265 -2,1 3436
29 2,2 3726
Bceboro 149 176 150 476 119 465 102 253
TabOnumsa 5
IopiBHANBHNI aHAJNI3 BUTPATH ra3y Ta 30BHIIIHLOI TeMIIepaTypPH NMOBIiTPs
3a O6epezennb 2007—-2010 pp.
Table 5
Comparative analysis of gas consumption
and external temperature for March, 2007-2010
Ne 3/m Bepesens 2007 Bepesens 2008 Bepesens 2009 Bepesens 2010
t, c° M t, o M t, (o M t, c° M
1 -1,2 4 505 3,8 7212 -2,1 4442 1,2 1670
2 0 4 400 5,7 5817 —4,2 4 575 5,6 1064
3 31 4 545 11 6 026 —4.,8 3695 3 1882
4 -0,2 4390 5,6 5573 5,2 3488 0,4 1541
5 2,7 4341 0,2 4273 -0,8 3501 -1,6 1340
6 0,4 4019 0,5 4 397 0 2683 -3,2 2190
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Ne 3/m Bepesens 2007 Bepesens 2008 Bepesens 2009 Bepesens 2010
t, C° M’ t, C° M’ t, C° M’ t, C° u’

7 0,9 3976 —-0,7 5520 2,4 2136 -5,3 4 589
8 -0,4 4146 -1,2 5554 6,7 2328 -8,9 5282
9 -0,9 3782 5,2 5501 3 2291 4,6 4422
10 0 3622 38 5491 1,6 3158 5.8 5028
11 08 3234 35 5486 0,4 2019 -6 5022
12 5 3791 3,7 4752 1,6 2292 -2,5 1715
13 1,4 4 327 5,7 4572 0,8 2037 -1,5 1000
14 -2,1 3397 4 4 356 2,4 2027 0,5 2 596
15 4,2 3445 2 5500 0,9 2233 2,2 2 006
16 0,7 2978 2,6 4 447 1,5 2101 -0,4 2769
17 6,8 3772 5,3 4 385 1 2102 -2 1253
18 3,7 5609 3,3 4513 1,3 2123 2,6 1699
19 6,2 2914 3,6 4 847 1,6 2170 5,6 651
20 58 2 968 -1,3 4997 —-0,7 2400 9,7 391
21 8,6 2448 —2,6 4593 1,6 3286 10 1640
22 7,8 3753 -1,2 5512 1,8 1956 10,2 1458
23 7,1 3259 6,3 4578 -1,2 2 828 59 1556
24 4,3 3259 3,6 4 362 0,1 2 505 13 1559
25 1,2 4039 8,3 5645 1,1 2551 9,4 790
26 4,4 2313 -0,9 6 196 0,1 2494 10,8 767
27 4.8 2717 -1,4 5425 -1,4 2573 13,6 454
28 0,4 3220 2,7 4422 -2,4 2527 10,9 978
29 —-0,5 2819 0,8 3908 2,6 2308 111 579
30 —-0,6 2704 2,4 4377 4,3 2 480 14,2 764
31 2 2 409 3,8 5552 6,2 2411 10,5 446

Bceroro 111101 157 789 81720 59101

B Tabn. 6 1 7 HaBemeHO MPOTOKOJBHI JIaHi TeM- Ha puc. 1 HaBeneHo rpadiku TemrmepaTypHOTO

MepaTypy 30BHIIIHBOTO IOBITPS Ta BHUTpaTa rasy peKUMYy Ta BUTpata rasy 3 15 mrororo mo 21 jmore
3a onamoBanbHi ce3onn 2008 i 2009 pokiB, 2010 poky. 3 Takux rpadikiB Bi3yadbHO BUIHO, SK
a Ha puc. 1-6 TexHoNOTiuHI parMeHTH Terio3a- MPOTIAroM 1o0u (HiY, IeHb) 3MIHIOETHCS TeMIIepa-
Oe3rneyeHHsT aKaJeMMicTedka YMaHCHKOTO Hallio-  Typa HaBKOJMIIHBOTO CEPElOBHUINA i BUTPATH razy.

HAJILHOTO YHIBEPCUTETY Ca/liBHUIITBA.

3a onmanoBaIbHUAN CE30H IOJICHHO (IeHb, HiY),
IIOTH)KHEBO 1 TIOMICSYHO 3/iHICHIOBaBCS KOHTPOJb
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BHUKOPHCTaHOTO Ta3y. B Tabn. 8 HaBexeHO KOHTpO-
JbHI TIOKA3HUKU TEMIIEpaTypH i BHTpara Tasy,
a TaKkoX (IHAHCOBO-CKOHOMIYHI JaHi IUIaHOBO-
€KOHOMIYHOTO BiJJIily YHIBEPCHUTETY 3a JIIOTHH
Micsip 2010 poky.

e Y

Puc. 3
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Tabnuns 6

TemnepaTypa 30BHIIIHBOI0 NOBITPSI TA BUKOPUCTAHHS ra3y B onaawBajabsuuii ce30H 2008 poky

Table 6

The temperature of the outside air and the use of gas during the heating season in 2008 year

Ne s/n CiueHp JTornit Bepesenn KBiTeHb
t,C’ o t,C M t,C’ M’ t,C’ M’

1 —5,2 6129 0,2 4530 3,8 7212 3,4 3874
2 -6 6376 -0,6 6 024 57 5817 2,2 3793
3 -11,6 6 468 3,2 5381 11 6 026 —7,8 2 765
4 -13 7060 —4,7 5916 5,6 5573 -8,2 3746
5 -15,6 7067 -0,4 5 886 0,2 4273 6 3742
6 -15,2 7 267 2 5209 0,5 4397 8 3740
7 —9,7 7162 -1 5193 -0,7 5520 8,2 3738
8 -11,2 7195 -14 5109 -1,2 5554 9,2 3294
9 -8,8 7177 -0,8 5209 5,2 5501 8,8 2474
10 5,4 4418 —4 5401 3,8 5491 7.4 2191
11 —2,6 5401 —5,6 5566 3,5 5486 11,4 2526
12 -1,2 6 524 -8 5491 3,7 4752 6,2 2385
13 —-0,4 6 487 -4,8 5806 57 4572 4 2384
14 0 5527 -0,2 4987 4 4 356 43 2 244
15 1 4764 -49 5949 2 5500 10,2 254
16 -14 4 877 —6,6 6 352 2,6 4 447 - -
17 -2,2 6 205 -9,6 6670 53 4 385 - -
18 -2 6 257 —6 5728 3,3 4513 - -
19 -3,7 6 380 -1,4 5621 3,6 4 847 - -
20 2,4 5977 2,4 6130 -1,3 4997 - -
21 0,7 6210 -1,3 6103 -2,6 4593 - -
22 6,2 5073 3,4 5937 -1,2 5512 - -
23 4,2 5125 6,4 4413 6,3 4578 - -
24 -1 5566 4 3378 3,6 4 362 - -
25 -1,2 6203 3,6 3912 8,3 5645 - -
26 -0,8 6 236 7,4 3408 -0,9 6 196 - -
27 4 6 160 0,8 3560 -1,4 5425 - -
28 0,5 6173 7,3 3883 2,7 4422 - -
29 0,3 5700 2,2 3726 0,8 3908 - -
30 —4,1 5864 - - 24 4377 - -
31 0,8 - - - 338 5552 - -

Bceworo 183 025 150 476 157 789 43 150
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Ne 3/m YKoBTeHb Jlucronan I'pynens
t,C’ M t,C’ M t,C’ M
1 - - 11 1169 4,6 3788
2 - - 12 2259 9,0 3696
3 - - 12 1428 8,1 3702
4 - - 10,3 1775 8,9 3738
5 - - 10 1390 4,9 2413
6 - - 10,8 2753 4,3 2895
7 - - —-0,6 1975 5,0 3692
8 - - -2 3959 3,4 3802
9 - - —2,4 3900 -0,9 4109
10 - - -0,9 4025 -0,2 3854
11 - - -4,9 3962 -1,8 3848
12 - - —4,6 3 866 3,8 3767
13 - - 2,4 3706 -3,8 4166
14 - - 2,6 3530 —4,7 4 287
15 - - 19 3597 -5,0 4 476
16 - - 6 3560 -4,9 5352
17 - - 7 3601 -3,6 5131
18 - - 0,2 3698 -3,0 5084
19 - - —4,1 3735 -1,8 5029
20 - - 0,6 3653 -2,1 5075
21 2,1 1278 6,8 3664 -2,3 5072
22 4,0 1512 2,6 3703 -2,8 5019
23 1,9 1309 -15 5261 -2,8 5036
24 4,4 1383 -2,8 3796 0,5 4557
25 54 2111 1 3 864 0,0 4 869
26 6,0 1905 3,5 4190 -1,0 5297
27 3,5 1887 —-0,6 4 249 —5,6 5981
28 1,9 1786 1,1 3822 -8,5 6 244
29 4,2 2 326 1,3 3882 -3,6 5742
30 10,2 1 866 3 3808 —6,0 5798
Bcroro 13,5 1829 - — -2,5 -
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Ta6bmaums 7
Temnepartypa 30BHILIHBOT0 MOBITPSI Ta BAKOPUCTAHHSA ra3y B onajgoBaibHuii ce3o0H 2009 poky
Table 7
The temperature of the outside air and the use of gas during the heating season in 2009 year
Ne s/n Ciuenp Jrotuii Bepesenn
t, c M t, c M t, c M

1 -11,1 6 955 -2 5440 -2,1 4442
2 —6,2 5960 -5,3 5379 —4,2 4 575
3 -12,8 5951 —6,4 5570 —4.,8 3695
4 -9,2 5943 -2,2 5393 5,2 3488
5 7,2 6 040 1 3850 -0,8 3501
6 -10,8 6316 2,9 2936 0 2683
7 -19,5 6 356 3,6 3801 2,4 2136
8 —6,4 6 408 6,5 3826 6,7 2328
9 -10,8 5355 7.4 3447 3 2291
10 -2,2 5621 3 4290 1,6 3158
11 7,2 5676 0 4354 0,4 2019
12 —6,6 5331 2,6 4158 1,6 2292
13 -7,0 5331 15 3387 0,8 2037
14 0,0 3934 0,4 4151 2,4 2027
15 2,4 4745 -1 4142 0,9 2233
16 13 5081 -1,1 1735 15 2101
17 -0,8 5124 -2,6 4379 1 2102
18 —4,5 5341 -2,8 3830 1,3 2123
19 4,6 5236 -2,2 3411 1,6 2170
20 -2,8 5192 -2,3 3765 -0,7 2400
21 4,0 5205 -4,9 4844 1,6 3286
22 -1,8 5028 -5 5352 1,8 1 956
23 -1,6 4991 -14 5797 -1,2 2828
24 0,0 4946 —-6,1 5397 0,1 2505
25 3,0 4 597 —6 4 366 11 2551
26 14 4512 -8,2 4201 0,1 2494
27 0,6 4921 -0,8 3499 -1,4 2573
28 2,1 4181 —-0,2 4 265 2,4 2527
29 2,2 4419 - - 2,6 2308
30 -0,8 4839 - - 43 2480
31 -0,8 5186 - - 6,2 2411
Bceboro 164 721 119 465 81720
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Ne 3/it KsiTens JKosrenn Jucronan I'pyneus
t,C M’ t,C M’ t,C M’ t,C u®
1 4,6 1554 - - -0,8 2 440 9 2580
2 4,2 1583 - - -2,8 2083 10,7 3543
3 0,2 1493 - - -18 4 250 5 2958
4 3,4 1057 - - -2,0 2412 2 2518
5 3,5 1269 - - -0,6 2420 3,1 2031
6 4 1224 - - 3,1 956 3,2 2230
7 12 718 - - 10,2 2119 2,9 3043
8 4,9 791 - - 9,4 1910 -0,1 3 364
9 5,8 870 - - 3,9 2493 -0,4 4713
10 7 853 - - 3,6 2131 -0,8 4622
11 4,8 913 - - 5,8 1923 -1,4 4840
12 3,8 812 - - 9,8 334 —7,4 4987
13 6,7 815 - - 7,2 0 -8,5 5664
14 4 868 - - 3,2 0 —6,9 6 580
15 2,6 763 1,8 - 2,5 1533 -10,3 5697
16 - - 3,8 - 2,6 1185 -12,9 6 021
17 - - 2,6 - 0,8 1270 -12,1 6571
18 - - 0,8 - 3,3 1316 —-13,6 7045
19 - - 1,2 2 546 2,8 1262 -13 7002
20 - - 7 1732 7,4 0 -14,1 6 999
21 - - 11,2 964 4,4 0 -11,7 7048
22 - - 4,8 1004 9,3 2 552 -1 6 500
23 - - 6,2 - 1,8 2216 1,7 6 000
24 - - 13 - 5,7 3777 1,3 5000
25 - - 11 1512 6,2 2430 2,5 5000
26 - - 4,5 - 51 1210 1,2 5000
27 - - 74 - 2,3 3035 0,6 5000
28 - - 8,2 1583 1,8 2675 0,6 5000
29 - - 41 1604 2,8 2961 0,9 5000
30 - - 4,6 3293 2,6 2374 -2,5 5000
31 - - -29 1938 - - -15 5000
Bcebsoro 15 583 16 176 55 267 152 556
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Tabnuns 8
Burpara rasy 3a motuii 2010 poxy
Table 8
The cost of gas for February, 2010
3a nrotui, Onepatop Ore- t,C | Burpata | Cywma 6e3 /1B Cymma 3 Cywma 3a
nara patop rasy, > | TIOB, rpu T[IJIB, rpH | THXKIEHB, TPH
1 YepHOB HIY 0,8 2181 4 828,19 961,64 5787,83 98 024,29
Kapmakos JICHb -1,8 3053 6 751,59 | 1350,32 | 8101,90
2 Kapmakos HIY —6,8 2 457 543356 | 1086,71 | 6 520,27
Boiiko JICHb -3,6 2289 5062,03 | 101241 | 6074,44
3 Boiiko HiY —6,4 2 487 5499,90 | 1099,98 | 6599,88
3arpeOenbHUi | JCHB -5,3 2937 649506 | 1299,01 | 7794,07
4 3arpebenbHuil | HIiY —6 2508 5546,34 | 1109,27 | 6655,61
YepHoB JIeHb -5 2689 6344,68 | 1268,94 | 7613,61
5 YepHoB HiY —7,6 2 687 594219 | 1188,44 | 7130,63
Kapmakos JIeHb -7,2 2154 4763,48 952,70 5716,18
6 Kapmakos HiY -13 2550 5639,22 | 1127,84 | 6767,07
boiiko JICHb -10,9 | 2988 6607,84 | 1321,57 | 792941
7 boiiko HIY -15 2 652 5864,79 | 1172,96 | 7037,75
3arpebenbHuNl | IeHB -11 3126 6913,02 | 1382,60 | 8295,63
8 3arpebensHUi | HIY -9,8 1283 2 837,30 567,46 3404,76 67 691,91
YepHOB JICHb —-8,8 2 445 5407,02 | 1081,40 | 6488,42
9 YepHOB HiY —-8,6 1191 2633,85 526,77 3 160,62
Kapmakos eHb -7 1405 3107,10 621,42 3728,52
10 Kapmaxkos HiY -5,9 606 1340,14 268,03 1608,17
Boiiko JIeHb -3 1399 3093,83 618,77 3712,60
11 Boiixo HiY -3,2 1233 2726,73 545,35 3272,08
3arpebenpHiA JIeHb -3,8 1551 3429,97 685,99 4 115,97
12 3arpebenpHuid | HiY -35 2 566 5674,61 | 113492 | 6809,53
YepHOB JICHb —4,6 2904 6422,08 | 1284,42 | 7706,50
13 YepHOB HIY —2,4 1885 4 168,60 833,72 5002,32
Kapmakos JICHb -1,6 1948 4 307,92 861,58 6 169,51
14 Kapmakos HiY 0,8 2329 5150,49 | 1030,10 | 6 180,59
boiiko JICHb 0,3 2763 6 110,26 | 1222,05 | 733232
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3a moTHii, Onepatop Ore- tC | Butpata | Cywma 6e3 T1/1B Cymma 3 Cyma 3a
nara patop rasy, M [I1AB, rpa I[IAB, rpH | THXXIEHb, IPH
15 Boiiko HiY -2,8 2341 5177,03 | 103541 | 621243 43 181,85
3arpebenpHiA JIeHb —4.,4 2771 6 127,96 1 225,59 7 353,55
16 3arpeOenbHUA | HIY —4,1 1179 2607,31 521,46 3128,77
YepHOB JICHb —4,2 1103 2 439,24 487,85 2 927,09
17 YepHOB HIY -8,4 1172 2591,83 518,37 3 110,20
Kapmakos JIEHb -5,2 1409 3 115,95 623,19 3739,14
18 Kapmakos HiY -1,4 1031 2 280,02 456,00 2 736,02
boiiko JICHb -0,2 1431 3 164,60 632,92 3797,52
19 Boiiko HiY -0,4 813 1797,92 359,58 2 157,50
3arpeOenbHUi | JCHB 0,8 405 895,64 179,13 1074,77
20 3arpebenbHul | HiY -0,2 520 1149,96 229,99 1379,95
UepHoB JIeHb 2 483 1 068,14 213,63 1281,76
21 YepHOB HiY 1,2 707 1563,50 312,70 1 876,20
Kapmakos JICHb 1 907 2 005,79 401,16 2 406,95
22 Kapmakos HIY 0,9 707 1563,50 312,70 1876,20 46 058,52
boiiko JICHb 0,2 907 2 005,79 401,16 2 406,95
23 boiiko HiY —2,2 1128 2 494,53 498,91 2 993,43
3arpeOenbHUi | JCHB 2,1 1422 3144,70 628,94 3773,64
24 3arpebenbHuil | HIiU 2,4 792 1751,48 350,30 2 101,77
YepHon eHb 2,4 894 1977,05 395,41 2 372,45
25 YepHoB HiY 1,1 770 1702,82 340,56 2 043,39
Kapmakos JIEHb 1,8 823 1 820,03 364,01 2 184,04
26 Kapmakos HiY 0,1 1322 2 923,55 584,71 3 508,26
Boiiko JIeHb 1 1470 3250,85 650,17 3901,02
27 Boiiko HiY -1,8 1687 3730,73 746,15 4 476,88
3arpebenbHUNl | IeHB -2 1998 4 418,50 883,70 5302,20
28 3arpeOenbHUA | HIY -2,2 1748 3 865,63 773,13 4 638,76
YepHOB JICHb -2,1 1688 3732,94 746,59 4 479,53
Bcroro 96074 254 956,57 | 254 956,57

ITogo00BO 1 IO3MIHHO CKJIQ[AJIKUCA 3BEICHI

TaduLi

3 TOKa3HHKaMH BHTpar rasy,
enekTpoeneprii, Boau B nepion 2007—2012 poxkis.

ApOB,

IIpu 115OMy TBEPIOMANKBHI KOTIH TPAIIOBAIIH
Ha JIpoBax, Byrummi, memni i comomi. Hampuxiran, 8
arororo 2010 poky (tabia. 8), omepatop UepHoB

npu Temiepatypi nositpst 8,8 °C cranu 2 445 m°
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rasy i 10 (c/m) cximamomeTpiB OpoB. 3alIeXKHO Bif
TEeMIEepaTypH 30BHIIIHBOTO TOBITPS B OMAaJOBaIb-
HU Ce30H 3a OJHYy J00y cramoBanocs Big 254 1o
7267 m® ra3y Ta Bia 5 no 20 ¢/m npos.

VY nitHi# nepion 3 2009 poky mopivHO rocmo-
JapChKOI0 YacTHHOW YMaHcbkoro HYC 3miiicHio-
Bajacs IJIaHOBA 3aroTiBIIs JPOB, COJIOMH 1 IIETH i3
CBOTO JICy, caay 1 HIOCHIITHUX TIOJiB, a TaKOX
3 JIICHMIITB, SIKi PO3TaIIOBaHi MOOIKU3y YMaHi.

Y MicaYyHMH TEepMiH 3aroTOBJSUTM  Oinblie
600 c/m apos Ta 1 000 TIOKIB COTOMH.

[IpoTsiroM oManOBaJIbHOTO CE30HY 3 KOBTHS
MO KBITeHb NpALiBHUKH BiAmimy Teruio3abesre-
YeHHS YHIBEPCUTETY PETYIAPHO OTPUMYBAIU Tep-
MOTpaMH 3 pe3yJIbTaTaMH BHUMIPIOBaHb TEMIIepa-
TypU B ayJUTOPIAX Ta TYPTOXKHUTKAX, a TAKOXK IO-
TOJIMHHI Ta CEPEeIHBOA000BI MOKA3HUKHU TEIUIOTEX-
HIYHUX  TapaMeTpiB  KOTEIhHOI  YCTaHOBKH
Ymancskoro HYC.

Bume nHaBeneni tabn. 3—8 ta puc. 1 cBiguath
PO TIOCTIMHUH KOHTPOJIb CIIOKWBaHHS Ta3y NpH
BIIITOBITHIN TeMIepaTypi 30BHINIHBOTO IOBITPS.
B tabx. 8, xpiMm 1060BOI (HiY, A€HB) BUTPATU razy
3  KOHTpOJIEeM TpU  I[bOMY  TeMIepaTypu
30BHIIIHBOTO TIOBITPsI, HaBEJIEHE TPI3BUIIE Olepa-
TOpa 1 BapTICTh CIOKUTOTO ra3y 3a 3MiHY LUM
oreparopoM. 3 TaOJNWIb MOPIBHSAIBHOTO aHAaJi3y
1 rpadika BUIHO, IO BUTpaTa Tra3zy 3aJeKHTh
HE TUTBKH BiJl TEMIIEpaTypH 30BHIIIHBOTO MOBITPS,
a W Bim TOACKKOrO (AaKTOpy — KOHTPOJIO

B xiHIII KOKHOTO THIKHS BHKOHYBABCS aHai3
KUTBKOCTI CIOXHTOTO ra3y Ta TBEPJOrO MajuBa
BIMOBIAHO  BiJl  TeMIepaTypH 30BHILIHBOTO
MOBITPS 1 peXUMY POOOTH HaBYAIEHOTO 3aKIaTy.

B 1abn. 9 HaBeaeHO JaHi CIIOXKUTOrO rasy 3a
onmamroBanbauil ce30H 2010—2015 pokis. 3HauHe
3MeHIIeHHST BUTpath rasy 3 479264 m® y 2010
poui 1o 286960 m® y 2015 poui (40,1 %)
MOSICHIOETBCS. THM, IO B LEHTPANbHIA KOTEIbHI
yHIBepcHTETy OyJI0 NEMOHTOBaHO KOTEN MOTYX-
HicTio 6 MBT, sxuit maB am3bkuit KK/ 1 HagmipHe
CIOKMBaHHSI razy.

Y 2010 poui Ha Micui IbOTo KOTIa OYyJ0 BCTa-
HOBIJIEHO JIBa BOJOTPilHI OMANOBaJIbHI KOTIHU
«Perpa 3M» (puc. 2) moryxuictio 800 xBr. IIi
KOTJIM pPO3paxoBaHi Ha TBeplle NAIUBO. JIPOBa,
BYTLILIS, HIeny Ta Toppodbpukern [2, 11].

baraTopiunuii TOPIBHAJIRHUAN aHAI3 CIOXKH-
BaHHSI ra3y MOKa3as, [0 BUTPATH MaUBA 3aJIeKaTh
HE TUTBKY Bil TEMIIEpaTypy HaBKOJHUIIHBOTO cepe-
JTOBWIIA, aJie 1 BiJ MpodeciifHOCTI oreparopa, Bif
HOTO BIATMOBINATLHOCTI, BiJl HOTO TPOMAICHKOI ITO-
3MLiT MOJ0 eKOHOMIi MaJMBHO-EHEPreTHYHUX pe-
CYpCiB KOHKPETHOI KOTEJIbHI HABYAIbHOTO 3aKiia-
Iy, YCTAaHOBH YH HACEIECHOTO MYHKTY.

Hdnst  migTBepIKEHHS  LBOTO  MPOBEAEMO
MOPIBHSJIBHUI aHai3 JIBOX MICAIB OJHOTO POKY
(mwB. Tabm. 6) JTrotmit 2008 poky, y sKOoro cepen-
HBOMICSIYHA TeMIlepaTtypa y 3WUMOBUH mepiom —
0,62°C, a y BecHsHuii Micsup — Oepesennr 2008

1 BIATIOBIAABHOCTI OMEpaTOpiB KOTENBHI a TAKOXK POKY  CepelHbOMICSYHAa  TeMmmeparypa Oyrna
Bix amMinicTpariii BH3. +2,43 °C.
Tabnuus 9
CnosxuBaHHsI ra3y KoTeJabHsiMu yHiBepcutety 3a 2010-2015 poku
Table 9
Gas consumption by boilers at the University per 2010-2015 years
Micsup 2010 p., m® 2011 p., M® 2012 p., M 2013 p., M 2014 p., M° 2015 p., m®
Ciuenp 102 603 68 196 67 955 122 997 89 070 45 961
JTrotuit 102 250 87985 151 605 35717 81175 35187
Bepesenn 62 744 59 222 52 595 38678 39988 24 798
Ksitens 1870 12 587 9880 11540 12 106 -
JKoBreHp 25775 1219 22 604 5652 169 7379
Jucronan 42 805 21871 76 303 52 279 28 050 79 810
I'pynens 141 217 80 143 160 218 101 988 39439 93 825
Bceroro 3a pik 479 264 331 223 541 160 368 851 291 497 286 960
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Ane rTasy cmaneHo y 6Gepesni — 157 785M°
a'y moromy — 150 476 m°. V GepesHi 3 IIFOCOBOIO
CepeTHbOMICSYHOI0 TEMIIEpaTypol0 BHUTPAa4YeHO Ta-
3yna 5 % (7 309 M°) Ginblia, aHiK y 3MMOBHIT JTOT-
HEBUH MICAIh 13 CepeAHBO-MICSIUHOIO MiHYCOBOIO
TEMIIEpaTyporo, a e MEePeBUTPATH YHIBEPCUTETCh-
KuX KomtiB Ha 54 817,5 rpuBeHs.

Iletfi KOHKpETHWH aHaNi3 TMIATBEPIKYE BHIIEC
MPUBEJICHUI BUCHOBOK, 1[0 BUTpPATa ra3y 3aJeKUTh
HE TUTBKU BijI TeMIlepaTypH 30BHIIIHBOTO MOBITPS,
a TaKOoX BiJ BiANOBITATBHOCTI, JTOOPOCOBICHOCTI
1 MOCTITHOTO KOHTPOJIIO ONEPATOPIB CIIyKO0k0 Tell-
nozabesneyenHss OCBD uu BigmoBiTHUX yCTaHOB.

Ha Bigmamenux kadeapax ekoHOMikH, OOIIKYy
1 ayIMTy, MAapKEeTUHTY, (DIHAHCIB 1 KPEIUTY a TaKOXK
Ha Kadenpy mpoIeciB, MalllUH Ta 00T HAHHS OyIIn
MocTaBlieHl OJOYHO-MOIyIBbHI KoTenbHi. Y 2011
poIIi IS JeB’ ITUTTOBEPXOBOTO CTYACHTCHKOTO Typ-
ToXHUTKY Ne6 Ha 617 MicIb y SIKOMY IPOKHUBAIOTh
1 BUKJIaAadi YHIBEPCHTETY, a TakoX Il OO0IrpiBy
TOTEI0, CTYACHTCHKOTO Kade, MPU-MIIIeHb Mo0y-
TOBOTO OOCIYrOBYBaHHS, a TaKOX JUIsS OMAJICHHS
BUILIETIEPEPAXOBAHUX Kadenp ¢daxynpTeTy
€KOHOMIKH 1 MiANPHEMCTBA OIS CTYITYPTOXKHUTKY
Ne 6 Oyna mocTaBiaeHa0JI0YHO-MOAYJIbHA KOTEIbHS
(puc. 4). Koren KCB - 0,63 I'n «Exo» Monactu-
pumiancekoro 3aBoay «Eneprerux» (Yepkacbka
o611.).Koren crameBmii, BOXOTPiliHKI, aBTOMATH30-
Bauuii, 2011 poKy BHTOTOBJICHHS 3 TEMIIEPATypPOIO
HarpiBanHs Boau He Bumie 115°C i mpusHaueHuit
JUTSL OTIAJTICHHSI 1 TApSY0T0 BOJOMIOCTAYaHHSI B 3aKpU-
TUX CHCTeMaXx Teruionocradanus. s mMozaens kotia
€KOHOMHO  TIpamloe€ Ha  NPUPOJHOMY  Tasi,
a [OCTaBJIeHI TeruioBoxomiun-1bHUKHCBTY-10M
Ta amaparypa JJIsl BUMipy, KepyBaHHs, CUTHAI3aIlil
Ta pEryJIOBaHHS aBTOMAaTHYHOTO 3aXHCTy 3abe3rie-
4yI0Th O€3IeKy 1 KOHTPOJIb TI0/Iaui Terjia B aBTOMa-
TUYHOMY pekumi (poto 6). BrpoBamkeHHsS aBTO-
MaTHKH TEIJIOBUX IMPOIIECIB M030aBIIsE 3aJICKHOCTI
BiJl JIIOACHKOTO (PakTOpy B CIIOKHMBaHHI TEILIOBOI
eHepril Ha OMaJeHHsS Ta rapsye BOAOMOCTAYaHHS,
a Tako)X BHUpINIye MpoOIeMy EKOHOMIl TMaJUBHO-
SHepre-THYHUX PECYpPCiB HABYAIBLHOTO 3aKiamy [2].

Jlnst 3MCHIIIGHHS BHTpAT Ha ONAICHHSA OYJo
ctBopero y 2010—2011 H. p. 1iex 110 BUTOTOBJICHHIO
METAIOIUTACTUKOBUX BIKOH 1 IBepeil. 3aMiHa cTapux
JIepeB’sITHUX BIKOH 1 JIBeped Ha METaJOILTaCTHKOBI
HaBYAIBHUX KOPITYCiB 1 CTYJIEHTCHKUX TYPTOXKUTKIB
€KOHOMUTH CITO’KMBAHHS TEIIOBOI €HEprii Ha ora-
JeHus o 22 %.

JInst IepcneKTHBHOTO PO3BHTKY €Heprosoepe-
JKEHHsI Ta SKICHOTO Teruio3abe3nevyeHHsCTy -
MiCTeuka YMaHCHKOTO HaIliOHAJIHLHOIO YHIBEPCHU-
tety camiBaunTBa y 2010 pomi 3a ydactio HIIO
«Exorepm» M. KuiB Oyio mpoBeneHe IeTabHE
00CTEe)XEHHSI CUCTEMH TEIUTONOCTavyaHHs Ta 00’ €K-
TiB eHepromnocradanas YHYC.

Ilicns  aHamizy  CTPYKTYpH  CIIOKHBAHHS
TEIUIOBOI CHEpPTii Ha OMAaJICHHS Ta rapsve BOIOIO-
crayanns Big HIIO «Exotepm» ta ¢ipmu «Men-
BE/(b» MOCTYNWJIA KOMEPIIiiHA MPOIIO3MLIs 110 pe-
KOHCTPYKII1 HEHTPAIbHOI KOTENbHI YHIBEPCUTETY
[IO/I0 3aMiHM OMNANIOBAJIBHUX KOTIIB 3acTapiliux
KOHCTPYKIif Ha CydYacHI KOHTaKTHO-TIOBEPXHEBi
TETJIOTeHePaTOpH KOHACHCAIIHHOTO THUITy HOBOTO
MOKOJIIHHS TemioBolo moTyxkHicTio Big 100 mo
3 000 xBr. Ili edexruBHI eHeproz0epirarodi cuc-
TeMH aBTOMATHYHOTO TEIUI03a0e3NeueHHs Mpa-
IIOIOTh Ha MPHUPOJHOMY ra3i i MalOTh €BPONEUCH-
KHIi piBEHb, BUCOKI TEXHOJIOTIYHI, EKCIUTyaTalliliHi,
PEMOHTHI, €KOJOTi4HI XapaKTEepUCTHUKH, BUCOKHUN
KK/, saxuit vHe Hmxde 98 %,a B KoHIEHCAIIIHHOMY
pexxumi — 104 %. 3anmponoHOBaH1 KOTIM NpU3HAUYCHI
JUIS aBTOHOMHOTO JELEHTPANIi30BaHOTO OIaIeHHS
Ta rapsrd0ro BOJIOTIOCTAYAHHS.

bymn npoBenmeHi po3paxyHKH Ta  aHali3
eKOHOMHOI e(eKTHBHOCTI MO PEKOHCTPYKLIi 3a-
CTapiyioi OIMAaOBaIbHOI CHUCTEMH YHIBEPCHUTETY.
Ha d4oTHpbhOX 3amponOHOBaHWX MiHI KOTEJICHb
CTYAMiCTeYKa €KOHOMisl TPOIIOBUX KOIITIB csrana
Bix 110 096 rpH. no 749 182 rpH. 3a pik. Benmka
pI3HHISI B €KOHOMii BHTpaT Ta3y, a BiAIOBiTHO
1 (iHaHCOBUX KOWITIB, B TOPIBHSHHI 3 EKCILIY-
aTamier0  KapoTpyOHMUX  KOTIIB, JOCSTAETHCS
B 3B's3Ky 3 Benukoo pi3Hmnero B KKJI
(xoediienT kopucuoi naii) 75-98%, ineanpHUM
mig00pOM BHCOKOTEXHOJOTIYHHX TMAaNbHUKIB Ta
ABTOMATHKH.

OKyMHICTh PEKOHCTPYKIIIT ONafOBAILHUX MiHI
KOTeJIeHb BH3Ha4yajgach MO MOXJIHBIH €KOHOMIl
OpUPOJHOTO  Tazy. JSIkmo  BpaxyBaTu IO
€KOHOMIIO, TIPH PO3paxyHKaX OKYITHOCTI PEKOHCT-
PYKLIi KOTENBHHX, a TaKOX 3AO0POKYAaHHS MpH-
pOAHOTO Ta3y, TO OKYIHICTh HOBUX KOTEJICHb
3  BUKOPDHCTaHHSAM  KOHTAKTHO-TIOBEPXHEBUX
BoJOHarpiBauiB (komiiB) ¢ipmu «Mensenp» Oyie
nporsiroMm  1-15 poky. A KO ChOroJHi
B IIEHTPaJbHIN YHIBEPCHTETCHKIH KOTENbHI MpO-
BECTH 3aMiHy cTapux HacociB Ha
eHepro3oepirarodi CUIOBI arperaT i 3aCTOCYBaTH
YaCTOTHE PETyJIIOBaHHs], TO CyMapHE eJeKTPOBH-
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KOPHCTaHHS 3a OIAJOBaJBHUN CE30H MOXe OyTH
sumxeHo Ha 40-50 %.

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTh

HaykoBa HOBH3HA 3aKIIOYA€THCA y BHUPIMICHHI
mpo0JieMH EHEepro30epekeHHss Ta e(EeKTUBHOTO
BUKOPHUCTaHHS NATUBHUX pecypciB Ykpainu, nuis-
XOM BUKOPHCTAHHS CHCTEMHOTO ITiIX0Iy, pO3po0-
JICHHSI METOIUKH €(QEeKTUBHOI'O BHUKOPUCTAHHS
pi3HUX BHIIB MajMBa Ta ONTHMi3yBaHHS POOOTH
JIOKAJIBHOTO OMATCHHS 3 BUKOPUCTAHHAM CYYaCHHUX
CHCTEM aBTOMaTu3alii Ta KoHTpoiro. [IpakTnyna
3HAYMMICTh B €HEPrOBUKOPUCTAHHI Ta 30epeKeHHI
MANIMBHUAX PECYPCIB 3aKIIOYAETHCS B TiOpHIHOMY
BHKOPWUCTAaHHI  TBEPAONAIMBHUX 1  Ta30BHUX
KOTJIIB,SIKE J1a€ CKOHOMIIO MAIMBHO-CHEPIEeTUIHUX
pecypcie mo 30%; B 3aMiHi JepeB’sSHHX BIKOH
1 IBepeil Ha METaIOIIACTHKOBI, III0 EKOHOMHTH
CIIO)KMBAaHHS TEIJIOBOI €HEprii Ha OmajeHHS [0
22 %; B aBromMaTH3alii 1 JaucneTYepH3aIii
3 BIAMOBITHUM TPOQECiiHUM 1 TOCTIHHUM KOH-
TPOJIEM KOTEJICHb JO3BOJUTH 3¢KOHOMHTH IAJINB-
HO-€HepreTH4Hi pecypcu B Mexkax 15-30 %.

Po3poOHi 3axomm 1momo eKoHOMIl  eHep-
ropecypcie mokasyioTh, 1o 60 % 3akopmoHHOrO
razy MO)kHa nepekputu Ha 75,2 % (i3 mpakTH4HO-
ro pocBiny Ymaucekoro HYC) exoHOMi€IO manus-
HO-CHEPTeTHYHUX pPECcypciB 1 MOBHICTIO 3abe3me-
YUTH KOMYHQJIBHY €HEpPreTHKY 1 YacTKOBY
MPOMHMCIIOBICTb CBOIM ITaJIMBOM.

BucHoBxu

1.CroromHi MOXHa 3pOOUTH BHCHOBOK, IO
3a3HauYCHI 3aXOAM BXKE JAIOTh MO3UTHBHI PE3yJib-
TaTH, aje I[€ TUTbKA TepIn KPOKH Ha NUIAXY
BHpIMIECHHS TIPOoOJIeMH eHepro30epekeHHs Ta ede-
KTUBHOTO BHUKOPHUCTaHHS NaJWBHUX PECYpCIB Ha
MPUKIIai YMaHCHKOTO HAI[iOHATBHOTO YHIBEPCH-
TeTy cafiBHUITBAa. Ha nepaBHOMY piBHI CHOTO/IHI
HEOOX1IHO, BUKOPUCTOBYIOYM CHUCTEMHHUHU ITiJIXiJ,
PO3pOOUTH METOUKY €(PEKTUBHOI'O BUKOPUCTAHHS
PI3HUX BUJIB MAIKMBA Ta ONTUMI3yBaTH POOOTY JIO-
KaJIbHOI IMAJIMBHOI CUCTEMH 3 BUKOPUCTAHHSIM CY-
YaCHUX CUCTEM aBTOMATH3allil Ta KOHTPOJIIO.

2.l po3B’si3aHHS TpoOiieMu eHepro3oepe-
KEHHS Ta €KOHOMil eHepropecypciB B Y MaHCHKO-
My HYC y 2009-2012 pp. Oyno 3miificHEHO
Mepexiji Ha BUKOPUCTAHHS AIbTCPHATUBHUX IIa-
JUBHO-EHEPTeTUYHUX JDKEPeN IUIIXOM BBEICHHS

B CKCIUTyaTaIlif0 TBEPAOTAJIMBHAX KOTIIB, a TaKOX
MpOBEJICHA JICIICHTPAII3AIlSl CUCTEMH  YHIBEPCH-
TETCHKOTO OMNAJICHHS NUIIXOM BCTaHOBJIeHHS 350
IHIMBIAyaTbHUX ONMATIOBATEHUX CHCTEM B KUTIOBHX
OyIWHKAX, BiJZTICHUX Kadenpax Ta TYPTOKHTKAX
CTYAMICTCUKA.

3. Bupimenns npobieMu eHepro3depexeHHs Ta
e(pEKTHBHOTO BHWKOPHUCTAHHS TAJIMBHUX pPECYpCiB
B YMmancekoMy HYC mokasano, 1o omamtoBajbHE
TEIUJIOBE HABAHTAXKCHHS 3aJIC)KUTh HE TUIBKH BiJl TEM-
MepaTypy 30BHILIHLOTO MOBITPS TUITY KOTJIA YK ajlb-
TEPHATUBHOTO TBEPJIOrO MAJIMBA, JIC i BiJI JIFOJICHKO-
ro ¢akropy mnpodeciiHOCT], BiANOBI-AATBHOCTI
OIIepaTopiB Ta X HAYAJIHHUKIB, & TAKOXK BiAMOBIIHUX
CITy>k0 KOHTPOJTIO.

4. JInst 3MEHIIEHHS 3aICKHOCTI BiJ JIFOICHKOTO
(akTopy BUTpaTH TEIJIOTH HA OMAICHHS Ta Tapsde
BOJIOTIOCTAYaHHS KUTJIOBHX 1 IIPOMHUCIIOBHX 00’ €KTIB
HEOOXITHO aBTOMATH3yBaTH TEXHOJIOTIYHHIA MPOIEC
BUPOOHHMIITBA, TPAHCIIOPTYBAHHS Ta BUKOPUCTAHHS
TETJIOBOI eHeprii. ABTOMAaTH3aIlisI 1 JUCTIeTIepr3aIlis
3 BiINOBITHUMITPOGECIHHNUM 1 TTOCTIHHHM KOHTPO-
JIeM KOTENICHb JI03BOJIUTh 3CKOHOMHTH TAIUBHO-
eHepreTnyHi pecypcu B Mexax 15-30 %.

5.3HauHe 3MEHIIEHHS CIIOKWBAaHHA Ta3y Ta
enexTpoeHeprii B Ymancekomy HYC crano micns
TICPEBEJICHHS JKUTIOBOIO MAacUBY Ha 1HJMBIyalibHE
ONMAJICHHS Ta 3aMiHA  CTapuX  ENeKTPUYHHX
TYMIGHHUKIB Ha EJNEKTPOHHHN KOHTPOIb EJIEKTpH-
YHOI eHeprii B KOXKHIA KBapTHpl CTyAMiCTeUKa.
3aMiHa cTapux HACOCIB HEHTPAIHLHOI YHIBEPCHUTET-
ChKO1 KOTEJIbHI Ha eHepro30epirarodi CHJIOBI arpera-
TH 3HU3UTh BUKOPHCTAHHS €JICKTPOCHEPrii Ha
40-50 % 3a onamroBaIbHUI CE30H.

6. Hamr ymaHCBKHIA JOCBIJ] €HEPrOBUKOPHCTAHHS
Ta 30epeKeHHI TAJIMBHHUX PECYPCiB MOKA3aB:

— 110 TiOpHUHE BUKOPHCTAHHS TBEPIOMAIMBHUX
1 Ta30BUX KOTIIB Ja€ EKOHOMII0 TMaJMBHO-
e"epreTnyHuX pecypcis mo 30 %;

— IO IIEHTPATi30BaHA CHCTEMa OIAJICHHS, SKa
ToJIa€ Tapsde BOJIOIIOCTaYaHHS 1 TEIUIO Ha BiJCTaHi
Oinbie 2 kM Brpadae TerotyBin 27 1o 50 %;

— 10 3aMmiHa JEpeB’SHUX BIKOH 1 JBepel Ha
METaIOIIACTUKOBI €KOHOMUTh CIIOXKUBAHHS TETUIO-
BO1 eHeprii Ha onajieHHs 10 22 %;

— 0 Yepe3 KPUTUYHUN CTaH  CTapHuXx,
0araTOKIJIOMETPOBUX MeEpeX IMoAadi Terjaa KoMy-
HAJBHOI TEIJIOCHEPTeTUKH Yepe3 HU3bKY CTYIiHb
KOPO3iiHO1 CTIMKOCTI BCi€l TPpyOOIPOBITHOI CHCTEMHU
HEOOXiJTHO TPOBOJUTH JCLCHTPATI3AINI0 KOTEJICHb
Ha JIep>)KaBHOMY DiBHI.

doi 10.15802/stp2016/74720

© A. ®@. T'onouyk, 2016

91



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

Hayxa ta nporpec Tpancnopty. Bicauk /{HinponeTpoBcskoro

HALIOHAIIBHOTO YHIBEPCUTETY 3alli3HHYHOr0 Tpancmnopty, 2016, Ne 3 (63)

EKOHOMIKA TA VIIPABJIIHHA

7.3anmpornoHOBaHl Ta BIPOBAPKEHI  3aXOIH
3 CHEPro30epeKCHHS Ta CKOHOMII eHepropecypciB
ICHYIOUHX CHCTEM TEIUIONOCTa4aHHS 3 OJHOYACHUM
BUKOPHCTAHHSIM Ta30BUX 1 TBEPAOMAINBHHUX KOTJIIB
Ta BIAMOBITHUM KOHTPOJIEM pOOOTH OImepaTopiB
KoTeJieHb naroTh Bix 31,5 % mo 75,2 % exonomil
MaJTMBHO-CHEPIeTUYHUX PECYPCIB B Y MAHCHKOMY
HaIliOHAILHOMY YHIBEPCHUTETI CaJliBHUITBA.

8.13 Bume HaBemeHOi CTATTi MO0 MUIAXIB
eKOHOMIi eHepropecypciB BuaHo, mo 60 % 3akop-
JIOHHOTO T'a3y MU MOKeMO nepekputh Ha 75,2 % (i3
OpakTHYHOTO  jgocBimy — Ymancekoro — HYC)
CKOHOMI€I0  TAJIMBHO-CHEPIreTHUHUX  PECYpCiB
1 TIOBHICTIO 3a0€3MEeYUTH KOMYHAIBHY €HEPreTHKY
1 4aCTKOBY IPOMHCJIOBICTb CBOIM MaJMBOM B TOMY
YHUCNi 1 AJIBTEPHATUBHUMH JDKEpPETaMH  EHeprii
(6iomaca, coHstaHi GaTapei, BITPSKH Ta iHIIE).

9. lns uporo moTpiOHO 3yNMUHWTH, a TOTIM TO-
JIOTIaTH KPU3Y B CKOHOMIITi, @ CBOTOJIHI 1 B MOJIITHIII
caMOCTifHO 0€3 €BpONEHCHKUX KPEOWUTIB Ta
POCIHCBKOTO ra3y IUIIXOM:

— BIATBOPEHHS BUCOKOE(EKTHBHOTO CiIBCHKOTO
TOCIOAAPCTBA, SIKE Ha KpalluX B CBITI YOpHO3EeMax
arpapHoi YKpaiHu depe3 BHCOKOTEXHOJIOTIYHE ar-
papHe BUPOOHUIITBO aKTHBI3ye pOOOTY mepepoo-
HHX, TPaHCIIOPTHHX, MAaIIMHOOYIiBHUX,
METANYPriiHAX Ta IHIIUX CHOPIAHEHHX B3aEMO-
OB’ I3aHUX Tajly3ell HapOAHOTO T'OCHO/IAPCTRA;

— BIIMOBUTHCS  BiJf YEpPrOBHX  CBIiTOBHX
KPEIOWTiB 1 BiIHOBUTH BITUYM3HSIHY MPOMHCIOBICTH
Ta arpapHe BHPOOHHIITBO, aKTHUBI3yBaTH EKCIIOPT
YKpaiHChKOoi Tpoxykiii. Lle J03BOIUTH CTBOPUTH
0arato MOJaTKOBUX POOOYMX MICIh Ha Cefi i B Mi-
CTi;

— OIHOYACHO 3 HAJIATO/DKEHHSM BITYH3HSHOT
CKOHOMIKM HE€ Ha CJIOBaX, a Ha AU IOJO0NATH
KOPYIILiIO cepell BIAAHUX CTPYKTYp 1 SIKOi HeMae
1 HikoJIK He OyJ1o cepel] 001IHIINX YKpaiHIIiB,

— TCIA TMyCTHX TOMyJSAIIHHNX pPO3MOB Ta
00IIIHOK TIpo peopMHU Ta KOPYIIIIiI0 HOBUH TeX-
HiuHMKA 1 mpodeciiiHuii KaOiHET MiHICTpiB Mae
TEPMIHOBO PO3POOUTH MEPCIIEKTHBHY aHTHKPU3OBY
mporpamy 3 TepMiHaMH ii BUKOHAHHS Ta BiIITOBi-
JATBHICTIO PO TX HEBUKOHAHHS,

— MiCNSl CXBaJICHHS Wi€i MporpamMu BHXOAY
3 eKOHOMIYHOI 1 mosiTiaHoi Kpu3u uepe3 100 nHiB
aKTUBHOI pOOOTH HOBHHU TPEM’€p MIHICTP 3 CBOEIO
podeciifHO0 1 BUCOKOITOPSTHOO 1 YeCHOI0 KOMaH-
JIOI0 MOJKE JIaTU HaJil0 yKpailHChKOMY HapoOay KHTH
MO-HOBOMY. JKHTH BUJIBHO, 0e30imHO, Oe3neyHo
1 yecHo.
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YCOBEPHIEHCTBOBAHUE CUCTEMBI TEIVIOCHABXEHUA
CTYAI'OPOAKA YMAHCKOI'O HAIMOHAJIBHOI'O
YHUBEPCUTETA CAJOBOICTBA

Lean. B coBpeMeHHBIX YCIOBUIX pocTa NOTPeOIICHHsT SHEPTOPECYPCOB M PE3KOT0 HOBBIIIEHHS CTOMMOCTH JHE-
proHocuTeNnel akTyaJlbHOI Mpo0OaeMoi siBisieTcs: pa3paboTKa U pealn3alys IporpaMMbl SHEprocOepesKeHus 1 mpe-
o0pa3oBaHusl pecypcocOepekeHHs: B HICTOYHUK 00ecTieueHNsT HY XK/l TPOMBIIUICHHOCTH 1 KOMMYHAJIbHOW SHEpreTu-
ku. Llenbio paboThI ABISIETCS PELIEHUE aKTYaJIbHOI MpobieMsl 3HeprocoepekeHnst U 3¢ GEKTUBHOTO MCIOIb30Ba-
HUSI TOTUTMBHO-9HEPTETUIECKUX PECYPCOB M ONTHMH3ALNHI CHCTEMbI TETIIIOCHAOXKEHUS Ha 6a3ze YMaHCKOTO Halmo-
HaJbHOTO YyHHMBepcurtera camoBoactBa (YHYC). Meromuka. B paboTe TPOBOAMIOCH HCCIIEMOBAHUE
TEXHOJIOTMYECKOT0 Mpoliecca OTOIUIeHUsT U ropsyero BojocHaOxeHus B TeueHue 2007-2015 ronos. Peanuszanms
aKTyaJbHOH MpoOJIeMBbl SHEprocOepeXeHrss OCHOBBIBACTCS HA HAyYHO-TPAKTUIECKOM M 3 (EKTHBHOM obecrede-
HHUH UCIIONB30BaHMA TOIUIMBA U 3Hepruu. [Ipu 3ToM 3HEprocOeperaromue TEXHOIOTUH PACCMATPUBAIOTCS KaK Ha-
NpaBJIeHUE PHOPUTETHOTO Pa3BUTHSI SHEPTETUYECKON Cepbl, CHIKEHUSI TEXHOTCHHON Harpy3Ky Ha OKpPYKalOLIyIo
cpeay M Kak OJMH U3 MyTel MOBBIIIECHUS KOHKYPEHTOCIIOCOOHOCTH HAIlMOHAIBHON SKOHOMUKH. Pe3yabraTsl. Ocy-
IIECTBJICH COOp M aHAJIM3 CTaTHCTHYECKUX JIAHHBIX pacxoja ra3a W TeMIepaTypbl Hapy)KHOTO BO3JyXa 3a JEBSTh
ner. Ha ocHOoBe 3TOro asammsa BBIsSIBJIEHa TNIpo0JieMa W TOCTAaBJIEHBl KOHKPETHBIC 33Ja4d €€ pEIICHHS.
Hayuynasi HoBu3HA. PaccMOTpEeHBI HOBBIE HANpaBJICHUs PEILIEHHs PoOIeMbl 3HeprocoepeskeHnst U 3 HEKTUBHOTO
WCTIONIb30BaHMS TOIUIMBHBIX PECYpCOB YKPaWHBI IyTEM BHEAPEHUS] CHCTEMHOTO IMOAXO0[a, pa3pabOTKH METOIUKH
3¢ GEKTUBHOTO HCIONB30BAHMS PA3IMYHBIX BHJIOB TOIUIMBA M ONTHMH3ALUM PAOOTHI JIOKAJIHHOTO OTOIUICHUS
C COBPEMEHHBIMH CHCTEMaMHM aBTOMAaTH3aLlMH W KOHTpPOJI. Brepsble moapoOHO IpoaHaIM3upoBaHa M IPOBEACHA
KOMIUIEKCHAsl OIIEHKAa BIIMSIHUSI PA3IMYHBIX (PAKTOPOB HA SKOHOMHUIO SHEPrOPECYPCOB € yUETOM YEIOBEUECKOTO
(akTopa — mpodeccHoHaNM3Ma M OTBETCTBEHHOCTH OIEPATOPOB KOTENBHBIX M HX HAYAJIBHUKOB, a TaKkKe
COOTBETCTBYIOIIUX CIIyX0 KoHTposa. IlpakTuyeckas 3Hauumoctsb. [ cryaropoaka YHYC 6110 ocymiecTBiIeHO
r1/16p1/1)1Hoe HCIOJIB30BAHUC TBEPAOTOIUIMBHBIX W Ta30BbIX KOTJOB, MNPOBEACHA ACHCHTpaIU3alusd CUCTCMbI
YHUBEPCUTCTCKOI'O OTOIUICHUA ITYTEM YCTAHOBJICHUS 350 WHAUBUAYAJbHBIX OTONUTCIIBHBIX CHUCTEM B KHIIBIX
JIOMax, yJaJeHHBIX Kadeapax M OOMICKHUTHAX CTYAropoAka. B BBIBOJAax NPeUIOKEH MEepeueHb MEpONpPUSTHH
C peaJbHOW DKOHOMHEH TOIUIMBHO-PHEPIeTHUECKUX PECYPCOB M MEpBl 10 MPEOJOJCHUIO 3KOHOMHYECKOTO
U TTOJIUTUYECKOTO KpU3HUCa B CTPaHE.

