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BIIPOBAJI’KEHHS CUCTEMHU TEXHIYHOI JIATHOCTUKHU
CTPIVIOYHHUX TEPEBO/IIB

Mera. B nociimkerHi HeoOXigHO: 1) 3'acyBaTu MPUYMHMU MOSIBH HECIIPABHOCTEH CTPLIOYHIX MEPEBOIIB IS TO-
r0, MO0 BH3HAYUTH JIarHOCTUYHI O3HAKH BiJIMOB; 2) PO3TIITIHYTH BUMOTH, YCTPill, MPU3HAYCHHS CKIIQJIOBUX YaCTHH
CTPIJIOYHHX MEPEBOIB, POOOTY Ta TEXHOJOTIIO X 00CIYTOBYBaHHS [UIA MOOYIOBH CHCTEMH 3 BEJCHHS rOCIOAapCh-
KO1 JisUTBHOCTI, TIOB’S13aHOI 13 yTPUMAaHHSAM CTPUIOYHHX HEPEBOIB; 3) OOTPYHTYBATH MOXKIHBICTh, HEOOXIAHICT Ta
MEPCIEKTHBH BIPOBA/KEHHS CHCTEMH aBTOMAaTH30BAaHOTO MIaTHOCTYBAaHHS CTPUIOYHHX MEPEBOAIB; 4) po3poOuTH
JIOCIIZIHUI 3pa30K aBTOMATH30BAaHOTO alapaTHO-IPOrPaMHOI0 KOMILIEKCY Il KOHTPOJIIO MapaMeTpiB CTPLIIOYHUX
NepeBOAIB Ta BUKOHAHHS iX giarHocTyBaHHs. MeToanka. ABropamu OyJio HaBEJIEHO MOXKIIMBI HECIIPABHOCTI CTpi-
JIOYHOTO NIEPEBOJLY 1 PO3IJISIHYTO iX MPOSIBH Ta BIUIMB Ha po0OOTY. 3a ICHYIOYOIO TEXHOJIOTI€I0 BUKOHAHHS POOIT Ipo-
BE/ICHO aHaJIi3 NpOLECY TEXHIYHOTO0 0OCIyroByBaHHS CTPIIOYHUX NEPEBO/IIB, BU3HAUEHO OCHOBHI orepaltii, sKi BH-
KOHYBAJIMCh NP OOCTEKEHHI 30BHILIHBOTO BUIJISLY, TIEPEBIpLI [TapaMeTpiB Ta PEMOHTI YM 3aMiHi JieTayeil Ta By3-
niB. Ha mizcTaBi mpoBeieHOro aHaitily NpUYMH BUHUKHEHHS! HECIIPAaBHOCTEH CTPUIOYHMX MEPEBOJIB Ta cOCo0iB iX
YCYHEHHS CHCTEMaTH30BaHO BUAM MOIIKO/DKEHB Ta CIIOCOOM OOpOTHOM 3 HMMH, CTBOPEHO iH(opMariiiHy cxemy
MIOIITYKY HECIIPaBHOCTEH, BH3HAYCHO MOXIIMBOCTI M MeXi aBTOMAaTH3aIlil MpoIecy MiarHOCTYBaHHS Ta 3pOOJIEHO
MOPIBHSHHS 3 iICHYIOUOI0 METOIUKOI0 BUKOHAHHS POOIT i3 yTpUMaHHS CTPLUIOYHUX mepeBoiB. CTBOPEHO CTPYKTYp-
Hy CXeMy CHCTEMH JiarHOCTYBaHHSA, PO3POOJIEHO alNropuT™ ii poOOTH Ta 3aKJIaZIEHO OCHOBHI OTIOPHI MPHUHIUIH (Y-
HKIIOHYBaHHS. J{0C/IiAHMKaMH 3aCTOCOBAHO IPOTPAaMHO-aNlapaTHUil KOMIUIEKC JUIs BU3HAYEHHS CTaHy CTPIIOYHMX
MEPEeBOIiB i3 ypaxyBaHHSM BHKOHAHHSA A1arHOCTYBaHHS CTPIJIOK, IO 3HAXOAATHCS B eKciuryartariii. PesyabTarTm.
38.BZ[HKI/I OTpUMaHUM pE3yJibTaTaM CTBOPEHO MCTOJA aBTOMAaTU30BaHOT'O )liaFHOCTyBaHHH CTaHy CTpiHO‘iHI/lX I1c-
PEBOIIB i3 €JIEKTPONPUBOIAMHU 3MIHHOTO CTPYMY, YIIPABJIIHHS SKHUMH 31HCHIOEThCS IieHTpanizoBano. Otpuma-
HO pe3yJIbTaTH pOOOTH aBTOMAaTH30BAHOTO anapaTHO-MPOrPAMHOr0 KOMIUIEKCY Ul KOHTPOJIIO ITapaMeTpiB CTPio-
YHUX NepeBOAIB Ta BUKOHAHHS iX qiarHoctyBaHHs. HaykoBa HOBM3HA. Y X011 €KCIIEPUMEHTY aBTOpaMH po3podiie-
HO METOJI BHM3HAUEHHS CTaHy CTPUIOYHOI'O IIEPEBONY 3a KPUBOIO CTPyMY Ta HOTrO CHEKTPajJbHUM CKJIaJOM
Yy KOJi CTPUIOYHOTO eJEKTPOABUTYHA. P03p0oOJIEHO TaKOX amapaTHO-IPOTPaMHUI KOMIUIEKC IiarHOCTYBaHHS
HeHTpaizoBaHux cTpiok. [IpakTHyHa 3HAYUMIiCTh. 3aBISKH OTPUMAHHM pPE3yJbTaTaM IMiABHINYEThCS Oe3meKa
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BHUKOHAHHS POOIT Yepe3 3MEHIIeHHS Yacy nepeOyBaHHS MPALiBHUKIB ¥ 30HI pyXy MOTATIB Ta YCYBA€THCS JIFOJCHKHUHA
(hakTOp Tix Yac BUKOHAHHS BUMipIoBaHb. [IpuxoBaHHS Ta 3aMOBYYBaHHS (DaKTiB MOPYIIEHH y pOOOTI CTPLIOYHUX

nepeBoz[iB CTa€ HCMOXKJIMBHUM.

Kntouosi cnosa: enexTponpuBin; CTPIIOYHWN TEPEBiN; aHAT3 CHTHANY; A1arHOCTYBAaHHS, YacOBa 3aJICKHICTH;
CHEKTPaJbHUI CKJIa/; KOHTPOIb CTaHy; ITOPUTM POOOTH; KPHBA CTPYMY

Beryn

3ai3HAYHA KOS 3 TOUYKH 30py OXOPOHH Ipalli
€ HeOe3MevHO0 IS KUTTS 1 3M0POB's JIOAUHU [i-
JISTHKOIO TEPHUTOPii, yac mepeOyBaHHA Ha SKiH IMO-
B's13aHO 3 HEOE3MEKOI HAai3Ay pyXOMOTO CKIIAmy.
Tomy, uyumM MeHImIe yac TepeOyBaHHS CIHiB-
POOITHUKIB 3aJII3HUYHOTO TPAHCIIOPTY B 30HI PyXy
MOI3/iB, TUM MEHIIIE HMOBIPHICTP BUHUKHCHHS
HEI[aCHOTO BWIAAKY. Y 3B'I3Ky 3 LIUM BIPOBAJ-
JKEHHS CHCTEMH aBTOMATH30BAHOTO MiarHOCTY-
BaHHS Ma€ Ha METi CTBOPECHHS YMOB IS POOOTH
MPALiBHUKIB, 332 SKUX 3MCHIIUTHCS Yac iX mepedy-
BaHHS B MEXaX pPyXy MOTSATIB.

3a NiI0Y00 METOAMKON TUIAHOBO-TIONEPEKY-
BaIBHUX 3aXOMIB 3 YCYHEHHS Ta BHIICPEKCHHS
MOSIBU HECTIPaBHOCTEH NependayeHo mepioguyHe
o0CTe)KeHHS, SKe BHUKOHYETHCS 3a 3a3/ajeriihb
ckimaneHuM rpadikoM. Jlo mporecy TEXHIYHOTO
00CITyroByBaHHs BXOIHTh KOHTPOJIb OCHOBHHX
napameTpiB amapaTypH Ta i peryJoBaHHS B yMO-
Bax eKcIuryatallii abo B peMOHTHO-TEXHOJIOTI9HIM
TUTBHMII JAMCTAHINI curHamizamii Ta 3B’s3ky. [lo
HENONIKIB ICHYIOYOi TEXHOJOTrii 00CIyroByBaHHS
CTPIJIOYHHUX TMEPEBOAIB MOXKHA BiJHECTH, B TEPILY
qepry, 3Ha4HI 3aTPaTH 4acy, BUKOHAHHSI OTeparlii
BPYUHY Ta BENHUKHH BIUTMB JIIOJICHKOTO (hakTopa.
[Ipu uboMy BiCYTHICTH O€31epepBHOTO KOHTPOJIIO
YHEMOXIIMBIIIOE CBOE€YAacHE BHSABIICHHS HECIPaB-
Hoctel. HeraTuBHUM (akTOpOM T yac mepeBip-
KA CTaHy CTPUJIOYHUX TMEPEBOMIB € HEZOCTATHS
KUTBKICTh TMapaMeTpiB, SKi TEePEeBIPAIOTHCI, Ta
Bi3yallbHE CIIPUUHSATTS MPALliBHUKOM MOKa3aHb Mij
Yyac BUMIPIOBaHHA POOOUYOro CTPYMy i CTPyMy po-
00TH CTPiNKK HA QPUKIIIFO.

YI0oCKOHAIGHHS TEXHOJIOTII 00CITyTrOBYyBaHHS
CTPUIOYHUX TEPEBOMIB MOXKIIMBE LUITXOM aBTOMa-
TH3alii JiarHOCTYBaHHS IX TEXHIYHOT'O CTaHy, SKe
Mae 3a0e3meuuTH Oe3rnepepBHy MEePEBIPKY 1 aHai3
TEXHIYHOT'O CTaHy CTPLIOYHHUX MEPEBOJIB, a y pasi
BUSIBJICHHSI HECIIPABHOCTI — BU3HAYATH ii aBTOMa-
TUYHO 1 Biipa3y CIIOBIIIATH PO 1€ TPaIliBHUKIB.

TakuM YHHOM, YJOCKOHAJICHHS TEXHOJIOTII 00-
CIIyTOBYBaHHS CTPUIOYHHX MEPEBOJIB MHUIIXOM
aBTOMAaTH3allii JIarHOCTYBaHHA iX CTaHy J03BO-

JIUTh TiIBUIIUTY PiBeHb €(PEKTUBHOCTI TEXHIYHOTO
00CITyroByBaHHs LICHTPATi30BaHUX CTPIJIOK.

MeTta

Bu3HaunTH OCHOBHI HECTIPABHOCTI Ta HEJOMIKH
B poOOTi €JeMEHTIB CTPUIKH, a TAKOXK iX BIUIMB Ha
CTaH CTPIIOYHUX MIEPEBOIB.

CucrteMaTn3yBaTH BUMOTH, YCTpiHi, po0OoTy, Te-
XHOJIOTi10 00CITyrOBYBaHHS CTPIIOYHUX TIEPEBO/IB
Ta TMPHU3HAYCHHS WOro CKIAaJOBUX YacTHH, LI00
BUIINATH .

3'scyBaTH OCHOBHI XapaKTEPUCTHYHI O3HAKH
CTaHy CTPUIOYHHMX TepeBOAiB Ta c(hopMyBaTH
NPUHIINIIY, 33 IKUMU OyJie BUKOHYBaTHCh JiarHOC-
TyBaHHSI.

Po3pobutu inpopmariiiHy cxemy MOLIYKy He-
CHPaBHOCTEH CTPIJIOYHOrO MEPEBOAY 3 I'SITHIIPO-
BITHOIO CXEMOIO KE€PYBaHHS.

s Toro mo0 37ifiCHIOBaTH iarHOCTYBaHHS
MMOTOYHOTO CTaHy CTPLIOYHHX MEepEeBOIiB, HE00Xi-
HO TIOCTIfHO BHKOHYBaTH BUMIPIOBAHHS 1 aHai3
OTPHMaHHX Pe3yJbTaTiB, TOMY HEOOXiIHO PO3po-
Ooutu MeTonu Ta 3aco0u Oe3mepepBHOTO aBTOMATH-
30BAHOT0 KOHTPOJIIO Ta A1arHOCTYBaHHS CTPLIOY-
HUX MEPEBOIB Ta METOJAM aBTOMATU4YHOI 00OpPOOKH
pe3yibTaTiB BUMIpiB HapaMeTpiB CTPIJIOYHOTO Iie-
peBoay, 0 KOHTPOJIIOIOTHCS.

Po3pobutn mocmimHMA 3pa3oK aBTOMAaTH30Ba-
HOT'O anapaTHO-IIPOTPAMHOTO KOMIUIEKCY JUTS KOH-
TPOJIIO TapaMmeTpiB CTPIIOYHUX TEPEBOAIB Ta BHU-
KOHAHHSI IIarHOCTYBaHHSI 32 HUMHU.

BuxoHaT# BHMIpIOBaHHS 13 3aCTOCYBaHHSIM
PO3pO0IEHOr0 aBTOMAaTU30BaHOTO A1arHOCTUYHOTO
KOMIIJIEKCY .

MeTtoanka

Jnst Toro mo0 MaTH ysIBICHHS PO O3HAKU He-
CIPABHOCTEU CTPINOYHUX ENEKTPOMPUBOIIB, PO3T-
JITHEMO TIPUYUHHU BiIMOB y iX po6OoTi. Haitbimbm
XapaKTepHUMH MPUYHHAMH BiZIMOB y poOOTi elek-
TPONPHUBOJA €: MOUIKOKEHHS PEAyKTopa; Mopy-
MeHHS poOOTH (PPUKIIIHOTO 3YEIUICHHS; 3aKiIH-
HIOBaHHS [mmOepa 3 poOOUO0 MIECTEPHEI0; po3pe-
TYJIOBaHHS KOHTPOJIBHHUX TAT; miarap abo mopy-
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IICHHS PETYNIOBaHHA KOHTAKTiB aBTONEPEMHKaYa;
1HIMBIHHA 200 0OMep3aHHS KOHTAaKTIB aBTOIEpe-
MUKaya; 37aM KOHTAaKTiB aBTOMEPEMHKAua; 3JIaM
nutita i BUMagaHHs BaJIMKa; 1HII BiIMOBH.

351aM KOHTaKTHHUX KOJIOJOK i/a00 IOpYIICHHS
KOHTaKTy aBTOIEpeMHKada BiJOyBa€ThCS depes3
HEeNpaBUJIbHE pETryJIIOBaHHS BpyOyBaHHS HOXIB,
SIKi p0O30MBAfOTh KOJOIKH. HempaBuiabHE peryiro-
BaHHSI MPYXWH KOHTAKTHUX KOJIOJJOK CTa€ HACHi[-
KOM HEJOTPUMAaHHS BifICTaHE! Mi)K KOHTaKTHUMU
MPYXHUHAMH KOJIOOK 1 HEAOCTaTHbOI TIHUOWHU
BpyOyBaHHSI HOXKIB

HempaBunbHe perynoBaHHS, IO MPU3BOJIUTH
JIO BiTMOB €JIEKTPOTIPUBO/IIB, € HACIIKOM HesKic-
HOTO BUKOHaHHS Tpadika TEXHOJOTIYHOTO TIpPOIle-
Cy O0OCIIyTOBYIOUHM TIEPCOHATIOM.

Haiibinpima KinbKiCTh BiMOB TIpHUMaNaEe Ha
BTpaTy KOHTAaKTy B aBTONEPEMHKadi B3UMKY 1
MoB'si3aHa 3 IHAWBIHHAM KOHTakTiB. Jlus 3armo-
OiraHHA TakMX BUMAAKIB mepeadadeHi pi3Hi
3axucHI 3axoau (rpadiToBe MacTWIIO, 3MAIICHHS
TITIIEpUHOM, OOIrpiB, CreriadbHI HACIYKA HA HO-
JKaX, 3aKPUTTS OPI'CKIIOM Ta iH.).

SIKI0 KOHTaKTHE HATUCKAHHS aBTOIIEpeMUKada
OipIlIe HOPMU TIPH PO3MHUKAHHI KOHTAaKTIiB, TO IIE
BUKJIIMYE JYTOYTBOPEHHsS TPU PO3PHBI pOOOUMX
KOHTAKTIB 1 1X miarap. SIKIo K KOHTaKTHE HaTHC-
KaHHS MEHIIe HOPMH, TO MOXIIUBE MOPYyIIECHHS
EJIEKTPUYHOTO KOJIa.

35maM KOJIOJJOYKU aBTOINEpPEMHUKada BiJl0yBa€Th-
cs 3a3BHYail 4epe3 HENpaBWIbHE pEryJIIOBaHHS
BpyOyBaHHS HOXiB. 3aMKHYTI KiHIII KOHTaKTHHUX
NpPYXWH TIOBUHHI 3HAXOAMTHUCS Ha ONHIN TpsAMii
0e3 meperuHiB. 311aM MO BiOYTHCS TaKOX 3Ba-
KAr04X Ha 9acTe PEeTyJIOBaHHS KOHTAKTHOI T'yOKH.

[IpuunHamMK HEIOCTATHHOTO BPYOYBaHHS HO-
JKIB aBTONEpeMUKaya MOKYTh OyTH Taki HecIpas-
HOCTI: Tajenpb MOB3yHA, HA SKUW CIUPAETHCS 3a-
MUKAIOUWH BaXKiJib, 3HAXOIUTHCS HIDKYE TIOBEPXHI
Oapabana uepe3 ocnabieHHsS KpiruieHHS OONTiB
a0o0 TOpYIIeHb HOTo po3MipiB; KyJadoK aBTOIepe-
MHKada BIIPAETHCS B KOHTPOJIBHY JiHIHKY BHa-
CIIJJOK HETMPaBHIBHOTO 11 peryIOBaHHS, 110 MOX-
Ha BHUSBHTHU IUISIXOM HAaTHCHEHHS Ha KOHTPOJBHY
TATY, IO BUKJIMYE TIEPEMIIICHHS HOXKIB aBTOIIEpe-
MHUKa4a KOHTPOJIFHOIO JIIHIHKOI, IO MepemnKo-

JDKaE 3aMafaHHIo KyJlauka.

KoxeH BUI HECIIPABHOCTI Ma€ BJIaCHI 0COOJIMBI
O3HAaKW, 3a SKUMH W MOXHa IX BH3Hadartu. Jlid
NPUKIagy HaBEAEMO MOXKJIMBI IPUYMHH, SKI MO-
XKYTh TIPU3BECTH 10 30UIBIICHHS Yacy MEpeBOIY
CTPUIKM 1 SIKi MOXYTh OyTH BWU3HAuUEHHI SK He-
crpaBHOCT: JTIOGT MyQpTH 3 €IHAHHS JBUTYHA
3 PEeAyKTOpOM; HEIIIIbHE NPHUTHCHEHHS 3yOIliB
B po0OTI peaykTopa Ta mmbepa (3HOIIECHHS 3y0iB
HICTUICHHSI IIECTEPHi); MOHAAHOPMOBUH JIOPT BY-
3na ['yka; nmrodT B mapHipHUX 3’€qHaHHAX 1-1
3B’A3HOI TATH 3 pOOOYOI0 TATOI0 Ta MOHATHOPMO-
Buil mo@dT B 3’eaHaHHAX 1-1 3B’513HOI TATH 3 cepra-
MH; AOBI€ TOTUCHEHHS TOCTPsIKa A0 PaMHOI peKH
(BUKpPHUBJIICHHS TOCTpSIKAa); IOHATHOPMOBA Killb-
KiCTh MPOKJIAJOK MK CEpPror Ta TOCTpsKOM 1-1
3B’A3HOI TATH, IO 3yMOBJICHO BCTAHOBJICHHSIM He-
THIIOBUX TIPOKIIAIOK 0e3 po3’€aHaHHS TOCTPSKIB,
IO MOKE MPU3BECTH A0 BTPATH KOHTPOIIO Ta HE
NPWIATaHHS TOCTPsIKa MPH MiABHIICHHI TeMIlepa-
TypH.

IlenTpamizoBana cTpijika BKIItoUae B cebe BIa-
CHE CTPIJIOYHUH TepeBill, eNEKTPOIPHUBOA i CXEMY
ynpaBniHHS HUM. HecmpaBHOCTI CTpiOYHOTO Tie-
peBoAy 3a3BHUail TOB'I3aHI 3 HOTO HESKICHHM 00-
CIIyTOBYBaHHSM TMpalliBHUKaMH Koxii (Tabn. 1).
B mepury uepry croau BiTHOCHTHCS OpyAHUH cTaH
CTPIIKM, HECBOE€YACHE OYHMINCHHS 1ii BiJ CHIry,
MPOBHUCAHHSI TOCTPSIKIB CTPUIKH, HASBHICTH HAKaTy
Ha paMHHUX pelKkax, HeBiINOBIIHICTH pO3MipiB HO-
pMmaM yTpumanHs i T.4. [lopszx 3 mepepaxoBaHUMH
BiZIMOBaMH B POOOTI EJIEKTPONPHBOJA 3yCTpida-
FOTHCS H 1HIII HeCITpaBHOCTI (TabJ1. 2)

HopmansHuM mepeBofoM CTPIIKM Y CHpaBHO-
My CTaHl BBaXKAETHhCS TaKWH, IPH IKOMY 0oOepTaH-
HSl BXIJIHOTO BaJla PeAyKTOpa PYKOATKOIO PYYHOTO
nepeBoy He Mae MOIITOBXIB i 3ai1aHb LIECTEPEHb
1 xoric. Y 3i0paHOMY €JNEKTPOIPHUBOJI MPH Tepe-
CyBaHHI muoOepa 3 0JHOr0 KpalHbOIO IMOJIOKEHHS
B iHIIE MPY>XMHU aBTOIIEPEMHUKaya IMOBUHHI 3a0e3-
MeYyBaTH OJHOYACHE PO3MHKAaHHS HOXIB 3 IpY-
KMHAMH KOHTAaKTHUX KOJIOJIOK.

PosrnsiremMo BuUMoOTH, yCTpiii, poOoTy, TEexXHO-
JIOTi10 0OCIYTOBYBaHHS CTPIIOYHOTO MEPEBOAY Ta
IPU3HAYEHHs HOTO CKIa0BUX YaCTHH.
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Tabnums 1
Table 1

Haii0inbm xapakTepHi BIITMOBH Ha CTPLJIOYHOMY NepeBO/i, yCYHCHHS SIKMX MOKJ/IaJeHO HA NPaniBHUKIB KOJIil

The most typical turnout’s failure, the removal of which is assigned to track workers

O3Haka BiZIMOBH

Haii6inpir BiporigHa npuynHa BiIMOBH

IIpu nepeBipiii CTPINIKK HA IITBHICTh MPUTUCHEHHS
TOCTPSIKIB CTPLIKA 3aMHUKA€ETHCS MPH MIa0I0H1
TOBUIMHOIO 4 MM

[Ipu mepeBoii CTPLIKK 3a30p MiXK TOCTPSKOM 1 PAMHOIO
peiikoro MeHIe 4 MM, ajie CTpUIKa IIepeBoJly He 3aKiHUye

IIpu mepeBomi CTPIIKK 3a30p MiXK TOCTPSKOM i paMHOIO
PEiKOr0 OUIBIIE JOMYCTUMOTO, ajie CTPIJIKa MepeKasy
He 3aKiHuye (TpaIroe Ha PPHUKILIIO)

IIpu mepeBoi CTpiNKa HE pyIIAe 3 MIiCIIs, €IEKTPOIABH-
T'YH Nparoe Ha GPUKIii0, TOK QPHKIIi B HOpMI 260
K CTPIJIKA IIEPEBOIUTHCS BAXKKO, €JIEKTPOIBUTYH
CIOXKUBAE MIIBUILIEHUH CTPYyM

1. Po3mmpeHHst Kotii y rOCTPSIKIB CTPLIKH

2. BukaHTOBKa TrOCTPSIKiB yepe3 ocaalIeHHs]
KOPEHEBOTO KPITJICHHS

3. Bin6iii pamHOI peliku BHACIIIOK C1a0KOTro
HOro KpiruieHHs

4. BUKpUBIEHHS rocTpska

5. HenpaBuiibHe peryJitoBaHHsI TST

1. 3By>KEeHHS KOJIii Y TOCTPSIKIB CTPLIKH
2. Hakat Ha roctpsky abo pamHil penri

3. PerymoBaHHs npuBoay 6e3 OMYCKY, B pe3yJIbTari
YOro IpH 3MiHi TeMIepaTypH BiiOYBa€EThCS HENOX1
CTPUIKH IIPH HOPMATFHOMY 3a30pi

1. HanpecyBaHHS cHiTYy a60 Opyly MiX TOCTPSIKOM
1 paMHOIO PelKOr0 200 B KOPEHEBOMY KpIIlIEHHI

2. BukpuBieHHs rocTpsika
3. HagmipHO 3aTsrHyTi KOpeHeBi 60iTH
4. YriopHi 00OJNTH yIUPAIOTHCS B TOCTPSIK

5. 3a0pyaHeHi 1 He 3MaIIeHi OalIMaKu CTPLIKH.
TocTpsiky JiexxaTh Ha Masliil KiJIbKOCTI Oammakis

1. [IpuTHCHYTHIA TOCTPSK 3aTHCHYTHI HAKATOM
paMHOi peiiku
2. Crpinka ciibHO 3a0py/JHEHA
3. YroH rocTpsika
4. CunpHO 3aTSTHYTI KOPEHEB1 60aTH

5. PosropHynucst ynopsi 60stH

Tabnuns 2
Table 2

XapakTepHi HeclIPaBHOCTI B PO0OTi eJIeKTPONPUBOAA

Typical electric drive malfunction

Hecnpasricth

ImoBipHa nprunHa

Croci6 ycyHeHHs

HecrabinbHa poboTa dpukiii

[epekic TepTHOBUX MOBEPXOHD
OJIIMH BIJHOCHO OJHOIO JHCKIB
1 BIACYTHICTh MaCTHIIEHOTO
MaTepiary Ha IIOBEPXHSIX
(GPUKLIHHUX JUCKIB

YcyHyTH niepekic i 3Maszatu
(GpuKLiiHI AUCKA
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End of Table 2

Hecmpasricth

ImoBipHa mprunHa

Croci6 ycyHeHHs

Crpisika He MepeBOAUTECS, CTPYM
MEHILIe HOMiHAJILBHOTO CTPYMY
HepeBoy

ITpu mepeBoi cTpinku
BiZIOYBa€THCS BUXIJ| HOKIB
3 KOHTaKTHUX TyOOK (TIpy»KHH)
i3 BTPaTOI0 KOHTPOIIIO

Ha pobounx KoHTakTax aBTOIEpE-
MHUKa4YiB BiI0YBAETHCS TYTOYTBO-
PEHHS 3 MIATOPSHHSIM KOHTAKTIiB

3i1aM TEKCTOIITOBHUX KOJIOLOK
aBTONEpeMHUKaya

Brpara KOHTpO:IIO MTONOXKEHHS
CTPUIKU MPH NPOXOKEHH1
10 Hi# noi3na

Ha 3aruckadi enexTpoBuryHa
poboua Hanpyra HaJXO/1Th,
aje sKip He o0epTaeThes

BpyOyBaHHsI HOXKIB B KOHTaKTHI IIPYXKUHU Ma€e
OyTu Ha rmubuny He Menue 9 mwm. [Ipu BpyOyBaH-
Hi HOXIB PECOpPHI TMPYKUHHU KOHTAKTHHX KOJIOJOK
MOBUHHI BimkuMarucs B Mmexax 0,5-1,4 mm. Bi-
JOKAM TIPY>KWH TIOBUHEH OyTH piBHOMipHUM. [Ipn
B3pi3i cTpinku abo 301rKeHHI rocTpsika (BHACIi-

OcnabHyno QpuKIiiiHe 39eTIeHHAS

BincyTHicTh MacTHIBHOTO MaTepi-
aly Ha 3amipHuX 3y0ax muoepHoi
HIECTipHI ¥ mmbepy # BiACYTHICTH
3a30py MiX TOCTPSIKOM 1 paMHOIO
PpeiiKor0, MO Ta€ MOKIIUBICTh
3a0e3MeunTH 3aMAKAHHS CTPLIKA
TIpH 3aKJIa/Lli MabI0Ha TOBIIHHOIO
2 MM. 3aBUIIEHa HATIIpyTa
Ha eNEKTPOIBUTYHI

CuIbHO 3aTArHyTE QPUKIIHHE
3UEIJICHHS 1 3aBHIIEHA HAIpyra Ha
€JIEKTPOJIBUTYHI1

Hamnpukinni nepeBoy cTpiiku
BiJIOYBA€ETHCS TTOBLIBHE
IepeKuIaHHs HOXKiB. HasBHICTB
YTOMH B MPYKUHAX KPYUCHHS
aBTOIEPEMHUKAYIB, KOHTAKTHE
HATHCKaHHS MiX TyOKaMu
1 HOXaMU BHILIE HOPMU

Hecumerpuune ypyOyBaHHS HOXIB
aBTOIEpEeMHUKaya Mi>k KOHTaKTHUMH
Npy>XUHAMH

KoHTakTHe HATHCKAaHHS MIX KOH-
TaKTHUMH TpyXKHHaMH (TyOKaMn)
1 Ho)xamu Menmie 4-5 H
Ta BpyOyBaHHS HOXiB BiIOyBa€eThCs
3 BEJIUKOIO CHJIOIO

KontposbHi Tsru
He BiaperyiaboBaHi o T-moaiOHiH
IuIacTuHi Ha 3a30p 1 — 3 MM
MK 3y0OM HOKOBOTO BaXKeJst
i po60U40r0 OIYHOIO TOBEPXHEIO
BHPi3y B KOHTPOJIBHIN JIHIAII

OOpuB OOMOTKH SIKOPSI
a00 0OMOTKH 30yIKEHHS

BinperymnroBatu ¢pukiiiHe 34er-
JICHHS 10 HOMIHAJBHOTO CTPYMY

IecripHs (11eCTipHi) rOJIOBHOTO
BaJIa MIOBUHHA OyTH T'ycTO 3Ma3aHa
MacTHJIOM; 3a0€3MeYUTH 3aMUKaH-

HS CTPLIKH TIPU 3aKITa I MiXK
TOCTPSKOM 1 paMHOIO PEHKOI0
1raGJI0Ha TOBIIMHOIO 2 MM.
BinperynroBatu Hanpyry
Ha eJIEeKTPOIBUTYHI

BigperyntoBaru ¢pukiiiite 34er-
JICHHSI 10 HOMIHAJILHOTO CTPyMY
poboTH Ha (PUKIiFO, aJie HE OLIbIIe
2025 % HOMIHATBLHOTO
CTPyMY TIEPEBOY

3aMiHHUTH NIPYKUHU KPYYCHHS,
BiZIpETyJIIOBaTH KOHTAKTHE
HaTHUCKaHHS

KoHTaKTHI KOJIOAKH BCTAHOBUTH
CHUMETPHUYHO BiTHOCHO BpYOJIEHNX
Y HUX HOXIB

BinperymroBati KOHTaKTHE
HATUCKAHHS NMIATHHAHHAM
PECOPHUX MPYKHUH

BingperynroBatu 3a30p y Mexax
1-3 MM MiX 3yOOM HOXOBOTO
Ba)kens i pobouoto 6iYHOIO
MIOBEPXHEIO BUPI3y
B KOHTPOJBHIH JIHIATI

[lepeBipuTH OMMETPOM CIPaBHICTH
0OMOTKH SIKOPsT i1 0OMOTKH
30y DKEHHS

Iok gedopmanii TAT Bijg ymapiB 1 T.I.) BaxKeni
3 KOJIOAKAMHM KOHTaKTHHX HOXIB B €JICKTPOIpPHU-
BOJi, CHHMPAOYNCh Ha BEPXHIO IUIOMUHY KOH-
TPOJIBHUX JIHIHOK, MOBUHHI 3afHATH CEPEIHE IO-
JIOXKEHHS 1 PO3IMKHYTH KOHTakTu. [Ipu mpomy 3a-
30p 3 KO)KHOTO OOKY Mi>K HOXKaMH Ta KOHTAKTHHUMU
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MpY’KWHAMU TTOBUHEH OYTH HE MEHIIIE 2,5 MM.

[Ipu mMOBOPOTI 3aciHiHKM BHHM3 KOHTAKTHI HOXI
OJIOK-KOHTAKTiB TOBHHHI IOBHICTIO PO3IMKHYTH
OJloKyBanbHI KOHTAakTH. [Ipm MOBOPOTI 3aciiHKK
Bropy ITiCJIs HATUCKAHHS Ha OJIOKyBaIbHY COOAUKy
KOHTaKTHI HOXI1 MOBHHHI BpyOyBaTHCs B OJIOKYBa-
JIbHI KOHTAaKTU. BiITHCHEHHS! KOHTAKTHUX NPY>KUH
MIPH [IbOMY Ma€ OyTH piBHOMIPHUM.

Bincranp MiX BIIKPUTHMHU CTPYMOBEIYYUMH
YacTHHAMH 1 OyJIb-SIKOI0 HEi1301b0BAaHOIO AETAILIIO
€JIEKTPONPHUBOJAa HE MOBUHHA OyTH MEHIIE 6 MM.
EnextponprBoa Mae yIIUIBHEHHS 10 KOHTYPY
KPHILKH, B MICISIX BUXOIYy HIHOepa, KOHTPOIBHUX
JHINOK 1 OTBOPIB, IO MEPEKPUBAIOTHCS 3aCITIHKOIO
(mix ko9 1 xypbens). Kpumika enekTpornpuBoaa
3aMHUKA€ETHCS 3aMKOM, SIKHW MPH BIUIMBI IOTIEped-
Hux 3ycwib He Oinbme 300 H i BepTuKanbHUX He
oimpmre 400 H He MOBHHEH BinApaTHCS.

EnexTtpornpuBoa MoBUHEH 3a0e3MeuyBaTH BTpa-
Ty KOHTPOJIO IOJIOKCHHS CTPUIKH: TPH PO3'€n-
HaHHI ONHi€l 3 KOHTPOJBHUX TAI 3 TOCTPSKOM
1 HACTYITHOMY TIEPEBOJII CTPIIKH, a TAKOXK ITOBEp-
HEHHSI CTPIJIKH y BHXiJHE MOJOXEHHS; MPU BUTS-
TYBaHHI KOHTPOJBHOI JIIHIMKH ONMKHBOTO TOCTPS-
Ka 3 KOpPIyCY €JCeKTPOIPUBOAA HA BEJIUYHHY
10-210 MM; mpu BUTHHI KOHTPOJIBHOI TATH Jailb-
HBOTO TOCTPSIKA 1 BUTATYBAHHI NP LbOMY JIHIHKH
JAIbHBOTO TOCTPsIKA 3 KOPILYCY €JIEKTPOIpUBOIA
Ha 25-110 MM He3aJIe)KHO BiJ ITOJOKEHHS JIIHINKH
OMMKHBOTO TOCTpsiKa 1 Ha BeMMUUHY 25-210 MM,
SKIIO TPH LBOMY OJHOYACHO BUTATYETHCS JIiHiMKa
OIMDKHBOT'O TOCTPSIKA 3 KOPILYCY €JIEKTPOIPHBOAA
Ha BenmunHy10-210 mm. [Ipu mepeBoai B ocra-
HHbOMY BHIAAKY CTPUIKM B iHIIE KpaWlHE MOJO-
XeHHs (Tmmbep BUCYHYTHH) KOHTPOIH TOJIOKCHHS
CTPUIKH MOBHHEH OYTH BiJICYTHIM, SIKIIO CyMapHe
BUTSTYBaHHS JIHIHKK JaTbHBOTO TOCTPSIKA 3 KOp-
mycy cTaHoBUTH 185—360 mm.

EnexktpornpuBos B MOJIOKEHH] «IIHOEp BUCYHY-
TUI1» MOBHHEH 3a0e3ledyBaTH BTpPaTy KOHTPOJIO
MIOJIOKEHHS CTPIJIKM MPH YaCTKOBOMY BTATYBaHHI
(BIITOBXYBaHHI) JIHIMKKA JaTbHBOTO TOCTPSKA
B Kopiryc Ha BenuuuHy 10 MM 1 Gibie — 0 ymopy
BYIIKA JIHIMKM B HANpaBIAIOYY IUIUTY EJIEKTPO-
IIPUBOJA.

EnexTpornpuBoa MoBUHEH 3a0e31euyBaTH BTpa-
Ty KOHTPOJIIO TTOJIOKEHHS CTPUIKU MPH 30JMKEHHI
TOCTPAKIB (BHACHiIOK aedopMarii Tsr Bif ymapiB
i1 T.0.). BenwmumHa mnepeMimeHHS KOHTPOIBHOL
JHIMKK B1l MOMEHTY yHOpY ii B 3aJHIO IOBEPXHIO

3y0a KOHTPOJBHOTO BaXeds OO0 PO3MUKAHHS
KOHTAaKTiB IIOBUHHA OyTH He Ounbie 14 MMm.

Enexrponpuson CII moBuHEeH 3a0e3nevyyBaTH
i0A000By po0OTY 1 OyTH pPEMOHTONPHUAATHUM
P eKCIUTyaTarlil 10 TPaHUYHOTO CTaHy, TOOTO 10
HAaIpaIoBaHHs HaA3HAYEHOT'O PEeCypcy.

Enextpuunnii  omip i3omAmii MK CTpyMOBe-
JIy9AMH 9aCcTHHAMU, 3’ €IHAHUMH MK COOOIO 1 KOp-
MyCOM EJICKTPOTIPHBOZA, HE TOBHHHE OYTH MEHIIe
100 MOM B HOpMaTbHHX KIIMAaTHYHHX YMOBax
1 0,5 MOwm — mpu temneparypi +30 © C i BigHOCHIN
BosorocTi moBiTpst 98 %. Ejexrpuuna MilHICTD
13071A1i1  eNeKTPONpUBOa B HOPMAIBHUX KJIMAaTH-
YHUX YMOBaxX IIOBHHHA BUTPUMYBAaTH HPOTSATOM
(60£5) ¢ miro BUMPOOYBAIBHOI HANPYTH 3MIHHOTO
cTpyMy 4actororo 50 [ Bix Jkepernia OTYKHICTIO He
mentre 0,5 kBA, mpukiiaieHoro Mk KiieMaMH elleK-
TPOABUI'YHA, KOHTAKTHHUMH KOJIOAKAMH, 3'€HAaHUMHU
MDK cO0OF0, 1 KOPITYCOM EJICKTPOIpUBOIa 0e3 mpoOoro
1 sBUII OBepxHeBoro nepekputts 1 500 B.

3 meToro 3abe3rneueHHs HaliiHOI POOOTH CuC-
TeM PETYJIOBAaHHSA PYXOM TIOi3fiB, IMependadeHo
BUKOHAHHS MEPIOJUYHOTO KOHTPOJIIO HapameTpiB
amaparypu 3ali3HHYHOI aBTOMAaTHKH Oe3rnocepen-
HBO i1 9ac ii excruryararttii [106]. Texnomnoris 06-
CIIyTOBYBaHHS LICHTPATI30BAHUX CTPLIOK BKIIFOUYAE
B cebe 30BHIIIHIO NEpeBipKYy CTaHy IPHBOMIB
1 CTPIJIOYHUX TApHITYp IEHTPATi30BaHUX CTPIIOK,
Ky BUKOHYIOTh JIBa Pa3y Ha THXKJCHb Ha CTPLJIKaXx,
mo OepyTh ydyacTb B MapuIpyTax NpUAMaHHS Ta
BiJIIPaBIICHHsI, 1 HE PiAllle OJHOTO pa3y Ha THX-
JleHb Ha iHmuX cTpinkax [14, 15, 16].

[Ipu 1pOMY mMEpeBIpsIFOTH: HIUIBHICTH TPUTHC-
HEHHS TOCTpsIKa 10 paMHOI peiiku 0e3 mepeBeieH-
HS CTPUTKH; HAIIHHICTE 1 IPaBUIBHICTL KPITUICHHS
MPUBOJY, TApHITYp, KOHTPOJIBHHUX 1 pOOOYMX THT;
BIZICYTHICTh BUIAMMHUX TPIIlIMH i BM'ITHH Ha KOPIy-
ci mpuBoAy, (GyHIaMEHTHHX 1 KPIMMIBHUX KOCHH-
X, MO3A0BXKHIH 3B'13KOBIM cMy3i, poO0OYHX 1 KO-
HTPOJILHUX TATaX; WIMJIIHTAX 1 3aKpyTKax B 0odTax
1 BaJMKaXx; BIJICYTHICTh MEPENIKOIN B IMIMAIEHOMY
AMMKY U1 pyXxy TAr. OcoOnuBy yBary 3BepTaroTh
Ha HasIBHICTh 1 CIPaBHICTh CTOIMOPHHUX IUTAHOK.
[Ipu ornsani HeoOXiMHO 3BepTaTH yBary Ha HEIOi-
KU CTPUIOYHOTO TIEPEBOIY, SIKi MOXYTh MOPYIITUTH
HOpPMaJIbHY pOOOTY €JIEKTPOIPHBO/A.

HIinbHICTh MPUTHCHEHHS TOCTPSKA IO PaMHOL
peiiKu, CTPLIOK MpH 3aKJIaIi MabIoHy TOBIIHMHOIO
4 MM 1 3aMHUKaHHS CTPIJIOK TIPH 3aKJIAI MA0I0Hy
2 MM MepeBipAOTh OAWH pa3 Ha TWXKICHb Ha CTpi-
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JIKax, 110 BXOIATH Y MapIIpyTH NMpUAMaHHS 1 Bif-
MpaBJICHHS, 1 OJAMH pa3 B JBa THXHI Ha IHIIMX
crpinkax. [lpm 3axmaguni mabIOHY TOBIIMHOO
4 MM MiX TOCTPSIKOM 1 paMHOI0 PEHKOI CTpijKa
HE IIOBMHHA 3aMUKATHCA 1 1aBaTH KOHTPOJIb 3aKiH-
YeHHS [EPEeBOMy, TOOTO EJIEKTPONPHBOJ MOBUHEH
MPOIOBXKYBATH TMPALIOBAaTH Ha (PPHKLIiIO; MpH 3a-
KJIQI Ma0IOHy TOBIIMHOIO 2 MM CTPiJIKa TTOBHH-
Ha MEPEeBOJUTHCS 1 JTaBaTW KOHTPOJIb 3aKiHUCHHS
nepeBoay, Npu bOMY IIHOEp HE MOBUHEH 3aKIIU-
HIOBaTHCS.