Kniouesvie cnosa: sHeprocOepexeHrne; KOMMYHAIIBHOE TEIUIONOTPEOICHUE; JIelIeHTpalk3alus; CUCTeMa OTO-
TUICHHSI, TBEPIOTOIUIMBHBIEC KOTJIbI; ra30BbIE KOTJIBI; aBTOMATH3AIHS; YeIOBeUeCKNH (akTop
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HEAT SUPPLY SYSTEM IMPROVEMENT OF CAMPUS
AT UMAN NATIONAL UNIVERSITY OF HORTICULTURE

Purpose. In modern conditions of energy consumption growth and a rapid increase in energy prices the actual
problem is the development and implementation of energy efficiency programs and resource-saving conversion in to
a source to provide the needs of industry and municipal power. The paper aims to solve the urgent problem of en-
ergy saving and efficient use of fuel-energy ones and heat supply system optimization on the basis of Uman Na-
tional University of Horticulture (UNUH). Methodology. The work investigated the process of heating and hot wa-
ter supply in the course of 2007-2015 years. Implementation of current problems of energy saving is grounded on
the scientific-practical and efficient assurance of fuel and energy usage. At the same time energy-saving technolo-
gies are viewed as a priority direction of the energy sector development, reduction of man-induced impact on the
environment and as a way of improving the competitiveness of the national economy. Findings. Statistical data ac-
quisition and analyzing of gas flow and outside air temperature for nine years was carried out. On the basis of this
analysis, the problem was identified and specific targets for its solutions were set. Originality. Scientific novelty
lies in solving the problem of energy saving and efficient use of fuel resources in Ukraine through the use of a sys-
tematic approach, the methodology development of efficient use of different fuels and optimization of local heating
operation, applying contemporary automation and control systems. Firstly it was in detail analyzed and conducted
the comprehensive assessment of various factors influence on energy conservation. It takes into account the human
factor, professionalism and responsibility of the operators of boilers and their superiors, as well as the relevant con-
trol services. Practical value. For UNUH campus hybrid use of solid fuel and gas boilers was carried out. Decen-
tralization of the university heating system has been conducted through the restoration of 350 individual heating
systems in residential buildings, remote departments and campus dormitories. The conclusions propose the list of
activities upon the real economy of fuel and energy resources, and measures to overcome the economic and political
crisis in the country.

Keywords: energy efficiency; communal heat consumption; decentralization of heating systems; solid and gas-
fired boilers; automation; human factor
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IMPROVING THE EFFICIENCY OF THE HEATING SYSTEM
FOR PUBLIC BUILDINGS INFRASTRUCTURE
IN THE CONTEXT OF DNURT

Purpose. The paper analyses the possibility and terms of increasing the efficiency of heating and ventilation sys-
tems of public buildings at the present stage of development and the specific climatic conditions of Ukraine. The
main purpose is to develop specific measures for public buildings, which will lead to a significant reduction in en-
ergy costs for heating and air conditioning system. The example is similar system of DNURT compact campus,
which is heated with its own autonomous boiler that uses natural gas. Methodology. The statistical heat loss analy-
sis for the last 5 years allows defining the types and calculating the heat loss values for specific conditions. These
losses are compared with those in the world practice and based on the comparison and analysis of the current system
there are offered the ways to reduce the heat loss values through the use of various technical and organizational
methods. The paper also proposes involvement for this purpose of secondary and alternative energy sources. The
secondary energy resources include the heat that is emitted by people and that coming out with the air during venti-
lation of buildings. The renewable sources include solar and geothermal energy. To enhance the heat transfer me-
dium temperature capacity it is proposed to use the heat pumps. Findings. The maximum possible use of the pro-
posed measures and implementation of rational schematic and engineering solutions for heat and hot water supply
systems cam reduce the energy loss for heating and hot water by 30-35%. Originality. The paper for the first time
proposed the use of new integrated approaches to maintain the desired heat balance in the winter period, as well as
the new schematic solutions for heating and ventilation systems, both in winter and in summer, based on the use of
heat pumps and secondary energy resources. Practical value. The introduction of the proposed schematic solutions
and approaches demand relatively small capital investments and do not require significant reconstruction of already
installed systems.

Keywords: heat and hot water supply system, heat loss, thermal conditions, thermal control, heat exchanger, ven-
tilation, alternative energy sources, secondary energy resources, heat pump.

Currently, DHS are widespread and provide
a significant share of heat demand in such coun-
tries as the Russian Federation (70%), Latvia
(70%), Ukraine (66%), Poland (52%), Belarus
(50%), Finland (50%), Slovakia (40%), as well as
in many other countries. In the European countries
(EU27) DHS share in 2010 amounted to 12%
[6-9].

Introduction

At the current period Ukraine is developing in
the conditions of growing energy crisis. According
to the International Energy Agency (IEA), the to-
day's energy strategies of most consumers of fuel
and energy resources (FER) focus on the problem
of energy efficiency. The main energy saving po-

tential concentrated in the area of energy use is the
district heating systems (DHS). These systems are
important settlement infrastructure facilities.

Despite the fact that DHS provide a significant
proportion of thermal energy consumed in
Ukraine, this sector accumulated a number of inter-
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related problems that have the technical, financial,
economic, institutional and social aspects [7-8].
This is primarily due to the prices for energy re-
sources and their lack. Therefore, we need a new
energy management ideology. All of this is nega-
tively influenced by the energy policy in the mod-
ern world. As a result of this, we have insufficient
supply of heat and electricity to population and
institutions in Ukraine. As a consequence there is
a temperature drop in the rooms and classrooms of
institutions, cessation of their work in the winter
months, and that often has a negative effect on the
students’ and teachers’ health. Therefore the prob-
lem of efficient use of primary energy resources in
institutions of Ukraine as well as the energy effi-
ciency management is very topical.

Purpose

Ideally, it is desirable to introduce in the Uni-
versity the energy management system (EMS),
which is a part of the overall management system
and is based on ISO 50001 standard or the Ukrain-
ian standard [1]. EMS consists of organizational
structure, planned activities, responsibilities, prac-
tices, procedures, processes as well as resources
for development, implementation, analysis and
revision of energy resource economy policy. The
purpose of EMS introduction at the University is
a continuous improvement of FER use efficiency.
And the main task of EMS at the University is re-
ducing the cost of acquisition of fuel and energy
resources. Any EMS is based on the famous man-
agement cycle «Plan — Do — Check — Act» («plan-
ning — implementation — check — correction») by
Edward Deming. From the start of the EMS intro-
duction the University authorities must determine
the energy resource economy policy. At the end of
each cycle EMS efficiency must be assessed. The
most important EMS elements are the following:

— Policy in the field of energy saving;

— FER consumption planning;

— Introduction and functioning of energy man-
agement including allocation of duties, personnel
training, information exchange, creation of neces-
sary documentation);

— Monitoring and quantitative assessment,
identification of non-compliance and introduction
of necessary changes;

— Study of EMS efficiency.

An extremely important aspect of the energy
management system is its continuous improve-
ment.

The University implements the energy saving
measures, analyses the effectiveness of organiza-
tional and technical measures of energy efficiency.
But there are the reserves, not all the energy saving
potential is exhausted [2-4]. Let us determine the
level of implementation by the University of en-
ergy management ideology with the help of the
energy matrix (see Table 1). Horizontal rows of the
matrix represent the difficulty levels of the six key
management aspects specified in the vertical col-
umns. The transition to a higher level indicates the
more mature and formal approach to the energy
management and means drawing near the «best
practices». The University has not adopted an en-
ergy saving policy yet, the measures are imple-
mented by pro-rector for administrative matters;
there is no organizational structure of energy man-
agement at the University, no regular position of
energy manager, the energy management functions
are partially carried out by the energy department
units and the boiler room; there is no bonus moti-
vation to save energy, the FER effectiveness is dis-
cussed at the meetings of relevant services and rec-
tor's office; DNURT has an automated system of
electric energy audit and control (this indicator
gets higher mark); investment in energy saving
measures is very limited due to lack of funds.

Table 1
EMS matrix implementation
En- Or- Motiva Infor- Mar- In-
erg ganiza | tionto | mation | keting | vest-
g sa- | tional save | systems ment
Y ving | struc- | energy
poli- ture
cy
4
3
2 |
1
0

Analysis of Table 1 shows that there are large
reserves in the FER consumption management at
the University, which together with appropriate

doi 10.15802/stp2016/74728

© 0. M. Pshinko, V. H. Kuznetsov, D. K. Yatsenko, V. O. Gabrinets, 2016

97



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

Hayxa ta nporpec Tpancnopty. Bicauk /{HinponeTpoBcskoro

HALIOHAIIBHOTO YHIBEPCUTETY 3alli3HHYHOr0 Tpancmnopty, 2016, Ne 3 (63)

EKOHOMIKA TA VITPABJIIHHA

technical energy saving measures can lead to sig-
nificant economic benefits.

Methodology

Let us consider the solving of this problem in
the contest of DNURT [5]. Consumption of natural
gas by DNURT for the last years is shown in Fig-
ure 1.

Annual consumption of gas, mln. m*

[*]

3 o B 3
] - o™ oo

ta

2009 2010 2011 2012 2013 2014 2015

Years

Fig. 1. Annual consumption
of natural gas by DNURT

It is seen that in the last four years the natural
gas consumption is constantly decreasing. But in
order to reach the standards, proposed by DBN
(Ukrainian national construction regulation) V 2.6-
31-2006 amended as Nel of 2013 it is necessary to
reduce these costs further on. Significant natural
gas consumption in district heating system by one
heating area of the buildings connected to it varies
for different cities of Ukraine in a wide range: 130-
500 kW-h/ m?year [7-9]. If we take the data of
Figure 1 and the total heated area of 131 447.4 m?,
then these figures for DNURT by years are in the
range of 127-258 kW-h/m’year. These data are
presented in Figure 2.

The main energy loss in heating systems is re-
lated to the loss of the heat-generating system, loss
in heat networks and loss of energy consumers.
Excluding the latter two factors the significant heat
energy consumption by buildings for the whole of

Ukraine is decreased by 30% and is in the range of
100-350 kW-h/m?year. If this approach is applied
to DNURT, its main energy consumption per heat-
ing of 1m? during the year is in the range of 88-180
kW-h/m?year.

Annual energy loss, kW#*h/sq.m*year

260+
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kW*h

180

160

140
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Years

Fig. 2. Annual energy loss for heating
of 1m? by DNURT

This is a very good indicator. But here we must
remember that DNURT in recent years dramati-
cally reduces the area that is heated in January and
February.

Analysis of these data shows that the energy
consumption for DNURT heating needs is at
a fairly good level. But the situation in Ukraine
requires further gas consumption reduction.

It should be noted that now there are many ap-
proaches when selecting technical solutions re-
garding energy efficiency of the heating systems.
This creates some subjectivity in this field. In our
opinion, considering all the features of DNURT,
the most effective measures that will have an in-
stant response are as follows: modernization of
existing heating and ventilation arrangement of
DNURT, the use of more effective insulation of
both buildings and heat network, i.e. their thermo-
modernization, the use of alternative energy
sources.

The peculiarity of the heat supply system dur-
ing the heating period is the monitoring of boiler
performance using the heating system thermal
schedules that are common for the whole Dnieper
region and are based on annual weather observa-
tion of outdoor temperatures in this region [10-11].
This approach allows adjusting the temperature of
the heating water exiting the boilers at the boiler
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room depending on the outdoor temperature. Thus,
the temperature schedule TS130/70 provides the
temperature exiting the boiler equal to 130°C in
case when the outdoor temperature is -23°C. The
heat transfer medium with this temperature reaches
the heat distribution stations, which in turn further
regulate the temperature of the heat transfer me-
dium for a particular heat energy consumer. Heat
distribution station layout is shown in Figure 3.

From heat
network 4
o e -
To heating
To heat system
network

From heating
system

Fig. 3. Heat distribution station layout

Heat distribution stations do not allow auto-
matic weather adjustment and reduction of room
temperature in the idle period, as well as respond-
ing to the increase in the temperature in the prem-
ises with a large number of people. The latter fac-
tor is particularly relevant for educational institu-
tions. It is known that a student while listening to
lectures emits 150W of heat energy. Therefore, we
can assume that the presence of 30 students in the
audience means additional heat capacity of
4500W. This means it is possible to reduce the heat
in the audience by this value provided the prompt
response to changes. In general for the University,
if all students and staff are present in the morning
hours, this reduction can be up 2500x150 =
375000 W of heat energy. If we assume that they
are at the University for in average 6 hours, the
amount of energy to be reduced can equal to com-
bustion heat of 210m® of natural gas per day. If we
take the length of the educational process in winter
of 110 days, the amount of gas that can be saved
by this measure will be approximately 20000m?.
Therefore, the existing heat distribution stations of

the new and old educational buildings must be
changed to more modern systems with automatic
temperature control. These buildings consume the
most energy. It is shown in Figure 4.

Apartment

houses
and Nef (with 16.8

electric coolkers) \

Educational
buildings of
DNURT

44,7%

Dormitories NeS

Dormitories
Nel, 2, 3, 4 (with
gas cookers)

Fig. 4. Consumption of heat energy
by DNURT structures.

Thermal energy consumption for heating of
educational buildings when using the old and up-
graded heating system is shown in Figure 5.

Thermal energy consumption for heating of educational buldings

T T
Actual without rzgulation
Possible with ragulation L

6000

S000F 48043 4741.7

4030.7 4121.8

3379.3 3456.6

Gkal

3000 2839.1

2000

1000

2011 2012 2013 2014
Year
Fig. 5. Thermal energy consumption for heating
of educational buildings when using the old
and upgraded heating system.

The costs for such project implementation were
calculated. Its main components are listed below.

1. Heat supply system renovation project: 160
ths. UAH.

2. Equipment: 600 ths. UAH.

3. Installation: 180 ths. UAH.

4. Administrative costs 60 ths. UAH.

The next step of heat energy saving is associ-
ated with ventilation of university premises [11-
12]. The matter is that to ensure comfortable con-
ditions by the regulation SNIP 2.04.059*U each
person requires 50m* of air per hour. For 2,500
students and employees this value is 2500x 50 =
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125000m® per hour. Under the current system of
natural ventilation all this large amount of air at
18°C temperature is emitted into the environment.
If its temperature for emission time is -25°C, then
for an hour we lose the amount of heat energy Q; ,

which is:
Q= CppWAT 1)

Cp heat capacity of air, 1,005 kJ/kg*K, g — air

density 1,293 kg/m3, W - air volume emitted dur-
ing ventilation W =50N, N — amount of persons
present in the premises, AT — temperature differ-
ence between the outdoor and indoor air.

Findings

The amount of energy consumed for heating of
ventilation air per hour depends on the number of
persons present in DNURT premises and the dif-
ferential temperature. It is shown in Figure 6, de-
pending on the number of present persons and dif-
ferential temperature.

Hourly heat consumption, MJ

7000F

60001

50001

40001

MI

30001

20001

10001

differential temperature

Fig. 6: The amount of energy consumed for ventilation
for different quantities of persons present in DNURT
premises depending on outdoor temperature
(for 2500 and 500 present persons).

The amount of energy loss for ventilation is
calculated for 500 and 2500 employees and for
various differential temperatures.

Difference is calculated between the indoor
temperature of 18°C and outdoor temperature in
the winter period.

The analysis of Figure 6 data shows that with
natural air ventilation the University hourly loses a
large amount of heat, whose value increases when
the number of present persons rises and the out-
door temperature falls. This amount of heat is re-
quired to heat the same amount of fresh air that is
blown into the room from outdoor temperature
lower than 18°C.

The amount of consumed gas depending on the
differential temperature and the number of people
for DNURT is shown in Figure 7.

Hourly gas consumption in cubic meters

180+

160+

1401

120+

100+

80+

601

40{

20¢

10 15 20 25 30 35 40
differential temperature

Fig. 7. The amount of natural gas consumed for ventila-

tion air heating per hour at different quantity of persons

(2500 and 500) present in DNURT premises depending

on the difference between 18°C indoor temperature and
outdoor temperature in winter.

The calculation is conducted by the ratio:

v=2r

r

)

r — natural gas combustion heat, 37MJ /m®.

If this figure is halved due to insufficient venti-
lation, still the loss will be high.

To close this gap, it is desirable to implement
the following measures. To fit the long enough
ante-rooms at the front door as shown in Figure 8.
This will ensure the heating of the air coming from
outside into the large building premises by the
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warm air coming out from the building. With
a large window area this ante-room will also take
the energy of sunlight.

The better measure is to install rotary doors at
the entrance to this ante-room. The configuration
of these doors always inhibits the direct access of
outdoor air into the building.

The most desirable and the most effective
measure is to create a forced ventilation system.

This system can actively use recuperative heat
exchangers HE, which will return to 70% of the
heat energy coming out with the air emitted to the
environment.

Ante-room

Fig. 8. Fitting of ante-room with rotary doors to reduce
heating loss during students’ entrance to the University

Schematic diagram of such a ventilation system
is shown in Figure 9. The system contains two air
ducts: outlet and inlet. From each duct one channel
will come to each room R of educational building
EB. Air will move through these channels with the
help of fans F1 and F2. The output of the outlet
duct and the input of the inlet duct must be
equipped with a heat exchanger HE. In this heat
exchanger the outlet air heated to 18°...22°C tem-
perature will give the heat to the inlet air tempera-
ture of -1°...-25°C. Since the ratio of water equiva-

lent of inlet and outlet air V% is equal to 1, it
2

can be assumed that the heat transfer coefficients
on hot and cold air will be equal to each other and
make approximately 100W/m?K. Under these pa-
rameters the heat exchanger depending on the de-
sign will take up to 80% of the outlet air heat.

(A P P i S I S I, (B W [ | 1 S O 1

Fig. 9. Forced ventilation diagram of educational build-
ing premises with heat exchanger:
HE — recuperative heat exchanger, F1 and
F2 — fans on the outlet and inlet ventilation ducts,
EB - educational building, R — room of educational building

Heat consumption for ventilation will be re-
duced by the same percentage. This will save fuel
which is consumed for heating the air supplied to
the premises.

The advantages of such a system may also in-
clude an accurate following to the sanitary and hy-
gienic ventilation norms. Such a system, when de-
veloped, will quite easily integrate a heat pump,
which can greatly reduce the premises climatisa-
tion costs.

Another approach with a great potential is in-
crease in the premises heat-saving properties due
to improvement of insulating properties of walls
and windows of the buildings. If the old building
walls are thick enough (0.65 M) and have good
insulating properties, the wall thickness of the new
building is smaller (0.5 m), which leads to greater
heat loss through the wall of about 25%. Large
losses occur because of outdated window design in
old and new buildings. The gap between the two
glass surfaces is too large, leading to the develop-
ment of free convection in this gap. This, in its
turn, results in increased intensity of heat transfer
through a large window surfaces. Therefore, re-
placement of old windows with the new insulating
glass units will allow reducing the heat loss by
about 30% in the heating period.

The next area of the energy efficiency of heat
supply is the use of renewable energy sources. We
believe that the effective real measure is the use of
pellets to heat the transfer medium in the heating
and hot water supply system. Pellets are the fuel
pellet made of sunflower husk, straw, sawdust,
waste paper, peat and peat dust, crushed chips, dry
ground plant residues (leaves, twigs, hay, straw,
etc.) and other solid fuel of fraction <50mm. Their
application requires installation of new boilers of
Grandpal Mega, Kriger GP, Bioplex type. These
boilers can use the most common for Dnipropet-
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rovsk region biological resources in the form of
straw and corn stems. If DNURT uses thermal ca-
pacity of 3 MW of biomass, the daily straw need
will make 20000 Kkg.

The daily demand of DNURT hboiler, if the fuel
is straw, depending on thermal capacity engaged,
is shown in Figure 10. The calculations included
three fuel combustion heat values: lower than 13.5
MJ/kg, higher than 15.01 MJ/kg and the combus-
tion heat of dry fuel of 16.77 MJ/Kkg.

Daily demand in straw, kg

160000]
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800001
600001
40000}

200004 QEE
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2 4 6 8 10 12 4 16 18 20
Capacity, MW

Fig. 10. Daily demand in straw by DNURT boiler
depending on thermal capacity engaged

Figure 10 shows, that if the capacity is more
than 3MW, the need in straw makes more than 20
tons per day. This requires substantial costs for
straw delivery. That is why it is not rational to
transfer the heating facilities to biofuel of more
than 3MW capacity.

Fig. 11. Solar collector on the building roof

Another area for use of alternative energy
sources is the use of solar collectors for hot water
supply. The appearance of a solar collector is
shown in Figure 11. Monthly supply of dormitory
needs by solar heat system is shown in Figure 12.

Monthly supply of hostel HWS needs by
solar heat system, %

150

o = =

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Fig. 12. Monthly supply of dormitory needs
by solar heat system

Summing up the results shown in Figure 12, it
can be claimed that solar collectors in general can
supply more than 60% of the dormitory needs in
hot water. The project provisional budget will be
the following:

1. Equipment costs 520 ths. UAH;

2. Design work costs 31.2 ths. UAH;

3. Construction and erection work 312 ths.
UAH;

4. Commissioning costs 52 ths. UAH;

5. Administrative costs 50 ths. UAH.

Originality and practical value

The paper for the first time proposed the use of
new integrated approaches to maintain the desired
heat balance in the winter period. This involves the
use of such energy sources as the heat emitted by
people, the heat coming out with the ventilation air
and the heat of renewable energy sources. It also
proposes the new schematic solutions for heating
and ventilation systems that shall be integrated in
one system. This system combined with a heat
pump shall work efficiently both in winter and in
summer.

Conclusion

Thus, this work presents only several of possi-
ble energy saving measures. There are approaches
left out of consideration: use of heat pumps, geo-
thermal heat, energy-active protection. Preliminary
calculations of possible savings due to the pro-
posed measures for various buildings of DNURT
are shown in Table 2.
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HIABUIMEHHA ECEKTUBHOCTI POBOTHU CUCTEMH
TEIVIOIIOCTAYAHHSA IHOPACTPYKTYPHU
I'POMAJACBKHUX BYAIBEJIb HA ITIPUKJIAAI THY3T

Merta. Y mociipkeHHI HE0O0XiTHO MPOaHaIi3yBaTH MOXKIIUBICTh 1 YMOBH MiIBHICHHS e()eKTUBHOCTI poOOTH CH-
CTEM TEIUIONOCTayaHHs Ta BEHTHIISALIT TPOMaJICbKUX OyaiBeNb Ha Cy4acHOMY €Talli PO3BUTKY KpaiH! i XapakTepHUX
KJIIMaTUYHHUX 0coOimBOCTell YKpainu. ['0I0BHOIO MeTOI poOOTH € po3poOKa KOHKPETHHX 3aXOMiB JUI TPOMajCh-
KUX OyaiBelNb, SKi MPU3BEIYTh 10 3HAYHOTO CKOPOUYCHHS BUTPAT CHEPIEeTUUHUX PECYPCIB Ha OMAICHHS Ta CUCTEMY
KOH/IMIIFOBAaHHS TOBITps. B sSKOCTI mpukiIama OepyThCs aHANOTIYHI CHCTEMH KOMITAKTHOTO MicTeuka J[Himporer-
POBCBKOTO HAI[IOHATBHOTO YHIBEPCHUTETY 3aTi3HHYHOTO TPAHCIIOPTY iMeHi akanemika B. Jlasapsa (JIHY3T), sxuit
OTIAJIFOETHCS 3 JTOTIOMOTOI0 BIIACHOI aBTOHOMHOI KOTEJIBHI, IO CIIOKMBAE MpupoaHuii ra3. MeToauka. Ha ocHOBi
aHaJi3y CTAaTUCTHUYHHMX BUTPAT TEIUIOBOI €HEPrii 3a OCTaHHI 5 POKiB BU3HAYAIOTHCS BUAU Ta PO3PAXOBYIOTHCS BEIH-
YMHH TEIUIOBUX BTPAT JUII KOHKPETHUX YMOB BUKOPUCTaHHs. 11 BTpaTH MOpiBHIOIOTHCS 3 aHAIOTIYHUMH y CBITOBIH
MPaKTHI, i Ha OCHOBI MOPIBHSHHS Ta aHANI3Y JAi040T CHCTEMH NPONOHYIOTHCS HIISIXH 3HWKEHHS BEUYUHH TEILIO-
BUX BTpaT 3a paXyHOK 3aCTOCYBAHHS Pi3HUX TEXHIYHUX Ta OpraHi3aliiHuX MeToAiB. B po0OOTI MPONOHYETHCS TaKOXK
3alydeHHs JUIsl 1€l METH BTOPHMHHUX Ta allbTEPHATHBHUX JpKepell eHeprii. B skocTi BTOPHHHHX eHepropecypcis
POBIIISAAIOTHCS TEIUIOTA, SIKa BUAUISETHCS JIIOAWHOIO, Ta TEIUIOTA, KA BUXOAMTH 13 HOBITPSIM, IO BHIIYYa€ThCsl IPU
BEHTWJIALIT Oy liBeNlb. A B SIKOCTI TIOHOBIIIOBATBHHX JIKEPEN — COHSIYHA Ta reoTepMasibHa eHeprii. st migBuIeHHs
TEeMIEePaTyPHOTo MOTEHILIaNy TEIUIOHOCIIB MPOIIOHYETHCS 3aCTOCOBYBATH TEIUIOBI HacocH. PesyasraTn. Ilpn mak-
CHMaJIbHO MOXKJIMBOMY BHKOPHCTaHHI BCIX 3aIllpOIIOHOBAaHHX 3aXOJIB 1 BIIPOBAIPKCHHI PALliOHATEHHX CXEMHHUX Ta
TEXHIYHUX PILIECHb, SKi MPOMOHYIOTHCS IS CUCTEM TEIIO- Ta TapsAuoro BOJONOCTAYaHHs, BUTPATH €HEpril Ha TeIIo
Ta rapsiue BOJOMOCTa4aHHs MOXyThb OyTu 3HMkeH] Ha 30-35 %. HaykoBa HoBU3HA. Brniepiiie 3anpornoHOBaHO BH-
KOPHUCTOBYBaTH HOBiI KOMIUICKCHI HiAXOAH Ui MATPUMKH HEOOXiIHOTO TEmIoBOTO OallaHCy B 3MMOBHH IEPiO.
ABTOpaMH TaKOX 3aMpOMOHOBAHI HOBI CXeMHi PIllICHHS ISl CHCTEMHU TEIUIOMOCTAYAHHS Ta BEHTH/ISIMIT (SK B 3MMO-
BHif, TaK i B JITHIH mepioan), mio 6a3yrOThCs HAa BUKOPUCTAHHI TEIIOBOTO HACOCY Ta BTOPHHHHUX CHEPropecypciB.
IpakTnyna 3HaunmicTs. BBeneHHs 3anpoNoOHOBAaHMX CXEMHHX DIllIeHb 1 MiAXOAIB 10 3a0e3leYeHHs TEIIOM Ta
MOBITPSIM MOXYTh OyTH peali3oBaHi NPW BiIHOCHO HEBEJIHMKUX KaIliTAJOBKIAJCHHIX Ta HE BHMaraloTh iCTOTHOTO
riepeo0iaHaHHs BXKe BCTAHOBJIEHUX CHCTEM.

Kniouosi crnoea: cucrema Termso- Ta rapsa4oro BOAOIOCTA4YaHHs; TEIJIOBI BTPATH; TEIUIOBUN PEXUM; PEryJIloBaH-
HS TEIUIOBOTO PEXHMMY; TEIIOOOMIHHMK; BEHTWIALIS; ajbTEPHATUBHI JUKEpena eHeprii; BTOPHHHI eHepropecypcH;
TEIUIOBUI HAacoC
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ITOBBIINEHUE SPPEKTUBHOCTHU PABOTbBI CUCTEMbI
TEIIVIOCHABKEHUA NHOPACTPYKTYPbI
OBHIECTBEHHbBIX 3JAHUU HA TIPUMEPE JTHYXKT

Hess. B nccnegoBannn HE00X0ANMO MPOAHATU3UPOBATH BO3ZMOXKHOCTh M YCJIOBHUS HOBBIMICHHUSA 3((HEeKTHBHO-
CTH paboTHl CHCTEM TEIUIOCHAOKEHHWS W BEHTHJISIMH OOIIECTBCHHBIX 3JaHWN HA COBPEMEHHOM 3Tale pPa3BUTHA
CTpaHbl U XapaKTepHBIX KIMMAaTHYECKHX OcOOeHHOcTell YKkpauHbl. [T1aBHOM 1enbio paboThI sBIIsIETCS pa3padoTKa
KOHKPETHBIX MEPONPUATUHN I OOIIECTBEHHBIX 3/IaHUHM, KOTOPbIE IPUBEYT K 3HAYUTEIILHOMY COKPAIIEHHUIO 3aTpaT
SHEPreTUUCCKUX PECYpPCOB HA OTOIICHUE W CHCTEMY KOHIMIIMOHHPOBAHMS BO3ayXa. B kxadecTBe mpumepa OepyTcs
AQHAJIOTMYHBIE CUCTEMbl KOMIIAKTHOTO ropojka JIHempomeTpoBCKOr0 HAIMOHAJBLHOTO YHHMBEPCUTETA KEJEe3HOA0-
POXKHOTO TpaHCmopTa UMeHH akajgemuka B. Jlazapsuaa (JHYXKT), KoTopblii OTaluIMBaeTcsi ¢ MOMOLIBIO COOCTBEH-
HOW aBTOHOMHOHW KOTEIBHOM, MOTpeOIIsItonIei npupoansid ra3. Meroanmka. Ha ocHOBe aHam3a CTaTHCTHYCCKUX
pPacxoI0B TEIUIOBOW SHEPTHHU 3a MOCIECIHUE D JeT OMPENSISIFOTCS BHIBI U PACCUUTHIBAIOTCS BETMYMHBI TETUIOBBIX
MOTEPh JIJIsI KOHKPETHBIX YCIOBUH UCITIONB30BaHUA. DTH ITOTEPH CPABHUBAIOTCS C aHAJOTHYHBIME B MHPOBOM TIpaK-
THKE, M Ha OCHOBE CPAaBHCHHUS W aHAJH3a JACHCTBYIOIIEH CUCTEMBI MIPEIarafoTCs MMyTH CHIDKCHUS BEJHMYUHBI TETIIO0-
BBIX MOTEPH 3a CUET NPUMEHECHHUS PA3NUYHBIX TEXHUYECKUX M OPTaHU3AIMOHHBIX MeTO0B. B paboTe mpemnaraercs
TaKXKe MPUBJICYCHHUE TS ATOH IeNTM BTOPUYHBIX U aJbTEPHATUBHBIX UCTOYHHUKOB YHEPTUU. B KadecTBE BTOPUUHBIX
SHEPropecypcoB pacCMaTPUBAIOTCS TEIUIOTA, BBIIENIeMas 4eJIOBEKOM, W TEIUIOTa, KOTOpasi BBIXOIUT C BO3AYXOM,
M3bIMACTCS MPH BEHTH/ISAIMU 37aHUN. A B KAUeCTBE BO30OHOBIISICMBIX HCTOUHUKOB — COJIHEUHAS M TeOTepMasibHas
sHepruu. JIJis TOBBIIIEHUS TEMIEPaTypHOro MOTEHIMajda TEIUIOHOCHUTEIEeH MpenjaraeTcsi MPUMEHSITh TEIIOBHIE
Hacochl. Pe3yabraTsl. [Ipn MakcuManibHO BO3MOXKHOM HCTIOJIB30BAaHUH BCEX MPEATIOKEHHBIX MEPOTIPUSTHI U BHE-
JIPECHUH PAIlMOHATIBHBIX CXEMHBIX U TEXHUUYECKUX PEIICHUH, KOTOPbIE NPeIaratoTcs Al CUCTEM TEILJIO- U TOPSIUEro
BOJIOCHA0XKEHUS, 3aTpaThl SHEPIMH HA TEIUIO M Topsdyee BOJOCHAOXKEeHHWE MOTYT ObITh cHmkeHbl Ha 30-35 %.
Hayunasi HoBu3Ha. BriepBble NpeAsioOKEHO HCIOJb30BaTh HOBBIE KOMIUIEKCHBIE MOJXOABI ISl MOAJCP>KAHUS
HEOOXOAMMOTO TEIUIOBOTO OajlaHca B 3MMHHUH TEpHOJ. ABTOpaMH TaKKe MPEITIOKCHB HOBBIE CXCMHBIC PEIICHHUS
JUISL CHCTEMBI TEIUIOCHAOXEHHs W BeHTHISIUM (Kak B 3WMHWH, TaK W B JIETHHN IEPHOIBI), OCHOBAaHHBIE Ha
HCTIOJF30BaHUH TEIUIOBOTO HAcoca WM BTOPHUYHBIX »HEpropecypcoB. IIpakTuueckas 3Ha4YMMOCTb. Bmenenue
MIPEUIOKEHHBIX CXEMHBIX PEIICHHH W MOAXOAO0B K OOCECIIEYCHHIO TEIUIOM M BO3IyXOM MOTYT OBITh peaTu30BaHEI
MPU OTHOCHUTENHFHO HEOOJBINNX KAIHWTAIOBIOKEHISIX W HE TPeOYIOT CYIIECTBEHHOTO NEepeoO0OpYHOBAaHHS YXKe
YCTaHOBJIEHHBIX CHCTEM.

Kniouesvie cnosa: cuctema Temso- U TOPSIETO BOJIOCHAOKEHUS; TETUIOBBIE ITOTEPH; TEIIOBOM PEXUM; pETyIH-
POBaHHE TEIJIOBOTO DPEXHMa, TEIUIOOOMEHHHK, BEHTHJIALS; aJbTepPHATHBHBIC MCTOYHHKH >HEPTUH; BTOPHYHBIE
9HEPTOPECYPCHI; TETIIOBOM HACOC
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AHAJII3 IIMTAHBb EHEPI'O3BEPEKEHHSA
TA EHEPTOE®EKTUBHOCTI IIJI YAC EKCILTYATAIII
PYXOMOI'O CRJIIAQY METPOIIOJIITEHY

Mera. Ha nanwmii 9ac akTyalbHOIO € TpoOiieMa 3HAYHOTO CIOXKHBAHHS €NIEKTPOCHEPTii PyXOMHUM CKJIagOM IIij
yac WOro ekciuryararii. ¥ 3B’s3Ky 3 MOCTAITHUM ITIBUIICHHAM Tapu(]iB 32 CHOXKHUTY €IEKTPOCHEPTII0 MONANBIINI
PO3BUTOK PEHKOBOTO €IEKTPOPYXOMOI'0 TPAHCIIOPTY, 30KPEMa PyXOMOTO CKJIaJy METPOIOJITEHY, HEMOKINBUN 0€3
3aCTOCYBaHHS CYyYaCHUX €HEPro30epiralounx TEeXHOJOTIH Ta eHeproe(eKTHBHUX CUCTeM. J[1s BupimieHHs 3a3Haue-
HOI mpobimemu B poOOTI HEOOXITHO BHKOHATH aHai3 3axOdiB 1 BH3HAYUTH NEPCHEKTHBHI HANPSIMKH
3 eHepro30epekeHHs Ta MiJBHUIICHHS eHeproeeKTUBHOCTI Ha PyXOMOMY CKiIaji MeTponoiiteHy. Meroauka. 3a-
CTOCOBYIOYHM METOJIM HAYKOBOTO aHAJli3y, y3arajbHEHHs, MOPIBHIBHOTO aHajli3y, MPOrHO3YBaHHS, a TaKOX BUKO-
PHCTOBYIOUYH PE3YJIbTaTH €KCIEPHUMEHTAIBHHUX JIOCHIPKeHb, aBTOPaMH BU3HAUYEHO OCHOBHI IIISIXHM 3HMXKEHHS CIIO-
JKMBaHHS €JIEKTPOCHEPrii MiJl Yac eKCIUTyaTallil pyXOMOro CKjaay MeTpomnoiiteHy. IIpoBeseHO aHaii3 BUTpar Ha
CNEKTPOCHEPTi0 PyXOMUM CKJIaaoM KomyHanbHoro minnpuemctsa (KIT) «KuiBchkuit Metpornoniten». [Ipoananizo-
BaHO 3HAYHY KUIBKICTH JOCII/DKCHb BITYM3HSHHX Ta iHO3EMHHX aBTOPIB IIOJO BHINE3a3HAYCHOI MPOOICMATUKH.
PesyabraTu. OCHOBHMMH HampsIMKaMH 3 €HEpPro30epeXeHHS Ta IMiIBUINEHHS EHEpProe()eKTHBHOCTI PyXOMOTO
CKJIaJy METPOIIOJNIITEHY € BIPOBAKEHHS HAa HHOMY CHCTEM peKyIieparlii, HAKOITMYSHHS eHeprii Ta eHeproe()eKTHB-
HUX CHCTEM YIpaBIliHHA. BCTaHOBIEHO, 10 BIPOBA/KEHHS CHCTEM PEKyINepalii Ta HAaKONMYEHHS EHeprii 03BO-
JUTHh 3a0IIAIWTH 3HAYHy KUIBKICTh ENIEKTPOCHepTii, IO BHUTPAYaeTbcs Ha TATY, HpoTe MOTpedye
H CyTTEBHMX KaIiTalOBKJIAJEHb. 3a3HAUCHO, IO B CyYaCHHX CKJI3JHHUX YMOBaX PO3BHTKY €KOHOMIKHM YKpaiHu
HEPCIEKTUBHUM HAIPSIMKOM €HEpPro30epexeHHs € 3aCTOCYBaHHS €Heproe()eKTUBHUX CHCTEM ympamiiHHA. OCHOB-
HOIO TICPCBArOi0 I[LOTO HAMPSIMKY € OTPUMaHHS CKOHOMIYHOTO e(dekTy 0Oe3 3HAYHUX KalliTajJOBKIAJCHb.
HayxoBa HOBH3HA. ABTOpamH BIieplie BUKOHAHA OLIiHKA MOTEHIialy 30epeXeHH s eJIeKTPOCHEPril 3a paxyHoK 3a-
CTOCYBaHHS eHeproe()eKTHBHUX CHCTEM YIPaBIiHHS Iijl 4aC TUIOBUX IITATHUX PEXUMIB BEJICHHS PyXOMOTO CKJa-
Iy Ha neperoHax «Xpemaruk—TeaTpansHa—Xpemartuk» Ta «lllynasceka—bepectelicbka—Illynasceka» KII «Kuis-
cekuid Merponomiten». IIpakTHuna 3HauMMicTh. Pe3ynpraTh gaHUX JOCIIUKEHBb MIOJO KITBKOCTI 30epesKeHHS
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SJICKTPOCHEPTil 32 paxyHOK BUKOPUCTAHHS CHCTEM pEKylepallii, HAKOIWYCHHS eHeprii Ta eHeproe)eKTHBHUX CHC-
TEM YIpaBIiHHS MOXYTh OYTH BUKOPHCTaHI IIPU CTBOPEHHI HOBOTO a0 MOJEepHi3allii iCHYI040ro pyxoMoro CKIaay

METPOTIOJITEHY .

Knrouosi cnosa: eneprozdepexeHHs; eHeproePeKTHBHICTh, PYyXOMHH CKJIaJ METPOTIONITEHY; CUCTeMa peKyTIe-
parii; cucreMa HAKOMMYEHHSI €HEeprii; cucTeMa YIpaBIliHHS; PallioHAIBHUNA PEXUM BEACHHS

Beryn

[MutanHs eHepro30OepexeHHs Ta eHeproegex-
THBHOCTI MAlOTh BEJIMKE HAapOAHOTOCIIONapChKE
3HAYEHHs JJIsi EKOHOMIKM YKpaiHu. Y 3B’3Ky
3 MOCTIHHMM MOETAaHUM MiBHILEHHSAM Tapu}iB
Ha enektpoeHeprito mpotsrom 2015-2017 pokis
[12] mpobimema eneproszbepeskeHHs Ta eHeproede-
KTUBHOCTI CTa€ CTpaTEeridHUM HampsIMKOM PO3BHT-
Ky OaraTthbox ramysell MpoMHCIOBOCTi. Sk Hacii-
IIOK, HAWOMMKYINM YacoM IPOTHO3YETHCS 30iTb-
LICHHS BUTPAT 32 CIIOKUBAHHS €JIEKTPOCHEPTil s
HiAPUEMCTB IPOMHUCIOBOCTI. ToMy mocmiKeHHs,
HaIlpaBJICHI Ha TOKpAIEHHS eHepro30epekeHHs Ta
MIiJBUIIECHHS eHEProe(eKTUBHOCTI, € CBOEYaCHUMU
Ta aKTyaJIbHUMHU.

OnmHUM 3 TOTY)XHHX Ta €HEPrOEMHHX CIOXH-
BadviB eJIeKTpPOeHeprii € Merpomnoiiten [14], sxuit
Ma€ HaWOUIbIII MepeBi3Hi MOKIMBOCTI MOPIBHSIHO
3 IHIIMMH BUJAMH MichbKoro TpaHcrnopty. Cirig
3a3HAYMTH, 110 OOCSATH MEPEBE3CHD MMaCAKUPIB Me-
TPOTOITEHOM Ta iX YacTKa B MICHKHX TepEBE3CH-
HSX MOCTIHHO 3pocTae. 3 mocimimikenns [13] Bigo-
MO, IO CHEProEMHICTh MEPEBI3HOTO IpOLEeCy B
MeTpornojiTeHax ckiagae Ha pieHi 80-90 % Bix
3arajlbHOTO CHEPrOCHOKUBaHHSA Tany3i. CroXuBaH-
HS eNIeKTPOeHeprii B METPOIOJITeHI PO3IOMiIs-
eTbes TakuM unHOM [10, 14, 16]: 70 % — Ha TAary
pyxomoro ckiaay; 23 % — Ha BUpOOHUYI TOTPeOU
iHppacTpyKTypu (ocBiTneHHS, €CKanaTtopu
i inme); 5,1 % — Ha CHOXWMBaYiB HA3eMHHX ILIO-
maaok (eKCruTyaTamiiHi Jemo, peMOHTHI 0asu Ta
MaiictepHi); 1,9 % — iHIIMX CTOPOHHIX CIIO’KHBAYiB.

AHai3 CIIOKUBaHHS €NEKTPOSHEpPrii B METpo-
MOJIITeHI TOKa3ye, 10 HAaWOIIBII BAaroMOIO0 CKJa-
JIOBOIO € BUTpAaTH Ha TATY PyXOMOro ckiamy. Ta-
KUM YHHOM, NEpIIOYEPrOBUM Ta aKTYAIBHHM 3a-
BIAHHSAM € JIOCII/PKEHHS IOJO0 3HIDKCHHS BUTPAT
Ha CIIO’)KUBAHHS €JIEKTPOCHEPrii camMe Ha TATY py-
XOMOTO CKJIaZly METPOTIONITEHY.

Mera

Meroro 11i€i poOOTH € aHali3 3axX0/iB 3 €HEpro-
30epesKeHHs Ta MiABUIICHHS eHeproedeKTUBHOCTI
Ha PyXOMOMY CKJIaJli METPOTIOITEHY .

MeTtoanka

TeopeTnuHOO0 623010 NOCTIIKEHb CTand IMyO-
JKamii, 10 BHCBITIIOIOTH PO3BUTOK CYJacCHOTO
PYXOMOTO CKJIaay, 30KpeMa METPOIONiTeHy, B Ha-
OPSAMKY 3aCTOCYBaHHSI €HEepro30epirarounx TexXHO-
Jorii Ta eHeproeeKTUBHUX cucTeM. B pobori
BHKOPHCTaHI METOJIM HAyKOBOTO aHAJI3Y, y3araib-
HEHHS, TOPIBHSUIBHOTO aHaii3y, MpPOTHO3YBaHHS.
Kpim Toro, BUKOpHCTaHO pe3yNbTaTH eKCIepuMe-
HTAJIBHUX JOCTI/KEHb 3 METOIO OIHKH ITOTEHIlia-
JIy 30€peKEHHS SJIEKTPOCHEPTii 32 paXyHOK BIIPO-
BaJDKCHHS CHEProeEKTUBHUX CHCTEM YIPaBIIiHHS.

JI71st OIIHKYM KIJTBKOCTI CHOXKHTOI €JIEKTpOeHEp-
rii Ha TATY Ta BUTPAT Ha EJIEKTPOCHEPTII0 PyXo-
MHUM CKJIJIOM BUKOHAHO aHaJi3 JaHUX MMOKa3HUKIB
B KII «KuiBcpkuii MeTpomosiTeH» NPOTATOM
2011-2014 pokiB. KinpKicTh CHOMKHTOI €IEKTPO-
EHEpril Ha TATy PyXOMHM CKJIAJIOM METPOIOJITCHY
HaBezeHo Ha puc. 1.
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Puc. 1. KinbKiCTB CIIOKHUTO] €JIeKTpOeHepTii
Ha TAry pyxomum ckiazgom KIT

«KHUIBCHKHIT METPOTIONITCH

Fig. 1. The amount of electricity consumed
for traction by rolling stock
of PU «Kyiv underground»

JiarpaMu BETpaT Ha €IEKTPOCHEPTII0 PyXOMUM
CKJIaJJOM METPONONiTeHy IpUBEIeH] Ha puc. 2.

JociimkeHHs] BUKOHYBaJINCh Ha OCHOBI aHalli-
3y Butpar KIl «KuiBchbKkuif METPOIIOIITEH» MPOTSI-
rom 2011-2014 pokiB, a TaKOX HUIIXOM PO3paxy-
HKY OYiKyBaHOi 3MiHU JaHOTO TOKa3HHKa MPOTS-
rom 2015—2017 pokiB, Bpax0OByIOYH [TOCTAIHE ITijI-
BUIICHHS  BapTocTi  TapudiB.  PesynbraTn
BHKOHAHUX JIOCHI/DKEHb Y BUTIISAJI JliarpaM HaBe-
JIEHO Ha puc. 3.
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Fig. 2. Diagrams of energy costs by rolling stock
of PU «Kyiv underground»
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Puc. 3. /liarpamu BiiHOLIEHHS BUTpAT
Ha €JICKTPOCHEPTII0 PYyXOMHUM CKJIaJIOM
1o 3aranbHuX BuTpat KIT «KuiBcbkuit MeTponomiten»

Fig. 3. Cost-to-cost diagrams for energy costs
by rolling stock to general expenses
of PU «Kyiv underground»

3a pe3ynbTaTaMy BUKOHaHUX AocHikeHb B KII
«KwuiBcbkuii MeTponomites» (aus. puc. 1-3) Bcra-
HOBJICHO, IO 33 OCTaHHI POKH MOKa3HUKHU KiTbKOC-
Ti CMOXHUTOI EJNEKTPOCHEPrii Ta BUTPAT HA TATY
PYXOMOTO CKJIJIy, a TAKOX BiIHOIIEHHS BUTPAT Ha
EJIEKTPOCHEPTII0 PyXOMUM CKIIQJIOM JI0 3arajbHUX
BUTPAT MPAKTHYHO 3AJIUIIAIUCH HA OJHOMY PiBHI.
IIpoTe 3 HaBeneHUX Aiarpam (IuB. puc. 3) BHIHO,
10 BIJHOIICHHS BHUTPAT Ha EJICKTPOCHEPIil0 py-
XOMHM CKJIaJIoM J0 3arajbHuX BuTpat y 2017 pomi
nopiBHsiHO 3 2014 poxom 30inpmatscs Ha 10 %.
HaBenmeHi mocimimpkeHHS B YEpPrOBHMA pa3 IMiATBEp-
JDKYIOTh BHUII€3a3HAYEHY TE3y, 110 B YMOBax IIO-
CTIMTHOTO MiJIBUIIICHHS BaApTOCTi EHEPrOHOCIIB MPo-
OireMa eHepro30epeKeHHS Ta eHEProeeKTUBHOCTI
Ha PyXOMOMY CKJIaJli cTae BCe OLIBII aKTyaIbHOIO.

3 aHanmizy morepeaHix gochimkens [6, 13, 14]
BIIOMO, IO OJHUM 3 IMEPCICKTHBHUX 3aXOJiB
3HW)KEHHSI CIIOKMBAHHS EJICKTPOCHEPrii Ha Tsry

PYXOMOTO CKJIaay METPOMOJITeHY € 3aCTOCYBaHHS
PEKyNepaTUBHOTO TajdbMyBaHHA. lle BUI rambmy-
BaHHS JIO3BOJISIE BUKOPUCTOBYBATH 3HAYHY YaCTH-
Hy KIHETHYHOI €Heprii pyXxoMoro CKJIagy MeTpo-
moiteHy. Jlo 1bOTO 4Yacy MOMKIMBOCTI PEXUMY
pekyrmeparllii BUKOPUCTOBYIOTHCS HE B IOBHOMY
00cs131, OCKIIbKM 3HaYHA YacTHHA TATOBOTO O0JIa-
THAHHA €KCIUTyaTOBaHOTO PYXOMOTO CKJIaay MET-
POTIOTITEHY HE Ma€ MOXKIJIMBOCTI TeHEpPYBaTH €Hep-
Tif0 B KOHTAKTHY MEPEXKY IIij] yac rajibMyBaHHs. 3a
pe3yabTaTaMy YHCICHHUX Jociimkens [14-17, 18]
BCTAHOBJICHO, IO BIPOBAJKCHHS CHCTEM PEKyIie-
pauii Ha pyXoMOMY CKJIaJi METpPOIOJITeHY N03BO-
JUTh CKOPOTHTH CIIO)KMBAaHHS €NEKTPOeHeprii Ha
tary 10 40 %.