[Mig wac BHYTPIIIHBOI MEPEBIPKU EICKTPOIPHU-
BOJIa 3 TICPEBEJICHHAM CTPUIKH, BUKOHYBaHOI OJTUH
pa3 B YOTHPH TWXKHI, TEPEBIPSIOTH: CTaH
1 KpiIUIeHHS BHYTPIIIHIX YaCTHH TIPUBOJIY; CTaH
MOHTaXY 1 WOTO KpIIUICHHS; MPaBHIbHICTh pEry-
JIOBaHHS KOHTPOJIBHUX TAr; piBeHb Macia
B pexykropi enekrponpuBoma CII; ymrimbHEHHS
MPUBOAY; poOOTY OJIOKYBaJbHOI 3acIiHKH 1 IO
3aMKa; CTaH KOHTAaKTiB i BpyOyBaHHS HOXiB aBTO-
nepeMHKaya; B3a€MOJisl YaCTHH EJIEKTPONPHBOAA
1 po0OTy aBTOIIEpEMHKAYA.

[lig wac BHYTpIlIHBOI TEPEBIPKU CTPIIOYHOT
KopoOku i MmypTtu YIIM, BHKOHYBaHOI OIWH pa3
B TPHU MICAIll, TIEPEBIPSIOTh: MOHTX; CTaH 1 Iit0
KOHTaKTy MiCIIEBOTO YINPABIiHHA, KOPIYCy NUIaH-
ra; YUIUIbHEHHS.

IlepeBipsitoun CTpyMH, CIIOKHBaHI E€JIEKTPO-
JBUTYHOM TIpM HOPMAaJbHOMY IE€PEBOJII CTPLIKH
1 poOoTi eneKkTpoABHIYHA Ha ()PHKLIIO, BU3HAUA-
I0Th 3HaYEHHS CTPYMIiB, 110 HOPMYIOTBCS 3aJICKHO
Bil XPECTOBHHU CTPLIOYHOTO TEPEBOAY, PEHOK,
eJIEKTPOTIPUBO/IA, EJIEKTPOJBUTYHA i poOOYOi Ha-
Npyru Ha eJeKTPOABHUTryHi. PerymioBanHa ¢(puk-
miHOTO 3uernieHHs enekTpornpuBonis CII Buko-
HYIOTh 13 3aCTOCYBaHHSAM CICHIaJbHOIO IPH-
CTpolo, 1m0 Mictuth auHamometp JJOCM-3-1, ma-
KCHUMaJIbHE BUMIpPIOBAaHE 3yCHIUISL SIKOTO IOPiBHIOE
9800 H. Lleit mpucTpiii m103BOJISIE BCTAHOBIIOBATH
1 yTpUMyBaTH IWHAMOMETP MK PaMHOI0 PEHKOIO
1 TOCTPSIKOM CTPiNKH. J[7s1 BUMipIOBaHHS 3YCHILIS
MepPEeBEACHHS CTPIIKKA HEOOXiMHO (pHKITiHiHE 3Ye-
TUICHHS. BIAMYCTUTH JO CTaHy, TMpPH SIKOMY
3a0e3nedyeThCsl BUTBHUI MPOBOPOT (DPHUKIIIHOTO
IPUCTPOIO JIBUT'YHOM EJIEKTPONpHBOAa Oe3 mepe-
BeZieHHS cTpinku. [loTiM QpukiiiiHe 34eruieHHs
NOTPiOHO 3aTHCHYTHU A0 CTaHy, IPU SIKOMY CTpiJKa
MOYMHAE TEPEBOAUTHUCS, 1 BUMIPSITH ITUHAMOMET-
pOM BCTaHOBIIEHE 3YCHJUIA, sKe 1 Oyae 3yCHIUISIM
NepeBEICHHsI CTPUIKU. 3yCHIIIsS 3aMUKaHHS CTpPiJ-

KM MOXK€ OyTH OLTBIITMM TOPIBHIHO 13 3YCHIUIAM
nepeBoy. Y IbOMY BHIQJKY (HpHKIiHHE 34erieH-
HSl HEOOXIZHO 3aTSATHYTHU JIO0 CTaHy, IIPH SIKOMY 3a-
MUKA€ETHCS CTPINIKA, 1 BUMIPATH 3yCHIUIA 3aMUKaH-
Ha. [Ipu perymoBanHi GpUKIiiHHE 3UCTUICHHS 3aTsI-
TYIOTh 3 HEOOXiTHHM 3yCHJUISIM, BCTAaHOBJICHUM
JUISE TBOTO THITYy CTPIJIOYHOTO TIEPEeBOAY, SKe
BHMIPIOIOTh AWHaMoMeTpoM [17, 55].

HenonikoM icHyro40i TeXHOMIOTIi 00CITyroByBaH-
HsI IPUCTPOIB € 3HA4HI 3aTpaTH PYUHOI Ipalli Ta Ja-
Cy, HEMOXJIUBICTb CBOEYAaCHOTO TOMNEPEKEHHS
BiIMOB cTpinku. KpiM 1boro BUsIBJICHHS Ti€i 4u
IHIOI BiMOBH OOCIIyTOBYIOUHMI TEPCOHAN (IKCye
Bi3yaJbHO, IO HE Ja€ HEeoOXimHOI TOYHOCTI Ta
nocToBipHOCTI. lle 3yMOBIIOE HEOO-XImHICTH PO3-
POOKHM CHUCTEM aBTOMATHUYHOI'O JiarHO-CTYBaHHS Ta
KOHTpPOJIFO TMIPUCTPOIB  3ali3HUYHOI aBTOMATHKH.
HaBite B cmcTemMax HOBOTO TIOKOJIHHS JIUCIIET-
YepchKol LeHTpasi3amii pillleHHS Mpo BiJMOBH
npuiiMaeTses oneparopoM [107, 108, 109].

Sk BUAHO 3 HaBeJCHOI BHINE TEXHOJIOTIl 00-
CIIYTOBYBaHHS 1 HaJAINTYBAaHHS CTPUIOYHHUX IIPH-
BOJIB 1 KOMYHIKaIliid, SIKi IO HUX BiJTHOCSATKCS,
MIPOIIEC TTEPEBIPKH IX CTaHy i TPUBAIICTh YCYHEHHS
MTONIKO/KEHD, BKITIOYAIOYH TPO(MITaKTUIHUN Or-
JIsi71, 3akiMae 0arato 4acy i IpyHTYEThCS OUIBIIOIO
Mipol0 Ha HaBUYKax MpPaliBHUKIB  CIyXOH
CHUTHAJTI3aIlil Ta 3B'SI3Ky Yy BUKOHAHHI Pi3HUX OTIIe-
pamiifi 3 MerToro0 3a0e3leueHHs CIpaBHOTO, abo
mpane3faTHoro  craHy —cucremu. [lim  bac
TEXHIYHOTO OOCIIyTOBYBaHHA Ta BUKOHAaHHI pe-
MOHTHHX a00 BiIHOBIIOBAJBEHUX POOIT CITIBPOOIT-
HUK ONHMPAETHCS HA BJIACHI 3HAHHS, CIPUIHATTS
1 pO3yMiHHS B3a€MHHX 3alle)KHOCTEH 1 IPOIIECiB,
o BiAOYBarOTHCA. Y KOKHOMY KOHKPETHOMY BH-
naJKy BU3HAUCHHS HECTIPABHOCTI TOTO a0 IHIIOTO
By3Jla CTPIJIOYHOr0 TepeBoAy abo BCi€l chUcTeMH
B IJIOMY CIIYXOOBITFO JOBOJMUTHCS BHTpadaTH Oa-
raTo yacy Ha IMOIIYK NMPUYUHH BiIMOBH, SIKHM, SIK
NpaBWIIo, 3aiiMae MOJIOBHHY 4acy, a iHoAi ¥ Oinb-
11y #oro 4acTHHY, MOTPiOHOTO Ha yCYHEHHs ITOII-
KOJDKEHHS [56, 57]. VY 3B'I3Ky 3 UM iCHY€ TOCTpa
HEOOXiIHICTh OHOBJICHHS MTPUCTPOIB 3a0e3MeueHHS
PYyXy TOi3/1iB, OCKUTFKH ICHYIOUI CHCTEMH MOpPaIIb-
HO 1 TEXHIYHO 3acTapiiy, a METOJHWKa IUIAHOBO-
MOTIEPE/KYBaIBHOTO PEMOHTY 3KHJia cede, SK
OIMH 3 OCHOBHMX BHJIB BEICHHS TOCHOJApCHKOI
TUSUTBHOCTI, IO BITHOCUTHCS A0 TMEPiOAy IMOYaTKy
PO3BHUTKY 1 BIPOBADKCHHS TEXHIYHUX 3ac00iB
BUPILICHHS IPOMHCIOBUX 3aBAaHb. Jlo Toro x mo-
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TpiOHO BUKOHYBATH HE TUTBKH TEpEXil Ha MPUH-
IUIIOBO HOBI TEXHOJIOTIi Ta CHCTEMH, ajie¢ ¥ yCy-
HEHHS MiIXOIB, 3aKJIaJICHUX B METOAAX IIAHOBO-
TMOTIePeKYBa-THbHOTO PEMOHTY .

3 TABHINCHHSIM MIBUAKOCTEH pyXy TMOi3diB
y  0OCIyroByIHOUOr0o TEPCOHATY 3aJMIIAEThCS
3HAYHO MEHIIE Yacy Ha YCYHEHHS IOIIKOKEHb.
V 3B's13Ky 3 THM, IO IIEH 9ac MOYKHA PO3IUIHTH HA
MPOMIKOK 4acy BiJl MOMEHTY TOSIBU HECTIPaBHOCTI
0  MOMEHTY  IiH(pOPMYBaHHS TMPO  HBOTO
BiJINIOBITHOTO CHiBPOOITHHKA, Yac MPUOYTTS, TO-
IIYK TOIIKOJKCHHS 1 BJIACHE HOr0 yCYHEHHS, TO,
3MEHIIMBIIU X0Y OJHY 3 CKJIaIOBUX, € MOXKIIUBICTh
CKOPOTHTH 3arajbHy HOTrO TpHUBAIICTh. OCKIIBKU
BIUTMHYTH Ha dYac HEOOXIMHWHA IS TPHOYTTS
CHIBPOOITHHKA HAa MICIIC MOMIKOMKEHHS CKIIAIHO,
a TIOBHa 3aMiHa OOJamHaHHS MOTpeOye 3HAYHHUX
KaIliTAJIOBKJIAAEeHb, II[0 HE 3aBXIM BIANOBIIAE
MOXJIMBOCTSIM 1 € palioOHAJBbHUM MiJIX0J0M, TO
3aJUINAETHCS MOXJIMBICTH BUTPATH 4ac Ha erari
BCTaHOBJICHHsI (haKTy IMOSBU TOIIKOJKESHHS 1 CKO-
POTHUTH dYac TONIYKY TIIOMKOKEHHS, SIKE CTalo
MPUYUHOIO BiMOBH. 3pOOUTH 1€ MOXKHA 3a JIOTIO-
MOTOI0 aBTOMATH3allii CHCTEMH KOHTPOIIO Ta
NIarHOCTYBaHHS CTPUIOYHUX IIEPEBOMIB. ABTOMa-
THU30BaHa CHUCTEMa KOHTPOJIIO Ta JIarHOCTYBaHHS
KpiM TOTO, IO JO3BOJIUTh B DPEKUMI pPEaNbHOTO
gacy 30upaTH JaHi mpo cTaH 00'€KTiB, SKi 3HAXO-
IAThCS HA BIIJAJCHHI BiJ IMOCTa EJICKTPUYHOT
HeHTpaji3auii, i y pa3i 3MiHM 3Ha4CHb BiJIOBIAHUX
MOKa3-HUKIB BHUIaBaTH IOBIIOMJICHHA NP0 Bix-
MOBHHUI a00 TIEpeIBiMIMOBHUIN CTaH, 3aIo0Iirarun
THM CaMHM 3aTPUMKH IOT3/iB 3 BUHH YIIKOHKCHb
CTPIJIOUHOTO TIEPEBOJTY, aJIe TAKOXK 1 3MOXke 3a0e3-
MEYUTH YCYHEHHS YacOBOTO MPOMIKKY BiJ IOSBH
HECIPABHOCTI JI0 HAJAXO/DKCHHS npo Hel iHdopma-
1ii 70 KOMIIETCHTHHX CHIBPOOITHHKIB. A 3aKiia-
JIeH1 B IO CHUCTEMY OCHOBHI THITH BiIMOB 1 IpUYH-
HU iX MOSBH JaayTh MOJJIMBICTh 3MIMCHEHHS
inenTudikamii. Ilpm mOsABI MOIIKOMXKEHHS Taka
CHUCTeMa HE TIIbKH 3MOE€ HOTO BH3HAYUTH, alie
1 BHIATH PeKOMEHaIlii o0 crocoly ioro ycy-
HEHHsI, 1THCTPYMEHTY, NETalsiM 1 BUMIipIOBAIEHUM
nmpuiasaM, SKi MOTpiOHO B3SATH 3 c000I0, BUCY-
BalOYUCh Ha 00'€KT 3 IOIMIKOHKEHHSM, a TaKOX
aBTOMATUYHO BUKOHYBATH 3aIlUC B CJIIEKTPOHHOMY
JKypHaJIl Ipo BUKOHaHHS poOiT [36].

ABTOMaTH3aIisI METOAY MUCTAHIIHHOL AiarHOC-
THUKHA CTPIJIOYHOTO TIEPEeBOIY 3BOIUTHCS /IO BH3HA-
YeHHS O3HaK MOT0 CHPaBHOTO 1 HECIPABHOTO CTa-

HIB JUTsI TIOAAJIBIIOTO TIOPIBHSHHS B IIPOIEC eKC-
Tulyaramii JaHWuX, OJEpPKYBaHHX 3 MPAIIOI0YNX
CTPIJIOK i OKAa3HUKIB €TAJIOHHUX CUTHAIIIB, Y3SITHUX
SK 3pa30K i 3amMCaHuX 3i crpaBHOi cTpinku. lpu
[IBOMY BHKOHYETBCS TIOPIBHSHHS 3HAa4eHb 3a
KUTbKOMa TOKa3HUKaMH CTPYyMOBOI KpHUBOI po0o-
4Oro Koya, oOpaHoro SK 3pa3oK eJNEeKTPOJBUTYHA
1 mocmimxyBaHoro. Cepen Takux MOKa3HUKIB 0CO0-
JMBE 3HAYEHHS MAlOTh aMILTTyIa 1 TPUBAIICTbH
NepeBoy, 3 SIKUIMUA MOYXHA BCTAHOBHUTH HAsBHICTb
MIEPENIKOl PYXY TOCTPSIKiB BHACTIIOK MOTPAILISH-
HSl CTOPOHHIX IPEAMETIB Mi’K TOCTPSIKOM 1 PAMHOIO
peiikolo abo MiABHIICHWH oOmip pyxXy depe3 3a-
OpyJHEHHS CTPUTKH, YCKJIaJHEHh B MEXaHIuHIiH
repenadi 3yCHWUI TIEPeBEACHHS CTPIUTIKH, a TaKOX
MOQTIB B MICISX 3'€THAHHS 1 HEMPaBHIBLHOTO pe-
TYJIOBaHHS BY3JiB B Micusax KpimmeHHs. Ha gaco-
BHX JliarpaMax MO>KHA TaKOX YiTKO BHIUTATH TaKi
OCHOBHI MOMEHTH, SIK: ITyCKOBHH CTPYM €JIEKTPO-
JIBUTYHA — CTPYM, SIKUH TPOTi-Ka€e B KOJIi €IeKTPo-
JIBUTYHA HA MOYATKy PyXy; MOMEHT HaJIaHHS KOH-
TPOJIt0 aBTONEepeMHuKadeM (iCKpIHHS HOXIB aBTO-
nepeMuKaya); 3aJMIIKOBE 00epTOBE MarHiTHE IO-
Jie Ha CTaTOpi JABHTYHA — 3a SKUMHU TaKOXX MOKHA
BHKOHYBATH NOCIIKEHHS CTaHy CTPLIOYHOTO Tie-
peBony.

HesBaxkatoun Ha BiZMIHHOCTI, KOKEH CTpPioy-
HUW eJEKTPOIPUBO Ma€ ONIHI ¥ Ti X (GyHKITIOHA-
TBbHI BY3JH, cepell SKUX: IDKEePEeNo MEeXaHi4HOI
eHeprii — eJeKTPOJABUIYH; MiACHIIOBaY KPYTHOTO
MOMEHTY EJeKTPOJIBUTYHA 1 MEepeTBOpIOBaY HOTO
00epTambHOTO PyXy B IMOCTYHNATBbHUN pyX Mepe-
KIaIHUX TIT — PenyKTop; (MpUKLiliHE 34eIUICHHS
(ppukwioH) — raneMo, sike 3a0e3redye 3aXucT elre-
KTPOJBHUTYHA BiJ IMEpPEBaHTAXCHb 1 TaIbMyBaHHS
00epTOBUX YaCTHH MPUBOJAA B KiHIII MEPEBEICHHS
CTpiNKK; OJOK KOHTPOJIO TIOJOXKCHHS CTPLIKU
1 TIATOTOBKM IIAHIIOTA PEBEPCYBAHHS MPUBOAY
1 BKJIFOYCHHS MPHUBOAY CIAPEHOi CTPUTKKH — aBTO-
nepemukay. ToMy BCTaHOBIEHI AIarHOCTUYHI 03-
HAaK{ 71 OAHOTO THITy CTPUIOYHOTO MEpeBOaY, Ha
SIKOMY BCTAHOBJIGHUH KOHKPETHHU THIT CTPijIOdY-
HOT'O eJIEKTPOTIPUBOJA, OYAYyTh CIIPaBEIIUBI 1 JUIst
iamux Bunankis [100, 101, 102, 103].

g peamizaiiii METOAy TEXHIYHOT iarHOCTHKHU
CTPUTOYHHX OOHMPAETHCS CTPUTOYHHUH ITepPEeBi] KOH-
KPETHOTO THITY, TEXHIYHHIA CTaH SKOTO BiJIIIOBiNa€E
BAMOTaM IIOJI0 YTPUMAaHHS HAMUIFHUX TPUCTPOIB
JIAHOTO THITy BiJIOBIMHO JO IHCTPYKIIA 3 €KC-
rryaranii. [Ipu nbOMy BCTaHOBJICHHH Ha HBOMY
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EJIEKTPOTIPUBO]] TAKOXXK HE TMOBHHEH MaTH OyIlb-
SIKUX BIIXWJICHD BiJl HOPM BCIX TEXHIYHHX ITOKa3-
HUKIB, [0 BU3HAYAIOTHCA MPOCKTHOIO TOKYMEHTa-
i€ Ta IHCTPYKMisiMH 3 yTpuMaHHsA. Kpim mporo
Hi CTpINOYHHMH TepeBil, Hi CTPUTOYHHH E€IeKTpo-
NPUBOJI HE TMOBHHHI MiCTUTH HETHIIOBUX €JICMEH-
TiB, IPUCTPOIB 1 IPUCTOCYBaHb. baniMaku NOBUHHI
OyTH 3MaIreHi, a OCHOBA TOCTPSAKIB MIUTHHO TTPHUITSI-
raTd O HUX TI0 BCil JTOBXKHWHI, B PEIyKTOPi 3aJUTO
MAacJIo 10 HeOOXiTHOTO PiBHS, KOPiHb TOCTPSKIB HE
MOBMHEH MAaTH LIJIFHOTO 3aTUCHEHHSI, a caM eJieK-
TPONPUBOJ] HAICKHUM YHHOM PO3MIILICHHH 1 3aK-
pilieHHH Ha CTPUIOYHOMY TEpPEBOJI, JOIyCTHMa
TOBITUHA TIPOKIAAOK MK CEpPEXKOIO 3B'I3KOBOI
TATH 1 TOCTPSIKOM CTPIJIOYHOTO IEPEeBOAY HE Iepe-
BUIIYBaTH 7 MM, i MICTUTH He Oinmbine 3 mpoxia-
JOK, 3 SKHX OJHA i30JIALiifHa, TOBUIMHOIO 4 MM
1 IBI MeTaJleBi, 3arajbHOI0 TOBIIMHOIO He Oinlblie
3 mM. Jlns BUCOKOI JOCTOBIPHOCTI BHKOHAaHUX
BHMIpIOBaHb CTaH BCiX YaCTHH, BY3JiB 1 yCTaTKy-
BaHHS CTPLIOYHOTO MEPEBOIY MOBHHHI B TOYHOCTI
BiJINIOBIIaTH BCIM BHMOTaM IiHCTPYKIIiH, a TaKoX
nNpaBWIaM BHKOHAaHHS BCIX YMOB TEXHIUHOI
eKCIUTyaTallii.

Po3rnsiHeMo MOKIHMBOCTI A1arHOCTYBaHHS CTpi-
JIOYHUX TEePEeBOAIB. ABTOMAaTH3aIlisl JiarHocC-
TYBaHHSl CTPLIOYHOTO IIEPEBOAY € AKTYaJIbHOIO
3amavero [112]. Ilix wac excruryaramii 1jist KOHTPO-
JIIO MapaMeTpiB CTPIJIOK BUKOPHCTOBYETHCS BHMi-
PIOBaHHSI CTPYyMYy CTPUIOYHOIO EJIEKTPOIPUBOIA
NIPY MepeBeACHH] CTPINKH. 3a pe3ysibTaTaMu BUMi-
pIOBaHb MOXKHA 3[IiMCHIOBaTH KOHTPOJb BH3HA4Ye-
HUX HOPMAaTHBHOIO JOKYMEHTALI€I0 MapaMeTpiB,
TakuX K poOOUMil cTpyM NepeBody i yac mepese-
JEHHS CTPUIKHU, a TAKOXK J0JATKOBI MapaMeTpH, IO
JIO3BOJIATH MIPOBECTH J1arHOCTYBAHHS CTPUJIOYHOTO
MIPUBOJY Ta MPOTHO3YBAaTH HOro MOJAIBIINN CTaH.

J1st miarHOCTYBaHHS CTaHy CTPIJIOYHOTO Tepe-
BOJly BUKOPHCTOBYIOTh YacOBi Ta YaCTOTHI 3aJexk-
HOCTI CTpyMy IiepeBoly cTpiiku. YacoBa 3ajex-
HICTb CTPyMY HEpEBOAY CTPUIKM Ma€ CKIagHy ¢o-
pMy, Ha SIKy BIUTMBA€ 3HaYHA KUTBKICTH K 3a3/1ae-
TiJIb BIIOMHX (AaKTOPIiB, TAKHUX SK THUI CTPUJIOYHOTO
NepEeBOY Ta TUI €IEKTPOABUIYHA, TaK 1 BUIIAIKO-
BUX (haKTOpPiB, BUKIMKAHUX MMOTOJHUMH YMOBaMH,
3a0pyaqHEHHSAMH 1 T.O., @ TaKOX Yepe3 MOXKIUBI
JIe(eKTH CTPIIOYHOTO MEPEBOY.

Bu3HaueHHS XapaKTEepUCTUYHHUX TOYOK Ha
KpPHUBI CTpyMy TIEpeBOJY CTPLIKH, MapaMeTpH
SIKUX MOXKHA TIPUHHATH 3a JIarHOCTHYHI O3HAKH, €
BAKJIMBOIO 3a]1auelo, BUPILICHHS SKOI J03BOJIUTD B
MOJANbIIOMY ABTOMAaTH3yBaTH IpOLEC AiarHo-

CTYBaHHA CTpiIouHUX nepesoxis [110].

Pazom 3 HecnpaBHOCTSMHM CTPLIOYHOTO Iepe-
BOJIy B €KCIDIyaTallii MOXKyTh MaTH MICIE i1 BiIMO-
BU B cXeMi KepyBaHHS cTpinkoro [82, 85]. Ha Bin-
MiHY BiJl HECTIPaBHOCTEI caMoro eJIeKTPONpPHBOAA
1 mepeBoly BiIMOBH EJIEKTPUYHOI CXEMH IOTpe-
OyIOTH 711 CBOTO BiJIIIYKaHHS MOMEPEAHbOTO aHa-
mizy cxemu. Takwii aHami3 3pydyHO BUKOHYBATH,
BUKOPHCTOBYIOUM iH(OpMAIiHHY CXeMy TMOIIyKY
HecnpaBHoOcTel (puc. 1).

3a 1aHOIO CXEMOIO i Mae (PYHKIIOHYBaTH CHUC-
TeMa JiarHOCTYBaHHS CTPIIOYHHUX IEPEBOJIB, IO
po3po0IoeEThes. B 1IboMy BHNAAKy BOHA MOXKE
BUKOPHUCTOBYBATHCh 1 K IOPAagHUK AJIS €IEKTPO-
MexaHika, 1 Ak (ikcyroda 1 aHami3yro4a aBTO-
MaTH30BaHa cucreMa. lle MO3BONHTH CHOBIILIATH
BiJINIOBIIAJIBHOTO CIIBPOOITHUKA MPO IHCHUH TO-
TOYHHUH CTaH Ta CBOEYACHO 1H(POPMYBATH HOTO MPO
panTtoBo BUHHMKAIOYI BiJIMOBH Ta iX TIIOCTYIIOBE
YTBOPEHHS.

I[Ipuy  BUKOpHCTaHHI  aNropuTMy  pOOOTH
HaBeZeHO1 iH(opMamiiHOI cXeMHu, NesKi Hecmpa-
BHOCTI CHCTEMa MOXE 3HAXOIWTH Ta BHU3HAYATH
cama. [Ipy BUHHMKHEHHI PanTOBOi BiIMOBH EJICKT-
pOMEXaHIK HE 3aBXKIW MOXKE 30pIEHTYBATUCS B
MPUYUHAX BHUXOMY 3 JIaAy CTPUIKH 1 MPaBUIHHO
MIPOBECTH IOIIYK Ta YCYHEHHsI HECIIPAaBHOCTI, 110 B
CBOIO Uepry MNpHU3BOOUTH 10  30UIbIICHHS
TPUBAJIOCTI TOLIYKY HecnpaBHOCTi. CKopucTaB-
HIMCh TIOpaJaMyd CUCTEMH JiarHOCTYBaHHS, CJIeK-
TPOMEXaHIK 3MOXK€ HabaraTo IIBUIIIE BiJHO-
BJIIOBATH MPaLE€3JaTHICTh CUCTEMH.

TakyuM 4WMHOM, cCHUCTEMa IiarHOCTYBaHHS CTpi-
JIOYHUX TIEPEBOIIB MPH BUKOPHUCTAHHI ii SIK MOpaj-
HHUKa A7 eNIeKTPOMEXaHika Ta aBTOMAaTU30BAHOTO
EJIEKTPOHHOTO JKypHAIy € TOCUTh aKTyaJlbHUM ITH-
TaHHAM, OCKUIBKH 3apa3 CTPpyM [epeBeICHHS
CTPIIKH Ta cTpyM (puKIii Mpu TEpeBeNCcHHI B
o0uaBa OOKH 3alUCYIOTHCA EIIEKTPOMEXaHIKOM B
KypHan  TexHiuHOi  mepeBIpKM  MPUCTPOIB
CUrHasi3anii, neHrpanizamii Ta 6JoKyBaHHA HOpMH
[IIY-64 Bpyuny. BmpoBamxeHHS Takoi CHCTEMH
JIO3BOJIUTH BECTH EJIEKTPOHHY TOKYMEHTAIIiI0, KYy-
I B aBTOMAaTUIHOMY PEXHUMi OyIyTh 3aliCyBaTU-
ci JaHi PO BCi CTPUTKH KOHKPETHOTO IIOCTa
eleKTpu4yHoi  meHTpamizauii. lLle  103BONMUTH
00’€KTUBHO BIJICTEXKYBaTH JAaHi Mpo poboTy CTpi-
JOYHUX TIEPEBOMIB IILISIXOM IIEHTPaNli30BAHOTO
300py, 00poOKkM Ta aHamizy iH(opMallii 3 KOpeKT-
HUMH JaHMMH IPO IOIIKOMKEHHS, OCKIJIBKH YHe-
MOJKJIMBUTD X MIPUXOBAHHSI CITIBPOOITHUKAMH.
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CucreMa  AWCTAHIIIMHOTO  JiarHOCTYBaHHS
1 KOHTpOIII0 TapaMmeTpiB CTPUIOYHUX TEPEBOJIB
3JaTHA BUKOHYBATH BHMIpIOBaHHS 3HA4€Hb CTpPY-
MiB B poOOYMX KOJIaX €JIEKTPOIPUBOJIB 3a JIOTO-
MOTOIO JIUIIIE OJHOTO TiJ'€THAHHS 0 BHUMipIOBa-
npHOTO myHTa TT B MaHeNi )KUBJIEHHS CTPUTIOYHHX
pHUBOIB (pHC. 2).

B pyuHoMy pexuMi KepyBaHHS CTpLIKaMH Ha
MaJlUX CTaHISAX MEpPeBiJl CTPUIKA IMMOYNHAETHCS
3 TIOBOPOTY CTPIJIOYHOTO KOMYTaropa, SKA{ Mif -
€THYETBCS IO CHCTEMH aBTOMAaTH30BaHOI JliarHoC-
TUKU CTPLIOYHOTO TIEPEBOAY, IO 1 € KEpyHUUM
CHUTHAJIOM IOYATKy 3alucy KpHBOI CTpyMy Iepe-
BeJICHHS CTpiIkH. [Ipy 3acTocyBaHHI CHCTEMH B
CJICKTPUYHIA IIEHTpaJIi3amii BEJIMKUX CTaHINH, Ke-
pyBaHHSI Ha SIKMX BiOyBa€ThCs 32 AOMIOMOTOIO CH-
cTeMH OJIOYHOI MapIIpyTHO-PENeHHOI IIeHTpai3a-
mii abo iHIIOT CHUCTeMH, sIKa TPAIo€ 3a MPHUHIIH-
TIOM 3aJlaBaHHs MapIIpyTy 3a JIOIOMOTOK HATHC-
HEHHS ABOX KHOIOK, MPHHUUN (YyHKIIOHYBaHHS
CHCTEMH IIarHOCTYBaHHS Ta KOHTPOIIO CTPiIOY-
HUX TICPEBOJIIB BiIPi3HIETHCS.

[lpu mapmpyTHOMYy HaOOpi, Ha BiAMIHY Bif
PYYHOTO, CTPUJIKH IO BCTQHOBJICHOMY MapIIpyTy
HEepeBOATHCS aBTOMATHYHO 3a JIOTIOMOTOI0 Ke-
PYIOUHX pele IUTIOCOBOTO Ta MiHYCOBOTO TMOJIO-
JKeHHS, 1 BiANOBIAHO CTPIIOYHI KOMYTaTropud He
BUKOPHUCTOBYIOTBCS. [l mowatky — 3amumcy
HEoOXiMHO 3adikCyBaTH HATHUCKAHHS MOI3HUX Ta
MaHEBPOBUX KHOMOK 4YeproBUM Mo ctaHuii. [licis
peecTparii HaTHCKaHHS KHOIOK MOYaTKy Ta KiHIIA
MapHIpyTy, I iHbopMaIist gepe3 OJI0K y3roKeH-
HS Ta peecTpaiii MOTpaIuisie B OOYUCITIOBAIBHY
MallMHy, J€ 3a HATUCHYTHMH KHOIIKAMH Ha
migcTaBl TaOJMIl ICTUHHOCTI BH3HAYUTh, 5Kl caMe

CTpiNKM 3apa3 OyAyTh IIEPEBOAMTHCS, B SKii
MOCJIIOBHOCTI 1 IO SIKUX 3 HUX BIJHECTH 1 30eper-
TH BUKOHAHUH aHAai3.

Komyrarop minkiarouenuid mo OnoKy y3ron-
JKEHHSI PIBHIB CHTHAIB, 3 BHXOMIY SIKOTO CHTHAIT
MOJIAETHCS 10 OJIOKY peecTpariii mo4aTky nepeBoay
CTpiJIOK. 32 IHAUBIAYaTBHOTO TIEpEBEACHHS KOXKHOT
OKpEMOi CTPIIKH TPU BCTAHOBJICHHI MapIIpyTy Ta
NpY MEPeBipLi CTPUIOK HA IMUTBHICT MPHIISTAHHS
nepeBia CTpinku (HiKCyBaTUMETHCS 1O alJrOPUTMY,
SAKMH  BHUKOPHCTOBYETBCS  IUIA  EJIEKTPUYHOI
LIEHTpaTi3allil MaJuX CTaHIIIH.

[Ipu mepeBeneHHI NEKINBKOX CTPIIOK OJHOYAC-
HO (iKCy€eTbCS 3HAUCHHS 3arajbHOTO CTPyMy Ha
BHMIPIOBAIBHOMY MIYHTi. 3aJ€KHO Bill TOTO, 5K
HaJAIITOBaHA Ha CTaHIl cUcTeMa >KUBJICHHS
CTPIJIOUYHHNX EJEKTPONPUBO/IIB, 3amuc Oyae MicTh-
TH a00 OKpeMi KpHBi CTpyMy HEpEBEICHHS CTPLIOK
Npyd TOYEPrOBOMY MAapUIPYTHOMY IE€peBEICHHI,
abo cyMapHHWI CHTHa], OTPUMAaHUIl TpU OJHOYAC-
HOMY JKWBJICHHI BiJpa3y AEKUTBKOX CTPIJIOK, IO
Ma€e Miclle Ha BENWKHX CTaHIisxX. [lpm mpoMmy 3a
YacOBOIO 3AJICKHICTIO BU3HAYCHHS CTaHy CTPiIOU-
HUX TepeBOXiB Oyle MNPaKTUYHO HEMOIJIMBHUM,
yepe3 MOE€JHAHHSA aMIUNTy[HUX 3HAuY€Hb CTPYyMY
yCIX CTPUIOK, IO MEepEeBeTUCsS OJHOYACHO, 1 Iepe-
KPHUTTSl 4Yacy TMepeBeleHHs BCIX CTPUIOK YacoMm
HalJOBLIOTO IEPEBENCHHA. 3a CHEKTPAJIBHUM K€
aHaJli30M BU3HAUCHHS CTAaHy CTPLIOYHUX IEPEBO-
IiB 3aJMIIUTHCS MOKIMBUM JHIIe 0e3 MPHUB’A3KH
JI0 KOHKPETHOI CTPINKH. Y pa3i MOSBU B CHEKTpi
NIarHOCTUYHUX O3HAK MOPYIICHb CIIPaBHOI poOOTH
ix MoxxHa Oyne 06e3 yCKiIaJHeHb BHSBUTH 1 BiJHEC-
TH 32 TUMH CTPUIKaMH, SIKi HEPEeBOAMIIMCA OIHO-
YacHO.
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|

Puc. 2. CtpykTypHa cxema CHCTEMH JiarHOCTYBaHHS Ta KOHTPOJIO CTPUIOYHHX IIEPEBOIIB

Fig. 2. Block diagram of turnout’s system diagnostics
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PobGoTta cuctemMu BHKOHYETHCS TaKHUM YHHOM.
[Micnst cripanbOBYBaHHS IOJISIPH30BAHOTO ITyCKO-
BOTO peJie MO UIYHTY TIOYHMHAE MPOTIKaTH poOoUmii
CTpYM, TaJiHHS HallPyTH Ha SKOMY IOAA€ThCS Ha
ALII i B mudpoBOMY BHUTIIAAI TOTPAIUISLE IO TIep-
COHAJIFHOTO KOMII'IoTepa. B komm’ioTepi KpuBa
CTpyMy TOPIBHIOETBCS 3 3Pa3KOBOI0 KPHBOIO 1 11O
pe3yibTaTax ILOTO TOPIBHSAHHS BHHOCHTHCS pi-
HICHHS PO CTaH CTPLIOYHOTO MEpeBOy Ha AaHUi
MoMeHT dacy. Kpui 30epiraioTecsi B mam'siTi
KOMIT'FOTepa TPOTATOM BCTaHOBIEHOI KiIbKOCTI
JHIB, IO JIa€ 3MOTY BIiJICTEXKYBaTH PO3BUTOK IIO-
CTYIOBHUX BiIIMOB Ta Ha iX MiICTaBi poOOUTH BUCHO-
BOK IO TMpale3NaTHICTh YK HeNpare3faTHiCTh,
a TaKo)k IMPOTHO3YBATH Yac JOCATHEHHS BiMOBOIO
KPUTUYHOTO 3HAYCHHS.

JJ1 KO)KHOTO THIY CTPIIOYHOTO €NEKTPOIpPH-
BO/Ia 3 KOHKPETHUM THIIOM €JIeKTPOABUTYHA, BCTa-
HOBJICHOT'O Ha CTPUII 3 BU3HAYCHOK MapKOIO Xpe-
CTOBHHH, ICHYIOTh 3aBYaCHO BU3HAYCHI TEXHIYHI
MOKa3HUKHW, BiNOBIMHICT SKUM IITBEPIKYE
CITpaBHICTh cTaHy [3].

[Ipornec BU3HAUCHHS HECIIPABHOCTEH €J1€MEHTIB
CTPIJIOYHNX TEPEBOMIB € alropuTMoM (puc. 3),
B OCHOBI SKOTO 3aKJaJICHO TPH OCHOBHI O3HAKH
KPHBOI CTPyMy TEpEBEICHHSI CTPIJIOK: Yac mepene-
JEHHS CTPUIKH, aMILTITy1a Ta CIIEKTPaJIbHUN CKIIAJ
CTpyMOBOi  KpuBOi.  Po3risiHeMO  MpUHIHUI
(YHKIIOHYBaHHS CHCTEMH TIONIYKY HECIPaBHO-
CTel, ONMMPAIOYHUCh HA PO3TISHYTI paHille O3HAKH
nedektiB. Skmo wac, 3a SKHA TEPEBOAMTHCS
CTpiJIKa, BIATIOBila€ HOPMATHBHHUM ITOKa3HUKAM
JUIL TAHOTO THITy CTPUIOYHOTO EJIEKTPOIPUBOIA
3 JIaHUM eNEeKTPOIABUTYHOM, BCTaHOBJICHOMY Ha
HBOMY, TO MOYKHA 3pOOUTH TOTIEpEAHI BUCHOBOK,
[I0 YMOBH YTPUMaHHS CTPUIOYHOTO NEPEBOIY BiJl-
MOBITAIOTh TEXHIYHUM BHMoram [17, 18, 55], BiH
HANAIITOBAaHUI Ta BiJpeTyJbOBAHUN IPABUIBHO
1 3HaXOJHUTHCS y CIPABHOMY CTaHi. BiamoimHo,
SKIO 4Yac TMEPEBEICHHS CTPIIKU 30LIbIIUBCS
3 Oynb-SIKMX TIPUYHH, TO [I€ CBITYATH MPO HasB-
HICTh HEJOJIKIB B POOOTI CTPIJIOYHOTO TIEPEBOY.

AHai3 KpUBOi CTpyMy BUKOHYETHCS IJISi BCi€l
KpUBOI CTpyMy, y pa3i moTpedm — OKpeMo s
KOXKHOI 3 TPHOX TIISHOK. [ IpHHHSTTS pillieHHs PO
BIJICYTHICTh YHM HasBHICTh HEJONIKIB B pPOOOTI
CTPIIOYHOTO TIepeBOAY BigOyBaeThCs Ha MiICTaBi
MOPIBHSIHHS OTPUMAaHMX JaHHUX MPH IIEPEBOI CTPi-
JKA CIIOYaTKy JJIA yCi€l YacoBOi 3aJeKHOCTI
3 HOPMOBaHHMM 3HAYCHHSM, a TOTIM, Y BHUIAIKY

3HAXO/DKEHHS PO301KHOCTEH, CTOCOBHO KOKHOTO
eTary IepeBoIy OKPEMO.

[Mopsiok poOOTH aNTOpUTMY 3 MEPEBipKH CTa-
HY CTPUIOYHHMX TEPEBOJIB 332 YacOM MEepPEBEICHHS
HacTyNMHUM. SIKIIO 3arajdbHUN Yac TMepeBeleHHA
CTPIJIKM BIJITIOBIJ]a€ BCTAHOBJICHUM HOPMATHBHUM
3HaYeHHSIM, TOJi HEMae HeOOXiTHOCTI MepeBipsaTH
KPHBY CTPYyMy TI0 YaCTHHaM 1 BUKOHYEThCS Tepe-
X1 710 HACTYIMHOTO OJIOKY aHaJli3y CTaHy CTPLIou-
HOT'O TEePEeBOJy 3a cTpyMoM. B iHIoMmy BUmamky
KpUBa CTPyMy PO30MBA€ETHCSA HA NUISHKH 1 BiIIO-
BIJTHOCTI 710 POOOYOro X0y 1 aHAII3YETHCS 1O Yac-
ThHAM. JliarHOCTYBaHHS MPOXOIUTh y TOPSAKY
MOYEProBOro aHami3y MOYMHAIOYM 3 Mepuioi myc-
KOBOi JUISHKH, SIKa TPOJOBXKYETHCS BiI MOMEHTY
MoJIavi KHUBJICHHS Ha CJICKTPOJBUTYH Ha MOYATKY
MEePEBOY 1 TPUBAE JO0 PO3MHKAHHS CTPIiAKH. J[Jst
[OTO eTaIy NepeBOJy XapaKTEPHUM € 3pPYIICHHS 3
MicIsl eJIEKTPOJBUTYHOM MEXaHi3My Iepenadi py-
Xy A0 1muoepa.

Ha pgpyromy erami mnepeBipku aHami3yeThCs
TPUBATICTH TIEPEBOY CTPUIKH ITiT Yac IMepeBecH-
HS TOCTDSKIB, SKWUH TOYMHAETHCS aMILTITYIHUM
CIUIECKOM CTPyMy TIiCIsi PO3MHUKAHHS CTPIIKH
1 3aKIHUIYETHCS PI3KUM 3MEHIICHHSAM CTPyMy Ha-
NPUKIHII TepeBOAy NPH PO3MUKAaHHI KOHTAKTiB
aBTolepeMuKada. B 1eil mpoMikoK 4acy eleKTpo-
JIBUTYH TIPHUBOJHUTH B PyX TOCTPSKU 3 OJHOTO
KpaiiHhOTO MOJIOKEHHS B 1HIIIE, & TOMY J0 CUTHAITY
KPUBOI CTPyMy JOJAIOThCS CKJIAJIOBi, SIKi BHOCSTH
BY3JIM KPIIUICHHS Ta PyX TOCTPSKIB IO OaliMakax.
Jns mporo iHTEpBally dacy XapakTepHa MpH-
CYTHICTh B KiHIII IEpPEBOY 3aJHMIIKOBOTO 00EpTO-
BOTO €NEKTPOMArHIiTHOTO TMOJS Bix 30ymKEHHX
00MOTOK €JIeKTPOIBUTYHA.