BrpoBamkeHHs: cucteM pekynepaiii nepeada-
Yae BUKOPUCTAHHS TATOBOTO PEBEPCHUBHOTO Tiepe-
TBOPIOBaYa, BUMiPIOBATLHUX JATUYHUKIB Ta CHCTEMH
ynpasiinHs. [lepeTBoproBay 03BOJISIE PEryIoBa-
TH EHEProoOMiH M)XK KOHTAaKTHOK) MEpPEKEI0 Ta
JIBUTYHOM B PEXHMaX TATH Ta PEKyHepaTHBHOTO
TraJIbMyBaHHs. BUMiproBaJlbHI JaTYUKH KOHTPO-
JIIOKOTh 3HAYCHHS CJCKTPUYHHMX BEIWYHUH ITiJ[ 4ac
eHeprooOMiHHUX mporeciB. CucreMa ynpaBIiHHSI
3MIHCHIOE pEeKyTepaTHBHE TaJlbMyBaHHS 32 HasB-
HOCTI CIIO)KHMBaviB B MEpEXKi Ta PeOCTaTHE rajbMy-
BaHHS 3a JIOIOMOTOI0 OJIOKIB PE3UCTOPIB 3a iX Bij-
cytHOCTi. OTXKe, BIPOBAHKCHHSI CHCTEM pEKyTIe-
paliii 103BOJIsS€ 3a0IaUTH 3HAYHY KUIbKICTh €je-
KTPOGHEPrii, 10 BHUTPAYAEThCS HA TATY, MPOTE
motpedye i CyTTEBUX KalliTAIOBKJIAIEHb, CEpen
SKUX BUTPATH Ha BUIE3a3Ha4YeHe OOJaIHaHHS Ta
1oro o6CIyroByBaHHS.

Ha ueit vac B merpomomniteHax YkpaiHu mepe-
BE3CHHS MMAacaKUPIB 3a0€3MeTy€eThCS, HacaMIIepe,
noi31amMu 3 KOJIEKTOPHUMH ABUT'YHAMH MOCTIIHOTO
CTpyMYy TMOCIIJJOBHOTO 30y/KEHHS Ta pEJIeHHO-
KOHTaKTOPHUMH CHICTEMaMH yTIPaBIiHHL. 3 METOIO
CKOPOYCHHS CIIOKMBAaHHS €JICKTPOSHEPrii Ha TATY
B OCTaHHI POKU CTBOPIOETHCS Ta MOJCPHI3YEThCS
BITYM3HSHUA PYXOMHU CKJal METpPOMOIiTeHy. B
2012 poni Ha 3acimanHi MixBimomuoi komicii 3a
pe3ysibTaTaMi BUKOHAHHS NPUAMAIBHUX BHIIPO-
OyBaHb JOCHITHUX 3pa3KiB BaroHiB METPOMOJIITEHY
mopeneit 81-7036, 81-7037, 81-7037-01, 81-7037-
02 Bupo6HuuuTBa [TAT «KBBE3» npuiinsro pimies-
HS II0JI0 MOXJIMBOCTI CEpifHOrO BUPOOHHUIITBA
3a3HadeHux Mmojened BaroniB. B 2014 pomi [TAT
«KBB3» crinpHO 3 iHIMMA BITIN3HSIHAMHU Ta iHO-
36MHUMHU IiIMPHEMCTBAMH MOJICPHI30BaHO Ta
BBEJICHO B eKCIuTyaTamito 19 m’sITMBaroHHUX MOi3-

doi 10.15802/stp2016/74732

© A. B. lonuenko, A. O. Cynum, O. C. Ciopa, O. O. MenbHuk, B. B. ®exopos, 2016

109



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

Hayka ta nporpec Tpancnopty. BicHux J{HinponeTpoBCEKOro

HaLliOHAJIIBHOTO YHIBEPCHTETY 3aili3HHYHOro TpaHcnopty, 2016, Ne 3 (63)

EJIEKTPUYHUIA TPAHCITOPT

niB KII «KuiBchbkuii MeTporomTen» 3a (GOHIOM
3ejeHUX 1HBECTHUIIH. ['OJIOBHUMH BiIMIHHOCTSIMH
HOBOCTBOPEHOTO Ta MOJICPHI30BAHOTO PYyXOMOTO
CKJIay € BHKOPHCTaHHS ACHHXPOHHOTO ENEKTPO-
MPUBOA 3MIHHOTO CTPYMY, MIKPOIIPOIIECOPHOL
CUCTEMHU YIPABJIIHHS, a TaKOX BIIPOBAPKCHHS 1H-
IIOTO €Hepro30epiraroyoro o0JIagHaHHA Ta TEXHO-
JIOTiH, HacaMmIepel CHCTeM peKymeparii. 3a pe-
3yJbTaTaMH JOCHipkeHs [4] BimoMo, 1110 MoaepHi-
3alisl iICHyI04Oro pyXOMOI'O CKJIaay y BiJHOIICHHI
JI0 T’STUBAarOHHOTO 34Yery J03BOJIE CKOPOTUTH
CIIOKMBaHHS ENIEKTPOCHEPrii 3 Mepexki Ha IMOHaA
40 %. Takum ynnaoM, B KII «KuiBcbkuii MeTpomno-
JITEH» BUKOHYIOTBCS 3aX0JIM 3 CHEPro30eperKeHHS
Ta TMIBUMIECHHS EHEProeEeKTHBHOCTI PyXOMOTO
CKJIaJly METPOIOJITeHY IUIIXOM 3aMiHU 3acTapi-
JIOTO TATOBOTO OOJaTHAHHS HA HOBE 3 pealizalli€to
PEKyIEPaTHBHOTO TaTbMYBaHHSI.

[IpoTe B ymMoBax peanbHOI eKCIUTyaTallii Ha Be-
JMYNHY BUKOPUCTaHHS E€JIEKTPOCHEprii peKymepa-
uii BruMBae Oarato Qakropi [7, 13-15]. Cepen
OCHOBHHX MOYKHA BHIUIATHA TAakK. 1HTEHCUBHICTH
PYXy B 30HI peKynepauii, peXuM pyXxy IHIIHX
CIOXKUBAYiB E€JEKTPOCHEPrii, BiJICTAaHh MiXK CTaH-
MisIMH Ta PO LT KOJIil. 3a pe3ynbTaTaMu aHaTi3y
nmocmimpkens [13, 14] BcTaHOBIEHO, IO 3a ICHYIO-
401 iHQpaCTPYKTYpH CUCTEMH TATOBOTO €HEeprosa-
Oe3ITeueHHsT METPOIIONIITEHY BUKOPUCTAHHS €JICKT-
poeHeprii pekymepanii Mae iIMOBIpHICHUH Xapak-
Tep Ta He mnepepumye 30 %. Takum ymHOM,
B IIei Yac MOMKJIMBOCTI peKymepailii BUKOPUCTOBY-
IOTBCS HE B TIOBHOMY 00CsI31 1 iCHye mpoOieMa pea-

Jmi3arii HaJIJTUIITKOBOT €JIEKTPOCHEePril 3a
BIJICYTHOCTI CIIOKMBadiB B 30HI peKyreparii
[7,13-17, 18].

Amani3 mocmimkens [6, 10, 13-17, 18] mokasas
MOXKJIMBICTh JTOAATKOBOTO €HEPro30epeKeHHs Ta
MiJBUINEHHS  €HEepProeeKTHBHOCTI  PyXOMOTO
CKJIQ/ly METpOIIOJITEHY 3 CHCTEMaMH peKyIreparii
3a paxyHOK €(eKTHBHOI'O BHKOPUCTAHHS €JIEKTPO-
SHeprii ralbMyBaHHs IIIJISIXOM 3aCTOCYBAHHS CHC-
TeM HaKONM4eHHs eHeprii. 3 mxepen [1, 13, 14]
BIJIOMO, 1[0 32 JOTIOMOTO0 BITPOBA/KEHHS CHCTEM
HAKOIUYCHHSI SHEePrii MOXHA TOJATKOBO CKOPOTH-
i Omu3sko 10-20 % enexkTpoeHeprii, 1m0 BUTpa-
Ya€eThCS Ha TATY.

BrpoBajkeHHsT CHCTEM HAKOMUYEHHS EHepril
nepenbavae BUKOPHUCTAHHS PEBEPCHUBHOIO IMepe-
TBOPIOBada MOCTIHHOTO CTPYMY, BHUMIPIOBAIEHUX
JMATYMKIB B KOJI HAKOMHYyBa4ya, CHCTEMH YIIPaB-
JHHS 1 BJacHE HaKOMWYyBada. PeBepcHBHUI me-

PETBOPIOBAY IMOCTIHHOTO CTPYMY JO3BOJISIE 3IiiC-
HIOBAaTH CHEPrOOOMIH MiK KOHTAKTHOK) MEPEKEIO,
JIBUTYHOM Ta HaKOmu4yBaueM. BumiproBanbHi aa-
TYUKU KOHTPOJIIOIOTh 3HAUYEHHS CTPYMY Ta Harpy-
Td B KoOJIi HakommdyBada. CucTeMa YIIpaBIIiHHS
3IIMCHIOE PETYJIIOBaHHS €HEProOOMIHHUX TIpolle-
CiB B peXXHMax TATH Ta PEKyNEepaTHBHOTO TajIbMy-
BaHHS 32 IMOKa3HWKaMU BUMIPIOBAIHUX JATUHKIB.
HaxommuyBau pmo3oisie 30epiraTé Ta IOBTOPHO
BUKOPUCTOBYBAaTH HAIJIHMIIKOBY €JIEKTPOCHEPTi0
pexymnepartii. OTxe, BIPOBaKEHHSI CUCTEM HaKO-
MUYEHHS JO3BOJISIE JIOJATKOBO 3a0IAJUTH 3HAYHY
KIJIBKICTD €JIEKTPOCHEprii, 10 BUTPAYaETHCS Ha
TATY, MPOTE MOTPeOYy€e TAKOXK CYTTEBUX KaIiTalo-
BKJIQZICHb, CE€pell SIKUX BUTPATH Ha BUIIE3a3HAUCHE
oOyamHaHHS Ta Horo o0CITyroByBaHHS.

TeopeTHyHHX MOCIHIIKEHb 3a HANpSMKOM 3a-
CTOCYBaHHSI CHCTEM HAKOTHMYCHHS €HEepTii Ha 3ai-
3HUYHOMY TPAHCIOPTi, 30KpeMa B METPOIOJiTe-
Hax, yuMano. OCHOBHI NHUTaHHS, WO PO3Tisina-
IOTHCS TIiJ] Yac IHUX JOCTIKeHb Taki: BHOIp THITY
HaKOIMIyBada Ta WOTO paIlioHaJbHE PO3MIIICHHS
B CHCTEMi TATOBOTO eHepro3abesledeHHs], BU3HA-
YeHHS palliOHAIFHUX MapaMeTpiB HaKONHYyBada
Ta TepeTBOPIOBaYa, KiUTbKICHA OIliHKA 30epemeHol
eJIEKTPOCHEPTii 32 paXyHOK BUKOPHUCTAHHS HAaKO-
MUYyBayiB, po3poOKa eQeKTUBHOI CUCTEMHU YIIPaB-
JHHA eHeproOMiHHMMH TIpOoIlecaMH, TpH SIKIHA 3a-
Oe3reuyeThesl MiHIMI3aIlisl CIIOKUTOT eJeKTpoeHe-
prii 3 KOHTAKTHOT MEpexi.

Ha croromHi cucreMaMu HakONW4YeHHS €HEprii
ocHameHni Merpomnonitern CIIA, Anrmi, SAnoHii,
®panriii, Pocii, mpote B MeTponoiiTeHax YKpaiHu
Ili CHCTEMH HE 3aCTOCOBYIOThCS. Jlo mboro yacy
ocoOnmBUX mOTped y iX 3acTocyBaHHI HE OYyII0.
OCHOBHOIO TPUYMHOIO, IO CTPHMYBajla BIIPOBa-
JOKEHHSI IUX CHUCTEM B METPONOJdiTeHax YKpaiHu,
Oyna BiJICYTHICTh EKCIUTyaTOBAaHOT'O PYXOMOTO
CKJIaay 3 cucteMamu pekyneparii. Takum 4uHOM, 3
BBEJCHHSIM B EKCIUTyaTallil0 PyXOMOTO CKJIaay 3
CHUCTeMaMH peKyIiepallii, BIPOBa/PKEHHSI CHCTEM
HAKOTIMYEHHS B METPOIONiTeHaX YKpaiHu cTae
aKTyaJIbHUM.

Ille omHUM TIEpPCTIEKTUBHUAM 3aX0JIOM 3 €HEepro-
30epekKeHHSI Ta TiABUIICHHS €HeproeeKTHBHOCTI
PYXOMOTO CKJIaJy METPOIOJITEHY € BUKOPUCTAHHS
pauioHaJbHAX PEXHMIB BEICHHS IOI34a Ha Iepe-
TOHI 32 KpUTEPiEM MIHIMyMY CHOXHBAHHS EJIEKT-
poeneprii 3 mepexi [2, 3, 5, 8, 9, 11, 19, 20].
3 aHalizy JKepen BiIOMO, IO BIPOBAKEHHS pa-
[IOHATTFHUX PEXHUMIB BEACHHS PYyXOMOTO CKIAay
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METPOTIOJITEHY JO3BOJIUTH CKOPOTHUTH CIIOKHMBAH-
HsI eJIeKTpoeHeprii 3 mepexi 10 7 % [2, 8].

BusHaueHHs palioHaJbHOTO PEXUMY BEACHHS
PYXOMOTO CKJaay METPONOJITEHY Ha IIeperoHi
nependadae BUKOPHCTAHHS INITaTHUX BHUMipIOBa-
JHHUX JATYMKIB Ta MIKPOIPOLECOPHOI CHUCTEMH
ynpaBiiHHs. BuMiproBanbHI IaTYUKH KOHTPOJIO-
I0Th 3HAUEHHS CTPyMY, HalpYr'H KOHTAKTHOI Me-
peki Ta MBHIKOCTI pyXy. MikponpolecopHa cuc-
TeMa yNpaBIiHHS 3iHCHIOE BU3HAYCHHS palliOHa-
JBHOTO PEKUMY BEACHHS 3 3aJaHUMH YMOBaMH Ta
oOMexeHHIMU. MIKpOMpoIecopHa CUCTEMa MOXKE
OyTH sIK iHTErpoBaHa B 3arajbHy CHCTEMY yIpaB-
JMHHA TOi370M, Tak 1 (YHKI[IOHYBaTH OKPEMO.
BropoBamkenas — miei  cucTeMH — MOPiBHSHO
3 CHCTEMaMH peKyIiepalii Ta HaKOIMMYEeHHS JI03BO-
Jsi€ OTPUMATH EKOHOMIYHHWH e(peKT NpH 3HAYHO
MEHIINX KalliTAJIOBKIAICHHSIX.

3HayHa KUIBKICTh JOCHIDKEHb MPUCBAYCHA Ha-
npsMKaM BH3HAYEHHS Pal[iOHAILHOTO PEXHUMY Be-
JICHHSI PyXOMOTO CKJIaJy METpOIIOJITEeHy Ha Iepe-
TOHI 32 KPUTEPIEM MIHIMYMY CIOKWBaHHS €JICKT-
poeneprii 3 mepexxi. OCHOBHI MHUTaHHA, IO PO3-
[JIAOAl0TBCA  Mi  Yac [UX OOCHIDKEHb Taki:
OOTPYHTYBaHHS UYHCIOBOTO METOMY BHUPIIICHHS
nudepeHIifiHOro piBHAHHSA pyXy moizaa (MeToau
Teitnopa, Pynre-Kyre, Eiinepa ta inmi), oOrpyH-
TyBaHHS BUKOPHCTAHHS METOIY BHUPIIIEHHS paIlio-
HaJbHOI 3amavi (Kiacu4He BapialliiiHe O0YHCIICH-
HS, NPHUHOUI MaKCHUMyMy, IUCKPETHHH BapiaHT
METO/Ia JWHAMIYHOTO MPOrpaMyBaHHsS Ta iHII),
CHHTE3 Ta pOo3po0Ka MIKpOIPOIIECOPHOI CHCTEMH
yIpaBIJIiHHS TOi370M MeTponoiiteny. Crin 3a3Ha-
YUTH, MO0 Hapasi 3HAaYHA KiIBKICTh OCIIIKEHBb
HaIpaBJIcHa Ha PO3pOOKY MIKpOIPOIIECOPHOI CHC-
TEMH YTPaBIIHHS JUIS Cy4aCHOTO PYXOMOI'O CKJia-
Iy 3 aCHHXPOHHHUM TATOBUM MPHUBOJIOM Ta MO>KJIH-
BICTIO PEKYIIEpPaTUBHOTO T'albMyBaHHSI.

Ha cporogni MikponpouecopHHMH CHCTEMaMH
yIpaBIIiHHS, 10 AO3BOJIAIOTh BU3HAYATH pallioHa-
JTBHUHA PEKUM BEJICHHS 32 KPUTEPiEM MiHIMallbHO-
rO CIIOKMBAHHS ENEeKTPOCHEPrii, OCHAIICHHH py-
xomuii ckmax wmerpononmiteHis  CHIA, Awnrii,
Snonii, ®panmii, [Tanii. Takox 3a3HaveHi cucTeMu
MOYMHAIOTH BIIPOBAKyBaTH B Pocii, 30kpema Ha
Kazancekomy Tta IlerepOyp3pkoMy MeTpomoiTe-
Hax [3]. Kpim Toro, 6arato MeTpoIoJiTeHIB CBITY
MaroTh MEpPEXi aBTOMaTH30BaHOT'O METPOIIOJIITEHY,
e PYXOMHH CKJIaa oOJIamHaHUui CHCTEMaMU aBTO-
BEACHHS Ta Kypcye 06e3 MalluHICTIB. ABTOMATH30-
BaHI METpPOIOJITEHH eKCIUTyaTyloTkcss B Jlyoai,

Hropu6epr3i, Jlioni, ITapwmwxi, Ciaramypi, bapcerno-
Hi Ta iHIUX Mictax. Ha neit yac excruryaroBaHuii
MapK METPOMOJiTeHiB YKpaiHu oOmagHaHUi cuc-
TEMaM{ aBTOMATUYHOI JIOKOMOTHMBHOI CUTHAJII3AL1
3 aBTOMATUYHUM PETyJIOBaHHAM  IIBUAKOCTI
(AJIC-APIII), mo npusHaveHa i OE3MEKH pyxy
nmoi3xiB. Cucrema AJIC-APII 3abe3neuye Oesme-
pPEpBHY Tepenavy CHTHANBHHUX ITOKa3aHb y KaOiHy
VIpaBJIIHHS PYXOMOTO CKIIQAy TpO JO3BOJCHY
HIBUIKICTh PYXY, KOHTPOJIb 3aHHATOCTI KOIii Ta
HIBUJKOCTI pyXy MOi31a, aBTOMAaTU4YHE 3HM)KCHHS
HIBHJKOCTI YM 3yNUHKY TOi31a NpH ii mepeBuIieH-
Hi, KOHTPOJIb MUIBHOCTI MamuHicTa. [Ipore 3a3Ha-
YeHa CHCTeMa He JI03BOJIA€ BH3HAYATU PaLliOHaJIb-
HUHM peXHUM BEIEHHS PYXOMOI'O CKJIaly METpOIO-
JITEHy Ha TIEPErOHi 3alle)XHO BiJ WOro 3aBaHTa-
JKEHHS 3a KpPUTEPiEM MIiHIMyMY CIIO)KHBaHHS
enexTpoeHeprii. OTke, eKCIUTyaTOBaHUH PYXOMMIA
CKJIaJ] METPOIIOJIITeHIB YKpaiHH, B TOMY YHCII CY-
YaCHUH 3 aCHHXPOHHHM TATOBUM EJIEKTPOIIPHUBO-
JIOM 1 (YHKIII€I0 PEeKyIepaTUBHOTO TallbMyBaHHS,
obnmagHaHMi cucTeMaMu OE3MEeKH Pyxy 0e3 MOXK-
JIMBOCTI €HEeproeeKTUBHOIO YMpPaBIiHHA MHpoLe-
COM TIIepeBe3eHHS. TakuM 4YHMHOM, B Cy4YacHHUX
CKJIaJJHUX yMOBaX PO3BUTKY E€KOHOMIKM YKpaiHH,
OITHMM 3 TEPIIOYECPTOBHX 3aBlIaHb € OCHAIICHHS
BITYM3HSHOTO PYXOMOTO CKJady METPOIOJITEHY
eHeproeeKTUBHUMH  CHUCTEMaMH  YIIPABIIIHHS,
OCKUIBKM TOPIBHSHO 3 IHIIMMH eHepros0epiraro-
YUMH CUCTEMaMH BOHHM MOTPeOYyIOTh MEHIINX Ka-
M TAJIOBKJIAICHbD.

Jlst omiHKY TOTeHITiany 30epeKeHHs KUTbKOCTI
€JIEKTPOCHEPTil 32 PaxyHOK 3aCTOCYBaHHs €HEepro-
e()eKTUBHUX CHCTEM YIIPaBIiHHS, SKi JO3BOJISAIOTH
BU3HAYaTH PALiOHAIBHUHA PEXHUM BEICHHS PyXO-
MOT'0 CKJIaJy MeTpomnojiteHy Ha meperoHi, B KII
«KuiBcbkuii METpOMOJITeH» BHKOHAaHI EKCIEepH-
MEHTANIbHI JOCTIIKEHHS. JIOCTiIKEeHHS 3IiMCHIO-
BaJIMCh 3 BUKOPUCTAHHSIM BUIPOOYBaIBHOTO KOM-
IUIEKCY, IO CKJIAAY SIKOTO BXOAUTH I’ ATUBAarOHHUH
1oi31 Ta BUMIpIOBaJIbHA CHUCTEMa, BCTAHOBJICHA Ha
fioro 6opTy. ExcriepuMeHTH BHKOHAHI ITiJT 9ac TH-
MOBUX INTaTHUX PEKUMIB BEJICHHS PyXOMOI'O CKJIa-
ay Ha TeperoHax  «Xpemiatuk—TearpaibHa—
Xpematuk»  T1a  «lllynsBceka—bepecrelicbka—
lynsiBcbka» TpU HOro HOMIHAJIBFHOMY 3aBaHTa-
JKEHHI 3 JIOTPUMAHHSM «HEIIKOBOTO» Ta «ITIKOBO-
ro» rpadikiB pyxy. Pe3yipraTi mocnmimkeHb y BH-
msini TpadikiB  3aMEKHOCTI KUTBKOCTI  CITIOKHTOT
eJIEKTPOEHEPrii Bif yacy pyxy Ha IeperoHi HaBeje-
HO Ha puc. 4. TpaekTopii NPOXOMKEHHS MEPErOHY
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«Xpematuk—TeaTpajibHa» 3a YMOB JOTPUMaHHS
HETIKOBOT0» rpadika pyxy HaBeAeHO Ha pHC. 5.

3a BuxoHaHnuMHu gocuimkeHasMu B KII «Kuis-
chKuit MeTpornoniten» (muB. puc. 4, 5) BcTaHOBIIE-

POIIPOLIECOPHUX CHCTEM YIPABIIHHSA Ha IEpero-
Hax: «XpemaTuk—TeaTpanbHa» ckiamae a0 7 %;
«TearpanpHa—Xpematuk» — 10 5 %; «llynsBck-
ka—bepecrefickka» — 10 1,5 %; «bepecreiicbka—

HO, IO MOTEHIian 30epekeHHs eaekTpoeHeprii 3a  Ilymasceka» — g0 10 %.
paxyHOK BUKOPUCTAHHS CHEProe(EeKTHUBHUX MIK-
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Puc. 4. [loTeH1ian eKOHOMIT €JIEKTPOCHEPTil 32 paXyHOK
3aCTOCYBaHHS PalliOHATBHUX PEKUMIB
BEJICHHSI 0i3/1a Ha MeperoHax «Xpeniatuk—TeatpanbHa» (a),
«TeaTpanpHa—Xpewmaruk» (),
«lynsaeceka—bepecreiicbka» (6) Ta «bepecteiicbka—LlynsaBcbka» (2):
1 — MiHIMaJIbPHO MOXJIMBE CHIO)KUBAHHSI SJICKTPOCHEPTiT;
2 — CTIOXXHMBAHHS €JIEKTPOSHEPTil i/l Yac TUIIOBHUX PEKUMIB BEICHHS;
3 — croXXMBaHH €IEKTPOCHEPTI] MiJ] Yac Pi3HUX PEXKUMIB BEICHHS,
dA — exOHOMIsI 32 paxyHOK 3aCTOCYBaHHS eHEProe(heKTHBHHUX PEKUMIB BEACHHS

Fig. 4. Potential of energy savings through the use of rational modes
at train driving on running lines
«Khreshchatyk—-Teatralna» (a) «Teatralna—Khreshchatyk» (b) «Shuliavska—Beresteiska» (c)
and «Beresteiska—Shuliavska» (d):
1 — the lowest possible power consumption;
2 — power consumption at typical modes of driving;
3 — power consumption at various modes of driving;
dA - savings due to the use of energy-efficient modes of driving

doi 10.15802/stp2016/74732

112

© A. B. lonuenko, A. O. Cynum, O. C. Ciopa, O. O. MenbHuk, B. B. ®exopos, 2016



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

Hayka ta nporpec Tpancropry. BicHuk J[HIIponeTpoBcbKoro
HALIOHAJIBHOTO yHiBEpCUTETY 3aii3HHYHOro Tpancnoptry, 2016, Ne 3 (63)

EJIEKTPUYHUI TPAHCIIOPT
60 CrosnTa SNeKTPOCHepris  EKOoHOMIN COCKIPOCHCPLIT
(1) 8,17 kBrren 6.0 %
@ 8,41 kBr-ron 2.9 %
30} (38,69 kBr-roa 0

e
o]

@

VXV, KM/TO1

w

Lad
=

fu, n
~

\\H
Q)

HieuakricTs p
)
o

10

{ 10 20 30

H) 50 6l

Yac pyxy, ¢

Puc. 5. I'padiku npoxopkeHHs neperony «Xpemaruk—TearpanbHa»
ITi/1 4ac TUIIOBHX PEKMMIB BEJICHHSI PyXOMOTI'0O CKJIaJly 32 HEIIKOBUM» rpadikoM

Fig. 5. Passing diagram on running line «Khreshchatyk—Teatralna»
at typical modes of rolling stock driving as per «off-peak» schedule

PesyabTaTtu

OCHOBHUMH HampsSMKaMH 3 €Hepro3oepekeHHs
Ta MiJBUIIEHHS €HepProe()eKTHBHOCTI PYyXOMOTO
CKJIaJy METPOIOJITEHY € BOPOBaHKCHHs Ha HHOMY
CHCTEM peKyIepalii, CHCTeM HaKOIMYEHHS eHeprii
Ta MIKpOIIPOIICCOPHUX CUCTEM YIIpaBIIiHHS. Bera-
HOBJICHO, III0 BIPOBAHKEHHsI CHCTEM peKymepaii
Ta HAKONMYEHHS €Heprii JO3BOJINTH 3a0ILAAUTH
3HAYHY KUIBKICTh €JIEKTPOCHEPTIl, 10 BUTPAYAETH-
Csl Ha TATY, TIpOTe MOTpeOye 1 CYyTTEBUX KaIiTanuo-
BKJIa/ICHb.

3a3HaveHo, 10 B CYYaCHUX CKIaIHUX YMOBax
PO3BHUTKY E€KOHOMIKM YKpaiHH MepCIEeKTHBHUM
HaNpsIMKOM 3 €HEpro30epesKeHHs € 3aCTOCYBaHHS
eHeproe(eKTUBHUX CHCTEM YTPaBIiHHA, AKi J0-
3BOJIIIOTh BU3HAYaTH PALiOHANIBHUM PEXUM Be-
JICHHSI PyXOMOTO CKJIaay Ha reperoHi. OCHOBHOO
[epeBarol0 LbOro HANpsMKY € OTPUMaHHSA €KOHO-
MIigHOTO edeKTy 0e3 3HAYHUX KaIliTATOBKIAICHb.

HaykoBa HOBH3HA Ta MPAKTUYHA
3HAYNMICTDh

Brepiie BukoHaHa OIiHKA MOTEHIiAy 30epe-
JKEHHS €JIEKTPOCHEPril 3a paXyHOK 3aCTOCYBaHHS
eHeproe()eKTUBHUX CUCTEM YIPABIIHHS ] Yac
THIOBHUX INTATHUX DPEXHMIB BEICHHS PYXOMOTO
CKIagy Ha meperoHax «XpemaTuk—IearpanbpHa—
Xpematuk» Ta  «lllynaBceka—bepecreiicbka—
lynssepka» KII «KuiBchkuit MeTpomomiten». Pe-
3yJIBTaT JOCHTIHKEHb MIOA0 KUIBKOCTI 30epekeH-
HSl €JIEKTPOCHEPTil 32 paXyHOK BUKOPUCTAHHS CHC-
TeM peKyIepallii, HAKOMMYESHHs eHeprii Ta eHepro-
e(eKTUBHUX CHUCTEM YIPaBIiHHSI MOXYTb OyTH
BUKOPHUCTaHi MiJ yac CTBOPEHHS HOBOTrO abo MoO-
JiepHi3allii iCHyI090ro pyXOMOTO CKIIaJy METPOTO-
JTEHY.

BucHoBku

3a pe3ynpTaTaMy aHalli3y 3HAYHOI KiIBKOCTI
TEOPETHYHUX Ta BUKOHAHMX EKCIIEPUMEHTAIBHUX
JOCIIiIKEHb BCTAHOBJIEHO!
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— BIIPOBADKCHHS CHCTEM peKymepamii Ha py-
XOMOMY CKJIaJli METPOIIOJIITEHY TO3BOJHUTH CKOPO-
tutH 10 40 % enexkTpoeHeprii, IO CIIOKUBAETHCS
Ha TATY,

— 3aCTOCYBaHHS CHCTEM HAaKONWYEHHS EHepril
JTO3BOJIUTH JOJATKOBO 30epertu Omm3pko 10-20 %
€JICKTPOCHEPTil, IO CIIOKMBAETHCS HA TATY PYyXO-
MHM CKJIQJIOM METpPOIIOJIITEHY 3 CHCTEMaMH PEeKy-
nepaiii, 3a paxyHOK e(eKTUBHOI'O BUKOPHCTaHHS
€JIEKTPOCHEPrii raJbMyBaHHA 3a BiACYTHOCTI CIHO-
JKUBaUiB,

— BIIPOBAJKEHHS MIKPOIPOIIECOPHUX EHEPro-
e(eKTHBHUX CHUCTEM YNPAaBIiHHS, 10 BU3HAYAIOTDH
palioHaNbHI PEKMMHU BEICHHS PYXOMOTO CKIIamy
METPOIIOITEHY Ha MEPETroHi, JO3BOJIHUTH CKOPOTH-
TH CIIOKHBAHHS eNleKTpoeHeprii 3 mepexi 10 10 %.

B cyuyacHUX CKIaIHUX yMOBax PO3BHTKY €KO-
HOMIKH YKpaiHU BIPOBAHKCHHS €HEProe()eKTHB-
HUX CHUCTEM YIPABIIHHS € MEPCIEKTHBHUM Harmpsi-
MKOM 3 €Hepro30epeskeHHsS Ha PyXOMOMY CKIai,
OCKUIBKH TIOPIBHSHO 3 IHIIMMH eHepros0epiraro-
YUMH CHCTEMaMH MOTPeOyIOTh MEHIITNX KalliTayio-
BKJaneHb. CiniJ TakoX 3a3HaYUTH, L0 1Ii CUCTEMH
MO’KHa PO3MIILIATH HA PI3HUX THIIAX €KCIUTyaToBa-
HOTO  PyXOMOTO CKJIQly ~ METpOIOJITEeHY
(3 HasIBHICTIO CHCTeM pekymepaiii Ta 0e3 HHX).
Kpim Toro, 3acTocyBaHHS IIMX CHCTEM I03BOJIUTH
MIBHIMATH O€3MeKy pyXy, crabimizyBaTé Tpadik
PYXy MOI3/iB Ha JIiHIi Ta MOJIETIINTH YIPaBIiHHS
oi310M MallMHICTaM.
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AHAJIN3 BOITPOCOB SGHEPI'OCBEPEKEHUA
N OHEPTO®PEKTUBHOCTH ITPU SKCILVIYATAIIUA
INOABUKHOTI'O COCTABA METPOITIOJIMTEHA

Hean. B Hacrosiiee BpeMsi akTyalbHOW SIBISETCS MpoOiieMa 3HAYUTEIBHOTO MOTPEOJICHUS 3JIEKTPOIHEPTUU
MOJIBMXKHBIM COCTaBOM IIPH €ro 3KCIUTyaTalud. B cBs3M ¢ MOATAlHBIM MOBBIIIEHHEM TapH(OB 3a MOTPeOIIsIeMyto
AIIEKTPOIHEPTHIO JalbHEHIIee Pa3BUTHE PEIbCOBOTO AIIEKTPOIIOBIKHOTO TPAHCIIOPTa, B YACTHOCTH MOJIBHIKHOTO
COCTaBa METPOIOJIMTEHa, HEBO3MOXHO 0€3 HCIOJIb30BaHUSl COBPEMEHHBIX JHEProcOeperaromx TEeXHOJIOTUi
1 3Heprod3pdexkTuBHBIX cucteM. JlJist perreHus: 0003HaueHHON MPOOJIeMbl B pab0Te HEOOXOIUMO BBIMOJIHUTH AHAIH3
MEpOIPUSATHA ¥ ONPENEeNUTh MEepPCIEKTHBHBIC HANpPaBJICHUS 10 OSHEProcOCPEeKEHUIO ¥ IMOBBILICHUIO
9HEeprod(QPEeKTUBHOCTH Ha IOJBM)KHOM cocTaBe MeTponoiuTeHa. Meroamka. IIpumeHsiss MeTonsl HaydHOTO
aHaiuM3a, OOOOLICHWS, CPaBHUTEIHFHOTO AaHAIN3a, TMPOTHO3MPOBAHMWS, a TaKKe MCIOJB3YS PE3yJbTaThl
OKCIIEPUMEHTAIBHBIX HWCCJIEJOBAaHHWH, aBTOpaMU OIPEAETICHBl OCHOBHBIC IYTH CHWDKEHHS IOTpeOSIeHUsS
JNIEKTPOIHEPTUH TPH IKCILUTyaTallik TOJABMYKHOIO COCTaBa MeTpomnojiuTeHa. [IpoBeieH aHanu3 3arpar Ha
SIIEKTPOIHEPTHIO TOABMKHBIM COCTaBOM KoMmMMyHanmbHOro mpenmnpustus (KIT) «KueBckuit MeTpOmoIUTEeH.
[TpoaHamu3MpPOBAaHO 3HAYMTEILHOE KOJMYECTBO HCCICIOBAHMN OTCYECTBEHHBIX U 3apyOCIKHBIX aBTOPOB IO
BBIIEH3NOKEHHOH mpobinemaruke. Pe3yabraTbl. OCHOBHBIMH HAmpaBICHHUSMH II0  SHEProcOEpeKCHHIO
Y TIOBBINICHHIO 3HEProd((HeKTUBHOCTH MOBIIKHOTO COCTABA METPOIIOJIMTEHA SIBJISIFOTCSI BHEAPEHUE HA HEM CHUCTEM
peKyIepaluy, HaKOIJICHHUs] YHEPrud U dHEProdd(EeKTHBHBIX CHCTEM YIpaBIICHHs. YCTAHOBJICHO, YTO BHEIPEHHE
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CHCTEM PEKyIEpalii U HAKOIUIEHHUS YHEPIHU IO3BOJIUT COIKOHOMUTH 3HAUYUTEIBHOE KOJIMYECTBO 3JIEKTPOIHEPTHH,
MOTpPeOsIEMON Ha TATY, HO TPEOYET U CYIIECTBCHHBIX KAITUTAIOBIOKECHUH. YKa3aHO, YTO B COBPEMEHHBIX CIIOMKHBIX
YCIOBUSIX Ppa3BUTUS JKOHOMHUKM YKpauWHbl TEPCHEKTUBHBIM HANpPABICHUEM 3HEPrOCOCPEKEHUS SIBISACTCS
puMeHeHHe 3HeprodpHeKTUBHBIX cucteM yrpasiieHHs. OCHOBHBIM IIPEUMYIIECTBOM STOT0 HAPaBIICHUS SIBIISETCS
MOJy4eHHe SKOHOMHUYECKOro 3(dekra 0e3 3HAUUTENbHBIX KanuTajoBiokeHuid. HayuHast HoBuW3HA. ABTOpaMu
BIIEPBBIC BBIMIOJIHEHA OIIEHKA ITOTEHIIMANA COEPeXEHHs AIEKTPOIHEPTUH 32 CYET NPUMEHEHHUS IHEProdPPeKTHBHBIX
CUCTEM YIIPABJICHUS MPU TUIOBBIX IITATHBIX PEXKUMAaX BEACHUS MOABHIKHOIO COCTaBa Ha meperonax «Kpemaruk—
TearpansHas—Kpemaruk» un «Illynsasckas—bepecreiickas—IllynsaBckas» KII  «KueBckuil MeTpomnonuTten».
IIpakTHyeckasi 3HAYMMOCTD. Pe3ynbTaThl JAHHBIX MCCIEJOBAaHUM MO KOIMYECTBY COXPAHAEMON JIEKTPOIHEPTHU
3a CYET HCIOIb30BaHUS CHCTEM PEKYyIEpaliy, HAKOIUICHUS! SHEPTUU M SHEProd((GEKTUBHBIX CHUCTEM YIpPaBICHUS
MOTYT OBITh HCIIOJIb30BAaHBI IIPU CO3JAaHWH HOBOTO WJIM MOJEPHM3AIMU CYLIECTBYIOIIETO ITOABM)KHOTO COCTaBa
METPOIOJINTEHA.

Kniouegvie cnosa: sneprocoepexeHue; 3HeprodPpGekTHBHOCTh; MOABIKHON COCTaB METPOINOJIHUTEHA; CHCTEMA
peKyIepanuy; cucTeMa HaKOTICHHUS] SHEPTUH; PAIMOHATIBHBIN PEXXUM BEACHHSA
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ANALYSIS OF ENERGY SAVING AND ENERGY EFFICIENCY ISSUES
DURING OPERATION OF THE METRO ROLLING STOCK

Purpose. Nowadays a problem of significant power consumption of the rolling stock during its operation is
a current issue. In connection with staged electricity rates increase further development of the rail electric transport,
including metro rolling stock is impossible without a use of modern energy saving solutions and energy-efficient
systems. To solve the specified problem it is necessary to carry out analysis of measures and determine prospective
directions in energy saving and increase of energy efficiency on the metro rolling stock. Methodology. Using meth-
ods of scientific analysis, generalization, comparative analysis, forecasting and using results of experimental studies,
the authors determined main ways for reduction of energy consumption during operation of the metro rolling stock.
Energy cost analysis for metro rolling stock of the public utility (PU) «Kiev Metro» was carried out. A great number
of research works of native and foreign authors concerning the above mentioned problem were analyzed. Findings.
Principal directions in energy saving and increase of energy efficiency of the metro rolling stock are implementation
of recuperation systems, energy storage systems and energy-efficient control systems. It was determined that im-
plementation of recuperation and energy storage systems helps to save a considerable amount of energy, consumed
for traction, but it involves substantial investments. It is pointed out that in current complicated conditions of eco-
nomic development of Ukraine, use of energy-efficient control systems is a perspective direction in energy saving.
Main advantage of this direction is the economic effect obtaining without significant investments. Originality. For
the first time was performed potential assessment for energy saving as a result of energy-efficient control systems
use at type routine rolling stock operation modes on sections «Khreschatik —Teatralnaya — Khreschatik» and «Shu-
lyavskaya —Beresteyskaya —Shulyavskyaya» of KP «Kiev Metro». Practical value. Results of the research concern-
ing quantity of energy saved with the help of recuperation systems and energy saving control systems can be used
during building of a new metro rolling stock or modernization of existing one.

Keywords: energy saving; energy efficiency; metro rolling stock; recuperation system, energy saving system; ra-
tional operation mode
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OBfPYHTYBAHI:I}[ BUBOPY MOJIEJII 3SMIHHU AIEJJEKTPUYHHUX
BJIACTUBOCTEN HECYINIVIBHUX CUCTEM

Merta. Y cTaTTi pO3TISIIAETHCS OIIp i30T pEHKOBOTO KOJa SK OJUH i3 apaMeTpiB, M0 BIUIMBAIOTH HAa €KC-
TUTyaTaliidHi MOKa3HUKK POOOTH 3aTI3HUYHOTO TPAHCTIOPTY. Jlisi 3HMKEHHS BIUTUBY OIOPY 1304151l Ha pexxumu Qy-
HKI[IOHYBaHHA PEUKOBUX KiJT Ta Ha EKCIUTyaTalliifiHi MOKa3HWKH POOOTH 3aJi3HHYHOTO TPAHCIIOPTY IepeadadeHo
JOCIIZIUTH BIUIMB ITOBEPXHEBOI OOPOOKH IIeOCHIO Ha BEIMYHMHY JIENIEKTPUYHOT MPOHUKHOCTI 0alacTOBOrO IIapy.
Metonuka. OIiHIOBaHHS BIUIMBY BUIY MaTepialy s TOBEPXHEBOI 0OpOOKH MICOCHIO HA BEJIMYUHY JICICKT-
PUYHOT IPOHMKHOCTI IPOBOJIMIIY, BUXO/ISTYM 3 BU3HAUCHHS (DI3UUHOI CYTHOCTI BiZTHOCHOI JieJIeKTPUYHOT TPOHUKHO-
cTi. BusHaueHHs BIZTHOCHOI Ai€IEKTPUYHOT MPOHUKHOCTI € CHUIKHUX CEPEJIOBHILN MOXKE OYTH TINbKHA HEIPSIMUM
— BHACIIJIOK HEMOBHOTO NPWIATAHHS 3€PHUH IIEOCHIO Ta HEBHU3HAYCHOCTI MOpPoBOTro 00’eMy. OTKe, po3paxyHKH
MIPOBOJIWIIN, CITIBCTABIISIIOYH BUMIPSIHY €MHICTD JUISl CEPEOBHUIIA 3 BIZIOMOIO € — i3 BUMIPSIHOIO €MHICTIO Cepe-
JIOBUILA, JUIsl SIKOTO HEOOXiIHO BU3HAYMTH €. ToOTO, Yy CKUIBKM pa3iB 3MIHIOETHCS BHUMIpSHA €MHICTh, y CTUIBKH
K paziB 3MIHIOETbCS W JlieNIeKTpUYHA MPOHMKHICTH cepenoBuma. Pesyabrarn. JlocnipkeHo, sk mmainm 1 O6anact
3HAYHO 3MIHIOIOTH CBOIO CJICKTPHYHY MPOBIIHICTh Y 3aJICKHOCTI BiJl HASBHOCTI B HUX BOJIOTH, 3MIHM HABKOJIAIIHBOT
TEMIIepaTypH, HassBHOCTI 3a0py/qHIOBaviB Ta iHMMX (akTopiB. [IpoananizoBaHo icCHyIOUi MOAENI ONUCY Ai€IEKTPUY-
HUX BJIACTUBOCTEH TAaKMX CHCTEM. BCTaHOBIIEHO, 110 MOKPHUTTS 0aJacTHOro IIEOEHIO OpraHiYHMMH PEYOBHHAMH
BIUIMBA€ HA BEIMYMHY HOTO BiTHOCHOI MieNEKTPHYHOI MPOHUKHOCTI. Halibinpmmii eexT 3HMKEHHS i€l BeTHIUHA
CIIOCTepiraBcs Ui MOKPHUTTIB HA OCHOBI KaHI(oIbpHOI cyMimri Ta cririkony. HaykoBa HoBu3Ha. HoBum € 3amporio-
HOBaHWI aBTOpaMM CIIOCIO IiJBHIIEHHS AiCICKTPUYHHX BIACTHBOCTEH BEpXHBOI OyIOBH KOJII 32 paxyHOK HaHe-
CCHHS Ha MOBEPXHIO 3epeH 0anacTy He3MOUYYyBaHMX PEYOBHH, HAa MOBEPXHI SIKMX HE YTBOPIOETHCS IUTIBKA BOJIOTH.
IpakTnyna 3HauuMicTh. [loka3zaHna MOXXIHBICTH 3BEICHHS IO MiHIMyMy HETaTHBHOTO BIUIMBY 3HMKCHHS 130JIAIi{
3 MaKCHMaJIbHUM HOTO yCYHEHHAM. IIpOIOHY€ETECS pillieHHs aKTyaJIbHOTO 3aBAaHHS LIIIXOM BHKIIOYEHHS BIUIMBY
OTopY 130J1s11i1 Ha PEKUMH POOOTH PEHKOBUX KiJl, IO IO3BOJIUTH JIKBIyBaTH YaCTHHY NMPUYHMH BIJIMOBU PUCTPOIB
CHTHaJi3allii Ta 3MEHIINTH KiJIbKICTh BUNIAJIKIB KHECIIPABKHBOI 3aiHATOCTI».

Kniouosi cnosa: peiikoBa IiHis;, peikoBe KOJO; OMIp i30JAMil;, 3aTPUMKH MOi3/iB; Mi€IeKTPHYHI BIACTUBOCTI;
BEpXHs Oy10Ba KOl

Beryn peopMyBaHHS 3aNTi3HUYHOTO TPAHCIOPTY Ha
2010-2019 pp. [5]. TokparieHHs ekcruTyaTarii-
HUX TIOKa3HHUKIB pOOOTH 3aJli3HWYHUX CTAHITIH 3a-
JISKUTD BiJl CKOPOUYCHHS CTPOKiB mepeOyBaHHs Ba-
HTaXXy «BiJ] BiAMIPaBHUKA JI0 OJIepXKyBada».

[ligBumieHHsT KOHKYpPEHTOCIIPOMOKHOCTI 3alli-
3HUYHOTO TPAHCIIOPTY HA BHYTPIINTHEOMY W 30BHi-
IIHBOMY PUHKaX TPAHCIIOPTHHX MOCIYT € Mpiopu-
TETHUM 3aBJIaHHAM JleprkaBHOI LIBOBOT ITpOrpamMu
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3AJIIBHNMYHA KOJIIA

Ilin wac maHyBaHHS pPOOOTH 3HIHCHIOETHCS
migdip BXiIHUX MapaMeTpiB Ha OCHOBI iH(oOpMaIIii,
110 3a1a€THCS] pOOOTOIO 3aTI3HUYHOTO TPAHCIIOPTY,
a BHXIi/IHI — BU3HAYAIOTh OOCHT Ta AKICTh BUKOHAH-
Hs poOoTH. CTyIHb BIUIMBY KOHTPOJHOBAHUX TIa-
paMeTpiB Ha CHCTEMYy MOXXe OyTH 3HIKEHUH SK
TEXHIYHUMH, TaK i OpTraHi3alliiHUMHU PINICHHSIMU.
Jns 3HMKEHHS CTyIeHs BIUIMBY HEKOHTPOJIHOBA-
HUX TMapaMeTpiB Ha CUCTEMY INOKa3HUKIB 3HAI00-
JISITHCS ICTOTHI BUTPATH Ha BJIOCKOHAJICHHS TEXHi-
YHUX 3ac00iB, SKi TO3BOJIATE, X04a O HEMPSIMO KO-
HTPOJIIOBATH MapaMeTpH, sIKi CXWIbHI 10 3MiH. Ha-
MPUKIIA], TAKUMH TEXHIYHUMHU PIIICHHIMHU €
peiKoBi Kolla Ha 3aNi3HUYHUX CTaHINSAX, MEPero-
HaXx, COPTYBaJIbHHUX KOMILIEKCaX, SIKI,
B 3B’S3KY 3 PI3KUM TOTipIICHHSM CTaHy OalacTHOi
MPHU3MH, TPU3BOAATH 10 (QOPMYBaHHS CHUTHAIIB
CIIOMHWJIKOBOT 3alHATOCTI», IO, B CBOIO HYepry,
BIUIMBAE HA [JOCATHEHHS fAKICHHUX, KIIbKICHHUX
1 eKOHOMIYHUX TOKa3HUKIB POOOTH 3aJII3HUYHOTO
TPaHCIIOPTY.

YyTnuBUM  €JIE€MEHTOM  PEeWKOBOTO  KoJja
€ peiiKoBa JTiHis, sKa MiANaae miJ i sIK Henepe-
PBHUX, TaK i TUCKPETHUX BILTMBIB. 3 4aCOM IITIAIIA
i fajacT 3HAYHO MiABHINYIOTH CIEKTPUYHY IPOBi-
HICTb, 110 BUKIMKAHO HAsIBHICTIO B HUX BOJOIH,
3MIHOI) HaBKOJUIIIHBOI TEMIEpPaTypH, HASBHICTIO
CUITyYHX BaHTaXIiB Ta IHITUX YHHHUKIB. ToMy omip
130JIA1111 PEHKOBOTO KOJIa 3HUXKYETHCS 1 € HecTali-
JBHAM TapaMeTpoM. UUM HWKYMKA Ommip 130JIALil,
TAM HEHaiifHima poOoTa perKoBOTO Koja i CHc-
TeMH YTPaBIiHHA PYXOM IIOi3IiB, B ITijIoMy. 3a-
BJIaHHSIM € 3HU3UTH BIUIMB OINOPY 130JIsMii Ha pe-
JKUMH (YHKIIOHYBaHHS PEHKOBUX KilI.

Merta

BuBYeHHsT BIUIMBY MOBEPXHEBOI 0OpOOKH Iie-
OCHIO Ha BENWYHMHY [ieNEeKTPUYHOI MPOHUKHOCTI
0aTacTHOBOTO IIAPY VISl 3HIKSHHS BIUTHBY OIOPY
130711 HAa pexkuMH (PYHKIIOHYBaHHS PEHKOBUX
KiJl Ta Ha eKCIUTyaTaliliHi MOKa3HUKUA POOOTH 3alli-
3HUYHOTO TPAHCIOPTY.

MeTtoanka

[MuTaHHSIM TOKpAICHHS CKCIUTyaTalliiHUX I0-
Ka3HHKIB TPUIIIAETBCS TOCTaTHRO yBaru B Oara-
ThOX TyOmikamisx [3, 7, 8], sKki, B OCHOBHOMY,
CHIpsSIMOBaHI Ha BUOIp ONTHMaJIbHUX BapiaHTIB BU-
KOPUCTaHHS pyxoMmoro ckiaay. Y po6ori [3] cdo-
pPMyJIbOBaHA MAaTeMAaTHYHA MOJENb HopMami3allii

TEXHOJIOTIYHOTO IIPOIIECY YIIPABIIHHS IApKOM Ba-
HT2)XHUX BaroHiB ONEPaTOPCHKHX KOMMAHIW y BHU-
ISl ONITUMI3aliiHOT 3a/1a4i 3 IIBOBOIO (DYHKIIi-
€10, sfKa HaJaHa CyMapHUMH EKCIUTyaTaliiHUMHU
BHTpaTaMH 3a TMEepioJl IIaHyBaHHA 1 CHCTEMOIO 00-
MEXEHb 3a TEXHIYHUMH Ta TEXHOJOTIYHUMH yMO-
Bamu. ABTopu [8], aHamizyrouum eneMeHTH 00iry
BaroHa, HaBOJIATH 3aJIEKHICTh KiTBKOCTI BHBLIbHE-
HMX BaroHiB BiJ 3MIHM OUIBHUYHOI IIBHUIKOCTI,
3MEHILIEHHS CEPEeIHBOrO MPOCTOI0 BAaroHIiB Ha Of-
Hill TeXHIUHIA CTaHIii Ta CEpeAHBHOTO IPOCTOIO
BaroHa, 10 NpUMagac Ha OJHY BaHTaXHY ollepa-
uiro. Tak, B pobori [6] 3anponoHoBana onTUMi3a-
HifHa MOJEeNbh ONTHMAIBHOTO BapiaHTa BUOOPY
KUTBKOCTI BaroHiB Ta ix (opmMu BiIacHOCTI depes
3HAaXO/PKEHHS MaKCHMAJIbHOTO MPUOYTKY 3alli3HU-
Ii. AjJe B X po0OTaX HENOCTATHRO yBaru IPHIi-
JIEHO aHajJi3y MmapaMeTpiB, sIKi BIDIMBAIOTH Ha IIi
eKCIUTyaTalliifHi MoKa3HUKH. [IpomoHyeThcs po3-
DJISSHYTH EKCIUTyaTalliifHi MOKa3HUKU SK CHUCTEMY
(puc. 1). 3 miero MeTOr HEOOXiTHO BUIITUTH BXijI-
Hi Ta BUXIJTHI MTapaMeTpH, BCTAHOBUTH KOHTPOJIHO-
BaHI i HEKOHTPOJbOBaHI BIUIMBU HAa CHCTEMY IIO-
Ka3HHKIB.