[Ticns npoBeneHHs epeBipKU HA BiAMOBIAHICT
Yyacy MEpeBElIeHHS CTPUIKA HOPMATUBHOMY 3Ha-
YEHHIO CITiJ] IEpEeHTH 10 BU3HAYSHHS BiJIOBiTHOC-
TI aMIDTITYJHUX BEJIHYMH KPUBOI CTPyMy 110 HOP-
MaTHBHUX 3HAYCHb ETAJIOHHOTO curHanly. Bcra-
HOBIICHHSI BiJIIOBITHOCTI HOPMAaTHBHUM 3HA4YCH-
HSIM KPHBOI cTpyMy OyJie BUKOHYBATHUCH HLISTXOM
BU3HAYEHHS CTYNEHA HAOMMKEHHS JOCHIJIKY-
BAHOTO CHTHAIY JIO0 CTAJOHHOTO 1 TPHAHATTS
pIIIICHHS Ha MiICTaBi 3HAYCHb BEJTWYMH BiIXWUJICHB
MK HUMH Ha KOXHIH 3 TPbhOX YaCOBUX JIISHOK.
[NepeBipka BinOyBaeTbCs 32 TUMH K MPUHIHUIIAMH,
IO 1 AU BU3HAYCHHS BiAITOBIAHOCTI Yacy mepeBo-
Iy HOPMAaTHBHUM 3HaueHHsM. CIOYaTKy aHajizy-
€ThCSI BECh CUTHAJ MOBHICTIO 1, SIKIIO B aMILTITY/Ii
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CTPyMy TIepeBEIICHHS HEMAa€ iCTOTHUX BiIXWJICHb
BiJl €TAJIOHHUX 3HAYCHB, TO IOETAIHE IiarHOCTY-
BaHHs CTaHy CTPIJIOYHMX IIEPEBOMIB 32 CTPYMOM
HE BUKOHYETHCA, a Bifjpa3y 3a alTOPUTMOM BilOy-
Ba€THCSA MEPEXil Ha CIEKTPAILHAN aHai3.

HactynHum eranom mepeBipku cTaHy CTpLIOU-
HOTO TIEPEBOJly € aHaJli3 CIIEKTPY CTPYMOBOI KpH-
BOi, 3a SKNM BHU3HAYCHHS BiIOYBAETHCS TIO BCIi
JOBXHHI CIIEKTPalIbHOI XapaKTEPUCTHKH KPHUBOT
CTpyMy IE€peBeACHHS CTPIAKH. Y BHUMAAKY BIICYT-
HOCTI DI3HMIN MiX CIEKTpaMH 3pa3KoBOi KpUBOI
CTpyMY 1 KpHMBOi CTpyMy NEpEeBOJy CTPUIKH, sKa
JOCHIKY€ETHCS, aJITOPUTM 3aBEPLIYETHCS, @ 00’ €EKT
TIEPEeBiPKU BBAXKAETHCS TAaKUM, I[0 HE Mae HecHpa-
BHOCTEH 3a CIIEKTPATBbHUM CKJIAJIOM.

CTpinoyHui TepeBil BBaXKa€ThCS CIIPABHUM,
SKIIO TiJ Yac MepeBipKH HOro CTaHy 3a aJrOpHT-
MOM JiarHOCTyBaHHs (puc. 3) BimOyBaJmcs JHUIIC
MEPEeXOaU MO TUIKAaX BIJACYTHOCTI BIAXWICHb BiJ
HOPM Ta MMOKa3HHUKIB €TAIOHHOTO CUTHAITY.

Crig 3ayBayKuTH, IO Y BUNAAKY (ikcarlii 4aco-
BHX 1 aMIDIITYIHAX ITOKa3HHUKIB, MEHIIHNX 3a HOP-
MOBaHi 3HA4YCHHs, 3aCTOCYBaHHS AiarHOCTUYHHUX
03HAaK BUKOHYETHCS Y TOMY K MOPSKY, IO 1 Y BH-
MKy TTEPEBUILICHHS 1X.

IlepeiinemMo 0 CTBOpPEHHS IPOrPAMHOIO KOM-
TUIEKCY CHUCTEMH AaBTOMAaTH30BAHOTO TEXHIYHOTO
NarHOCTYBaHHS IMOTOYHOTO CTaHy CTPIIOYHUX
MEPEBOIIB 3 EIEKTPOIIPUBOIAMH 3MIHHOTO CTPYMY.

BikHO mporpamMHOTro KOMITIEKCY TEXHIYHOTO Ji-
arHOCTYBaHHS Ta KOHTPOJIIO TTOTOYHOTO CTaHy CTpi-
JIOYHUX TIepeBOMiB (pHC. 4) CKIAMaeThes 3 5 3aKiia-
JOK 1 6 (QpyHKIIOHATBHUX KHOIIOK, BIKOH MOYepro-
BOTO BiZJOOpa’keHHsI KPUBOi CTPYMY 1 il CIIeKTpab-
HOTO CKJIaTy, BIKOH BH3HAUEHHS HOMEpa CTPLIKH,
IO MePEBOIMIIACS, 3HAUCHHS CTPYMY TIEpPEBOY TIpH
3amycKy ii B Xi i B poOOYOMy pexuMi, 4acy mepe-
BOJIly, Ta CKJIaJ€HOI 3a UMM TOKa3HUKamu iH]op-
Marlii BH3HAYEHHSl MOTOYHOTO CTaHy CTPLIOYHOTO
TIEPEBO/TY, TOJIIB BUBEICHHS MOBiJOMJICHb MPO BijI-
CYTHICTh YM HAsBHICTH IOIIKOXCHb 3 BH3HAYCH-
HAM Horo BUJy Ta MOpaj II0JI0 YCYHEHHS 3Haie-
HUX HeclpaBHOCTeH. B camomy HM3y BikHa po3Ta-
moBaHe iH(popMariiiHe IMoJie BUBEIECHHS ITOBIIOM-
JICHh B XPOHOJIOTIYHOMY TIOPSAIKY iX (hopMyBaHHSI
PO 3JIHCHEHHI MepeBEACHHS CTPLIOK 3 pe3yJibTa-
TaM¥ JiarHOCTYBaHHS IX CTaHy.

CucremMa TEXHIYHOTO AiarHOCTYBaHHS CTPiJIOU-
HUX TIEPEBOIIB O0JIalHaHA KaJICHIAapeM Ta TOIMH-
HUKOM JUisl (OpPMYyBaHHS IMOBINOMJICHb 3 3a3Ha-

YEHHSIM JIaTH Ta 4acy BUKOHAHHS BUMIpPIOBaHb IPH
nepeBeIeHHI CTPIJIKH.

PosrnsiHeMo mpu3Ha4YeHHS 3aKJanoK i GyHKII-
OHAIbHUX KHOMOK. Jlo 3aKiIagoK BiZHOCATHCS
«@aitny», «Expany», «Jlomomoray, «KypHam»
1 «JloBimkay, sKi MPU3HAYEHI I HAJaHHS KOPUC-
TyBady MOXIIMBOCTI KOPHCTYBAaTHCS yciMa (YyHK-
MiSMH CHCTeMH. 3akianka «dDaitm» mpu3HadeHa
I PO3MIIIEHHS! OCHOBHOTO JIiJIOBOTO MEHIO KO-
pHCTyBaya i CKJIaJaeThCsl 3 TAaKUX ONepawlid, SK
peecTpallisi 9eproBoro MpariBHUKA ITiJ] CBOIM JIOTi-
HOM 1 mapoiiem, 30epexxeHHsl a0 BIIKPHUTTS paHi-
nre 30epexeHux (QaiimiB 3amucy KpHUBOI CTpyMy
NepeBeIeHHs] CTPUIOK, ApYyKy (aiimy, MeHIO Hana-
LITyBaHb T4 BUXOMY.

3aknanka «Expan» mo3Boisie mpaioBaTH 0e3-
mocepenHb0 3 rpadiuHuM 300paKEHHSIM KpPUBOI
nepeBony cTpiku. Cepen MyHKTIB TaHOTO MEHIO
3HAXOJUTHCS 30LTBIICHHS 1 3MEHIIICHHS SIK OKPEMO
M0 KOXHIH 3 Ocel, TaK i OJIHOYACHO B YCiX BHMi-
pax, po3ropTka Ha Becb €KpaH MOHITOpPY, BMHKAaH-
HSI/BUMHUKAHHS MITOK i MapKepiB y BiKHI BHUBEICH-
Hs KPUBOI CTPyMYy.

3aknanka «Jlomomora» Hagae KOpHCTyBady iH-
(dhopmarriro Ipo aITOPUTM MPOBEACHHS BU3HAYAHHS
MOTOYHOTO CTaHy, MOPSIKY Ail 3 IiarHOCTYBaHHS
Ta (QyHKOii, sAKi BUKOHye mporpama. B 3akmanmi
«KypHan» 30epiraroThCsi €ICKTPOHHI MPOTOKOIH
BUKOHAHHS POOIT Ha CTPIIOYHHX MMEPEBOJAX 3 MO-
JKJIMBICTIO BHECEHHsI KOMEHTapiB KOPUCTyBaueM
B YITKO BHU3HAYEHE T0JIE KOXKHOTO OKPEMOTO BHIIa-
nky. Jlo 3akmanku «JloBigka» BXOauTh iHGOpMAIIis
PO piK po3poOKH Ta Bepcii MpOrpaMHOro KoMILIe-
KCY NiarHOCTYBaHHS CTPLIOYHHX TIEPEBO/IIB, aBTO-
piB MPOEKTY Ta iHIIOI MoOiUHO1 iHbOopMAaITii.

3a nomomororo kHorku «Dopma/CriekTp» y BiKHI
«YacoBa/uacTOoTHa 3aJIOKHICTH CTPYMYy IIEPEBOAY»
BUKOHY€EThCSI 0OyzoBa (JOpMH KPHBOI CTpyMy Iiepe-
BOJy CTPUIKH a00 BUBOAUTHCS 1l CIIEKTPaIbHU CKIIaI.
KHomky «ApxiB» MpU3HAYEHO IS BUKIIHKY 30eperKe-
HHX KPHBHUX CTPYMY TI€PEBOIY, JIe BOHU 30€piratoThest
3a YyacoM Ta JaTol CTBOpeHHs. HaTuckaHHA KHOIKH
«CTaTrCTHKa» TPHU3BOAE JO TOSBH KOHTEKCTHOTO
MEHIO 3 MOKJIMBICTIO 00paTH BHJ COPTYBaHHS HaKO-
NMYEHUX CTAaTUCTUYHMX IIOKa3HUKIB, cepel SIKMX Ki-
JBKICTh TIEPEBOMIB 32 JICHb, KUIBKICTh MOPYIICHB
CIIpaBHOI POOOTH CTPUIOYHHX MEPEeBOIIB, BHUI He-
CIIPAaBHOCTEH Ta 4acToTa iX MOBTOPEHHS 3 3a3HAYCH-
HSIM HOMEPIB CTPIJIOK, 32 SIKIMH BOHH BH3HAYCHI.

doi: 10.15802/stp2015/46035

© C. 10. bypsk, B. 1. Taeputtok, O. O. T'onono6osa, 2015

19



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

Hayxa ta nporpec Tpascnopty. Bicauk J{HIIpomeTpoBChKOTO
HAIlIOHAJIILHOTO YHIBEPCUTETY 3aJIi3HUYHOTO TpaHcnopty, 2015, Ne 3 (57)

ABTOMATU30BAHI CUCTEMMU YIIPABJIIHHA HA TPAHCIIOPTI

sagewep Uo 9AIND JUALIND Juryoayd Jo dduanbas oy, ¢ 814

qHoXIoMmon AxAmon nudu roaudy 10a0WAdLy midrgadol 9LoTHEOTIIOO]] *¢ O]

m n:,_um—.—u_,— u

2

il

Aupad fmred Yin exsd 1000 BHHIHINLEY,
wagad posmed Hioig
el Lo LA |

Q

ol

pad posed wang
koo xadoy grEndum g

e

davmand cuatizss Sddorod ammsedusap

HIHOWART [OHBOHOD
UL HHDAULD [HOH LR

P

dnresyad nuaan
OUHLIEW 3H 1AL 0498 BUS0MIT L1HE HHHSHLBELND 5

EIATHAT DALY 303 MHHLHITT I JHH T OO |
BCIENTITED WHHAHTADGRE

pruarsuadan nHmnduen
FNIHIFL 08 T8

=1

sl Lesdn T HHIE]
EHAIMEL O 1421 BHHArEHE BICUUER EHIBMHEE,
aieaie sasanrAdoeg

1 Hrhoand 8
HOELTIALION RUALITINY,

ALHL OUOHMELAN 4L IHLAHdD

“EikHd L snEaErosmon | Adoiod aismarduaagg

y il

1) Hikoood
o EXHHINEUIE S}

P

EHOLALNDY
EHHLLIOU EL HLOLIRL
100K TLAH] |

MO
ool tHadomdo

Amddis idixaus

doreivad purAamTKE 3]
CUTHAIEW 3H LU 0B BUS0HIT LTXHE HHHIHLRLND 5
Ay Arwwd Ui guadsouies sedeoo |

Avoaadan
AMLELOU BH ESRTHLUIELT QL
BTALIIIINY

ndoinirad arxmamoHg
rindoreiyad £ meAimEr 1HpAR HIHIBEARL S & 8 L]
enearnadauoiee g iae o sHHEaows 1ad apeio] |

Aroaadan AMLEROL BH
ENIHIFIL 0L 30

f2en
IOHARLTHOR ATt
Aroaadan aep

NOLERO] |

© C. 10. bypsx, B. I. T'aspuittok, O. O. I'onono6osa, 2015

doi: 10.15802/stp2015/46035

20



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

Hayxa ta nporpec Tpancnopty. Bicauk [{HinponeTpoBchKoro

HAIlIOHAJIILHOTO YHIBEPCUTETY 3aJIi3HUYHOTO TpaHcnopty, 2015, Ne 3 (57)

ABTOMATU30BAHI CUCTEMMU YIIPABJIIHHA HA TPAHCIIOPTI

Faiin Eipan Honomora

Cramicika

5 Cucrema TexHIUHOro AlarHOCTYBaHHSA CTPINOYHMX NEpPEBOAIB

B8 Bl ">

KypHan Hosinka

4 Maii 2015

Mu Br Cp Yr Mr Co
27 28 28 30 1 2
4 5 6 7 8 9
1112 13 14 15 16
18 19[20] 21 22 23
25 26 27 28 29 30

1 ‘ 3 5 3 *
[] Ceroana: 20.05.2015

MomivHmk

Puc. 4. BikHO cucTeMH TEXHIYHOTO AiarHOCTYBAaHHS CTPUIOYHNX MEPEBO/IB IPH poOOTI CTPUIKU Ha (pakmito

Fig. 4. Window of turnout’s technical diagnostics system at switch work on fraction

3a kHONKOI0 «ba3a gaHNX» MPUXOBAHO IMEPENTiK
YCIX CTPIJIOYHMX MEPEBOIB 13 3a3HAYCHHSAM IX TH-
MiB, HA KX CTPLIKAX BOHHU BCTAHOBJICHI, SKi TUITU
€JIEKTPO/BUTYHIB BUKOPHCTOBYIOThCS, JaTa ix Io-
OynoBH, JaTa OCTaHHBOI 3aMiHH €JIEMEHTIB Ta BU-
KOHAHHs TEXHIYHOTO OIJISAYy 1 OOCIIyrOBYBaHHSI.
JaHi 10 1bOro MEHIO BHOCSATHCA NPAL[iBHUKOM ca-
MOCTIIHO 1 MalOTh aBTOMAaTHYHO (POpMOBaHi ITOCH-
JIaHHS Ha 3alllCH CUCTEMH PO BCi BUAU MaHiIy-
TSI 31 CTPUTOYHUM TIEPEBOJIOM, Cepell SAKUX Biji-
KpUBaHHS 1 mepeBeacHHs. BHecena indopmais
IIPO BUKOHAHHS NEPEBIPOK pelaryBaHHIO 3 JAaHOTO
MEHIO He Timsirae i 30epiraeTbes B apxiBi KHOTIKH
«baza ganux».

Kuomka «Ilizka3zyBau» € po3mmMpeHo0 BepCiero
iHpopmaniitnux moniB  «BusHaueHi gedexTm»
1 «[Topagu O yCYHEHHIO MOIIKOIXEHB)» MpOrpaM-
HOro BikHA. BoHa ciyrye mns Bumaui AeTanbHHUX
MOSICHEHD Y Pa3i BU3HAYCHHS HECTIPABHOCTEH CTpi-
JIOYHOTO TEPEBOIY IIOJ0 Micls HOT0 BUHUKHEHHS,
MOPSAAKY Mdi TpaliBHUKA, 3ac00iB, HEOOXiTHHX
Ul YCYHEHHS HECIPaBHOCTI Ta NOCWJIAHHA Ha IIy-
HKTH  IHCTPYKLIIH 3  NPHUBEOCHHAM  HOPM
napameTpiB, SKi BUHIUIM 3a MexXi. Y BHUNAOKY
BIJICYTHOCTI BIiZIMOB KOPHCTyBad BCE OJHO Mae
MOJMJIMBICTh 03HAHOMHUTHCS 3 ycCiMa BHJAMH He-

CHPaBHOCTEH 1 NUIAXY iX MOJOJAHHSA, SIKI OMHCaHi
y TaHOMY MEHIO.

Knonka «lHCTpYyKUii» BHUKIMKAE €IEKTPOHHI
Bepcii IHCTPYKLiH 3 TEXHIYHUMH HOPMaMH 1 BUMO-
ramu 3 YTPUMaHHA i 00CIYyTrOBYBaHHS CTPIIOYHHUX
MIEPEBO/IIB.

Taxox Ha poboue BIKHO MPOrpaMH BUBOIUTHCS
HOMEp CTpPIIIKHM, 3HAYEHHS II ITyCKOBOTO CTPyMY,
pobodoro crpymy 1 dYacy NeEpeBOAY CTPUIKH
3 000B’SI3KOBOIO XapaKTEPHCTHKOIO CTaHy 3a BCiMa
TpbOMa IOKa3HUKAaMH, SKHA MoOxe OyTH TphOX
THITIiB: CTIPaBHHMA, HEBIIOMUH, TTOITKOKCHHS.

OxpiM iHpOpManiiinux nomniB «Bu3HaueHi ne-
¢ext» 1 «Ilopaan Mo yCYHEHHIO HOIIKOIKECHbBY,
Ha SIKUX BUBOJAATHCS ITOBIJOMIICHHS IO BIICYT-
HICTB Je(eKTIB, MOXIUBICTh iX MPUCYTHOCTI 4H
BKa3y€ThCSl BUJI HECIIPABHOCTI 1 mopaau moo 6o-
pOTHOM 3 HUMH, IPOTPaMHE BIKHO Mae€ TIOJIC BHUBE-
JICHHSI IO/l 3 pe3ybTaTaMd BUKOHAHOTO aHAIi3y
Yy CKOpO4YEHIil (opMi 3a iX XPOHOJOTIYHMM Ha-
CTaHHSIM.

Cucrema ¢yHKIioHye TakuM dYuHOM. [lpm
NepeBEeICHHI CTPIJIKM CTPyMOBA KPHBa 3HIMA€ETHCS
3 BHUMIPIOBAJIbHOTO IIYHTa B MaHEl >KUBJICHHSI
ctpinok 3a momomoroio ALIIl i 3amucyerscs mo
nam’siTi komm’torepa. [Iporpamue 3a0e3rnedeHHS
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B aBTOMAaTHYHOMY PE€XHMi BHKOHYE aHali3 OTpPH-
MaHUX JAHUX B YAaCOBIM Ta YaCTOTHIA IUIOLIMHAX
1 BUBOAMTH 300paKEHHSI KPUBOi CTPYMY Y BiAIOBi-
He ToJie poOoUOoro BiKHA MporpaMu. 3a pes3yJbTara-
MH BUKOHAHOTO aHaTi3y Yy BIIIOBITHHUX MOJISIX POOO-
YOro BiKHA 3 SIBJISIIOTHCS UYHCIIOBI 3HAUCHHS BHMMi-
PSIHUX TapaMeTpiB Ta CMHCJIOBI MiJCYMKOBI IIOBi-
JIOMJIEHHS TIPO CTaH CTPUIOYHOTrO TmepeBomy. Han
IIUMUA JaHUMH BHKOHYEThCS CTaTHCTHYHA OOpOOKa,
BOHH JIO/IAIOTHCS B apXiB, (DOPMY€EThCS CIESKTPOHHUI
JKYpPHII 1 CTaBIATHCA BIAMOBIAHI BIMITKKA B TIONI
MEHIO KHOIIKH «baza manmxy.

PesyabTaTtu

[Ipuknan 3acTocyBaHHS aBTOMAaTH30BaHOI CHC-
TEMHU TEXHIYHOTO MiarHOCTYBaHHS CTaHy CTpLIOY-
HUX TEPEBOJIB MiJl Yac POOOTH CTPIJIOYHOTO JIBU-
ryHa Ha Qpukdiro (puc. 5) mokasas, IO HPH Ha-
BMHCHOMY TIOCJTa0JIEHHI CTOIIOPHOTO TBHUHTa (pH-
KIIHHOTO  3YeIJICHHST  MPOTrpaMHO-anapaTHUi
KOMITJICKC BipHO BH3HAUUB TOIIKOJKEHHS Ta Ha-
JIaB PEKOMEH/AMI] 00 HOT0 yCyHEeHHS.

IIpu mepeBeneHHI CTPLTKH MiXK TOCTPSIKOM 1 pam-
HOIO pelikoo OyJo 3aKiIafeHoO IalJiOH TOBIIMHOKO
4 MM, TpH SIKOMY CTPUJIOUHHH €NEeKTPOIIPUBOA HE
Ma€ 3aMHUKATHCS, OCKUTBKH CTPiIKa BBAKAETHCS HE-
JIOBEJICHOIO, Yepe3 IO CTPUIOYHHH eJIEeKTPOABUTYH
M0YaB MpaLOBaTH Ha PPUKLIHHIN MEXaHi3M.

[MocabyieHHs CTOMTOPHOTO TBUHTA TIPU3BEINO JIO
3MEHIIICHHS HATHCHEHHS PYXOMHX JTHUCKIB, dKOPCT-
KO 3aKpIMJICHUX 10 KOPIyCY (PpHUKLiOHY, BiTHOCHO
JKOPCTKO 3aKpIIJICHWX CTadbHUX AHCKIB IO OCi
BHXIIHOTO Baly-IIecTepHi pemykropa. Tomy mpu
3YNHHI PYXY BHUXITHOTO BaJy-IECTEPHI PEIyKTO-
pa, KOJIM TOCTPSAK NiHIIOB A0 IIAOJIOHY, IS MPO-
BEPTaHHS IWCKIB (PUKIiTHOI MyQTH OAWH BigHO-
CHO OJIHOTO €JEKTPOJBUTYHY 3HAJ00WIIOCS PO3BU-
BaTH MEHIIEC 3yCHJUIS MOPIBHSHO 3 HOPMOBaHUM
3HAYCHHSIM CTPYMY B KOJI >KUBJICHHS IpU PoOOTi
Ha QpUKIiFO.

OOHOYAaCHO 3 IIMM Y CHEMiadbHO BiJBEICHUX
MOJISIX BiKHA MPOTPaMu 3’ IBUJIOCS MOBiIOMIICHHS 3
BIIITOBITHUM 3MIiCTOM (IIUB. pHC. S5) BUMIPSHUX
MapaMeTpiB Ta 3HAMICHOIO 1 BU3HAYCHOIO HEBI/IO-
BIJHICTIO HOPMaJILHOMY HepeBoAy. Takox Ipo-
rpaMa HajJajla PeKOMEHaIlilo 31 crocoby yCyHeH-
HS BUSIBJICHOTO HEJIOJIIKY B poOoTi y mouti «Ilopamu
M0 YCYHEHHIO MOIIKOKEHB.

B wHwxHbOMY BiKHI, iHpOpManiiiHOMy Mo,
30epekeHi ABa MOMepeaHiX pe3yibTaTH AOCIHIIIB,
B SIKMX BiZJOOpak€HO AaTy 1 4ac BUKOHAHUX BHMi-
pIOBaHb, HOMEP CTPIJIOYHOrO MNEPEBOIY, OCHOBHI
napaMeTpH KpUBOi CTpyMy, CTaH, SKOMY BOHH BiJl-
MOBIIal0Th 1 BUJ MOIIKO/PKECHHS, SIKIIO0 BOHO IPHU-
CYTHE.

Pain

I Er—

poboTa Ha dhpnkgio 1=2.15 A dipuikuia nocnatnena

HEODXIOHO 38TATHYTH CTONORPHUIA FTBUHT hpHKLioHY

Cramcnca
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liryci)=54

Maii 2015
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3 30 1
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D 21[22] 23
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1 Ceroamna: 22.05.2015

MomisHie
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IHc TRyl

tinep)=5.1c

Puc. 5. [IporpamMuuii KOMIICKC TEXHIYHOTO TiarHOCTYBaHHS
Ta KOHTPOJIIO TIOTOYHOT'O CTaHy CTPLIOYHHX MEPEBO/IIB

Fig. 5. Program complex of technical
diagnosing and the turnout’s current state
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HaykoBa HOBU3HA i IpaKTH4YHA
3HAYMMICTh

3100yTi pe3ynbTaTH AO3BOJHIN PO3POOUTH
HOBHH aBTOMAaTHYHHMKA METOJ IiarHOCTYBaHHS TeX-
HIYHOTO CTaHy CTPIIOYHHUX TEPEeBOIIB 0e3 BHUMK-
HEHHSI CTPIJIOK 3 EKCIUTyaTallii, sSIKHi MO>Ke BHKO-
PHUCTOBYBaTHCh B CHCTEMax €JIEKTPHUYHOI IEHTpa-
Jizamii, TipKOBOI IEHTpami3allii, CHCTeM IHCIIeT-
YepPCHKOTO KEPYBaHHS 1 KOHTPOJIO.

Bnepuue:

— BUKOHAaHO HayKOBe OOIDYHTYBaHHS po3po0-
JICHOTO METOJly aBTOMAaTH30BAaHOTO JliarHOCTYBaH-
HS CTPUIOYHHUX TEPEBOMIB, 10 3HAXOIATHCS B EKC-
TuTyaTarii, Ha OCHOBI aHami3y (YHKIII cTpyMy Tie-
pEeBEICHHS CTPUIKH B YaCOBIM Ta 9acTOTHIHN obac-
Ti 3 BUKOPHCTaHHSM 3alpOIIOHOBAHOI MPOIETypH
OIIIHKHM aOCONIFOTHOTO BiIXWJICHHS CTPYMY BiJl rpa-
HUYHHUX 3HA4YCHb Ta anapaTy ITYYHUX HEHPOHHUX
MEpeK;

— CTBOPEHO MpOrpaMy TEXHIYHOTO IiarHOCTY-
BaHHsS CTaHy CTPLUIOYHOTO NEPEBOAY 3 EJIEKTPO-
IPUBOJIOM 3MIHHOTO CTPyMY, SIKa B aBTOMAaTHYHO-
My PEXHMi BHUKOHYE (PyHKIiOHaJbHE IiarHOCTY-
BaHHS CTaHy CTPILIIOYHOTO MEPEBOJY 1 MOBIIOMIISIE
3HAUYCHHS BUMIPSHUX TIapaMeTPiB KPHBOI CTPyMy
3 aHaJIi30M 1X BiJIIOBIHOCTI OJTHOMY 3 MOYJIMBHUX
CTaHiB, a TAKOXX BHJA€ PEKOMEHIALIl 3 yCyHEHHS
HEJIOJIIKiB B POOOTI CTPLIOYHOTO TEPEBOAY y BH-
MajKy X BU3HAYCHHS.

BucHoBxu

CTBOpEHO METO]I aBTOMAaTH30BAaHOTO [iarHOC-
TyBaHHS CTaHY CTPUIOYHUX IEPEBOJIB 3 E€ICKTPO-
MPHUBOJAMH 3MIHHOTO CTPYMY, YIPABIIHHS SIKUMHU
3MIACHIOETHCS IIEHTPATi30BaHO, B OCHOBY SIKOTO
MOKJIAZIEHO aHaJli3 4acoBOI 3aJIeKHOCTI Ta CIEKT-
paIBHOTO CKJIAaQy CTPYMOBOi KPHBOI, IO OKpiM
MiBUINCHHS HAMIMHOCTI EKCIUTyaTallii, JT03BOJISE
MOKpaIIUTH Oe3MeKy pyXy TOi3MiB, OCKIIbKH
3’SIBIISIETHCS MOXITUBICTD 3aBYAaCHO NPHUHMATH Mi-
pPU 3 YCYHEHHS IOCTYIIOBO BHHHUKAKOUUX MOIIKO-
JOKEHb, a 9ac 3HaXOJIDKEHHS O0CIIyTOBYIOUOTO Tep-
COHAITY B 30HI PyXY MOTATIB CKOPOTYETHCSI.

Po3pobnena cuctema aBTOMaTHU30BAaHOTO fiar-
HOCTYBaHHsI CTPLIOYHUX TEPEBOIIB, KA JTO3BOJISE
00'€eKTHBHO OITIHIOBATH iX CTaH B pPeaJlbHOMY 4aci
1 ONEepaTHBHO pearyBaTH Ha BiIMOBH, IO J03BO-
JUTh KpPIM 3MEHIICHHS KIUIBKOCTI 3aTpUMaHUX
MOT3/1iB 3 MPUYUHU HEKEPOBAHOCTI CTPLIOK, yCyBa-

TH TIepEABIMOBHUN CTaH, BCTAHOBJICHHHA Ha
MiZICTaBi aHaNi3y 3MiH BJIACHUX POOOYMX XapaKTe-
PUCTHK, a TaKOXX YaCOBUX 1 aMILTITYyJHUX ITOKa3-
HUKIB CTPYMYy €JIEKTPOJBUTYHAa TPHU IEPEeBOII
CTPLIKH.
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BHEJIPEHUE CUCTEMbBI TEXHUYECKOM TUATHOCTUKHA
CTPEJIOYHbBIX IEPEBOJIOB

Heasb. B uccnenosanuu HeoOXoquMo: 1) BBISICHUTD NPUYUHBI MOSBICHHUS HEHCIPABHOCTEH CTPENIOYHBIX Mepe-
BOJIOB UISL TOTO, YTOOBI ONPENENNUTh JUarHOCTHYECKIE TIPU3HAKH OTKA30B; 2) PaCCMOTPETh TPeOOBaHUS, YCTPOUCT-
BO, Ha3HAYEHHE COCTABHBIX YACTEH CTPEIIOYHBIX MEPEeBOJOB, pabOTy M TEXHOJOTHIO MX OOCIYXHMBaHHS IJIS I10-
CTPOEHHSI CUCTEMbI BEJICHHsI XO3SHCTBEHHOW NESITEIbHOCTH, CBSI3aHHON C COAEPIKAHUEM CTPEJIOYHBIX MEPEBOIOB;
3) o0ocHOBaTh BO3MOXKHOCTh, HEOOXOJMOCTh M NEPCIIEKTHUBBI BHEAPEHUS! CHCTEMBI aBTOMATH3HMPOBAHHOTO JHar-
HOCTHPOBAHHUSI CTPEJIOYHBIX MEPEBOJOB; 4) pa3pabdoTaTh ONBITHBIA 00pasel] aBTOMAaTH3MPOBAHHOTO arnapaTHo-
MMPpOrpaMMHOTO KOMILICKCA JJI1 KOHTPOJIA MapaMETPOB CTPECIIOYHBIX MEPEBOAOB M BBIMIOJHCHUA UX AUArHOCTUPOBA-
Hus. Metoanka. B pabore ObuTH MMOKa3aHbl BO3MOKHEIC HEHUCIIPABHOCTH CTPEIOYHOTO MEPEBOJIAa M PACCMOTPEHBI HX
MPOSIBJICHUS. W BiIMsHUE Ha padoty. [lo cymiecTByromedl TEXHOJIOTHH BBIMTOIHEHUS Pa0OT OBUI MPOBEICH aHAIN3
MpOIIEcca TEXHUUECKOTr0 00CIYKUBAHHSI CTPEIOYHbBIX TIEPEBOJIOB, OMPE/ICICHbI OCHOBHBIC OIEpPAIlid, KOTOPHIE BbI-
MOJHSIUCH TP 00CIEeI0BAHUN BHEUIHErO BHIA, MPOBEPKU TAPAMETPOB M PEMOHTE WM 3aMEHE JIeTaleil U y3JIOB.
Ha ocHOBaHMU NMPOBEIECHHOTO aHAIM3a MPUYUH BOSHUKHOBEHUSI HEHCIIPABHOCTEH CTPENIOYHBIX MEPEBOIOB M CIIOCO-
0OB UX yCTpaHEHHs CUCTEMAaTU3UPOBaHbI BUJIbI TOBPEIKIECHUH U CIIOCOOBI OOPHOBI ¢ HUMH, CO3aHa HH(POPMAIHOH-
Hasl cCXeMa [OKCKa HEHUCIIPABHOCTEH, ONpeeSIeHbl BO3MOXXHOCTH U T'PAHUIIbI aBTOMATH3ALUK TIpolecca AUarHOCTH-
POBaHHMs U MPOBEJIEHO CPABHEHHE C CYILECTBYIOILIEH METOAMKON BBIMOIHEHUs] pabOT 10 COJCPIKAHUIO CTPEIOYHBIX
nepeBosioB. Co3/aHa CTPYKTYpHasi CXeMa CHCTEMbl JMAarHOCTHPOBAHMS, pa3paboTaH ajIroputM ee paboThl U 3alo-
’KEHBbl OCHOBHBIEC OIIOPHBIE MPUHLMUIBI (QYHKIHMOHUPOBaHUs. [IpuMeHeH mporpaMMHO-annapaTHbIi KOMIUIEKC IS
OIPEACICHUA COCTOAHNA CTPEIOYHBIX MEPEBOAOB € YUETOM BBINTOJIHCHUA JUArHOCTUPOBAHUA CTPEJIOK, HAXOAAIUX -
¢ B dKcIuTyartanuu. Pe3yabTaThl. B xo/e skciepiMeHTa co3/jaH METOJT aBTOMAaTH3UPOBAHHOTO JTUATHOCTUPOBAHHUS
COCTOSIHUS CTPEJIOYHBIX TIEPEBOJIOB C JCKTPONPHBOIAMHU MIEPEMEHHOTO TOKA, YIIPABICHHE KOTOPBIMU OCYIIECTBIIS-
eTCsl IIEHTPaIM30BaHHO. [lonydeHsl pe3ynabTaThl pabOThl aBTOMATU3WPOBAHHOTO AaIllapaTHO-MPOrPAMMHOTO KOM-
TUIEKCA JJIsl KOHTPOJISI TAPaMETPOB CTPENIOYHBIX MEPEBOJIOB U BBIMOMHEHUs! AuarHocTukyu. Hay4yHasi HoBu3Ha. AB-
TOpaMu pa3paboTaH METO]| OMPEACICHHS COCTOSHHS CTPEIIOYHOTO MEPEBO/IA [0 KPUBOM TOKA U €ro CIEKTPAILHOMY
COCTaBY B IICMH CTPEIIOYHOr0 3JIeKTpoJaBUraTess. PazpaboTan u anmapaTtHO-MPOrPaMMHBIA KOMIUIEKC AUATHOCTH-
pOBaHHMs IIEHTPAIM30BaHHBIX CTpesiok. IIpakTHyeckasi 3HAYMMOCTb. biarogaps NoJydeHHBIM pe3ysbTaraM Io-
BBILIAETCS 0E30I1aCHOCTD BBIMOJHEHHsI pabOT U3-32 YMEHbBIICHUS! BpEMEHH NMPeObIBaHUSI PAOOTHUKOB B 30HE JIBHIKE-
HUSI [T0€3/I0B, YCTPAHSETCs YesioBedecKuil pakTop rmpu BeioJIHEHHH M3MepeHuil. CKpbIBaHUe U 3aMauuBaHue (ak-
TOB HapylUIEHHH B pabOTe CTPEIOYHBIX NIEPEBOJIOB CTAHOBUTCS] HEBO3MOYKHBIM.

Kniouegvie crosa: 3neKTpONPHUBO/L; CTPEIOYHBIN MIEPEBOJI; aHAIM3 CHI'HANA; THArHOCTUPOBAaHKE; BPEMEHHAs 3a-
BHUCUMOCTb; CIIEKTPAJIbHBIN COCTaB; KOHTPOJIb COCTOSIHUS; aJITOPUTM pabOThI; KpHUBas TOKa
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IMPLEMENTATION OF TURNOUTS TECHNICAL DIAGNOSTICS
SYSTEMS

Purpose. In the paper it is necessary to: 1) find out the causes of turnouts faults to determine diagnostic features
failures; 2) consider the requirements structure, purpose components of turnouts, work and technology of their main-
tenance to determine the construction of the economic activities related to system to the turnout’s maintenance;
3) substantiate the possibility, necessity and prospects of automated diagnostics turnout’s implementation; 4) elabo-
rate a prototype of an automated hardware and software system for the turnouts control parameters and perform di-
agnostics on them. Methodology. In the paper possible turnouts faults were presented and manifestations and influ-
ence on its work were shown. According to the current technology works the process analyze of turnouts’ mainte-
nance was conducted, were defined the basic performed operations during the examination of appearance, parame-
ters and check the repair or replacement of parts and assemblies. Based on the analysis of reasons of turnouts
malfunctioning and their fixes were systematized types of damages and ways to deal with them, an information
scheme of troubleshooting were created, opportunities and limits of automating the process of diagnostics were
identified and compared with the existing method of turnouts maintenance. A diagnostics system block diagram was
created, an algorithm of its work was developed and established main basic principles of operation. Software
and hardware to determine the turnout’s state considering diagnostic performance of points in use were applied.
Findings. During the experiment was created a method of automated turnout’s diagnostics with AC electric drives,
managed centrally. The results of automated hardware and software system make it possible to control turnout’s
parameters and perform diagnostics on them. Originality. Authors created the method of turnout’s state determina-
tion by current curve and its spectral composition in the circle of turnout electric motor. The de hardware and soft-
ware centralized point’s diagnostics complex was developed. Practical value. Thanks to the obtained results the
operation safety due to a time workers decrease in the area of train’s movement is increased. The human factor in
the performance of measurements is eliminated. Hiding and concealment the facts of turnouts malfunction are not
possible.

Keywords: electric switch; turnout; signal analysis; diagnosis; time dependence; spectral composition; condition
control; operation algorithm; current curve
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TOCJIIKEHHSI MEXAHI3MIB BILINBY KOHTAKTHOI
MEPEKI HA PEMKOBI KOJIA

Merta. Y po60Ti HEOOXiJHO JOCIIANTH EIEKTPOMArHIiTHI IPOLIECH B CUCTEMI «KOHTAKTHA MepesKa-peHKu-3eMIIsD)
3 METOI0 3a0e3MeYeHHsI eJIEKTPOMArHiTHOI CyMICHOCTI PEHKOBHUX KiJl i3 CHCTEMOIO TSTOBOTO EJIEKTPOIIOCTaYaHHs Ta,
SK HaCJIJIOK, IiABUIICHHS Oe3neKku pyxy Ha 3aii3Huii. Meroauka. J{ist NOCSATHEHHS MOCTABJIEHOT METH 3aCTOCOBaA-
HO METOIM HayKOBOT'O aHaJli3y, MaTEMaTHYHOI'O MOJCIIOBAHHS, EKCIICPUMEHTAIBHOTO JOCHIIIKEHHSI, MaCIITa0HOTO
MonemoBaHHs. Pe3yabTaTu. [IpoBeneHi TeopeTHUHI Ta eKCIIEPUMEHTaNbHI TOCIIKEHHS CBiT9aTh Mpo Te, M0 MPH
BHBYCHHI €JIEKTPOMATHITHHUX IPOIECIB y CHCTEMI «KOHTAKTHA MepeKa-perKi-3eMJIsh» B AiarnazoHi yactoT 1o 1 MI'n
MOJKHA BBaXKaTH, 110 peiikose koo (PK), sk mpuitmad 3aBax, po3ramoBane y OikHiN 30HI. e mo3Bomnse cripuiima-
TH €JIeKTPOMAarHiTHE I0JIe 3aBaIy CTAIllOHAPHUM 1 PO3TILIIATH HOTO SIK CYKYTHICTh ABOX CKJIAIOBHX (€IEKTPHYHOI
Ta MarHiTHOI), KO)KHA 3 SKHX Ma€ CBif MeXaHi3M BIUIMBY Ha MpuiMad. Y pe3ynbTaTi JOCTIHKEHHSI OTPUMaHO Teope-
THUYHY Ta €KCIIEPUMEHTAIIbHY 3aJISKHICTh HABEACHOI y MPpOBOAi-NipuiiMaui enexrpopymuiitnoi cuim (EPC) Big wacro-
TH CTpyMy 3aBaau. OTprMaHa 4yacTOTHA 3aJIEKHICTh BIJIHOCHOI IMMOXUOKH 32 JaHUMHU «Teopis-eKcrepuMenT». Jlose-
JICHO aJICKBATHICTh 3aCTOCOBAHOT MAaTEMAaTUYHOI MOJEJI €KCIIEPUMEHTAIbHUM JaHUM 3a KpuTepieM BimkokcoHa.
HaykoBa HOoBHM3HA. Pe3ynbratu NpoBeIEHHX EKCHEPHUMEHTAIFHOIO Ta TEOPETUYHOTO JIOCHIIPKEHb MAarHiTHOTO
BIUIMBY OJTHOTO KOHTYpY Ha iHIIW 1atoTh 30ir y yacrorHoMy mianasoni 10 1 000 'y i3 cepeHbOI0 BITHOCHOIO I10-
xubko0 2,33 %. [lpu 30iMbIICHHI YacTOTH CTPYMY 3aBaad CIIOCTEPIra€ThbCsl BIEBHEHE 3POCTAHHS CEPEeAHBOI
BiTHOCHOI TOXWMOKH MK PO3paXxOBaHHMH Ta BUMIPSHUMH 3HAYCHHAMH HaBeleHOi y mpoBomi-mpuitmadi EPC.
IpakTHyHa 3HaYMMicTb. [TinTBEpIKEHO aleKBaTHICTh MAaTEMAaTUYHOTO anapary OTPUMaHHM eKCIIePUMEHTAIbHUM
JITaHUM 3a KpuTepiem BinkokcoHa Ha piBHI 3HauHOCTI 5 %, 1m0 no3Bosse B niamaszoni 7o 1000 I'm BuKopucToBYyBaTH
3aCTOCOBAaHMIA MaTeMAaTUYHUHN amapaT JJIs JOCIHIIKEHHS eIEKTPOMArHiTHUX MPOIECiB y 6araTOmpoBiIHUX JIHISAX Ta
CHCTEMI «KOHTaKTHa Mepeka-peiKku-3eMisn 30kpema. OTpuMaHi pe3yabTaTH MOXKYTh OyTH KOPUCHUMH IPHU MPOEK-
TyBaHHI, JIOCHI/PKeHH] Ta 3a0e3eueHH] eJIeKTPOMAarHiTHOT CYMICHOCTI PEHKOBHX KiJI 13 CHCTEMOIO TSTOBOTO €JIEKT-
pOIoCTaYaHHs..
Kniouosi crosa: xoHTaKTHA MepeKa; pEHKOBI KoJla; KOHIYKTHBHUH BIUTMB; MarHITHUH BIUTNB; HaBeneHa EPC
Beryn enexktpomartitHoi cymicHocTi PK 3 cucremoro Ts-
TOBOTO €JIEKTPOIIOCTauYaHHs Ta, SK HACIiIOK, ij-

JloBenieHHsS €JIEeKTPOMAarHiTHOI CYMiCHOCTI Cy- . .
BUIICHHS O€3MeKH PyXy Ha 3ali3HHII.

JacHOTO elleKTpopyxomMoro ckiany 3 PK € ¢pynrma-
MEHTOM 3a0e3MeUeHHs Oe3MeKU pyXy Ha 3alli3HHUII.
Tomy mocmipkeHHsT 0COOIMBOCTEH poOOTH peiKo-
Bux (PK) kinm B yMOBax elneKTpOMarHiTHOTO BILIU-

MeTtoanka

Byap-sikuii mpoBigHWK 31 3MIHHHM CTPyMOM

By KoHTakTHOi Mepexi (KM) € akTyanpHOIO Ipo-
Onemoro ramysi. BuBueHHs XapakTepy Ta CTyIEHs
BBy KM Ha PK B KkiHmEeBoMy pe3ymbraTi A0-
3BOJIUTH OpraHizyBaTd e(EKTHBHI 3aXOI{ IIOI0
3a0e3MeUYeHHsT eNeKTPOMarHiTHoi cymicHocti PK
3 CHCTEMOIO TSTOBOTO EIEKTPOINOCTaYaHHS.

Merta

MeTor po0OTH € BUABICHHS Ta JOCIIIKECHHS
Mmexani3miB BBy KM na PK ans HaykoBoro o0-
IPYHTYBaHHS METOJIB Ta 3aco0iB 3a0e3rmeueHHs

CTBOPIOE HABKOJIO ce0e eNeKTpOMAarHiTHe IIoe,
SIKe TIPU3BOAMTH IO BUHUKHEHHS B yCIX MPHJICTIINX
MeTaneBuX 00’ ekTax enekrpopyuiiaux cui (EPC)
IHAYKIIi, T i€ SKuX, MpH HAsSBHOCTI 3aMKHe-
HOTO KOHTYpY, TPOTIKaIOTh IHAYKIIHHI CTPyMH
[1, 3, 5]. Lle 3aranbHO BigoMe SIBHIIE, 1110 0a3y€Th-
Cs Ha 3aKOHI ENEeKTPOMAarHiTHOi 1HAYKIi, 3HaXO-
IUTh TIposiB 1 B cucteMi KM-PK-3emms. Tyt mpoBi-
JHUK 31 CTPYMOM BHCTyIa€ KOHTaKTHHM TMPOBIiX
(KIT), mo cTBOpIOE MOTY)XHE €JIEKTPOMarHiTHe
mone, ske 3maTHe Bukimkath EPC  iHgykmii
B YCIX OTOYYIOUMX METaleBUX 00 €KTax: perKax,
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JHIAX CUTHATI3amii Ta 3B 3Ky, KaOeTpHUX Mepe-
Kax, MPHUIETUX crnopyaax i1 OyniBisix. Haseneni
B Takuii coci6 EPC Ta cTpyMn MoXyTh HOTpan-
JSATH Y CMYTY YacTOT, SKa BUKOPHCTOBYETHCS 1H-
UMHU 00’ €KTaMH K poOoYa, YTBOPIOIOYH, TAaKHM
YHHOM TIepe©oi B poOOTI MPUCTPOTB.

Mopenb, 1m0 OMHUCYE ENEeKTPOMArHiTHY B3ae€-
MOJIiI0, TIOBUHHA MICTHUTH TPH OOOB’SI3KOBI CKja-
JIOBi: JKepeso 3aBaj — 00 €KT, 110 reHepye Heba-
JKaHl €JIEKTPOMATHITHI KOJWBAHHS IiJl 4ac CBOTO
HOpPMAJBHOTO (PYHKIIIOHYBaHHS; MEXaHI3M 3B’ SI3KY
— (bi3MYHMI IPUHIMIT TIepeiadi eHeprii 3aBaju Bij
JoKepena Ao MpuiiMada; mpuidmad — 00 €KT, SIKUii
OTMHUBIIUCH TiJI BIUIMBOM €JEKTPOMArHiTHUX 3a-
BaJl MOXK€ BTPATUTH 3MOTY KOPEKTHO BHKOHYBaTH
cBOi (yHKIIII.

[lix yac po3risALy 3aralibHOI CHCTEMH JKEPENIO
— TpuWiiMad CIIJ BpPaxOBYBaTH BIJCTaHb MiX
00’€KTaMH, 10 MAIOTh €JICKTPOMArHITHUI 3B’ 530K,
BU3HAYUTH, 3HAXOJAUTKLCS MpHUiMady B OJMKHIA YU
JTABHIN 30H1 BiTHOCHO pkepena [1, 6, 14]. Janbus
30Ha BH3HAYAETHCA BIJCTAHHIO MiX DKEPEIIOM Ta
npuiiMadyeM, a TaKOX MIBHAKICTIO 3MiHH TOJsI, iH-
MU CIIOBaMH SKIIO Yac 3pOCTaHHS ITOJI MEHIIE
HDK Yac TPOXODKCHHS €JIEKTPOMArHIiTHOIO XBH-
JICI0 BIICTaHI MiX JDKEPENIOM Ta MpUiAMadeM, TO
MOXKHA BBaXaTH, IO MpHIMady pPO3TalIOBaHUI
y nmanmpHI 30HI. B TakoMmy Bumagky mpuiiMad
3 JOKEpeJIoM 3aBaj 3B’SI3aHUU ENEKTPOMArHiTHUM
BUITPOMIHEHHSIM, a €JIEKTPOMArHiTHE MOJIE 3aBaju
MOBHHHO PO3TJISAIATUCS SK HecTallioHapHe, BHa-
CIIIOK YOTO OIKC 1 JOCHTIKEHHS TaKUX EJICKTPO-
MarHiTHUX MPOIECIB CTA€ TPOMI3IKHM.

Skmo mpuiiMay po3TanoBaHuil B Ge3mocepen-
Hi OJIM3BKOCTI IO JDKEpena, Ha BiACTaHi, SKa HE
TIEPEBUIIYE JOBXUHH XBHWII 3aBamu (d < A/2m),
TO MOJKHa BB@XXaTW, IO NpPUMad 3HAXOAMTHCS
y OmmkHil 30HI [1, 6, 12]. 3Hax0/pKeHHs npuiimMa-
4a y OJMKHIHM 30H1 T03BOJISIE IPHUITYCTUTH, IO 3Mi-
HU eJICKTPOMAarHiTHOTO TIOJIsI, 3T€HEPOBAHOTO JIKe-
pelioM 3aBajd, BiIOYBAarOThCS OJHOYACHO B YCIX
TOYKAX MPOCTOPY. 3aBASKH TAKOMY IPHITYIICHHIO
ToJIe 3aBajy y ONMKHINM 30HI MOYKHA BBaXKaTH CTa-
IIOHAPHUM, TOAI MIX JDKEpEeIIOM Ta IpHiMadeM
MOXeE ICHYBaTH KOHIYKTHBHHH Ta iHIyKTHBHUI
3B’s30K. KpiM TOTO, B TAKOMY BHITQJKy €IUHE €IIe-
KTPOMartiTHE I0JIe 3aBa I MOXE PO3TIIAIATHCS SIK
CYKYIHICTB JIBOX CKJIQJIOBHX: €JIEKTPHYHOI Ta Mar-
HITHOI, KOXHA 3 SIKUX Ma€ CBili MeXaHi3M BIUIUBY
Ha IpuiiMay.

CrymiHb BIUTMBY Ha TIpHiiMad 3ajeKaTUME Bif
CUMETPUYHOCTI BIUIMBAIOYUX 1 CXHJIBHHX /IO BILIU-
By JiHiii [1, 3, 12—14]. Byap-sika jiHis BBaXa€eThCs
CUMETPUYHOIO, SKIIO ii MPOBOAN MAaIOTh OJTHAKOBI
MepBUHHI (AaKTUBHHA OTIIp, IHAYKTUBHICTH, EMHICTD
MIX TPOBOJAMHU 1 BIJHOCHO 3€MJIi, MPOBIIHICThH
13051s11i{) 1 BTOpPHWHHI MapaMeTpu (BOJHOBHUH OIIip
1 KOoediIieHT pPO3MOBCIOMKEHHS XBHJIi). binmpmmit
€JIEKTPOMArHITHUI BIUTUB CTBOPIOIOTH JiHiT 3 0i-
UM ctynieHneMm Hecumetpii. Kono KM ctBopene
KII ta peitkamu, 1o 3B’s13aHi 3 3eMIIEIO, TOMY TIEp-
BUHHI Ta BTOPHHHI MapaMeTpu IPOBOIIB TaKOTO
Kosia OyIyTh 3HaYHO BiJIPi3HATUCH. A BpaxoBYIO-
9y, 10 CTPYM B peikax Ta 3eMIIi MOBHICTIO JOpPiB-
HIo€ pobouomy ctpymy B KII, KM moxHa BigHEc-
TH JIO TOBHICTIO HECUMETpUYHMX JiHiK [1,3], BHa-
ciigok yoro KM € MOTy:XHUM [UKEpesoM EJIeKT-
POMAarHITHHUX 3aBal.

PeiikoBa minist po3ramoBaHa mobam3sy KM Ta
BUCTYIA€ OAHUM 3 ii IPOBOJIB, & OTXKE MAJIONOTY-
)kHe PK € moTeHmiiHUM TpuiiMadeM elleKTpoMar-
HITHUX 3aBaj 3 0oxy KM.

Ilim uac JmOCHIIPKEHHS EJIEKTPOMArHiTHOTO
BBy KM B mianazoni wacrot go 1 MI'm moxkHa
BBakatH, mo PK, sk mpuiimad 3aBan, po3TamnioBaHi
y OmkHIH 30HI. Lle 1aec MOXIHMBICTH PO3TISHYTH
OKpeMO KOHIYKTHBHHUH, €IeKTPUYHUN Ta MAarHiT-
Huit BItuB KM. PeiikoBa minist 6epe ydacTh y Ka-
HaJtizalii 3BOPOTHOTO TATOBOTO CTPYMY, TapMOHi-
YHI CKJIaJI0Bi SIKOTO MOXYTb MOTPAIUIATA y CMYTY
curHanpHuX yactoT PK, cTBOproroun num 3aBaka-
ounii a00 HeOe3NeYHMH BIIMB, TaKUM YuHOM KM
CTBOPIOE TaJIbBAHIUHI 3aBajH, Ki MOXYTh CYTTEBO
BIDIMBaTH Ha podoTy PK.

Hassricts Hanpyru y KII 3ymMoBIIfOE YTBOPEH-
HSl €JICKTPUYHOI'O IOJISA, Mif[ JI€I0 SIKOTO B PEHMKO-
BUX JIIHISIX HABOJATHCA MOTEHLiaN BiTHOCHO 3€M-
ni. BennunHa HaBeAEHOTO MOTEHLIAy B PEHKOBHUX
JIHISAX CYTTEBO 3aJICKUTh BiJl EMHOCTI MIXK BILIM-
BAalOYMM Ta CXWIBHUM JO BIUIMBY NPOBOAAMH,
T00TO, B Hamomy Bumaaky, Mix KII ta pelikoro.
BHacnizok He3HaUYHUX 3HA4YEHb L€l EMHOCTI HaBe-
JIeHI B TakWii CIOCIO €JeKTpUYHI MOTEHI[aId He
OyIyTh MaTH JIOCHTh BEIMKHX PiBHIB, TOMY 4acToO
Ul CHIPOILEHHS PO3PaxyHKIB IIMM BHUJOM BIUIUBY
HEXTYIOTb.

[lig yac pyxy HOTAry B 30Hi KOJIii YTBOPIOETHCS
HU3bKOYACTOTHE MAarHiTHE II0JIe, IO CIPSIMOBaHE
MEePIEHANKYJIISIPHO 0 OCi KOJIii Ta 3pocTa€e MpoIro-
puiiiHo 30inbIIeHHI0 TAroBoro ctpyMmy B KM. Ilix
Ii€0 1IBOTO TOJISA IHAYKYIOTHCS 3aBa)Kaloul IIO-
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B3goBxkHi EPC B pelikoBux IiHISX, KaOemsax
3B’S3Ky Ta IHIIUX JIHISX aBTOMAaTHKH, MPOKJaje-
HuX B310BXk kodjii. [loB3noexus EPC, npu po3mno-
IIUTL Y3IOBIK JTiHIi, CTBOPIOE B Hiif HAIIPYTY BiITHOC-
HO 3€MJIi, 1[0 3MIHIOEThCS MO JOBXKHKHI JIHII, a Ta-
KOXK MOK€ BUKJIMKATH B Hill CTPpyM, SIKUI 3aMHUKa-
€ThCSI Yepe3 PO3MOJIJICHY €MHICTh JiHIl BIIIHOCHO
3emMili. Y JBONPOBIMHHX JIiHISX To310BXHI EPC,
IHAYKOBaHI B KOXXHOMY 3 TPOBOJIIB, CTBOPIOIOTH
B KiHLI JIiHIi HEOIHAKOBY HANpyry KO>KHOTO IpO-
BOJY BIJHOCHO 3€MIIi YHACIHIZOK ITOB3/IOBXKHBOT
1 MomepeyHoi acuMeTpii JiHiH, a TAaKOXK HEOJHAKO-
BOI Bi/ICTaHi 10 BIUTMBAIOYOro MpoBonay. B pesyib-
TaTi YOTO 3'SBIAETHCS AEsKa PI3HUIS MOTEHINAIIB
MDXK MPOBOJAMH JIiHI{, i €0 KO, 32 HASIBHOCTI
KOHTYpa, MPOTIKaTUMe Pi3HELUEBUH CTPyM (CTpyM
acumertpii). TakuM YMHOM IHAYKOBaHI B perKax
moB3oBkHI EPC BUKIWMKAIOTh MPOTIKAaHHA B HUX
CTpYMIB 3aBall, sSIKi MOXXYTh OyTH NPUYUHOIO BiJ-
MoB B poboti PK [1, 7, 8, 13, 15].

l'onoBHMM mapaMeTpoM MarHiTHOTO 3B 3Ky
MDK TIpUiiMadeM Ta JIHIEIO, MO0 CTBOPIOE BIUIHB,
BUCTyIIA€ OHIp B3aeMOIHAYKUil Z, =w-M,,, ne
Miv
HISIMH, TII0 PO3TISIaoThes [2, 6, 10].

OnHUM 3 OCHOBHHX JIKEpell 3aBaj Ha 3alli3HU-
1, SIK 3a3HAYaJIOCh BUIIE, BUCTYIAE MTOBHICTIO He-
CHMETpPUYHA JiHISA KOHTAaKTHOI Mepexi, IHIIMMH
cinoBamu koHTyp KII — 3emms. [Ipuitmadem 3aBapg
B CBOIO Yepry € pelKoBi KoJia, a caMe KOHTYp peld-
ka — 3emsst. OTke, TiJ 9ac JOCHIIKEHHS BIUIUBY
KM na PK HeoOXiTHO po3TisiiaTH OIip B3a€MOiH-
nykaii Mk KIT Ta peiikamu, Ha SKWi CyTTEBHUi
BIUIMB CTBOPIOE TPOBIAHICTH 3emii. B peanbHiit
CUTYyaIlil 3eMJISTHHIA TITap € HEOTHOPITHUM, a HOoTro
MPOBIHICTh 3aJIKATHME BiJl T€OJIOTIYHOT MOPOIN
Ta KJIIIMaTHYHUX yMOB. lle 3HauHOO Miporo ycKia-
JTHIOE TIPOIIEC TEOPETHUIHOTO MOCIIKEHHS MarHiT-
Horo BBy KM, a oTpumaHi pe3ynbTaTd Mojie-
JIIOBaHHS B CBOIO 4YEpry MNOTPEOYIOTh IEPEeBipKH
EKCIIEPHMEHTOM.

B miteparypi [1-3, 6—11, 13—15] posrismgaers-
cs1 OaraTo BapiaHTIB MiIpaxyHKy KoedilieHTa B3a-
€MOIHIYKIII MXK IBOMa MIPOBOAAMH, aJie BCi BOHU
JTAIOTh JIUIIE B TiM 9W 1HIIIN Mipi HAOIMKEHHS 10
nificHocTi. HaltOiabil po3MOBCIOKCHUM Ta OITH-
MaJIBHUM JIJI1 HU3bKHX YaCTOT BBAXKAETHCS 3aIPO-
noHoBanuil Ilomnsuekom Bupas, KU Mae Takuu
BUTJISII

— KoediIlieHT B3a€EMOIHIYKITIT MK JBOMA JIi-

1+2-In 12,66 -

\/fkc.(aivz+(bi—cv)2)

M, =

w

—j(%+ll,87- ﬁc-ej%n~(bi+cv)) 107,(1)

I a,, — BIACTaHb MiX IIPOBOJAMH II0 TOPU3OHTAII,
M; b;, c, — BUCOTa IIPOBOAIB HAJ 3e€MIIEI0, M; G—
nuToMa MpoBinHicTh 3emii, Cm/M; f, — dacTora

CTpyMy, 1110 BIMBae, kI 1.

OcHOBHIM HenonikoM ycix gopmyn B [1-3, 6—11,
13—15] € MOXKIMBICTB 1X 3aCTOCYBaHHS TiJIbKU Ha HH-
3bKHX YacToTaX, 30kpemMa Ha dactoti 50 ['m. [leBHwuii
HAyKOBHUH IHTEpeC CTaHOBUTH JOCIHIPKEHHS PO3pa-
XyHKOBOI popmyn (1) Ha GBI BUCOKHMX YacTOTaX,
Ta OCOONHMBO B YaCTOTHOMY Jialia30Hi TOHAJIBHUX
PK.

VY 3B’s13Ky 3 IUM B POOOTI BUKOHAHO TEOPETHY-
HE Ta eKCIIEPUMEHTAIbHE JIOCIIPKEHHS MarHiTHO-
TO BIUIMBY OAHI€i JiHil Ha iHmTy. CTymiHb BIUIUBY
MOJXXHA OIIIHUTH 33 pIBHEM HAaBEACHOI B JIiHIi-
npuiimaui EPC [1,3,5]:

E —

v =

2),

ne I, — cTpyM B IIPOBO/II, IO CTBOPIOE BIUIHB, A;

1

JjoM, I,l,

[ — MoBKWHA NUISTHKY 30JIMKEHHS TIPOBO/IIB, M.

Hus nocmimxenns HaBeneHoi EPC B mpoBomi-
npuitMadi OyJ0 BHKOHAHO EKCIIEpUMEHT, CXema
siKoro 300pakeHa Ha puc. 1. Ha pucynky 300pa-
JKEHO TPOBIJ-IDKEPENO 3aBajl, SKHH YTBOPIOE
BILTUBAIOYNHA KOHTYP pa3oM 3 peiKoto (ITyHKTHPOM
BKa3aHi JIiHIl Ha JaJbHBOMY IUIaHi). Bing reneparo-
pa B TPOBIJ-UKEPENIO IOJAETHCS CTPYM 3aBajiu
¢ikcoBanoro pieas. [IpoBig-npuitmMad 3HaAXOAUTH-
Cs Ha BIZOMIM BiJicTaHI BiJl JDKEpella Ta pa3oM i3
3BOPOTHHUM IIPOBOJIOM YTBOPIOE NMPUNMAIIbHUIN KO-
HTYp, B SKMH yBIMKHEHE BUMIipIOBallbHE 00a-
HaHHs. [lo3HaueHHs Ha puc.1:

a — BiICTaHb MiXK TPOBOJIAMH 10 TOPU30HTAJI;
a. — BIJICTaHb MDXK IPOBOIOM-KEPEIOM Ta

.
HOro 3BOPOTHUM IPOBOJIOM 10 FTOPHU3OHTATI;
a,, — BiICTaHb MiX MPOBOJOM-TIpUHMAaYEM Ta

36
HOro 3BOPOTHUM IPOBOJIOM 110 FOPHU3OHTATI;
h,,h, —BUCOTa IPOBOIIB HAJl 3EMIIEIO;
h.,h,, — BUCOTa 3BOPOTHHUX NPOBOJIB HAJ 3€M-

JICIO.
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3amaua eKCIepUMEHTY Tosiraia y (ikcyBaHHI
piBHIB HaBeneHOi B mpoBofi-npuiiMadi EPC Ha
PI3HUX YacTOTax MpH BiIOMOMY CTPyMi B IPOBOJIi-
JOKEpeli.

Biacranp Mix mpoBojamMu OakaHo 0OpaTh He-
BEJIMKY, 1110 3a0e3Me4YnTh OUIbIINN PIBeHb HaBee-
Hoi EPC (Buxomsum 3 (1) ta (2)), Ta BUCOKE 3Ha-
YeHHS CUTHAJI/IITyM Ha BUMIPIOBAILHIN amaparypi.
3 MX caMHX NPUYHH JOBXKHUHY JISTHKU 30JIMKEH-
HS MK TPOBOJAMH JOLIIBHO OOpaTH BEITUKOIO
(Buxomstun 3 (2)) Ockinbku B KOHTYpi mpHiimadi,
B HaBEJCHIA CXEMi, MOXIUBO BHUMIPSATH TIJIbKU
pizaumto EPC, mo HaBepeHi B mpoBoai-nmpuiiMadi
Ta WOro 3BOPOTHOMY TPOBOI, PO3MIp KOHTYpPY
JOLIIBHO 30UIBIINTH, TOOTO OOpaTH BEJIUKE d., .
Jliana3oH JOCIIPKYBaHUX YaCTOT BUOEPEMO BHXO-
JISTYH 3 4aCTOTHOTO AianazoHy PK.

[lig yac BUKOHAHHS EKCIIEPHUMEHTAIBHOTO JIO-
CIipKeHHsT Oyiam oOpaHi HACTyMHI MapaMeTpH
CXEMHU: a=0,1Mm, a, =2,9m, a, =10m,
h=h=L4m, h =0,1m,
IUISHKA 30mkeHHs [ =25m. Jliama3oH d4acToT

h,=0M, noBxuHa

ctpymy 3aBamu: 0—6000 I'mi. Ilim yac BUKOHaHHS
BHMIpiB I KOKHOI 9aCTOTH OKpPeMO (iKCyBajIoCh
3HAYEHHS CTPYyMY 3aBaJly.

Jlia iHTepnpeTanii OTpUMaHUX €KCIIePUMEHTa-
JTBHUX JAaHUX OyJI0 BUKOHAHO TEOPETHYHHI po3pa-
XyHOK piBHS HaBeneHoi EPC B ko mpuiiMada 3a
napameTpaMu excnepuMeHTy. OCKUIbKH cxema
€ 0araToIpoBiTHO, MPH PO3PaXyHKY HEOOXiTHO
BpaxyBaTH B3a€EMOIHIYKTHBHI 3B’S3KH MIX: TIpO-

npoBi-pkepeno  d

BOJOM JUDKEpEJIOM Ta IPOBOAOM-IIpHIMaueM
(M), IPOBOJOM JKEPENOM Ta 3BOPOTHHMM IIPO-

BojioM mpuiimMada (M . ), 3BOPOTHHM IIPOBOJOM

3B
Jokepena  (pekow) Ta  MPOBOIOM-TIpUHMadeM
(M, ), peiikoro Ta 3BOPOTHUM IIPOBOJOM IIpUiiMa-

ya (M., ). Po3paxyHok koe(illi€HTIB B3a€EMOIHY-

Kuii BUKOHYyBaBcA 3a (1), 3 ypaxyBaHHSAM reoMeTpii
CXEMH BUMIpIOBaHHs. 3B’SI3KOM MK BIACHUMH
MPOBOJIAMH KOHTYPIB 3HEXTYEMO, OCKUIBKH MiX
HUMH iCHY€ KOHIYKTHBHUH 3B’S30K, IO 3HAYHO
Oinpmmii. B pe3ynpTari B KOHTYpi NpHiiMadya Ha-
BOIUTHUMYThCsI EPC Bi KO’KHOTO OIMCAaHOTO BHUIIIE
3B’S3Ky, Ky MOKHa 3HaliTu 3a (2). Tomi, 3 ypaxy-
BaHHSM 3HAaKa, Ha BUMIPIOBANBHUN MpHian AifTH-
Me pe3ynbryroua EPC:

E=E, —E,, ~E,+E,,.

OxpiM 11OTO, BUKOHAHWH HATYpHHUH €KCIepH-
MeHT OyB BiATBOpeHHH B IaOOpaTOPHUX yMOBax
Ha MOJIEIBFHOMY CTeHAI B MacmTabdi 7,45:1. Crenn
MOBHICTIO IMITY€ BUKOHaHHUN €KCIIEPUMEHT Ta JO-
3BOJIsIE OTpUMYBaTH piBHI HaBegenoi EPC B komi
npuiiMaya mpH BijoMoMy cTpyMmi kepena. llpu-
CYTHICTh 3eMJIi B CTCHIY IMITYETHCS CYIUTBHAM
METAaJIEBUM JINCTOM.

Pesynpratn BUKOHaHMX IOCIHIIKEHb 300paske-
HO Ha puc. 2.

1IPOBI/I-IPHIiMaY

! \\
! AY
& VTR 7Y N
/ \
/I N 3BOPOTHiK
_ / nposig
) ————" AV \\~__ =TT T
hr ¥ ¥ 3 - ‘/fk“

ar

Use

Puc. 1. CtpykTypHa cxema eKCIIepIMEHTY

Fig. 1. Structural scheme of the experiment
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MOJeNi 3HaYHO HIDKYI Bi pe3yJbTaTiB €KCIEepH-
MeHTiB. CepenHs BiTHOCHA MOXMOKa Ha JiarazoHi
gactoT m0 6 000 I'm ckmamae 11,12 %, mpudaomy
y mianasoni 2 000—6 000 I' BOHA CTaHOBWUTH
28,69 %, a ma yactoti 6 000 I'tr 49 % [4] (puc. 3).

Ha pwuc. 3 cnoctepiraerscs pi3ke 3pOoCTaHHS Bif-
HOCHOI IMOXHOKH, mounHarouu 3 dactotd 1000 I,
TOMY, 3 IIi€i MPUYUHY, MOXKHA 3POOUTH BIICBHCHHI
BHCHOBOK, III0 3aCTOCYBaHHsI HABEJCHOTO MaTeMaTH-
gHOTO amapaty Ha 6a3i (1) Ta (2) B yacToTHOMY fia-
na3zoHi outeire 1000 I’ € HEMOXKIIMBUM.

PosrnsiHeMo jeTanbHillle YaCTOTHHN Jiama3oH
mo 1000 I'm, mo HaBenenwit Ha puc. 4. [lo3zHadeH-
Hs Ha puC. 4 iIECHTHYHI 10 puc. 2.

Puc. 3. 3anexHicTh BITHOCHOT TOXUOKHU
(Teopis-eKCIIepIMEHT) BiJl YaCTOTH

Fig. 3. The dependence of the relative error
(theory-experiment) from the frequency

3 puc. 4 BUIHO JTOCUTH H0OpHiA 30ir pe3yibTa-
TiB BU3HA4eHHs HaBeneHoi EPC pisHuMu croco-
6amu. Ha HU3BKUX 4acTOTax pe3ysIbTaTh eKCIepH-
MEHTY TpPOXH OLIBIN, Hi’)K TEOPETWYHi, IO IOsC-
HIOETBCS a0CONIOTHOIO TIOXHOKOIO BUMIPIOBAHHS
MPH HU3BKUX 3HAYCHHSX cUrHAN/mym. lle Takox
MIPU3BOIUTH 10 OTPUMAaHHS 301IbIIEHOI BiITHOCHOT
MOXHOKH Ha HU3BKUX YacToTax (puc. 5).
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Fig. 4. Comparative chart of the study results
in the frequency range up to 1000 Hz
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Fig. 5. The dependence of the relative error (theory-
experiment) from the frequency range up to 1000 Hz

BignocHa moxmOka MO OKpeMHUX pe3yibTaTax
He nepeBuinye 5 %. CepenHsi BiIHOCHA MOXMOKa
Ha miama3oHi yactoT Ao 1000 I'r cknagae 2,33 %,
mpu 4oMmy y niana3zoni ToHanpHHX PK 420—780 I'rg
BOHa cTaHOBUTH 1,19 %. B poGoTi miaTBepmKkeHo
aJICKBaTHICTh MAaTEMAaTUYHOI'O arapary OTpHMa-
HUMH EKCTIEPUMEHTATbHUMH TAHUMH 33 KPUTEPIEM
Binkokcona Ha 5 % piBHi 3HauHOCTI [4]. Lle mo-
3BOJISIE 3pOOHUTU BUCHOBOK IPO MOKJIMBICTh 3aCTO-
CyBaHHS MaTeMaTH4HOro amapaTy Ha 0asi (1) Ta
(2) B wacrotHOMy miana3oni q0 1000 't 3 mocuth
HEBHCOKOIO BiTHOCHOIO TIOXHOKOIO.

HaykoBa HOBH3HA Ta NPAKTHYHA
3HAYUMICTh

Pe3ynbpTatn BUKOHAHOTO €KCIIEPHUMEHTAIBHOTO
Ta TEOPETHUYHOTO JOCIHIPKEHHS MArHiTHOTO BILIH-
BY OJHOTO KOHTYpY Ha IHIIHA HOalTh 30ir
y yactotHoMy nianazoHi 10 1000 I'a 3 cepeanboro
BifHOCHOIO ToOXxnOkot0 2,33 %; y miamazoHi
2 000—6 000 I'; BoHa cTaHOBUTH 28,69 %.

[linTBepIKEeHO aNeKBaTHICTh MaTEMaTHYHOI'O
amapary OTPHUMaHUMH CKCIICPUMEHTAIBHUMH Ja-
HHUMHU 3a KpuTepieM Binkokcona Ha 5 % piBHi 3Hau-
HOCTI, 1[0 A03BoJsie B miama3oni g0 1000 I'tr 3acro-
COBYBaTH MaTeMaTW4YHHU amapar Ha 6as3i (1) Ta (2)
JUI  TOCII/DKEHHS  eNEKTPOMAarHiTHUX —IPOIIECiB
B OararonpoBigamx JiHiAX Ta cucremMi KM-PK-
3emits 30kpemMa. OTpuMaHi pe3yabTaTH MOXKYTh Oy-
TH KOPUCHUMH TIiJT Yac MPOCKTYBaHHS, MOCIIIKECH-
HS Ta 3a0e3IeUeHHs eJIEKTPOMAarHiTHOI CyMiCHOCTI
PEHKOBUX KL 3 CUCTEMOIO TATOBOTO €JICKTPOIIOCTa-
YaHHS.

BuchnoBxku

Bukonani TeopeTHYHI Ta eKCIepUMEHTATbHI
JOCTIDKEHHS CBiTYaTh Mpo Te, 1m0 B cucteMi KM-
PK-3emnst  BimcTaHp MiXK TPOBOJAMH CHCTEMHU
€ Iy’XK€ MajIol0 TIOPIBHIHO 3 JOBKHHOIO XBHJII 3a-
BajJy, TOOTO KOHTyp-nipuiimad, a came PK, 3Haxo-
UTHhCSL Y OJVOKHIA 30HI, IO JTO3BOJISE BBaXATH
€JICKTPOMAarHiTHE TIOJIe 3aBaJM CTAIliOHAPHUM Ta
PO3TJISLAaTH HOro SIK CYKYIHICTh JBOX CKIIaJJOBHX:
€JIEKTPUYHOI Ta MarHiTHOI, KOJKHA 3 SIKUX Ma€ CBiif
MeXaHi3M BILTUBY Ha MpuiimMad.

Bukonanuii mopiBHSIIBHUN aHaI3 pe3yabTaTiB
JNOCHIDKEHHST YacTOTHOI 3ajJIeKHOCTI HaBeIAEHOI
EPC B npoBomi-npuiiMadi 1mokasye AOCTaTHIO s
IHKEHEPHUX PO3PaxyHKIB TOUYHICTh AHWUX, OTPH-
MaHHUX 3a JOTOMOI'O0 MaTEeMAaTUYHOI'O arapary Ha
0a3i (1) ta (2) B mianazoni mo 1x['m. [lpu 306imb-
IIEHHI YacTOTH CTPYyMY 3aBaJil CIIOCTEPIraeThCs
3pOCTaHHS CEPeIHBbOI BIAHOCHOI TMOXHOKH MiXK
pPO3paxOBaHUMHU Ta BHMIPSHUMH 3HAUYCHHSIMH Ha-
BenieHoi y mposoni-npuiiMadi EPC. Ile mo3Bomse
3pOOHUTH BUCHOBOK PO MOKITUBICTH 3aCTOCYBaHHS
HABEJCHOTO MAaTeMAaTUYHOTO arnapaTy B YaCTOTHO-
My nmiana3osi 1o 1kI'11 3 JOCUTh HEBHCOKOIO BiIHO-
CHOIO TTIOXHOKOTO.
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UCCJIEJOBAHUA MEXAHU3MOB BJIUSIHUSI KOHTAKTHOHA
CETHU HA PEJIBCOBBIE LIEITN

Leab. B pabore HEOOXOIUMO HCCIIENOBATh 3IEKTPOMATHUTHBIC MPOLECCHI B CHUCTEME «KOHTAKTHAs CETh-
PEIbCHI-3EMIIS» C LENbI0 00ECICYCHUSI IIIEKTPOMATHUTHOW COBMECTHMOCTH PEIbCOBBIX IIETICH C CUCTEMOMN TATOBOTO
AIIEKTPOCHAOKEHUS U, KaK CIIEIICTBHE, MOBBIILICHHUs] OS30IIACHOCTU JBIKCHUS HA YKEJIE3HOJOPOKHOM TPAHCIIOPTE.
Metoauka. [t TOCTHXKEHUS! TIOCTABJICHHOM LIEJIM MCIIOJIb30BaHbl METObI HAyYHOTO aHAlIN3a, MATeMaTH4YeCKOro
MO/JICTTUPOBAHHUS, SKCIEPHUMEHTAILHOIO HCCIIeIOBaHKs, MacIITabHOro MojenupoBaHus. Pesyabrarsl. [IpoBeneH-
HbIC TCOPCTUUYCCKNUE 1 SKCICPUMEHTAJIBHBIC UCCIICA0BAaHUA CBUACTCIILCTBYIOT O TOM, YTO IPHU HUCCIICAOBAHUN DJICK-
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TPOMArHUTHBIX HPOLIECCOB B CHCTEME (KOHTAKTHAs CETh-PENbCHI-3€MJIS» B Quama3oHe dactoT 1o 1| MI'm moxkHO
CUYUTaTh, YTO penbcoBas 1enb (PLI), kak mpueMHUK MOMeX, pacrojio’keHa B OJIMKHEH 30HE. DTO MO3BOJIIET TOBO-
PHUTH 00 3IEKTPOMATHUTHOM MOJIE€ TIOMEX KaK O CTAI[MOHAPHOM M PacCMaTPHBATh €r0 KaK COBOKYIHOCTH JIBYX CO-
CTaBJIAIOUINX (RJIEKTPUYECKON U MarHUTHOM), KaXkaasd U3 KOTOPBIX UMEET CBOM MEXaHM3M BO3JEHCTBHA Ha NpUEM-
HUK. B pesynerate uccienoBaHMs IOMy4YeHAa TEOpeTHYeCKas M 3KCIIepUMEHTaJbHas 3aBHCHMOCTh HAaBEJECHHOM
B NpOBOJie-IpHeMHUKe AneKkTpoaBkyme cuibl (3JC) ot yacToThl Toka nmoMexu. IlomyyeHa yactoTHas 3aBUCH-
MOCTb OTHOCHUTEJIHOHM IOTPEIIHOCTH MO JaHHBIM «TEOpUs-dKCIEepUMEHT». J[oKa3aHa ajeKBaTHOCTh NPUMEHEHHOM
MaTeMaTH4eCKOH MOJIENIN IKCIIEPUMEHTANILHBIM JaHHBIM 10 KpuTepHio Buikokcona. Hayunas HoBu3na. Pe3yib-
TaThl IPOBEIEHHS SKCIEPUMEHTAIBHOIO U TEOPETUUECKOr0 UCCIEAOBAaHUNA MarHUTHOTO BO3JEHCTBUS OJHOIO KOH-
Typa Ha Apyroil nalT coBnajeHue B yacToTHOM auanazone 10 1000 'y co cpenHel OTHOCUTENBHOM MOTPELIHOCTHIO
2,33 %. Ilpn yBEeIWYEHHUH YaCTOTHI TOKA IMOMEXHM HAOIIOJAETCSl YBEPEHHBIH POCT CPEAHEH OTHOCHTENBHOMN
MOTPEITHOCTH MEXIy PACCUMUTAaHHBIMA M M3MEPEHHBIMU 3HAUCHHSMH HaBeJeHHOW B mposone-nipuemuuke D/IC.
IIpakTHyeckass 3HAYNMOCTDb. [loATBEpKACHA aEKBaTHOCTh MAaTEMATHUECKOTO ammapara MOJIy4YEeHHbIM SKCIEpH-
MEHTAJIBHBIM JaHHBIM TI0 KPUTEpUIO0 BUIKOKCOHA Ha ypOBHE 3HAYMMOCTH 5 %, YTO MO3BOJIAET B JIMANA30HE 0
1000 I't ucrionp30BaTh MPUMEHEHHBINH MaTeMaTHYECKUI anmapar I UCCIEJOBAaHMS 3JIEKTPOMArHUTHBIX IPOLEC-
COB B MHOI'OITPOBOAHBIX JIMHUAX U B CUCTEME «KOHTAKTHAasA CCTh-PEIILCHI-3EMJIS) B YaCTHOCTH. Honyqeﬂﬂme pe-
3yJIbTaThl MOTYT OBITh TOJIE3HBIMH IIPH MPOEKTUPOBAHHMH, UCCIECIOBAHUN M OOECIIEYeHHH SJIEKTPOMArHUTHOU CO-
BMECTUMOCTH PEIILCOBBIX LIETICH C CHCTEMOH TATOBOTO IEKTPOCHA0KEHHSI.

Kniouesvie cnosea: KOHTaKTHas CETh; PEILCOBBIC IIENH; KOHAYKTUBHOE BIUSHNIE; MATHUTHOE BIMSHUE, HAaBEICH-
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IMPACT MECHANISMS RESEARCH IN THE CONTACT
NETWORK ON RAIL TRACK CIRCUITS

Purpose. Electromagnetic processes in «contact network-rails-earth» system should be researched for the pur-
pose of electromagnetic compatibility rail circuits with traction power supply system providing and improving traf-
fic safety on railway transport. Methodology. The methods of scientific analysis, mathematical modeling, experi-
mental investigation, scale modeling have been applied to achieve this goal. Findings. Conducted theoretical and
experimental investigations, indicate that electromagnetic processes in the «contact network-rails-earth» system in
nearest zone in frequency range up to 1 MHz and it give us an opportunity to consider, that electromagnetic field of
hindrance consists of two components: electric and magnetic. Each of them has its own mechanism to influence the
rail circuits. In consequence of research the theoretical and experimental dependences of electromotive force in-
duced in wire-receiver from the hindrance current frequency have been received. The frequency graph of relative
error according to data «theory-experiment» has been received. The adequacy by Wilcoxon criterion of mathemati-
cal model to experimental data has been proved. Originality. The results of theoretical and experimental investiga-
tions of magnetic influence between two contours gives us a concurrence in frequency range up to 1000 Hz
with average relative error 2, 33 %. With hindrance current frequency one can observe certain increasing the
average relative error between calculated and measured values of electromotive force induced in the wire-receiver.
Practical value. The adequacy by Wilcoxon criterion of mathematical model to experimental data has been proved
on significance level 5 %. It gives an opportunity to use this mathematical apparatus for the investigation of elec-
tromagnetic processes in lines with plenty of wires and in «contact network-rails-earth» system in range up to 1000
Hz. The obtained results can be useful in designing, researching and providing electromagnetic compatibility of rail
circuits with traction power supply system.

Keywords: contact network; rail circuits; conducted influence; magnetic influence; induced electromotive force
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DETERMINATION OF BRAKING OPTIMAL MODE
OF CONTROLLED CUT OF DESIGN GROUP

Purpose. The application of automation systems of breaking up process on the gravity hump is the efficiency
improvement of their operation, absolute provision of trains breaking up safety demands, as well as improvement of
hump staff working conditions. One of the main tasks of the indicated systems is the assurance of cuts reliable sepa-
ration at all elements of their rolling route to the classification track. This task is a sophisticated optimization prob-
lem and has not received a final decision. Therefore, the task of determining the cuts braking mode is quite relevant.
The purpose of this research is to find the optimal braking mode of control cut of design group. Methodology. In
order to achieve the purpose is offered to use the direct search methods in the work, namely the Box complex
method. This method does not require smoothness of the objective function, takes into account its limitations and
does not require calculation of the function derivatives, and uses only its value. Findings. Using the Box method
was developed iterative procedure for determining the control cut optimal braking mode of design group. The pro-
cedure maximizes the smallest controlled time interval in the group. To evaluate the effectiveness of designed pro-
cedure the series of simulation experiments of determining the control cut braking mode of design group was per-
formed. The results confirmed the efficiency of the developed optimization procedure. Originality. The author for-
malized the task of optimizing control cut braking mode of design group, taking into account the cuts separation of
design group at all elements (switches, retarders) during cuts rolling to the classification track. The problem of de-
termining the optimal control cut braking mode of design group was solved. The developed braking mode ensures
cuts reliable separation of the group not only at the switches but at the retarders of brake position. Practical value.
The developed procedure can be successfully used to determine the optimal braking modes of cuts in automation
systems of trains breaking up on the gravity humps.