PeiikoBe K0JIO — E€NEKTPUYHMM  JIAHIIIOT,
B SIKOMY € JDKEPEIIO KUBIICHHS, KOJMTHHUN TpuitMad
1 pelikoBa JiHisA. 3a BiACYTHOCTI pyXOMOi OAMHUII
Ha pedKOBiH JiHIT Bix JoKepena >KHBJICHHS J0 KO-
JifHOrO TpHiiMava Tede CUTHAIBLHUKA cTpyM. [Ipu
LOMY TMO3J0BXHIMH TapaMeTpaMu PEUKOBOTO
Koyia € mutoMuit omip (r) # iHmykTHBHICTH (L)
pelikH, a TOMEepEeYHUMH — MPOHUKHICTh MK pei-
kamu (g ) i1 emuicts (C ) mixk Humu. ITuTomi 3Ha-

YEeHHS TICPBUHHUX MapaMeTpiB PEeHKOBOro Koia
(r,L,qg,C,) 3anexkarh Bil HEOJHOPITHOCTI OanacTa

Ta BUCOTH 0anacTHOTO IIapy, sIKOCTI 1 CTaHy ILmal,
HAsSBHOCTI MDKKOJNIHHUX TEPEMHUYOK, SIKi 3aCTOCO-
BYIOTbCSL Ul BIJIB€ACHHs TANOBOTO CTPYMY, Bil-
CMOKTYBaJIbHUX (iJIepiB TATOBOTO CTPYMY, 3a3€M-
JICHHSI OMOp KOHTAKTHOI Mepexi Ta iHmmX ¢axTo-
pis [6].

PefikoBi xona moBWHHI (YHKIIOHYBAaTH 32 Hal-
HECTIPUATIMBILINX YMOB, B SKHX MOXE ONMUHHUTHUCS
peiikoBe KOJIO HaBiTh Ha KOpOoTKui yac. Ha ymoBu
(yHKIIOHYBaHHS KOJIa BIUIMBAIOTH TPH HE3AICIKHI
3MiHHI BEJIMYHMHHM: omip OajacTy, omip pedok Ta
Hanpyra pkepena xusnenns [17]. 1llo6 nmepenava
EIeKTPUYHOI €Heprii Bim pKepena a0 IpHiiMada
BinOyBanacs 3 HallMEHIIMMH BTpaTaMH MOTY>KHOC-
Ti, HEOOXiAHO 3MEHIUUTH EJEeKTPHUUHY NPOHUK-
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HICTB 13011111, Y 3B’SI3KY 3 ITUM JIOIUTHBHO PO3TJIs-
HyTH HaBesieHy aBTopoM [13] cxemy 3amirieHHs
oropy i30iswii peikoBoi JiHil (puc. 2), sika aera-
JTBFHO PO3KPHBAE TEPEXiHUN OImip BiJ MOBEPXHIi
MITAJIA 10 TPYHTY TIPH MPOTIKaHHI CTPYMiB BUTOKY
yepe3 HInany, 0ajnact Ta IpyHT 1 MICTUTh Taki elle-
MEHTH:

R,; — omip cTpyMy BUTOKY Ha IOBEpXHI LIy,
C,— emHicTh MK peiikaMH sK OOKJIaJIUHKaMH
KOHJIGHCATOpa 3 TOBITPSM, IO € JieJICKTPUKOM,;
Rx1 Rc,— mepexinnuii omip Mixk peiikamu Ta Me-
TAJICBUMH JICTAJISIMU KpiluieHHs (OonTamu, miypy-
HaMH Ta METAICBUMH Hinknankamu);, Z,,Z;,—

MePEXiIHAN OMip MK METaJeBUMHU JICTAISIMH Kpi-
wieHHs (enekTpomaMu) 1 JepeBOM Ta OETOHOM
mmanu  (enekrponitom); R, — omip mman,

Ryus1s Ryys, — Tepexifinmii omip MK INNaIow Ta

6amacroM; Rj— omip Gamacra; Ry, Ry, — mepe-
X1IHUH omip MiXK 0aJacTOM 1 IPYHTOM.

3aBaHHSAM € 3MEHIIUTU HASBHUU JIAHITIOT OII0-
piB y HaHiii cxemi 3aBJIIKA 3MEHILIEHHIO EJIEeMEHTIB
31 3HIDKEHUM OIOpPOM, TOOTO 30LIBIINTH Tepexii-
HUH omip MK MMIayiow i damacToM, omip Oamacty
1 mepexijHuii omip Mk GamactoM i rpyHTOM (ITyH-
KTHp Ha puC. 2).

Yum Oumpmmit omip R, Rei,Resw 2,2y,
Ry RusiRusay Rgy RgriRgrp, TMM MeHIIa
MIPOHMUKHICTE 1 TUM TipIIie TepepaxoBaHi eJIeMEHTH
MPOBOJSTH EIEKTPUYHUIN CTPYM BUTOKY 1 HABITAKH:
YUM MEHLIMH Omip, THUM OilbIla NPOHUKHICTD
1 TUM JIETIIe CTPYMY BUTOKY TIPOWTH Kpi3b IITIAIH,
Oaxact, MeTaJeBe KpilJIeHHs, IPYHT.

1. Buxopcaamms mdopManiiinm mpuapols mm nepenasi moaosipuol indopammi Bim
KO ITHITE TIepeT BOPEOEAHI E Ha BEPXHIT PIESHE CHCTSMHI KepVEIHHN.

3) IO REOTHELE! EiINOYHHOK Mepe]] M HOR.

] 2. 3a0eaneyeHHA Deamesy Pya - IPHUTOT VEIHHA MapiupyTy, VIPIEHHE CTpUIHAMHM | CUTHATEN 1
1 —OET??HHBHB TUTAHYBAHHA o 1. BusoHasHT A5 G
(ZODOSL 12 M HH. NUAHN 3. Migemoesss edesTusEoci podor 3AMZHHEHONO TPAHOIOPTY - EMZHAYEHHA IHCIOEALT 1 MOKAIEMR B
neizaed 12 BEaHTAHE0L EPAMETPIE PYAY COCTABIE. 1)} 0Bopor MoKOMOTHEA;
poboT). G 4. 3MSTETHA 0po T oiB Ha IeperoHaX i CTaHmim. 2) oopor Barcea,
2: 3mp 11@0@13:“11_11190- SEHHOHZHHA 333HA9SHHK EHMMOT CIPAMOBIHNX Ha 3a0eanedeHHE OXOPOHH HABXKOJHIEEOTO 3) cepemHEOmOGOBITT
ééz};}a;ﬁmh ?;&SIRBS& CepemOENIT i Mpars PO THINGE. MOdIr TOKOMOTHER,
o KOHTPOTTBOBAHI TTAPAMETPH it siorsc il I
OpMYBAHHA; 5 i
B | 3 nasamaeni BArENI 3 ﬂ [I U lL ﬂ m;:?ﬁmb g
X | mpurzsHageHEAMIL, MoposHE ) IPOTVKTHEHICTE
TIO POTY. EATOHHM 3 3 - I
I M IS EMMI BIHT BHAMIL | EKCH"TKATAM ;_m;:;mmx I
g 3@233& q;»fﬁmn_l oro — — ITOKA3SHHKH JK P | dedomx H
TV PR m
I ORI oncaaG | CHCTEMA b Ba}rra.»c;oiir I
rpathixa pyy moismie. 2 namﬂmpooﬁ=li
4. Pozpaxyrox obcary 3 aal—na}mﬂa.rrp&
HAEAHTHEHHA 1 HEHICTE. )
B L PO HEKOHTPOJILOBAHI ITAPAMETPH 3. BUKOHAHHT II
I g;'gﬂng;?;ﬂl _—m 1. TlotosHe yTPIMEHHS Ta T ZpiHHA BEPXRHEC Oy J0EH KOVLI Ha NeperoHax i clasmo emmmiqm A
oy 1)) bamecrHoro mapy (wedise, azdect, moox); TOKAIEMEIE
| RRTE Ve 2) nmian (327 3008 TORHITL, IPpeE THILK ), 1) cobisapricrs =
TIYHET &% MU OOpOTavi 1 = = 4 A
P E1ITiNeHHAMIL TOT P 0HI ) L g . I;EIJEBEE&H: .
: 2 i 4) 130V DOR X CTIE B, 2) POy THEHICTE M|
A | mapuis pyzovoro aommy. 3 o sasens mmpai;
| 3 Oonisci ananis 3 metoR0 - 1) mina BvIorocTi mosiTpa - i : i 3) pesTabenzsi s E
EMARTENHT BYILIIX MiaTL B 5 TP~ CHITOTLAN, TYBCH, AT, Lk, L - )
B | sicniiiat i bt 2) T mesnIreH 200 IEIDKEHEN TeMIEPAT YPH HABKWTHIEHEQN CepeTosHia. T
ETAHE ST pOTOT, 3. Tlepenmom B P
T | movoa ix yeysess. 1) 380pOTHOTO TATOBOrG CTPYMY JiHIiT elexTpoTepead;
P g;ﬁm‘;‘; 2) ETIEKT PIHIC VT BHOBOK M1 IMPHEMCT B H
H| aoaei Z0SPEIKEHHT 5 e poifseo i [ : ' ; i
RGN oy e 4. Brpami eanTasde (Eviiom, pyoa. MATVT, MHEPATEHL Dobpuea 13 i) Ilig uac nepeEeseHHT MPHIE0TATE
153 3 0 33COTTEHHS 1 3aCMISCHER BEpHEOT OyIo e Ko,
Lmﬂmcm 5. JjHAMYH HABSHTDHEHHA B PVNOMOTO CHUEOY MOTIPUNIOTE 1307HIIIEI EMACTHEOCTSI meTansit
S;{S?;Sﬂn]mm i KDUUEHHA | LN (ocofumE0 2am200eTOHHI), 0 MPHIBOIMTE 00 30UEOEHHT COPVMY EHTOKY dspes
Ml CTHOCTL BATOHIE. 6:1.11';.11{1 A
. [poas Jroncexoro dasTopa
1)) zaramesil arad 2popoe's. npodeciiinl 2IXE0 0 BIHHA,
2) pi BeHE AMKOMOBHOND | HAPKOTHYHOIG O AHIHHE;

Puc. 1. Excruryarariitna po0oTa SK cHCTeMa TIOKa3HUKIB

Fig. 1. Field operation as the system of indices
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Puc. Cxema 3amileHHs onopy i30Jsiii
peiKoBoT JiHIT
Fig. Equivalent circuit of insulation resistance
for the rail line

3a ¢GopMyIIO0 TPOHUKHOCTI 1301l peHKOBOI
JiHi{ BU3HAYAETHCSA TAKUM YHHOM [2]

yn :gn+j.W.Ce€’

Je (, — aKTHUBHA CKJIaJ0Ba MIPOHUKHOCTI 130JIALLi,

Cm/kM; | — no3Havae ysBHY YaCTUHY KOMILIEKCHOT
BennunHy, C, — ekBiBaJeHTHA €MHICTh 130w,
O/xMm; w=2af
ctpymy, pan/c; f —uacrora curnansHoro cTpyMmy,
I

Ha 3meHnunieHHst onopy Oajnacty 3HaYyHO BIUIH-
Ba€ CTYHiHb 3a0pyJHEHOCTI OajacTHOro IIapy
1 mmain. HaBiTe mieOeHeBuil OamacT depe3 IesKuit
Yyac micis yKJIaJaHHs, 3a0pyAHIOIOYNCH APiIOHUM
MICKOM, MWJIOM, IIJTAKOM, BYTLUISAM, MiHEpaJbHU-
MH COJSIMM, pyJaMmi, LI0 NEPEBO3SITbCS 3aJli3HU-
eI, 1 METAJeBUM TIHJIOM, [0 CTBOPIOETHCS Tallb-
MIiBHUMH KOJIOAKAMH IIPH TaJIbMyBaHHI PyXOMOTO
CKJIaay, 3HAYHO 3HIKYE CBId eIEeKTpUYHUI
omip [9].

Bimomo i3 [1, 11, 14, 18], 1o Ha cTaH BEPXHBOT
OyZoBM KOJNii BIUIMBAIOTH CHUIYYl BaHTaXi, fKi
MPHU3BOJATH /IO TOTO, 110 B OajacTHIA mpu3Mi Mo-
e CrocTepiraThcs Bes «Ta0iuis MeHaeneeBa.
IcHytOTh pi3HI crtocoOM oYMIIeHHs 0anacTHOI pH-
3MH BiJ] 3a0py/JHIOBAYiB, Taki K py4yHEe OUWIICHHS
nieOeHIo, NeOeHEOUUCHI MalllHHU Ha PEeHKOBOMY
xony tuny LIIOM-1200, CU-600, RM-80 Ta iHui,
IO 3IiMCHIOIOTH MOLIAPOBE YKIAAaHHS OYHUILEHO-
ro Oanacty, mpomuBaHHs Oanacty. Pobotu 3 oum-
HIeHHS MeOeHI0 BpyYHY MaJIONPOAYKTHBHI, JOPO-

— KYyTOBa 4YaCTOTa CHUTHAJIBHOI'O

ro KOINTYIOTh 1 CTOMIIIOIOTH poOiTHHKIB. KpiM To-
0, JiesKa KUIBKICTh 3a0pyIHIOBAYiB Y HHOMY 3a-
JUIIAEThCsT abo B MPOLECi OYMIIEHHS MOTpaIuIsie
3HOBy. Mamman tunmy RM-80 BukoHyloTH O4H-
MEHHS OJHOCTOPOHHIX CTPLIOYHUX TIEPEBO/IIB
i BHUKOPUCTOBYIOTHCSI HE TUIBKM Ha TMEpPETrOHax,
a ¥ Ha craHIlisSX. BapTicTh OYMIEHHS OHOTO TO-
rounoro merpa Ha 2015 pik ckiagae mpuOIM3HO
85 rpuBeHb.

3rigHo 3 AocnimkeHHsaMu [1], micns 3BuvaiHOl
MIPOMUBKH CTYITiHb 3a0pyAHEHHS BiIPaIlbOBaHOTO
0aylaCTHOTO MaTtepiany 3HUKYEThCS HE MEHIIE HiXK
B 2 pa3u. AJIbTEPHATUBHUM CIIOCOOOM BHKJIIOUEH-
HS BIUIMBY ONOPY I30JAIii HA PEXUMH POOOTH
PEMKOBUX KiJl € 3aMiHa CTaporo OajxacTa Ha HOBHH.
Le 3M0Ke TOKpAIUTH MMOKa3HHUKH, ajle BpPaxoBYIO-
YM BENUKI BUTPATH KOINTIB Ha 3aMiHy Oajacry y
pasi moTpedu MPUIMHEHHSI PyXy Ha Yac IpOBEICH-
Hs poOIT 1 OOMEXKEeHHsI IIBUAKOCTI pyXy Ha Yac
cTabimizanii 6amacTHOI MPU3MHU €EeKT BTPaYaeThCs
yepe3 NoBTOpHE 3a0pyanenHs. el Mmeron mae mo-
JIIIIIEHHS Ha OEIKUX IUITHKAX JINIIE Ha oOMexe-
HUU yac.

Takum 9rHOM, yCi ICHYIOYi CITOCOOH OYHIIECHHS
MaloTh K HU3KY IepeBar, Tak i HEJOJIKiB. Y IIo-
MepeiHiX AOCTiKeHHIX Oymno 3’scoBano[15]: sk-
mo ¢pakuii mebeHro 0OpOOIATH OpraHiYHUMH
MarepiayiaMu Tiepe YKIagaHHsIM y KoJIito abo Tic-
7Sl IPOMHBAHHSI, TO 1€ BIUIMHE Ha 3HMKEHHS HOTO
CJIEKTPUYHOI TMPOHUKHOCTI. BHKOHaHI 101aTKOBI
EKCIIEPUMEHTH 3 HAHECEHHS 3aXHUCHUX TMOKPUTTIB
JIO3BOJISIIOTHE  3MEHITYBaTH  €JICKTPOIPOBIAHICTH
OanacTHOrO 1eOEHIO HAaBITh B YMOBAX MIPOCHUIIAHHS
Ha KOJIiIO IMepeBe3eHNX MiHepalIbHUX NOOpHUB, Mil-
BHIYIOYM HAMIMHICTE pPOOOTH pPEWKOBOI JIiHii,
OCKUIBKH II€ 1 € 3a7aueio 3HIDKEHHS BIUIMBY He-
KOHTPOJIbOBAHUX MapaMeTpiB.

3a craructuunumu ganumu [12] 94,5 % BigmoB
BiZIOyBa€eThCs uepe3 HE3aI0BUIbHE YTPUMAaHHS KO-
nii. ToMy, 3a IOMOMOrOr0 3HAXOKEHHS HaHKpa-
IIOTO CIIOCO0Y 3armo0iraHHs BIUIMBY OIOPY 13011-
ITii 3a BiICYTHOCTI BIUIMBY 3a0pyJHIOBAYiB Ha po-
00Ty PEHKOBHX JIAHI[FOTIB MO’KHA OTPHMATH TO3U-
TUBHY TEHJCHI[II0O B OCHOBHHUX [OKa3HUKAX
eKcIuTyaTariitHoi poOoTH. Y J0CKOHAJIEHHS peiKo-
BUX JIQHIIFOTIB JUIs 3a0e3MeueHHs 1X mpale31aTHo-
CTI MpHU HHU3BKOMY OIOpi 130JALil € HelemeBUM
3acobom [16], Tomy citig 3BepHYTH yBary Ha CTBO-
pEHHS TaKMX 3aXOJiB, SKi O3BONIIN O TEXHIUYHHU-
MU a00 IHIIMMH PILICHHSMH TMOJIMIINTH cTaH Oa-
JIACTHOI NPU3MHU.
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Pe3yabTarn

OuiHoBaHHs BIUIMBY BHUIY MatTepiany s
MOBEPXHEBOI 00pOOKM MIEOCHI0 Ha BEIUYUHY
JieneKTpUYHOI MPOHMKHOCTI BUKOHYBAJIN BUXOIS-
Yd i3 BH3HA4YeHHS (I3WYHOI CYTHOCTI BiIHOCHOT
nienexTpuaHoi poHukHOCTI. Lle uuco, sike moka-
3y€, Y CKIIBKH pa3iB 30LIBIIYETHCS €MHICTH MPHU
3aIIOBHEHHI TIPOCTOPY MiXK OOKJIamKaMH KOHJIEHCA-
TOpa JaHUM 130JII0I0YMM CEPEIOBUIIEM TOPiBHSH-
HO i3 BakyyMoM (MOBiTpsiM). €MHICTh KOHJCHCaA-
topa C Ta BiIHOCHA [Ii€JIEKTPUYHA MPOHUKHICTD &
3B’s13aHi MI’K COOO0 BiJIOMOIO (hOPMYJIOO

CZSSOE’

je S — Mol MIACTHH KOHAeHcotopa, M°; d —
BiJICTaHb MIX TUJITACTHHAMH, M.

JInist CyIinBHOTO JIENIEKTPUYHOTO CepeIOBHIIA
BH3HAYCHHS BIAHOCHOI MiCIICKTPUIHOI IMPOHUKHO-
CTi 32 BHMIPSIHUM 3HA4EHHSIM €MHOCTI HE BHKIIH-
Ka€e yTPyJHEHb. AJie U HeCYIIJIbHAX CHITKHX Ce-
penoBulll, Hampukiaan IiedeHro ado MmicKy, ayke
CKJIQJIHO OIIIHUTH IUIONILY EJEKTPOIIB BHACIIJIOK
HETOBHOTO MPHWISTAHHS 3€PHUH MCOCHIO Ta HEBU-
3HAYEHOCTI MOPOBOro 00’ eMy (puc. 3).

Puc. 3. Cxema pO3MIIIEHHS CHITKHX MaTepiaiB
MK 00KJIaIKaMl YMOBHOTO KOHJIEHCATOpa

Fig. 3. Layout of bulk material between the plates
of the conditional capacitor

Kpim TOro, muisix mpoxomKeHHS CTPyMy CTae
3BHBHUCTHM, III0 BHKIUKAE TOJATKOBI TPYIHOII
y Bu3HadeHHi BemuunHu d . ToMy BHU3HAYCHHS
BiTHOCHOI [ie€NeKTPUYHOI TPOHHKHOCTI MOXKeE
OyTH B TaKWX yMOBaX TUIBKH HEMPSIMHUM — CIIi-
BCTaBJIAIOYH BHUMIPSHY TICEBJOEMHICTH ISl Ce-
peIoBHUIA 3 BIJJOMOIO € 3 BUMIPSHOK IICEBJIO-
€MHICTIO CEPEIIOBHINA, JUIS SIKOTO HEOOXiHO BH-
3HAYUTH €. TOOTO, y CKUIbKM Pa3iB 3MIHIOETHCS
BUMIpsIHA €EMHICTh, Y CTLIBKH X Pa3iB 3MIHIOETHCS
i JieNIeKTpUYHA IPOHUKHICTD CEPEIOBHIIA.

V it poboTi €MHICT, BH3HAYATH 3a JOMOMO-
rorlo BuMipioBaua Ttuny E8-12A. [lns uporo
y kouTeitep 06’emom 0,01 M momimamu 3pasku
SIK YUCTOTO OallacTHOTO MIeOeH!o, Tak i 3a0pyHe-
Horo. [yl BUBUCHHS BILUTUBY IIOKPHTTS Ha JieJeK-
TPHUYHI BIACTUBOCTI Ha MOBEPXHIO HICOCHIO HAHO-
CIUIA TaKi pEYOBHHU. OITyM, KaHI(GOIBHY CyMill,
JIAKOBE TIOKPHTTS, CIIIIKOH. 3HAYEHHS BUMIPSHOI
€MHOCTI Ta PO3PaXyHKOBOI BEJIWYMHU BiJHOCHOT
JieNeKTpUIHOI MPOHUKHOCTI 3a3HAaYEHUX 3PasKiB
HABEJIEHO B TA0NUIll. 3HAUEHHS BiJHOCHOI Hi€JIeK-
TPUYHOT TPOHHUKHOCTI JUIi YHCTOrO IICOCHIO
€ = 4,5 npuiinsro i3 [4].

HaykoBa HOBM3HA Ta NPAKTUYHA
3HAYUMICTh

Sk cBimyaTh JaHi BUMIpPIOBaHb, HaBeICHI
B TaOmuIl, HaiOimpIre (MOPIBHIHO 3 YHCTHM IIlE-
OeHeM, 3pazok Ne 1) nmieneKTpU4YHY MPOHHKHICTH
3MEHIIIIO KaHi()OJbHE Ta CHIIIKOHOBE MOKPUTTS
(3pasku Ne 4 i 6). Takoxk 3HMKEHHS TPOHHUKHOCTI
CIIOCTEPITAETHCS TS JTAKOBOTO TOKPHUTTS (3pa3ok
Ne 5). BirymHe NOKpUTTS, sIK 1 3a0pyIHEHHS Iie-
OeHro, J1emIo 301IBIINI0 BennuuHy & (3pasku Ne 2
i3).

st po3poOKM MaTeMaTHIHOT MOJIEl CKOpPHC-
TAEMOCS EMITIPHYHOI0 €MHICHOIO MOJeuTto Oara-
TOKOMITOHEHTHOT1 cuctemu. IlleOeneBuii Oamact
€ CHUCTEMOI0, KOMIUICKCHA J[ICNIEKTPUYHA MPOHUK-
HICTh $KOT BHM3HAYAETHCA 00 €MHUMM YacTKaMU
W JIeNeKTPUYHUMH BJIACTUBOCTSIMH CKJIAJIOBUX
KOMITOHEHTIB, a caMe TBEPANX YaCTHHOK ITcOCHIO,
MOBITPs, BUIbHOI Ta 3B’s3aHOl Boau. Ha chorojxi
Hemae (i3MYHOT MOZETi AieTeKTPUYHOI TPOHUKHO-
CTi TUCTIEPCHUX CHCTEM Ha OCHOBI MiCIICKTPUIHOL
MPOHHUKHOCTI Ta 00’€MHHX YaCTOK OKPEMHX KOM-
noHeHT. Halinpocrimn mozeni Juis JBOKOMITOHEH-
THUX CHUCTEM TPYHTYIOTBCS Ha MOJENII ILIOCKOTO
KOHJIEHCATOPA, JICTICKTPUK SIKOTO CKIAIA€ThCs 3
IBOX CYIUIBHHUX JIENIEKTPHKIB, IO MAalOTh pi3HI
BiTHOCHI  JII€IEKTPUYHI  TPOHHUKHOCTI € Ta

Ryr1s Ry - SKIo mo3HauuTy ix 00’€MHI KOHICHT-
pauii sk y; Ta y, (BoueBHmb, mo ¥, +y, = 1), TO

eeKTUBHA JIi€NEKTpMYHA MPOHUKHICTE & MOKe
OyTu BU3Ha4eHa 32 GOpMYJIaMH:

— IJIsl HapajebHOrO PO3TAIIyBAaHHS Ii€lIeKT-
pUKiB

€ =Y & tY; &,
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— JUIA TIOCIIIOBHOTO PO3TAIIyBaHHS MiCIIeKT-
PUKIB
* _ 81 * 82

E =
Yi-€t Y8
Tabnuns 1

3HaYeHHs] EMHOCTI Ta PO3PAXyHKOBOI BeTHYMHH
BiTHOCHOI Jie1eKTPUYHOI MPOHMKHOCTI

Table 1

Capacitance and the calculated values
of the relative dielectric conductivity

Omnwc 3pa3ka = 'g ©
S £ 2
< = 2 % 5
2 U S 5 = E
& 2 o | BE
ol 2 ==} = < o
2 = g v 5 o
= = e
C 1 E | Es
A &
1 [le6iup uncTuii 97,4 1 45
2 [1e6inpb 3a0pya- 98,1 1,007 4,53
HEHUI
3 11le6inp yrcTHii 3 97,6 1,002 4,51
OiTyMHHMM TIO-
KPUTTAM
4 1le6inp yncTHii 3 93,0 0,955 4,29
KaHi(hOJIEHUM I10-
KPUTTSAM
5 [le6inp yncTHii 3 96,4 0,989 4,45
JIAKOBUM TIOKPHT-
TIM
6 1le6inp yrcTHii 3 95,0 0,975 4,39
CHJIIKOHOBHM TI0-
KPUTTAM

Jlst 6araTOKOMIOHEHTHUX CYMIIlIel 3 XaoTHY-
HUM pO3TAIllyBaHHSIM CKJIQIOBUX IPOIMOHYETHCS
PO3MIIAaTH KOHAEHCATOP, B SIKOMY IIApH Ji€JIEKT-
PHUKIB PO3TAIIOBaHI SK MapajebHO, TaK 1 MOCTiIO0-
BHO. Y I[bOMY BUMAJKy (opMyJia Jjsi BUZHAUYCHHS
e(eKTUBHOI JieNeKTPUYHOI MPOHUKHOCTI CTae
Habararo ckiagHimor. Tak, aBropu [10] po3sris-
JIAFOTh TPYHT SIK T’ ITHKOMIIOHEHTHY CHUCTEMY, SIKa
CKJIaJa€ThCsl 13 TBEPAUX YACTHHOK IPYHTY, MOBIT-
psi, BUTBHOI BOAM, MIITHO 3B’S3aHOI Ta ITyXKO
3B’si3aHOi Bomu. IlizcymkoBa Qopmyna Juis Takoi
CHCTEMH, 3amporoHoBaHa aBTopamu [9], mae BH-
TJISA;

(1-a)

e=a) Vg +
i

ae Vg — o0’eMHa 4acTKa Ta JieJIeKTpUYHA MIPo-

HUKHICTH i-TO KOMIIOHEHTa CYMIIlli; Ol — BUIbHHIA
napameTp.

VY uili ke poOOTI HABOAUTKCS 1HIIA YOTUPHUKO-
MIIOHEHTHA MOJIENb JUIS PO3PAXYHKY AielIeKTpHY-
HOI IPOHUKHOCTI

e =DV, ¢,
i

Je O — mapaMmeTp, SIKHi MiI0UpaeTbes eKCIepuMe-
HTAJIBHO.

HemonikoMm moaiOHMX Mozeneli € Te, mo mapa-
METPH B PIBHSHHAX € €MIIIPUYHUMH 1 HE MaloTh
¢izuunoi cyTHOCTI. TOMY HACTYIHHMM €TamoM J0-
CJPKeHb TTOBUHHO OYTH Mia0ip Takoi MaTeMaTHd-
HOi MoJeni, B SKii BCi MapaMeTpu MaroTh YiTKY
¢i3nuHy CyTHICTH 1 MOXYTh OyTH BH3HAa4YeHi Ha
OCHOBI 00’ €KTUBHUX BIIACTUBOCTEH MaTepianiB 0e3
eKCTIEpUMEHTAIBLHOTO TiI0MpaHHs 0araTodnCIICH-
HUMH BUMIPIOBAaHHSIMHU.

BucHoBxu

ExcriepuMeHTa IbHO JIOBEJCHO, IIO IMOKPUTTS
OanmacTHOTO MIEOCHIO OPTraHIYHUMH PEUYOBHHAMU
BIUIMBAE HA BEMYMHY HOTO BiAHOCHOI JieNeKTpH-
YHOI MPOHUKHOCTI. HaitOinpimmii edexT 3HMKEeHHS
i€l BEIMYMHU CIOCTEpIraBCcs IS TOKPUTTSA Ha
OCHOB1 KaHi(onbpHOI cymimi Ta cuimikoHy. Take
ITOKPHUTTS MOXKe OYTH 3aIlpOIOHOBAHO I 00po0-
KA YHUCTOro INeOeHI0 Tmepea HOoro ykJIajaaHHIM
y KOJIiIO TiJl Yac PEMOHTIB JUIsl MPOJOBXKEHHS Tep-
MIHIB eKcIUTyarallii OajJlacTHOrO mapy, momnepe-
JOKEHHS aire3ifHoro 3a0pymHEHHS Ta JIiKBimamii
BUTIAJIKIB «HECHPABXHBOI 3alHATOCTI» PEHKOBUX
KiJl, TIOKpAllleHHsl eKCIUTyaTaliliHUX MOKa3HHKIB
po0OTH 3ai3HUYHOrO TpaHcnopty. [loganbiie no-
CIDKeHHS OyIe CIpsSMOBaHO Ha BHOIp Ta eKcCIie-
pUMEHTaJbHE MiATBEPKEHHS MaTeMaTU4HOI MO-
JIeTi 3MIHM TieICKTPHYHUX BIIACTUBOCTEH Oararto-
KOMITOHEHTHHX CHUCTEM.
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OBOCHOBAHMUE BbIBOPA MOJAEJN U3SMEHEHMUSA
JUDJIEKTPUUECKUX CBOMCTB HECILIOUIHBIX CUCTEM

Heas. B cratbe paccMarpuBaeTcsi COMPOTUBICHHE H30JLSILUH PEbCOBON LU KaK OJHOTO U3 MapaMeTpos,
BIIMSFOLIMX Ha 9KCIUTyaTallIOHHBIE II0KAa3aTeIn paboThl XKEJIC3HONOPOIKHOTO TpaHcnopTa. sl CHU)KCHUS BIUSHUS
COIPOTHBIICHUS U30JIILMU Ha PEXKHUMBI (PYHKIMOHHPOBAHHS PEIbCOBBIX LISTEil 1 HA IKCIUTyaTal[MOHHBIE ITOKa3aTe-
JM pabOTHI JKEJIE3HOIOPOKHOTO TPAHCIIOPTA MPEAIOIaracTcsa UCCIeI0BaTh BIMSIHNE 00paOoTKY meOHS Ha BeTHUIHU-
HY IUIJIEKTPUYECKOH MPOHHIAeMOCTH OaiacTHOro cios. Meroauka. OueHKa BIMSHHUA BHIa MaTepHaia I IO-
BEPXHOCTHOI1 00paOOTKH MIEOHS Ha BEMTHMYMHY IHAJICKTPHIECKOI MPOHUIIAEMOCTH MPOBOIMIN, UCXOMS U3 ONpere-
JeHus] GU3MYECKOH CYLIHOCTH OTHOCHUTEIBHOW JHUANIEKTPUYECKON NpoHunaemMoctd. OnpeaeneHre OTHOCUTENbHON
JHBJICKTPUYECKOH MPOHUIAEMOCTH € CBINYYHX CpPel MOXKET OBITh TOJBKO KOCBEHHBIM — BCIICICTBHE HEMOIHOIO
NpUIETaHus 3epeH MIeOHS W HEONPEIeICHHOCTH IIOPOBOro o0beMa. Takum 00pa3oM, pacueTsl MPOBOAWIIH, COIIOC-
TaBJISISl U3MEPEHHYIO EMKOCTb JUIsl CPEAbl C U3BECTHOM € — C M3MEPEHHOM eMKOCTBIO Cpellbl, sl KOTOPO HeoOXo-
JUMO OIpeNieNuTh € . TO ecTh, BO CKOJIBKO pa3 MEHSETCS U3MEPEHHast eMKOCTh, BO CTOJIBKO )K€ pa3 MEHSSTCS U AU-
JJIEKTpUYECKas IPOHUNAEMOCTh cpefibl. Pe3yabTaThl. MccnenoBaHo, Kak mmaibl U 0ajulacT 3HAYUTENILHO U3MEHS-
0T CBOIO JJICKTPUUYCCKYIO IMTPOBOAUMOCTD B 3aBUCUMOCTH OT HAJIMYMA B HUX BJIarv, U3SMCHCHUS oxpy)Ka}omeﬂ TEM-
nepaTypbl, HATMYUS 3arps3HUTENCH U IpyruX (GakTopoB. [IpoaHann3upoBaHbl CYHICCTBYIOIINE MOJICIH OMUCAHUS
JIMIJIEKTPUYECKUX CBOMCTB TaKMX CHCTEM. Y CTaHOBJICHO, YTO MOKpPHITHE 0aJUIaCTHOTO IEOHS OpraHUYeCKHMH Be-
IIECTBAMH BJIMSIET HAa BEJIMYMHY €r0 OTHOCHTEIIBHOHM JMAJIEKTpHYEecKoW IpoHuraemoctd. Hanbompmmit addexr
CHIDKEHUS 3TOH BEJMYMHBI HAOIOAAJICS JUISl MTOKPBHITHH Ha OCHOBE KaHU(OIBHON cMecu W cuiukoHa. Hayunas
HoBU3HA. HOBBIM sBJISETCS TPEIIIOKEHHBIN aBTOpAaMH CIIOCOO TOBBINICHHS IHMAJICKTPUUSCKUX CBOICTB BEPXHETO
CTPOCHHS IyTH 3a CYET HAHECEHMS Ha MOBEPXHOCTh 3epeH OauiacTa HeCMauyMBaeMbIX BELIECTB, Ha NOBEPXHOCTH
KOTOPBIX He 00pasyercs IuleHKa Boabl. [IpakTHueckas 3HauMMOCTb. [loka3aHa BOBMOXKHOCTH CBEICHUS K MUHU-
MyMy HETaTHBHOTO BIIMSHUS CHWDKCHHUS M30JILMU C MaKCHMAJIBHBIM €ro ycTpaHeHHeM. IIpemiaraercs pemieHue
aKTyaJbHOH 3a7a4i IyTeM HCKIIOYEHUS BIMSHUS CONPOTHBIICHUS W3O0JALMU Ha PEXUMBI PabOTHl PENIbCOBBIX Iie-
nei, 4TO IO3BOJIUT JIMKBHAMPOBATH 4acTh NPHUYMH OTKa3a YCTPOMCTB CHI'HAIM3ALMU M YMEHBIIMTH KOJHMYECTBO
CIIy4aeB «JI0XKHOH 3aHATOCTH».

Kniouesvie crosa: penbcoBas IHHUA, PEIbCOBast LEllb; CONPOTUBIICHUE M30JIIUM; 3aCPXKKH II0E30B; AUDIIECK-
TpPUYECKUE CBOWCTBA; BEPXHEE CTPOCHHUE ITyTH
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RATIONALE FOR CHOOSING THE CHANGE MODEL
OF THE DIELECTRIC PROPERTIES OF DISCONTINUOUS SYSTEMS

Purpose. The article deals with the insulation resistance of the track circuit as one of the parameters that affect
the operating performance of the railway transport. To reduce the influence of the insulation resistance on the opera-
tion modes of the track circuits and the performance indicators of railway transport it is assumed to study the influ-
ence of crushed stone treatment on the value of dielectric permeability of the ballast bed. Methodology. The influ-
ence of material type for the surface treatment of crushed stone on the value of the dielectric permeability was as-
sessed on the basis of the physical nature determination of the relative dielectric permeability. Determination of the
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relative dielectric permeability € of granular media can only be indirect, as a consequence of incomplete adjoining
of crushed stone grains and uncertainty of the pore volume. Thus, the calculations were performed by comparing the
measured capacity for a medium with the known € with measured medium capacity, for which it is necessary to
definee . That is, the more the measured capacity is changed, the more changes the dielectric permeability of the
medium. Findings. Sleepers and ballast significantly change their electrical conductivity depending on the presence
of moisture, ambient temperature changes, the presence of pollutants and other factors. The article analyzes the ex-
isting models to describe the dielectric properties of such systems. It has been established that coating the crushed
stone ballast with organic substances influences the value of its relative dielectric permeability. The greatest effect
of reducing this value is observed for the coatings based on rosin mixture and silicone. Originality. Authors pro-
posed original method of dielectric properties increase of the permanent way by grains’ coating with nonwettable
substances, on the surface of which is not formed a water film. Practical value. The article shows the possibility of
minimizing the negative influence of reducing the isolation with maximum its elimination. It is proposed the solu-
tion of actual problem by eliminating the influence of insulation resistance on the modes of track circuits operation,
which will eliminate the part of causes of the failure of signaling devices and reduce the number of cases of «false
business».
Keywords: rail line; track circuit; insulation resistance; train delays; dielectric properties; permanent way
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O NPEOBPABOBAHHUM TNPEJICTABJEHHUM YHUCEJ B OCTATKAX
U3 OJJHOM CUCTEMbBI MOAYJIEN B IPYT'YIO

Heasn. B paborte npearnosnaraercss IpOBECTH TEOPETHYECKOE OOOCHOBAHUE OJJHOTO U3 MOJXOJ0B K MOBBILICHHUIO
3¢ PEKTUBHOCTH BBHINOJIHEHUS B HEMO3UIIMOHHOW CHCTEME CUMCIICHUS OCTaTOYHBIX KJIACCOB HEMOJYJBHOW, TaK
Ha3bIBACMOW CIIOKHOM ONepaiyy, A peaju3alil KOTOpOW HEeoOXOoAMMO 3HaHWEe HH(p OIEpaHIOB IO BCEM
paspsmam. Omepamusi 3aKiI0dYacTcss B NPeoOpa3oBaHUM MPEACTABICHUS YHUCIa W3 OJHOM CHCTEMBl MOJIyJeH
MpEACTAaBICHUEM €ro B Jpyrod cucreme Moayneid. Meroauka. HMHCTpymMeHTaMM METOIMKHM HCCIEIOBaHUI
ABISIFOTCSL CHCTEMHBIM aHaiIM3, TEOpHs 4YHCEN, KHTalckas TeopemMa 00 ocTaTkax. MeToJuKa HCIONIb3yeT
MPE/CTABICHUE YHCIa, KaK CBOMMH OCTaTKaMH, TaKk M B IOJMAJUYECKOM KoJe M 0a3upyercs Ha ONpelcICHUU
OCTaTKa 10 JaHHOMY MOJYJII0O Ha OCHOBE TIOJIyYEHHBIX OCTaTKOB IO OCTaJIbHBIM MOJIYJSIM HCXOJHOH CHCTEMBI.
Taxoe omnpezeneHne BBIMOIHAIOT MOCIEI0BATENbHBIM BRIYMTAHHEM KOHCTAHT U3 MOJyYaeMbIX OCTATKOB UCXOJHOTO
YKCla U TOACYMMHPOBAaHHEM 3TUX KOHCTAHT K pe3ysibTaraM, KOTOpble 00pa3yloTcsl M0 MCKOMBIM MOIyJisiM. [1pu
9TOM KOHCTAaHTBI Ha K&)KJIOW UTEPAIlMU BHIOUPAIOTCS U3 IPE/IBAPUTEIBHO PACCUUTAHHBIX TaOIHII, B 3aBUCUMOCTH OT
3HAa4EeHUsl OCTaTKa B aHAIM3UpyeMoM paszpsjie. [IpennoxkeHHbII METOA aarOpUTMHUYECKH NMPOCT U MPH CXEMHOH
peanu3anuy MO3BOJSET CO3[ABATh BBIUMCIUTEIBHBIE CTPYKTYPBI BBICOKOH MPOM3BOAMTENBHOCTU U HAJIEKHOCTU.
PesyabraTnl. B pabore BBINOIHEHO TeOpeTHYECKoe OOOCHOBAaHHME PACCMaTPUBAEMOTO IOAXOAA ISl ITOJTyYECHUS
3¢ GEKTUBHOTO PEIICHUs HEMOAYJIFHOH OIepauy MpeoOpa3oBaHus B CHCTEME OCTaTOYHBIX KJIACCOB JUIA IEPexona
OT MpPEACTaBJIEHUS YHCIa OJHOW CHUCTEMOM MOAYJIEH K €ro MNpeACTaBIECHUIO IPYyrod CHUCTEMOM MOJIyJieH.
Hayuynasi HOBU3HA. ABTOPOM IIPEUIOKEHO TEOpEeTHYeCKoe 0OOCHOBAHHE MPEICTABICHHOTO IOJX0/a K PEIICHUIO
HEMO/IyJIbHOW OIIepaIiy MpeoOpa3oBaHus B CUCTEME OCTATOYHBIX KJIACCOB TSI MIEPEX0/ia OT MPEACTABICHUS YUCIIa
B OJHOM cHCTeMe MOAYJIeH K ero MpeACTaBICHUIO B APYrod cucTeMe MoAyied. JlaHHBIH MOIXOA Lenecoodpa3Ho
paccMarpuBaTh B KauyecTBE OJHOTO K3 HAIlpaBICHUH MCCIEAOBaHUS IyTel MOBBIIIEHUS 3(PPEKTUBHOCTH
BbluucieHud. IlpakTuyeckasi 3HaYMMOCTh. BaXKHOCTH TEOPETHUECKHX BBIBOJOB M MOJYYEHHBIX PE3yIbTaTOB
UCCJICJIOBaHMSl 3aKII0YaeTcsi B TOM, YTO OOOCHOBaH mpocTtod M 3((GEKTHBHBIA MOJAXOJ K PpEIISHHIO 3aJaud
BBITIOJTHEHUST HEMOAYJIBHOM omepanuy IpeoOpa3oBaHusl B CHCTEME OCTaTOYHBIX KJIACCOB JUIs Iiepexoja OT
HOpeJCTaBICHUs 4YHCIa B OJHOM CHUCTEME MOJIyJed K €ro IpeACTaBICHUI0 B Jpyroll cucreMe MOAyJeH.
PaccMoTpeHHbIe pemieHHst 00J1a1af0T BHICOKUM OBICTPOIEHCTBHEM M MOTYT OBITh 3((EKTUBHBIMH TIPH pa3padoTKe
MOJYJISIPHBIX BBIYHCIUTENBHBIX CTPYKTYP UL HEPCTIEKTUBHBIX HHPOPMAMOHHBIX TEXHOJIOTHH.

Kniouesgvie cnosa: octaTouHble KIIACChl, YUCIIO; CIOXHBIE ONEPAINH; MO3UIMOHHAS XapaKTEPUCTUKA; CUCTEMBI
MoJyJIeil; uTepanus
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BBenenue

OnHUM W3 MEPCIEKTHBHBIX HAIpaBJICHHH I10-
BBIMICHUS 3()()EKTUBHOCTH BBIUYUCICHUN SIBIISCTCS
MPUMEHEHUE MapauIeIbHOW 00pabOTKU JTaHHBIX
C WCTIOJNb30BaHMEM HOBBIX NPHHIIUIIOB HA OCHOBE
MPECTABICHUS JaHHBIX B CHCTEME OCTaTOYHBIX
knaccoB (COK) [1]. JocrounctBa COK moapoOHO
uzjoxkens! B [4, 5, 7, 8]. OmHako BO3HUKAIOT OII-
penenenubie TpynHoctu [17, 18] mpu peanusaiuu
HEMOJYJIbHBIX, TaK HA3bIBAEMBIX CIIOKHBIX, OIle-
panuii. B cBsI3M ¢ BaXHOCTHIO U aKTYallbHOCTHIO
pa3paboTOK MO OCTATOYHON apu(METHKE Pe3ylib-
TaThl TUX PabOT CHCTEMATHYECKH pPaccMaTpHBa-
JIKCh B TIEPUOANYECCKUX HAYYHO-TEXHUYECKUX W3-
manuax [6, 16, 19, 20, 21].

IIpy BBITIONHEHHH HEKOTOPBIX CIOKHBIX OITe-
panuii B CHCTEME OCTATOYHBIX KJIACCOB BO3HUKACT
HEOOXOJUMOCTh B TMEpPEXojie OT MPEACTaBICHHS
Yyuciaa B OJHOM CUCTEME MOJIyJed K MpelcTaBiie-
HUIO JIAHHOTO YHCIIa B JPYro CHCTEME MOYJICH.
Pemienrie Takod 3a7ayn MOXET MOTPeOOBATHCS,
HampuMep, TpPU PACHIMPCHUU JHala3oHa Mpel-
craBnenus uncen [15], onpenenenun paHra 4ucia
[13], MomybHOM JENEHHH YHCEeNl B TeX CIydasXx,
KOTJ[a OCYIINECTBISIETCS JIEIEHHEe Ha YHUCIO, KpaT-
HOE OJIHOMY HIJIH HECKOJBKHM MOIYJISIM CHCTEMBI
[12]. ToaToMy omepanusi mepexosa OT OJHON CHC-
TeMbl MOJIyJIEN K JIPyTroM, MpU KOTOPOMH MO U3BECT-
HBIM OCTaTKaM dYHCIa IS HEKOTOPBIX MOJyJIeH
COK ompenensioT 3HA4€HHUsI OCTAaTKOB 3TOTO KE
YKCIa 0 APYTUM MOJYJISIM, OTHOCUTCS K OJTHOH M3
OCHOBHBIX HEMOJYJBHBIX OIEpaluid B CHCTEME
OCTaTOYHBIX KJIACCOB.

Heanb

Lenpio manHOW PabOTHI SABISAETCS TEOPETHUC-
CcKOoe 00OCHOBaHHE OJHOTO M3 MOJXOJIOB K ITOBBI-
nIeHuo 3((EKTUBHOCTH BBIMOJIHEHUS B HEMO3U-
[MOHHOM CHCTEME CUHUCIICHUS OCTATOYHBIX KJac-
COB HEMOAYJIbHOW, TaK Ha3bIBAEMOU CJI0XKHOM!,
orepauuy, A peaau3alud KOTOpoi HEOOXOIUMO
3HaHue Iudp omepanaoB 1o BceM paspsiaam. Orme-
panus 3aKII04YaeTcs B IpeoOpa30oBaHUM NIPECTaB-
JIEHUS YUCIIa OJTHOM CUCTEMOU MOJyJIeH NpeacTaB-
JIEHUEM €ro APYyroid CUCTEMOU MOIyJIEeH.

MeTtoanka

HNHcTpymMeHTaMyU METOAUKH MCCIEIOBaHUN SAB-
JSIFOTCSI CUCTeMHBIH aHanu3 [2], Teopus uyucen [9],

KuTalickas teopema 06 ocratkax [3,10,11]. TIpwm
W3JIOKEHUM CTaTbU OyJEeM HCIOJIB30BaTh OIpelie-
neHus U 0bo3HaveHus, npuseaeHusie B [14]. COK
Ha3bIBACTCSA CHCTEMa CUHCIICHHUS, B KOTOPOU MpO-
u3BoJbHOE uncino N TpejacTaBiseTcs B BHAE Ha-
060pa HAMMEHBIITUX HEOTPHUIIATEIILHBIX OCTATKOB IO
MOJTYJISIM My, My, Mp s TO eCThb

N =(oy,0,,...,a, ). 3mech o; =N(modm,).

HpI/I 9TOM, €CJIM YHuCJa mi B3aUMHO IPOCTHIC, TO

TAKOMYy TIPEJCTAaBICHHIO COOTBETCTBYET TOIBKO
OJTHO [0,M), rme
M=mm,...m,.

YHCJI0 N Juaria3oHa

1 1 1 1
IIycts N7 =(oy,0,,....0,) — YHUCIO B CHC-
TeMe Moxyaed m,m,,...,m., M, =mm,...m_, to
wxe uncno NY =N, =(8,,6,,...4,) B cucreme

MoJyJen m,m,,...,m M, =mm,... M,

S

u M, >M,;. Heo6xoquMo MOCTPOUTH alrOpUTM
nepexoza oT mpeacTaienus umcaa N ocratka-

1 1 1
MH O, H,....00 K €ro IIPEACTABICHUIO OCTAaTKa-

.
MH Oy, 0y,....0.

BriepBblie pelieHde MaHHOM 3ajaud MpeaioxKe-
HO B Kiaccmueckoi pabore [1]. B cratee [14] pac-
CMOTPEHO €IlI¢ OJHO AJITOPUTMUYECKOE PEIICHHUE,
MO3BOJISIIOLIEE YIPOCTUTh MPAKTUYECKYIO peaju-
3aIMI0 U YCKOPHUTH MOyYeHHE pe3ybprata. Meron
OCHOBaH Ha UTEPALMOHHOM aJTOPUTME BEIYUTAHUS
M3 WMCXOIHOTO 4YHCa W JOOABICHUS K HCKOMOMY
YUCITy HEKOTOPBIX KOHCTaHT. B HacTosen craTbe
MpHUBEJIEHO 00OCHOBAHHUE JTAHHOTO TI0IX0/1a.

IlycTe cucTteMoil OCHOBaHUN TMONIHATUYECKOTO

KOJia TaKXKe sBJIeTCs cuctemMa m;,m,,...,m,. Ync-
a0 N; B momuagu4eckoM KoJe MHpeaCTaBiseTcs
CIIEAYIOMKM 00pa3oM

N, =m +7,m +...+ ;mm,...m_, +

e T MM, ..M,
rae 0<m <m; —1. Torna
a; =(m +m,m +...+mmm,...m,; +

+ot e mm,...m, ;)(modm;), j=1,2,...,s

doi 10.15802/stp2016/74735

130

© 10. [. Ionucckwuii, 2016



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

Hayxa ta nporpec Tpancnopty. Bicauk /{HinponeTpoBcskoro

HaLliOHAJIIBHOTO YHIBEPCHTETY 3aili3HH4HOro TpaHcnopty, 2016, Ne 63 (3)

IHOOPMALIMHO-KOMYHIKALIIMHI TEXHOJIOT'Ti TA MATEMATUYHE MOJIEJTIOBAHHSI

IIponecc onpenenenus ciaraeéMbelx A; ONUCHI-

BaeTCs CIEAYIOUIMMHU 3aBUCUMOCTSIMU:
— JUIsl IEPBOTO CIAraéMoro

A, =m, =N (modm) =a},
A, (modm,) =o'’ (modm,),i=12,...,r,
Aj(mod ;) =a’,(modm;), j=12,...,5;

— AJId BTOPOTO CjJ1aracmMoro

i-1
2 1 1
N 1=N1—OL1=TCiHmt+-“+
1

r-2 r-1
+r [+ ] [m,,
1 1

2 2 2 2 2
N 1:(01a 2’(14 31“'1(14 iy'“’a r)y

=a, —a',i=2,...,r,
N? (modm,) = (x,m,)(modm,) = a?,,
2
m, = (=2)(modm,),
m,

1
8, =m,(E)modm,),

A, (mod m;) = (m, (%)(mod m, ))(mod m;),

i=2,...,r,

A,(modm;) = (ml(%)(mod m,))(mod ),

j=12,...,s;

— IJId TPETHETO CjlaracéMoro

i-1
3 2 2
N°, =N —-a ZzniHmt+
1

r-2 r-1
+orm [ [m +m ] ] m,
1 1

N31 :(0101a331'“’a3i1'."a3|’)’

o =a? —0%,i=3...,r,

N®, (mod m;) = (mgm;m,)(mod my) = o5,

3
a3

7, = (—2)(mod m,),

LM,

3
O3
Ay =mym,(

)(mod m),

Az(mod m;) = (mym, (

)(mod m,))(modm,),

O3

Ag(mod ;) = (mym, ( )(mod m;))(mod m;),

172
j=12,...,s.