Keywords: marshalling yard; gravity hump; braking mode; cut; Box method

Introduction

The control of trains breaking up on gravity
humps is quite complex mathematical and techni-
cal problem, which is characterized by a high de-
gree of responsiveness, the insufficiency or the
absence of accurate information about the con-
trolled object, the impossibility of formalizing all
random factors and processes.

The main direction of the gravity humps effi-

ciency improvement is automation of trains break-
ing up process [19]. One of the most important and
difficult tasks of trains breaking up process control
in automatic mode is to determine the braking
modes (BM) of trains cut, which provide the best
conditions of separation on separating elements
(switches and retarders) and the fulfillment re-
quirements of target regulation of rolling speed of
cuts [16-18]. A number of scientific papers were
devoted to solve the optimization task; however, as
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a rule, design basic group is considered as a group
of three cuts with controlled medium cut. In work
[7] the objective function of optimization problem
of controlled cut breaking mode of the design
group in the following form

min{d¢,, dt);} = max, (1)

where 0t,,, 6t,; — intervals on switches, respec-
tively, in the first and second cut pairs of design
group.

To solve the problem of optimization for crite-
rion (1) in the work [5] the author proposed to use
gradient methods. However, the use of gradient
methods for solving the problem (1) requires its
transformation into smooth function, which greatly
complicates the optimization process. In the work
[2] was proposed more universal method to opti-
mize braking modes not only for the design group
of cuts, but the train as a whole. But, first of all, this
method is quite complicated and unmanageable, and
secondly, does not always provide the required ac-
curacy solution, because the objective function in
this problem is not smooth. To address these short-
comings in work [4] solving the optimization prob-
lem of train cut BM was made with using iterative
method. This method allows determining before the
trains breaking up such cuts BM at which intervals
on the switches in all cut pairs, including non-
adjacent, take the maximum value [3].

However, the typical shortcomings of methods
[2-5, 7] are optimization problem solving of cuts
BM in the determined formulation. Completed re-
searches [11] showed that the influence of random
factors and inaccurate information complicate the
definition of rational cuts BM at train breaking up.
In this regard, in [9, 10] optimization of cuts inter-
val speed control is proposed to do on the base of
the criterion of the minimal risk of undivided cuts
on switches. This approach allows solving the op-
timization problem of cuts BM at stochastic rolling
conditions, which gives an opportunity to take into
account the influence of random factors in the
process of trains breaking up on the hump.
The problem definition of cut BM in the proposed
[9, 10] criterion is solved in [8]; with the resulting
profiles ensure minimum value windows on the
sorting tracks and minimal risk of undivided cut on
the switches at a given level safety sorting process.

The given analysis of scientific papers showed
that optimization of cuts BM is done in case of

their reliable separation only on the switches; thus
cuts separating on the retarder of hump are not in-
cluded, or considered as restriction [12], which
does not maximize the quality of regulation inter-
val on all separating elements of humps. Moreover,
given in [12] method of searching these restrictions
is quite complex and requires for its implementa-
tion the use of simulation and regression analysis,
which in turn complicates the application of the
technique in automation trains breaking up systems
on the hump.

The authors in work [6] noted that the optimi-
zation of the braking cut of the design group
should be considered not only at intervals separat-
ing switches and in the first retarder of the first
(FBP) and second (SBP) brake position. This ap-
proach in solving the optimization problem of BM
will improve the quality of interval regulation at all
separating elements of hump and, therefore, the
safety of the trains breaking up process.

Purpose

The aim of this work is to solve the optimiza-
tion problem of the design group braking cut based
on the intervals between switches and retarders of
brake positions.

Methodology

The braking mode U(U,U") of design group
controlled cut is characterized by its set speed out

of the FBP and SBP respectively U and U .

The task of optimizing braking mode U of
controlled cut of the group is to find such a mode,
which ensures reliable separation of all group cuts
both at the switches, and at the retarders of FBP
and SBP. At this regard, the best for controlled cut
is the braking mode U, in which the smallest of
intervals in the group reaches its maximum:

£ =min{dt,(U), 8t,,(0), 5t/ (U)
85" (U), 8thy " (U), 835" (U)} — max,
AtUeQ )

where 8¢V, 8% — the interval between adjacent

cut on the first retarder of FBP and SBP respec-
tively; Q — the domain of permissible speeds
(DPS) of cuts coming out of FBP and SBP.

It should be noted that the number of variables
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in (2) depends not only on cut routes of the group,
but also the relative position of switches and brake
positions scheme at the gravity hump.

In [6] is found that for hump necks with 4
beams of classification tracks exists 9 characteris-
tic destination track combinations and accordingly,
separating switches to groups of 3 cuts, which dif-
fer in the number and placement of separating ele-
ments on FBP and SBP and respectively, the num-
ber of intervals of objective function (2).

Thus, according to [6], the number of intervals
in the group can vary from 2 to 6, due to the lack
of separation cut on FBP and (or) on the SBP un-
der certain combinations of routes of their move-
ment. Moreover, at the same time, conditions may
vary and adjustment intervals between cuts — inter-
val can be unregulated, can depend only on the
braking on FBP or breaking on both positions —
FBP and SBP. These features greatly complicate
solving the optimization problem of controlled cut
braking mode of the design group.

The objective function (2) is an undifferenti-
ated, plain and nonlinear function, while its deriva-
tives have discontinuities at the points where

Optimization beginning

dt, =dt;,i# j. Taking into account these charac-

teristics to solve the optimization problem (2)
should be used methods of direct search (zero-
order) as they do not require smoothness and de-
rivatives calculation of the objective function, and
use only its value. In this paper, to solve the prob-
lem (2) was used the complex Box method [15].
The minimum function search is performed with
the help of dots set moving to the direction of its
minimizing within the restriction region. As the
indicated method minimizes the objective function,
therefore, the sign of the objective function f was
changed to —f .

The complex Box method provides a sequential
selection of k& random points, which form the set.
The number of such points is k£ =2n, where n —
the dimension of the problem. As braking mode of

cut is presented with speeds U and U", the di-
mension of the problem is n=2. In general, the
optimization procedure of the separate cut braking
mode using the Box method can be represented in
the form of an iterative scheme, which is shown on
Figure 1.

1

Step 1. Initial complex
construction

CO—

complex’s points

Gravity centre definition {(k-1)

Starting point definition x. Display point x,, to point X,

S B

|

|  Step 5. Conditions check |

|  of complete optimization I
I

r

Following definition
from {k-1} points.

Step 4. Check

admissibility xr point

|
Objective function 1
calculation 1 (x1) 1

—— —

—__1___,

I
] Step 3. Check point
] belengings x, ODSH

Parameters calculation
; DandL

%, (new)={ x, + x0N2

.<lﬁ§ﬁh>“1a
Yes
| Optimization completed
I

|
@_.l Objective function
|

Step2. Complex reflection | calculation fr = f {x,)

Point definition x,

o

Fig. 1. Optimization procedure of controlled cut braking mode using Box method
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Step 1. In the first step of the optimization pro-
cedure it is necessary to obtain the set with &
points. In turn each point of the set x; is character-

ized by the following parameters U,,U, , the value
of which is defined by the formulas

-U,

l,min) b

U, =U,

i,min

Ui =f(U)=

where i — point number of the set, i=1, 2,..., k;
r, — random numbers, uniformly distributed in the

interVal [0, 1] ; Ul(rzqm > Ul(r'?]ax

+r(U

1,max

-U

i,min )7

"
l min }/; (Ui,max

— the minimum and

maximum coming out speed of cut from FBP
(SBP), which is determined by its DPS (see Fig. 2).

It is essential to note that all points of initial set
are acceptable, as determined within DPS. In each
of the k set points is determined by the value of

objective function f;(X;) .

U", m/s

i,max

5

4 DPS

3

i,min

i,min i,max

m/s

Fig. 2. Determining of U,,U; in
DPS of controlled cut

Step 2. Selected point x, with the largest value
of the function f(x), that is

S = f (%) =maxify, £,

and it is eliminated.
The new set point x,

Jiks

is determined by the
point reflection x, through the center of gravity
X, the other k£ —1 points

X, =(l+0)x, —ax,,

where a — the empirical reflection coefficient (ac-
cording to [14] accepted « =1,3).
In turn, the gravity center of k£ —1 set points is

determined by the formula

1 k
(B n)
=

Step 3. In this step the point x, is checked to

the identity to the domain of cuts exit permissible
speed from FBP and SBP. To perform this verifi-
cation the computational geometry method [13] is
used, which is based on the position checking of
the x, in respect of each DPS sides.

If the point x, does not belong DPS, it is
moved on the half of the distance between x, and

X, , that is

(x, %)
e

After this re-check of the x, identity to DPS is
done; this step is performed until reception of ac-
ceptable point x, .

Step 4. In this step, the check of the point
x, validity is performed. The value of the function
f. = f(x,) is calculated and compared with f, . If
f, < f, (the improvement of the objective func-

3)

X, (new) =

tion), the point x, replaces point x, and go to step
5.

In case if f, > f,, that is “worse” than the larg-
est value, which was obtained earlier, the point x,
is shifted to the center x, on the half of the dis-

tance between them by the formula (3), and the
calculation process returns to step 3. The above
procedure is performed until the condi-
tion f, < f, is met.

Step 5. This step involves checking the condi-
tions of optimization completion. For this purpose
the dispersion D calculation is performed for &
values of the objective function and the distance L
between the points of the set x; and their gravity

center X, :

p=13(rx)-7) .

i=1

»I»—

L=

k
2(x %)
i=l1
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The optimization process is completed if
D<eg, i L<g, (&,,&, — permissible error solu-
tion), otherwise, proceed to step 2 and repeat the
optimization process.

Findings

To check the developed optimization procedure
effectiveness of the braking mode of design group
cut was performed series of experiments. In par-
ticular, the optimization task of braking mode of
the medium cut of design group (hard-rolling cut
(HRC))-easy-rolling cut (ERC,)-hard-rolling cut
(HRC5)) at various combinations of rolling routes
was solved; while, for comparison, the optimiza-
tion was performed using two methods.

In the first method, which was developed in
this work, search of the best braking mode was
performed on the base of criterion (2) and the sec-
ond method proposed in [12] involves intervals
maximization between cuts of the group only on
the switches. The results of the optimization using
two methods are given in Table. 1.

As the table shows, using the second method
set breaking mode provides maximum and equal
intervals on the switches, but it leads to a signifi-
cant reduction some of them (comb. 7). At the
same time, the first method allows to increase the
intervals value not only on the switches but on re-
tarders of FBP and SBP (comb. 2-4, 7), which, in
turn, reduces the fail risk of cuts non-separation
under conditions of performance error of their set
braking modes [1].

Table 1

The results of optimization the braking mode of the medium cut of group HRC,;-ERC,-HRC;

Comb| o, | o, [Method | /' m/s | U, m/s 8t,. s 3t s 8" s 8t,,. s 8y, s 8t
1 ~ ~ 2,27 - - 423 - -
1 |11
2 ~ ~ 227 _ _ 423 - _
1 6,90 3,15 2,27 - - 8,10 6,37 -
212 2 3,43 4,40 2,27 - - 2,28 5,91
1 6,90 5,19 2,27 - - 9,35 6,37 8,08
P 2 421 4,99 2,27 - - 2,27 5,91 2,45
1 3,03 3,79 5,60 2,45 - 423 - -
S 2 4,60 2,50 4,23 2,45 - 4,23 - -
1 4,43 2,86 4,39 2,45 - 4,39 5,91 -
S22 2 4,44 5,16 4,38 2,45 - 4,39 591 -
1 4,72 5,36 4,12 2,45 - 5,38 5,91 4,12
© 1% 2 4,53 5,23 4,29 2,45 - 4,30 5,91 3,55
2 s 1 3,03 3,79 17,67 2,45 9,77 4,23 - -
2 6,90 4,27 4,23 2,45 1,23 4,23 - -
1 4,79 3,39 14,62 2,45 5,02 5,02 5,91 -
51707 2 6,90 3,46 8,08 2,45 1,23 8,10 6,37 -
o |s|s 1 4,96 5,36 4,65 2,45 4,65 5,91 5,91 4,65
2 4,70 5,36 5,27 2,45 5,20 5,28 5,91 4,06
Note:

«~ « —unspecified breaking mode
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Originality and practical value

The scientific novelty of this work is in the
procedures development of the controlled cut brak-
ing mode optimization of the design group, which
ensures the best conditions of cut separation both
on the switches and retarders of hump rolling down
part.

Developed procedure can be used to solve the
problem of process control of cut rolling on the
automated gravity humps.

Conclusions

1. Formalized optimization problem of con-
trolled cut braking mode of the design group taking
into account the group cuts separation on the
switches and brake position retarders. This ap-
proach allows providing reliable group cuts separa-
tion on all elements (switches, retarders) during
their rolling to the classification tracks.

2. Developed the iterative optimization process
of controlled cut braking mode of the group using
Box method. The experiments results analysis
showed that the method is quite effective and can
be successfully used to solve multi-objective prob-
lem of cuts braking mode optimization of train,
which is broken-up on gravity hump.
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OIIPEAEJIEHME OIITUMAJIBHOI'O PEZKUMA TOPMOKEHUA
VIIPABJSIEMOI'O OTHENA PACYETHOM I'PYIIIbI

Heas. BEeapenue cucrteM aBTOMaTH3alUK MIPoLecca pacOpMUPOBAHKS COCTABOB HAa COPTHPOBOYHBIX TOPKAX
HATpaBJICHO B OCHOBHOM Ha TMOBHIIEHNE 3P PEeKTUBHOCTH NX PYHKIHOHUPOBAHUA, O€3yCIOBHOE OOecIeueHne Tpe-
6oBaHMIT 0€30IIaCHOCTH POCITyCKa COCTABOB, a TAKXKE yJIYUIICHUE YCIOBUIl Tpyna mepcoHana ropku. OxHa U3 oc-
HOBHBIX 3a[a4 YKa3aHHbIX CHCTEM — O0ECIEUEHUE HAZEKHOTO pa3/iesIeHHs] OTLIEIIOB COCTaBa HA BCEX JIEMEHTAX 10
MapIIpyTy UX CKaThIBAaHWA Ha IIyTH COPTUPOBOYHOIO IMapKa, KOTOpast SIBISIETCS JOCTATOYHO CIIOKHOW ONTHUMHU3AIN-
OHHOW 3aJayell M He MOoJy4YHiIa OKOHYATEeNbHOTO perieHus. [loaTomy, 3anada onpeneseHns peKUMOB TOPMOKEHHUS
OTLETIOB COCTaBa SIBJISIETCS IOCTATOYHO aKTyalbHOH. Llenbro naHHOW paboTHI SBIISIETCS OMCK ONTUMAaJIbHOTO pe-
’KMMa TOPMOXEHHUs YIPAaBIAEMOro OTlena pacueTHor rpynnsl. Meroguka. s TOCTHKEHUS IIOCTABICHHOU B pa-
00Te 1eny npeaaraeTcsi HCIoJIb30BaTh MPSIMbIE METO/IBI TIOMCKA, 8 UMEHHO — KOMIUIEKCHBIH MeTox bokca. /laHHbIi
METOJl He TpeOyeT INIaAKOCTH 1eJIeBOi (QYHKINH, YINTHIBAET €€ OTpaHUUYCHNUs, a TaKXKe He TpeOyeT pacyeTa Npou3-
BOJHBIX (PYHKIMH, a UCHOIB3YET TONBKO ee 3HadeHue. PesyabTaTsl. C ncnons3oBanueM mMerona bokca Obuia pas-
paboTaHa WTEpalMOHHAS IPOLEAYpa OIPEACICHHS ONTUMAJIbHOTO PEKHMa TOPMOKEHHS YNPABISIEMOTO OTIENa
pacdeTHO# IpyImnbl, KOTOpas MO3BOJISET MAaKCHMHU3UPOBATh HAUMEHBIINH M3 YIPaBISEMBbIX HHTEPBAJIOB B IPYIIIE.
st ouenkn 3¢ (eKTHBHOCTH pa3pabOoTaHHON MPOLEAYPhl IPOBEIEH PAA UMHUTAILIMOHHBIX 3KCIIEPUMEHTOB IO OIIpe-
JIENICHNIO PEXXUMa TOPMOKEHHUS YIIPaBJIIEMOT0 OTLENA pacueTHON rpymnmnsl. [lomyueHHble pe3yabTaThl MOATBEPAMIN
3¢ GEeKTHBHOCTH pa3paboTaHHON Mporexypsl onTuMu3anun. Hayuynasa HoBu3Ha. ABTOpoM Obuta (popMann3oBaHa
3a/1a4a ONTUMU3ALUN PEXUMA TOPMOKEHUS YIPABIAEMOr0 OTLEIA PACUETHOU IPYIIIBI C YYETOM Pa3/ElIeHUs OTLE-
OB I'PYIIBI HA BCEX JIEMEHTax (CTpesKax, 3aMeJUIMTENsX) IPH UX CKaThIBAHMU Ha COPTHPOBOYHBIE MMyTH. PereHa
3aada MoucCKa OlTUMAaJIbHOTO PEKMUMaA TOPMOKEHHUA YIIPABIICMOT'0 OTLETIA I'PYIIIEBI, ITIPU KOTOPOM O6eCHe‘il/IBaeTCﬂ
HaJIS)KHOE pa3JielIieHHe OTLEIOB TPYIIIbl HE TOJIBKO Ha CTPEJIOYHBIX MEPEBOJAX, a U HA 3aMEIJIUTEINISIX TOPMO3HBIX
MO3UIMHA cIyCKHOHM yactu ropku. IlpakTudeckast 3HauuMocTh. PazpaboTanHas mpoleaypa MOXeT ObITh yCIEITHO
UCIIOJIb30BaHa TPH ITOMCKE ONTUMAIBHBIX PEKMMOB TOPMOKEHHUS OTLETIOB B CHCTEMaX aBTOMAaTH3alMK pachopmu-
POBaHHMS COCTABOB Ha COPTUPOBOYHBIX TOPKaX.

Kniouegvie cnosa: copTUpOBOYHAs TOPKA; PEXUM TOPMOXKEHHS; OTLEIT; KOMIUIEKCHBINH MeToz bokca
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BU3HAYEHHSA OITUMAJIBHOT'O PEXXUMY I'AJIBMYBAHHA
KEPOBAHOI'O BIJUEIIA PO3PAXYHKOBOI I'PYII

Mera. BrnpoBamkeHHS CHCTEM aBTOMATH3allii Mpouecy po3(dOopMyBaHHS COCTaBiB Ha COPTYBAJIBHUX TipKax
CIpsMOBaHE B OCHOBHOMY Ha MiIABHINEHHA e(eKTUBHOCTI iX (yHKIiIOHYyBaHHS, Oe3yMOBHE 3a0€3IE€YCHHS BUMOT
0e3MeKH PO3IyCKy COCTaBiB, a TAKOXX IMOKPAIICHHS YMOB Ipalli mepcoHany Tipku. OfHa i3 OCHOBHHX 3aad BKa3a-
HUX CHUCTEM — 3a0e3IeueHHs HaIIifHOTO PO3IIJICHHS BiUEIiB COCTaBa Ha BCIX €IEMEHTaX MAPIIPYTY iX CKOUYBaHHSI
Ha KOJIii COPTYBAJIBHOTO HapKy, SIKa € JIOCUTh CKJIaJHOI0 ONTHMI3alliifHOI0 3a/lauelo 1 He OTpUMajia OCTaTOYHOTO
BupinieHHs. ToMy 3a/1aua BU3HAYCHHS PEXHMMIB rajibMyBaHHs BIAYEIiB cOCTaBa JI0OCTaTHBO aKTyaibHa. MeTolo Ja-
HOi poOOTH € MOIIYK ONTUMAILHOTO PEXUMY I'aJbMyBaHHs KEPOBAHOTO BiJuena po3paxyHKoBOi rpynu. MeToauka.
Jlnist TOCATHEHHSI MOCTaBJIEHOI y poOOTI METH NMPOINOHYETHCSI BUKOPUCTOBYBATH NPSIMi METO/U ITIOIIYKY, a came —
KoMIUTeKCcHIH Meton bokca. JlaHuit MeTox He BUMarae ri1agKocTi HiTboBOi (yHKIIi, BpaxoBye ii 0OMeXeHHs, a Ta-
KOX He MoTpedye po3paxyHKy MOXiAHUX (YHKIIT, a BAKOPUCTOBYE Juile ii 3HaueHHs. Pe3yabTaTH. 3 BUKOpUCTaH-
HAM Merona bokca Oymo po3poliieHo iTepalliifHy mporeaypy BH3HAYEHHS ONTHMAJIbHOTO PEXUMY TajJbMyBaHHSI
KEpPOBAaHOTO BiAdyerna po3paxyHKOBOi TPYIH, SKa I03BOJISE MAaKCHMIi3yBaTH HAaWMEHIIHMH i3 KEPOBAaHWX IHTEpPBAIiB
y rpymi. st oniHKK e(eKTUBHOCTI pO3pOOJICHOT MPOLeypH POBEACHO PsiJl IMITAIIIHHIX €KCIIEPUMEHTIB i3 BU3HA-
YEHHsI PeXKUMY TaJlbMyBaHHsI KEPOBAHOTO Biguena po3paxyHkoBoi rpynu. OTpumaHni pe3ysbTaTd HiITBepAnIn ede-
KTUBHICTh po3po0iieHol npouenypu ontumizanii. Haykosa HoBu3Ha. ABTOpoM Oyia opmarizoBaHa 3a/1a4a ONTH-
Mizalii pexuMy rajbMyBaHHS KEPOBAHOTO BiJuerna pPO3paxyHKOBOI IPYNH 3 ypaxXyBaHHSIM PO3AUICHHS BiI4eHiB
TPYNU Ha BCIX €JIeMeHTax (CTpilKax, YHOBUIbHIOBaYax) IPH IX CKOYYBaHHI Ha KOJii COpPTyBalbHOTO mapky. Bupi-
IICHO 3aJa4y IMOLIYKY ONTUMAJIHOTO PEXXUMY I'aJbMyBaHHS KEpPOBaHOTO Bigderna IpyIH, PH SKOMY 3a0e31edyeTh-
cs HaNiffHe PO3MIJICHHS BiqUYEIiB TPYNH HE JIUIIC Ha CTPLUIOYHUX IEPEeBOJaX, a i Ha YHOBUIBHIOBaYaX TalbMOBUX
mo3uMii cryckHoi yacTuHU ripku. [IpakTuyna 3HauuMicTh. Po3pobnena nporenypa Moxke OyTH YCIIITHO BUKOPH-
CTaHa IPY BU3HAYCHHI ONTUMAIBHUX PEXHMIB TaJbMyBaHHSA BiJUeliB y CHCTEMax aBTOMAaTH3allil po3dopMyBaHHS
COCTaBiB Ha COPTYBAIBHUX TipKax.

Knrouoei crosa: copTyBabHa TipKa; peXHUM ralbMyBaHHS; Bi4er; KoMILIeKCHUI Meton bokca
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OIIPEAEJIEHUE PACYETHbBIX OB BEMOB PABOT IJIsA
MATUCTPAJIBHBIX U ITPOMBILIJIEHHBIX
KEJE3HOJOPOXKHbBIX CTAHIIUN

Heab. Ctarhs HalpaBiIeHa HA COBEPIICHCTBOBAHHE METOMOB OIICHKH HEPABHOMEPHOCTH IPY30BBIX MEPEBO30K
W ONpEJICNICHHs PACUETHBIX 00BEMOB pabOT ISl JKEJIE3HOAOPOKHBIX CTAHIIUA M TMOABE3AHBIX MYTEH MPOMBIILICH-
HBIX mpeanpustaii. Meroauka. B xauecTBe METOIOB MCCIIEMOBAHUS JUIA OIIEHKH PACUYETHBIX 0OBEMOB TPY30IIOTO-
KOB U T'PYKCHHBIX BaroHOIIOTOKOB HCIIOJIB30BaHbI MCTO/bI MaTeMaTH4YeCKON CTaTUCTHUKH, B YaCTHOCTHU, MCTOIbI
aHaJin3a BPEMCHHBIX PAA0B; IJId OUHEHKHW PACHYCTHBIX OGT)eMOB TMOPOKHUX BAaroHOIOTOKOB NPUMCHAJIIMCb METO/IbI
MaTeMaTH4ecKoro MozeiaupoBanus. Pesyabrarel. PacueTHble 00beMbl pabOTHl MaruCTPAILHBIX U ITPOMBIIUIEHHBIX
JKEIIE3HOTOPOIKHBIX CTAHIMA OMPEACIAIOTCS C YYETOM MECSYHON M CYTOYHOW HEPaBHOMEPHOCTH. MECSYHYIO0 He-
PaBHOMEPHOCTH IpeJIaraeTcsl OIICHUBATh M0 OTHOIICHUIO K TPEHIY TOKa3aTels 3a MOCIeIHIe 3—5 JIeT, MOCTPOCH-
HOTO C UCIIOJIb30BAaHHEM METOJIa B3BEIICHHOMN CKONB3SIICH cpenHeil. B kauyecTBe pacueTHOTO meprona Ui OICHKH
CYTOYHOW HEPaBHOMEPHOCTH MPE/JIaraeTcs UCMOab30BaTh 30-TH THEBHBIA MEPUOJ] B MPEABIIYIIEM TOAYy C HaW-
OOJIBIINM CyMMapHbIM 00beMOM PaboT. PazmMepsl pacueTHBIX MOPOKHUX BArOHOMOTOKOB MPELIAraeTCsi ONPEICIsATh
HA OCHOBAHUH TPYKCHHBIX BArOHOIOTOKOB C MATPHIEH BEPOSITHOCTH HCIIOJIH30BAHKS BAaroHOB MO/ CIABOCHHbBIC
omepanyy. BeimonHeHa poBepka MmpeayiaraeMoro MeTo/ia ImyreM pacyera 00peMoB padot st 2014 roga o JaHHBIM
NPEIIIECTBYIOIMX BPEMEHHBIX MEPUOAOB. Pe3ylbTaThl MPOBEPKU IOKA3aJIM, YTO Mpe/ylaraeMblii METOJ, MO CpaBHe-
HHUIO C TPaIUIIMOHHBIM, 0OecieunuBaeT 00jiee BHICOKYIO YCTOWYHMBOCTh PE3YJILTATOB MPU M3MECHCHHUH BPEMEHHBIX ITc-
PHOJIOB, UCTIOJIB3YEMbIX JUIS aHAIIU3a, a TaKXKe 00Jiee TOUHYIO OLIEHKY pacueTHbIX 00beMoB paboTsl. Hayunast HoBu3-
Ha. ABTOpaMl/I YCOBCPIIECHCTBOBAHBI METOABLI ONPEACTICHUA PACHETHBIX O6"beMOB pa6OTbI JJI KCIJIE3HOJOPOKHBIX
CTaHIIMH 33 CUST UCIIOJIB30BaHUS METOAOB aHAIN3a BPEMEHHBIX psnoB. [IpakTudeckasi 3HaYAMOCTSH. [IpemioxeH-
Hasi METOJMKA MO3BOJISIET 00Jiee TOYHO OIICHUTHh NEPCICKTHBHBIC 00BEMBI Pa0OTHI H, 32 CUET ITOTO, CHU3UTH BEIU-
YHHY KalUTaIbHBIX PACX0JI0B, CBA3aHHBIX C PA3BUTHEM CTAHIIWH, M KCIDTYaTallMOHHBIX PACcXO0B, CBI3aHHBIX C HX
(dyHKIMOHUpOBaHWEM. MeToiKa Tak)Ke MOXET ObITh HCIIOIb30BaHA IPU COBEPIICHCTBOBAHHUHM HOPMATHBHBIX
U METOAMYECKUX JOKYMEHTOB, PETIAMEHTHPYIOIINX MPOCKTHPOBAHKUE U Pa3pabOTKy TEXHOJIOTHYECKHUX IMPOIIECCOB
paboThl MATMCTPAIBHBIX M HPOMBIIIICHHbBIX JKEIE3HOAOPOIKHBIX CTAHIIUH.

Kniouegbie cnoga: »ene3HoMOPOKHAS CTAHIINS; HEPABHOMEPHOCTD MEPEBO30K; BPEMEHHbIE PSJIbI; IPOSKTUPOBA-
HHE HKEJIE3HOJOPOKHBIX CTAHIIMIT; TEXHOJIOTHUECKHI MPOIIECC

CTBHS TEXHHUYECKOI'O OCHAILICHHUS JKEJIEC3HOAOPOXK-
HBIX CTaHIMH CYIIECTBYIOIIUM W TIPOTHO3HBIM
o0beMaM paboThl. [y BBINONHEHHUS 3TOH mpole-
Iypbl HCIOJB3YIOTCS pa3iIM4HbIE METOIbl aHANHU-
THYECKOTO, TpaguuecKoro, rpad0aHaIuTHYECKOTO,

BBenenue

[on BozaeiicTBHEM pa3zHOOOPAa3HBIX (PAKTOPOB
B COLMAJIbHOM M 3KOHOMHYECKOH cepe CTpaHsbl
C TEYCHHWEM BPEMEHH IIPOUCXOISIT MU3MEHEHMS Ha-

MIpaBJIEHUM, XapakTepa U 0ObEMOB I'PY30MOTOKOB,
4TO OTpakaeTcsi Ha oObeMax paboThl MarucTpaib-
HBIX KEJIE3HONOPOKHBIX CTaHIMH M MOABE3THBIX
IIyTE NPOMBILUICHHBIX IPEeIIPUATHIL. B 3TOMH CBSI-
31 BO3HUKAeT HEOOXOIMMOCTh MPOBEPKU COOTBET-

UMUTAIMOHHOTO MozenupoBanus [4, 16]. Heobxo-
JUMBIM 3TarmoM TaKOW MPOBEPKH SBISIETCS OIpe-
JIeJIEHUEe pacueTHBIX 00beMOB palboT. YUWTHIBad,
YTO Ha YCJIOBUS Pa0OTHI CTAHIIMI BIUSAET 3HAYH-
TEJNIHOE YHCIO CIy4YaiHbIX (AaKTOPOB, TO UX TEX-
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HUYECKOE OCHALCHHE MAOJDKHO HMETh PE3EPBEHI
MOIIIHOCTH JJIsl TIOTAlIeHHs] IMUKOBBIX HArpy3oK,
BO3ZHUKAIOUINX H3-32 HEPAaBHOMEPHOCTH IE€PEBO-
30K.

[Iponenypa ompeneneHus 3arpy3Kd OCHOBHBIX
3JIEMEHTOB CTaHLMN SIBJSIETCS DJIEMEHTOM paspa-
0OTKH WX TEXHOJOTHUYECKUX mporeccoB. B [9] yka-
3aHO, YTO JIaHHAs IPOBEPKA BBIMNOJIHACTCS HA IIpe-
IyCMOTpEHHBbIE B Trpaduke IBIXKEHUS pa3Mepsl
nepeBo3ok. Ilpu 3Tom pasMepsl OBUKEHHS TOE3-
JIOB B TIOCJICAHEM YCTAaHABIMBAIOTCS IIyTEM YMHO-
JKEHHSI CPETHECYTOYHOTO YMCIIa TPY30BBIX 1T0E30B
M0 TUlaHy Ha KOX(QQHUUHUEHT HEpaBHOMEPHOCTH
U TpuOaBICHUS K IOJyYCHHOMY MPOHM3BEICHHIO
IUIAHOBOT'O YHCJA XO3SAHCTBEHHBIX M TACCAXKHP-
CKUX II0€3/I0B.

B [15] noTpebHY0 MPOMYCKHYIO CIIOCOOHOCTH
IpU IOCTPOECHUM TpadUKOB IBIDKEHHUS I10E3/10B
IpeaIaraeTcs onpeaessTs o popmye

Ny =Nk, +N, + NP 1)

cbeMa p

rac Nrp — CPCAHCCYTOYHOC 3a IoJl YUCJIO I'PY30BbIX

noe30B; k, — K03(GHULUECHT, yUUTHIBAIOIIUH He-
00X0oaUMBIA pe3epB A OOecreueHHs CE30HHBIX
pasMepoB IBIDKEHHS; N, — JIOTIOJTHUTENbHAS

CbEMa
MIPOMYCKHAsA CIIOCOOHOCTh, HE0OXOoANMas s Mpo-
MyCKa MacCaXMPCKUX, COOPHBIX, YCKOPEHHBIX I'PY-

30BBIX 10€3/10B; N[ — pe3epB NOTPe6GHOM mporty-

CKHOHl CIIOCOOHOCTH, YYHMTBHIBAIOIIUIA CyTOYHBIC
KOJIeOaHUsI Pa3MEpOB JBIKEHUS TPY30BBIX MOE3-
JIOB.

BennunHa JaHHOTO pe3epBa ONpPEAEISeTCs I10
dopmyne

zG

N ==, )
rae z — Ko03(h(UIHUEHT, YIUTHIBAIOIIMKA YHCIIO
CpPeIHUX KBaJpaTHUECKUX OTKIOHEHWH; G — Cpell-
Hee KBaJIpaTHYecKoe OTKIOHEHHE TPy30BOTO Baro-
HOITOTOKA OT €r0 CPEeJHECYTOYHBIX 3a TOJ pa3Me-
pOB, Bar; m — COCTaB ITO€37a.

[Ipu BBHIMOIHEHUH TPOEKTHBIX PabOT B COOT-
BercTBUH C [10] moTpeOHas mporycKkHast ¥ mepepa-
OaTwIBaroOIIasl CIIOCOOHOCTh CTAHIUK JOJDKHA yC-
TaHABIHMBATHCS MO pa3MepaM Maccaxupo- U rpy3o0-
o0opoTa, ompeaensieMbIM Ha OCHOBaHUHM YKOHOMHU-
YECKMX HW3BICKAaHUH C Y4eTOM HEepaBHOMEPHOCTH
MEPEBO30K 0 MEecsAIaM, a TaKKe C y4eToM Kod¢-

¢uIMenTa, YIUTHIBAIOIIETO TEXHOJIOTUYECKHE IIe-
PEPBIBBI U HEOOXOAMMBII pe3epB i obecredeHus
BHYTPHUCYTOUYHBIX KOJIeOaHUI pa3MEpOB JBUKEHUS
MOE3/10B.

Yd4er HepaBHOMEPHOCTH MEPEBO30K IPHU IPO-
eKTUPOBAaHUM JKEJIE3HOJOPOKHBIX CTAHLUN BBI-
MONTHSETCS C TOMOIIBI0 KO3(PHUIIMEHTOB Hepas-
HOMEPHOCTH.

B [10] ykazaHo, WTO mMOKa3aTelieM HEpaBHO-
MEPHOCTH TEpPEBO30K SABISAETCA KOIPPHUUUEHT

BHYTPUIOAMYHOH HEPaBHOMEPHOCTH, KOTODBIH
ompenenseTcs no Gopmyre
M,

Y=a )
cp

rae M, — HauOoJIBIIMK MECSYHBIH TIPY30MOTOK,

TBIC. T; M, — CPEAHEMECSHBII IPY30MOTOK, THIC. T.

B cootBercTBuu ¢ [12] mpomyckHas U IIPOBO3-
Has CIOCOOHOCTH TMPOMBIIIIEHHOTO TPaHCIOPTa
U €ro CTAallMOHAPHBIX 00BEKTOB, ONPEACIIEMBIX Ha
pacueTHBIN CpPOK, JOJDKHA COOTBETCTBOBATH pac-
4eTHOMY 00BEMY MEpPEeBO30K (C YUETOM MX HepaBs-
HOMEPHOCTH T10 MECSIaM, a IPH HEOOXOIUMOCTH —
U CE30HHOCTHM) M HMETh pe3epB HE MeEHee
15 %. Ilpu mpoeKTUpPOBAaHUH TMPOMBIILIEHHOTO
TPaHCIOPTa, HETIOCPEICTBEHHO 00ECIIEUNBAIOILETO
(YHKIMOHUPOBAHUE TEXHOJOIMYECKHX IIPOLEC-
COB, HE JIOIMyCKAIOIINX OCTAHOBKH WJIH JUTUTEIHHO-
To TIepepbiBa, Pe3epB MOIIHOCTH TPAHCIOPTHBIX
COOpYKEeHUH gonmyckaercs npuHumars 10 100 %.

IIpy DpOEKTHUPOBAaHMU MOABE3NHBIX IyTEH
JIEKTPOCTAaHIIMM B COOTBETCTBUU C [7] myTeBoe
pasBUTHE >KEJIE3HONOPOKHBIX CTAaHLUUH IOJDKHO
COOTBETCTBOBaTh IPOEKTHOW MOIIHOCTH JIEKTPO-
CTaHIUH C y4eToM K03 duirienTa HepaBHOMEPHO-
cru 1,2.

B [8] npuBeneHo BEIpakeHUE TS ONPeaeTICHUS
kod(dduieHTa HEepaBHOMEPHOCTH HEMapIIpyTH-
3MPOBAHHBIX BarOHOMIOTOKOB IO MPUOBITHIO

2 —
+ (N NMI/IH)

MaKcC
b
+ NMI/[H )

HO3(, @

aKc

rae N,

Makc

— MaKCHMaJIbHBIM pa3Mep CyTOUYHOMN BbI-

IPy3KH 32 IO, BATOHOB B CYyTKHU; N,

MHUH
CYTOYHAas BBIIPY3Ka g MecAla, B KOTOPOM OHa
ObL1a MHHUMAITLHOM, BATOHOB B CYTKH.
KoaddurmenTs HepaBHOMEPHOCTH TaKKe HC-
MOJIE3YIOTCA IPU IPOEKTUPOBAHUH Pa3IMYHBIX

— cpenHe-
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TPAHCTIOPTHBIX 37IJaHUN U COOPYKEHU.

IIpn mpoexTHpoBaHUM TPY30BHIX CKIAJOB U
(pOHTOB TOTPY304HO-BHITPY304YHBIX padoT B [10]
PEKOMEHIIyeTCsl yCTaHaBIMBATh KOA(PPHULNEHTHI
HEPaBHOMEPHOCTH Il MPOMEXYTOUHBIX CTaHLUH
B 3aBUCHMOCTHM OT CYTOYHOI'O BaroHoo0opoTa
1,2—1,7, a ans 6onee kpynHbIX cTanumit — 1,1-1,2.

IIpoekTupoBaHue 37aHUN MACCAXKUPCKUX BO-
K3aJIOB TpeJIoiaraeT UCIoNb30BaHue KO3 QHIIH-
€HTa HEpaBHOMEPHOCTH, YUMTHIBAIOIIErO OTHOIIE-
HHE CPEIHECYTOUYHOrO ITOTOKA OTIPaBJICHHS Iac-
Ca)XMPOB 3a MHUKOBBIM NEPHOJ K CPETHECYTOUHOMY
MOTOKY OTHpaBieHud 3a rof [11]. B uwactHOCTH
IUIL PEYHBIX BOK3&JIOB KO3()(UIMEHT HEepaBHO-
MEPHOCTH OTIIPaBJICHUS [IACCAXKUPOB ONpPEeNsieT-
csl Kak

Kl = KMKcyr’ (5 )

rae K, — xo3bduuneHT Mecs4HOi HepaBHOMEp-
HOCTH 32 JICTHHH nepuon (uoup—asrycr); K., —

ko3 pUIHMEeHT CyTOYHOW HEPaBHOMEPHOCTH B Me-
CAIl MAaKCHMAaJbHOTO MAacCaKUPOIOTOKa, PaBHBIN
OTHOIIEHHUIO CPEAHEr0 KOJINYECTBA OTIPABIAEMBIX
naccaxxupoB 3a 5—10 cyTrox Hambomblero macca-
JKUPOTIOTOKA K CPETHECYTOYHOMY OTIIPABJICHHIO 32
JAHHBIM MeCSII.

J1s MOpcKkHX BOK3aJIOB KO3(QHUIIMEHT Hepas-
HOMEPHOCTH OTIPABJICHUS MACCAKHUPOB OMPEEIs-
eTcs Kak OTHOLICHHWE HauOOJNBIIET0 MECSYHOTO
OTIIPaBJICHUSI K CPEIHEMECSYHOMY 3a TIepHO]| Ha-
BUTAIINN.

Taxkum oOpa3oM, B HOPMATHBHOW JIUTEpaType
KO3 PUITMEHT HEPABHOMEPHOCTH PacCMaTpHUBACT-
Csl KaK OTHOIIIEHHE 3HAYEHUS TMOKa3aTells B IHKO-
BBII IEPUOJ K CpeTHEMY 3HAYEHHIO 3TOTO MTOKa3a-
Tens. JlaHHBIN MOKazaTenb onpeneseTca Ha OCHO-
BaHWU TPEAMIECTBYONIETO Nepruoa, JIM0O MPHHU-
MaeTcss B COOTBETCTBHM C  HOPMAaTHBHOMN
JIUTEePaTypoil.

OCHOBHBIMH HOPMATHBHBIMU JTOKyMEHTaMH,
PETIaMEHTHPYIONINME OIICHKY HEPaBHOMEPHOCTH
B I'Py30BOM JBIKEHHUH sBistores [8, 10, 12].

AHanu3 BeIpakeHUs (4) MOKa3bIBaeT, 4TO €0
MpeAesbHOE 3HAUEHUE HE MOXKET MpeBbIaTh 1,67,
YTO HE COOTBETCTBYET OIEHKE (HaKTUIECKHX KO-
3G UIMCHTOB HEPaBHOMEPHOCTH IMOCTYIUICHUS
BaroHOB Ha TOJIBE3/HBIE IYTH IPOMBIIUICHHBIX
MPEANPUATHN.

HcnonpzoBanue BelpakeHus (3) cBsA3aHO C ps-
JIOM TIpo0IIEM.

Bo-nepBriX, BBUY TOr0, YTO KOJIUYECTBO JTHEH
B Pa3HBIX MECSIAX OTIMYAETCS, TO, JaXe MpU OJIU-
HAaKOBBIX CyTOYHBIX O0BbeMax MPHUOBITHS BaroHOB,
BeIpaxkeHre (4) maer KOd(QUIMEHT HEepaBHOMEp-
Hoctu 0,02. JI7sT OIEHKW BIUSHUS STOW IOTpEII-
HOCTH HCIIONB30BaHbl JaHHBIE O TIOMECSYHOM
MpUOBITUM TPYy30B HA CTaHIOWIO XHWMHYECKas
000 «THUC» B tepuoxn ¢ 2001 mo 2014 rr. [quna-
MHUKa 00EMOB TIPUOBITHS TPY30B MPEICTABICHA HA
puc. 1.

M,
meic.

EEE
25 ﬂ

i TPPLLL
5 AVY™

N
bW YW T

2009

0

2001 2003 2005 2007 2011 k, 20da

Puc. 1. lunamuka mpruOBITHS BaTOHOB
Ha oase3aHoil myts TUC

Fig. 1. The dynamics of cars arrival
on driveway of TIS

B xone cpaBHeHus BHYTPUIOZOBas HEPABHO-
MEpPHOCTh OIpefesulach Mo BbIpakeHuto (3),
a TaK)Ke 110 BBIPAKECHUIO

M
V=, (6)
n

rae n,, n, — KOJNYECTBO THEH

B MECALl MAaKCUMAJIBHBIX TMEPEBO30K U o6u1ee KO-
JIUYECTBO NIHEH B TOLy COOTBETCTBEHHO; M, -

TOJI0BOI 00HEM TIEPEBO30K.

CpaBHeHMe pe3yIbTaToOB pacuyera HepaBHOMEp-
HocTH 1o opmyinam (3) u (6) mOKa3bIBaeT, 4TO
a0COMIOTHAsT BEJIMYMHA MOTPEIIHOCTH Al OO0Jb-
muHCcTBa TonoB coctaBiser 0,02—0,03, omHako
B 2010 romy morpemHocts coctaBnana 0,00,
aB 2001 mocturana 0,1.

Bo-BTOpBIX, KaK NPaBuUiIO, BHINOJIHEHUE TEXHU-
KO-9KOHOMHYECKHX PacueToB MO W3MEHECHHUIO TEX-
HOJIOTMH W TEXHHUYECKOTO OCHAIIEHUS CTaHIUH
IPOM3BOJUTCS IOCIE MEPUoa pocTa 00BEMOB Iie-
peBo3ok. IIpumep Takoro mporiecca H300pakeH Ha
puc. 1. B stux ycmoBuax pocT (Tak ke Kak
U yMEHbIIEHNE) 00BEMOB MEPEBO30K BBIPAKECHUEM
(3) mHTEpIIPETHPYETCS KaK HEPABHOMEPHOCTH, UTO

doi: 10.15802/stp2015/46049

© /1. H. Ko3zauenko, A. . Bepnan, A. B. 'op6osa, 2015

47



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

Hayxka ta nporpec Tpancnopty. BicHux J{HimponeTpoBcEKOro

HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJli3HUYHOr0 TpaHcmnopty, 2015, Ne 3 (57)

EKCIUTYATANIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

MPUBOJUT K 3aBBINICHUIO BHYTPUTOJNYHON HEpaB-
HOMEPHOCTH.

B-Tpetbux, BenuunHa pa3maxa o0ObEMOB Tepe-
BO30K HE MMEET MPAMON 3aBUCUMOCTH OT CaMOTO
3HAUCHUs TOro oObhema. Ha puc. 2 mpencraBieHo
MoJIe TOYEK, XapaKTepU3YIoIlee CBS3b MEXIy KO-
3G PUIUEHTOM BHYTPUTOAUYHON HEPaBHOMEPHO-
CTH, PACCUMTAHHBIM 1O ¢dopmyie (3), ¥ TOTOBBIM
00BEMOM TIEPEBO3OK.

Y
1.5 s
1.4 T—e__

1,3 \.\.
1.2 ° - °

11

1 T
0 50

T 1

100 150 200 250 M., saz

Puc. 2. Ces3b Mexay K03 QUIIMEHTOM BHYTPUTO1Y-
HOW HEPAaBHOMEPHOCTH U TOJIOBBIM 00EMOM TIEPEBO30K

Fig. 2. The relationship between the coefficient
of inter-annual irregularity and the annual volume
of transportations

AHanu3 puc. 2 MOKa3bIBaCT, YTO MEXKIY KOd(h-
(UIIMEHTOM BHYTPUTOAMYHOW HEPAaBHOMEPHOCTH
1 00bEMOM TIEPEBO30K CYIIECTBYET OOpaTHas 3a-
BHCUMOCTH, NpH 3ToM A ycnoBuil « TUC» cuna
CBSI3M OIICHMBAETCS KaK 3aMeTHasl.

B-ueTBepThIX, aHANN3 HEPABHOMEPHOCTH TIEpe-
BO30K OCYIIECTBJISIETCS HAa OCHOBAaHHUHU TOJOBOTO
o0beMa nepeBo3ok. Ilpu aTom, 3HaueHne K03hdu-
[IMEHTa HEPAaBHOMEPHOCTH IO Pa3HBIM TrojlaM Cy-
IIECTBEHHO OTIM4aerca. B wactHocTH 1uist ycro-
Buii «TUC» B 2004 roay ko3 UIMEHT HEpaBHO-
MepHocTU cocTaBisn 1,56, a B 2010 — 1,22. Tlops-
JIOK OIIGHKH HEpPaBHOMEPHOCTH TIEPEBO30OK Ha
OCHOBAaHHH JaHHBIX 0oJiee MITUTEIbHBIX TIEPUOIOB,
9YeM r'oJ] B HOPMaTUBHBIX IOKyMEHTaX HE yKa3aH.

B-mATRIX, Ha PabOTy MarucCTpalbHBIX M IIPO-
MBIIIIEHHBIX KEJIE3HOJOPOKHBIX CTAaHIUK CyIIe-
CTBEHHOC BIUSIHUE OKa3bIBae€T CYTOUYHAs HEPABHO-
MEPHOCTH MEPEBO30K. AHAIIN3 CYTOYHBIX 00HEMOB
MPHUOBITHSL BarOHOB Ha CTAHIWIO XWMHYECKas I10-
Ka3piBaeT, uto B nepuof ¢ 2011 mo 2014 rox Ha-
OJIFO/TAIOCh  TIPEBBINIEHUS] CPEIHETOIOBBIX 00be-
MOB paboTs B 1,83 pasa.

AHanu3 Hay4HBIX paboT mo mpobiieMe Hepas-
HOMEPHOCTH TEPEBO30K IMOKA3BIBAET, YTO JAaHHAA
Tema cTaja akrtyalbHOM eme B XIX Beke Ha Ha-

YaIIbHBIX dTalax pa3BUTHU HAYKH 00 OpraHHU3aliu
JIBUKEHHA Ha JKEJIe3HOJOPOKHOM TPAHCIIOPTE.

Heo0xomumo otmeruth, uto a0 50-X TomO0B
XX Beka OCHOBHOE BHUMAHUE YUEHBIX YIEISIIOCh
CE30HHBIM KOJICOaHHMSIM O0BEMOB PabOTHI XKees-
HBIX JIOpPOT, B TO )K€ BpPeMs CyTOUYHBbIE KoJeOaHUs
00BEMOB pabOTHI OTHOCHUIIOCH Ha HECOBEPIIICHCTBO
ONEPATUBHOIO IJIAHUPOBAaHUSA U YIPAaBICHUS pa-
Ooroii kene3nbix gopor. Ilocne 50-x romor Haua-
JIOCh AaKTUBHOE MHCCIIEIOBaHHE HEPaBHOMEPHOCTHU
TPY30BbIX MEPEBO30K C MPUMEHEHUEM METOOB
TEOpUU BEPOSITHOCTEH M MaTeMaTH4YeCKOM CTaTH-
cTHKH. B yacTHOCTH HEOOXOOMMO OTMETHTH pado-
Thl [1—3,14], B KOTOPBIX KOMIUJIEKCHO PaccMoTpe-
HBI TIPOOJIEMBI OIEHKH HEPaBHOMEPHOCTH IBIIKE-
HUS Ha JKEJNe3HOJOPOXHOM TpaHcmopre. Tak,
B [14] Ha OCHOBaHMM 3HAYUTEJILHOTO YKCJIAa Ha-
OJTFO/IEHIIT yCTaHOBIIEHBI YCTOMYNBOCTD CYTOYHBIX
Kosie0aHMi BATOHOTIOTOKOB, a TaKXKe COOTBETCTBUE
9TUX OTKJIOHEHMH HOPMaJbHOMY 3aKOHY pacmpe-
nenenus. B [3] BEIIOMHEHO pa3BUTHE BEPOSITHOCT-
HBIX METOJOB OLICHKM HEPaBHOMEPHOCTU TpaHC-
MOPTHBIX ~ MPOLECCOB Ha  KEJIE3HOAOPOKHOM
TpaHcnopTe. B 4acTHOCTH MpeasioKeHO yCTaHaB-
JIMBaTh JOBEPUTEIBHYIO BEPOSITHOCTD ISl pacyeT-
HBIX O0BEMOB M3 TAaKOTO YCJIOBHS, YTO B TEUEHHUE
rojia TOJBKO OAMH TOKa3aTelb BBIMIET 3a AOIMyc-
TUMBIE Tipenensl. B [1] BeigeneHa BHy TpUTrofudHAS
(MecauHast), BHyTpUMECSYHAs, CyTOYHasi U BHYT-
pUCYTOUHasi HEPABHOMEPHOCTH TPY30BbIX IEPEBO-
30K U OMHCAHBl IPUYMHBI BOBHUKHOBEHUSI Pa3HBIX
BHUJIOB HEPAaBHOMEPHOCTU M UCCIIEIOBAHA BHYTpPH-
CyTOYHasi HEPaBHOMEPHOCTH KEJIE3HOIOPOKHBIX
nepeBo3okK. B [2] BblmoHEHA OIEHKAa MECSYHOU
Y CYyTOYHOU HEPAaBHOMEPHOCTH >KEJIE3HOJOPOKHBIX
craHuui YkpauHbl. B HacTosIee BpeMsl pa3BUBa-
IOTCS. METOJIbl MPOTHO3UPOBAHUS JKEJIE3HOIOPOK-
HBIX TEPEBO30K, OCHOBAHHBIE HA HUCIOJb30BAHUU
HelipoHHbix ceteit [13, 17]. IlpoGnembl aHamu3za
BPEMEHHBIX PSIOB JETaJbHO HCCIEAYIOTCS B 00-
JIacTH SKOHOMUKHU. B wactHOocTH B [6] mpeacTaBie-
Hbl METOJbl BBIIEICHUS TPEHIOB BPEMEHHBIX Psi-
JIOB, aHAJIM3a CE30HHBIX KOJICOAHMIA U JIp.

Opnako mpoOremMa OIEHKA HEPaBHOMEPHOCTH
IBUKEHAS W OIpENeNeHns] PacYeTHBIX OO0BEMOB
paboThl MAaruCTPaILHBIX ¥ TPOMBIIIJICHHBIX JKe-
JIE3HOJIOPOKHBIX CTaHLMN 1O KOHIa HE pellleHa
1 TpeOyeT BBIMIONHEHUS ITOTOTHHUTEIBHBIX HCCIIe-
JIOBaHUH.
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ean

Lenpto nanHO#M paboTHI SABISETCS COBEPIIEHCT-
BOBaHHE METO/OB OLIEHKH HEPaBHOMEPHOCTH Ipy-
30BBIX [IEPEBO30K U ONPEAEIEHUs PACUETHBIX 00b-
€MOB pPabOT Al JKENE3HONOPOXKHBIX CTaHIUH
U NOABE3NHBIX NYTEH MPOMBIIUICHHBIX IPEIIPH-
ATUI HA OCHOBAaHUHM METOJAOB aHAJIN3a BPEMEHHBIX
psinos. Ilpeanaraemas meToanka OpHEHTHPOBaHA
AJI1 UCIIOJIb30BaHUA IIPpHU aHAJIM3€ pa6OTBI HeﬁCT-
BYIOIIMX ’K€JIE€3HOJOPOKHBIX CTAHIIUM.

MeTtoaunka

[l onpesiesieHus pacueTHBIX 00BEeMOB PadOThHI
MPEUMYILIECTBEHHO HCIONB3YIOTCS IKCTPATIOIIIH-
OHHBIE METOJBI, KOT/Ia IapaMeTphl MpPOIECCOB,
MIPOUCXOAAIINX B TPOIILIOM, OTIPEIEICHHBIM 00pa-
30M pAaCIpOCTPAHAIOTCS Ha OyAyliee U METOJBI
MaTeMaTUYeCKOr0 MOJEIMPOBaHUs, KOrjua 3Haue-
HUS pacYEeTHBIX MapaMeTPOB yCTAHABIHMBAIOTCA Ha
OCHOBAaHUMU 3HAHHUA (PYHKHI/IOHEUILHI)IX 3aBUCHUMO-
CcTell MeXIy HCXOAHBIMU JaHHBIMH. B cTatbe
B KayecTBE METOJIOB WCCJIEIOBaHUS ISl OLEHKH
pacueTHBIX 00HEMOB I'PY30TIOTOKOB M T'PYKEHHBIX
BaroHOIMOTOKOB HCIIOJIb30BaHbl IKCTPANOJSIUOH-
HBIE METObl, B YACTHOCTH METOMBI aHaju3a Bpe-
MEHHBIX PAIOB, a JJISl OIIEHKH PacueTHBIX 00bEMOB
TMMOPOXXHUX BAaroHOIMMOTOKOB HUCIIOJIE30BaHbI METOABI
MaTeMaTUYeCKOTO MOJICTUPOBAHHUS.

IImanoBBIE TOIOBBIE 0OBEMBI PaOOTHI, KaK Tpa-
BWJIO, OHNPCACIIAIOTCA BHCIIHMMU 110 OTHOIICHUIO
K KEJIC3HOJIOPOKHBIM CTaHIUAM (hakTOpamu, Ta-
KAMHU KaK TUIaHBl Pa3BUTHUS MPENNPHATHN, 00CTy-
KUBAEMBIX 3TUMHU CTAHIWAMH, TUTAHBI TIEPEBO30K
Ha HampaBj€HUU U T.I. B 3TOM CBA3M TroAOBBIE
00BeMBI pabOTHI B TaHHOM HCCIeN0oBaHUU M., SB-
JISIOTCS. MCXOAHBIMH JTAHHBIMHU U1l JallbHEHIIero
pacuera. Ilpu 3TOM TakKe MOJDKHBI OBITH 3aJ1aHbI
IJIAHOBBIE U3MEHEHHUs CTPYKTYpPBI IPy30- WU Ba-
TOHOIIOTOKOB 110 OCHOBHBEIM W MPOYHM BUAaM TPY-
30B.

JomnonHuTenbHbIE AaHHBIE IS pacyeTa MOJy-
YarT B pe3yJbTaTe 00CIIeZIOBaHUS COOTBETCTBYIO-
mei xele3HomopokHOW craHmuu [5]. Ha atame
cbopa mHpopManmu 0 (HYHKIMOHUPOBAHHU CTaH-
MU TPOM3BOJIUTCS BBHIOOpKAa MaHHBIX W3 (GOpPM
MEePBUYHONA YUYETHOM JOKYMEHTAIIMH W OIEpaTHB-
HO-CTaTUCTUYECKON oT4eTHOCTH. Heobxomammo
OTMETHUTh, YTO ITAIl ONPEACICHUS PACUCTHBIX 00b-
eMOB pabOT KeIe3HOJOPOXKHBIX CTAaHIWH, Kak
MPaBHUJIO, OTPAHWYEH BO BPEMEHH M HE SBIISIETCS

OTNIeNBbHBIM HccienoBanneM. llpu atom mapOpMAa-
s B opMax ydera W OTYETHOCTH TpEICTaBlcHA
B OyMaXHOM BHJIE, Pa3pO3HEHA MO PA3IUYHBIM
WUCTOYHHKAM U TOJIBEpPraeTcsl NmepBUYHOMY 0000-
mennto. OTBIT BBITIONHEHHWS HAy4YHO-HCCIIEI0Ba-
TEJNILCKUX Pa0OT IMOKa3bIBaeT, 4TO Hambosee d¢-
(heKTUBHBIM UCTOYHUKOM JIaHHBIX IS OIICHKH He-
PaBHOMEPHOCTH TEPEBO30K SBISIOTCS TaHHBIE U3
anektponHoro apxusa ACK I'Tl V3 unu aBromatu-
3MPOBAHHBIX CUCTEM YIpaBICHHS PabOTON *Keles-
HOJIOPOKHOTO TPAHCIIOPTa MPOMBITIUICHHBIX TPEJI-
npustuil. IIpy BO3MOMKHOCTH IIOJNy4EHHs TAKUX
JAHHBIX WHpOpManus U3 OyMa)KHBIX HOCHUTENEH
WCTOJB3yeTCs Ha HAYaIBHOM dTare 1 GopMupo-
BaHUS 33/1a4 IO aHAIN3Y NAaHHBIX JJIEKTPOHHOTO
apxXuBa M Ha 3aBEpIIAONIEM 3Tare i KOHTPOJSI
pe3ynbTaToB. [ momydeHus 0ObeKTUBHOM OIleH-
KM MECSIYHBIX M3MEHEHHUH IMOKa3aTenei nepeBo3oK
JKEJIaTeNIbHO BEITIONHUTH BBIOOPKY TOMECSYHBIX
JIAaHHBIX O JWHAMUKE IOKa3aTeliel 3a MpealecT-
Bytomue 5-10 ner. B ciiyyae OTCYTCTBHSI TaKUX
JMAHHBIX TSI aHAIM3a MOTYT UCIIONB30BaThCS JaH-
HBIE 3a nocienHue 2-3 roja, KOTOpble HEOOXOIUMO
JIOTIOJTHATH PACITUPEHHBIM SKCIIEPTHBIM aHATH30M.
JInst olleHKM CYyTOYHOW HEpaBHOMEPHOCTH MEPEBO-
30K 11e7IecO00pa3HO BBIMOJIHHUTH aHANN3 MOCYTOY-
HBIX 00BEMOB T'py30- HJIM BaroHOMOTOKOB 3a IIO-
cienaue 2—3 rofa.

Heo0OxoaumMo OTMETHTBH, YTO IJIAHOBBIE TOO-
BbIe 00BEMBI pa0OTHI JJIsi CTAHIUI HOCAT BEeChMa
YCJIOBHBIM Xapaktep. B 3Toil cBsizu ompeneneHue
MMAKOBBIX HArpPy30K Ha JKEIE3HOJOPOXKHBIE CTaH-
IIUU OCYIIECTBISIETCA 110 CPABHEHUIO CO CPEIHUMU
oO0beMamMu pabOTHI 32 ONpEENICHHBIH PacueTHBIN
nepuoa. JKenesHOAOPOXKHAS CTAHIUS M TIOIXOMIBI
K Hell MpeAcTaBisioT co0oil cUCTeMy MaccoBOTO
obocnyxuBanus (CMO) ¢ oxumanuem. [losromy
CTaTHCTUYECKHX JaHHBIX 00 oO0beMax paboTHI
CTaHIIMM HE JOCTaTOYHO JAJS TOTO, YTOOBI TOYHO
WHTEPIPETUPOBATh PA3BUTHE COOBITHIA H OOBsC-
HUTH, TIOYEMY MaKCHMAaJbHbIE 00BEMBI TIEPEBO30K
MIPUHSIN ONpeesiecHHOe 3HaueHHe. JTO MOXKET
OBITh KaK pe3yNbTaTOM OTCYTCTBHS NOTPEOHOCTH
B OonbiieM 00BeMe MEPEBO30K, TaK U TOCTUIKECHU-
eM oO0beMamMu paboThl MaKCHMyMa TPOITYCKHOU H
nepepadaThIBAIOIICH CIIOCOOHOCTH CTaHIIUU, YTO
BBI3BIBAET IIPOCTOM BaroHOB Ha MOJXOJaxX K HEM.
Taxxe HEOOXOANMO YUYHTHIBATh, YTO MPH MPHUOIH-
KEHHH 00BHeMOB PadOThI K MaKCHMaJIbHBIM 3Haue-
HUSM, KaK MPaBUIIO, YCIOXKHSIETCS TUCIETYEPCKOE
ynpaBleHne repeBo3kamu. [Ipu meperpyske cras-
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Uil OOBIYHO TPENNPUHUMAIOTCS CHeNHaIbHbIe
MepbI, HalpaBJeHHbIE Ha CHIDKEHHE HEpaBHOMEp-
HOCTH TEpEeBO30K. AHaINW3 CTaTUCTUYECKHX JaH-
HBIX TaKXKe MOKA3bIBAET, YTO BCIUIECKU ITTOKa3aTe-
JIe IpuOBITHS U OTIPABIIECHHS TPY30B HAa CTaHIINA
JIOCTATOYHO YacTO HaOII0AAr0TCs MOCTe MEePHOA0B
C HU3KUMHU 00beMaMu paboThl. DTO CBS3aHO C Ha-
JUYFEM CBOOOIHBIX MyTEH M CKIAICKUX EMKOCTEH
M0 MPUOBITHIO, a TaK)Ke TPY30B Ha CKJIanax Mo OT-
MIPaBIEHUIO.

s Toro, 9T00BI y4ecTb MeCSYHbIE U3MEHEHUS
U CyTOYHBIE KoJieOaHMs TOKa3zareiaed paboThl MX
pacyeTHble 00BEMBI MpEIaraeTcsi ONPeAessTh Mo

dhopmyne

Mpr = Mp,inYC > (7)

rae M, — IPOTHO3HBIC CPEAHHE CYTOYHBIE 00Be-
MBI pabOThl B T€UEHME i-r0 Mecdaua; y,, Y, — pac-
2

4yeTHble KO()(UIMEHTH! MECIYHOH M CYyTOYHOM
HEPaBHOMEPHOCTH COOTBETCTBEHHO.

B ciydae, ecnu Mo OCTHKEHHMIO PAacYETHOTO
roja IUIaHUpYeTCsl crabunn3anus 00beMOB Iepe-
BO30K, TO

M

Ml"
TS (®)

WHave, ecnu mocne AOCTHKEHUS PACYSTHOTO
roja 00beMBI PabOTHl OYIQYT M3MEHATHCSA, TO IS
OIICHKM PACYETHBIX IPy30- WM BaroHOMOTOKOB
JIOJDKEH OBITh 3aJlaH TPEHI, XapaKTepU3yIOIIHi
9TU U3MEHEHHS.

MecsuHyio HEpaBHOMEPHOCTH 00BEMOB pado-
Thl CTAHIMUA BBI3BIBAIOT PA3JIMYHBIC MPUYUHHBL
B HacTosiiee Bpems 3TH NPUYMHBI B OCHOBHOM
HOCAT OSKOHOMHMYECKHH XapakTep U CBSI3aHBI
C KOHBIOHKTYPOH pPBIHKA IEPEBO30K W IEPEBO3H-
MBIX TPYy30B. Takke MECSUYHYH) HEPaBHOMEPHOCTh
BBI3BIBAIOT CE30HHOCTh MPOU3BOJCTBA U MOTPEO-
JICHUsI TPOIYKIUH, BJIMUSHUAE MOTOIHBIX YCIOBHIA,
OTPaHUYCHHE MPOIYCKHON CIIOCOOHOCTH MOIXO0I0B
K JKEJIC3HOJOPOXKHON CTAHIIMU B CBSI3U C POCTOM
00BEMOB MACCAKUPCKUX IIEPEBO3OK B OIPE/ICIICH-
Hble Mecsibl 1 Ap. OleHKa 3THX KOJicOaHUH BbI-
MOJTHACTCS. IyTeM CpaBHEHHs (PaKTUYECKHX 00be-
MOB MEPEBO30K B OMPENCICHHBII Mecsll M0 CpaB-
HEHHIO CO 3HaYCHHEM, TOJIYUCHHBIM Ha OCHOBaHUHU
TpPEeHJa TMOKa3aTeNid C IMOMOIIBI0 KO3 QHUIIMEHTA
MECSIYHON HEPaBHOMEPHOCTH.

C 370l LIeJIbI0 B XOZI€ aHa/li3a BPEMEHHBIX Psi-

JIOB HA OCHOBAHHMH M3YYEHUS MOMECSIYHBIX JaHHBIX
OTIPENENAIOTCS TPEHIBl IOKa3zareleil  paboThI
cranuuil. [Ipu pelmiennn gaHHOM 3a1aun sl Kax-
JIOTO MecsIia HeOOXOIUMO OIPENIEIUTh CPEITHECY-
TOYHBI 00BEM pabOThI, AOTIONHHUTH JaHHBIC TPO-
THO30M Ha 6 MECSIIEB U BBIMIOJHUTH CTIIAKUBAHHE
MOJIYYEHHOU TOCIEI0BATENbHOCTU IMyTEM BBIYKC-
JICHWs B3BELICHHOM CKONB3ALICH cpemHed ,W,

c 13Wj=(1,2,2,2,2,2,2,2,2,2,2,2,1). B pesynbrate

6yIL€T MOJIy4CHa IMOCICAO0BATCIIBHOCTD S

enj » OTIH=
CBIBAIOIIAs] TPEH/I COOTBETCTBYIOLIETO IMOKA3aTENs.

Koadduuuent mecsuHOll HEpaBHOMEPHOCTH
JUIsL OTZEJIBHOIO Mecsla omperensercs no ¢popmy-

e

H,if

S

CH,Jj

; €)

VYwmij =

S8

e S, — (pakTHUecKuEe CpemHeCyTOUYHBIC

CH,YJ
00beMbl pabOThI B i-i MeCSIl j-TO TOJa U CpeJHe-
CyTOYHBIE 00BEMBI pa0dOT B ATOT K€ TIEPHOJT COOT-
BCTCTBCHHO, paCCUUTaHHBIC 110 pe3yiabTaTaM
CTJI&KUBAHUS;, k — KOJNMYECTBO JIET, HCIHOJb3ye-
MBIX JJI1 aHAJIN3a MECSIYHOU HEPAaBHOMEPHOCTH.

BenmuunHa MecsyHOW HEPaBHOMEPHOCTH IS
OTJENBLHOTO TO/Ia OMPEENIACTCS KaK

max(y; ;)
21

PacueTHbI KOXPPHUINEHT MECSIYHON HEpaBHO-
MEPHOCTU OTPEIENIeTCS B PE3yJbTaTe CriakKuBa-
HUSI TOCTIEA0BATEILHOCTH YCTAHOBJIEHHBIX HEpaB-
HOMEPHOCTEH MJIs1 OTIEIBHBIX TOJOB C MOMOIIBIO
B3BEIICHHON CKONB3ALIEH cpenHeil W, ¢ Becamu

W, =tk k1, 1)

OrneHka BIUSHYS CpEeHUX 00bEMOB pabOTHI Ha
BeMINHY Kod(umuenTa MecsIHON HepaBHOMEP-
HOCTU TpeOyeT JOMOTHUTEIbHBIX HCCIICIOBAHUM.
CoOOTBETCTBYIOIIMH aHAN3 IeIeCO00pa3HO BHI-
TIONTHATH B CIIy4ae, €CIH MPEeaNoJaraloTcs 3HaYu-
TEJbHBIE M3MEHEHHUs o0beMa paboThl Ooyee YeM
B 1,5 paza.

CyTOuHYI0 HEpaBHOMEPHOCTH BBI3BIBAIOT Clie-
AYIOIIHUE TMMPUYNHBIL: BepOﬁTHOCTHBIﬁ nmpouecc I1o-
€3/1000pa3oBaHusi, HEPUTMUYHOCTH IOJAYU TIO-
POXKHUX BaroHOB IO MOTPY3KY, OTKa3bl TEXHUYE-
CKHX CpPEICTB, OCOOCHHOCTH peXHMa pPadOThI
MpeanpUaATHii, TaMOXKEHHbIX opraHoB u jap. Cria-

12 i=1.12. (10)

M,
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KUBAaHUE CYTOYHOW HEPaBHOMEPHOCTH BBIIOJIHS-
eTcsl O0T4acTH 3a CUeT pe3epBa IMOIpy30-
pasrpy30YHBIX ¥ MaHEBPOBBIX CPEACTB, OTYACTH 3a
CYET CO3/IaHUs TOMOJHUTENBHON ITyTEBOM EMKOCTH
JUIsL IPOCTOSL HA HUX MOE3/I0B U BArOHOB B OKH[a-
HUU 00CTyXMBaHUS. BennumHa cyTO4YHOH Hepas-
HOMEPHOCTH MOXET JOCTUIaTh 3HAYUTEIbHBIX
pasMepoB, B pe3yJIbTaTe 4ero 00heMbl pabOTHl MO-
TYyT TpeBHILATh CpPEeJHHE TOAOBBIE Ooliee UeM
B 7Ba pa3a. Co3gaHne COOTBETCTBYIOUIMX PE3EPBOB
MOIIIHOCTEH SBIAETCA, KaK MPaBUIIO0, 3KOHOMUYE-
CK{ HEOIpaBIaHHBIM.

B 3T0ii CBSI3M BBHINONHEH aHAIU3 YCIOBHHA pado-
Thl MAarucCTPalbHbIX M TPOMBIIJICHHBIX CTaHIUI
B OTJIEJIbHBIE CYTKU. B KadecTBe mpumepa B JaHHOU
CTaTh€ pACCMOTPEHO IMIOCTYIJICHHE BAaroHOB Ha
cTaHuuo Xumuueckas B teuenue 2011-2014 ro-
noB. Ha puc. 3 npeacraBieHo moje Touek, XxapakTe-
pHBHpYIOIee CBA3b MEXKAY KOIPPUIMEHTOM Me-
CSIYHOI HEPAaBHOMEPHOCTH — 7Y,, U BEINYUHON MakK-

CHUMaJIbHOTO TIPEBBINICHHUS CPEAHEMECTYHBIX 00be-
MOB MPUOBITHS BATOHOB B NaHHBINA Mecs] — AD .

AD, -
eaz Mokazamenu dna Mecaues ¢ MaKkcuMansHeIM
500 ¢ oGwenom pabomel
400 - " :
B

300 . aB_A ’. r .

4 ‘e

® .

200 +—w « 0w

100 -
07 08 09 1 11 1.2

2014 = 2013 a2012 «2011

Puc. 3. Ces3p Mexay K03 GUIHEHTOM
MECSIYHOW HEPAaBHOMEPHOCTHU M BETHYUHON
MaKCHUMAaIIbHOT'O TPEBBIIICHUS CPEAHEMECIIHBIX
00BEMOB IPUOBITHS BATOHOB B TaHHBIN MECSI]

Fig. 3. The relationship between the coefficient
of monthly irregularity and the magnitude of
maximum exceedances of the monthly average
volume of cars arrival in a given month

Amnanmu3 puc. 3 MOKa3bIBACT, YTO JJISI MECSIIEB
C MaKCUMaJIbHbIM 00eMOM PabOTHI CYIIECTBEHHAS
CyTOYHass  HEPaBHOMEPHOCTb  HEXapaKTepHa.
B sT0i1 CBs3M B KauecTBE pacyeTHOTO MepHrojia, 1o
aHaJOTUHU C peYHBIMU Bok3ajamu [11], menecoob-
pa3Ho TpUHATH nepuoy u3 30-TH CyTOK B TEYCHUU
KOTOPOTO HAOIIONAINCHh HAHOOIBIIHE CYMMAapHBIC

00BeMBI TIepeBo30K. OHAKO, €CIIM BOK3aJIbl MOX-
HO paccMmarpuBaTh kak CMO ¢ oTka3zaMu, TO Ke-
JIE3HOIOPOKHBIC cTaHuU ABIsSIFOTCST CMO ¢ 0xu-
nanueM. [ToaToMy mpH onpeeeHHH MUKOBOW Ha-
TPy3KH, CIJIaXMBaHUE BBIMOJIHATH HE IEJIec000-
pasHoO W NIpeasaraeTcsi HCIoIb30BaTh HEMOCPEACT-
BEHHO MAKCUMAJIbHbIC CYTOYHbBIC 00BEMBI PaOOTHI.
Taxoke Ui TOro, 4To0Bl HCKITIOUUTh YCIOBHOE Jie-
JICHUEC BPEMCHHOI'O psa Ha MECAIBI KOJINYCCTBO
paccMaTpuBacMbIX MEPHOAOB IMPEIaracTcs ycTa-
HOBHUThH IO KOJIMYECTBY JHEH B TOMY CO CMEIICHU-
€M IIpU pacueTe Ha OAVH JECHb.

Koaddumuent cyrouHoit HepaBHOMEPHOCTH
npearaeTcs OnpeessaTh mo hopmye

y, = (11)

rne D_.. ,D — MakcUMaibHBIE U CPEIHHE 00HEMBI

max ?
paboThl B TeuyeHue pacueTHoro 30-TH JHEBHOI'O
MEPHO/Ia COOTBETCTBEHHO.

Ecnu 3nHauenne ko3(p¢uimeHTa cyTOUHOH He-
paBHOMEpHOCTH MeHble 1,15 u Ha cTaHuuU He
NPEANPUHUMAIUCH CTIEHaIbHbIE MEPOIPHUSITHS 110
0o0ecredyeHuI0 PUTMUYHOCTH TI0JIaYd BaroHOB (00-
CIIy’)KUBaHME 10 PACIIUCAHHUIO), TO 3TO yKa3bIBaeT
Ha TIeperpy3Ky TEXHMYECKHUX CPEICTB CTaHIUU
B paccMaTpuBaeMblii ieproa. B sTom ciydae He-
00X0IMMO TPUHATH KOI(PPHUIMEHT CYTOYHOH He-
pPaBHOMEPHOCTH paBHBIM 1,15.

Jns onpexnenenust pacueTHoro koddduiueHTta
CYTOYHOH HEPaBHOMEPHOCTH OOBIYHO HCHONb3Y-
I0TCsl aHHbIE HocneaHero roga. OcTaiabHbIE AaH-
HBI€ HCIIONIB3YIOTCS JUISI KOHTPOJIS Pe3yJIbTaToB.
Ha puc. 4 npeacraBieH criaxeHHbIM psl, Xapak-
TEpU3YIOIUN 00BbEMBI TIEPEBO30K 33 IIEPHOBI
B 30 cyroxk B Teuenue 2011-2012 TromoB.
IIpy STOM UIMTENBHBIM MHKOBBIM Harpys3kKam
B HosiOpe 2011-suBape 2012 Troma, OKTSO-
pe—nekabpe 2013 ronma, ceHtsiOpe—okTsiope 2014
rofia COOTBETCTBOBad KOI()(UIMEHT CYTOYHOMH
HepaBHOMepHOocTH 1,17—1,23. 3a Oomee uem
ronuyHelid Tepuon ¢ ¢espanss 2012 mo ampens
2013 roma cranuug XUMHUYECKas HE WCIILITHIBAJIA
MUKOBBIX Harpy3ok. B 3Toil cBs3u KO PHULMEHTHI
CYTOYHOH HEpaBHOMEPHOCTH, pacCUMTaHHbIE Ha
OCHOBaHHMH JIaHHBIX 3TOTO MEPHOAA, AJIS OIpere-
JICHUSl pacueTHBIX O0BEMOB PabOTHI B YCIIOBHAX
POCTa MEPEeBO30K UCTIOIB30BATH HELEIECO00Pas3HO.
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Puc. 4. Ananu3s cyrouHoi
HEPaBHOMEPHOCTH MOCTYIUICHUS
TPY’KEHHBIX BarOHOB
Ha CTaHLMIO XUMHYeCKast

Fig. 4. Daily irregularity analysis
of loaded cars arrival to
the station Khimicheskaya

Pe3yabTaTthl

s mpoBepku mpenjgaraeMoil METOJIUKH OIpe-
JIEIEHbl Pac4YeTHBIE pa3Mephl MPHUOBITHS TPYKEH-
HBIX BaroHoB Ha cTaHuuoo Xumudeckas «THC»
misi 2014 roga ¥ BBIOJNIHEHO WX CpaBHEHHUE
¢ QaKTHYECKUM TOCTYIUIEHHEM BaroHoB. [l pac-
YeTOB MCHOJIL30BaIUCh AaHHble 3a 2009-2011,
2010—2012 u 2011-2013 roxst. [Ipeamomnaranocs,
yro B 2014 rogy Oynmer coxpaHeH pPocT 00bEMOB
MepeBO30K. Pe3ynbraTel aHaNM3a MPEACTABIICHEI B
Tabn. 1. B mporecce aHanu3a CpaBHUBAINCH Mak-
CUMAJIbHbIC 00BEMBI TIOCTYIUICHHSI BaTOHOB B OT-
JenbHble Mecsbl D, ¢ pacyeTHBIMH O00BbEMaMH

X

Mpr’ YCTAHOBJICHHBIMU C NOMOINBIO Hpeajiarac-

Moro metona (Merox 1), Ha ocHOBanmm K03(du-
UEHTa HEepaBHOMEPHOCTH (3), Korna B KauecTBe
MMUKOBOTO TepUOoJa TPUHHUMAJICS MeCSI] MaKCH-
MaJbHBIX MEPEeBO30K ¢ ydeToM 15 % pesepBa Ha
CyTouHyI0 HepaBHOMepHOCTh (Meton II), u Ha oc-
HOBaHHUU KOA((PUIIMCHTa HEPABHOMEPHOCTH, KOTIa
B Ka4decTBE MUKOBOTO MEPHOJa MPUHUMAINCH CY-
TKH MaKCUMaNbHBIX nepeBo3ok (Meton III). Tak-
JKe U KayKI0TO0 METOJ]a YCTaHOBJIEHO KOJIMUYECTBO
MIPEBBIIICHUH PAacYETHBIX O0OBEMOB Pa0OTHI B OT-
JeTbHBIE MECSLBL 71, .

Tabnuna 1

AHaJIN3 METO/I0B ONpe/iesieHUsl pacuyeTHbIX 00beMOB
padoThl cTaHUUIt

Table 1

Determining methods analysis of the estimated vol-
umes of stations activity

wecst | Dy | Meronl | Meronll | Meron III
My | n | My | myp | My | g

2011-2013
1 [1109|1150| 0 [1191| 0 |1326] 0
2 979 (1164 | 0 [ 1191 0 | 1326 0
3 /1181|1178 1 [1191] 0 [1326] 0
4 (1103|1192 0 [1191| 0 |1326] 0
5 818 | 1206 | 0 [ 1191 | 0 | 1326 0
6 11351220 0 |1191] 0 [1326] 0
7 112212340 |1191] 0 [1326] 0
8 | 12271248 | 0 [ 1191 ] 3 |1326] 0
9 1283|1262 1 |1191| 4 [1326] 0
10 [ 1252|1276 0 [ 1191 | 3 [ 1326 0
11 [ 1203129 | 0 [1191| 1 {1326 0
12 [ 1137|1304 0 [1191| 0 [1326] 0

2010-2012
1 [1109|1160| 0 [1171| 0 [ 1309 0
2 979 [ 1174 | 0 [ 1171 [ 0 | 1309 | 0
3 /1181118 | 0 |[1171] 2 [1309| 0
4 (1103|1203 0 [1171| 0 [ 1309 0
5 818 | 1217 0 [ 1171 0 [ 1309 0
6 |1135]1231 [0 |1171] 0 [1309| 0
7 112212450 |1171| 0 [ 1309 0
8 | 12271259 | 0 [1171] 3 [1309] 0
9 1283|1273 | 1 |1171| 4 [1309| 0
10 [ 125212870 [ 11715 {1309 0
11 [ 1203|1302 0 [1171| 1 {13090
12 [ 11371316 0 [ 1171 0 {1309 0

2009-2011
1 [1109|1175| 0 [1244| 0 | 1380 0
2 979 [ 1190 | 0 | 1244 0 | 1380 0
3 [1181(1204] 0 |1244| 0 [1380| 0
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OxonyaHue tabm. 1

End of Table 1

mecsan | Diax Meton I Merton 11 Meton 111
My g | My || My [
2009-2011

4 1103 | 1218 | 0 | 1244 0 [ 1380 O
5 818 | 1232 0 [ 1244 | 0 | 1380 O
6 113511247 0 | 1244 ) 0 [ 1380 O
7 1122 11261 | 0 | 1244 ) 0 | 1380 | O
8 122711275 0 | 1244 ) 0 | 1380 | O
9 128311290 | 0 | 1244 2 [ 1380 O
10 125211304 0 | 1244 1 [ 1380 O
11 1203 | 1318 0 | 1244 ) 0 [ 1380 O
12 1137 11333 0 | 1244 ) 0 | 1380 ] O

B pesynpraTe aHanmu3a yCTaHOBIIEHO, YTO MpeJ-
JaraeMasi METOJMKA IO3BOJIIET IMOJIyYaTh JOCTa-
TOYHO OJNIM3KHE pacdeTHbIe 00BEMBI TPU H3MEHE-
HUU BPEMEHHBIX DSJIOB, HCIIONB3YEMBIX IS pac-
yeta. Tak, ucronp3zoBanue gaHHbIX 32 2009-2011,
2010—2012 u 2011-2013 roael mpUBENO K U3MEHE-
HUIO PAacUeTHBIX 00BEMOB paboOTHI Ha 39 BaroHOB
(4,5 %). Ucnonp3oBaHne TPaIUIIHOHHBIX METOAUK
0ojee CyIIECTBEHHO pearupyer Ha W3MEHEHUE
BpeMeHHBIX psinoB. [Ipu sToM pasHuma B o0BbemMax
paboTtel mocturaeT 73 m 71 BaroHOB COOTBETCT-
BEHHO npu pacuerax no Merony II u II1.

IIpu ompeneneHNn pacyeTHBHIX OOBEMOB TPH-
OpiTHss BaroHOoB 1o Merony | 1o maHHBIM
2011-2013 rogoB u 2010—2012 romor HabmroIa-
JIUCh OTJAEIbHBbIC TPEBBINCHUS (HaKTUICCKUMU
obbeMaMu pabOTHI PACUCTHBIX, OAHAKO OHU HOCST
JIOKAJIbHBIA XapakTep U CIEAYIOT TOCJe MEePHOA0B
yYMEHbIIIEHUS! 00beMOB pa0oThl. [Ipu BRIMOTHEHUN
pacueroB no ganHeiM 2009-2011 romoB pacuert-
HblIe 00BEMBI pPa0OTHl TPEBHINATN (AKTHIECKHE
st Bcex Mecsies 2014 romga. D10 cBs3aHO € poc-
TOM 00BEMOB TiepeBo30K B nepuoj ¢ 2011 o 2014
ronxa 6onee yem B 1,5 pasa.

B Tex cnydasx, Korjga pacdeTHbie 00ObEeMbI pa-
0OTBI OIpENENsITUCh HA OCHOBAaHUM KO3 PUIIMCH-
TOB MECSIYHOI HEpPAaBHOMEPHOCTH C MOMOIIBI0 Me-
tonma Il Habmromaercst ycTOMUMBOE 3aHMKEHUE
00beMoB padoTsl. Ilpu 3TOM, KOrIa 00BeMbl pado-
Thl YCTaHABIMBAJINCh Ha OCHOBaHWW JaHHBIX
2012 roxa, To B 2014 roxy HaOIFOMATICS TTEPHOT U3

MTOCJICTOBATENbHBIX 48 MHEH, Koraa cpeaHee MpH-
OBITHE BaroHOB Ha CTaHIUIO mpeBbIano 90 % ot
pPac4eTHOro.