HaKOHeI_[, g I —Tro ciaraeMoro

r-1
ro_ pr-l r-1
N 1_N 1~ a r—l_Tcerw’

1

Nil :(010101"'101"‘101air)1

r— 0 g

r-1
N rl(mOd mr) = (TcrH mw)(mOd mr) = 0er’
1

r

7, = (———)(modm,),

[Im,
1
r-1 r
Ai :Hmw( r—(f :
1 Hmw

1

)(modm, ),

r

Ay(mod m,) = ([ m, () (modm, ))(mod ).

1 Hmw

1

j=12,...,s.

CrnenoBaTelibHO, METOJ| 0a3upyeTcss Ha IOJy-
YEeHUU UTEPATUBHBIM IIyTeM ciaraeMsix A;. TaOm.
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1-3 noscHsOT, HaMpUMeEp, s CUCTEMbI MOAyJIeH
m =5m,=7m;=3 m =11 M, =2 ¢opmupo-
BaHHME CIAaraéMbiX A; B COOTBETCTBHUM C HpHBE-
JIEHHBIMH BBIIIIE 3aBUCHMOCTSIMH.

Tabnuna 1
Table 1
Monynu
5 7 3 11 13
ool A | a | oy | df o) o,
0 0 0 0 0 0 0
1 1 1 1 1 1 1
2 2 2 2 2 2 2
3 3 3 3 0 3 3
4 4 4 4 1 4 4
Tabnuma 2
Table 2
Moy
7 3 11 13
T, Ay =M o?, oy | | o
0 0 0 0 0 0
1 5 5 2 5 5
2 10 3 1 10| 10
3 15 1 0 4 2
4 20 6 2 9 7
5 25 4 1 3 12
6 30 2 0 8 4
Tabnuma 3
Monynn
3 11 13
Ty | Ag=mmm, | o | o o,
0 0 0 0 0
1 35 2 2 9
2 70 1 4 5

IpoummocTpupyeM HU3JI0KEHHOE JUIs Iepexoa
OT TMPEJCTABJICHUS YHCIA Nl1 =59=(4,3,2) B
m =5 m,=7m;=3,
M; =mm,m; =5-7-3=105 k ero mnpexcrasie-
momyneit M =11, m, =13,
M, =mm, =11-13=143, M, >M,. lo onpene-

JeHus 3HAueHUH OCTaTKOB O, M O, NPUMEM HX

CHUCTEME MoAyJen

HHUIO B CHCTEMC

HAa4YaJIbHBIC 3HAUCHHA paBHBIMH HYJIIO, TO C€CTb
1
N, =(0,0).

Ha mepBoii wrepamunn w3 Tabn. 1 s
(xll = 4 BpiOupaeM koHCTaHTHI 4, 4, 1 cooTBeTCT-
BEHHO IO MOAylsaM M, =5m, =7,m; =3, KoTo-
peie BblumTaeM w3 octatkoB 4, 3, 2. Ilomywaem

N, =55=(0,6,1). U3 osroit e Tabm 1 mus
all =4 BpIOMpaeM KOHCTAHTH 4, 4 TIO0 MOIYyIIsAM
M, =11, M, =13 COOTBETCTBEHHO, KOTOpbIE HNPH-
OaBnsiem k ocratkam 0, 0. B pesynbrate momydaem
N*, =(4,4).

Ha BTOpoi#i urepanuu u3 tabn. 2 mis a22 =6

BEIOMpaeM KOHCTaHTHI 6, 2 1o MOIynsM
m, =7,M; =3 COOTBETCTBEHHO, KOTOPHIE BBIYNTA-

eM u3 OCTaTKOB 6, 1. [Tomygaem
N? =35=(0,0,2). M3 osroii xe Tabm 2 miA
0L22 =6 BbIOMpaeM KOHCTaHTHI 9, 7 MO0 MOIYJISIM
M, =11, M, =13 COOTBETCTBEHHO, KOTOpBIE MHPH-
OamisieM k octatkam 4, 4. B pesynbTaTe moiryqaeM
NZ, =(2,11).

Ha tperbeii uteparuu u3 tabda. 3 s OL33 =2
BBIOMpaeM KOHCTaHTy 2 IO MOAYJIIO My =3, KOTO-
pylo BbluuTaeM u3 ocrtatka 2. [lomydaem
N° =35=(0,0,0). M3 sroii xe Tabm 3 s
a33 =2 BbIOMpaeM KOHCTAaHTHI 2, 9 MO MOAYJISIM
M, =11, M, =13 CcOOTBETCTBEHHO, KOTOpbIE MNpH-

OapnsieM k octatkam 2, 11. B pesynbrare momyua-
em N3, =59=(4,7).

Pe3yabTaTthl

[Honyuyeno > dexTHBHOE pelIeHHe HEMOMYJIb-
HOH OIepalnyuy CUCTEMbl OCTATOYHBIX KJIACCOB IS
nepexoja oT MPEeACTaBICHUs YUClia OJHOM cucTe-
MO MOAyJeH K ero mpeacTaBICHUIO IPYroil cuc-
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TeMOU MoTyJei.

Hayunas HOBH3HA M MpaKTHYeCKas
3HAYHMOCTh

[IpennoxeHo TeopeTndeckoe 0OOCHOBaHHE OJI-
HOTO MOAXOJA K PEIICHUI0 HEMOAYJIBHOW orlepa-
MY CUCTEMBI OCTATOYHBIX KJIACCOB JJIS Mepexoia
OT MPEACTaBICHUS YMCIa OJHOU CUCTEMOU MOIy-
JIel K ero mpejcTaBICHUIO IPYyTrod CUCTEMOW MO-
nyneit. JlaHHBIR TOaX07 1esiecoo0pa3Ho paccMmar-
puUuBaTh B Ka4Y€CTBC OAHOI'0 H3 HaHpaBHCHI/Iﬁ 10
WCCIICJIOBAHUIO ITyTeH MOBBIMIEHUS 3PPEKTUBHO-
CTH BBIYHCICHUU TNpH pa3paboTKe MOIYISPHBIX
BBIYHCIIUTENILHBIX CTPYKTYD.

BoIBOaBI

PaccmoTpern oguH M3 MOIXOJOB K PEIICHHUIO
3aa4y mepexojia OT MPEACTaBICHUS YHCa OJHON
CHUCTEMOI MOJyJIel K €ro MpeACTaBICHUIO IPYroi
cucremoit moayneit. [logxon Gazupyercs Ha ompe-
JIEJIEHUU OCTaTKa Mo JaHHOMY MOJYJIIO Ha OCHOBE
MOJTyYEHHBIX OCTAaTKOB MO OCTAJIBHBIM MOIYJISIM
cucteMsl. Takoe ompenenenre BBITOIHSIOT MocIie-
JIOBAaTEIHHBIM BRIYATAHNEM KOHCTAHT W3 TOITyYeH-
HBIX OCTaTKOB M IOJACYMMHPOBaHHMEM 3THX KOH-
CTaHT K pe3yJbTaraM, KOTOpBIE OOpa3yroTcs IO
JMAHHOMY MOAyo. IIpu 3TOM KOHCTaHTHI Ha KaXK-
JIOW WTEepalui BBIOMPAIOTCS B 3aBUCHUMOCTH OT
3HaYeHMs OCTaTKa B aHAJIU3UPYEMOM paspsje.
[IpennoxxeHHbld METOJT aITOPUTMUYECKH TPOCT U
MpH CXEMHOW peamu3aliil MO3BOJSET CO3/1aBaTh
BBIUMCIIUTENbHBIE CTPYKTYPHl BBICOKOM INPOU3BO-
JTUTETBHOCTH U HaJIE)KHOCTH.
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PO INIEPETBOPEHHS ITPE/ICTABJIEHHA UYUCEJ Y 3AJINIIIKAX
I3 OAHIEI CUCTEMUA MOJYJIIB B IHIIY

Meta. Y poOoTi nepenbadaeTbcs MPOBECTH TCOPETHYHE OOIPYHTYBAHHS OJHOTO 3 MiJXOMIB 1O IiBUIICHHS
e(eKTUBHOCTI BUKOHAHHS B HEMO3UIIHHII CHCTEMI YHCIICHHS 3aJIMIIKOBUX KJIAaCiB HEMOJYJIBHOI, TaK 3BaHOI CKJIA/I-
HOI omeparlii, Jud peaiizauii skoi HeoOXiJHO 3HaHHS UQpP oNepaHiB B ycix po3psaax. Oneparis mojsrae B nepe-
TBOPCHHI MPECTABJICHHS YKCIa 3 OIHI€T CHCTEMH MOJYIIIB IMOJAaHHAM HOTO B iHIIIN CHCTeMi MOAYIiB. MeTOTUKA.
[HCTpyMEHTaMH METOIVKH JOCITIIKCHb SBISIOTHCS CHCTEMHHUIl aHali3, Teopis Yucell, KuTaiickka TeopeMa Ipo 3a-
JHIIKKA. MeToanKka BUKOPHCTOBY€E NPEICTaBICHHS YHCIIA K CBOIMH 3QJIMIIKAMH, TaK 1 B IOJiaJMYHIM Koxi Ta 0a3y-
€ThCS Ha BU3HAUYCHHI 3JIMINKY 0 JAHOMY MOJIYJIO Ha OCHOBI OTPHMAaHHMX 3aJMIIKIB IO PEIITi MOIYJIB BUXITHOT
cucteMu. Take BH3HAYCHHS BUKOHYIOTH IIOCIIIJOBHUM BiIHIMAaHHAM KOHCTAHT i3 OAEP)KyBaHUX 3aJUIIKIB BUXiTHOTO
YHCla 1 JOAABaHHAM IMX KOHCTAHT 10 Pe3YJIbTATIB, SIKi YTBOPIOIOTHCS 10 UIyKaHUM MoxyisaM. [Ipu nboMy KoHCTa-
HTH Ha KOXHIN iTepamii BHOMPAIOTHCS 3 MONEPEAHBO PO3PAaXOBAHHUX TAONHWIlh, 3aJIE)KHO Bi 3HAYCHHS 3aJIHIIKY
B aHaJII30BaHOMY pPO3psiAi. 3alpOIOHOBAHUI METO/ aITOPUTMIYHO MPOCTHH Ta MPU CXEMHIN peaiizalii 103BoJisie
CTBOPIOBATH OOYMCIIOBAIBHI CTPYKTYPH BHCOKOT POJYKTHUBHOCTI i HaniiiHocTi. Pe3yabTaTn. Y poOoTi BUKOHAHO
TEOpeTHYHe OOIPYHTYBAHHS PO3IJIIHYTOTO MIAXOAY JJIsi OTPUMaHHs e()eKTUBHOTO BUPIILICHHSI HEMOJYJIBHOI omepa-
i1 IepeTBOPEHHS B CHUCTEMI 3aJIMIIKOBUX KJIACIB JUIS MEPEXOJy BiJI MOJAaHHS YMCIIa OJHIEI CHCTEMOIO MOJYJIIB 10
HOro MoAaHHs iHIIOI cUCTEMOI0 MoayiiB. HaykoBa HoOBHM3HA. ABTOPOM 3alpONIOHOBAHO TEOPETUYHE OOIPYHTY-
BaHHS NPEJCTaBICHOTO MMiXOAY J0 BHPILICHHS HEMOIYJIBHOI Omepalii MepeTBOPEHHsI B CUCTEMI 3aIMIIKOBUX KJIa-
CiB I TIepeXoAy BiA MpeNCTaBICHHS YUCIA B OTHIM CHCTeMi MOMYIIB O WOTO TPEICTABICHHS B IHIIIM CHCTEMi
MoymiB. JlaHWil miaXiy MOUITBHO PO3TILIIATH B SKOCTI OJHOTO 3 HANIPSMKIB JOCHTIPKEHHS HUIAXIB IiIBUIICHHS
epexkTuBHOCTI 00uKcieHs. [IpakTnyHa 3HAYMMIicTh. BayXIMBICTh TEOPETHYHUX BUCHOBKIB Ta OTPUMAHUX PE3YJib-
TaTiB JIOCHI/PKEHHS MOJISITAa€ B TOMY, 1[0 OOIPYHTOBAHO MPOCTHUi 1 ePEKTUBHUIN MIAXi/J 0 BUPIICHHS 3a/a4l BUKO-
HaHHA HEMOJYJIBHOI onepanii IIepeTBOPEHHS B CHCTEMI 3aJIMIIKOBUX KIIACIB I IEPEXOAY Bifl MPEACTABICHHS YHC-
Jla B O/IHIH cuCTeMi MOAYJIIB 710 HOTO MpEeNCTaBIeHHs B IHIIN cHcTeMi MOy iB. PO3IIIsSHYTI pillIeHHS MalOTh BHCO-
Ky HIBUAKOMIIO Ta MOXYTh OyTH €(EeKTUBHUMH IPH PO3pPOOLI MOAYJSPHUX OOYHCIIOBAILHUX CTPYKTYp JUIsl Tepc-
NCKTUBHUX 1H(OOPMAIITHUX TEXHOJIOTIH.

Kniouosi cnosa: 3aaMIIKOBI KJIacH; YMCIIO; CKJIa[HI OIepalii; MO3UIiiHa XapaKTepUCTUKA; CUCTEMH MOYJIIB;
iTeparris
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ON THE TRANSFORMATION OF REPRESENTATION OF NUMBERS
IN THE RESIDUO FROM ONE MODULE SYSTEM TO ANOTHER

Purpose. The purpose of this work is the theoretical foundation of one of the approaches to improve the effec-
tiveness of the number system in nonpositional residual classes non-modular, so-called complex operation, the reali-
zation of which requires knowledge of all the digits of operands charges. The operation consists in transformation of
the representation of one of the modules of its representation in the other system of modules. Methodology. The
tools of research methodology are the system analysis, theory of numbers, the Chinese remainder theorem. The
technique uses a representation of number as its residues, and in the polyadic code and is based on the determination
of the balance of the module based on the obtained residues on the remaining modules of the original system. Such
a determination is performed by sequentially subtracting of constants from the obtained residues of the original
number and summing of these constants to the results, which are formed by the required modules. Thus, constant at
each iteration are selected from pre-calculated tables depending on the value of the residue in the analyzed dis-
charge. The proposed method is algorithmically simple and at circuit implementation can create the computational
structures of high performance and reliability. Findings. The theoretical justification for this approach to obtain ef-
fective solutions of non-modular transformation operation in the system of residual classes for transition from repre-
sentation of the number by the one system of units to its representation by the other system of modules. Originality.
A theoretical justification of the proposed approach to the solution of a non-modular conversion operations in the
residue number system for the transition from representation of number in one system of units to its representation
in the other system of modules was proposed. This approach is appropriate to consider as one of the areas of re-
search ways to improve the computational efficiency. Practical value. It follows from the importance of the theo-
retical conclusions and results of the study. It consists in the fact that it is justified a simple and effective approach to
the problem of implementation of non-modular conversion operations in the residue number system for the transi-
tion from representation of the number in one system of units to its representation in the other system of modules.
The above mentioned solutions have a high speed and may be effective in the development of modular computing
structures for advanced information technologies.

Keywords: residual classes; number; complex operations; positional characteristic; system of modules; iteration
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K BOITPOCY OBPA3OBAHUSA KAPBU/1O0B FE;C U FE,C;
B BBICOKOXPOMUCTBIX YYT'YHAX

Hens. B wuccienoBaHuu J0DKEH ObITh IMPOBENEH aHAIN3 YCIOBHH  (opMupoBaHus, TpaHchopMaIyu
W CHCTeMaTH3alu KapOumHbIX (a3, oOpasyrommxcs B cucteme Fe — C — Cr. Meromuka. Ilepecuer comepixkaHust
3JIEMCHTOB M3 MACCOBBIX IMPOLCHTOB B aTOMAPHLIC MPOUCHTHI 1 HaO60pOT OCYIIECTBJIAJICA 1O CTaH[lapTHOfl MCTO/IUKC.
JInst BBISIBIICHHS! CTPYKTYPHBIX COCTaBIIIIOIIMX W TpaBlIeHHs KapOHMIOB NMPUMEHSUTH TpaButenb Mapbne. Mccnenosamm
yyryH 300X28H2 B nutom cocrosiHuM 6e3 TepMuUecKoii 00paboTKH 1 Hocie u3oTepMideckor Boiiepykku npu 1 050 °C
B TeueHue 4,5 yacoB ¢ nocneyromieii Hopmanuzanueil. PesyabTaTel. V3oTepMudeckie 1rarpaMMbl COCTOSIHUS CHCTEMBI
Fe — C — Cr He npemycMaTprBaroT cymiecTBoBaHms kapouna Fe;Cs, mernpoBaHHOTO XpOMOM, OIHAKO UMEIOTCS JaHHbIC
0 CYIIECTBOBAaHMH XPOMHUCTHIX KapOmmoB, comepkammx 24—37,6 % Cr, 49To mpeBpImaeT ero MaKCHMAIBHYIO
PacTBOPUMOCTh B LIEMEHTHTE, HO HEHOCTaTO4HO I (opmupoBanus Cr;Cs. AHaIM3 cozepkaHus XpoMa W yriiepona
B KapOMIHBIX (hazax, 06pa3yromumxcs B BRICOKOXPOMHCTHIX YyT'yHAX, O3BOIMII 000CHOBAThH 00pa3oBanue Kapouga Fe;Cs,
cTabmmm3upoBaHHOTO XpoMoM. OreHKa KapOumHOM (a3pl M0 XMMHYECKOMY COCTaBy B MAacCOBBIX MPOIIEHTaX HE
MO3BOJIIET JOCTaTOYHO TOYHO OIPEACIHTh OCHOBHOM KapOumooOpasyrommii snemenT. IlokasaHo, 4ro mo mepe
YBEJUYEHHS] KOHIIGHTPAIIMK XpoMa B KapOuiax, MaccoBOe Cofiep KaHue yriepoia yBenmdruBaercs. OnpezeneHsl oonactu
CyHICCTBOBAHUA Kap61/1;[03 Pas3IMYHOro TUIla B 3aBUCUMOCTH OT COACPKAHUA B HUX YIJIEpOJa U Xpoma. MakcumanbsHoe
coneprkanre xpoma B kapouze (Fe, Cr);Cs cocrasiser 44,0 %. Boigenenune JerupoBaHHOTO [IEMEHTHTA MMPOUCXOUT HA
nMeronmxcst kapounax Me;C; wim rpaHunax 3epeH, a Mpy MOBBILIEHNN CKOPOCTH OXJIAKICHUS — B 00beMe 3epHa. JTOT
TNpOLIECC SIBJISIETCSI TEPMOANHAMUYECKH HEN30SKHBIM, UTO CBS3aHO CO CHIDKEHHEM PacTBOPUMOCTH yriepoza B eppure
WM ayCTeHHUTE NPH TeMIlepaTtypax, Koraa JudQys3us Xxpoma 3aTpyAHeHa, a BO3MOXKHa TOJIBKO i dys3us yriepoaa. [Ipn
OOIBIINX KOHIIEHTpAIMIX Xpoma opmupyercs kapoun Fe;Cs, koTopsrii mo Mepe miuddy3nn xpoma TpaHcHOpMUPYETCS
B kapoun Cr;C;. Hayunast HoBu3HA. ABTOPOM TIOCTPOEHA MOJIEIb CIIONCTOTO CTPOSHUS KapOHIOB, (POPMHUPYIOIINXCS U3
xkuakoit dasel B cucteme Fe — C — Cr. [pemiokeHa npeHTUQUKAIMSA KapOUIHON (a3bl, UCXOAS M3 KOHIICHTPAINA
3JIEMEHTOB B aTOMAapHBIX INponeHTax. IlocTpoeHa Monens U3MEHEHHs COAEp)KaHMs yriieposa B KapOumax pasiMiHOro
THIIA B 3aBUCUMOCTH OT KOHIeHTparmu xpoma. IlpakTudeckast 3HaunMocTh. [IpensoxenHas cucrema Kiaccu(pHKaii
KapOWJOB U MOJIENTb X CTPOEHHMS ITO3BOJISIT ONTHMHU3UPOBATH COCTABBI YYTYHOB U PEKUMBI TEPMUUYECKOH 00pabOTKH 1St
Pa3HBIX YCIIOBUM AKCILTyaTallUH.

Kniouesvie cnosa: 4yryH, JEerMpoBaHME; KapOWABI JKele3a, XPOMHCTbIe KapOWIbI, CTPYKTypa; CHCTEMaTH3aLus

BBenenne CTaB KapOHIIOB 3aBUCHT OT OOILETO COACPKaAHHS
XpoMa B YyTyHE, a TaK )K€ OT KOJIWYECTBA JPYTUX
KapOumooOpasyommx s1eMeHToB [12, 22]. Bius-
HUE XpoMa Ha Ipolecchl 00pa3oBaHMs KapOHIOB
KeJie3a 3ydeHbl HeJJOCTaTOYHO.

[poueccel 00pa3oBaHMss KapOHWIOB B BBICOKO-
XPOMHCTBIX YyTryHaX OKa3bIBaIOT OOJIBIIOE BIIHS-
HHE Ha WX M3HOCOCTOMKOCTE [3, 21, 23], a Takxke
Ha oOpabareiBaeMocTh pe3anueM [13]. Tum u co-
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[lpuHsITO CYMUTATh, YTO B BBICOKOXPOMHCTBIX
YyryHax, B 3aBUCHMOCTH OT COOTHOILIEHHS XpOMa
u yruepoaa, ¢opmupyerca kapouasl CrysCe
u Cr;Cs, a taxxe nementur FesC.

B Hacrosmiee BpeMsi OTCYTCTBYET €INHOE MHE-
HHE O PacTBOPUMOCTH XpoMa B IieMeHTHTE. Pac-
TBOPUMOCTh XpOMa B IEMEHTHTE, M0 MHEHHIO [5,
18] mocturaer 20 macc. %. ABropamu [8] ormeua-
eTcs, YTO B IIEMEHTUTE MOXET PacTBOPSATHCS IO
18 % (ar.) Cr, uto cootBercTByeT 21,18 macc. %.

B 10 ke Bpems B pabote [2] oTmeuaercs, 4TO
pu 00IIeM COJIepIKaHuu XpoMa B uyryHe 10 9,5 %
kapOuaHas Qasa mpejcraBiieHa IIEMEHTUTOM. [Ipu
yBeNMUYEHHH cojepxanus Xxpoma ot 9,5 mo 12,5 %
neneOypuT TOCTENEHHO 3aMellaeTcs ayCTeHUTO-
XPOMHCTO-KapOUIHON IBTEKTHKOW, COCTOSIIEH W3
kapounos (Cr,Fe);Cs. TIpu 12 % Cr B uyryHe ero
cojlepkaHne B ayCTCHHUTE COCTABIILIO okoio 7 %,
B 1ieMeHTuTe — 18 %, a B XpOMHUCTBIX KapOugax —
okoso 24 %. Ilpu yBenudeHUH OOLIETO coaeprKa-
Hust xpoma 10 29 % ero comepkaHue B KapOumax
YBEIUIHIIOCH 10 52 %.

Taxkum 006pa3oM, BO3HHKAET BOMPOC O TOM, UTO
TIPEJICTaBIIIET COO0H (pa3za — «XpOMHCThIE KapOu-
Iel», comepxamas 24 % Xpoma, HaxOIsIIascs
B ()a30BOM paBHOBECHHU C LIEMEHTUTOM, COZAEpKa-
M 18 % xpoma.

Muorumu ucciemosarensamu [3—5, 19, 20, 23]
npuHsaTo, uto B Kapbume Cr;C; pactBopsieTcs
30-50 % Fe, a B Cry3Cs — mo 35 % Fe, a dakr cy-
mectBoBaHus kapouma Fe;Cs, nmermpoBaHHOTO
xpomoM B cucteme Fe — C — Cr, He oTMedaeTcs.

B pa6otax [6, 8] ormeuaercs dakT mpaktuye-
CKOTO M TEOPETHUYECKOTO CYIIECTBOBAHUS KapOuaa
Fe,C; B cucreme Fe — C.

VYuureiBas 10, uto Fe u Cr oOpa3yrT Hempe-
PBIBHBIC DsIbl TBEPABIX pPacTBOPOB, YTBEPK-
JeHue o ToM, 4to B kapbume Cr;C; pacTBopsiercs
30-50 % Fe, BeI3bIBaeT comHeHus. Ilo AaHHBIM
[10, 11], makcuManpHash PacTBOPHUMOCTH JKeJe3a
B kap6une (Cr,Fe);C; cocraBnsier 55 %.

Asropamu [11] ormeuaercs, uro B cucteme Fe
— C — Cr npucyrcrBoBanu kapounsr (Cr,Fe);Cs,
B KOTOPBIX B PABHOBECHH C 0i- TBEP/BIM PACTBOPOM
¢ 6,5 % Cr gBa aroma xpoma OBLIM 3aMEIICHBI
IBYMsI aToMaMH jKeje3a, a B PaBHOBECHH C O-
TBepabM pactBopoM ¢ 0,75 % Cr 3amemanucey ue-
Thipe atoma xpoma. KapOumnas ¢aza CrsFe,Cs
conepxama 63,8 % Cr, 27,3 % Fe u 8,9 % C,
a CraFe,C3 - 37,6 % Cr, 53,8 % Fe u 8,8 % C.

TakuM 00pa3zoM, MMeeTCs MPOTUBOpEUHe, 3a-
KJIIoYaromieecss B TOM, KaKk HICHTU(PHUIHUPOBATH
a3y CrsFe,Cs. Mcxons w3 comepaHusi jkenesa
1 Xpoma 3To Kapou xene3a Fe;Cs, nerupoBaHHbII
XPOMOM.

Astopamu [8] OblTa paccMOTpeHa OpTOPOMOH-
gyeckas CTpyKkTypa kapounos Fe;C; u Cr;Cs, c aie-
MeHTapHOU sueiikoir n3 40 aTOMOB, TOJTyYHBIIAS
IKCTIIEpUMEHTaNIbHOE TOATBEpXkIeHHe. [lapamMeTphl
peuetku kapouma Fe;Cs cocraswu: a — 0,454; b —
0,689; c — 1,191A. Hnsa xapouna Cr;Cs: a — 0,453;
b-0,701; ¢ — 1,214 A. Vcranosinero, 4to sHeprus
obpazoBanusi Fe;C; (+ 0,058 sB/atom) sBusercs
MOJIOXKHUTEIILHOW ~ BETHYUHON,  HE3HAYUTENIBHO
MeHblei, uem y Fe;C (+ 0,07 sB/atom). s kap-
ouna CrsC co CTpyKTypod IIEMEHTUTa SHEpPTHUs
obpasoBanus paBHa — 0,07 sB/atom. [IpoBeneHHbIC
pacdeTsl TOKa3ajad, 4To 0O0pa3oBaHHe KapOWIOB
Cr3Cy, Cr;Cs m Crp3Cs (ux sHEprum 00pa3oBaHUs
nonyuensl B npezenax ot —0,12 no —0,23 3B/aTom)
SIBIISIFOTCS O0Jiee MPEANOUTUTEIBHBIMU TI0 CPaBHE-
Huto ¢ MeractabunbHbIM Cr3C. Takum oGpazom,
3aMellleHre aTOMOB JKelle3a Ha aTOMbI XpOMa CHU-
JKaeT DHEPruio 00pa3oBaHUs KapOHIOB Kee3a JI0
OTPHIIATENHFHBIX BEJIHYHH, IPU 3TOM 00pa3oBaHUE
(Cr, Fe);Cs sBnseTcs sHepreTwuecku Oojee BBI-
TOIHBIM TMpPHU BBICOKOM COJEPYKAHWU XpOMa, 4YTO
obbsicusier Tpanchopmanuto (Fe, Cr);C — (Cr,

FE)7C3 — Cr;Ca.
B cBs3u ¢ TeM, uto B pabote [14] ormeuaeTcs
oOpa3oBanne KapOWIHBIX (a3, CcoAepIKaIINX

31,3-36,9 % u 35,3-48,5 % Cr B uyrynax 06e3
TEpMHUYECKOW 00paboTKH ¢ OOIIMM CcollepKaHUEM
11,5 % u 21,7 % Cr cooTBeTCTBEHHO, TpaHCHOp-
Manus KapOumaHOH (a3bl, pacCMOTpeHHas aBTOpa-
MU [8], He TOIHOCTBIO XapaKTepU3yeT 3TOT IMPO-
1ecc.

Ha ocHOBaHMY BBIIICH3I0KEHHOTO MOKHO CJie-
JIaTh 3aKJIIOYEeHUE O ToM, uto kapouy Fe;Cs, neru-
POBAaHHBIH XPOMOM, MMEIOIIMIA OTPHLATEIBHYIO
SHEPTUI0 00pa30BaHUs, HAXOJHUTCS B PSAAY TpPaHC-
dopmarmit mexy (Fe, Cr);C u (Cr, Fe);Cs. ITonHas
Tpancdopmarms KapouaHoi ¢aser umeer Bun (Fe,
Cr)3C — (Fe, Cr)7C3 — (Cr, FE)7C3—> Cr,Cs.

MaccoBsle OTHOLIEHHS 3JICMEHTOB B KapOumax
HE TO3BOJISIIOT OJHO3HAYHO WJICHTH(UIIMPOBATD
kapOuanele ¢aszpl. [lodToMy wuIeHTH(UKALHIO
KapOHIOB HEOOXOIMMO TPOU3BOJUTH HMCXOMS
U3 TOTrO, KakKOro JJIEMEHTa COAepXKHTCA Oolee
50 at. % ot oOmero komuyecTBa KapOumooOpa-
3YIOIIMX METAIJIOB.
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Jlo HacTosero BpeMEHU OTCYTCTBYET IOJIHAS
cucreMaru3anus KapOuIHBIX a3, QGopMupyro-
muxcs B cucteMme Fe — C —Cr.

Hean

Ilenms paboTHI 3aKITFOYAIach B aHAIM3E yCIOBUI
¢dopmupoBaHus, TpaHchopMalMd U CHCTEMaTH3a-
U KapOugHBIX (ha3, oOpa3yIOMIMXCS B CHCTEME
Fe-C-Cr.

MeTtoanka

Uccnenosanu kapOuapl, oOpasyromuecs B dy-
ryne 300X28H2 B nutoM cocTossHUU 0e3 TepMuyde-
CKOi 00paboTKM M TOCie H30TEPMUYECKOW BBI-
nepxku nipu 1 050 °C B Teuenue 4,5 yacoB u mo-
cneayromed  HopMmanmuzaimu. JIA  BBISBICHHS
CTPYKTYPHBIX COCTABJSIFOIUX W TPABJICHUS KapOu-
JIOB TIPUMCHSUIH TpaBUTeNb Mapbie. XuMUUecKuit
COCTaB KapOUJIOB U METAJUTUYCCKOW OCHOBBI OMpe-
nenstin Ha mMukpockonie PEM 106U B stokanbHBIX
TOYKaX.

[epecueT comepxaHusi dIEMEHTOB U3 Macc. %
B ar. % 1 HA00OPOT OCYLIECTRIISIICS MO CTAaHAAPT-
HOM MeTojuKe. IlorpemHocTs BBIUMCICHUM, 3a
CYET OKPYIJICHWH aTOMHBIX MAacC JJIEMEHTOB, HE
npesbimrana 0,3 %.

KonnuecTBo aTOMOB B 3JIEMEHTapHOU pEIIETKE
6bUTO0 MpHUHATO MO AaHHbBIM [1, 2, 7, 15, 17] u co-
craBwio i kapoumoB Me;C -16, Me;C; — 40,
M623C6 -116n M63C2 —20 aToMoOB.

Pe3yabTaTthl

Oo6pazoBanue kapOuIHOH (ha3bl B BBICOKOXPO-
MUCTBIX YYT'yYHaX MPOUCXOIUT B pe3ylbTaTe CHU-
KEHUSI PACTBOPUMOCTH YIJepoJia Kak B JKUJIKOM,
TaK ¥ TBEPJOM COCTOSHHUHU. YTIEpOJ sSIBISETCS pe-
TYJISTOPOM KOJIMYECTBA KapOWIOB, a COJEpKAHUC
xpoMa (KapOHmI000pasyromMX SIEMEHTOB) OIpe-
JensieT TUN KapOuaa u ero Mopdonoruio. B cuc-
teme Fe — C — Cr BeiieneHue kapOuoB U3 WKUAKOH
(da3pl HAOMIOJAETCS KaK B 3a9BTCKTUYECKUX, TaK
U JIODBTEKTUYECKHUX 4YyTryHax. B 3Toi cucreme
NPOUCXOAAT TEPUTEKTHYECKHE HOHBAapHAHTHBIC
MPEBPAICHUSA. TPH B KUIKOM COCTOSHHHM M JBa
B TBEPJIOM.

[Tpu paccMoTpeHHH MPOEeccoB POPMUPOBAHHUS
KapOWJIOB CIEeIyeT YYHUTHIBATh KOHIICHTPAIUIO
2JeMEeHTOB M Au( G y3HOHHBIE BO3MOKHOCTH aTo-
MOB yrJjiepoJila ¥ XpoMa HIpU COOTBETCTBYIOIINX

TeMmIieparypax; KOJIUYECTBO aTOMOB, 00pa3yoNIHx
AIIEMEHTAPHYI0 KPUCTAJUTMUECKYI0 PEUIeTKY Kap-
OUIOB; a TaKKe MEPEMEHHYIO PACTBOPUMOCTH Ke-
ne3a B KapOuaax Xpoma, 3aBUCSIYI0 OT TeMIlepa-
TypsI [17].

CocraBbl kapOHIOB B aT. % M COOTBETCTBYIO-
mmx mMacc. %, He coiepKalluX pacTBOPEHHBIX Me-
TaJJIOB, a Takke mpu KoHmeHntpauuu Cr 50 ar. %
U MakcuManbHOW pactBopuMoctu Cr u Fe, ¢ yka-
3aHMEM KOJMYECTBa aTOMOB, IPEACTABIICHBI
B Tabm. 1.

Ta6nunma 1

CocTtaBbl kapouaoB B aT. % u macc. %0
¢ pa3HOH KOHUEHTPalLUel XpoMa u xkeJjie3a

Table 1

Composition of carbides in at. % and mass %
with different concentrations of chromium and iron

Tun xapbuna Onement / Coneprxanue

KOIL aToMOB | oo | o or

FesC Cl4a 25 6,69

Fe/12a 75 93,31

(Fe,Cr)sC Cl4a 25 6,79

Cr-18 ar. % Cr 18 21,18

Fe 57 72,03

CrC Cl4a 25 7,15

Cr/12a 75 92,85

CriC C/12a 30 9,01

Cr/28a 70 90,99

Fe,Cs C/3a 30 8,44

Fe/7a 70 91,56

(Cr,Fe);Cs C/12a 30 8,82

Fe-30mace. % | 1/ 10 475 | 6044

Fe /9 225 | 30,75

(Cr,Fe):Cs C/12a 30 8,71

Fe-S0mace. % | 1) 14 35 44,01

Fe/l4a 35 47,27

(Cr,Fe);Cs C/12a 30 8,69

Fe-SSmace. % | crj13a | 325 | 4077

Fe/15a 375 | 50,53
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Oxonyanue taba. 1

End of table 1

Tun xapOuna Onement / Copnepxanue
KOJI. aTOMOB ar. % Mace. %

CrasCo C/24a 20,68 | 5,68
Crigza | 7932 | 9432
(Cr,Fe)»sCs C/24a 20,68 | 555
Fe-35mace. % | 1 60a | 5174 | 60,07
Fe/32a | 2758 | 34,39
CrC; C/8a 40 13,34
Cr/12a 60 86,66
(Cr,Fe)sCs C/8a 40 13,20
Fe-1Smace.% | - /90, 50 71,45
Fe/2a 10 15,35

Amnanu3 ta0i. 1 mokaspIBaeT, 4TO 3aMelleHHE
aTOMOB OCHOBHOTO KapOHI000pa3yromiero siie-
MEHTa aTOMaMH JPYTHX METaUIOB HM3MEHSET HUX
MacCOBOE COOTHOIIECHHE, YTO CBS3aHO C Pa3IHyH-
€M B aTOMHBIX Becax 3THX 3JieMeHTOB. [Ipu oau-
HAKOBOM KOJIMYECTBE aTOMOB JKejie3a M Xpoma
(paBHOaTOMHAst KOHIEHTpamusa) B kapoune Me;Cs
coJlep’KaHUE XpOMa MEHBIIEC 4YeM JKeje3a M CO-
crasiisier 44,01 u 47,27 mac. % COOTBETCTBEHHO.
CrnenoBatensHo, kapounsl Me;Cs, cogepxamniue 10
44,0 macc. % Cr, uaeHTHROUITUPYIOTCS KaK KapOou-
1e1 xenesa (Fe, Cr);Cs, a comeprkarine XpoM CBBI-
1ie 3Toro konudyecrna — kak (Cr, Fe);C.

YuuteBas 10, uro Kapoumasie (azer CryCe —
Mn,3Ce u Cr;C3 — Mn;C3 uzomopdhHs! 1 00pa3yroT
HETpepBIBHBIC PSIIBI TBEPABIX pacTBopoB [17],
a TaKke OJIU30CTh MAPaMETPOB PEIICTOK KapOHIOB
Cr;C; u Fe;C; u cBoiicTBa TBEpABIX PaCTBOPOB
B cucteme Fe — Cr, MOXXHO TIPEIIOIOKUTH CYyIIIe-
CTBOBaHHME HEMPEPBIBHOTO psJa TBEPIABIX PACTBO-
poB kapounoB Fe;C; — Cr;C; ¢ opropoMOudeckoit
PpELIETKOM.

IIpu pacTBOpeHMH Kele3a B KapOugax Xpoma
colepKaHHe yriepoaa B HUX CHIDKaercs. Tak,
B kapoune Cr;C; cozepkaHue yriepoja CHUXKAeT-
csa ¢ 9,01 macc. % n0 8,44 npu mosHOM 3amelnie-
HUU XpoMa, a B kapoume Cr3Ce — ¢ 5,68 macce. %
o 5,55 mpu pactBopumoctH xenmeza 35 mace. %.
Takum oOpa3om, Juisi 00Opa3oBaHUsl KapOHIIOB, CO-
JepKanux OOJNBINOE KOJMYECTBO XKeme3a, TpeOy-
FOTCS MEHbIIHE (DIYKTyalllH yrjiepoja, YTO UMEeT
0oJbIIOE 3HAYCHUE MTPH OBICTPOM OXJIXKIACHUH.

bricTpoe oxmaxkaeHue crmocoOCTByeT (Gopmu-
POBaHHIO METAacTaOMIBHBIX CTPYKTYp, B TOM YHCIIE
KapOMI0B, KOTOPBIE NPW MOCIEAYIOIIeH TepMuye-
cKoil 00paboTke TpaHCPOPMUPYIOTCS B KapOWIHI,
obOnmagaromnyie MEHBIIMM yPOBHEM CBOOOITHOM
SHEPTUH.

Kap6un Cry3Cs oTamuaeTcst HU3KOW CIIOCOOHO-
CTBIO K KPHUCTAJUIN3ALNH, TIOATOMY IIPH OBICTPOM
oxnaxaeHun obpasyercs kapouna Cr;Cs [7]. ABro-
pom [1, 9] orMmeuaercsi, 9TO Mpu OBICTPOM OXJIAK-
neHnn oOpasyercss MeTacTaOWIBHBIH  KapOwn
Cr;Cs, a npu memiaeHHOM — Cr3Cg, 3TO CBHIIETEIIb-
CTBYET O TOM, YTO KOOpIAHMHALMS aTOMOB Xpoma
W yriiepoAa B paciuiaBe ONike K KOOpPIUHAIIWH,
cymectBytomeit y kapomma Cr;Cs, gem y CrysCe.
C 3TUM yTBEPKICHUEM TPYAHO COTJIACHUTHCS, TO-
TOMY 9TO A1 0OpazoBanus kapouma Cr;C; tpeOy-
etcs cootnomenne Cr/C pasnoe 2,33, a st CrysCo
— 3,83. Takum oOpa3zom, mnst obpazoBanus Cr;Cs
TpeOyeTcss MeHbIIast (PIIYKTyalus XpoMa, a YUUThI-
Basg ToT ¢akt, uro kapounm Cr;Cs MOXKeT pacTBO-
PATH JKee30 B KoJaudecTBax 00ibmmx, deM Cry3Ce
obpazosanue kapouna (Cr, Fe);Cs, ¢ yuerom Tep-
MOKHHETHYECKHUX (aKkTOpoB 0Ooiiee BEPOSITHO
W COBCEM HE CBS3aHO C KOOpAHWHAIWEH aTOMOB
B paciutaBe. @nykTyanus yriieposia B JaHHOM CITy-
Yyae He SBISETCS ONpeAessromuM (GakTopoM, Mo-
TOMY YTO B JKHJKOM pacIlaBeé BO3MOXKHO 00pa3o-
BaHHE CBOOOHOTO yTrieposa.

ITo cooTHOLIEHHIO YIIIEpoa K XpOMYy KapOHu bl
pacronaraloTcsi B CIEIyroIed MociIeI0BaTebHO-
cti. Me;Cs, MesC, m Mep3Cs. B pocThix mmudpax
3TOT psia cocrarisger 2 — 3 — 4. COOTBETCTBEHHO
st oOpazoBanus Me;C; TpeOyercss MeHbIIas
baykTyanmus —KapOUA000pa3yromero 3JIeMeHTa,
a 1t Mep3Cg — MakcHUMaJIbHAas.

Astopamu [8] oTmeuaercs, 4To MeTogaMu Obl-
CTpO#1 3aKaJKH MMOJYYeH METacTaOWIBLHBIA KapOu
Cr3C co cTpyKTypo# IIeMEHTHTA.

XYMUYECKHIA COCTaB U TUIT KapOUIOB XapaKTe-
PEeH Ui KOHKPETHOTO COCTaBa YyTyHa M 3aBHCHUT
oTr MHOrux ¢akropoB. OOpa3oBaHHe KapOHIOB
HocuT auddysnonnsiit xapakrep. [loaromy xumu-
YEeCKHl COCTaB W THUN KapOHUIOB 3aBUCHUT OT BIIUS-
HUS TEPMOKHHETHYECKHUX (CKOpOCTh Iu(GQy3uu,
CTENEeHb CTPYKTYpHOW M XUMHYECKOH OIHM30CTH
UCXOJHOW M oOpasyromieiics (a3) U TepMOoIHMHA-
MUYECKUX (DakTOpoB (OTKIOHEHHE OT paBHOBe-
CHs), Ha KOTOpPBIC OKa3bIBAIOT BIUSHHE JICTHPYIO-
K€ DJIEMEHTHI.
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V3menenne conepkanue yriepoaa B Kapoumax
B 3aBHCHMOCTH OT COJCP)KaHHS XpoMma MpeiCTaB-
JieHo Ha puc. 1.

14

(Cl‘._FE':IaC:

13

12

11

10

(FE._CI‘)';C3 (Cl‘._Ft‘)';C;{

Fe3C

Copaep:xkanue C, macc.%
p¥=]

5 (Cl"._ FE)I3C6
0 20 40 60 80 100
Conep:xanune Cr, macc.%

Puc. 1. Cogeprxanue yriepoaa B kKapoumgax
B 3aBHCHMOCTH OT THIIa KapOuaa
1 KOHIICHTpAalu1u XpomMa

Fig. 1. Carbon content in carbides depending
on the carbide type and chromium concentration

Ha ocHoBanum nuTEepaTypHBIX AAHHBIX M 3HA-
yeHuid Tab.1 mocTpoeHbl 00JIaCTH CYIIECTBOBAHUS
KapOuaoB, 00pa3yIOMHUXCS B BBICOKOXPOMHCTHIX
uyyryHax (puc. 2).

=\= 100
3
g 2 FesC
E
ﬁ % Fe7Cs
s
——
= S CriCs —
g
2 - Cr23Cs
S|
g CriCz
@)
0 20 40 60 80 100

Copepxanne Cr, macc.%

Puc. 2. O6nactu cyniecTBOBaHHS KapOHUIOB
B 3aBUCUMOCTH OT cojepxkanus B Hux C, Fe u Cr

Fig. 2. Areas of carbide existence depending
on C, Fe and Cr content in them

s obpazoBanms kapomma MeyCg TpeOyercs
MUHHMAJbHAS KOHIEHTpalMWsl Yriepojaa, a Juls
Me;C, — makcumanbHas. [loaromy kapounm Me,3Ce
oOpasyercss B CIJlaBax C HU3KHUM COJEpKAHUEM
yriaepona u OoJbIINM coaepkaHueM xpoma. Kap-
OuIpl XpoMa HMMEIOT Pa3HyI0 TeMIeparypy pac-
TBOpEHHs B TBEPAOM pacTtBope. ABTOpoM [5] oT-
Meuaercs, yto npu Harpese Ha 1 100 °C kapOun
Cry3Cs mosHOCTBIO pacTBOpsieTcs, Torna kak CryCs
COXpaHsieTCsl W SIBJSIETCS €AMHCTBEHHBIM Hepac-
TBOpUMBEIM KapougoM. Kapouner MesC pactBops-
I0TCSI IPY HarpeBe BBIIIE TEMIEepaTyphl o — Y Ipe-
BpAlLCHUS! WX IPH TOBBIIIEHUH PAaCTBOPUMOCTH
yriepoza B o— dase.

B cmmaBax Fe — C — Cr [11], comepskammx 10
1 % C, u3 xuakoii ¢a3pl MPEUMYIIECTBEHHO BBI-
nenstoTest kKapouasl MeysCs, a BblesieHHE Kapou-
moB Me;C; m MesC HabmomaeTcss W3 TBEPIOTO
pacTBOopa B Ipoliecce OXJIaXIeHWs. B cruaBe
¢ 1 % C Beigenenue kapounoB Me;Cs U3 paciiaBa
HabOmogaercs npu coxaepkanuu xpoma 10-20 %
u 6onee 30 %. B uHTEpBaNe KOHIICHTpAIUHA XpoMa
20-25 % w3 pacmiaBa BBLIENAIOTCS KapOHIBI
Cry3Cs, a mpu 25—30 % — kpucTamisl Y — u o — ¢a-
36l. B cmiaBax, comepkamux 2—4 % C u 13-25 %
Cr, U3 KHIKOTO pacIuiaBa BBLACISIOTCS KapOHIIbI
Cr;Cs, a npu OXJaXxIEeHUH M3 TBEPAOTO PAaCTBOpA
BBIACIIAIOTCS KapOuasl Mey3Cs, Me;Cz 1 MesC.
Crnenyer OTMETUTb, YTO MPH COJEPKAHUH B UYTY-
He 25 % Cr mepBoHavanbHO B paciuiaBe Gopmu-
pytorcst kapounael CryCs, KOTOpPBIE NP OXJIaXKAE-
HAW paciuiaBa TpaHCHOPMHPYIOTCS B KapOWIbI
Me;C;3; Mo MeXaHU3My MEPUTEKTHYECKOTO IpeBpa-
menus. [Ipu nanpHelineM oxyaXIEHWU U3 TBEP-
JTIOTO pacTBOpPa BBIAEIIOTCS KapOumabl Me3Ce.

OTO CBSI3aHO C TeM, YTO NpH (HOPMHUPOBAHHUH
kapOuna Me;C; mpoucxoauT 3HaYUTeIbHOE 00€e.-
HEHHE METANIMYECKOH OCHOBBI YIJIEpOJOM H CO-
orromienne Cr/C moBsIaeTes, 4To CrocoOCTBYeET
¢dopmupoBanmio kapoumoB CrCe.

ITo mauubM [9], o6pazoBanue Cr;C, HaunHaeT-
cs ipu Temmeparypax 1 150-1 200 °C u mmer ye-
pe3 obpazoBaHMe HU3LINX KapOWAOB, NMPH 3TOM
onHoda3HbIi kKapoun odpazyercs npu 1 500—1 600
°C. Takum ob6pasom, mist oopasosanus CrsC, Tpe-
Oyercst Oonpias GIyKTyanus yriepoia U Xpoma,
MO3TOMY €ro oOpa3oBaHHE BO3MOXKHO TOJBKO
B TpOLIECCEe U30TEPMUUECKON BBIICPIKKH IPU TEM-
meparypax, obecreunBaromux Oonpiryo auddy-
3MOHHYIO CIOCOOHOCTH XpOMa.
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Ilpm paccMOTpeHMH TIPOIECCOB BBIACTICHUS
u (opmupoBaHUs KapOUIHON (asel criemyer ydu-
TBIBaTh, YTO B MpOIECCe KPUCTAIIM3ALNN U OXJIa-
JKIICHUSI YyTYHOB, KapOugHas (a3za sBiseTcsl Be-
OyIiei, a MeTaudeckass OCHOBa (OpMHUpyeTcs
B 3aBUCHMOCTH OT THIIa ¥ KOJIMYeCTBa 00pa3oBaB-
MIUXCS KapOWIOB, 4YTO CBSI3aHO CO CHIDKCHHEM
CBOOOTHOW 2HEPTUH CUCTEMBI. [Ipy 3TOM Temme-
paTypa W KOHIEHTpamus KapOuaoo0pa3yonmx
3JIEMEHTOB B METAJUIMYECKOH OCHOBE, U3 KOTOPOM
BBIZICIISIOTCS KapOUJIBI, TAK JKE OTMPENeNseT UX THIT
u coctaB. To ecTp, B mporecce oOpa3oBaHus Kap-
OugHOM (ha3el B MepBOHAYAIBHBIA MOMEHT (OPMU-
pyercss OOMH TUN KapOupaa, a 3aTeM BCJIEICTBHE
00eTHEeHHsST METAJUINYECKOH OCHOBBI MPOHCXOIHT
oOpazoBanue KapOWUZOB JPYyroro XHUMHYECKOTO
cocTaBa M Jaxe Tuma. Mojenb CIOMCTBHIX KapOu-
JIOB MPEJCTaBJICHA Ha pHC. 3.