IIpu ompeneneHnu pacyeTHBIX 00HEMOB pado-
THl Ha OCHOBaHUHU KO3 (HUIIMEHTA CYTOUHOU He-
paBHOMepHOCTH ¢ noMoulsio Metona III pacuer-
Hble 00BEMBI Pa0OTHI CYIIECTBEHHO NPEBBIMIAIOT
¢aktudeckne. Tak, Koraa pacdyer BBITONHSICS Ha
ocHoBaHMM JaHHBIX 2011 roma, To make mJisg Hau-
Oomnee crnoxxkHoro Mecsima 2014 roma (OKTAOpS)
MPEBBILLIEHUE COCTaBIsIO 152 BaroHa Hajx Hau-
0oNbIIMM (PaKTHYECKHM CYTOYHBIM MPUOBITHEM.

Pa3mepnl MOpOKHUX BarOHOMOTOKOB JKEJIE3HO-
JIOPOKHBIX CTaHIMHA TPAAWIIMOHHO OMPEIEISIOTCS
Ha OCHOBaHWH OajaHCOBBIX Tabmum. OnxHako
B TIOCJIEJTHEE BPEMS B CBSI3H C POCTOM IIPHBATHOTO
mapka TPy30BBIX BaroHOB, a TAaKXKe C CYIIECTBEH-
HOM pa3HUIEN B MX TEXHUUYECKOM COCTOSIHUU PE3-
KO BO3POCTH BCTPEUYHBIC BAarOHOMOTOKH OJHOTHII-
HBIX MOPOXKHUX BaroHoB. B 3Toi cBs3M AJis Kak-
JIOTO BaroHa Ha OCHOBAHHWW OTYETHBIX AHHBIX yC-
TAQHABJIMBAETCS THUI TPy3a, C KOTOPHIM JaHHBINA
BaroH NpUOBIBACT HA CTAHIMIO W TUN Tpy3a, C KO-
TOPBIM OH OTIIpaBiisieTcs co craHmmu. [lo 3Tum
MAHHBIM U KaXJOTO THIIA BaroHOB CTPOWTCS
Matpura. CTpOKH JaHHOW MATPHUIIBI COOTBETCTBY-
I0T TUIIAM TPY30B [0 MPUOBITHIO, & CTOJOIBI — 110
OTHPABJICHUIO. DIEMEHTHI MaTPHIBI 7;; COOTBETCT-
BYIOT BEPOSITHOCTH TOT'O, YTO MPHUOBIBIINN BaroH
c i-M Tpy3oM OyzeT oTmpaBieH ¢ j-M rpy3om. Ha
OCHOBaHHWM JAaHHOW MATpPHUIBl M IUIAHOBBIX TPY-
KEHHBIX BaroHOHOIIOTOKOB OIIPENENSFOTCS Baro-
HBI, KOTOPBIC HCIIOJIB3YIOTCS IS CIIBOSHHBIX OTIe-
parwmii. OcTajpHBIE BaroHHI Ui oOecriedyeHus Oa-
JlaHCa TIOPOKHUX BaroHOB IMOJAIOTCS HA CTAHIIHUIO,
6o yOuparoTcs ¢ Hee B TOPOKHEM BHJIE.

Haquaﬂ HOBHU3HA U MPaKTHYECKasA
3HAYUMOCTDH

Hayynas HOBU3Ha pabOThI COCTOUT B COBEPILICH-
CTBOBAaHUHM METOJIOB OMPEJIEIICHHS PAaCYCTHBIX 00he-
MOB pPabOTBI ISl JKENIE3HOJOPOXKHBIX CTAHIMI 3a
CYET MCIOJb30BaHMs METOIOB aHaIKM3a BPEMEHHBIX
psmoB. IlpakTudeckas 3HAYMMOCTH BBIMOJHEHHBIX
WCCIICIOBAHUI COCTOMT B TOM, 4YTO MpeajiaracmMast
METOJMKa II03BOJISIET Oojiee TOYHO OLICHHUTH IIEp-
CIIEKTUBHBIC 00BEMBI Pa0OThI H, 32 CUET 3TOr0, CHU-
3UTh BEIIMYMHY KalUTAIBHBIX PACXOJIOB, CBS3aHHBIX
C Pa3BUTHEM CTaHIMH, ¥ SKCIUTyaTAIHOHHBIX PACXO-
JIOB, CBSI3AHHBIX C UX (PYHKIIMOHUPOBAHHEM.
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BriBoabI

BeInonHeHHbIE UCCIIEIOBaHUS TIO3BOJISIIOT Clie-
JIaTh CJICIYIOIINE BBIBOIBL.

1. IIpu ompenenennn pacdyeTHBIX 00BHEMOB pa-
OOTHI JKEJIE3HOMOPOKHBIX CTAHIIMHA, OOCITYKUBaIO-
IIUX TPY30BOE ABUKEHUE, HEOOXOIUMO YUUTHIBATH
MECSYHYI0 M CYTOYHYHO HEPaBHOMEPHOCTH TPY30-
Y BarOHOITOTOKOB.

2. MecsUHYI0 HEpaBHOMEPHOCTh OOBEMOB pa-
0OTBI JKEIE3HOJJOPOIKHBIX CTAHIIUH 1EIeco00pa3HO
OTIpEAETSATh MO OTHOIIEHHUIO K TPEHIY COOTBETCT-
BYIOILIETO TMMOKa3zarens. J[ims mocTpoeHus TpeHzaa
U CIJIQKUBaHUS PE3yJIbTAaTOB OIICHKM MECSYHOMN
HEPaBHOMEPHOCTH I10 TOAAM IMPEATIOKEHO HCITOIb-
30BaTh METOJ CKONB3AMIeH cpenHeii. Pazpaboran-
Has. METOJIMKa, 10 CPaBHEHUIO C TPAJULIMOHHOM,
MO3BOJISIET TIPY aHAIHM3€E YYeCTh TEHACHIINN yBEIH-
YeHWsI 1 YMEHbIIeHnS 00BEeMOB MEPEBO30K, a TaK-
e obecrieyrBaeT BO3MOXKHOCTh HCIIOJIb30BATh JUIS
OIICHKH MECSYHON HEPaBHOMEPHOCTH IEPHOIBI
0ojee oHOTO roja.

3. OnenKy CyTOYHON HEPAaBHOMEPHOCTH 00Be-
MOB pa0OTHI IpeJyIaracTcs yCTaHABJIMBATh HA OC-
HoBaHWU 30-TH CYTOYHOTO MEpHOJa C MAaKCUMAIlb-
HBIMH 00beMaMH pabOTHI B TOMy KaK OTHOIIICHHE
MaKCHMAaJIbHOTO 00beMa padoThI 3a JaHHBIN MepU-
Ol K CpeTHEMY .

4. llpemnoxeHa METOJMKA OIpPEIENEeHUsT pac-
YETHBIX 00HEMOM IOPOXXHUX BAaroHOIIOTOKOB CTaH-
Ui, KOTOPBIC YCTAHABJIMBAIOTCS HAa OCHOBAaHUU
pacueTHBIX TPYKEHBIX BarOHOMOTOKOB M MaTPHIIBI
BEPOSATHOCTEH HANpaBJIEHUsI BarOHOB IO/ CABOCH-
HBIC OII€paluu. Takas METOAHUKA ITO3BOJISACT CTAaTHU-
CTHUYECKH YYeCTh IMPHUTOJHOCTb BaroHOB IO TIO-
TPY3KY B COOTBETCTBHH C TEXHUYECKHM COCTOSHH-
€M U IIPUHAJICIKHOCTBIO COOCTBEHHHKAM.
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BU3HAYEHHS PO3PAXYHKOBUX OBCAI'IB POBOTH JIA _
MATICTPAJIBHUX TA ITPOMUCJIOBHUX 3AJIIBHUYHUX CTAHIIN

Mera. Crartsi crnpsiMOBaHa Ha BJOCKOHAQJICHHS METOJIB OLIHKM HEPIBHOMIPDHOCTI BaHTaKHHMX I€pPEBE3CHb
1 BU3HAUEHHS PO3PAaXyHKOBUX OOCSTIB POOIT 1UIsl 3aJIi3HUYHKUX CTAHIIH Ta MiA'T3HUX NULIXIB MPOMHUCIOBUX MiJIIPH-
emcTB. MeToauka. B sikocTi METO/IB AOCIIDKEHHS ISl OLIIHKU PO3PaxyHKOBHX OOCSTiB pOOOTH BaHTa)KOIOTOKIB
1 3aBaHTa)KCHUX BaroHONOTOKIB BUKOPUCTaHI METOJM MAaTEMaTH4HOI CTaTHCTHKH, 30KpeMa, METOAN aHallizy 4aco-
BUX DPAIIB; ISl OLIIHKK PO3paxyHKOBHX OOCSTIB IOPOXKHIX BaroHOIOTOKIB 3aJ(iTHO METOAN MAaTeMaTHYHOTO MOJie-
moBaHHs. PedyabTaTn. Po3paxyHKoBi 00csrn poOOTH MaricTpaJlbHUX 1 IPOMHCIOBUX 3JII3HUYHHUX CTAHIIN BU3HA-
YaIOThCS 3 YPaxXyBaHHSIM MiICAYHOI Ta 10OOBOI HEPIBHOMIpPHOCTI. MicSYHY HEPiBHOMIPHICTh MPOIOHYETHCS OILIHIO-
BaTH I10 BiTHOIICHHIO 0 TPEHAY IMOKa3HMKa 32 OCTaHHI 3—5 poKiB, MOOYIOBAaHOTO 3 BUKOPUCTAHHIM METOMY 3Ba-
JKEHOI1 KOB3HOI cepelHboi. B SKOCTI po3paxyHKOBOTO MEPIOLy TS OIIHKK O0OOBOI HEPIBHOMIPHOCTI MPOIIOHYETHCS
BHKOpUCTOBYBaTH 30-TH JEHHUH MEpios y MONepeHhOMY POIli 3 HAHOIIpIIMM cyMapHUM o6csaroM po6iT. Po3mipu
PO3paxyHKOBHX ITOPOKHIX BarOHOMOTOKIB MPOIOHYETHCS BU3HAYATH HA MiJCTaBi 3aBaHTAKEHHX BarOHOIOTOKIB i3
MaTpUIEI0 HMOBIPHOCTI BUKOPUCTAHHS BAaroHIB IIiJ] 3BO€EHI oneparlii. BUKoHaHO mepeBipKy 3aIpOIIOHOBAHOTO Me-
TOJy IIUIIXOM PO3paxyHKy o0csriB poOiT mist 2014 poky 3a JaHUMH MOMEPEAHIX TUMYACOBHX HepioiB. Pe3ynbTatn
NepeBipKY IT0Ka3aJIH, 10 MPOIIOHOBAHUI METO/, Y NOPIBHSHHI 3 TPAAULIHHUM, 3a0e31euye OUIbII BUCOKY CTIHKICTh
pe3ysbTaTiB MpU 3MiHI YaCOBHMX NEPiOAiB, 10 BHUKOPUCTOBYIOTHCS JISl aHANIi3y, a TaKoX OLIbII TOYHY OLIHKY
po3paxyHKoBUX 00csriB poborn. HaykoBa HOBH3HA. ABTOpaMH yJOCKOHAJICHO METOIM BH3HAUCHHS PO3paxyHKO-
BUX 0OCSTiB pOOOTH ISl 3aJIi3HUYHMX CTaHLId 32 paxyHOK BHMKODHCTaHHS METONIB aHaji3y YacOBHX PSiB.
I[IpakTHyHa 3HAYMMICTh. 3aIIPOIIOHOBAHA METOAMKA JO3BOJISIE OLIBII TOYHO OIIHUTH MEPCHIEKTHBHI 00CITH PoOo-
TH 1, 32 paXyHOK [IbOTO, 3HU3UTH BEIMYNHY KalliTAIFHIX BUTPAT, NOB'SI3aHUX 13 PO3BUTKOM CTaHIIiH, Ta eKCIuTyara-
[ifHUX BUTpAT, MOB'SI3aHUX i3 iX QyHKIIOHyBaHHAM. MeTOIIKa TaKOX MOXKe OyTH BHKOPHCTaHA MPH BIOCKOHAIICH-
Hi HOpPMaTHBHUX 1 METOJUYHUX ITOKYMEHTIB, IO PETJIAMEHTYIOTh IPOCKTYBAHHS Ta PO3POOKY TEXHOIOTIYHHUX IPO-
[IeCiB poOOTH MaricTpaIbHHUX 1 MPOMHUCIIOBUX 3aJII3HHYHUX CTAHITIH.

Kniouosi cnosa: 3ami3HUYHA CTaHIIA, HEPIBHOMIPHICTh NEpEBE3€HB; YacOBi PSIM; MPOSKTYBAHHS 3ali3HUYHUX
CTaHIIi; TEXHOJOTIYHUH MpoIiec
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CALCULATED VOLUMES DETERMINATION OF WORK
FOR MAIN-LINE AND INDUSTRIAL RAILWAY STATIONS

Purpose. This article aims to improve the evaluation of irregularity of freight transport and calculated volumes
determination of work for railway stations and sidings of industrial enterprises. Methodology. The methods of
mathematical statistics are used as research methods for estimation of calculated volumes of traffic and loaded traf-
fic, in particular, the methods of time series analysis; the methods of mathematical modeling are used to evaluate the
calculated volumes of empty traffic. Findings. Calculated volumes of the main-line and industrial railway stations
activity are determined according to the monthly and daily irregularity. Monthly irregularity is proposed to evaluate
against the trend of the indicator over the last 3-5 years, constructed using the method of weighted moving average.
The 30-day period in the previous year with the largest total amount of work is proposed to use as the calculation
period for the assessment of daily irregularity. The computation size of empty traffic volumes is proposed to be de-
termined on the basis of loaded traffic volumes with the probability matrix of cars usage for dual operations. The
proposed method is verified by the work volume calculation for the year 2014 according to previous time periods. The
test results showed that the proposed method as compared with traditional one provides higher stability of the results
when changing time periods, used for analysis, as well as a more accurate assessment of the calculated volumes of
work. Originality. Authors have improved determination methods for the calculated volumes of work to railway
stations through the using time series analysis methods. Practical value. The proposed methodology allows assess-
ing more accurately the prospective volumes of work and, through this, reduce the amount of capital expenditures
associated with the development of stations and operating costs associated with their operation. The method can be
used to improve the governing and methodological documents regulating the design and development of technologi-
cal processes of the main-line and industrial railway stations.

Keywords: railway station; irregularity of transportation; time-series; design of railway stations; technological
process
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BIIJINB OCHOBHUX HAPAMETPIB MOI3JI0MOTOKY
HA 3ATAJIBHUU TIPUBYTOK 3AJII3HULID

Merta. PoGoTa cnipsiMoBaHa Ha aHaJli3 BIUTUBY TaKUX [apaMeTpiB, sSIK KUIBKICTh MOI3/iB HA JUIBHULI Ta JOBXUHA
BAaHTa)XHOI'O IM013/1a, Ha 3araJibHUi MPUOYTOK 3aji3HMII Ta BU3HAYEHHS 3araibHOro npuOyTky IlpuaHinpoBchkoi
3aJIi3HUII 32 OCHOBHMMH IUIBHUISIMU MPOMYCKY 10i3/1iB. HeoOXiHUM € TakoX BU3HAYEHHsI MUTOMOI CTaBKU IPH-
OyTKy Ha 1 KiJIOMETp eKcIuTyaTamiiHOl JOBXHMHH KOXKHOI OKpeMol JaHKW 3aii3Hn4HOi mepexi. Mertomuka. s
JIOCATHEHHS [TOCTABJICHOI METH OYJIH po3pOOJIcHI iMiTaIliitHI MOJENi TUIBHUIIh 3TI3HHYHOTO MOJIITOHY Ta MPOBEIe-
HO MOJEJIOBaHHSA MPOITyCKYy BaHTAXKHUX MM0i3/1iB. Ha OCHOBI OTprMaHUX pe3yiIbTaTiB BU3HAYCHI 3aJIE)KHOCTI OCHOB-
HUX TapaMeTpiB MOI3AONOTOKY Ta iX BIUIMB Ha 3arajbHHUN MPUOYTOK 3ami3Huii. PesyabTaTn. Ha ocHOBI mpoBene-
HUX JOCIIKEHb JJIsl BU3HAYCHHS ONTHMAaJIbHAX MapUIPYTiB MPOITYCKY O3B Ta BHOOPY palliOHAIFHUX ITapaMeT-
piB 10i310MOTOKIB Oy10 po3pobiieHo (GyHKIIT eKcIuTyaTaiiHUX BUTPAT MO KOXKHIN JUIbHHLI. 32 IXHBOIO JIOMOMO-
TOI0 pPO3paxOBaHi eKCIDTyaTamiiHi BHUTPAaTH, IOXiA, 3arajJbHUN NPUOYTOK 3aTi3HMII Ta BHU3HAYCHUH BIUIHB
mapaMeTpiB MOI30MOTOKY Ha €KOHOMIUHI MMOKa3HUKH POOOTH 3aTi3HHYHOT'O TPaHCIOPTY. Bu3HavyeHo, mo ontuMma-
JIBHAM € TIPOIMYCK BaHTKHUX IMOI3/IB JOBXKHHOI 53—56 YMOBHHX BaroHa, a 3aBaHTKCHHS IUILHUII TOBHHHO
ckianate 75—85 % Bi HAsBHOI MIPOIYCKHOI CIIPOMOYXHOCTI. 3 OTJIsAYy Ha OTPUMaHI pe3yIbTaTH MPIOPUTETHUM PO3-
BUTKOM 3aJi3HUYHOT'O TPAHCIIOPTY IIiJl YaC MOKJIMBOTO IMiJABUINCHHS PO3MIPIB PYXy € eJIeKTpUdiKaIlis TUIBHUID 13
TEIJIOBO3HOIO TATOI0 (y 3B’SI3KYy 31 3HAYHOIO BapTICTIO Ju3eibHOro nainusa). HaykoBa HoBm3Ha. ABTOpamu Oyna
YIOCKOHAJIEHa TEXHOJIOTis BU3HAUSHHS 3arajlbHOr0 MPUOYTKY 3aJli3HHUIb HAa OCHOBI 3MiHHUX ITapaMeTpiB 101310110~
TOKiB. Briepire Bu3HaueHa Ta 3alpolOHOBaHA Il BUKOPUCTAHHS IPY BU3HAYEHHI 1HBECTHIIMHOI MpuBabIMBOCTI
3aJi3HUIB TUTOMA CTaBKa MPHUOYTKY Ha | KiTOMETp eKCIUTyaTaIliifHOI JOBKWUHH AUTHHHUIN Y 3aJI€KHOCTI BiJ cepen-
HBOJIOOOBHX PO3MIpiB pyxy. Po3pobieHi imiTamiitHi MoIeNi OKpEeMIX TUTBHUIL PEaThbHOTO 3aJli3HUYHOTO TONITOHY
[pugainposcekoi 3ami3aumi. [IpakTHyHa 3HaYNMicTh. BUkoprcTanHs po3po0IIeHNX IMITaiHHUX MOIENel J03BO-
JIUTh AHATITHYHUAM LUIIXOM PO3paxyBaTH €KOHOMIYHUE e(eKT Bij 30LIbLICHHs JO0O0BOro moi3nonoroky. Brposa-
JOKEHHST MOJIeNIel TaKoXK JTOTIOMOXKE BHUAUIUTH (PAKTOpH, SKiI BIUIMBAIOTH HA MPHUOYTOK 3aTi3HMIII 0 OKPEMHUM IilTb-
HHILSIM IIPOIYCKY MOI3/iB IUIIXOM BU3HAYEHHS TUTOMOI CTaBKU NPUOYTKY.

Kmouosi cnosa: 3ami3HUYHUE TOJIICOH; MOI30MOTIK; IMITalliHE MOJICITIOBAHHS; EKCILTyaTalliiiHi BUTPATH; 3ara-
JbHUI TPUOYTOK 3aJTi3HULIB; TMTOMA CTaBKa MPUOYTKY
B 1iIoMy pedopmu OyiM BUTiAHI B IU1aHi edekTu-
BHOCTI 1 TPORYKTUBHOCTI MOCIYT 3aJi3HUYHOTO
Tpaucmopty [13]. ¥ mpoMy acmekTi 3ami3HUIHUI

Beryn

CyuacHi TeHICHLIi Ta HAIPSMH PO3BUTKY €KO-

HOMIKHM YKpaiHu Ha IMUISXY €BPONEHCHKOI iHTETpa-
il mependayvaroTh BUCOKY AMHAMIKY €KOHOMIYHHX
3B’S3KiB, Y TOMY YHCIHi i TPAHCIIOPTHUX HOTOKIB.
Bonm, B mepmry depry, opieHTOBaHI Ha THYYKIiCTb
E€KOHOMIYHOI CHCTEMH, Ta MOJIJIUBICTH OIEPaTHB-
HOi 3MiHM TPIOPUTETHUX HANpPsMIB Koomepauii
3aJIEKHO BiJl 30BHIMIHHFOCKOHOMIYHOI 1 MTOJIITUYHOT
cuTyarii y kpaiHi Ta cBiTi [9].

Pesynbratn pedopmyBaHHS €BpPOMEHCHKHUX 3a-
mizaune  1985—-2005 pp. Bka3dywTh Ha Te, MIO

TPaHCIOPT YKpaiHW, sK OJHA 3 OCHOBHUX CKJalo-
BUX EKOHOMIiKH HOTpedye pedhopMyBaHHsI BiAMOBi-
IHO [0 BHMOT CY4YacHOTO PHHKY TPaHCIOPTHHUX
nociyr. 3ali3HAYHA CHCTEMa € CKJIaJHOI CHCTe-
MO0 3 OaraTbMa B3a€MOJIFOYMMU TMporecami [14].
CroroHimHI yMOBH (YHKI[IOHYBaHHS 3aJi3HHY-
HOTO TPAaHCHOPTY YKpaiHH XapaKTEepPU3YIOThCS
3MIHOIO CTPYKTYPH i 00CATIB BaHTa)O0- Ta MOi3/10-
nmotokiB. Tak 3amizHuni Ykpaiaun mpotsrom 2014
poky TepeBe3n 389,7 MIH. T BaHTaXiB, IO
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craHoBuTh 87,8 % [0 aHAJIOTIYHOTO Tepioay
2013 p. Y BHYTpIIIHHOMY CHOJYYEHHI IIepEBE3CHO
182,6 MiH. T, IMITOPTHI TepeBE3eHHS CTAHOBIIATH
Maibxe 36,2 MITH. T, eKkcriopT — moHan 141,3 miH. T,
Tpam3uTHI — 29,5 MiH. T. [Ipu upomy BHYTpilHI
MepeBe3eHHs, MOopiBHAHO 3 2013 pokoM, 3MEHIIIH-
yucst Ha 20,3 %, ekcrioptHi — Ha 2,9 %, TpaH3UTHI
— Ha 13,3 %. IMnopTHi mepeBe3eHHsI 3pOCIM Ha
3,7 %. [3].

VY 3B’s3Ky 3 UM 3MIHHJIAcCh 1 CTPYKTypa BaH-
Ta)XOIIOTOKY 32 POJAOM BaHTaXiB. Tak y 3arajJbHUX
o0csrax BaHTaXiB 301UIBIIITUCS TIePEBE3CHHS 3ep-
Ha 1 3epHOBHX (122,1 %), Kokcy (119,7 %) Ta mi-
coBux BaHTaxiB (102,3 %), oOcsru iHIIUX BaHTa-
JKIB 3MEHIIWIKCS: KaM'ssHOro Byriuia (Ha 16,8 %),
HadTH 1 HadrompomykTiB (Ha 13, 7 %), 4opHHX
MmetaniB (Ha 9,5 %), pyau 3ai3HOi i MapraHIeBoi
(1a 2 %) [3].

VY 1eii yac icHye e OJHA, JOCUThH aKTyaJlbHa,
npobieMa 3a1i3HHYHOTO TpaHCIOpTy. Tak y 3B s13-
Ky 3 Hallpy’>KEHOIO0 CHTYyali€lo y KpaiHi, YKp3ami3-
HULS 3MYyIICHa B ONEPaTUBHOMY IMOPSAKY BUKOHY-
BaTH PO3IOMALI TOi3I0MOTOKIB Yepe3 MOCTiiHI 00-
MEXXCHHS Ha JTUIBHHUIAX 3aTI3HUYHOT MEPEKi CXiJl-
HO1 YKpaiHu.

Ile BukITMKamO HEOOXITHICTH KOPIHHUX 3MiH Ha
3aJI3HUYHOMY TPaHCIIOPTi, y TepIly 4epry B CHC-
TeMi KepyBaHHs HOTO eKCIUTyaTaliiiHO poOoToIo.
TpuBae akTHBHHI TONIYK HOBHX (OPM i METOIB
poboTH, 10 3a0e3MeuyI0Th B3aEMOBHTIIHI BiIHO-
CHHHM 3 pEeriOHaM| 1 MiIANpUEMCTBAMH Taiys3i, mifi-
BUIICHHA TPUOYTKOBOCTI IIEPEBI3ZHOTO TIPOIIECY
B yMOBaX KOHKYPEHIIil 3 iHIIMMH BHIaMH TPaHC-
nopty [10].

OCHOBHHMM 3 IPiOPUTETHUX HANPSIMKIB PO3BUT-
Ky 3aJi3HHIb € BUKOPHCTAHHS CYYaCHUX METOIIB
oprasizalii ornepaTHBHOTO PO3IMOJTY MOi3I0MOTO-
KiB, SIKi BpaxOBYIOTb, B IIEpILly Yepry, eKOHOMIUHY
e(heKTUBHICTh BiJl TIEpEBE3CHHS BAaHTAXIB 3a paxy-
HOK 3HIDKEHHsS cO0iBapTOCTI IepeBe3eHb 1 ITiIBH-
HIeHHS eQEeKTHBHOCTI BHUKOPUCTAaHHSI pPYyXOMOTO
CKJIaay Ta 3aii3HU4HOI iHdpacTpykTypu. CydacHi
TPAHCIIOPTHI CUCTEMH TIOBHHHI BIiATIOBIIaTH BHUCO-
KM BHMOTaM IIOJI0 HAIIHHOCTI Ta JOCTYIMHOCTI
nocuyr [15].

OyHIaMEHTAIFHOIO  OCHOBOIO  IiJBHILECHHS
e()eKTUBHOCTI EKCIUTyaTalliiHoT poOOTH 3aIi3HUIlL
VYKpaiHu B CydyacHUX YMOBax € BIPOBa)KEHHS HO-
BUX METOMIB YIIPABIIHHS TEPEBI3HUM IPOIECOM

Ha 0a3i iHopMaliifHUX 1 KepyHUUX TEXHOJOTiH
3 BUKOPHCTaHHSAM MPHHLUIIB TEXHOJIOI0-€KOHO-
MIigHOT MOEIN TepeBi3HOTO Tporecy. Ha cydac-
HOMY eTali €eKOHOMIYHHX B3a€EMHH YIIPaBIiHCHKO-
My araparoBi BCiX piBHIB HEOOXigHO BMITH TpH-
WMaTd TIOTEepeaHhO0 CKOHOMIYHO OOTPYHTOBaHI
opraHi3amiifHi ¥ TEXHOJOTIYHI pillleHHS, SKi II0-
3BOJISATH MiHIMI3yBaTH BUTPATH 1 301MBLIMTH JOXO-
ITHI HaIXOKeHHA. BupoBamkeHHS iH(MOpMAITii-
HUX TEXHOJOTIH TMEpPEeBI3HOIO MPOIECY B Mexkax
ieosnorii TEXHONIOr0-eKOHOMIYHOT MOJENi yrpaB-
JiHHA [O3BOJMTH JOCAITH 3HAYHOTO 3HMKCHHS
eKCIUTyaTallifHNX BHUTPAT, IIOB'S3aHUX 3 IIEpEBe-
3eHHSAM BaHTaXiB (IONIMIICHHS BUKOPUCTAHHS
PYXOMOIO CKJaay, ONTHUMI3allisl PEryiioBaHHS Ta
MIPUCKOPEHHsI 00iry BaroHa) [7]. Takox, 3 orismy
Ha TOAANBLIY PECTPYKTYpHU3alilo 3aTi3HUYHOTO
TPaHCHOPTY Ta MOIIYKY iHO3EMHHX iHBECTOPIB,
HEOOXiTHO TPEe3eHTYBaTH YKP3aJi3HUINIO, SK CTa-
OUTbHO TIPUOYTKOBE ITiIPUEMCTBO 3 IPUBAOIMBUM
MaKpo- Ta MiKpOEKOHOMIYHHM CEpPEIOBHIICM.

Meta

Meta poOOTH — BH3HAYCHHS 3arajibHOr0 MpH-
OyTky I[TpuaHImpPOBCHKOT 3ai3HMII 32 OCHOBHHUMH
JTUTBHULSIMU TIPOIYCKY TOI3/iB Ta aHalli3 BIUIUBY
TaKUX TapaMmeTpiB, K KUTBKICTh O3B Ha IiTb-
HHIII 1 JOBKMHA BaHTAKHOIO 11013714, HA 3arajabHUM
MpuOyTOK 3aJi3HUIN; BU3HAUYEHHS MUTOMOI CTaBKH
NpuOyTKY Ha KUTOMETp EKCIUTyaTalliifHOl TOBXKUHH
KOXKHOI OKPEMOi JIaHKH 3aJ1i3HUYHOI MEpEKi.

Ilocmanoexa 3adaui: JIng BUKOHaHHA HAayKoO-
BUX JIOCJI/PKEHb PO3IIIAIAETHCSA 3ali3HUYHUEN T10-
JITOH, KW BKIIOYa€ OCHOBHI BaHTa)KOHAMPYKeHi
ninbHUI [IpuaHITpOBCHKOT 3aTi3HUIL:

— onHokomiiHi: Kpusuit Pir — BepxiBuese,
ArmoctonoBe — Hmxapoaninmposcsk-By3on (H/IB),
Hwxupoaninposcsk — By3son — Ilasnorpan, Ilas-
norpan — KpacHoapMilchK;

— nBokodniiiHi: Bepxisnese — HIB, Kpuswuii Pir
— 3anopixks-Jlise, HmwxapomHINpOBCHK-By3om —
CunensHuKoBe, 3amopixoksa-JliBe — CHHETEHUKO-
Be, CunenspHMKOBE — [laBnorpan, CHHEIbHUKOBE —
Kpacnoapwmiiicek (puc. 1).

OO0'eKTOM MOCIIIKEHHS € pealbHUN 3ajTi3HuY-
HUi nomiron [lpuaHinpoBceKOi 3ami3HMLI; Mpen-
MET AOCIHiIPKEHHS — BaHTaXHI HOi3JO0MOTOKH, IO
MPOIYCKAIOTHCS 110 33IaHOMY TOJIITOHI.
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Metoauka

Jlns  BU3HAYEHHS ONTHMATBHUX MAapIIPYTiB
MPOITYCKY TOI3/iB Ta BUOOPY pallioHATBHHUX Tapa-
METpiB MOI3AONOTOKIB Ha 3aJi3HUYHOMY HAIPSAM-
Ky, 3 METOI0 MiHiMi3aIlii 3aralbHUX BUTpAT 3aii3-
HUIp BU3HAYaeMO (YHKITI EKCIUIyaTalliiHuX BH-
Tpar Mo KOXHi¥ IinbHULI OkpeMo. i 1poro 0y-
T po3poOiyieHi  imiTamiiiHi  Mozmemi  KOXKHOI
TMUTBHUII 3aTI3HUYHOTO TIOJIITOHY Ha OCHOBI MiHicC-
Tepchkoro rpadika pyxy MOi3IiB Ta 3 ypaxyBaH-
HSIM OCHOBHHUX iX XapaKTEpPHUCTHK: AOBXHHA AiJb-
HMIU, KUJIBKICTh TOJOBHHX KOJIIH, TEXHIYHA IIBH/I-
KICTh BaHTQ)XHUX II0i311iB, KCPIBHUM yXWJI, BaroBi
HOPMH, KUJIBKICTh TEXHIYHHMX CTaHLid Ta yMOBHa
JIOBXKMHA TNPUAMATbHO-BIINPABHUX KOMIM IHX
crantmiit 1 1.1m. JlocmipkeHHsS BUKOHYBAJIOCh 3 BH-
KOpUCTaHHSIM po3pobinenoi moxemi [5]. Indopma-
miffHa cKiazoBa MOJAENI MPOIMYCKY MOi3I0MOTOKY
JUTSE KOXKHOI OKpeMO1 TUThHUIN Mae BUTIIsAA rpadika
pyxy moi3ais (puc 2). Pozpobneni moneni, Ha Bin-
MiHY BiJ iCHYIOUHMX, HaJalOTh MOKJIMBICTb CHCTE-
MHO TIPOaHATI3yBaTH OpraHi3allilo pyxy Moi3/iB Ha
3QI3HUYHAX HamNpsMKaxX 3 ypaxyBaHHSM OCOOIH-
BOCTEH POOOTH KOXKHOI JUIBHUII OKPEMO.

BHKOHYIOUYH ampOKCHMAIIII0 EKCIICPUMEHTAITb-
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HUX JIaHWX, BU3HAYEHUX MOCIIOBaHHSAM IPOIyC-
Ky TOI3I0MOTOKIB 10 AIIBHUIAX, OTPHMYEMO Ma-
TEeMaTHYHUI OITUC 3aJISKHOCTI Yacy XOIy BaHTaxk-
HOTO TOi3[a MO MEepPEeroHy BiI KiTBKOCTI BaHTaX-
HHUX TOI31iB 1 YMOBHOI MOBXHMHHU cocTaBa. J[ms
ninpHUI  BepxiBieBe HwKHBEOTHITIPOBCHK-
By3o0n QyHKIIisI 3a7I€:KHOCTI Ma€ BUTIISI:

y=by+b -x +b-x,+
2 2
+b, X Xy + by X7 +by o x,7,(1)

IIe X; X, — 3MiHHI KUIBKOCTi: BaHT@KHUX TOI3/iB Ha
IIBHMII 3a 700y Ta YMOBHOI JOBXKHHH COCTaBa
BiIOBIHO; by, b, by, by, byy, by — cTami koediri-
€HTH (Tabm. 1).

Jlns BizyanpHOTO aHAITi3y XapakTepy 3alIexHO-
CTi TPUBAJOCTI 3HAXO/KEHHS TOI3/IiB HA JAUTLHUII
BiJl 3MIiHH KiJIbKOCTiI BAaHTKHHUX TI0i3]liB 1 yMOBHO1
JTOBKMHHM COCTaBa OTPHUMaHi (QYHKIII IOJaEMO
y rpadiuHomy Bursiai (puc 3). AHanoriuHi 3ane-
’KHOCT1 BiJ 3MIHH KIJBKOCTI BaHTA)XHHUX IIOI31B
1 YMOBHOI JOBXMHH COCTaBa OyiM BH3HAYCHI JJIS
CepeHbOI MBUAKOCTI PyXy BaHTKHUX IMOT3/1iB Ha
INTBHHMIN, KUTBKOCTI JIOKOMOTHBIB Ta CEPEIHBOIO-
00OBOr0 000OPOTY OJJHOTO TOKOMOTHBA.
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Puc. 1. 3a1i3HUYHI HUISIXH CIIOIYYEHHSI Mi)K OCHOBHMMH TE€XHIYHUMU
cranuisiMu [IpuaHinpoBCbKOT 3ai3HALI

Fig. 1. Railway connections between key technical stations
of Prydniprovsk railway
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CopemiA TMBAIICTS SHIXDLKEHHA BaHTEXHOT 0 N0isRa Ha bl T = 234 X8
Dinohinaa wenakiets Va = 20.7 km/ron

TouBaRICTS MPOCTOK: NOKOMATUES B ocHoBHaMy Aena Toc = 3.02roa
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CepenrinaoBosHi Mpodi nakamo
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258k
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Puc. 2. Pe3ynbraTél MOZIETIOBaHHS pyXy IMOT3/1iB HA TBOKOJIHHINA AUTHHHII
HwxkuboaHinposcsk By3on — Bepxisiese

Fig. 2 Results of simulation for the double-track train station
Nyzhnodniprovsk Vuzol — Verkhivtseve

Tabnuns 1

KoediunienTn ¢pyHkuii 3aiaexHocTi TpUBaIOCTI
3HAXOMKeHHH MOoI3AiB Ha AiIbLHUII Bix 3MiHM
KUIBKOCTi BAHTaKHMX MOi31iB i yMoBHOI
JAOBKHHHU COCTaBa

Table 1

The coefficients of functions depending on
the duration of the train on the section from change
the number of freight trains and conditional
length of rolling stock

b0 1917,7914
bl ~0,0378
b2 ~63,5683
b12 ~0,0097
b1l 0,0074
b22 0,5625

s mepeBipku afeKBaTHOCTI JaHoi Mozeni OyB
BUKOPUCTAHUH METOJl MOBHOTO (DaKTOPHOTO EKC-
nepumenty (IIDE). Bim peamizye Bci MOXKIHBI
1 HETOBTOPIOBaHI KOMOIHAIll He3aJeKHHX 3MiH-
HHUX, KOKHa 3 SIKUX NPUMYCOBO Bapilo€ Ha ABOX
piBHaX. KigpkicTh 1ux KoMOiHaIiif mpu n ¢dakro-

pax Bu3Hauae THII uiaHyBaHHs [1]. ns Toro, mo6
BCTaHOBHUTH 3aJISKHICT QPYHKUII BIATYKY Bill JBOX
¢axropis t=f(N,m) (daxTop 1 — KiNbKiCTH BaHTAX-
HEX T10131iB (N), hakTop 2 — YMOBHA JOBXKHHA I10-
i3ma (m)), OyB PO3TISHYTHH BIUIMB KOKHOTO (hak-
TOpa Ha JIBOX PiBHSIX.

VY pe3ynbTaTi HMepeBipKH ameKBaTHOCTI MO
OyJi0 BU3HAYEHO, 1O OLMBIIMK BIUIMB Ha (DYHKIIiIO
Mae came Mepiuuii (akTop, 3BaXKaloyd Ha Te, II0
BpaxyBaHHs JOBIPYOTO iHTEpBally BIOXWIWIO Bpa-
XyBaHHS OKpeMO Jpyroro (akropa, 3alHIIHBIIA
IIpU LBOMY BIUIUB HOOYTKY (akTopiB. Takum 4u-
HOM CJiJ 3ayBaXXKHMTH, IO Ha TPUBAIICTH 3HAXO-
JUKCHHST OKPEMOTO IT0i3/1a Ha JUTHHUIN BIUIMBAE
came oro yMOBHa JOBXHWHa (m), a Ha CEPEIHIO
TPUBAIICTh 3HAXOJDKEHHS MOi37a HA IUIBHHIN —
KUTBKICTh BaHT@XHUX TO131iB (NV).

Y pe3ynabTaTi BUKOHAHUX JOCHIIIB OTpUMaHi
HEeOOXiZHI AaHi Ui po3paxyHKy eKCIUTyaTaliifHuX
BUTpAT: CEpeaHbON000BI PO3MIpH PyXy BaHTaX-
HUX TIOI3[IiB, CepeaHs Bara OpyTTO Ta YMOBHa J0O-
BXXHMHA 1013713, 3arajlbHUH Yac pyXy MO IiTBbHUII,
KIJIBKICTh 3yNIMHOK, 000poT JokoMoTHBa. Ha ixHiit
OCHOBI 1 BUKOHYEMO PO3paxyHOK eKCIUTyaTalliitHIX
BUTpAT Ha MPOCYBAaHHS BAHTAXKHOTO MOi3/IOMOTOKY
0 3aJaHoMy 3ali3HWUYHOMY moiirodi [Tpuamin-
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POBCBKOI 3aJli3HMIII Ta OTPUMAHOTO 3arajbHOTO
JIOXONy BiJ 3IIHCHEHOTO TEPEeBE3CHHS BaHTaXiB
10 3aTI3HUYIHIN Mepexi.