(Fe,Cr),C; (Cr,Fe),C; (Fe,Cr);C

Puc. 3. Cxema cTpoeHuUs CIIORCTOro Kapouma
Fig. 3. Structural scheme of the laminated carbide

B uyrynax, seruposanubix Cr, Mn, Ni u Si,
B TIpollecce MEPBUYHONW KPHCTAIUIM3AIUK 00pasy-
I0TCSL KapOHIbI CJI0KHOTO COCTaBa, 4TO CBSI3aHO C
X GOPMHUPOBAHUEM B KUAKOH (haze MpU BBHICOKOM
TeMIiepaType u OBICTPBIM (PPOHTOM KPHUCTAILIN3a-
uun [2, 14]. B cocTaB XpOMHCTBIX KapOUIOB BXO-
a1 Mn, Ni u Si, xoTopsie B mporecce oxiaxe-
HUS 3aMEIAlTCS aTOMaMH XpOMa, 00JaJarolero
OoNbIIMM CPOJCTBOM K yriepoay. IIpomecc 3ame-
IIEHHsI aTOMOB MeTaJlla B KapOumax onpeaensercs
HE TOJIbKO CPOJICTBOM 3JIEMEHTAa K YIJIEPOAYy, HO
W ero KoHmeHTparueii B ciuiae [14]. B mpomecce
nzorepmuueckoit Beiepkku mpu 1050 °C mpo-
M30IIUT0 00pa30BaHUE PABHOBECHBIX (a3, UTO BbI-
3BaJIO TIPe0Opa3OBaHME CIOUCTHIX KapOUIOB B MO-
HOKapOub! (puc. 4).

x1.50k

Puc. 4. Tpancdopmanus cioucroro kapouaa B
monokap6us (Cr, Fe);Cs B uyryne 300X28H2:
a — cnoucteie Kapoussl; 6 — kapoun (Cr, Fe);Cs
C y4aCTKaMU ayCTCHUTA
Fig. 4. Transformation of the laminated carbide into the
monocarbide (Cr, Fe);Cz in the cast iron 300X28H2:

a — laminated carbides; b — carbide (Cr, Fe);C3
with austenite zones

B mporiecce TpaBiIeHUSI TIOBEPXHOCTHBIC CIIOH
KapOHJa C MEHBIIMM COJACPKAHHEM Xpoma pac-
TpaBnuBaaKch (puc. 4, a). ITO CBA3AHO C TEM, YTO
kapoun (Fe, Cr);C He obnamaer HOCTaTOYHON XU-
MHUUecKo# croiikocTeio [15]. B mpomecce uzotep-
muueckoit Beraepkku npu 1 050 °C B teuenue 4,5
4acoB M MOCIEIYIONe HopMalih3aluen coaepxa-
HHE XpoMa B MOBEPXHOCTHBIX CIIOAX KapOuma Io-
BBICHJIOCH, YTO YCTPaHWJIO TpaBJCHUE KapOujaa
(puc. 4, 6). TlosiBiIeHHE yY4aCTKOB ayCTEHUTA BHYT-
pu xkapOuma (puc. 4, 6) MOATBEPKIAET IPOTEKAHUE
tpanchopmanuu kapouna (Fe, Cr);C; B kxapbun
(Cr, Fe);C3 mo mexanusmy, onmcanHomy B [14].
Coneprxanrue Xpoma B IIEHTPAIBHBIX 30HaX KapOu-
Jia oBBIcHIIOCH ¢ 62,7 mo 67,8 %. B marpune ay-
ryna 300X28H2, B mpomecce HOpMalu3aluu

HAOJIONANOCh  BBIICICHHUE — METKOJHCIIEPCHBIX
kapounos FesC, comepxammx 17,3-21,5 % Cr
(puc. 4, 0).

B mponecce Tepmudeckoil 00paboTku cucrema
CTPEMUTCS] K MUHUMYMY CBOOOZHOM SHEPTuH, 4TO
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BBI3BIBACT 3aMEICHHE aTOMOB clalbIX KapOumo-
00pa3yIomuX 3JIeMEHTOB, Ha aTOMBI JJIEMEHTOB,
oOmagaromx OOJIBIINM CPOJICTBOM K YTIIEPOAY,
YTO NPOSIBISAETCS B M3MEHEHHU HE TOJIBKO XHMMHU-
YEeCKOI'o cocTaBa KapOuza, HO U €ro THIIA.

ABTopoM [2] oTMeuaeTcsi, YTO LIEMEHTHT OIH-
CBIBAaeTCA KaK POMOMYECKH HCKaKEHHBIA yTops-
JOYEeHHBI pacTBOp yriepoaa B y— Fe, cienosa-
TEJBbHO, Ui 00pa3oBaHMs JETUPOBAHHOIO LIEMEH-
TUTa HeoOXoauMa TONbKO auddy3us yriepoaa.
[TosTOMYy mnpH HH3KHX TEMIIEpaTypax, a TakKxKe
B YCIIOBHUSIX OBICTPOTO OXJIaXIeHHs, Koraa quddy-
3MOHHBIE TIPOLIECCHI 3aMEIJISIOTCS, M BO3MOXKHA
tonbko nuddysus yriepona, obpa3yrTcs Kapou-
61 MesC, comeprkamue aTOMBI JKeJie3a U JAPYTUX
METaJJIOB B KOJMYECTBAX, COOTBETCTBYIOLIMX HX
KOHIICHTPAIlM B METaJUTMYECKOil ocHoBe (aycre-
HUTE).

B uyryne 28X32H3® mocne aycreHH3aluu
npu 950 u 1050 °C u n30TepMHUYECKOIl BBIICPKKH
mpu 350 °C B TeueHnn 3 4acOB OCTATOYHBIA ay-
CTEHHUT TIpEeTepIIeBacT pacmaa Ha Qepput, Kapoum
xpoma Cr7C; u uementut Fe;C [16].

OTO MOATBEPXKIACT TO, YTO B 00JACTH TeMIle-
paTyp, Ipu KOTOPBIX MPOUCXOTUT AU IY3UT XPo-
Ma, obpasyroTcs KapOUIsl XpoMa, a 1Mo Mepe CHH-
JKEHUsl TeMIIEpaTyphl, Korna nuddys3us xpoMa 3a-
TpyIHEHA WM HEBO3MOXKHA, 00pa3yroTcs KapOw bl
Fe;Cs umu FesC, nerupoBaHHbIE XPOMOM.

Haquaﬂ HOBHU3HA U MPaKTHYECCKas
3HAYUMOCTDH

IlocTpoeHa Mojenb CIOMCTOTO CTPOSHHS Kap-
61108, (hopMHUPYIOLIUXCS U3 KUIKOM (hasbl B cuc-
teme Fe — C — Cr. IlpeanoxxeHa uaeHTU(OUKALINS
KapOuaHOH (haspl, HCXOAsSI W3 KOHIICHTPAITMH dJIe-
MEHTOB B aTOMapHBIX TpoueHTax. [loctpoeHa mo-
JeTTb U3MEHEHUS CONlepKaHusl yriepoaa B KapOu-
JlaX Pa3IMyHOTO THIA B 3aBHCHUMOCTH OT KOHIICH-
TpaLuH XpoMma.

[Ipeanoxennas cucremMa KiaccupuKanuu Kap-
OMIOB W MOJIENh MX CTPOSHUS IMO3BOIISAT ONTHMHU-
3MpPOBATh COCTaBbl YYTYHOB M PEXHUMBI TepMHUe-
CKOI1 00pabOTKM A7 pa3HBIX YCIOBHUN 3KCIUTyaTa-
UH.
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JO IMTAHHSA YTBOPEHHSA KAPBIJAIB FE;C TA FE;C;
Y BUCOKOXPOMUCTHUX HABYHAX

Merta. Y jocnmipkeHHI TMOBHHEH OyTH TIpoBeleHHM aHaii3 yMoB (GopMmyBaHHs, TpaHchopMmalii Ta
cucremartu3auii kapoinHux (a3, mo yTrBoproloThcs B cuctemi Fe — C — Cr. Meronuka. IlepeBeneHHsi BMICTy
€JIEMEHTIB 13 MAcOBHX BIiZICOTKIB Y aTOMHI BiJJCOTKHM Ta HaBIAaKd BUKOHYBAJIM 33 CTaHAAPTHOK METOAWKO. [liist
BUSIBJICHHSI CTPYKTYPHHUX CKJIaJIOBUX Ta TPaBJIeHHS KapOijiB 3aCTOCOBYBaiM po3unH Mapb6ue. [ocmiKkyBanu yaByH
300X28H2 B crani smTBa 6e3 TepmiuHOi 00poOKHU Ta micis i3oTepMidnoi BuTpuMku npu 1050 °C nporsirom 4,5
TOJMH i3 HAacTyNHOI0 HopMaimizanieto. PesyabraTn. [30Tepmiuni nmiarpamu crany cuctemu Fe — C — Cr He
nepenbavyaloTh icHyBaHHS KapOimy Fe;Cs, seroBanoro XpomoM, aje iCHYIOTb CTBEPKEHHS IO ICHYBaHHS
XpOMHUCTHX KapOiniB, ski wmictsate 24...37,6 % XpoMmy, IIO MEpeBHIIyE HOr0 MaKCHMajbHYy PO3YMHHICTH
y IIEMEHTHTI, aie HenocTaTHho st popmyBaHHs Cr7C3. AHaii3 BMiCTy XpoMy Ta BYTJICIIO B KapOigHUX (a3ax, sSKi
YTBOPIOIOTBCSI Y BHCOKOXPOMHUCTHX YaBYHaX, JO3BOJIMB JIOBECTH YTBOpPeHHA KapbOimy Fe;Cs, crabimizoBaHoro
xpomoM. OriHfoBaHHS KapOinHOi (a3u 3a XiMIYHHM CKJIaZOM Y MAaCOBHX BiJICOTKAaX HE TO3BOJISE JOCTATHBO BipHO
BHM3HAYUTH OCHOBHHUI KapOimoyTBOpIOounii enemMeHnT. HaBemeHo, 1Mo mpu mocTymoBoMy 30UTBIIEHHI KOHIIEHTpAIii
XpoMy B Kapbimax MacoBa yacTKa BYTJICIIO 30UIbIIyeThcs. Bu3HadeHi Mexi iCHyBaHHSA KapOigiB pi3HOTO THILY
B 3QJICKHOCTI BiZl BMICTY B HHX BYIJICIIO Ta XpoMmy. MakcuManbHuUi BMicT xpomy B Kap6Gini (Fe, Cr);Cs ckianae
44,0 %. YTBOpEHHs JIErOBaHOTO LIEMEHTHUTY BiI0yBaeThCs Ha icHyrounx kapOizax Me;Cs; abo mexax 3epeH, a npu
30LIBIICHHI IIBHIKOCTI OXOJIOMKCHHS — B 00°emi 3epeH. llell mporiec € TepMOIUHAMIYHO HEBiIBOPOTHIM, IO
OB’ 5I3aHO 31 3HWKEHHSIM PO3YMHHOCTI BYIJIelo y (eputi abo ayCTeHITi mpu Temmneparypi, KOJIM MOXJIMBA JIUILE
mudysis Byrnemto, a audysist xpomy Maibke BiacyTHs. IIpy BemMKHX KOHIEHTpALisx XpoMmy (opmyeTbest KapOif
Fe;Cs, sxuii 3aBsiku mudysii xpomy Tpancdopmyerses y kapbin Cr;C;. HaykoBa HoBu3HA. ABTOpOM 10Oy J0BaHa
MOJIENIb TIOMIAPOBOi CTPYKTYpH KapOimiB, siKi yTBOPIOIOTHCSA 3 pimmHU B cuctemi Fe — C — Cr. 3ampomonoBaHa
ineHTHdiKamisa kapOigHOI a3y, BUXOASIN 3 KOHIIEHTpAIIl eJIeMEHTIB Y aTOMHHUX BifcoTKaX. [lo0ynoBaHa Moaeib
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3MIHH BMICTY BYTJIEITIO B Kap0igax pi3HOTO THILy B 3aJIe)KHOCTI BiJl KOHIEHTpalii xpomy. IIpakTHYHa 3HAYUMICTD.
3anporioHoBaHa cucreMa Kiacugikaiii kapOifiB Ta MozeNb X OyIOBH J03BOJIUTH ONTHUMI3YBAaTH CKJIaJ YaBYHIB Ta
PEKUMHU TePMIYHOT OOPOOKH IS Pi3HUX YMOB €KCIUTyaTallil.

Kniouosi crosa: aaByH; neryBaHHs, KapOiau 3amiza; XpoMHCTi KapOinn; moOyaoBa, cuCTeMaTH3aIlisa
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ABOUT THE ISSUE OF CARBIDES FE;C AND FE;C; FORMATION
IN HIGH-CHROMIUM CAST IRONS

Purpose. This article analyzes the formation conditions, transformation and systematization of carbide phases
formed in the system Fe — C — Cr. Methodology. Conversion of the elements’ content from mass % into atomic %
and vice versa was carried out using standard methods. In order to identify the structural components and etching of
carbides the Marble etchant was applied. Cast iron 300X28H2 in cast state without heat treatment and after isother-
mal holding at 1050 °C during 4.5 hours with further normalization was studied. Findings. Isothermal state dia-
grams of the Fe—C—Cr system don’t take into account the existence of Fe;C; carbide alloyed with chromium. But
there is evidence of the existence of chromic carbides containing 24...37.6 % of chromium, which exceeds its
maximum solubility in cementite, but is not enough to form Cr,C;. Analysis of chromium and carbon content in
carbide phases which are formed in high-chromium cast irons allowed to substantiate the formation of Fe;C; car-
bide, stabilized with chromium. Assessment of the carbide phase by chemical composition in mass percent doesn’t
allow determining the main carbide-forming element with sufficient accuracy. It is shown that with the increase of
chromium concentration in carbides, mass content of carbon increases. Areas of existence of carbides of different
types depending on carbon and chromium content in them were determined. Maximum content of chromium in the
carbide (Fe, Cr);Cs is 44.0 %. Allocation of alloyed cementite occurs on the present carbides Me;Cs or grain
boundaries, and with the increase of cooling rate — in the grain volume. This process is thermodynamically inevita-
ble due to the decrease of carbon solubility in ferrite or austenite at temperatures when chromium diffusion is im-
peded, and only carbon diffusion is possible. At high chromium concentrations carbide Fe;C; is formed, which
transforms into Cr,C; carbide as chromium diffusion takes place. Originality. The model of laminated structure of
carbides, formed out of the liquid phase in the system Fe—~C—-Cr was built. The identification of the carbide phase
based on the elements’ concentration in atomic percent was suggested. The model of the change of carbon content in
carbides of different types depending on chromium concentration was built. Practical value. The suggested system
of carbide classification and their structural model allows optimizing the cast irons’ composition and heat treatment
modes for different exploitation conditions.

Key words: cast iron; alloying; carbides of iron; chromic carbides; structure; systematization
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K BOIIPOCY ITPOUVIEHMS ITIOJIE3HOI'O CPOKA
CJIYKBbI BAT'OHOB JIUIA IIEPEBO3KH OKATBIILIEN

Heas. ['py30BOit BaroOHHBIN Mapk «YKP3aJdi3HAII» UMEET B OCHOBHOM BAarOHBI C TIPEBHIIICHHEM YCTAaHOBICHHOTO
HOPMAaTHBHOTO CpOKa ciyxObl. Takas >ke cuTyauusi HaOJIIONACTCs M B MapKe CHENUATN3MPOBAaHHBIX BaroHoB. Tak,
MapK BaroHOB ISl MEPEBO3KH OKathiliel uMeeT okoso 50 % BaroHOB, OTCIY)XKHBIIKX HOJYTOPHBIH U Ooliee CPOK
JKCIITyaTtanuu. Bmecte ¢ TeM, 00beM MEPEBO30K KEIE30PYTHOTO ChIPbs IOCTOSIHEH B TEUEHHUE psina JeT. B cBsa3u
C OTUM BO3HMKaeT HEOOXOJMMOCTh B IOMCKE METOJOB OOOCHOBaHHMS BO3MOXHOCTH NPOJOJDKEHUS TOJIE3HON
OKCILIyaTaluid BaroHOB MW OLCHKH COOTBCTCTBHUA OCTATOYHOIO pecypCa KOHCTPYKOHMH KYy30BOB BaroHOB
9KCIUTYyaTaI[IOHHBIM Harpys3kaMm B TeueHHe IPOJUICHHOTO CpoKa ucrnonb3oBaHus. Meroamka. [Ipu otGope BaroHos
JUISL UCTIBITAaHUH BBITIOJIHSUIOCH TEXHUYECKOE JNArHOCTHPOBAHUE COCTOSHHS BaroHOB C LICNIBIO BBISIBICHHS YPOBHS
KOPPO3MOHHBIX ¥ MEXaHHMYECKHUX MOBPEXAECHUH. J[JIs OIEHKHM BO3MOKHOCTH IajbHEHINel SKCILTyaTalii BaroHOB
MIPOBOAMIIOCH 3KCIEPUMEHTAIBHOE ONpE/IeIeHHe YPOBHS HArPYXEHHOCTH M HANPSDKEHHOTO COCTOSHHS HECYLIHX
KOHCTPYKIHMI Ky30BOB BarOHOB Ha OCHOBE CTaTHYECKHX, YAAPHBIX HA MPOYHOCTh M PECYPCHBIX MCHBITaHUH. 1Ipn
PECYPCHBIX HCITBITAHUSIX BAaroHbl JOJDKHBI BBIACPKHBATH COYNApeHMs C MPOJOJIBHBIMH ycuiusamu ao 3,5 MH,
o011ee KOJIMIECTBO KOTOPBIX SKBUBAJICHTHO 3alaHHOMY CPOKY CIIyXObl. Pe3yJbTaThl. /JJnarHocTupoBaHie BaroHOB
JI0 WUCTIBITAaHWH IOKAa3a/lo0, YTO TEXHUYECKOE COCTOSHHWE BAarOHOB JUIS NEPEBO3KM OKATHILIEH, B IEJIOM, HAXOIUTCS
B yIOBIETBOPUTEILHOM COCTOSIHMHM. IIpoBelcHHBIE CTaTHYECKHE U YIApHbIE HCMBITAaHUA HA IPOYHOCTH
C TMOCJIENYIOeH OLEHKOW NPOYHOCTH 3JIEMEHTOB KOHCTPYKILMM BAarOHOB IIOKA3ajlM, YTO OHA OOecleuMBaeTCs
COTJIACHO HOPMAaTHUBHBLIX IOKYMCHTOB, W TaKHW€ BaroHbl HE HECYT YI'PO3bI 6630HaCHOCTI/l JABHXKCHUA. yuaprle
PECYPCHBIC HCIbITaHHA TIOKa3ajr, 4YTO BCE€ BaroHbl IMPOIIM 3TU HUCIbITAHUA 663 HOBpe)KI[eHPIIZ, KOTOPbIC 6])1
NPEISITCTBOBAIM MX IPOBEJCHUIO W HE MOIJIM OBITh yCTPaHEHBI NPH IIAHOBBIX BHAAX PEMOHTA. BaroHsl nmenu
HapaOOTKy Ha pecypc, KOTopas I03BOJISIET NPOUIMTh HMX IIOJIE3HYIO IKCIUTyaTalMIo I10Cje IMOJYTOPHOTO CPOKa
ciryxObl. Hayunasi HoBU3HA. ABTOpaMH IOJTy4YeHa OIEHKAa OCTaTOYHOI'O pecypca Ky30BOB BaroHOB JUISl TIEPEBO3KH
OKaThIIIeH, OTpabOTaBIINX HAa3HAYECHHBIA MOIYTOPHBIA Cpok ciaykObl. [IpakTHyeckasi 3HaYUMOCTh. [IpoBencHHBIE
9KCIIEPUMEHTAIbHBIE HCCIICIOBAHUS MOATBEPKNAIOT BO3MOXKHOCTH OOOCHOBAHHOTO MPOIJICHHS CpOKa CITyKObI
BaroHOB TIIOCNIE TOJYTOPHOTO CpOKa WX OSKCIUIyaTaluH. Pe3yibraTel paboThl MOTYT OBITH HCIIONB30BaHBI MPH
MPOJVIEHNH CPOKa CIy>KObI BAaroHOB ISl MEPEBO3KH OKaThImeH. YacTh BaroHHOro mapka, KOTopas JOJDKHA Obuia
CIHCHIBATHCSI B CBSI3M C HMCTEUCHHEM HA3HAYEHHOTO MOJyTOPHOTO CPOKAa 3KCIUTyaTalud, Oe3 MOMOIHUTENBHBIX
MEPONIPHATHI MOXKET HPOAOIDKUTE CPOK CITYKOBI.

Kniouegvie cnosa: BaroH Ais IEPEBO3KH OKATBIMIEH; CPOK HKCILUTyaTallMH; IPOYHOCTh KOHCTPYKIIUH; COOTBETCT-
BUE; CTATUUECKNE UCIIBITAHUS; yJapHbIE UCTIBITAHNS; HAPaOOTKa Ha pecypc

Beenenne yHUBepcalbHble BaroHbl. CTpyKTypa mapka rpy3o-
BBIX BaroHOB IO TUIAM B MPOLIEHTAaX NpHUBEICHA
Ha puc. 1: 3mech kareropuu 1—4 0003HAYAOT YHU-
BepcalbHbIe BaroHsl (72 %), kateropun 5—9 — cre-
uanusupoBanubie (28 %).

OOmuii mapk rpy30BBIX BaroHOB YKpawWHBI Ha
Hayano 2016 r. macumrteBaeT Gomee 170 ThIC. Ba-
TOHOB, OOJIBIIYI0 YacThb KOTOPOTO COCTaBJISIIOT
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O 1-nonyearoH

B Z2-uMcTepHa

O 3-KpeITbIA
O 4-nnaT-ma
B 5-3epHOBOS

O 6-uemeHT-3

Bl 7-rauHep-3

O §-oHaTeIW-3

B 9-0CT cneunanus

Puc. 1. Ctpykrypa nmapka rpy30BBIX BarOHOB IO THIIAM

Fig. 1. Structure of freight cars fleet by types

[Ipu >TOM WMHBEHTapHBIN TapK Y3 cOCTaBIsIeT
okoJio 63 %, yacTHbIil mapk BaroHoB — 37 %. Ilo-
CIICAHUN TPUHAUICKUT TMPEHUMYIIECTBEHHO KPYII-
HBIM  METAJUTyPrHUYECKHM, TOPHOOOBIBAIOIIUM
1 JKEJIC3HOJJOPOXKHBIM OTEPATOPCKUM KOMITAHHUSIM.
BaxHyI0 poiib B CTPYKType BarOHHOTO TapKa Wr-
parT CreNUATU3UPOBAHHBIC BArOHbI, KOTOPbIE OT-
BEYAIOT TPEOOBAHMSAM OTHOCHTEIBHOW Mano3a-
TPaTHOCTH TPY30BBIX OMEpaIMii U COXPAHHOCTHU
MEPEBO3UMOro rpy3a. YBEIMYCHHE MOPOKHUX
npoOeroB KOMIICHCUPYETCSl 32 CUET COKpAIICHHUS
MOATOTOBUTENBHBIX omepauuil. M3 auarpammsl
(puc. 1) BHAHO, YTO MO CHEHUATH3UPOBAHHBIX
BaroHOB B MapKe MO TUIAM COCTaBISIET OT 3 JIO
8 %.

Cpenu BCEeX THUIOB CHENUATH3UPOBAHHBIX Ba-
TOHOB BBIICNSETCS BaroH JUIs MEPEBO3KH OKATHI-
meil. 1 XoTs B KOJIMYECTBEHHOM OTHOLIEHUH 3TO
yuinb 3 % oT 00IIero mapka BaroHOB, YTO COCTaB-
nsiet uyTh Oonee 5 000 equnwm, BBUAY crienudpuy-
HOCTH Tpy3a TaKkMM BaroHaMm 3ameHbl HeT. Kpome
TOTO, B TAaKMX BaroHax BO3MOJXKHA IEPEBO3Ka J10C-
TATOYHO OOJNBIION TaMMBI CHIMYYHUX TPY30B, UTO
MPUBOIUT K YMEHBIIICHHUIO MMOPOIKHETO Tpodera.

B KOHCTPYKTHBHOM OTHOIIEHHUHU 3TO BaroH, Ko-
TOPBIA MMEET BBICOKYIO MPOYHOCTh KapKaca Ky30-
Ba WM IUIABAIOIIYIO OOIMIMBKY. V3Ha4anbHO BaroH
MIPOEKTUPOBAJICS HA IPYy30I0AbEMHOCTL 63 T, 3a-
TEM I'Py30MOAbEMHOCTD MO3ITAITHO MOBBIIIAIACH JIO
70 1. IlpudyeM 3TO JOCTUTANOCH IYTEM BBOJA
B Kapkac OOKOBOU CTEHBI JOMOTHUTEIBHBIX PacKo-
COB 0€3 M3MEHEHHUSI KOHCTPYKTUBHOM CXEMbI Baro-
Ha. OOOCHOBaHME TAKOTO MOJIXOJa IIyTEeM pacyer-
HBIX W OKCIEPUMEHTAIBHBIX HCCIETOBAHUN BbI-
moareno JJHYXKT [7], [14]. Dto mo3Bonser mpo-
W3BOJWTH MOJICPHU3AI[MI0 BAaroHOB C MHHU-

Mu3zanmed pacxozioB. OIHOBPEMEHHO YKecToue-
HHUE Kapkaca OOKOBOW CTEHBI BeleT K o0IieMy To-
BBIIICHUIO NMPOYHOCTH KY30Ba — COOTBETCTBEHHO
OKUJIAEMO W YBEJIHMYCHHE CPOKAa CIYXKObl TaKhX
BaroHoOB.

B nmaHHOl cTaThe paccMaTpUBAIOTCS BOIPOCHI
BO3MOXKHOCTH OJKCIUTyaTal[id BaroHOB JUIs Tepe-
BO3KM OKAaThIIIEH, OTCIYXUBIIUX TOJYTOPHBIN
u Oosiee cpok ciyxObl. C IENbI0 JE€TaIbHOIO HC-
CIIe/IOBaHMS BECh MMApK BaroHOB (10 COCTOSIHUIO Ha
01.01.2016 r.) 6BUT pa3dUT Ha AMANA30HBI CPOKOB
IKCIUTyaTallly pa3feNbHO JUIS YaCTHBIX COOCTBEH-
HUKOB ¥ Y 3. Ha puc. 2 npezcraBieHa guarpamma
pacrpe/ieficHuss BaroHOB MO CPOKaM 3KCILTyara-
UM

16%,

>30 ner 16-22 net

8%

Puc. 2. Cocrosinue NapKa OKaTbhIIICBO30B
O CpOKaM IKCITyaTalluu

Fig. 2. State Park of pellet cars
upon operating terms

Ha nmarpamme cBeTJIBIM IIBETOM OTOOpa)KeHBI
BaroHbl IMapka YaCTHBIX BJIAJIEIBIICB, TEMHBIM —
V3. BuaHo, 4TO napk 4aCTHUKOB BKJIIOYAET B CeOs
JBe Oombliie rpymmbl: Barousl 10 15 ner (44 %),
23-30 met (42 %) u HeKOTOPYIO YacTh cBhImIe 30
ner (14 %) skcmayaTanuu. Ilapk OKaTBIIIIEBO30B
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V3 umeer HeOONBIIYIO YacTh BaroHoB a0 15 mer
(16 %), mpuMepHO MOPOBHY BaroHOB CO CPOKOM
skciuryatanun 16—22 mer (38 %), 23-30 mer
(40 %) u He3HaunTenBHYIO YacTh cBhIme 30 et (6
%). OnmHaKo BaroHbI CBBIIIEC MOJYTOPHOTO CPOKa
ciyx0b1 cocTaBisiioT okosio 50 % a1 Bcex BHIOB
cobctBenHnKOB (56 % uactHbIil mapk u 46 % Y3
COOTBETCTBEHHO).

[ToToMy ©3 BBIIIEHa3BaHHBIX OOBEKTHBHBIX
NPUYUH BO3HUKAET HEOOXOJMMOCTH IPOJUICHHS
CpOKa CITy>KObl BATOHOB, KOTOPBIE HCUEPIIAIH CBOM
YCTaHOBIICHHBII pecypc. DTO JaeT BO3MOXKHOCTB
3aMeUTNTh POCT Ae(UINTa BaroOHOB C ITOMOUIBIO
000CHOBaHHOTO TPOJUICHUS UX CPOKA CITYKOBI.

Heasn

B03MOXHOCTE TIPOJUICHHSI CPOKa CITy>KOBI He-
CyIIUX KOHCTPYKLMH BaroHOB JOJDKHA OBITH 000C-
HOBaHa METOJaMH, KOTOpBIC BKJIIOYAIOT B CEOS:
o0cleJoBaHNEe X TEXHUYECKOTO COCTOSHHS; TEO-
peTHdeckoe M SKCHEPHMEHTAIbHOE OIpeaeIeHHe
YPOBHS Harpy>KEHHOCTH ¥ HAINPSDKEHHOTO COCTOS-
HHS 3JICMEHTOB KOHCTPYKIHH, OLIEHKA OCTaTOYHO-
ro pecypca (omnpezeneHue BeTHYHHBI IPOJICHHOTO
CpOKa 3KCIUTyaTalliK) MyTeM 3KCIePUMEHTAIbHBIX
PECYPCHBIX UCIIBITAHUIA.

Bormpockl poasieHust cpoka Ciry>KObI TTOIBHIK-
HOTO COCTaBa B IIEJIOM U Ul CIICIHAIU3UPOBAH-
HBIX BarOHOB paccMaTpuBajiuch B padorax [1], [2],
[5], [11], [13], [15] coorBercTBeHHO. B [1] m3imo-
’KEHa METOJMKa BBISIBICHUS THIIOBBIX HEHCIpaB-
HOCTEY U BEJIIMYMH KOPPO3HOHHBIX MOBPEXKACHUM.
B pa6otax [2], [5] uznaraercs metoauka pacyeToB
HaINpsHKEHHOTO COCTOSHHS U AKCIICPHUMEHTAIBHBIX
UCTIBITAHUI 10 ONPENCICHUIO YPOBHS HaIpshKe-
HHI, KOTOPbIE CO3JAl0TCS B YCIOBHUSX DKCILTyaTa-
UM B HECYNIMX KOHCTPYKIHMAX. MaremaTudyeckoe
MOJIETUPOBAaHUE TMPOJOJBHBIX YCWIMM, JeHUCT-
BYIOLIMX TP COYAApPECHHU U OLICHKA HANPSHKEHHO-
TO COCTOSHHS TPY30BBIX BarOHOB B JKCILTyaTaI[HH
npemnoxensl B [16], [17]. B pa6ore [11] ycranas-
JIMBACTCSl CPOK CIIY)KObI HA OCHOBAHHH MPOBEICH-
HBIX TCOPETHYECKMX U IKCICPHUMEHTAIBHBIX HC-
cleIoBaHMK XoImepa-mo3aTopa. B pabore [13]
NpPOU3BOJMIACE OIICHKa pecypca MOISPHH3UPO-
BaHHOU TIAT(GOPMBI T NMEPEBO3KU KOHTCHHEPOB
10 pe3yJIbTaTaM KCIIePUMEHTAIBHBIX MCIIBITAHUH.
A pabota [15] comepKuT OIEHKY COCTOSHHUS paboT
U TEPCIEKTHBBI 10 MPOUICHUIO CPOKa CIIyKOBI
HOJIBM)KHOTO COCTaBA.

Ha ocHoBanuu aHamu3a BBINIE YKa3aHHBIX pa-
00T M B COOTBETCTBHU C BO3MOXHOCTAMH (HCCIie-
JIOBaHUSA BBITIONHSUINCH B MHUIIMATUBHOM TIOPSJIKE
0e3 cTOpOHHEro (hMHAHCHPOBAHUS) OBUI MPUHST
CHENYIOLIUN BapUaHT.

Ha ocHoBaHuM pe3ybTaTOB HUCIBITAHUN Ompe-
JIEJIAJICSl HE OCTAaTOYHBIA pecypc BarOHOB JUIA Tie-
PEBO3KHM OKATHIIICH, a BOOOIIE BO3MOXKHO JIU TPO-
JUIEHWE XU3HEHHOTO IUKJAa TIOCJIE IOIyTOPHOTO
W JBOMHOIO Cpoka OJ3Kciuyatanuu. s 3toro
B Ka4eCTBE KPUTEPHs BhIOpaHa BO3MOXKHOCTh ITPO-
JUTeHUsI CIIYy>)KObI Ha 3 TOAa MOCIE IMOIYTOPHOTO
CpoKa | 2 Toja Mmocjie TBOHHOTO.

Texanueckoe AWMarHoCTUPOBAHUEC BAroHOB IJIA
MEPEBO3KH OKATBINICH MMOKa3aJio, YTO UX OOJBIIOE
KOJIMYECTBO OCTAETCS eIlle B YAOBIETBOPUTEIHLHOM
TEXHUYECKOM COCTOsSIHUHU. B cBszu ¢ atum B 2011
ToJly WCHBITATEIbHON J1abopaTopueli BaroHOB
JIHeTmpormeTpoBCKOTO HAIMOHAIBHOTO YHHUBEPCH-
TeTa KEJIE3HOIOPOKHOTO TPaHCIOPTa MMEHH aKa-
nemuka B. Jlazapsua (JJHYXKT) BbimosHeH KOM-
TUTIEKC HATYPHBIX WCIBITAHUN BaroHOB JJIs Tiepe-
BO3KM OKaTblllei. McnbITaHUs! IPOBOAMINCH C I1e-
JBI0 OIIEHKH BO3MOXKHOCTH TIPOMJICHHS CpOKa
MOJIC3HOM HKCIUTyaTallud BaroHOB CBBINIE MOIY-
TopHOTO. PaboTa OblIa BHITIONHEHA B WHHUIMATHB-
HOM TMOpsAKe: «YKPCHEUBAaroHOM»  BBIJEJIECHBI
00BEKTHI IJIs1 UCCIICIOBAaHUHM, a YHUBEPCUTETOM Ha
ompITHOM Tnonurone [lpumHenpoBckas X.Oo. —
JHYXT npoBeaeHbl KOMIIJIEKCHBIE UCTIBITAHUSI.

B pamkax paGoTbl IPOBEACHBI CIENYIOIINE BU-
Il MCTIBITAHUHN: CTAaTHYECKUE HA MPOYHOCTb, yIa-
PHBIE Ha MPOYHOCTEH (ONpedeTUTENbHbIE) H yaap-
HbIC PECYPCHEBIC UCIIbBITAHHWA BAarOHOB Ha YCTaHOB-
JIEHHBIA CPOK.

MeTtoaunka

Ilepen mpoBeneHWEM HCHIBITAHUN CIydYalHBIM
o0pazom OTOMpaIHCh BaroHbl U3 pabouero mapka,
KOTOpbIe OTPabOTaIM HA3HAYCHHBIA CPOK CITYIKOBI
W TIPOIIUTH IIJIAHOBBIC BUJBI peMOHTa. B kadecTBe
OTBITHBIX BAaroHOB OBIJIO OTOOpPAaHO [1Ba BaroHa:
1983 r. u 1988 r. mocTpOKH, YTO COOTBETCTBYET
28,5 u 22,5 romam skciutyatanuu (majgee mo TeKCTy
30 u 25 net). Ilepen HaYaIOM WCIBITAHWH TPOBO-
JUIIOCHh TEXHUYECKOE IHarHOCTHPOBAHUE COCTOS-
HUSI BATOHOB C IIETIbIO BBISBJIICHUS YPOBHS KOPPO-
3MOHHBIX U MEXaHMUYECKHX IMOBPEKICHUH C 3aMe-
paMu TOJIIMHBI SJIEMEHTOB.
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Jns oLeHKM BO3MOYKHOCTH JaJdbHEWINEH SKC-
IUTyaTallid BaroHOB HCIOJB30BAJUCH CIEAYIOIIHE
KpUTEpPUH. CYMMApHBIC HaIpPSDKEHUS OT BEPTH-
KaJIbHBIX CTATUYECKUX HATPY30K U OT MPOJIOIBHBIX
CUJI HE JTOJKHBI MPEBBIIATH TOMYCKAaeMBIX, Baro-
HbI JTOJKHBI BBIIEPKATh COYJAPEHUS C CHIIAMH 110
3,5 MH, o0mee KonmM4ecTBO KOTOPBIX HSKBUBA-
JICHTHO 3aJIaHHOMY CPOKY cIy»kObl. COOTBETCTBUE
BArOHOB 3aJJaHHBIM KPUTEPUSIM MPOBEPSIIOCH ITy-
TEM HWCTBITAaHUH, KOTOpPBIE BKIIIOYAIN B ce0s: CTa-
TUYECKHUE HA MPOYHOCTh, YAApHBIE HA MPOUYHOCTH
U pecypCHble UCHBITaHUA. Bce BHUIBI UCHBITAaHUMA
BBHIMTOIHAINCE cornacHo «Hopm...»[8] u PI...[12].

Crartuueckue WCIBITAHUS Ha TPOYHOCTH BHI-
MOJIHSUTUCh C IICNIbIO OMpPEAENICHUsT HaIpsDKCHUMA
B 3JIEMEHTAaX BAarOHOB C CYILECTBYIOLIUMU TOJIIIIU-
HaM{ 3JIEMEHTOB OT Beca Ipy3a. BepTukambHOE
CTaTUYECKOE HATrpy>KCHHE Ha DIEMEHTHl Ky30Ba
BAaroHa OCYILECTBISJIOCh MOCPEACTBOM 3arpy3Ku
B BaroH necka (puc. 3) Ha Tepputopun I'Tl «Ykpc-
nenBaron» (YKpauHCKHN TOCYAapCTBEHHBIN LIEHTP
O DKCILIYATAIUH CIIEIMATH3UPOBAHHBIX BATOHOB).
HanpspkeHust oT coOCTBEHHOTO Beca KOHCTPYKIIUU
VYUTHIBAJIUCH TIPU OMpPENCICHUN CyMMAapHBIX Ha-
MPsDKEHUH MyTeM BBeieHus kKo3dduimenTa, koTo-
pBIi yuuThIBaeT Maccy Ky3oBa. IIpu ocymectrie-
HUW CTATHYECKUX WCHBITAHUNA TPOBOAMIACH 3a-
MUCh TOKa3aHUH TPHOOPOB, PETUCTPUPYIOIIMX
HaIpsDKEHUs] B COOTBETCTBYIOIIMX CEUEHUAX KOH-
CTPYKLMH Ky30Ba BaroHa.

3amauell ymapHBIX HCIBITAHWA Ha MPOYHOCTH
SIBJISIETCSI OTIPEJICIICHUE HANPSHKEHUN B DJIEMEHTAX
Ky30Ba U paMbl C CYyIIECTBYIOIIMMHU TONIUHAMU OT
NEHCTBUSA NETEPMUHUPOBAHHBIX TPOJOIBHBIX CHII

B aumamazone 0,5-3,5 MH (50-350 1) [8, 12]

W OLEHKAa HalpshKeHHO-1e(OPMHUPOBaHHOTO CO-
CTOSIHUSL DJIEMEHTOB KOHCTPYKIMH BaroHa. [lpm
3TOM PETUCTPUPOBAIHCH 3HAYCHHS HaIPSLKEHUH
B JJIEeMEHTaX KOHCTPYKI[MM BaroHa W 3HAYeHHUE
yCUIIUI coylapeHusl.

YnapHele pecypcHBIE WCIBITAHUS BBITOJHS-
JIUCH C IIeNBI0 pacdyeTa HapaOOTKH HECYIIMX 3Je-
MEHTOB Ky30Ba BaroHa Ha yAapHYIO BEIHOCIMBOCTh
OT JeHcTBUS NpOAOABHBIX ycuwiui. Kpurepuem
COOTBETCTBHS SBIsSIETCS HapaboTKa Ha pecypc,
a 00beM HCHBITAHWUH OIpenenseTcs pPaBEeHCTBOM
HapaOOTKH BaroHa BO BpEeMs WCHBITAHUA U B Tie-
PO OKCILTyaTaIiH.

CoynapeHuss BarOHOB MPOUCXOAMIIH MyTeM Ha-
KaTbIBaHMsI BaroHa-00iiKa ¢ TOPKU Ha HCIIBITHIBAE-
MBI BaroH, HAXOMASIIUKCA B TOJIOBE MOIIOPHOM
crerku (puc. 4, rie Ha JaubHEM IUIaHe BUIHA Oe-
TOHHAas yNOpHas CTEHKa C aBTOCLENHBIM YCTpOii-
CTBOM). BaroH, HaxoAsIIMICS MEXIy TOJIOBHBIM
BaroHOM M YIIOPHOM CTEHKOW WrpaeT JBOHHYIO
pOJB. YMEHBIIIAET YCWJIHE yAapa B aBTOCLEIKY
YIOPHOW CTEHKH W Ha 3TOM BaroHe Takxe (pukcu-
pYIOTCS cWila coyJapeHus. YUeT yCWINi coyaape-
HUS BTOPOTO BaroHa MO3BOJISIET COKPATUTh CPOK
peCYpCHBIX UCIBITaHUM. VICIIBITaHNS BBITOIHSIINCH
co ckopocTsiMu coynaperus ot 3 go 13 km/u [8,
12] ¢ mocTeneHHbIM CTYNEHYATHIM IOBBIIICHUEM
ckopocty ¢ maroM 1—2 km/gac. CoynapeHus ocy-
MIECTBISUIMCH CEPUSMHU, KOTOPBIE COOTBETCTBYIOT
OTHOMY TOMYy IKCIUTyaTaluu. Y CIIOBHEM 3aBepIie-
HUS UCTIBITAHUI OBUIO TOJy4YeHUE HEOOXOIMMOTO
o0beMa SKCIEPUMEHTANbHBIX NAaHHBIX WIH Hapy-
IICHNS TENOCTHOCTH KOHCTPYKIIMU BaroHa, KOTO-
pble yrpoxanu Obl 0€30MacHOCTH AajbHEHIIEro
MIPOBEJICHNS NCIIBITAHUH.

Puc. 3. Crarnyeckue UCIBITAHUS

Fig. 3. Static tests
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Puc. 4. PacnionosxeHne BaroHOB IPH YAAPHBIX UCTIBITAHUAX

Fig. 4. Location of cars during impact tests

Bce BuABl yAapHBIX MCHBITAHUH MPOBOIUIUCD
Ha OMBITHOM TmonuroHe l[lpumHenpoBckas X.1I. —
JTHYXT (cr. WmmapuonoBo IIpumHEenpoBCKOi
x.1.). Jast 3Toro Ha Ky3oBa BaroHOB ObUIM Ha-
KJICeHBl TEH30METPUYECKHE JAaTYUKH JUIS OIpejie-
JIEHUS HANPsDKCHHM, a CEpUHHBIC aBTOCIICTIKH ObI-
JM 3aMEHEHBl Ha aBTOCLENKH-IMHAMOMETPHI IS
OIPEIEICHNS] YCUIUI COyAapEHUN.

Peructpupariuss mponeccoB OCYIIECTBISLIACH
MyTeM WX 3alHiCH B MaMATh KOMIIBIOTEPA, a 3aTEM
M3BECTHBIMHU CITOCOOAMH aMILIUTY bl TeopMauii
MIEPEBOAMITUCH B YCHIIUS M HATIPSKEHUSI.

ITo pesynpTaTamM MaTeMaTHYeCKON 00pabOTKH
PETHCTPUPYEMBIX MPOLECCOB (HAMPSHKEHHS B dlie-
MEHTaX KOHCTPYKIMH U YCHJIHSA COYIapeHusi)
B KaXIOM BHIE HCIBITAHUN ONPEAENSIOCh Clie-
Jyrolee:

— [0 pe3yjibTaTaM CTATUYECKUX WCIBITAHUH
OTIPEICTSUINCh HANpSOKEHUS B DIIEMEHTaX KOHCT-
PYKIIMH OT Beca Ipy3a U COOCTBEHHOTO Beca Ky30-
Ba,

— Ha OCHOBAaHWHU PE3yNIbTAaTOB YIApHBIX HCIIBI-
TaHUI Ha MPOYHOCTH CTPOWIUCH IPa(pUKN 3aBUCH-
MOCTH YCWJIMH COyAapeHHs OT CKOPOCTH Harps-
JKEHUH B 2JIEMEHTaxX BaroHa OT YCWIMH coypaape-
HUS, HAXOAWIINCHh HANPSKEHHE B OTAEIBHBIX dIIe-
MEHTax Ky30Ba, IPOBOAMJIACH OIIEHKAa Hamps-
JKEHHOTO COCTOSIHUSI KOHCTPYKIIMH Ky30Ba BaroHa
MO PAacYETHBIM peskumam [8];

— Ha OCHOBAaHMHU pPe3yJbTATOB PECYPCHBIX HC-
NBITAHWH TTPOU3BOIUIICS pacyeT HapaOOTKU Ha pe-
CypC KaXKJIOTO BaroHa.

Pe3yabTarthl

CocTosiHuEe KOHCTPYKIIMH Ky30BOB BaroHOB I10-
cine 25 u 30 jeT cinyk0bl MaJo OTIMYAIOCh U SIB-
JSIETCSl TUITMYHBIM JUISI TAKMX BaroHOB. Y MEHbIIIE-
HUE TONIUHBI OCHOBHBIX HECYIIUX 3JEMEHTOB
(xpeOTORBOI, MIKBOPHEBOM, TIPOMEKYTOUHOM TIOIIE-
pedHoii 0anoK) BCIEICTBUE KOPPO3UH HE MPEBbI-
mano 10 %, oTcyTcTBOBanM TpeMIMHBI, Jedopma-
MU, OOpBIBBI CTOEK W mpodee. Hanbompime Kop-
PO3HOHHBIC TIOBPEXIECHUS OTMEYEHBI B 3JIEMEHTaX
HIDKHEH O00Bs3kM (YMCHBIICHHE TOJIIMHBI Ha
10 %) . Torga xak U3MEHCHHE TOJIIUH 3JIEMEHTOB
HECyIHUX XpeOTOBOH M NMIKBOPHEBOW 0anoK HE3Ha-
yntensHo (0koio 3 %).

IlepeunciienHbie TOBPEXISHUS MOTYT OBITh
YCTpaHEeHBI IpY TUIAHOBOM PEMOHTE COTJIACHO HH-
crpykuuu 1[B-0016 [2], 1[[B-0017 [1], 1IB-0019
[5], LIB-0122 [7] — mosTOMy BCeE BBIIIE TEPEUHC-
JICHHBIE BarOHbBI ObUTH MPUHSATH K UCTIBITAHHSIM.

ITociie 00pabOTKHM pE3yJIbTATOB CTATHYECKUX
UCTIBITAaHUH Ha MPOYHOCTD MOJIyUEHBI HAPSLKEHUS
B 2JIEMEHTax KOHCTpyKiuu BaroHoB 1983 u 1988
I.T. mocTpoiiku. Ha ocHOBaHWH BHIOOPKH MaKCH-
MaJIbHBIX BEJIMYHMH HAMpPSHKCHUH 10 OCHOBHBIM
HECYIIUM 53JIeMEHTaM KOHCTPYKLUHH Ky30Ba IIO-
CTpOeHA aUarpaMMa WX pacupefeNieHus 1O diie-
MEHTaM.

Ha puc. 5 npunaTH cienyronpe 0003HaYCHHS:
XBC - xpebToBas 6anka nmocpeaunae parona, b —
mkBopHeBast 6amka, HOC — HmkHAST 00BSI3Ka TI0-
cpeaune Barona, BOC — BepxHsis 00Bsi3Ka mocpe-
muHe, BOILl — BepxHss 00Bs3Ka y IIKBOPHEBOU
croiiku, III Ct — mkBopHeBas croiika, HkII — Ha-
KIOHHBIM mosic. CraTHYecKHe WCHBITaHUS Ha
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MPOYHOCTH MOKa3alld, YTO OOIIUI YPOBEHb CTATH-
YecKuX HampspkeHwii B Barone 1988 r. moctpoiiku
IPUMEPHO OAMHAKOB M KOHCTPYKIHSA, B LEJIOM,
SBISICTCS PaBHO HampsbkeHHOH. B Barone 1983 r.
MOCTPOWKH MaKCHMallbHbIe HANpsDKEHUS 3a(UKCH-
POBaHBI B BEPXHEH 00BSA3KE Y MTKBOPHEBOM CTOMKHU
— 115 MIla, B TO BpeMs KaK B HaKJIIOHHOM IIOsce
He npeBbiciin 24 MIla. Ilo ocranbHBIM 3J€MeH-
TaM YPOBEHb HANpsDKCHUH MPUMEPHO OAMHAKOB
C YPOBHEM HAIIPSKCHUH B KOHCTPYKIMHM BaroHa
noctpoiiku 1988 r.

WEC

Hell

BOLWI 115

Ha ocHoBanuu pe3ynbTaToB COyAapeHUi Baro-
HOB Ha MPOYHOCTH MpoBeaeHa 00paboTKa 3amucei
JUHAMHYECKUX IIPOLECCOB U BBHIIOJIHEHA OLEHKA
MPOYHOCTH KOHCTPYKLUH Ky30Ba.

Ha puc. 6 npusenen ¢parMeHT 3amucH AWHA-
MHUYECKMX IIPOLECCOB MNpPH COYAApPEHHH BaroHa
1983 r. mocTpoiiku AN ABYX XapaKTEPHBIX TOYEK:
B IIKBOPHEBOW cTolike (MmHHA 1) M HYKHEH 00-
BSI3KH TIOCPE/IMHE BaroHa (JIHUsA 2).

— 4883
— 19343

HGC

Puc. 5. [lnarpamma pacnpenenenus Hanpsbkeruid (8 MITa) mo aseMeHTaM Ky30BOB BarOHOB

Fig. 5. Stress distribution diagram (in MPa) upon the elements of the cars bodies
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L

3 s

25

Puc. 6. @parMeHT 3anucu JMHAMUYECKUX POLECCOB NPHU COYAapEHUN

Fig. 6. A fragment of dynamic processes recording at the collision

doi 10.15802/stp2016/74749

152

© B.T. Anodpues, A. I'. Peiinemeiictep, B. A. Kanamnuk, B. I1. Kynemos, 2016



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

Hayxka Ta nporpec Tpancnopty. Bicauk J{HinponeTpoBcsKoro

HAL[IOHAJILHOT'O YHIBEPCUTETY 3alli3HHYHOr0 Tpancnopry, 2016, Ne 3 (63)

PYXOMUM CKJIAL I TATA TIOT3/(IB

[lo ropusoHTamu — BpeMsi COyIapeHHs
B CEKYH/aX, 110 BEPTHKAIN — BEJIWYMHBI HAIPsDKe-
HHUM B MOMeHT coynapenns B Mlla (mumm 1, 2)
u ycunue B aBrocuenke B MH (nmuaust 3). U3 3amnu-
CH BUIHO, YTO NpPHU BEIMYUHE CHJbl yaapa 148 Tt
HaIpsDKCHHS B IIIKBOPHEBOW CTOWKE Yy HIDKHEH 00-
Bsi3ku coctaBuin 18,5 MIla, HanpsokeHHUsS B HIK-
Hell oOBsizke mocpeaune BaroHa — 38 MIla. Ilpu
noBTopHOM yaape uepe3 0,473 cex ¢ BETMYMHOM
65 T (BciencTBHE HEOONBIIOrO OTKATa BaroHa OT
JCUCTBUSL YIPYTO-TUCCUIIATUBHBIX CHJI) YpPOBEHb
HanpsDKeHUH 3HaunTensHo Hke — 20 MIla.

B mpomiecce 06paboTKH pe3yabTaTOB yIapHBIX
UCTIBITAHUH Ha TNPOYHOCTH MOJYYEHBI 3HAYCHHUS
yCWIMIT W 3aBUCUMOCTh OT HHX HampsHKSHHH
B 2JIEMEHTaxX KOHCTpyKuu# (puc. 7).

Ha pucyHnke s mpuMmepa npuBeAeH TOYSUHBIH
rpaduK 3aBUCHMOCTH BEJIWYMHBI HANPSOKEHUH
B XpeOTOBOI Oanke OT yCHIUsS coyaapeHus. Mex-
Ny paccMaTpUBacMbIMH BEIMYMHAMHU CYIIECTBYET
JUHEHHAs 3aBUCUMOCTb — HANpPSHKCHUS PAaCTyT
C yBEeNMYEHHEM CWJIBl yjaapa | Jocturair 122
MIla npu cuiie 278 1. Takas jxe kapTHHA HAOJIO-
JIAeTCsl BO BCEX 3JIEMEHTaX BaroHOB.

Ha ocHoBanuu pe3ynbraToB 00pabOTKH MPOU3-
BE/ICHA OILIEHKA IPOYHOCTH Ky30BOB BaroHoB 1o |
u III pacueTHBIM pexuMaM OT IeHCTBUS KBa3HCTa-
THUecKuX cui. s ymoOcTBa CpaBHUTEIHHOTO
aHaIM3a BEIMYMHBl CYMMAapHBIX HAaIpsHKEHHH
B JAMarpaMMsl

B DJJICMCHTaX Ky30Ba CBCICHLI

(puc. 8).

Puc. 7. 3aBucumocTs Hanpspkenuii (mo Beptukanu, MIla)
B XpeOTOBO# Gajke OT CHIIBI COyAapeHHus (0 TOPU30HTAITH, T)

Fig. 7. Dependence of stresses (vertical MPa)
in the center sill from collision forces (horizontal, m)
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Puc. 8. Cymmapnbie Hanpspxerust (1o ropusonTtanu, MI1a) B aeMeHTax KOHCTPYKIIMH BarOHOB

Fig. 8. The total stresses (horizontal MPa) in the design elements of cars
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Ha puc. 8, a npuBeneHa wmocTpupanus cyMm-
MapHBIX HaNPsDKEHUH B 3JeMeHTax Barona 1988 r.,
Ha puc. 8, 6 — Barona 1983 r. mocTpoiiku. Y pOBEeHb
HampsokeHuid B xpeOrtoBoil Oanke (XB), HuwKHEH
ooBsske (H O) m mxBopueBoit croiike (LI Cr.)
B 000MX BaroHax INMPUMEPHO oauHaKoB. OTinYa-
I0TCSl HanpsDKeHHs: B KBOpHeBoit Oanke (LLIB) mo
I pexxumy 1 B BepxHel OOBs3KE y LIKBOPHEBOIA
croiiku (BO ) — mo I u 11T pexxumam. Ho, B 1e-
JIOM, YPOBEHb HANPSDKEHUH 110 000MM pacdeTHBIM
peXxHrMaM He IPEBbIIIAeT T0mycKaeMbIX [8].

Kpome TOro, s MOMHOTHI KapTUHBI, ObLIa
NpON3BE/ICHAa OIEHKA MPOYHOCTH KOHCTPYKIIMH
000MX BaroHOB NPH HCIBITAHHUSAX HA COMPOTHBIIE-
Hue yzaapy. [Ipu 3TOM cyMmapHble HampsHKCHHs
BKJIIOYAJIH B ce0s HANpsDKEHHS OT BEPTHUKAIBHOW
CTaTUYECKOW HATrPYy3KH U OT MPOAOJILHON CHibl 3,5
MH (350 1) — ynapHoit Harpy3ku. Beandannbl Mak-
CHMAJIBHBIX CYMMAapHBIX HalpsDKEHUH HPUBEICHBI
Ha rucrorpamme (puc. 9).

U3 rucrorpaMMbl BHIHO, YTO MaKCHUMallbHBIC
CyMMapHbIC HAlpSDKCHHS C y4ETOM YAapHBIX Ha-

257

TPY30K B 3JIEMEHTaX KOHCTPYKLUHUH HE MPEBHILIAIOT
npenena tekydectu 305 MIla. U ecnm B Barone
1988 r. oM mocTHTAlOT B MIKBOPHEBOH Oamke 297
MIIa, To B Barone 1983 r. mo BceM aieMeHTam
He npesbimaroT 190 MIla. Takum o6Gpazom, npou-
HOCTh Ky30BOB O0OMX BAaroHOB OT JCHCTBHS KBa-
3UCTATUYECKUX M YJApHBIX Harpy30K COTJIacHO
HOPMAaTHUBHBIM JOKYMEHTaM 00eCTieYnBaeTCH.

B npomiecce pecypcHBIX HCHBITAaHHN OBLIO BBI-
nmostHeHo 2 117 coymapeHuii ¢ TPOIOJBHBEIMH CH-
gamu 0,5-3,8 MH gis Barona 1988 r. u 1684 —
st Barona 1983 r. mocrpotiku. [lpu 3Tom mospe-
KJICHUH 2JIEMEHTOB Ky30Ba BaroHa He HaOIroma-
noce. [lo pesynmpratam ymapHBIX PEeCypCHBIX HC-
NBITAHAH BECh IWAla3oH NPOJOJBHBIX CHJI pac-
HpeNeIsUICs Ha MHTEPBAIBl U UL KaXI0TO U3 HUX
BBITIOJTHSJICSL pacueT HapaOOTKH Ha YAApHYIO BBI-
HOCJIMBOCTB, @ 3aTeéM O0IIre HAapaOOTKH IS KaxK-
noro Barona. Ha puc. 10 mpuBeneno pacnpenene-
HHE KOJIMYIECTBA COYJapCHUH B KOKIOM JHAIa30HE
yeunuii (MH) 11t 060MX BaroHos.

00

150 {32144 1

O1583r,
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Puc. 9. CymmapHbie Hanpsbkenust (o Beptukanu, MI1a) npu yaapHbIX Harpy3kax

Fig. 9. The combined stresses (vertical MPa) at shock loads
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Puc. 10. KonuvectBo coynapenuii (o BepTukanu) B AnanasoHax ycuini (o ropusonranu, MH)

Fig. 10. The number of collisions (vertical) in the range of forces (horizontal MH)
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I'ucrorpamma Ha puc. 10 orobpaxkaer crmektp
YCHJIMH U KOJIMYECTBO COYNAPEHUH B KaXKIOM Ana-
[Ia30HE CIIEKTPa, BBINOJIHEHHBIX B IIpOIecce pe-
CYpCHBIX HCTbITaHUM. DAKTUYECKOE KOJIMYECTBO
COyJapeHuil MPUBOIWIOCH K JKBHBAJCHTHOW Ha-
rpy3Ke, Ha OCHOBaHMU KOTOPOH OIpenessuiach BO3-
MOYKHOCTb TIPOJUIEHUS CPOKa CIYKObI BaroHa.

Hayqﬂaﬂ HOBHU3HA U MPAaKTHYECKasA
SHAYUMOCTDb

Ha ocHOBaHMH pe3yJIbTaTOB BBIMOJHEHHBIX
CTAaTHMYECKUX W YAAPHBIX HCIBITAHUHA Ha TPOY-
HOCTh TIOKa3aHo, uto mocie 25 u 30 nmeT sKcrnrya-
Tallii BaroHbl COOTBETCTBYIOT TPEOOBAHMIM HOP-
MaTHBHBIX JIOKYMEHTOB IO YCJIOBHSIM MPOYHOCTH
u Oe3omacHocTH jBmkeHUS. [IpoBeneHHBIE pe-
CYpPCHBIC HCIBITAHHUS TOKA3ald, YTO W3 YCJIOBHil
COMPOTHUBJICHHS YCTAJIOCTU CPOK CIIy>KObI BarOHOB
MOKET OBITh NPOJJICH Ha cleayronme 2—3 Toja.
PesynbTaTthl paboThl MOTYT OBITH HCMOJL30BAHEI
[P MPOJJICHUN CPOKA CIIy:KOBI BBIIIE YKAa3aHHBIX
BaroHoB. HacTosiine HCCIeIOBaHUSA ITO3BOJIUIH
0e3 JIOMOTHUTENBHBIX MEP MPOJOJIKHUTL CPOK JKC-
[TyaTallMi BarOHOB.

BriBoabI

ITo pesynbraTam NPOBEIEHHBIX SKCIICPUMECH-
TaJbHBIX UCCIIEOBAHUHN YCTaHOBIICHO:

— cymmapHsblie Hanpspkenus o I u IIT pacuer-
HBIM PEXHMaM OT KBa3UCTATUYECKHX HArpy30K
B 3JIEMEHTaX KOHCTPYKIIMH Ky30Ba HE MPEBBIMAIOT
JIOTTYCKaeMBIX;

— CyMMapHbIC HaNpsOHKEHHWsI OT YAAapHBIX Ha-
TPY30K C BEIMYUHON MPOAOIBHOTO ycuius 10 3,5
MH ne mnpeBbimaioT mpemena Texyuectn (305
MITa);

— 00a BaroHa IPOIUIA PECYPCHBIC HUCIBITAHUS
0e3 MmoBpeXIEeHUH, KOTOpble OBl MPEIATCTBOBAIU
MIPOBEICHUIO HWCIBITAHWA M HE MOTJIH OBl OBITH
YCTpaHEHBI TIPH MPOBEJICHUH OYEPEIHOTO IUIAHO-
BOTO BHJIa PEMOHTA,;

— oba BaroHa mMen HapabOTKy Ha pecypc, To-
3BOJISIFOIIME MPOJUIUTh CPOK HX TIOJE3HOW SKC-
IUTyaTalluyd Ha TMOCNIEAyonme 2 Toa A BaroHa
1983 r. u 3 roma — anst 1988 r. mocTpoiiku.

Ha ocHoBe mpoBeJICHHBIX UCCIIEAOBAaHUN Ompe-
JICJICHO, YTO BAarOHBI MOCJE TOJTYTOPHOTO U JIBOM-
HOTO CpOKa DKCIUTyaTallud C XapaKTePHBIM YPOB-
HEM KOPPO3WOHHBIX IMOBPEXKICHUN HMEIOT Hapa-
0O0TKy Ha pecypc, JOCTAaTOYHYIO IS MX JaJbHEH-

miell  9KCIUTyaTallid Ha MPOTSDKEHWH — BBIIIE-
yKa3zaHHOro cpoka. Ilocie ucuepmanus 3Toro cpo-
Ka PEKOMEHAYETCs IPOBEJEHNUE PECYPCHBIX UCIIbI-
TaHUi TSI OIIEHKH OCTaTOYHOTO pecypca, KOTOPBIN
OyzeT 3aBHCETh OT YCIOBHH SKCIUTyaTalld W 00-
LIEr0 COCTOSTHUS BarOHOB.
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A0 IIMTAHHA NTPOJOBXXEHHSA KOPUCHOI'O TEPMIHY
CJIYKBU BAT'OHIB JJIS1 IEPEBE3EHHSA OKATHUIIIIB

Merta. BantaxHuii BaroHHAH MapK «YKp3ali3HALI» Ma€ B OCHOBHOMY BaroHH 3 MEPEBUIIEHHSIM BCTAaHOBIICHOTO
HOPMaTHBHOTO TepMiHy ciyk0u. Taka >k CHTyallisl CIIOCTEpIraeThes 1 B IapKy CIeliani3oBaHuX BaroHiB. Tak, mapk
BaroHiB JUIsl MEpeBe3eHHs] OKaTUIiB Mae Onu3bko 50 % BaroHiB, siKi BiJCIY)XWIN MOJYTOPHUH 1 Oijiblle TepMiH
ekcrutyaranii. Pa3oM 3 THM, 00csT repeBe3eHb 3a11i30py/JHOT CUPOBHHH MOCTIHHUIT TPOTATOM psiiy POKiB. Y 3B’SI3KYy
3 IIMM BUHHMKA€E HEOOXIHICTh MOUIYKY METOZIB OOIPYHTYBaHHS MOXJIMBOCTI ITPOIOBKEHHS! KOPUCHOI eKCILTyaTarii
BaroHiB Ta OILIIHKU BiJIIOBIIHOCT] 3aJIMIIKOBOTO PECypCy KOHCTPYKIII Ky30BiB BaroHiB eKCILIyaTalliiHUM HaBaHTa-
JKEHHSIM TPOTSTOM HPOJOBXKEHOTro TepMiHy BHKOpHcTaHHs. Meroauka. [Ipu BizOopi BaroHiB juiss BHUNpoOOyBaHb
BUKOHYBAJIOCS TEXHIYHE IarHOCTYBaHHS CTaHYy BaroHIB i3 METOIO BHSIBICHHS PiBHA KOPO3IMHMX 1 MEXaHIYHHX II0-
IIKOJDKeHB. J{JIsl OLIHKM MOMIIMBOCTI MOJAIBINOT eKCIUTyaTallii BaroHiB MPOBOIMIOCS €KCIEPUMEHTAIbHE BU3HA-
YeHHs PiBHSA HABaHTa)XCHHS Ta HANPY)KEHOTO CTaHY HECYYMX KOHCTPYKLIll Ky30BiB BaroHiB Ha OCHOBI CTATHYHUX,
YAapHHUX Ha MIIHICTh Ta PeCypCHUX BUIPoOyBaHb. [Ipu pecypcHUX BHIPOOYBaHHIX BarOHH NOBHHHI BUTPUMYBATH
3ITKHEHHS 3 TO3J0BXHIMH 3ycHiusiME 10 3,5 MH, 3aranbHa KUIBKICT SIKMX €KBIBAJICHTHA 33/IaHOMY TEPMIHY CITy-
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»0u. PesyabraTu. /liarHocTyBaHHs BaroHiB 10 BUIPOOYBaHb 10Ka3ajo, 10 TEXHIYHWN CTaH BAaroHIB UIs IEpeBe-
3CHHS OKATHIIIB, B I[IIOMY, 3HAXOJUTHCS B 33/I0BUTEHOMY CTaHi. [IpoBeJicHI CTaTU4HI Ta yIapHi BUMIPOOYBaHHS Ha
MIIHICTP 13 TOJAJIBIIOK OI[IHKOK MIIHOCTI €JIEMEHTIB KOHCTPYKIIii BaroHIB IOKa3ald, 0 BOHA 3a0€3MEeUyEThCS
BiJIIIOBITHO O HOPMATHBHUX JOKYMEHTIB, 1 TaKi BATOHM HE HECYTb 3arpo3u Oe3reri pyxy. Y aapHi pecypcHi BUIIPO-
OyBaHHS MOKa3aid, IO BCi BATOHW MPOWIUIN IIi BUMPOOYBaHHS 0€3 YIIKOMKEHb, SKi O MEepemrkoKald X IpoBe-
JCHHIO Ta HE MOIMIM OyTH YCYHEHI IIpH IUIaHOBUX BHJIAaX PEMOHTY. BaroHm Manu HampalfoBaHHS Ha pecypc, II0
JIO3BOJISIE TIPOJOBKHUTH X KOPHCHY €KCIDTyaTallilo MiCiIs MOJIyTOPHOTo TepMiHy ciyx0Ou. HaykoBa HoOBH3HA. ABTO-
pamM# OTpHMaHa OIiHKa 3aJUIIKOBOTO PECypCy Ky30BiB BAarOHIB JJISI IIEPEBE3CHHS OKATHUIIB, SKi BiIPaIfOBAIN
NPU3HAYeHU I TOMYTOpHUi TepMiH ciryxOu. [IpakTuuna 3HauuMicTh. [IpoBenieHi ekcriepuMeHTalIbHI JOCIIIPKEHHS
HATBEPAKYIOTh MOXIIUBICTH OOTPYHTOBAHOTO TIPOJAOBKEHHS TEPMiHY CIIy>KOW BaroHIB MiCJisl TIOJyTOPHOTO TEPMIHY
ix ekcrutyaranii. Pesynprati po60oTH MOXYTh OyTH BHKOPUCTaHI MPU MPOAOBKEHHI TEPMiHY CITy)KOW BaroHiB Juist
TepeBe3eHHs OKaTHIIIB. YacTHHA BarOHHOTO MapKy, sIKa MOBHHHA OyJia CIIMCYBATHCS y 3B 53Ky 3 3aKIHUCHHSIM TIPH-
3HAYEHOTO IOJYTOPHOTO TEPMiHy eKcIuTyaTanii, 6e3 10JaTKOBHX 3aX0/1iB MOXKE IIPOJOBKUTH TEPMIiH CITY>KOH.

Kniouosi crosa: BaroH Jyist IepeBe3eHHs OKATHIIIB; TEPMIH €KCIUTyaTallil; MilHICTh KOHCTPYKLT; BiJIIOBIIHICTS,;
CTaTU4HI BUNPOOYBaHHS, YAapHI BUNPOOYBaHHS; HAIIPAILIOBAaHHS Ha pecypc
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TO THE ISSUE OF EXTENDING THE SERVICE LIFE
OF CARS FOR TRANSPORTATION OF PELLETS

Purpose. Freight rolling stock of «Ukrzaliznytsia» primarily has cars that are overaged. The same situation is
observed in the park of specialized cars. So the car fleet for the transport of pellets consists of about 50% of cars that
served one-and-a-half and more lifetimes. However, the volume of shipments of iron ore is constant for a number of
years. In this regard, there is a need to find methods to justify continuing useful life of cars and to assess the con-
formity of residual life of the car body structure to operating load for an extended period of use. Methodology.
When selecting the cars for the test their condition underwent technical diagnosis in order to identify the level of
corrosion and mechanical damage. The next stages of the tests included the experimental determination of the load-
ing level and the stress state of car body carcass based on strength and endurance tests and the evaluation of the pos-
sible values of the extended period of operation. Findings. Pre-test diagnosing of cars showed that the technical
condition of cars for transportation of pellets, as a whole, is in satisfactory condition. Carried out static and impact
strength tests with subsequent evaluation of strength of the car structural elements showed that the strength of the
latter is provided in accordance with regulations and such cars do not threaten the traffic safety. Shock endurance
tests have shown that all the cars have passed endurance tests with no damage that would impede testing and could
not be removed during scheduled repairs. The cars had lifelength that allows prolong their useful life after one-and-
a-half lifetime. Originality. The work presents the estimate of the residual life of bodies of pellet transportation
cars, which spent one-and-a-half of the set lifetime. Practical value. The experimental results confirm the possibil-
ity of extending the service life of cars after one-and-a-half life of their lifetime. The results of the work can be used
to extend the service life of cars for transportation of pellets. Part of the rolling stock, which had to be written off in
connection with the expiration of the set one-and-a-half lifetime without additional measures can continue its life-
time.

Keywords: cars for transportation of pellets; lifetime; structural strength; conformity; static tests; impact tests;
lifelength
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RELATIONSHIP BETWEEN ROLLING AND SLIP RESISTANCE
IN ROLLING BEARINGS

Purpose. About one of the causes of slip rolling is known from the second half of the 19th century, it was be-
lieved that the slip resistance appears at the place of contact due to different speeds on the arc of contact. Only in the
mid-20th century it was proved that this resistance is negligible in rolling resistance. However (for some unknown
reason) it is ignored the fact that in practice in rolling bearings may rotate both the inner ring with a stationary outer
one, and vice versa almost in equal relations. It is not taken into account the fact that the ball or roller in the rolling
bearings runs the different distance along the roller path of the outer and inner bearing cages in one revolution. This
fact is not taken into account in determining the calculated values for the friction coefficient of a rolling bearing
reduced to the shaft. Therefore, the aim of this work is to determine the influence of path length on the track riding
the outer and inner race of the bearing on the determination of the calculated value of the coefficient of friction of
rolling bearings is given to the shaft. Methodology. The solution technique is based on the theory of plane motion
of a rigid body, the theory of Hertzian contact deformation and the analytical dependencies for determination of co-
efficient of rolling friction. Findings. The obtained dependences on determination of rolling resistance of the balls
or rollers along the bearing tracks of inner and outer bearing cages as well as path difference metering of the rolling
on them allows to analytically obtain the rolling resistance and slipping for any size of bearings and different de-
vices of bearing units. It is also possible at the design stage of rolling nodes to handle not only the design but also
the content of the node. Originality. Using the analytical dependences for determination of the rolling resistance of
bodies at point and line contacts, and also account for the difference in the path of the rolling ball or roller on the
outer and inner cages of the bearing one can more accurately find the rolling resistance in the bearings.
Practical value. The obtained dependences allow designing the bearing units with minimal energy consumption.

Keywords: bearing; slip; rolling; contact; voltage; resistance

Introduction The rolling resistances appearing at this have
different values and during the rotation of outer
ring the causes are analogous to the problem con-
sidered by the ancient Greek mathematician Heron
[3] when moving two cylinders of different diame-

It is considered that ball and roller bearings can re-
place the slipping friction by rolling friction appearing
during the rolling of balls or rollers on the inner and
outer beating cage in the rotating pair [4, 10, 13]. ; L . .
However, for some unknown reason it is ignored the (€S With @ rigid connection. However, without
fact that in practice in rolling bearings may rotate both ~ Naving even the laws of friction and even more the
the inner ring with a stationary outer one, and vice 1@ws of rolling his arguments have philosophical

versa almost in equal relations. hature.
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Without complete rejecting the influence of
slipping friction on the resistance in the rolling
bearings let us note that the first analytical depend-
ence on its definition obtained O. Reynolds [15].
However, his theory was wrong, because he be-
lieved that the reason of rolling resistance lies in
the slipping in the contact place. If so (it was not
doubted, because of sizable reputation of the au-
thor), the rolling bearings were also lubricated as
the slipping bearings. Another reason Reynolds
could not have imagined as yet there was no theory
of Hertzian contact deformation. Only 90 years
later, D. Tabor [16] showed by experiments that
the role of slipping during rolling is small. The
theoretical dependences for the determination of
the rolling friction coefficient also belong to him.
At the linear contact the rolling friction coefficient
is

2b
k=—a, 1
3" 1)
at the point contact
3
k=—Dba, 2
16 @)

where b —is the half-width of the contact area ac-
cording to Hertz; o — is the coefficient of hystere-
sis losses.

Since the experimental determination of the co-
efficient oo requires considerable time and money,
the works [1, 2, 6, 9] proposed the experimentally-
analytical dependence to determine o, which con-
tains only generally accepted dimensions and me-
chanical contacts.

By analogy with (1) and (2) the formulas are
obtained in the form

k=0.225-6-exp(-1,2r); €))

(4)

where r — is the radius of the rolling body in me-
ters.

The unresolved parts of the problem should in-
clude solution of the two following problems.

One of the first is the problem related to the
Reynolds mistake. Since the main reason of the
rolling resistance is the slip, in the works [7, 10,
14] the rolling friction coefficients of the roller
along the outer and inner cages are taken as the

k=0.16-b-exp(0,2r),

equal and the tangential force from the reaction P,
of the roller (Fig. 1, a)

F=R(k/r).

()

Fig. 1. To the determination of tangential force
during rotation of the inner cage [10] (a) and
velocity
of the points of the outer cage and the ball (b)

The second problem to be solved is accounting
which cage is the rotating one. In practice in roll-
ing bearings may rotate both the inner ring with
a stationary outer one, and vice versa. The refer-
ence literature does not take into account this fact.
For example, the efficiency coefficient of the
groove pulley is given equal, although any cage
can rotate, especially with fixed blocks.

The peculiarity of the bearing functioning is
that the balls (rollers) run different distances per
revolution of inner or outer cage.
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At the simplified diagram of the bearing the
problem can be solved as follows. If the outer cage
rotates with angular velocity w, (Fig. 1, b), the

velocity of the point 1 as the point belonging to the
outer cage is

Vo = (K +25,)W, =2mn(2r, +1),  (6)

where the letters i, 0, b — is belonging of the sizes
and velocities to the inner, outer cages and the ball;
n — is the rotation frequency of both inner and
outer cages.

Naturally, the instantaneous velocity center of
this cage will be located at the point 2 of the con-
tact with the ball. Assuming that the slippage be-
tween the outer cage and the ball is absent, then
Vp =V,

The length of the roller track on the outer cage
isl, =2nr,, and on the inner one is I, =2xnr, and

the difference of distance will be Al, = 2rt(r, —1;).

1
That is, at this distance the roller slipping on the
inner cage will take place.

In the case of inner cage rotation with the fixed
outer cage, the difference Al suggests that on the
outer cage the roller will pass a distance equal to
the distance on the inner cage.

Purpose

The article is aimed to find analytically reduced
coefficient of friction of the ball and roller bearings
taking into account the different values of the roll-
ing friction coefficient on the outer and inner cages
and take into account the difference in the rolling
distance over them.

Methodology

The solution technique is based on the theory of
plane motion of a rigid body, the theory of
Hertzian contact deformation and the analytical
dependencies for determination of coefficient of
rolling friction.

Findings

1. Ball bearing (Fig. 1).
The number of balls in the bearing [8] accord-
ing to the assembly condition
D+d

2=29 . 7
5 g ()

The force acting on the most loaded ball

p=22. ©
z
Ball radius
r,~0.3(D-d). 9)
The radius of raceway of the bearing track
r.=1,03r,. (10)

If the number of balls is z>10 the load on
bearing Q (for example, at z=10)

Q=P (1+ 2¢0s”? y + 2c0s”? Zy) . (11

where y — is the angle between the balls (here
v =36°).
On that basis the load on the side balls is

P =Pcos??y; P,=Pcos??2y. (12

The value of half-widths of the contact areas in
the formulas (5) and (6) are determined using the
expressions:

where n, (i) — is the coefficient depending on the
equation of contact ellipse

)

In formulas (6)-(9) D - is the outer diameter of
the bearing; d — is the inner diameter of the bear-

ing; r, ~(d/2)+r, — is the radius of the bearing
track of the inner ring. With b, for the most loaded
ball one should substitute the value P, , and for the
lateral ball Por P, depending on the number of

balls.
When the ball rolling on the outer ring

bo =1.397n0 5 Eﬁ .
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where n, is determined as the function

)

where 1, ~(d/2)+3r, — is the radius of the bear-

ing track of the outer ring.

To take into account the influence of the bear-
ing size on the efficiency coefficient of the groove
pulley and the resistance coefficient to the motion
of the crane wheels let us consider two rolling
bearing of one series, but with substantially differ-
ent sizes.

1.1. The bearing no. 304: d =20 mm, D =52 ,
static load Q=7.94 KN, average diameter
D, =(D+d)/2=36 mm, d,=9,6 mm, number
of balls z=7 at y,=360/7=514°, r,=1438;
r,=24.4 mm; r, =4.944 mm.

Half-width of the contact areas of the ball
loaded by the force R, =3150 N: with the inner
cage b,=0.23mm at n;=0.38; with the outer
ring by, =03mm at n,=0.42. Accordingly,
loaded by the force P, =1740 N of the lateral
balls: by, =0.155mm; b,; =0.202mm. The rolling
resistance of the most loaded ball: on the inner ring
W, =44.45 N with a coefficient of rolling friction
K., =0.0434 mm, on the outer ring W,, =57.77 N
at k,, =0,0564 mm; two lateral balls on the inner
ring W,; =18.30N at k;; =0.029 and W,, =23.9N
at k,; =0.038 mm.

Let us find the work of forces of rolling friction
per revolution of the inner and outer rings:
— during rotation of the inner ring

A =2mr; (Wig + W,y +Wog +W,;)=13.4 N/m
— during rotation of the outer ring
Ay =27 1, (Wog +Woy )+ 1 (Wig + W) ]+
+2nf (P +2R)(r, —1;)=58.24 N/m

The total work of the rolling friction forces of
the balls on the inner and outer rings, excluding the
sliding friction of balls 4, =26.5 N/m, taking

into account the slipping

rol =

A=A, + Ay =265+552=81.7 N/m,

i.e. the half of the rolling resistance at f =0.1

(grease) accounts for slipping in this ball bearing
during rotation of the outer ring.

Using this bearing it is difficult to determine
the coefficient values of motion resistance and the
friction of bearing reduced to the trunnion, which
are used for calculation of the resistances in the
running gears of the cranes and groove pooleys
because of the small value of Q.

1.2. Bearing no. 312: d=20mm, D =130
mm, Q=494 kN, D, =95 mm, d,=21mm,
z=8 pcs., y=45°, =405 mm; r, =61.5 mm;
r.=10.815 mm.

By analogy with the preceding bearing let us
write: b, =0.413 m (n;=0.39), by, =0.68 mm
(atn,=0.42), b, =0.413 mm; b, =051 mm,
W,, =264.8 N at k;, =0.1036 mm, W, =326.3 N
(koo =0.128mm); W, =166.5 N (atk;, =0.0775
mm), W,, =205.4 N (at k,, =0.0956 mm).

The work of forces of the rolling friction: at the
rotation of the ring, N/m

A, =27 (Wig + W,y +Wig + W, ) = 2100405 x
x(264.8+166.5 +326.3+ 205.4) = 244.9; (15)

of the outer ring taking into account the slipping
friction of the balls due to the different diameters
of the inner and outer rings, N/m

Ay =2m] 1, (Woo +Woy ) +1; (Wig +Wiy ) [+ 2nf x
x(Py+2R)(r, — 1) = 21 0.0615(326.3 + 205.4) +
+0.0405(264.8+166.5) | + 2nf (30875 + 25 960) x

x(0.0615 —0.0405) = 315.25 + 749.5 =

=1064.75.  (16)

In this bearing the slipping resistance 3 times
exceeds the rolling resistance.

The values in the formulas (15) and (16) con-
sidering the coefficient that takes into account the
friction of flanges k; =1.2 (supporting cranes,

central drive, conical wheel rim)
A =K 4, =293.9 N/m; A =k A=1277.7 N/m.
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With two bearings no. 312 with a total static
load P =20Q =98.8kN the movement of the crane

wheel with the diameter D, =400 mm along the
rail KR-70 with a radius of curvature R, =400
mm is possible [12].

Rolling resistance with this diameter (D >50

mm) should be determined taking into account the
hysteresis loss coefficient [2, 6, 7, 8]

k =0.16be%2% | (17)

where R, — in meters.

Comparison of the formulas (6) and (15) shows
that that for this class of problems the coefficient
o is quite accurately determined by the exponen-
tial.

Half-width of the contact area with the circuit
of contact «cylinders with mutually perpendicular
axes» [11] is equal to

RR
b=1,397n, 3 > — "2
ER +R,

where n,— is a coefficient depending on the ra-
tioR, /R, and equal to n,=0.8; at this b=4.44
mm, k=0.74 mm with the value k=0.6 recom-
mended in the work [8] for the diameters of 400
mm, 500, 560 and 630 mm.

Rolling resistance of the wheel
_kP

Rk

(18)

W, (19)

is equal to 365.3 N and the work of the rolling fric-
tion force per revolution of the inner cage will be
A, =458.8 N/m, and with accounting of the flange
frictionis A,; =550.6 N.

Thus, the work of the friction forces per one
revolution of the inner cage of the bearing will be

A =2-293.9+550.6=1138.4 Nm, and during
rotation of the outer bearing  cage
A; =2-293.9+550.6=1138.4 N/m, ie. it is

about 2.7 times more.

On the basis of these data the motion resistance
coefficient is  w,=A,/P=00115, and
W, = A,,/P=0.0314at the recommended value
w=0,015with the rolling bearings and wheel di-
ameters from 200 to 400 mm [11].

The data obtained for the bearing no. 304 are
used for determination of the efficiency coefficient
of the running and stationary blocks with rotation
of the inner (Fig. 2, a, b, ¢) and outer (conventional
design) rings.

a
§ loo| 3
o T o0 7T Q
+
9
b

s ld Bl
ijz‘OO

Fig. 2. Recommended supports of the blocks
with the rotation of the inner ring of the bearings

Based on the static carrying capacity of the one
bearing Q =7.94kN for the scheme «a» we will
take S, as equal to this value. The breaking ten-
sion of the rope will be taken as

S, =N S, =5.5-7.94=43.67 kN,

max

the rope with diameter d, =9,7 mm corresponds
to this, diameter of the block
D, =d,e=9,7-25=242 mm.

Effective work when rotating the block for one
revolution

A, =nQD, =-7940-0,242 = 6045 Nm. (A,), b

The work of friction forces in the bearing dur-
ing rotation of the inner ring

Ay = A4,2=13.42-2=26.84 N/m.
Efficiency coefficient of the block scheme «a»

1 1
N (4 4,)  1+(26.84/6 045)

=0.995 . (20)

During rotation of the outer ring A, =84.55
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N/m and

1
~ 1+(136.48/6 045)

M, =09779,  (21)

i.e. the difference in the efficiency coefficient of
the block is 1.8%.

At the scheme «b» (the running block) the
value Q with the same bearings is 15.88 kN and
the work of effective force per revolution will be
the same value as in the previous scheme, the value
of the efficiency coefficient will be the same.

It should be noted that the recommended value
of efficiency coefficient for the rolling bearing is
0.97-0.98, which is close to the obtained
valuen, =0.9956.

In spite of slight difference in the values of ef-
ficiency coefficient when rotating the inner and
outer ring of the bearings (1.8%), it should be
noted that even at the five bearings, this difference
is about 9.6%, which, obviously, should be taken
into account when calculating and designing.

Here, during the calculation of the friction
works the work for the rope bend on the block is
not taken into account. However, as shown in [12],
a decrease in the rope contact angle of block does
not lead to decrease in its efficiency coefficient,
which is clearly associated with a decrease in pres-
sure on the balls, and naturally a decrease of fric-
tion forces in the same degree.

It should also be noted that the diameter of the
worn-in rolling bearing sleeve equal to the inner
diameter of the rolling bearing no. 312 with
d =60 mm and Q=49.4 kN we obtain the mo-

ment on the trunnion M =1.27Qu%=1882p,

where p is a coefficient of sliding friction.

With the known work of the frictional forces
during rotation of the outer ring in one revolution
the required value of the coefficient s

uzzil, 27Q and a one order less than its value
T

with the liquid lubricant.

2. Roller bearing. Let us consider the bearing of
the medium narrow series no. 2306 with the fol-
lowing dimensions: d=30mm, D=72 mm,
Q=20.6 kN, the diameter roller

d, =0.25(D-d)=10.5mm, the number of roll-

ersz=5(D+d)/(D-d)=12;y=30°, the radius

of the bearing track of the inner ring
d
I =%+—p: 20.25 mm, and the same of the outer

ring r, =%+gdp =30.75mm.

The force acting on the most loaded roller [10]

P, = Q (22)

® 1+2cos?y+2cos? 2y’

on the lateral rollers

P, =P, cosy, } 23)
P, = B, cos2y.

The works [5, 6] proved that if the load is ap-
plied to a group of bodies according to the cosine
law, to determine the resistance to their rolling the
entire load can be applied to a single body, i.e. the
rolling resistance of all five rollers on the inner
ring at the linear contact is determined using the
expression:

b =1522 L, (24)

BE &, +r,

KO‘

on the outer ring

b, 1522 | Tl
BEr, +r,

(25)

The rolling friction coefficient is determined
from the formula (1) witha=1 and will be
ki =0.0636 mm, k, =0.0876 mm accordingly.

The rolling resistance of the rollers: on the
outer cage is W, =343.7N, on the inner one is
W, =249.6 N.

The work of friction forces of the rolling and
slipping

On the inner and outer cages

A, =275 (W, +W, ) = 75.4 N/m;
Ay =21 (W, + W, ) +2nQ +(r, — 1) =
=08.1+135.8=233.9 N/m

with the coefficient of friction rolling of the rollers
on the inner cage f =0.1.
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Coefficient of the motion resistance is:

—at the rolling of the inner cage
w; =W, /Q =0.012;
—at the rolling of the outer cage

w, =W, /Q =0.017 with the recommended value

[12] for the wheels with diameter up to 700 mm
w=0.020.

Originality and practical value

Analytical dependences for determining the re-
duced coefficient of friction for steel wheels and
pulleys efficiency coefficient of the groove pulleys
were obtained.

These formulas make it possible for the de-
signer to operate not only the design, but also the
materials of units at the design stage of rolling
units.

Conclusions

Analysis of the obtained formulas and calcula-
tion results makes it possible to make the following
conclusions and recommendations:

— because of the different diameters of the
bearing tracks of the inner and outer rings of the
rolling bearings and, consequently, because of the
different path of the balls or rollers during rotation
of the outer ring (with fixed inner one) occurs balls
or rollers slipping on the inner ring;

— value of sliding friction in rolling bearings is
approximately 50% from the total in ball bearings
and about 30% in roller bearings (as a result of
different diameter of balls and rollers); conse-
quently, the efficiency coefficient of the groove
pulley decreases by about 2%, and the resistance
coefficient of the crane wheels by about 15%;

— when constructing the rolling units of rolling
bearings the preference should be given to the rota-
tion of the inner cage, especially for machines with
their serial connection (railway trains, belt convey-
ors, etc.).
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Mera. IIpo oaHy 3 MpUYMH KOB3aHHS MPH KOYEHHI BiTOMO 3 Ipyroi mojoBuHU XIX cTOMITTS, TOAI BBaXayiocs,
1110 OIIp KOB3aHHIO 3’SIBJISIETHCS B MICLII KOHTaKTy BHACHIJOK PI3HHUX IIBUIKOCTEH Ha Ay3i KOHTaKTy. Jlume B cepe-
JuHi XX cTomTTs Oyio JOBEACHO, IO [ek Ommip CKIa ae He3HAUHY BEJIUYHHY omopy KoueHH:o. [Ipote (3 HeBimomol
[IPUYKMHK) HE BPaXOBYETHCSA Ta 00CTAaBUHA, L0 B MIAMIKIIHAKAX KOYEHHS HA NPAKTULI Maike B PIBHUX BiJHOCHHAX
MOJKe 00epTaTUCs K BHYTPINIHE KUTBIE IPH HEPYXOMOMY 30BHIIIHEOMY, TaK i HaBmaku. [Ipu oMy He BpaxoByBa-
yacsi Ta 00CTaBHHA, IO KyJIbKAa a00 POJHK Y IMiJIIAITHUKAX KOYCHHS 32 OJWH 00OPOT MPOXOIWThH Pi3HUHN NUISX IO
JIOPKIII KaTaHHS 30BHINTHBOI Ta BHYTPIIIHBOI 000iM miammmnauKa. [{s oOcTaBrHA He BpaXOBY€EThCS U PU BH3HA-
YeHHI PO3PaxyHKOBOI BEIIMIMHM KOCQIIli€HTa TEPTS IiIMIHUITHUKIB KOUYEHHS, MPUBEIACHOTO JI0 Baixy. TOMy METOIO
poOOTH € HeOOXiTHICTh BCTAHOBJICHHS BIUIMBY JOBXWHHU MUIAXY IO JOPKIN KaTaHHS 30BHIIIHBOI 1 BHYTPIIIHBOT
000MM MIIIIMIIHUKA Ha BU3HAYEHHS PO3PAXyHKOBOI BEIMYMHHM KoedillieHTa TEepTs MiJUIMIHUKIB KOUEHHS, IpHBE-
JIeHoro 10 Bany. MeToauka. B 0CHOBI METOAUKH PIIIEHHS — TEOPis IJIOCKOT0 PyXy TBEPJOTO Tijia, TEOPish KOHTaK-
THUX aedopmariii ['epua Ta aHANITHYHI 3aJICKHOCTI JJIs1 BU3HAYCHHS KOe(II[iEHTa TEPTsS KOYCHHS. Pe3yabTaTh.
OTpuMaHi 3aJIe)KHOCTI TI0 BU3HAYEHHIO OMOPY KOYEHHIO KYJIhOK a00 POJIMKIB OIrOBUMH JOPI’KKaMH BHYTPIITHBOI Ta
30BHILIHBOT 000M, a TaK0X OOJIK Pi3HULI HUISXY KOYESHHS 110 HUX J03BOJISIE aHAJITUYHO OTPUMATH OIip KOYEHHS
Ta KOB3aHHS ISl OyAb-SIKOTO PO3MIpY MiJIIMITHKUKIB 1 PI3HUX HPUCTPOIB IiIIMIMITHUKOBUX BY3JiB. TakoXK MOXKIMBO
Ha cTafii MPOEKTYBaHHS BY3JIiB KOYCHHS OINCPYyBaTH HE TUIBKH KOHCTPYKIN€I0, ale ¥ MarepianaMyd By3Ia.
HaykoBa HOBH3HA. 32 JIOIIOMOT'OI0 aHANITUYHUX 3aJIC)KHOCTEH Il BUSHAYEHHS OMOPY KOYCHHIO TiJl IIPU TOYKOBO-
My 1 JIHIHHOMY KOHTAaKTaX, a TaKoX OOJIKy PI3HHUII MUIAXY NMPH KOYCHHI KyIbKA ab0 pOJIMKA IT0 30BHIIIHIM
1 BHYTpilmHIA o0o0¥WMax MiJIIMITHAKA MOXHA OUIBII TOYHO 3HAHUTH OIOPY KOYEHHS B ITiIIIMITHAKAX.
[paktnyna 3HaunMicTs. OTpUMaHi 3aJI€KHOCTI JTO3BOJATH MPOEKTYBATH MIAMIUITHUKOBI BY3JIH 3 MiHIMAJIEHOIO
€HEePrOEMHICTIO.

Kniouosi crosa: miAIKMITHAK; KOB3aHHS; KOYEHHS; KOHTAKT; HAIIPYTa; OIIip
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COOTHOIIEHHUE MEXAY COITPOTUBJIEHUAMU KAYEHUIO
N CKOJIB’KEHUIO B ITOAIIMUITHUKAX KAYEHUSA

Hean. O6 o1HOM U3 MPUYNH CKOJIBKEHHS IPH KAYEHUH N3BECTHO CO BTOpoii nonoBuHb! XX Beka, Torna cuura-
JIOCh, UTO CONPOTUBJIEHUE CKOJIBXKEHUIO MOSBISAETCA B MECTE KOHTAKTa BCJIEACTBUE PAa3HBIX CKOPOCTEH Ha Ayre KOH-
takTa. Tospko B cepequae XX crojeTust ObIIIO JOKAa3aHO, YTO 3TO CONPOTHBICHUE COCTAaBIISICT HE3HAYUTEIHHYIO
BEIIMYUHY B CONPOTUBICHHU KaueHH:0. OnHako (10 HEM3BECTHOM HPHYMHE) HE YYUTHIBACTCS TO OOCTOSTENBCTBO,
YTO B MOJIIUITHUKAX KaUeHHs Ha MPAKTHKE MOYTH B PAaBHBIX OTHOIICHUSIX MOXKET BPaIaThCsl KaK BHYTPEHHEE KOJb-
1[0 TIPH HETIOABM)KHOM Hapy’>KHOM, Tak M Hao00poT. IIpy 3TOM He y4HTHIBAJIOCH OOCTOSITENBCTBO, YTO MIAPUK WU
PONMK B MOJIIMIHUKAX KadyeHHsA 3a OJUH OOOPOT NMPOXOMUT pPa3HbI MyTh MO JOPOXKKE KaTaHUS Hapy KHOU
U BHYTPEHHEH 000HM MOAMINIHNKA. DTO 0OCTOSITENBCTBO HE YUUTBIBACTCS M IIPU OINPEAEICHUH PACUETHOM BEIUIH-
HBI KO3(dUIeHTa TPEHUS MOIUITHIKOB KauyeHus!, IPUBEJCHHOTO K Baiy. [103TOMY LIenbio paboThl sIBIsieTCS yc-
TAQHOBJICHHUE BIMSHHUSA JUIMHBI TyTH MO JOPOXKKE KaTaHUS Hapy>KHOW M BHYyTpeHHEH 000HM MOJIINIHUKA Ha OTpee-
JICHUE pacyeTHOM BenM4YMHBI KoddduimeHTa TpeHHs: NOALNIMITHUKOB KaueHHMs, IPUBEJCHHOTO K Bany. MeToamnka.
B ocHOBe MeTOOUMKH pelIeHns] — TEOpHs IJIOCKOTO JBIKEHUSI TBEPIOTO TeJd, TEOPHsS KOHTAKTHBIX JedopManuii
I'epua 1 aHATMTHYECKUE 3aBUCMMOCTH JUTS ONpeesieHns] Ko duiueHTa TpeHust kauenus. Pesyabrarsl. [lomyyen-
HBIE 3aBHCHUMOCTH IO OIPEAEICHHIO COIPOTHBIICHUS KauCHUIO IMIAPUKOB WJIM POJIMKOB IO OErOBBIM JIOPOXKKaM
BHYTPEHHEH M Hapy>XKHOH 000IM, a TakKe y4deT pasHOCTH ITyTH Ka4e€HHs 10 HUM MO3BOJSIOT aHAIUTHYECKU IOy~
YUTH CONPOTHBIICHHE KAYCHUIO M CKOJBKEHHUIO IS JII000T0 pa3Mepa HNOALIMITHUKOB U PA3IMYHbBIX yCTPOWCTB MOA-
MIMITHAKOBBIX y3J7I0B. Takke BO3MOXKHO Ha CTaJUH NPOESKTUPOBAHHS y3JI0B KaUEHHsI ONIEPHPOBATh HE TOIBKO KOHCT-
pyKiueH, Ho 1 Matepuanamu y3ina. Hayynast HoBu3Ha. C IOMOIIbIO aHATUTHYECKUX 3aBUCUMOCTEH TS OIpeerie-
HUSI COTIPOTHUBIICHUSI KAYCHHUIO TEJI PU TOUYCYHOM M JIMHEHHOM KOHTAKTaX, a TAK)XKE ydeTa pa3sHOCTH IIyTH IPH Kade-
HUM TIApUKa WIA POJIMKAa 10 BHEIIHEH M BHYTpPeHHEH 000iiMaM NOANIMITHWKAa MOXHO Oojiee TOYHO HAWTH
COTIPOTHUBIICHUS KaueHWI0 B mojamunHukax. IlpakTuyeckas 3HaumMocTh. [lomyyeHHBIE 3aBHCUMOCTH IO3BOJIAT
MPOCKTUPOBATH MOAUIUITHUKOBBIC Y3JIbI C MHHHMAaJIbHOM OHEProCMKOCTBIO.

Kniouesvie cnosa: NOAINMITHUK, CKOJIBKEHHUE; KAUCHHUE, KOHTAKT; HANIPSDKEHHUE; COPOTUBIICHHUE
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EFFORT OF STEEL PIPE JACKING IN TERMS
OF IMPERFECTION PIPES AND HETEROGENEITY OF GROUND

Purpose. The article presents problem of the influence of local inhomogeneities of ground on the internal forces

in the steel pipe. Methodology. The authors presented the differences in the distributions of earth pressures for the
pipes. One of the most common methods is the microtunneling technology. The examples of numerical analysis by
finite element method (FEM) have been calculated. Findings. The results of numerical analysis are presented for
selected ground conditions and the distribution of internal forces in the flexible section of the steel pipe is also
shown. Originality and Practical value. The obtained results clearly show the influence of flexural rigidity of the
pipe on the internal forces, the influence of flexural rigidity and the soil stiffness on the size of the bending moments

in the steel of pipe jacking. They depend on the interaction of soil — steel pipe.
Keywords: steel pipe; finite element method; microtunneling; ground

Introduction

Modern technology construction method of
underground pipelines enables building of sewer
pipelines for lengths of over 500 m. It is possible
to make this without disturbing the existing
infrastructure. One of the most common methods is
the microtunneling technology. This technology
allows drilling the microtunnel hole by drilling
machine where, after loosening the soil with high-
pressure water, excavated material is transported to
the surface of the ground. The pipe jacking is
pressed in place of the removed soil. This
technology and the various methods of calculation
are given in the book [6] and in the article [10].
Microtunnel execution is preceded by the
construction of the starting shaft and receiving
shaft. Before the implementation of microtunnel
the full recognition of geological and engineering
on the planned route should be performed.
Unfortunately even that it is not possible to provide

all the possible complications you may encounter
during the implementation of the collector using
microtunnelling. Commonly used methods of static
analysis jacking pipes describe the most common
situations without considering exceptional situations
such as the heterogeneity of ground. Such situation is
considered by the authors of the study. The analysis
is made for partially realized microtunnel with a total
length of 300 m. The steel pipe has a diameter of
2 000 mm and thickness of 12 mm. Steel pipe will be
a protective tube for the pipeline made under the river
leading to a large sewage-treatment plant.

Physical model. In this article an influence the
heterogeneity of soil and a flexural rigidity of the
pipe on the bending moments where presented. In
order to solve this problem, it was divided into two
stages. The first stage estimated the force on the
pipe jacking and the second stage included the
analysis the heterogeneity of soil on bending
moments. The problem is shown in Fig. 1.
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The loads acting transversely to the axis of the
pipe. Modern analysis of static tunnels needs to
determine static scheme including the interactions
between the soil and pipe jacking. It is important to
choice the characteristics of elastic microtunnel
structures and to determine geotechnical
parameters of soil medium. Microtunnel in
selected cross-sections is considered. In order to
perform the analysis the following two distinctive
sections were chosen (Fig. 2).

On the basis of guidelines [1], [5] the load
diagram of the steel pipelines for a microtunnel
was adopted which is illustrated in Fig. 3.

Starting shaft 9 Receiving shaft

R
Yo 4o Hai op e
R o e
o | 1=18,5kNim*
I

1-1

O

Fig. 2. The characteristic sections of computing

According to various proposals the width of the
solid ground was determined. It was a load on the
pipeline. The load induces a state of stress in the
walls of the pipe. It should be noted that the
drilling of microtunnel change the state of stress in
the ground. This was confirmed by the research
field and the numerical calculations. During the
drill microtunnel occurs reduction of the load
ground on the pipeline. This is a consequence of
loosening the soil in the area of vaults and transfer
loads to the ground on both sides of the pipe. This
phenomenon was studied among others by
Terzaghi and Houskawa based on the theory of the
silo. The necessary condition to reduce the load is
large vertical deformation in the key course. Using
appropriate  technological solutions in the

implementation of microtunneling seeks to reduce
the vertical movements to a minimum, which
results in that only a small portion of the angle of
internal friction is mobilized in the plane of shear.
It is known that already at 10% of the value of the
vertical movement is mobilized half of the angle of
friction. This phenomenon allowing appoint an
increased load on the ground in areas of the lateral
pipe. According to silo theory (Terzaghi)
8=¢"0,5 was accepted. The results of calculating

the width of the ground solids of different
proposals was illustrated in Fig. 4. The values of
the vertical and horizontal loads were calculated
according to the following relationships.

Vertical load acting on the ground pipe

pEv:K'Y'h+po (1)

[
‘ Jil* 1:l|:
| b i

= pF—&i
Peut [
_: I I LTX] II- l l l i '1 \'!\'\'\'\' I l

o Pey2

vy ¥4y

Fig. 3. The load diagram
of the pipelines microtunnel by [5, 1]

Where: y — volume weight of soil overburden
conductor; x — reduction factor taking into account
the stress distribution after completing of
microtunnel; h — thickness of the soil on the pipe-
line.

The reduction factor k from the expression was
determined:

1- —2»Kl~tg(¢/2)-£
K= - (2)
2-KLg($/2)-

where K1 — coefficient of earth pressure on the
wall of the silo, K1=1,0; b=d, -/3
The horizontal earth pressure at the height of

the key course of the pipe was calculated by the
following expression:

doi 10.15802/stp2016/74764

© K. Gorski, R. L. Ignatowicz, 2016

171



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

Hayxka ta nporpec Tpancropty. Bicauk JIHinponeTpoBcskoro
HaLlIOHAJILHOTO yHiBEpCHUTETY 3aii3HUYHOrO Tpancnopry, 2016, Ne 3 (63)

TPAHCIIOPTHE BY AIBHULITBO

d,
th=K2-(pEv+7v) (3)

Where
0.0833

E 3
0.14. 2. L
ES rm

and t is the wall thickness of the pipe, r, — radius
in the middle of the wall thickness, E, is the

+ bida

K2= (4)

3.5

modulus of elasticity of the pipe material, Es — the
modulus of elasticity of soil.

A common approach are the guidelines
contained in the ATV 161 E [1], so for numerical
analysis the width of the ground solid b = (3)°° x
d, was assumed. The load on the Terzaghi
assumptions is shown below (Fig. 5). In the
analysis the distributions of internal forces for the
various static diagrams were compared. The loads
for different schemes are shown below (Fig.6, 7).

1.Terzagi: b—Z-da 105+ tgad

3. r =

2 Scherte: I:r—l:la 1+ tga)
3.Terzagi'Houska: bw? 'da -[sec a+toal

25

4. Houska: b_z-da -[1+s2c m+tga)
S.Korner: b_da
B. ATW1B1 E:bmyZ-d,

a=4542
U, =45+412

. =

i =S
24
15 |
1
05
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5 ]

Fig. 4. Comparison of the calculated b by different authors
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Fig. 5. The load a underground pipe with solid ground
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Fig. 6. The loads on a underground pipe by Hevett, Schultze, Volkov
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Fig. 7. The loads on a underground pipe by Bugajeva, Buzgryla, Pytkowski

a,b
c,d
Fig. 8. The bending moment in cross-section
from the ground pressure and weight of the pipe by:
a — Hevett, b — Schulze, Volkov, ¢ — Bugajeva, d — Buzgryla, Pytkowski
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Findings

Internal force diagrams for different schemes
are shown below (Fig.8). The results were
compared to the values calculated according to [1],
which is presented in Table 1.

The presented results of calculations have
shown that there are large differences in the values
of the internal forces determined on the basis of
proposals from different authors and they cannot
be directly compared. Differences result directly
from the assumptions regarding the scope and
distribution of elastic supports describing the
interaction of soil — pipe. The consequence of these
assumptions is the distribution of soil along the
perimeter of the steel tube, which also generates
different distributions of internal forces. In order to
verify the above conclusions, numerical analysis
using finite element modeling system and
geotechnical calculations Sofistik -Talpa [16] were

performed. Numerical model was made in the
plane strain. The calculations were made in several
stages the state of stress and strain as the initial
condition for the next stage of the calculation. The
model of Coulomb — Mohr’s with non-associated
flow rule in plasticity was calculated. For the
analysis, the following parameters were taken:
angle of internal friction of soil ¢ = 31°, cohesion
¢y = 0 kPa, the volume density of soil y = 18,5
kN/m®. In the contact zone of the soil — pipe,
special contact elements were used which were
assigned a variable

coefficient of friction. Contact elements do not
carry the tensile forces. In order to take account of
the effect of a breach in the soil zone drilling area,
the model is divided into various material
parameters. It allowed to map the loosening of the
soil and its effect on the internal forces in the cross
section of the pipe.

Table 1
The bending moments in the pipe jacking
. ATV 161 Hevett Schulze, Volkov Bugajeva  |Buzgryla, Pytkowski
Bending moments
kNm kNm kNm kNm kNm
Mg;- key course -16,61 -13,50 7,20 -5,10 -10,30
Me,- side wall 17,38 11,70 0 0 -12,20
Mgz- invert -17,52 -9,95 2,21 -0,63 -2,37
Me
+
Legend Mez
M3
& SOFISTIK

EEEELEEL

AEAER

¥

TEREEAEAAE

Fig. 9. An example of a numerical (FEM) model
of the interaction of soil — pipe
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In Fig. 10 one can see that the internal forces
are significantly different from the values deter-
mined by guidelines [1]. We can conclude that the
graph of internal forces has a similar distribution as
in the proposal Hevetta. In the case of the analysis
the flexural rigidity of the pipe is very important.
In order to grasp this fact, numerical analysis con-
trolling two parameters was made. First parameter

B

was the change of modulus of elasticity in the zone
of potential loosening of the soil and secend pa-
rameter was the change in the flexural rigidity of
pipe. For the analysis of the interaction pipe - soil
has been introduced a replacing flexural rigidity of
the pipe as a function of strain. Vertical displace-
ment of the pipe was calculated by the theory of
second order. It was shown in the Fig. 13.

o o
"o T o
2, Wi °
A '5\9-;_)-},_\\\0.- z‘r;/ﬂl\\ o py
In ot o S g
0, 5 & e o P ae?
<350 -~ - o /'\'_—0- 20
.4
=
) _l_j—o_df.ﬁ
[ .
ANl @ ~770.360
KA g
o L= ‘-’_39 \"O #3?
L (; ﬁﬁ\i\\‘ to i
9\:’9

Fig. 10. Internal force diagrams without loosening of the soil in the area around the pipe,
(E =100 kPa). Steel pipe

Dz = 2500 mm, t =25 mm

|
\

E=100kPa

|
/

Fig. 11. Internal forces diagrams without loosening the soil in the area around the pipe,
(E =50 kPa). Steel pipe Dz =2 500 mm, t = 25 mm
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Fig. 12. Internal forces diagrams without loosening the soil in the area around the pipe, (E = 25 kPa).
Steel pipe Dz = 2500 mm, t = 25 mm

_— Y [N ,
o L 1kPa

o E=210GPa
s 2r = 2500mm
D "nfmﬂx[mm]

3
e 4

Fig. 13. The replacing flexural rigidity the pipe

M,/m M, - dla D = 2500mm, t=12mm

n1=EL/D)

E,=50MPa

E=100kFa

E 1/(D"t)n,

Tamm Blmm

i _.* T *

Fig. 14. The increment of the bending moment M in key course as a function
of a flexural rigidity the steel pipe and soil stiffness
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e i

Fig. 15. The increment of the bending moment M in side wall as a function
of a flexural rigidity the steel pipe and soil stiffness

The obtained results clearly show the influence
of flexural rigidity of the pipe on the internal
forces. The bending moments in the steel pipe with
the wall thickness between 12 mm — 35 mm are
quite different. They are much smaller than the
value calculated on the basis of the guidelines [1].
The formulas for the bending moments in [1] are
independent of the deformability pipe.

Conclusions

The obtained results showed the influence of
flexural rigidity and the soil stiffness on the size of
the bending moments in the steel of pipe jacking.
They depend on the interaction of soil — steel pipe.
On the basis of Fig.14 with the modulus of
elasticity of the soil Es = 50 MPa, the increase of
the bending moment in the key course of the pipe
is practically not variable independently of the wall
thickness of the steel pipe. A similar example was
found for bending moments in the side wall tunnel
(Fig. 15). The construction steel pipe jacking
behaves quite different, when the modulus of soil
Es is smaller (Es = 25 MPa). The increase of the
bending moment in the key course according to the
rigidity of the tube can be up to 15% (Fig. 14). In
the case of the increase of the bending moment
side wall, it may be as high as 41.5% (Fig. 15).
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HAIIPYT A CTAJIEBOI TPYEH, ITIPOKJIAJIEHOI B YMOBAX
HEJOCKOHAJIOCTI TPYE TA HEOJJHOPITHOCTI IPYHTY

Merta. Y pocinijkeHHI HeOOXiZTHO BUBUYMTH NMHUTAHHS BIUIMBY JIOKQJIBHUX HEOJHOPITHOCTEH IPYHTY Ha BHYTpI-
ITHI CHJIM B CTaJieBiil TpyOi. MeToauka. ABTOPH NPEACTaBIIIN BiIMIHHOCTI B PO3IOILTI ITPYHTOBOTO THCKY Ha TPY-
6u. OnHUM 13 HaHOLIBII MOIIMPEHUX METOMIB € TEXHOJIOTIS MIKpOTYHENIOBaHHS. [IpuKiIan 4nuCceNbHOro aHalizy
Oy pospaxoBani MeTomoM ckinueHHuX enemeHTiB (MCE). PesyabTaTn. BeTaHoBICHI 1aHi YHCENBHOTO aHATIZY
MIpeICTaBIeHi sl 00paHUX I'PYHTOBHX yMOB. ByB Takok moka3zaHWi po3MoJiI BHYTPIMIHIX CHJI Y THYUKiil cekuil
craneBoi Tpyou. HaykoBa HOBM3HA Ta MpaKTH4YHA 3Ha4YuMicTh. OTpUMaHi pPe3yIbTaTH YiTKO MOKA3yIOTh BILIHB
3THHAIBHOI J)KOPCTKOCTI TPyOW Ha BHYTPIIIHI CHJIM, HAa BEJIIMYMHY 3TMHAIBHUX MOMEHTIB y CTali BAABJIEHHUX TPYO.
Bonwu 3anexxats Bi B3aeMoil IpyHT—cTaneBa Tpyoa.

Kniouosi crosa: cranesi TpyOu; METO KIHIIEBUX €JIEMEHTIB; MIKPOTYHEIIOBaHHS; IPYHT
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TTo3uaus, ITonbura, 60-649, s1. moura kgorski@up.poznan.pl
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HANIPSI)KEHUE CTAJIbBHOM TPYBBI, TIPOJIOKEHHOMN
B YCJIOBUSIX HECOBEPIIEHCTBA TPYb
WU HEOJJHOPOJHOCTHU I'PYHTA

Heab. B uccnenoBanuu HEOOXOAMMO W3Y4YHTh BONPOCHI BIMSHHS JIOKAIBHBIX HEOJHOPOJHOCTEW IpyHTa Ha
BHYTPEHHHE CHJIBI B CTAJIbHOHN TpyOe. MeToauka. ABTOPHI NMPENCTaBHIN PA3IHYH B PaclpeieIeHUH IPYHTOBOTO
JaBineHuss Ha TpyObl. OnmHuM K3 HamOoJiee  paclpOCTPaHEHHBIX  METOAOB  SIBJISETCS — TEXHOJIOTHUS
MHUKpPOTOHHEIMPOBaHMA. lIpMMepbl YHCIEHHOTO aHanmnM3a OBUIM pPacCYMTaHbl METOJOM KOHEUYHBIX 3JIEMEHTOB
(MKD). Pe3yabTaThl. YCTaHOBJICHHBIC JaHHBIC YHCICHHOTO aHAN3a MPEICTABICHBI /T BRIOPAHHBIX IPYHTOBBIX
ycnoBwid. Taxke mMokazaHO paciperesieHre BHYTPEHHUX CHII B THOKON CEKIIMU CTaldbHOM TpyOsl. HayuHasi HOBH3HA
U NMpaKkTH4YecKoe 3HaveHue. [lorydeHHbIe Pe3ysIbTaThl YETKO IOKA3bIBAIOT BIUSHHUE M3THOHOM KECTKOCTH TPYObI
Ha BHYTPEHHHE CHJIbI, Ha BEIMYUHY HW3rHOAIONIMX MOMEHTOB B CTIM BJABICHHBIX Tpy0. OHM 3aBHCAT OT
B3aUMO/ICHCTBUS TOYBa—CTaNIbHas TPyOa.

Kniouegvie cnosa: cranpHbIe TPYOBI; METOJI KOHEUHBIX 3JIEMEHTOB; MUKPOTOHHEINPOBAHUE; TPYHT
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ONE-TO-ONE NONLINEAR TRANSFORMATION
OF THE SPACE WITH IDENTITY PLANE

Purpose. Study of geometric transformations. We will consider the so-called point transformations of space.
Methodology. The most important are one-to-one transformations. They allow exploring and studying the proper-
ties of the transformed object using the properties of the original object (line, surface and figure) and the properties
of the transformation. Cremona transformations occupy a special place in the set of one-to-one nonlinear transfor-
mations. Construction of one-parameter (stratifiable) transformations is carried out as one-parameter set of plane
transformations, both linear and non-linear ones. The plane, in which the specific transformation is prescribed,
moves in space by a certain law forming a one-parameter set of planes. The set of such plane transformations makes
up the space transformation. Findings. The designed graphics algorithms and the established transformation equa-
tions allow building the visual images of transformed surfaces and conducting their research by analytical geometry
methods. Originality. By completing elementary algebraic transformations of this equation, we obtain the cissoids
equation. If the plane ¢ is continuously moved parallel to itself, it results in occurrence of surface, whose carcass

will be the set of cissoids and the set of front-projecting lines. Practical value. The considered set of stratifiable
algebraic transformations gives an effective means for exploring new curves and surfaces obtained by transforming
the known algebraic lines and surfaces. These graphic algorithms allow graphically depicting the transformed lines
and surfaces. The considered procedure of drawing up analytical formulas of specific transformations allows us to
study the transformed surfaces and lines using the methods of analytic geometry. The above transformations can be
of arbitrary high order, which is especially important during the design of complex technical surfaces such as air-
craft components, parts of water and gas turbines, supports of the structures subject to strong flow of liquid, etc.
Space modelling issues, including the building of graphic plane models of space, are relevant both in theoretical
terms and in terms of application of the non-linear surfaces investigated on their basis for constructing the technical
forms of parts and aggregates of construction machine movable elements, the middle surfaces of shells, the surfaces
of turbulent blade, etc.

Keywords: space modelling; quasi-linear model; space transformation; non-linear surface; graphic design; axio-
matic design

Extremely important and characteristic ability Introduction
of our mind is the process which consists in the
fact that we relate things to things.

R.Y. Dedekind

The idea of relating two objects provides
a powerful tool for learning new objects and their
properties, as soon as the rules are set — the law of
correspondence between these two objects. Re-
garding the geometry this law is determined by
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specifying a definite geometric transformation that
transforms one object into another.

Geometric transformations are very diverse.
We consider the so-called point transformations of
space. In this case, each point in space is assigned
with another definite point in the same space, and
vice versa. This transformation is called one-to-
one.

Analytically the point transformation is deter-
mined by formulas.

X =F(X"Y",2"),
Y =F,(XY',2"),
Z=F(X"Y"2"),

where: (X,Y,Z) - coordinates of the initial point
of the pre-image, and (X'Y'Z") —coordinates of
the transformed point-image. Functions F,F,,F;

can be linear or nonlinear. In the first case, the
transformation will be one-to-one, in the second
case, as a rule, multi-value.

Methodology

The most important, in our view, are one-to-
one transformations. They allow exploring and
studying the properties of the transformed object
using the properties of the original object (line,
surface, figure) and the properties of the transfor-
mation.

Cremona transformations occupy a special
place in the set of one-to-one nonlinear transforma-
tions; they are named after L.Cremona, who pre-
sented a coherent theory of plane non-linear trans-
formations. The fundamental theorem of Cremona
plane transformations about the ability to factorize
any transformation into quadratic product was
proven in the late XIX century. An attempt to
prove a similar theorem for Cremona space trans-
formations have been to date unsuccessful. In this
regard, we study only some groups of transforma-
tions and their particular types. Without going
deeply into the theory of Cremona transformations
we refer the interested reader to the sources [6],
[11], [212].

At present, much attention is paid to the study
and construction of the so-called stratifiable trans-
formations. [2], [4], [5], [13]. Construction of one-
parameter (stratifiable) transformations is carried

out as one-parameter set of plane transformations,
both linear and non-linear ones. The plane, in
which the specific transformation is prescribed,
moves in space by a certain law forming a one-
parameter set of planes. The set of such plane
transformations makes up the space transforma-
tion.

The problem of studying such transformations
is relevant both in theoretical terms and in terms of
application for constructing the technical forms of
parts and aggregates, construction machines run-
ning in the flow of liquid or gas (bridge supports,
the surface of the turbulent blades of water and gas
turbines, surfaces of shells) etc.

The purpose of this work is to design and study
the space transformations on the basis of plane
transformations that transform straight lines into
algebraic curves of any order with (n—1) multiple

singular point and vice versa.

Before proceeding to the design of space trans-
formations we give some information from the
theory of algebraic curves [1], [10].

1. Plane algebraic line is a line defined by an
algebraic function of the coordinates of its points
in the form of:

F(X,Z)=0,0r Z=f(X), 6

Another way to define the curve is a parametric
representation for which its current coordinates are
set individually as a function of some parameter:

X=X(t),Z=2(t). 2

Excluding the parameter t from the equations
(2), we obtain the equation of the same curve in the
form (1) and vice versa. From equations (1) we can
obtain the parametric representation of curve.

2.The highest degree of the polynomial
F(X,Z) is called the curve order (1). The curve

order is determined by the number of curve inter-
section points with an arbitrary line.
3. The algebraic curve of m-th order, is gener-
(n+3)
2

ally determined by n points.

4. Two algebraic curves d and h of the order
m and n meet at the points M, N respectively.

5. The multiple point (irregularity) of curve is
called the point, where several curve branches
meet: forming double, triple, etc. points according
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to the order n of the curve. Indecomposable curve of
n order cannot have points of multiplicity higher

(n-1)(n-2)
2

An algebraic curve may not have multiple points
at all, or have less than the specified limits.

Curve genus or genre is the number p that is the
difference between the largest number of double
points, which may belong to the curve of this order,
and their actual number on a given curve. This defini-
tion is equally valid if the curve has the points of

k(k-1)
2

of double points. If the curve is of zero genre (i.e., it
has the maximum possible number of double points),
it has an important property: the coordinates of its
points can be expressed as rational functions of some
parameter.

These curves are called unicursal. Every curve
having a point of the highest possible multiplicity
(n—21) isaunicursal curve. Any line passing through

this point intersects the curve only in one more point.
Consequently, between the points of this curve and
any line we can establish one-to-one correspondence
with central projection, if the point (n—1) of multi-

plicity is taken as the projection centre.
6. If the multiple point (n—1) is taken as the ori-

gin of coordinates, then the curve equation can be
written in the following form

f,(X,Y)+ ., (X,Y)=0, @)

n—1 and more than of double points.

higher multiplicity, providing that k is for

where F and F, ; —homogeneous polynomials in
relationto X and Y to n and n—1 power respec-
tively.

Let us now construct a stratifiable space trans-
formation generated by the curves of the type (3). In
the space rectangular coordinate system 0, , (Fig. 1)
we plot the curve s in the frontal plane¢. In this
system, the curve s will have the equation

f.(X',2")-f,.,(X",2")=0 @)

Let us plot (n—1) — the multiple point on the Y-

axis at the point 0', and through the point of its inter-
section with the axis X — A draw the horizontal pro-

jecting line t.

Any line d, passing through the origin of co-
ordinates will intersect the curve s at a single
point A'(s - unicursal curve), and the straight t at
the point A. Thus, all the points of the curve s
can be projected at the point of the line t and vice
versa, i.e. one-to-one transformation is recognized.
In this transformation the straight line t will corre-
spond to the curve s, and vice versa. The curve s
will correspond to the straight line t.

The equation of the line d :

Z'=KX', (5)

where K - slope of the straight line.
Solving the combination of equations (4) and
(5) we obtain the coordinates of the point A'.

foa (LK)
f (LK)

’_

Kf,, (LK)
f. (LK)

!/

These coordinates will correspond to the coor-
dinates of the point A(X,Y).

Since the coordinate X of the point A on the
line t equals the coordinate X' of the point A" on
the curves, then the first of them can be deter-
mined as the coordinate of the intersection point of
the curve swith the axis X . It has to be done in
each case of the transformation, having the defined
curves.

For example, the representative of the set of
curves s (see Fig.1) is Maclaurin trisector, third-
order curve with a double point ((n—1)-fold )0":

a(22—3X2)+X(X2+ZZ):O.

To determine the point of intersection of this
curve with the axis X we suppose Z =0, and then
we have:

—3aX?+X%*=0, X?=0 - coordinate of the
point of intersection A with its axis X .

Thus, in each particular case we can determine
the transformation formulas in the plane. ¢ .

Moving the straight line t together with the
point A of the curve s, along the axis X we ob-
tain a set of horizontally projecting straight lines
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o’ and the corresponding bundle of curvess.

Moving the plane ¢ with the transformation set on
it, parallel to itself so that the multiplicity point
(n—1) of the curve s would move along the axis

Y , we obtain a space transformation, in which o
of the projecting lines will match the o of the
curves S.

The set of projecting straight lines and curves
@ are perspective regarding the horizontal projec-

tion plane, so this plane in the transformation re-
mains fixed and standard.

Findings

In each of the planes ¢ there is the same plane

transformation, that is why the space transforma-
tion is stratifiable, and the coordinates Y of the
corresponding points remain unchanged.

Any curve s when moving circumscribes the
cylinder with a cross-sections. This cylinder
within the space transformation corresponds to the
profile planef.

'\“‘\‘ r
i “—":‘(
it S

5

Fig. 1

Let us construct, first geometrically, a particu-
lar form of space transformation. The circumfer-
ence will act as a unicursal curve. In the space rec-
tangular coordinate system 0,,, (Fig. 2) we define
an arbitrary point A(A, A,)). The coordinate planes
0,,and 0O,, are taken as the horizontal and frontal
planes of the projections, respectively. Let us plot
the frontal plane ¢(o,, ;) through the point A.

T

Fig. 2

/1S
\F |:

of

Fig. 3

In this plane, on the segment AT,, as on di-
ameter, we draw a circumference f . It is tangent
to the lines t and ¢,. We plot the half ray T,A
through the point T, c s. It crosses the circumfer-
ence f at the point A'. In other words,
we have built a central projection of the point A
from the centre T, to the circumference f .

Thus, one-to-one transformation between the
points t and the circumference s was found. Each
point A of the straight line t corresponds on the
circumference f a single point A’ and vice

versa. The point T, corresponds to the infinite

point A”. The whole circumference f corre-

sponds to the straight line t. Each frontal plane has
a similar correspondence, and their set makes a
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space point transformation in which the circumfer-
ences s; form the cylinder; the projecting straight
lines t; appear on the normal cross-section s; of
the cylinder f;. Frontal projecting lines AA are

transformed into the cylinder elements.

The algorithm for building the corresponding
points on the complex drawing:

1. Produce the frontal plane ¢ through the set

point A(A,A,) (Fig. 3);

2. Draw a circumference at x coordinates of this
point, as on diameter;

3. Through the point T(T,,T,)belonging to ¢,
draw the straight line d(d,,d,) in the plane ¢;

4.The line d passes through the point A and
crosses the circumference s at the point A';

5. Points A and A' correspond to each other in
this transformation [8].

Now we form the equation of this transforma-
tion.

The circle f(f,f,)is written as the equation
X*+Z%=r? r=0'0=T,

We transfer the origin of coordinates to the
point T .

(X —r)+2%=r?
Let us transform this expression
X2-2rX +r?+2°%=r?,

X2-2rX+2?=0 (1)
Equation (1) is the equation of the circle
S(S,,S,) relative to the point S(S,,S,) as the

origin of coordinates:
The equation of the line d relative to the same
origin
Z = KX ,whereK :5: z or E:L )
X X' z' X'
We solve together the equations (1), (2) and get

X2 —2rX'+ K2X"? =0;

X’(X’—2r+K2X'):0;

X'=0-point 0=T,; X'-2r+K?*X'=0;

X'(1+K?)=2r;
,2r 2r 2rX?
X'= 2= 2 Ty 2!
1+ K Z X“+Z
My
but since 2r=X (Fig.2), we have:
3
':%. This formula makes it possible to
X“+Z

determine the coordinate X' of the transformed
point A' by the coordinates X,Z of the initial

point A.

Substituting into the equation (1) instead of the
variable X its value from (2) and producing
a transformation similar to the above, we obtain:

, Xz

CX2472

Let us write the formulas of direct space trans-
formation:

X3
Y =Y; €))
X?Z
Z'=—5—3
X“+Z

The same procedure is for the formulas of in-
version transformation:

_X?+z7%

X
Y=Y (4)
Z'(x'2+2’2)

X'Z

X

Z =

Originality and practical value

The transformation formulas (3) and (4) show
that the third order (cubic) transformation trans-
forms the profile plane X =2r into the frontal
projecting cylinder. This is easily seen by substitut-
ing x in its equation with its expression from the
first transformation formula (4):
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X?+2"
X'
The set of front-projecting lines of this plane is
transformed into the set of cylinder elements, and
the set of horizontally-projecting straight lines —
into the set of cylinder circumferences.
The horizontal plane is transformed into the

surface of the third order. The complex figure
(Fig. 4) shows a horizontal planey . Let us con-

2r, X?-2rXx'+z2%=0.

sider the transformation in the plane ¢(¢) |11, .
We take an arbitrary point A(A, A,) on the plane
y in the plane ¢ . And according to the known al-
gorithm we graphically build its image
A'(A',,A',). To do this, we draw through the ori-
gin of coordinates the line O'A(O'A,0'A,).
Front projection O', A, will pass through the ori-
gin O=0",. On the segment OA,, as on diame-
ter, we build a circumference S'(S',S",). The
point A'(A',,A",) of intersection of the circum-

ference with the line O'A will correspond to the
point A(A, A,)) in the transformation. The set of

points A" will make up the curve of the third order
— cissoid of Diocles.

Using the transformation formulas (4) we write
its equation as an image of the straight
lineZ =2a. In the equation of the line we substi-
tute the coordinate Z with its value from the third
formula (4):

Z'(X*+27)
X'2

After completing elementary algebraic trans-
formations of this equation, we obtain the follow-

ing cissoid equation:

X? = Z
2a—-Z2'

This equation shows that the cissoid is an alge-
braic curve of the 3rd order. It is symmetrically
relative to the axisZ , and the line Z =2a is its

asymptote, and the origin of coordinates is a cusp
of the 1st kind [3].

=2a

If the plane ¢ is continuously moved parallel

to itself, it results in occurrence of the surface,
whose carcass is the set of cissoids and the set of
front-projecting straight lines (Figure 5) [9], [7].

Fi

fi ok 1
———— 5 |
™
[
B ] |
L -
Q=0
[ 5 s
|1. |fll
4
Fig. 4

Fig.5

Conclusions

1.The considered set of stratifible algebraic
transformations gives an effective means for ex-
ploring new curves and surfaces obtained by trans-
forming the known algebraic lines and surfaces.

2. These graphic algorithms allow graphically
depicting the transformed lines and surfaces.

3. The considered procedure of drawing up ana-
Iytical formulas of specific transformations allows
us to study the transformed surfaces and lines us-
ing the methods of analytic geometry.

4. The above transformations can be of arbi-
trary high order, which is especially important dur-
ing the design of complex technical surfaces such
as aircraft components, parts of water and gas tur-
bines, supports of the structures subject to strong
flow of liquid, etc.
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B3A€EMHO OJHO3HAYHI HEJIHIMHI HEPETBOPEHHS ITIPOCTOPY
3 TOTO’KHOIO INIOIUHOIO

Meta. PoGora cipssMoBaHa Ha IOCIiKEHHS T€OMETPUYHUX MEPEeTBOpeHb. Mu OyZeMo pO3IiIsAaTé Tak 3BaHi
«TOYKOBI» MepeTBOpPeHHs npocTopy. Metoauka. HaifGinpm BaXJIMBUM € B3a€EMHO OJHO3HAYHI IepeTBOpeHH:. Bo-
HH JIO3BOJISAIOTH 32 BJIACTHBOCTSMH BHXigHOTO 00'ekTa (JiHii, MOBEpxHi, GirypH) i BIACTUBOCTAMHU MEPETBOPCHHS
JIOCTIIKYBaTH Ta BUBYATH BJIACTUBOCTI MEPETBOPCHOr0 00'ekTa. Y Oe3iiui B3a€MHO OJHO3HAYHUX HENIHIHHUX ITe-
peTBOpeHb ocobuiBe Miclle 3aiimMarTh KpeMoHOBH niepeTBopeHHs. KOHCTpyrOBaHHS OMHOMapaMeTpHIHUX (po3iia-
POBaHUX) MEPETBOPEHb 3IHCHIOETHCA SIK O€311i4 OJHONAPAMETPUYHHX IUIOCKHUX MepeTBOpeHb (IHIHHMX 1 HemiHiM-
Hux). [lnommHa, B sKiil 3aJaHO KOHKPETHE IEPETBOPEHHS, MEPEMILLYEThCS B IPOCTOPI MO BU3HAYCHOMY 3aKOHY,
YTBOPIOKOYH Oe3I1i4 0JHONIapaMeTpUIHHX IuIomKH. CyKyITHICTh TAKUX IUIOCKHX NEPETBOPEHb CTAHOBHUTH IIPOCTOPO-
Be mepeTBopeHHs. Pe3ysabTaTH. ABTOpaMH CKOHCTpYHOBaHI rpadidHi anrOpUTMHU i BUBEACHI PIBHSHHS HEPETBO-
PCHHS, IO IO3BOJIAIOTH OyAyBaTH HAOYHI 300pa)KEHHs EPETBOPSHUX MOBEPXOHb Ta 3IIHCHIOBATH 1X JTOCIIKCHHS
MeTOoAaMH aHaiTHIHOI reometpii. HaykoBa HoBu3HA. BukoHaBmHM eneMeHTapHI anreOpaidHi epeTBOPEHHS IbOTO

PiBHSIHHS, OTPMMAEMO PiBHAHHS 1MCOi. SIKuI0 mIomKMHy () Ge3nepepBHO MepeMillyBaTH NapaielbHO camil cobi,

TO YTBOPIOETHCS IMOBEPXHs, KapkacoMm sikoi Oyme Oe3nmiu mucoin i 0e3id (QpOHTAILHO-TIPOCKIIHHAX MPSMHUX.
IMpakTnyna 3naunmicts. Po3raHyTta Oe3miy po3mapoBaHuX anreOpaidyHHUX IepeTBOpeHb jaae edeKTHBHUIT 3acid
BUBYCHHS HOBHX KPHMBHUX 1 IIOBEPXOHb, 0JICP)KYBaHUX MEPETBOPEHHSAM BiZJOMHX aJreOpaidyHMX JIiHIM Ta IIOBEpXOHB.
Hageneni rpagidHi alropuT™MHu J03BOJISIIOTE HAOYHO 300pa3uTH MepeTBOpeHi JIiHii Ta moBepxHi. [lociimkena mero-
JIMKA CKJIAAaHHS aHATITHYHUX (POPMYIT KOHKPETHUX IIEPETBOPEHB TO3BOJISE BUBYATH MIEPETBOPEHI JIiHIT Ta MOBEPXHi
METOJaMH aHAJTITHYHOI reoMeTpii. PO3rIsiHyTI mepeTBOpeHHs MOXYTh OyTH SIK 3aBIOJHO BHCOKOTO MOPSAKY, LIO
0cO0NIMBO BaXJIMBO NPH KOHCTPYIOBAaHHI CKJIAJHHX TEXHIYHUX MMOBEPXOHb THITY arperariB JITAIbHUX amapaTis, 1e-
Tajel BOISHMX i Ta30BUX TypOiH, OMOpP CIOPYH, IO 3HAXOIATHCSA B CHIIBHOMY IOTOII PiguHHM, Ta iH. [IuTaHHS MO-
JICITIOBaHHS MIPOCTOPY, B TOMY YHCII 00Y0Ba rpad)iyHUX IUIOIIMHHUX MOJIENIEH MIPOCTOPY, aKTyalbHi K y Teope-
TUYHOMY IUTaH1, TaK 1 B IJIaHI 3aCTOCYBaHHS JOCIIIKEHIX Ha iX OCHOBI HEMIHIHHUX IMOBEPXOHB JJIsi KOHCTPYIOBaH-
HS TEXHIYHMX (POpM JleTael Ta arperaTtiB poOOYMX opraHiB Oy/AiBeJbHUX MAIlMH, CEPEJNHHUX IIOBEPXOHb 00010~
HOK, TIOBEpXOHb TYpOYJICHTHHX JIONIATOK Ta iH.

Knrouosi crosa: monemoBaHHs IPOCTOPY; KBa3LTiHIKHI MOZET; MepeTBOPEHHS MIPOCTOPY; HENiHIKHI MOBEPXHI;
rpadiyHa KOHCTPYKIisl; aKCIOMaTH4YHA KOHCTPYKIIis
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TPAHCIIOPTHE BYJIBHUIITBO

B3AMMHO OJJHO3HAYHBIE HEJIMHEMHBIE IIPEOBPA3OBAHMUS
MMPOCTPAHCTBA C TOXJIECTBEHHOM IVIOCKOCTHIO

Iess. Pabota HampaBiieHa Ha MCCIEIOBAHNE TEOMETPUIECKUX MTpeoOpa3zoBaHuii. MbI OyzeM paccMaTpuBaTh Tak
Ha3pIBa€MBIE «TOUYEYHBIE» NpeoOpa3oBaHus mpocTpaHcTBa. Meroauka. Hambonee BaXHBIMH SBISIOTCS B3aHMHO
OJIHO3HAuYHbIe Mpeobpa3oBanus. OHU MO3BOJISIFOT MO CBOWCTBAM HCXOJHOTO OOBEKTA (JMHHH, TIOBEPXHOCTH, DUTY-
pBI) U CBOWCTBaM MpeoOpa3OBaHMs UCCIIENOBATh M M3ydYaTh CBOMCTBA MPeoOpa3oBaHHOTO 00BeKTa. Bo MHOXecTBE
B3aMMHO OJJHO3HAYHBIX HEIIMHEHHBIX MpeoOpa3oBaHMil 0co0oe MecTo 3aHMMaloT KpeMOHOBHI MpeoOpa3oBaHMS.
KoHcTpyupoBaHue — ofHOMapaMeTpHyecKux  (pacciosieMblx) — npeoOpa3oBaHMil  OCYLIECTBISCTCS — Kak
OJIHOTIAPAaMETPUYECKOE MHOKECTBO IUIOCKUX MpeoOpa3oBaHuil (JMHEHHBIX M HENUHEHHBIX). [I10CKOCTh, B KOTOPOIt
3a/IaHO0 KOHKPETHOE TIpeobpasoBanme, epeMernaetcs (mpeobpazyeTcs) B IPOCTPAHCTBE 0 OTPEIETIEHHOMY 3aKOHY,
00pa3yss OgHOMapaMEeTPHUUECKOe MHOXKECTBO IDIOCKOCTel. COBOKYMHOCTh TaKWX IUIOCKHUX MpeoOpa3oBaHUMA
COCTaBIIIET TPOCTPAaHCTBEHHOE mpeoOpa3oBaHme. Pe3yiabTaThl. ABTOpaMH CKOHCTPYHPOBaHBI TpadHUecKue
QNTOPUTMBI ¥ BBIBEACHBI YpPaBHEHHS NPEOOpa3OBaHMA, IO3BOJLIOMINE CTPOWUTH HATJBIIHBIE H300paKeHHS
peoOpa30BaHHBIX IOBEPXHOCTEH M OCYIIECTBIATH WX HCCICAOBAHHE METOIAMU aHAJUTHYCCKOH TI'€OMETpPHH.
Hayuynasi HoBu3HA. BrIOMHUB 3JeMeHTapHBIE anreOpandeckue MpeoOpa3oBaHUs 3TOTO YpaBHEHHS, MOIYYHM

YpaBHCHHUEC HHUCCOUMBI. Ecmu mnockocth ¢ HCOPEPBIBHO NEpeMEIIaTh MapaJluICJIbHO caMou 0666, TO 06pa3yeTCﬂ

MOBEPXHOCTH, KAPKACOM KOTOPOW Oy/eT MHOXECTBO LIUCCOUT U MHOKECTBO (DPOHTAIEHO-TIPOCIMPYIOIINX MPSIMBbIX.
IIpakTHyeckass 3HAYMMOCTb. PaccMOTpeHHOE MHOXKECTBO PacciosieMbIX alreOpandecKux NMpeoOpa3oBaHHUN HaeT
3¢ EeKTUBHOE CPENCTBO M3YUYCHUs] HOBBIX KPUBBIX M NOBEPXHOCTEH, MOIyYaeMBIX NMPeoOpa30BaHHUEM HM3BECTHBIX
anreOpandyecknx JIMHUA ¥ TOBepxHocTed. IlpuBeneHHble TpaduyecKkue anropuTMbl MO3BOJIIOT HArJISAIHO
n300pa3uTh NMpeoOpa3oBaHHBIC JIMHWM M TOBEPXHOCTH. PaccMOTpEHHass METOAMKA COCTABICHHS AHATUTHYECKHX
(dbopMynT KOHKpPETHBIX IIPeoOpa30BaHUN IMO3BOJSIET M3ydyaTb MPEOOPa3OBaHHBIC JMHUHM U MOBEPXHOCTH METOAAMHU
aHAJMTUYECKON reoMeTpun. MccienoBaHHble MpeoOpa3oBaHHUs MOTYT OBITh KaK YTOAHO BBICOKOTO IOPSAKA, YTO
0COOCHHO B@)XHO NPH KOHCTPYMPOBAHHM CIOXHBIX TEXHHMYECKUX IOBEPXHOCTEH THIA arperaTtoB JIETATEIbHBIX
anmnapaToB, JieTajeld BOJISHBIX U Ta30BbIX TYpOMH, OMOP COOPY)KEHHH, HAXOASAIINXCS B CHIILHOM TOTOKE YKUAKOCTH,
u 1p. Bompocsl MonmenupoBaHusi NPOCTPAHCTBA, B TOM 4YHUCIIE MOCTPOEHHE rpaMuecKUX IUIOCKOCTHBIX MOAEIeH
MIPOCTPAHCTBA, aKTyalbHbl KaK B TEOPETUYECKOM IUIaHE, TaK U B IUIaHE MPUMEHEHHs HCCICIOBAHHBIX Ha UX OCHOBE
HEJIMHEIHBIX TOBEPXHOCTEH Ul KOHCTPYHPOBAaHHS TEXHUYECKUX (OPM JeTajeld M arperaroB pabodmx OpraHoB
CTPOUTENBHBIX MAIIMH, CPEJUHHBIX TIOBEPXHOCTEH 000JI0YeK, IOBEPXHOCTEH TypOYJICHTHBIX JIONATOK H JP.

Kniouesvie cnosa: MopenvpoBaHuE NMPOCTPAHCTBA, KBa3WJIMHEHHBIE MOJENH, NpeoOpa3oBaHUE NPOCTPAHCTBA,
HeJIMHEHHbIe TOBEPXHOCTH; Tpaduieckast KOHCTPYKINS, aKCHOMaTH4ecKast KOHCTPYKIUS
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BHMOT'H 10 O®OPMJIEHHS CTATEH

Jo my6nikauii B »ypHani npHitMaloTeCA CTATTI yKPaiHCLKOIO, POCiitchkolo abo aHrAIACEKOI0 MOBaMHK IpoBneM-
HOTO, Y3aranbHIOYOro, METOIHYHOrO XapaKTepy, OPHIiHAbLHI HAYKOB], NPaKTHYHI AOCTiIKEHHS, AKi pauile Hige
He BUAABAITHCA.

Marepianu HeoOXiIHO HagaPaTH B APYKOBAHOMY Ta €NEKTPOHHOMY BHIAAAi y mporpami Microsoft Word 2003
aBo 6inbwn pauHiA Bepcii — daimk *.doc (Paiinu *.docx, *.docm we npufimatoteea). Jina Habopy dopmyn Buko-
pHcToByeTbea MathType 5.

HaykoBa cTaTTA NOBHHHA BiANoBinaTH Bumorawm n. 3 Mocranosn BAK Ykpainu Ne 7-05/1 sia 15.01.2003 poky.

Martepiany peueHIYIOTECA YNeHAMH penakulifiHol xonerii *ypHaTy Ta CTOPOHHIMH HE3aNeXHUMH eKCIIepTaMH,
BHXOIAYH 3 NPHHUMITY 06’ €XTHBHOCTI TA 3 MO3MLIT PHIIKX MIXHAPOAHHX aKaAeMiYHHX CTAHAAPTIB AKOCTI, Ta pena-
rytotsea. Penakuia samuae 3a co6o10 Npapo Ha CTHITICTHYHY NPaBKY pyYKOMKCY.

Bumory 1moao ofcary HayxoBHX cTatefi, noslzomnens, Biarykis Ta peueHiiit:

- ornsaoei Ta npoGnemHi cratTi — ao 45 000 3xakis 3 npoGinamu (7-10 c.);

—  3aranbHi cratTi 3a pyGpukaMu sHaaMHa — 0o 30 000 3nakie 3 npoGinamu (5-7 ¢.);
- HaykoBe NoBinoMJeHHA — go 8 000 3xakiB 3 npoGinamu (a0 2,5 c.);

- piaryk a6o peuewia — 1o 6 000 3nakie 3 npoGinamu (no 2 c.).

Marepian HapaeTecr ¥ opmati A4, BpaxoByioul Tabnuui, inocTpauii, cnucok BUKOpUCTAHKX mKepen. CtarTi,
GieLui 3a 06cAroM, MOXCyTs 6yTH NPUAHATI A0 POIrNAAY Ha MIACTaBi PilueHHA peakonerii.

Yaara! Iriano 3 MixHAPOAHHMH CTAHAAPTAMH AKOCTI HAYKoBHX mybnikauift meobxiaHuMm €: HasBHiCTDL aB-
TOPCLKHX PO3UIMPEHHX | CTPYKTYpOBaHHX pediomMe (pedepatis — abstracts), y T.4. aHrAIACLKOK MOBOI, pelleH3if,
NpHCTaTeAHNX CMHCKIB NiTepaTypH B poMaHcbkoMy angasiTi TOWO.

Pexomenayemo CKOPHCTATHCR NpaBHIaMH ao odopmaeHHA craTedl XKypHAny:
http:/Nlibrary.diit.edu.ua/HTMLs/scientists/Vumoguw/Vumogu.pdf.

Jlan 3na4i cTATTi A0 APYKY aBTOpY/anTopam Heobxinwo:

1. ing enexTponnol indopmauil chopmysaTH Bei MaTepiany B n’aTH ainax:

~ TMepuwnii — i3 TeKCTOM CTaTTi Ta aHoTALif 3 KO4OBHMH cnoBamu. Haipa daiiny — npispuie Ta iHiui-
anu aBTOpa (Nepioro CNiBaBTOpa) NATHHCLKHMH NiTepamu, Hanpuiuiaa: Ivanov_II_stattia.doc.

~ Jpyrait - 3 po3wHpeHUMH BIAOMOCTAMM TIPO aBTOPA/aBTOPIB (NMpilBHiLe, iM’4, No GaTbKoBI; Nocana;
HAYKOBKH CTYNiHb; yueHe 3BaHHA; Miclle poboTH abo HABYAHHA; afpeca eEKTPOHHO! NOWTH; HOMEPH
KOHTAKTHUX Tenedonin). Hassa daliny — Ivanov_II_vidomosti.doc.

-~  Tperif — peuensin (sigckaHonana). Hassa dalimy — Ivanov_I1_recenziia.jpg.

—  YerpepThit — ExcnepTauii BuCHOBOK (BilckaHoBaHHURA, cknanacThes y BinbHiA dopmi). Hassa daitny —
Ivanov_II_vysnovok.jpg.

-~ IParni - Jliuensifinvit noroeip (piackanosannil), Haaea ¢aiiny — Ivanov_II_dogovir.jpg. Tekcr oo-
ronopy: http://library diit.edu.ua/HTMLs/scientists’Vumogu/license.doc.

2. ina apyxosanol indopmanil. o penakuii Hanarorecs ocobncTo a6o HAACHNAIOTECA MOLITO TaKi MaTepia-
mu: 1) 1Ba APYKOBAHHX MPHMIPHUKH PYKOMHCY 3 MiANWCaMM BCIX CNiBABTOPIE Ha OCTAHMBOMY apkywli poboTH;
2) opurinan JliuensifiHoro norosopy 3 nNianucaMH BCiX CNIBABTOPIR; 3) OpHriHan eKCNEepPTHOro BUCHOBKY; 4) peko-
MEHJALIA 10 APYKY 33 MIAMHCOM BIAMOBLAANRHOrO penakTopa poaniny (ana cnispobithukis AHYIT).

Bianopizannuicrs 3a 3IMicr cTaTTi, NPABMABHICTH, TOMHICTE | KOPEKTHICTL LHMTYBIARA, NOCHIAHL
Ta Nepexiagy MOKIANACTHCA HA ABTOPIb.

OcraTouHe piwenHs woao nybnikauil yxsanioc peaaxuiing xaneria sxypuany.
CraTri, BidXWeRi pelaKUifinOI0 KOJETi€10, NOBEPTAITLCA ABTOPAM ANH J00T PALIOBAHNA.

IllanoBHi aBTOPH, 3aMpowycMo 10 cnibpobiTHAuTBA!

3 nuranb ony6aixy BAHHA IBepTAiiTECA 10 PeAaKUiT XKypHANY 18 AAPECOIO:
Hayxopo-TexHiuHa 6i6nioTexa (aya. 166),
JIHimponeTPOBChKHi HALIOHANBHHA YHIREPCHTET 3aiIHHMHOTO TPAHCMOPTY iMeHi akafemika B. Jlazapana.
Byn. Jlaapana, 2,
M. JlHinponeTpoBChK,
YkpaiHa,
49010
e-mail: visnik@diit.edu.ua
Anpeca caifTy xypHany: hitp://stp.diit.edu.ua/
3 nurane npuabanns nprmipHukis Kypuaty Tenedonyiie 2a Homepom (056) 776 90 59 I'pinacosa A. B.
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IHIAHOBHI KOJIETH!

B xypHani poano4aro nybnikauito crareif, pe-
KOMEHIOBaHHX N0 APYKY HayKOBHMH KOMIiTETaMH
MDKHApPOAHHUX HAYKOBHX KOH(EpeHLi 3a TakuMH
HanpAMKaMH:

— Tlpobnemu Ta nepcnekTHBH POIBUTKY 3a-
Ni3HHYHOTO TPAHCNOPTY.

— [TpobnemMH MexaHiky 3ani3HHYHOrO TpaHC-
nopry.

— [lpobnemy eKOHOMIKH TpaHCTIOpTY.

- Exonoriunui inTenexr.

— besneka pyxy i HaykoBi 3acaaM eKCNEpT-
HHX JOCNiIiEHb TPAHCTMOPTHHX MPHrof Ta iHxke-
HEPHUX CTopyA.

3anpouyemMo OpraHisaTopis MiXHApOIHHX Ha-
YKOBHX 3aX0AiB A0 CiBnpaui 3 METOI OTpPHIIOA-
HeHHA Halibinblu BaroMHX HaYKOBHX Pe3y/bTaTiB.

LA N

Tak, 9—11 sepecus 2015 p. y micti JisBoBi Bia-
Oynaca MixHapoaHa HayKOBO-NpakTH4Ha KOH¢e-
penuin «besneka pyxy i HaykoBi 3acanu ekcnepr-
HHX HOCHiIKeHb TPaHCMOPTHMX MPHUrod Ta itke-
HEPHHX CMOpYA», MPHCBAYEHA JOKTOPY TEXHIMHHX
nayk Cokxony Enyapny MukonaHoBu4uy i opra-
HiloBaHa JJHinponeTpoBCLKKM HALIOHANBHUM YHI-
BEPCHTETOM 3a/li3HHYHOTO TPAHCNOPTY iMeHi aka-
Aemika B. Jlasapawa, Yxpsanisuuueio, JibBis-
cekoto Qinicto [Ty ta JIbBiBCBKMM HaykoBO-
AOCNITHUM IHCTHTYTOM CYAOBHX €KCMEpTHI.

Y xoHdepeHUil B3AN0 y4acTs 125 HaykoBuiB Ta
cneuianictie 3 26 opraHizauif, y ToMy 4Hchi:
18 nokropis Hayk, npeactaBHukn MiHicTepcTsa
indpacTpyktypn, Miuictepcra ioctuuil, Ykp-
3a0i3HKLI, BHLUMX HaBYanbHUX 3aKNaldiB, HayKo-
BHX Ta HAayKOBO-JOCHiZHHUX YCTaHoB i mia-
npHeMcTB YkpaiHH, HiMeyuunu, Jluteu, BipMmeHii
Ta [Monbuui.

Ha nneHapHux Ta cekuifiHMX jaciflaHHAX 3a-
cnyxano 70 pomnosiael 3 NHTaHb NiABHLUEHHA Ge3-
NEKH pyXy, METOAMKH Ta METONONONT eKCNEePTHHUX
AOCHiKEHb PYXOMOro CKlaly 3ai3HHUb, aBTO-
TPAHCNOPTHHX 3acobip, iHXEHEPHHX cnopya, nia-

BHILEHHA X eKkcruTyaTauifiHoi HagifiHocTi Ta 6e3-
NeYHOCTi, OUIHKH eKOHOMiYHOI edeKTHBHOCTI 3a-
NPONOHOBAHHX 3aXO0MiB.

Ha kondepeHuii BiaMiueHo, O NPiOPUTETHHM
HanpAMOM pPO3IBMTKY TPaHCMOPTHOI ranysi € 3a-
Oesneuennn Geaneku. Y NaHoMy acnekTi Baxiu-
BHM € npodinakTHyHa poNb EKCMEPTHUX AOCHi-
DXEHb BHMAAKIB TPaHCMOPTHHX mpurod. Perene-
HHP HayKOBHH aHanis NpHYMH, WO MPHIBOAATL A0
TPAHCMIOPTHUX NPHroA, A03BONAE pPO3poOHTH pe-
KOMeHalil 3 HeAOmyLUeHHA TX Yy MailbyTHuoMy,
BHOCMTH 3MiHH Yy HOpPMATHMBHI AOKYMEHTH, YHo-
CKOHANIOBATH KOHCTPYKLUiIO TPAHCTIOPTHHUX 3aco-
6iB Ta iHXeHepHHX cnopy..

'R

25-27 tpasus 2016 p. y lHinponerpobchkoMy
HaliOHANBHOMY YHIBEPCHTETI 3ali3HHYHOrO TpaH-
cnopTy imMeHi akanemika B. JlasapsHa Binbyaetscn
XIV MixHapoaHa HayKOBO-TeXHiiHa KoH{epeH-
uig «ITpodneMH MeXaHIKH 3alli3HHYHOrO TPAHCMO-
pTy. Besneka pyxy, IMHaMika, MilHICTb PyXOMOTO
cknagy Ta eHeproibepexeHHs». Kondepenuis
NPOBOAMTLCA KOXHI 4 POKM 3a y4acTio NMpeacTaB-
HHKIB BHLIMX HaBYaNbHUX 3aKIafiB i HayKoBO-
BOCTIAHMX IHCTHTYTIB, 3aNnidHHUb, JIOKOMOTHBO-
i BaroHoOyAibHUX 3aBoAiB GaraTboX KpaiH CBITY.
Lle niaTeepKye 3aUtixaBneHiCTh BHPOOHHYHHKIB Y
HOBHX TEXHONOTiAX i HayKoBMX po3pofkax, no-
B'A3aHHX 3 poboTOI0 3ani3HMYHOrO TPAHCNOPTY.
OGMiH 3HaHMAMH i AOCBIAOM BUEHHX Ta iHXeHe-
piB, AKi NPeICTAaBNAIOTE HAYKOBI WKONH Pi3HHMX
KpaiH, 0co0NNMBO BAMUTMBI B YMOBAX iHTeponepa-
GenbHocTi, robanilallii exkoHOMiKkH t nornubneHus
iHTerpauifHHX npouecis.

Ha xondepenuii 6yayTh npawropaty cexuii:

— besnexa pyxy noi3ais, NepexiaHi PeXHMH,
eneproibepexxeHns;

—  B3aEMOIA PyXOMOro cknajay Ta Konif, 3Hoc
Konic i pefiok;

- MiUHICTb, HadiHHICT.

* k%



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

JAna HoTaToKk



o
LX)

h’.l‘!ﬂ.
S
u.-ﬁ‘u

\'5.

¢
3
0]

1
e_«...,
& ».w

LAl A)
e = - et
Ve

7@!&'-"'
e

-

WS

A

"
S

ﬂ-ﬂ:’ﬂf\!—’ﬂr_'..\!_ W st G oG B S o G o G J’lllilllll"
— m.\..'_.wllaﬂ.' A .’Ql-." "M’llﬁ “%‘M.“"\W’M-h “\W‘Mcfﬂ““w’m’iﬂ “\W .’anll. -ll.m. ‘l...n-l!n s DR el l\l.xa.-' N I\Iab » l.\_u“’! -
ST SO S AT SEpTE S ol SRS Sl SeSTR SIS SIS S Sie R SIS S S By oY an o

S e I e S St 7

tEE:.!in!,ii:aliii-!-..Eiis;i..,...!-,i,- _J.E

BINaVENe BHAVEHOMEH VHIBDYA VIABH | MLIBD0 0810daLIHIN
eHudesey ‘g exinavee i[Hawi ALdoudHedl OJOHhVUHEIVeE
131u>dasiHA UMHaAVEHOMEH uwiqdaod.LauoduiHy

UMH30.1D00VA
uinedvgAu XMsodABH LLOOMIS

ALY ILALLIAL

23821518 BHVOdRHIAIA] BLIO(T) \Q /
| /€ IHDVhAD

C oo o o G G G i G A G Sk 2 G Gt S G0
B a7

Sven A A A A A O e e e T e e e o e

S2B G BLETD €0 (S B 615 MG @ PGS 615D 6 0) (S8 G (7D D‘HQUI‘KN\H Eﬂhﬂ;ﬂﬁ&h%lﬁlﬁ. OV

i




8561-1 "(E9)€ "910Z "eHEdecR|( "g BIWalede IHav AtdoudHedi oJCHRUHEINRE fisiwadasiig oioHaienoned osoxdsacdisucdulniy xun2ig dovoqedl sadiodu el efey

A0 ~00

e g i AT
e L
e ————

8

B A 2l Tt

3

AL T sty Bemeevaed [~
A PR ARSI —,

Pt e i O

Iy £ AP ErnTarie etk (]

7

DT SO o0 L |~

9

| {PUiUD) $999-LOEZ NSSI
| (wiad] 68%E-LOEZ NSSI



	1
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19