135-140

130-135

125-130

125 120-123
115-120

110-115

60 105-110

110 100-105

N, notzdiz B 60 70

Puc. 3. 3anexHicTh yacy 3HaXOHKEHHS MOT3/1B
Ha OUISHLI BiJ KUIBKOCTI BaHTaKHUX IIOI3/1B Ta
YMOBHOT JIOBXXHHH COCTAaBIB, 1[0 PyXarOThCs
Ha ninsHuLl Bepxisuese — H/IB

Fig. 3. Dependence time of trains on the section
from the number of freight trains and conditional
length of rolling stock moving at
the station Verkhivtseve - NDV

PosrissHeMO CKIIaIHHWKH €KCIUTyaTaliiHuX BH-
TpaT Ha MPOMYCK IMOI30MOTOKY MO AUTEHUIX 3a-
JII3HUYHOTO TIOJIITOHY: BUTPATH Ha EJIEKTPOCHEP-
rifo (AM3enpHe MaNNBO), HA YTPUMaHHS JJOKOMOTH-
BiB Ta JIOKOMOTHBHHUX OpHTas, Ha €KCIUIyaTallifo Ta
MPOCTIH PyXOMOTO CKIIAy, BUTPATH Ha 3YMUHKH
Ta 00CIyroByBaHHs IMOi3/1iB HA TEXHIYHUX CTaHLI-
ax. Y 3aranpHOMY BHUIIISANI (DYHKIS €KCILTyaTa-
MIHHUX BUTPAT MA€ BUTIISIL:

Eo=E,  +E ot Eq, 2)

ne E,,. — BUTpaTHu, MOB’sI3aHi 3 PyXOM MOI3/1iB Ha
JUIBHULI, TPH; E,pocn — BATPATH, TIOB’A3aHI 3 IIPOC-
TOEM TOI3/IIB Ha TIEpPEeroHaxX Ta CTAHINAX 3 ypaxy-
BaHHSIM BHUTpAaT Ha pO3TiH-CIOBUIbLHEHHS, TPH;

i3/1iB Ha TEXHIYHUX CTaHIlsAX, TPH [6].
Butpaty, noB’si3aHi 3 pyxoM MOT3iB, BKJIHOYA-
I0Th B ce0e:

E, =E,.tE, +

nan ymp

E® 4+ E* (3)

ymp 2

ne E,,, — BUTpaTH Ha NaJMBO-CHEPreTUYHI pecyp-
. . DI . JI0K
CH, HEOOXI/IHI ISl POIYCKY MOi3/iB, IpH; E5 —
BUTPATH HA [IOTOYHE YTPUMAaHHS JOKOMOTHBIB JUIS
MIPOMYCKY 3alaHOTO BarOHOIMOTOKY; Eyf:lp

TH Ha MIOTOYHE YTPUMaHHS JIOKOMOTUBHUX OpHTal,

BUTpa-

. 8ae
rpH; EJ — BATPaTH Ha [OTOYHE YTPUMaHHs Ba-

TOHHOTO TIapKy, I'PH.
ButpaTy Ha pocTiii Noi3iB BU3HAYAEMO:

E JIOK

npocm

E _ Eea(

npocm npocm

+E 4)

poze—cnos

I[e E6u2

npocm

— BUTpATH Ha MPOCTiii BaroHiB Ha mepe-

E JIOK

npocm
CTiH MaFiCTpaJ'ILHI/IX JIOKOMOTHBIB 3 OpHUTajor,
I'PH; — BUTpPATH Ha PO3TiH — YNOBUIbHEH-

TOHAX Ta CTAHIIISX, TPH; — BUTpaTH Ha Mpo-

pOJ? cnoe
HSl BAHTQ)KHOTO T01371a, TPH.

dopmyna BUTpaT Ha OOCIYrOBYBaHHS IOi3JIiB
Ma€ BUTIISII:
E,=E, +E' +E”

3MiHa

E JIOK (5)

3mina °

ne E,, — BUTpaTH, NOB’A3aHl 3 TEXHIYHUM OIJIs-
JIOM BaroHiB Ha TEXHIYHMUX CTaHIIAX IUIBHUII,

rpu; E"%” _ BuTpaTH Ha BMKOPHMCTAHHS CTaHIIiii-

HO1 iH(bpaCprKTypHa I'PH; E3lell

3MiHy JIOKOMOTHUBHHX OpHran, TpH;

— BHUTpATHU Ha

E JIOK

3MiHa — BH-

TpaTH Ha 3MiHY JIOKOMOTHBA, TPH.
BukopucTtoBytoun OJMHHWYHI BUTPATHI CTaBKH

[0 TIEPEBE3EHHSX, BUTPATU 3aJi3HULL HA IPOCY-

BaHHS BaroHONOTOKY BH3HAYa€MO 32 OPMYJIIOI0:

E.,, — BuTparu, nos’s3aHi 3 00CIyroByBaHHSIM IO-
Cran Bl TN, +Coin - Ly N, +C T, N, +Ci - Ly, N, -m, .. +Cit Ly T, -N, +
E = Cszgcm ! Tnpocm : Nn ’ my,w.saz Cf:;(l)‘cm ' npocm ' Nn + I’l (Cpoge uubu) N + CVI::P N mywsaz : Kmo + s (6)
+Co? T, N, +Ch. - N +Coia " N,y Ko
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ne C

nan

(1 1 mnamusa,

— BapTICTh OAMHHII EHEpropecypcy

JUTS  TETUIOBO3HOI TATH), TPH;

C!' — muToMmi BUTpaTH Ha 1 JJOKOMOTHBO-KM BaH-

TaXHOTO PYXY, I'PH; C;';‘)

— IHUTOMI BUTpaTH Ha |
3 . KM

Opurazo-roj y BaHTaKHOMY pyci, rpH; C,.. — IH-

TOMI BUTpaTH Ha | BaroHO-KM 3arajibHOTO Mpooiry

CB(JZ

wpocm  — TTATOMI

BaroHa BaHTa)XHOTO MapKy, I'PH;

BUTpPATU Ha 1 rox mMpoCcTor BaroHa y CKJ'Ia,I[i BaH-

Ta)KHOTO moi3na, rpH; C. o~ — MATOMI BUTPATH Ha

npocm
1 rom mpOCTOI0 MaricTpaJbHOrO JIOKOMOTHBA
3 Opurazoro y BaHTakHOMY pyci, rpH; C, . — Bap-

pose

TICTh pO3roHy moizna, rpH; C

canovm

— BapTICTh OJI-

. leae .
HOIr0 rajJbMyBaHHA 1101344, T'PpH; Cmeoa — IIHUTOMI1

BUTPATH Ha TEXHIYHHI OTJIssa | BaroHa BaHTaXKHO-
. 6
ro noizna, rpu ; C.°

3Mina

— IUTOMI BUTPATH Ha 3MiHY
JIOKOMOTHBHO1 OpUTaN Ha TEXHIYHIN CTaHIIii, TPH;

cm
ingp
CTaHIIHHOT 1HPPACTPYKTYpPH TMPOTATOM TOIWHH,

nep
ingp

1 kM iH}pacTpyKTypH Ha NEPETOHI B BAHTAKHOMY
CJZUK'

3MIHA

— MUTOMi BUTpPATH Ha BUKOPUCTaHHS | KM

IPH; — MUTOMI BUTpPaTH Ha BHKOPUCTAHHS

pyci TIPOTATOM TOAWHH, TPH; — MATOMI BH-
TpaTH Ha 3MiHY JIOKOMOTHBA Ha TEXHIYHIN CTaHIII],
rpH [11]; P;Zf — BUTpPATH €JICKTPOSHEPrii (TasuBa)
Ha MPOIMYCK MO0i3/1a BCTAHOBJIEHOI Macu Ta JIOBXKH-
Hu, KB1/rox (t/ron); T, — 4ac pyxy Ha JUIbHHIL,

rox; N, — po3Mipu pyXy BaHTaXHHUX IOi3/iB Ha

JiIBbHUILI, MOi3AiB; L, — MOBXKHMHA IUIBHULI, KM;
M, ... — YMOBHAa JIOBXKHMHA TIOi3/a, yM. Bar.;
T — 3araJlbHUN Yac MPOCTOIO MOi3/1a Ha mepe-

npocm

rOHax Ta CTaHIIAX IIIBHHUII, O] Ny, — KUIBKICTH

n

3yMMHOK Ha IUIAXY CHifyBaHHS (3 BpaxyBaHHAM
PO3rOHY Ha IOYaTKOBIM Ta ralbMyBaHHsS Ha KiHIle-
Biif cranuisix); K, K;, K,, — KUIBKICTb TeXHi4-

HUX OTJIAMIB, 3MiH JIOKOMOTUBHUX Opwuran Ta Jo-
KOMOTHBIB BiJIITOBITHO HA MUIAXY CIIiTyBaHHS BaH-
TAYXHOTO [O13a 110 AIIbHUIL.

IMig yac po3paxyHKy €KCIUTyaTalliiHuX BUTpPAT
Ha IPOCYBAaHHS BAaroHOIOTOKY CIIiJi BPaxOBYyBaTH
T€, U0 AUIBHUII MAIOTh Pi3HY KUIBKICTh TOJIOBHUX
KOJTIi Ta TIOJJIAIOTHCS 3@ BUJIOM TSTH Ha EJICKTPU-

(hikoBaHi Ta i3 TEIIOBO3HOO TATOO [11].

Takox y MapHOMy Ta HEMApHOMY HaMpsAMKax
BHTpaTH Ha EJIEKTpOeHeprito (MaJuBO) BH3HAYA-
IOTBCSL OKPEMO, 3aJIeKHO BiJ[ MO3/IOBKHLOTO IPO-
(hidro mITBPHUIN Ta MacH TOI3/iB, MO Ha Hill 00ep-
TaloThCs. TOMY BHTpATH MalMBa BU3HAYEHI TATO-
BUMH pO3paxyHKaMH Ha JUIBHUIAX 31 3MIHHUMH
napaMeTpaMu YMOBHOIO JIOBXKHHOIO Ta CEPEIHBOIO
Baroro OpyTtro moizaa [8].

Takox 3MiHHI TapamMeTpH NOI3JOMOTOKIB Ma-
FOTh CBOT OOMEKEHHS 110 KOXKHIN AUTHHUII OKPEMO.
Cucrema obMexeHb MmapaMmeTpiB QyHKIIi ckiama-
€THCS 3 TAKUX PIBHSAHB Ta HEPIBHOCTEH.

OOMexxeHHsI TI0 HasBHIM MPOMYCKHiil crpoMo-
YKHOCTI TUTbHUIb HAIPSAMKY:

NHj > Neaum_/ + Nnacj : Snac + N36_/ (836 - 1) H (7)
28 N> Nugej» Nyg; — KUIBKICTh BAHTAXKHUX,

MacaXUPCHKUX Ta 30ipHUX MOI3MIB HA j-My HaIps-
MKY; €,,.,€, — KOCQIIIEHTH 3HATTS BaHTaXHUX

nac® “36
MOT3/1iB MaCaXUPCHKUMU Ta 30ipHUMHU BiIIOBITHO.
OOMeXeHHS 1O  JOBXHHI  TPHHMAaJIbHO-

BiZINIPaBHUX KOJIM:

e *m-l . +a<l,, ¥

JIOK

ne |~ — IOBKHMHA IOI3HOrO JIOKOMOTHBA Ha Ha-

JIOK

npamky (3rimHo 3 [6]:1°° =30m; 27110 =37m);

meni

[, — cepemHsi JIOBXHWHA BaroHa (3rimHo 3 [6]:

eac
.. =15M); a — #olycKk Ha HETOYHICTb 3yNUHKH
noizga (3riguo 3 [6]: a=10 Mm).

OOMeXeHHS TI0 HasBHIN TPOBI3HIA CIIPOMOXK-
HOCTI JIUIBHUIIG:

cnpom
Pnpo«j 2 NeauijGPj l()mj b (9)

ne O, — cepenHs Bara OpyTTO mOi3Aa 1o j — iM

JJIBHHAILT.
OOMexeHHSI TI0 HasiBHINM KIIBKOCTI MOPOXKHBO-
IO BarOHOIIOTOKY:

N =N -0l

nop 8anm

(10)

e Otnop - KOC(i)lL[lCHT IMOPOXKXHBOT'O BAI'OHOIIOTOKY

nop

Ha JUIGHUAIL.
OOMeXeHHS 10 CWII TATU IMOI3HUX JTOKOMOTH-
BIB:
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F,, —P(o, +i,)

sy = 20, (an

Wy +1,
IS FKp — pO3paxyHKOBa CuJia TATA JIOKOMOTHUBA,

KI'C; (), — OCHOBHHUI NUTOMHUH OIp PyXy JIOKOMO-

THBA, KI'C/TC; i

,— KepiBHHii yxui1, %; P — po3paxy-

HKOBa Maca JIOKOMOTHBA, TC; ®, — OCHOBHHUH ITH-

TOMUH OMip pyXy BaHTAXXHHUX BaroHiB, KIC/TC.
Barosi HOpMHE m013iB OpYTTO MpHIIMaEMO 3Ti-
IHO 3 [2].
OO6MexeHHS TI0 JOKOMOTUBHOMY TapKY:

Neaun1/07

. 12
a g (12)

ae O, —000poT JOKOMOTHBA.

Oxpemo OyIio po3paxOBaHO JOXiA MPH CTAIAX
BHUXITHUX NaHWUX, SKAA OTPUMAE 3aTi3HUILT Bix
MPOMYCKY PI3HOT KIJIBKOCTI MOI3IIB MO KOXKHIH
3 AUTBHHLB 32 POPMYIIOL0:

N O
L()i’li N, ni Q

ClOm—)cvtﬁp ’ opi
{2 .= , 13

Je i — I0CHiAKyBaHa IiIbHULSA; L, . — JOBKHUHA i-

ini

Toi pimbauui, KM; Cyg, 5, — HATOMA J0XOIHA

craBka Ha 10 T.km-OpyTro [12]; N,; — KUIBKICTBH

BaHTa)XHUX TOi3/1iB, 110 MPOMYIIEHI MO -1 HiNb-

cep
opi

HUIII 3a 7100Y; — cepeaHs Bara rnoisja OpyTro,

po3paxoBaHa 3a (HopMyJIOLO:

cep __ . cep
opi my.weae 9 saci >

(14)
Ie ¢, — cepelHs Bara OpyTTO OJHOIO BaroHa,
10 TIEPEBO3UTHCS T10 JTITHHMIII, T/Bar.

ITopiBHABIIN BUTPATH, SIKUX TIOTPEOYE TMPOITYCK
MOI3IB MO KOXKHIM 3 MIIBLHHALE 3 JOXOJaMHM, IO
MpH IHOMY OTPUMYE 3aTi3HUISL, MPUOYTOK 3aii3-
HUIII BiJl TIepeBe3eHb OyJI0 BU3HAYEHO 3a (GopMy-
noro [4]:

1,=JI,~E,. (15)

Matoun npuOyTOK, OTPHMAHUI BiJ| IepeBe3eH-
HS PI3HOT KIJIBKOCTI BAaHTKHUX MOT3IB, JJI KOX-
HOi IinbHULI OyJIO PO3PaxoBaHO MUTOMY CTaBKY

npuOyTKy Ha | KM eKCIUTyaTaliifHOI TOBKUHH [i-
JIBHULI:
Trm H
C

=—t 16
v =7 (16)

oini

Leit moka3HUK HAOYHO MOKA3YeE, SIKi 3 IITbHULD
MPOMYCKY BAaHTAKHUX TOI3/1iB € HAWOLIBII TPUOY-
TKOBHMH.

Po3paxyHOK BUTpaT IUisl KOXKHOI NiJIbHHIN BH-
KOHAHO 33 HaNpsIMKaMH{ PyXy Ta 3 PO3MOMAIIOM Ha
MOPOXKHIM 1 BaHTAXKHUNW BAaroHOIOTIK IS OLIBII
JETaTbHOTO BU3HAYCHHS 3aJIE)KHOCTI eKcIuTyara-
[IHHUX BUTPAT CaMe y BAHTAKHOMY HAIIPSIMKY.

PesyibTaru

JIst BU3HAYCHHS ONTUMAIBHUX TTapaMeTpiB Ho-
i310mOTOKIB OyJM BUKOHAHI PO3paxyHKH €KCILTya-
TaliiHUX BUTpAaT TpPU 3MiHI yYMOBHOI TOBXXHHHU
HOi3MiB Ta KUIBKOCTI MOi3MIB Ha IUIbHUII.
Jns mpuknany HaBeJeHWH PO3pPaxyHOK EKCILTya-
TalifHUX BUTPAT MPH 3MiHI apaMeTpiB MOi3A0M0-
TOKIB JUISI TIAPHOTO BaHTAXXHOTO HAMPIMKY Iih-
nuii BepxiBuese — HmwkubogHINPOBCEK — By3o0m
y Tabm. 2 Ta Ha puc. 4.

o & " " u s ” w & &

Puc. 4. 3anexxHiCTh BUTPAT BiA KUTBKOCTI TOI3/IiB
Ta YMOBHOI IOBXHUHM I10i3/1a Y IAPHOMY BaHTAKHOMY
HanpsAMKy nineHULi Bepxisuese — H/IB

Fig. 4. Costs dependence from trains number
and conditional length in pair freight direction at the
station Verkhivtseve — NDV

3rigHo 3 maHMMHU Tpadika, MPOIMYCK HEMOBHO-
COCTaBHMX IIOI3[IB € €KOHOMIYHO HE BHIIIHHUM,
OCKIJTPKH KaIiTaJbHI BKJIAJACHHS Ha PO3BUTOK iH-
(hpacTpyKTypu NEpeBUIIYIOTh OTPUMAHUN MPUOY-
TOK BiJl TPOITyCKY HEMOBHOCOCTABHUX TOi3/IiB.
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Tabnuns 2

Po3paxyHku ekcniryaTaniiHuX BUTPAT y HAPHOMY BAHTA’KHOMY HaINPSIMKY HAa IPOCYBaHHS
BaroHONoOTOKY no AiibHuLi Bepxisuese — HIB

Table 2
Calculations of operating costs in pair freight hauling direction on movement of car traffic
volume at the station Verkhivtseve — NDV
Excrutyarauiiini sutpatu E,, , rpa
VYMOBHa J10BXHMHA M0i3/11B mw qo » YM-BAT.
IMapameTpu MOICTIOBAHHS "
46 50 54 58 62
10 118 602,47 114 615,07 113 047,30 113 192,58 114 703,0324
20 203 080,42 199 561,48 199 017,47 200 731,97 204 348,0633
Kimsxicts pag- | 30 279 805,26 277 049,68 277 690,85 281 004,05 286 629,6704
TaXHHX TOI31IB | 40 359 785,31 357 095,31 358 457,63 363 042,99 370 438,8551
N, moizmi
o MOBME 50 | 451 924,14 447 807,78 44892472 | 45416152 | 4629558518
60 568 379,77 559 791,66 558 726,80 563 398,49 572 887,9438
70 732 195,65 712 009,70 704 354,81 705 716,89 714 285,77
oo 1P Ipo cepeqHboA000BI PO3MIPH PYXy BaHTAKHUX
17000 moi3miB OyJO BWU3HAYEHO, IO CEpPEeIHS OBXHHA
160 - IOBHOCOCTABHOI'O BAaHTAXXHOTO IIOI3Ja CKJajac
o 58 yMoBHHX BaroHiB. ToMy MoJasblii po3paxyHKd
. BUTPAT Ta JAOXOJiB HaBEJleHI caMe NI BAaHTAKHHUX
12000 . MOT3/11B TOBXHUHOIO 58 yM. Bar.
31000 Ha puc. 5 HaBeneHi 3aJIe)KHOCTI MUTOMHX €KC-
10000 TUTyaTaliifHUX BUTPAT HA | BaHTaXXHUH 1Moi3x, cTa-
e JIOI0 YMOBHOIO JIOBXXKHHOIO, BiJl XapaKTepy Ta po3-

N, nofzie
45 55 65 %

MipiB MO310MOTOKY IiuNbHULI CHHEIPHHUKOBE —
Kpacnoapwmiiicek. Ha #ioro ocHOBi MOkHa 3poOUTH

5 15 5 35

Puc. 5. [lutomi BuTpaTn Ha 1 MOT37 TOBKUHOIO

58 yMOBHHX BaroHiB 3aJIeXKHO BiJ XapakTepy
Ta pO3MipiB MOI3I0MOTOKY IUTBHUII
CunensHukoBe — KpacHoapMmilicbk

Fig. 5. Specific costs for one train, length of
58 conventional cars, depending on the character
and dimensions of car traffic volume between
stations Synelnykove — Krasnoarmiisk

Takok HpPOMyCK JOBIOCOCTABHUX MOI3IIB Mif-
BUIIY€ 3arajibHi eKCIUTyaTaliliHi BUTPATH 3a paxy-
HOK JJOAaTKOBUX BUTPAT Ha CHEPreTHYHI peCcypcH
Ta JTOJIATKOBI MPOCTOI Ha TEXHIYHUX CTaHIisIX. To-
My ONTHMAaJIbHA JIOBKMHA BAaHTAXXKHHUX ITO13/1iB KO-
JIUBAETHCSA y MeKax 53—56 Barosis, 3aJeKHO Bif
JUTBHULI.

[lix uwac oOpoOku cratucTuuHOi iH(OpMaLii

BHCHOBOK, III0 TUTOMi KCILTyaTalliiiHi BUTpaTH Ha
1 moi3m, SIKWH CIiaye MO ABOKOJNIMHIM IiTHHMIII,
HaliMeHIli TpU cepeaHbOA000BHX pO3Mipax pyxy
B 40—50 BaHTaXXHUX TNOi31iB. [Ipn MeHIUX po3Mi-
pax pyXy MHTOMi eKCIUTyaTarliiiHi BUTpaTH IiIBHU-
HIYIOThCS 33 PaxyHOK MOCTIHHUX BUTpAT HA YTpU-
MaHHs 3aJIi3HUYHOI iHPpPACTPYKTypH Ta opraHiza-
ITif0 pOOOTH 3aTI3HUYHUX CTAHINN MITBHUII. A TIpH
MiIBUIIEHH] PO3MIPIB PYXy 3’SBISIFOTBCS TOJATKO-
Bi MPOCTOT BaHT@XXHUX TOI3/iB B OUiKyBaHHI BHKO-
HaHHS TEXHOJIOTIUYHHUX omepauii Ta KHUTKW» Y rpa-
GbiKy pyxy MOi3miB.
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Tabnuns 3
Po3paxyHok ekcniiyaTaniiHMX BUTPAT MO AlJIbLHULSX 3a0i3HUYHOT0 NOJIIrOHY
Table 3
Calculation of operating costs for railway stations polygon
ExcryaTauiiini BUTpaTH npu YMOBHIH JoBXKHI m=58 ym.Bar, E TpH.
Po3smipu pyxy moi3aiB Ha gimeHHLAX N, moi3aiB
JUIbHHIL [IPOTTYCKY TOT31iB Opnuoxoniitni AinsHKK
10 15 20 25

Kpusnii Pir — BepxiBuese 102 177,00 143 554,28 189 379,68 246 702,36

Anocronose — H/IB 703 472,16 949 957,73 1272 475,04 1 698 606,32
H/IB — I1aBnorpan 63 437,73 86 086,23 110 399,98 139 221,49
[TaBnorpan — Kpacuoapmiiicbk 88 772,06 120 701,33 2 195 475,92

JIBoKoilHI
10,00 20,00 30,00 40,00

Bepxisuese — H/IB 113 192,58 200 731,98 281 004,57 363 042,99
Kpugwmii Pir — 3anopixoks Jlie 139 691,04 256 897,90 370 079,50 490 389,19
H/IB — CunenbHuKOBE 46 653,96 93 177,52 139 701,08 186 224,65
3anopixoks-JliBe — CHHIEHUKOBE 58 631,79 106 498,96 152 374,56 201 227,43
Cunensaukose — [laBiorpan 31 629,70 63 298,65 102 636,21 150 266,74
CunensaukoBeKpacHoapMiiicbk 171 196,88 303 370,18 424 426,95 548 299,68

3akiHueHHsd Tabi. 3
End of Table 3

ExcrutyaTaniifni BUTpaTi pu yMoBHiil goBxuHi m=58 ym.Bar, E rpH.

PosMipu pyXy noisais Ha ainmprunax N, noiszis
JinpHui nporycKy moi3miB OnHOKOMIHHI TIISTHKA
30 35 40

Kpusnii Pir — BepxiBuese 328 716,97 470 726,33 822 061,01
Amnocronose — H/IB 2266 272,33 3027 727,73 4 055 145,46

HJB — INaBnorpan 177 308,06 236 209,84 356 769,94

[MaBnorpanx — KpacHoapmiiicbk 249 113,67 331 576,91 495 939,46

JIBoxomiitHi
50,00 60,00 70,00

Bepxisuese — H/IB 454 161,53 563 398,50 705 716,90
Kpusnii Pir — 3anopixoks Jlise 629 587,47 806 375,13 1 060 154,82

HJ/IB — CunenbHUKOBE 232 748,21 279 271,69 325 795,33

3anopixoks-JliBe — CHHEIbHUKOBE 258 163,22 331 345,71 438 320,93

CunenbpHukoBe — [laBmorpan 206 927,45 273 390,27 350 449,14
CunenbHukoBe-KpacHoapmiiicbk 686 313,71 852 521,06 1070 258,98
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Tabnuns 4

Po3paxyHok 10Xxo0aiB 3a;i3HULI BiJ 3MiHM 00CSATiB MPONMyCcKY BAaHTAKHUX MOI3AIB 32 JiIIBHULUSMH NPOMYCKY

Table 4

Calculation of railway incomes from change of freight trains handling volumes on sections of train handling

Jloxoau 3aii3HAUI BiJ IPOIMYCKY BaHTKHHUX HOI3/1iB YMOBHOI HOBKMHU m=>58 yM.Bar, /| TpH

TowskuHa Cepenus Bara Po3mipu pyxy moi3aiB Ha ginmpHHAIEX N, O3B
JinbHULI TPOMYCKY MOi3/IiB nmimpauni L, | moi3zma 6pytTo
KM Q.T OZnHOKOMNIHI TiNSHKH

10 15 20
KP — Bepx 97 4383 286 126,6 429 189.,9 5722533
Arnoctr - H/IB 170 4077 466 449,6 699 674,4 932 899,1
HJAB —IlaBn 73,2 5247 258 486,1 387 729,2 516 972,2
ITaBn — KpacHoapm 114,1 5154 395 772,1 593 658,1 791 544,1

JIBOKOIiHHI

10 20 30

Bepx — H/IB 82,7 4 894 272 385,9 544 771,7 817 157,5
KP — 3an Jlise 178 4392 526 135,3 1 052 270,5 1 578 405,7

[ponopxenus tabn. 4

Continuation of Table 4

Jloxonu 3aii3HAII BiJ IPOIMYCKY BaHTKHHUX MOI3/1iB YMOBHOI HOBKMHU m=>58 ym.Bar, /| TpH

JIIBHULI TIPOITYCKY MOT3aiB Po3mipu pyxy noi3ziB Ha ginbHHLSIX N, 10i311B
JlosxxuHa aiapHMLI L, kKM JlBoKoiiiHi
Cepenns Bara noisaa 6pyrro Q , T 20 30
HJB — Cunensx 35,9 4 659 112 564,7 225129,4 337 694,1
3an JliBe — CunensH 67 4473 201 692,1 403 384,1 605 076,1
CunensH — [1aBn 38,7 4521 117 7499 235499.8 353249,7
CunenpH-KpacHoapm 1554 4716 493 219,1 986 438,2 1479 657,3
OHOKOIIHI JISHKY
25 30 35 40
KP — Bepx 97 4383 715 316,6 858 379,9 1001 443,2 1 144 506,5
Amnocr — H/IB 170 4077 1166 123,9 | 1399 348,7 1 632 573,5 1 865 798,3
HJAB —ITaBn 73,2 5247 646 215,3 775 458,3 904 701,4 1033 944,4
ITaBn — Kpacroapm 114,1 5154 989 430,1 1187316,2 1385202,2 1 583 088,2
JlBokomiiiHi
40 50 60 70
Bepx —H/IB 82,7 4 894 1089543,4 | 1361929,2 1 634 315,1 1 906 700,9
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3akiHueHHsa tabi. 4

End of Table 4

Jloxonu 3aii3HAUII BiJ IPOIMYCKY BaHTKHHUX MOI3/1iB YMOBHOI HOBKMHU m=>58 ym.Bar, /| TpH

JlinpHULI IPOITYCKy MOi3/iB
JloBxxuHa aiapHMLI L, kM Po3smipu pyxy moi3aiB Ha gimepHHLAX N, moizais
Cepennst Bara moizaa opyrro Q , t
JIBoKoOiiHI
40 50 60 70

KP — 3an JliBe 178 4392 2104 541,0 | 2630676,2 3156 811,5 3682 946,7

H/B — CunensH 35,9 4659 450 258,8 562 823.,5 675 388,2 787 952,9
3an JliBe — CunesnbH 67 4473 806 768,2 1 008 460,2 1210 152,3 1411 844,3

CunensH — [laBn 38,7 4521 470 999,6 588 749,5 706 499,4 824 2493
CunensH-KpacHoapm 155,4 4716 1972 876,4 | 2466 095,4 2959 314,5 3452 533,6

3aranbpHi PO3paxyHKH eKCINTyaTaliHIX BHTPAT
BUKOHaHI y BUDIAAl Taba. 3. JIns ogHOKOIIHHHMX
OUIbHULIB OyJNO IOCHIIKEHO BHUTPATH IPOIYCKY
midiMaineHO — 10, MakcumansHo — 40 moi3miB 3a
00y, 3 KPOKOM y 5 TOi3/iB, Ha JBOKOJIHHUX —
MiHiManbHOo — 10, MakcumanbHo — 70, 3 KPOKOM
y 10 moi3miB. AHaNOTriYHO BUKOHAHI PO3paXxyHKH
IOXOMIB Bix mepeBe3eHb (Tadi. 4) Ta BU3HAYCHUI
3arajJbHUN NPHOYTOK 3ali3HUII BiJl MPOIYCKY
BAaHTAXXHUX TMOI3MiB Ha 3aJI3HUYHOMY IOJITOHI
(Tabm. 5, puc. 6, 7).

Buxopgsuu 3 Ta0. 4 BUIHO, 1[0 MaKCHUMAaJIbHUI
JIOXiJ] OTPUMYE 3aJI3HUIA MiJ Yac 3iHCHCHHS Ba-
HTa)XKHUX TIEpEBE3€Hb Ha JUTBHUISIX AIOCTONOBE —
HwxapoarinmpoBchkk By3o0m (cepem oMHOKOIIHHUX
mineHunp) ta Kpusmit Pir — 3amopixoks Jlie

1 CunenpHuKOBEe — KpacHoapwiiicek (cepen aBo-
KONIMHUX AUIBHUIIb) MOJITOHY, IO MOSCHIOETHCS
JTOBXKHUHOFO IUX JiITHHUIIb.

3a nanumu TabNI. 5 MOXHA 3pOOUTH BUCHOBOK,
0 MPOMYCK BaHTAXKHUX TMOI3AIB Ha JUIBHUIL
AnocronoBe — HJIB 3 TEmioBO3HOIO TATOIO € He-
peHTabensHuM (puc. 6).

[le 3ymoBiieHe, B mepily 4epry, pi3HUIICIO BHU-
TpaT Ha MaJUBO-MACTHJIBHI MaTepialiu s eJIeKT-
POBO3iB Ta TEMJIOBO3iB BAaHTAXHOTO PYXy, a OCKi-
JBKH y CTPYKTYpi 3arallbHUX EKCIUTyaTaIliiHuX
BUTpAT 3HA4HYy 4acTHHY (10 90 %) ckmamaioTh ca-
Me BUTPATH Ha MajJHBO, TO PI3HUIL MIXK EKCILTya-
TalifHIMH BUTPATaMH 110 JITEHUIX 3 TIO[IOHUMH
xapakrepuctukamu gocsrae 300—500 %.

TabOnuus 5

Po3paxyHok 3arajibHOro npuoyTKYy 3aJi3HuLi BiJ 3MiHM 00CSITiB MPONYCKY BAHTAKHUX
NOi3/iB 3a AUILHUISAMM NPOMYCKY

Table 5
The total income calculation of railway from change of freight trains handling volumes on
sections of train handling
[MpubyToK 3ami3HMULI BiA IPOMYCKy BaHTXHHUX No131iB, [T rpH
Po3mipu pyxy noi3aiB Ha ninpHuLsgX N, moi3ais
JIiTbHUILI TPOMYCKY MOT3/1iB OIHOKOJIIMHI JTIISHKA
10 15 20 25

Kpusuii Pir — BepxiBuese 183 950 285 636 382 874 468 614

Amnocronose — H/IB -237 023 -250 283 -339576 -532482

H/IB — ITaBnorpan 195 048 301 643 406 572 506 994
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[MponoBxenus tabmn. 5

Continuation of table 5

IMpubyTok 3ami3HUII Bix IPOIMYCKy BaHTAXXHHUX NO13xiB, I1 rpH

Po3mipu pyxy noi3aiB Ha numbHUIAX N, O3B
JIinmbHUII TIPOIYCKY MOi3/iB ORHOKOMIHHI JUITHKA
10 15 20 25
[MaBnorpanx — KpacHoapmiiicbk 307 000 472 957 636 642 793 954
JIBoxomiitHi
10 20 30 40
Bepxisuese -H/IB 159 193 344 040 536 153 726 500
Kpusnii Pir — 3anopixoks Jlise 386 444 795373 1208 326 1614 152
H/IB — CunenbHukoBe 65911 131 952 197 993 264 034
3anopixoks — JliBe — CHHeTbHUKOBE 143 060 296 885 452702 605 541
Cunensnukose — [TaBnorpan 86 120 172 201 250613 320 733
CunensaukoBe — KpacHoapMiiicbk 322022 683 068 1 055230 1424 577

3akiHueHHs Tabi. 5

End of Table 5

IMpuOyToK 3ami3HULI BiJ IPOIMYCKY BaHTXHHX N013xiB, [T rpH

Po3mipu pyxy noi3aiB Ha nimsbHUIAX N, 01311iB
JlUTbHUI IPOITYCKY TTOT3/11B OIHOKOIMHI TIISHKH
30 35 40
Kpusnii Pir — BepxiBuese 529 663 530717 322 445
Anocronose — HIIB -866 924 -1395 154 -2 189 347
HJB — ITaBnorpan 598 150 668 492 677174
[MaBnorpanx — KpacHoapmiiicbk 938 202 1 053 625 1 087 149
JIBoxomiitHi
50 60 70
Bepxisuese -H/IB 907 768 1070917 1200 984
Kpusnii Pir — 3anopixoks Jlise 2001 089 2350 436 2622792
H/IB — CunenbHukoBe 330075 396 117 462 158
3anopixoks — Jlie — CHHENBHUKOBE 750 297 878 807 973 523
Cunensnukose — [1aBnorpan 381 822 433 109 473 800
CunensaukoBe — KpacHoapMiiicbk 1779 782 2106 793 2382275

JeHIIisl MiIBUIIEHHS MPUOYTKY MPH 3pOCTaHHI Ki-
JBKOCTI BaHTaKHHUX moi3aiB 1o 30 (puc. 6). Ilpu
MOJIANBIIIOMY ~ 3POCTaHHI  OOCSTIB  TepeBe3cHb
3 SBIIATHCS JOAATKOBI MPOCTOI, SIKI CYTTEBO BILIH-

Tomy BBeneHHs enekTpudikanii Ha JUTEHUISAX,
31 3HAYHUMHU PO3MipaMH BaHTaKHOTO PYXY, € OJ-
HUM 3 TIPIOPUTETHHX NUISIXiB PO3BUTKY 3aTi3HUIIb.

Jlig HIIUX OJHOKOJIMHUX IIJISIHOK i1CHYE TEH-
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BaTHUMYTbh Ha €KCIUTyaTalliifiHi BUTpaTH Ta Oe3noce-
pEeIHbO HA CKOPOUYCHHS MPHOYTKY 3aTi3HUIIb.

3aranpHUN TPUOYTOK 3aTI3HUIN BiJl €KCIUTya-
Tauil ABOKOJIMHMX MUIBHHULL 3MIHIOETHCS Mailke
MPSIMO TIPOTIOPIIHHO KiIbKOCTI BaHTaXHHUX IO13-
IIiB, IO TPOIYCKAIOTHCA. AJie M 9ac IPOITyCKY
70 noi3/iB BiI3HAYAETHCS HEBEIMKE MAJIHHS TPH-
OyTKy, IO CBIIYUTH MPO ONTHUMAJILHE 3aBaHTAa-
JKEHHS I1i€l TUISTHKA 3 ypaxyBaHHSM HassBHOI Ipo-
MYCKHOI CIIPOMOXHOCTI (pHC. 7).

TipuGyrox T1, rp

Kimaiers nolizin
i, noirtin

Puc. 6. I'padik 3anexHocTi NpruOYTKY 3aJIi3HULI Bij
3MiHH OOCSITIB MPOIYCKY BaHTKHHX IOT3/1iB Ha
OJTHOKOJIIITHUX AIIBHULAX PYXY

Fig. 6. Graph of profits dependence from change
of freight trains handling volumes on single
track motion sections

Mpudyrox I1, rpa.
3000000
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Puc.7. I'padik 3anexxHOCTI NpUOYyTKY 3a1i3HULI BiJ

3MiHH OOCSITIB NPOIYCKY BaHTa)KHUX ITO13/1iB Ha
JIBOKOJIMHUX TUIEHUILIX PyXy

Fig. 7. Graph of profit dependence from change
of freight trains handling volumes on double-track
motion sections

OtpumaHi pe3yJbTaTd 3arajbHOrO MPUOYTKY
3ai3HMII HE MOXKYTh JOCTOBIPHO XapaKTepH3yBa-

TH PEHTA0ENbHICTh OKPEMOi MAiIbHUII CTOCOBHO
IHIINX, OCKUJIbKM KOXKHA TUTBHUI Ma€ Pi3HY eKc-
TUIyaTaliiHy TOBXKHHY. A, BPaXOBYIOUH PECTPYK-
TYpH3aLilo 3aJi3HUYHOTO TPAHCTIOPTY, METOIO SIKO-
o € MiJBUIICHHS iHBECTUIIHOI NMPUBaOIMBOCTI
ramy3i [12], 3’saBaseTbcss HEOOXIAHICTh y aJeKBaT-
Hill OWIHII NPUOYTKOBOCTI OKPEMHX IiTBHUIIb.
Tomy ans KoXHOI OUTbHHULI Oyna po3paxoBaHa
MATOMAa CTaBKa NMpHOYTKY Ha 1 KM eKCILTyaTarlii-
HOT JIOBXHMHH NIIBHUIN 3aJI€KHO BiJl CEpEIHBOIO-
00BOTO PO3Mipy MOi3NOMOTOKY (Tabi. 6) Ta HaBe-
JeHnid TpadivHAi aHai3 OTPUMaHUX pPEe3yJbTaTiB
OKpPEMO TIO OTHOKOJIIHHWUX Ta ABOKOJIWHUX IiJTb-
HULAX (puc. 8 Ta 9).

3rigHo 3 pHc. 8 cepel OAHOKOMIMHNX AITEHUIL
HaUTIpUOyTKOBIMUMU € miapHUI: [laBmorpag —
Kpacnoapwmiiicbk Ta HmkHbOIHINIPOBCHK-By301 —
[aBnorpan, Mo 3yMOBJIEHE BUKOPHUCTAHHSAM elleK-
TPOBO3HOT TATM Ta CHPUATIMBUM MO3IOBKHIM
npodijgeM KoJil, o Ja€ MOXKIUBICTh MPOMYCKATH
BEJIMKOBAroBi MOi3au 03 BUKOPUCTAHHS ITiIIITOB-
XyBauiB a00 BUKOPUCTAHHS TOJIBIHHOT TATH.

B cBoro gepry, mimpHUI AmocTtonoBe — Hrok-
HBOJHINIPOBCHK-By30m mpu Oyap-sSkux po3mipax
PYXy TPUHOCUTH CTaOiTbHUM 30MTOK, TOMY TIpO-
MMyCK BaHTXKHUX IOI3/TIB 1O il JUTHHHII peKOMe-
H/IYETHCS BUKOHYBATH TUIBKH Y (HOPC MaKOpPHUX
oOcrtaBuHax (TMMYacoBi OOMEXEHHS Ha Mepexi,
NPOMYCK TEPMIHOBUX Ta CTPATETIYHO BAXKIUBUX
BaHTaXIB 1 T.II.).

e crame
mpaty Ty, rpu

Puc. 8. 3anexHiCTh MATOMOT CTaBKU IPUOYTKY
3aJTI3HUII 3aJIEKHO Bill 3MiHH 00CSTIB ITepeBe3eHb,
BiJHeceHoT 710 1 KM. eKcIuTyaTaliiHOl TOBKHHU
OJHOKOIMHUX IiITbHHUIb

Fig. 8. Dependence of specific rates of railroad
profit depending on changes in volumes
of transportation, referred to 1 km. operational
length of a single-track sections
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Puc. 9. 3anexHicTh MUTOMOI CTaBKHU MPHOYTKY 3aJTI3HMUII 3aJICKHO
BiJl 3MiHH 00CSTiB ITI€pEeBE3€HB, BiTHECEHOT 10 | KM eKcIuTyaTariitHol
IOBXWHU IBOKOJIIHUX IIIBHULL

Fig. 9. Dependence of specific rates of railroad
profit depending on changes in volumes
of transportation, referred to 1 km double-track
length of operational sections

Cepen JIBOKOJIHHMX IUIBHHUIL HAHIPUOYTKO-
Bimow € ninpHus: CunensHukoBe — KpacHoap-
MIHCBK, ajie 1HII ABOKOJIIIHI JIAHKH 3aJII3HUYHOTO
MOJIITOHY Maiike He MOCTYMalThCs il y MpHOyT-

KOBOCTI. Lle#t (hakT MOSICHIOETHCSA CXOKUMHU TEXHi-
YHUMH XapaKTEPUCTHKAMHU YCiX IBOKOJIMHUX [i-
JBHUIB Ta, B MEPILY YEPry, BUKOPUCTAHHIM €JIeK-
TPUYHOT €Heprii BUIY TSTH.

Tabnuus 6

Po3paxyHok nuTOMOI cTaBKHM NPUOYTKY Ha 1 KM eKCILTyaTaliifHOT IOB/KUHHU AIJISTHOK IPOMYCKY
MOI3/1iB 3aJIe5KHO Bijl 3MiHM 00CSTiB MepeBe3eHb

Table 6

Calculation of the specific profit rates at 1 km of operational length of the train handling sections,
depending on transportation volumes changes

[Mutoma craBka npuOyTKy Ha 1 KM eKCIUTyaTamiiHOi JOBKUHH AUIsTHKH, C TpH

Po3smipu pyxy noi3zaiB Ha guteHHLAX N, Moi3aiB
JlinbHULI IPOITYCKY MOI3/iB HOBXHE?fLiHBHHHi OnHOKOJINHI TISTHKA

10 15 20 25
Kpusuii Pir — BepxiBuese 97 1 896,39 294470 3947,15 4 831,07
Armocronose — H/IB 170 -1 394,25 -1472,26 -1 997,51 -3 132,25
H/IB — ITaBnorpan 73,2 2 664,60 4 120,81 5554,27 6 926,14
[MTaBnorpan — Kpacuoapmiiicbk 114,1 2 690,62 4145,11 5 579,69 6 958,41

JIBOKOMiliHI

10 20 30 40

Bepxisuese -HJ/IB 82,7 1 924,95 4 160,09 6 483,11 8 784,77
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[Mponopxenus taba. 6

Continuation of table 6

IMuroma craBka npuOyTKy Ha 1 KM eKcIUTyaTaIiifHO1 TOBXUHA IUTHKH, C TpH

JinbHULI TPOMYCKY MOi3/IiB HOBXHE?I(ZSIHBHHHi Po3mipu pyxy noi3ziB Ha aineHuIsx N, noi3ais
JIBOKOMiliHI

10 20 30 40
Kpusnuii Pir — 3anopixoks Jlise 178 2171,03 4 468,39 6 788,35 9 068,27
HJ/IB — CunenbHUKOBE 35,9 1 835,95 3675,54 5515,13 7 354,71
3amopixoks — JliBe — CHHEITbHUKOBE 67 2 135,23 4 431,12 6 756,74 9 037,92
CunensHukoBe — [laBnorpan 38,7 2225,33 4 449,64 6 475,80 8 287,67
CunenbHUKOBE — KpacHoapMilichk 1554 2 072,21 4 395,55 6 790,41 9167,16

3akiHueHHsa Tabi. 6

End of Table 6

ITuroma craBka npuOyTKy Ha 1 KM eKcIutyaTaliiiHol qoBxuHu ainsHkd, C rpH

Posmipu pyXy noisais Ha ginsransx N, noismis
TimsHurs mponyciy Toais Jlowxuna T ——
nutpHUIN L, kM
30 35 40
Kpuewuii Pir — BepxiBiiese 97 5 460,44 547131 3324,18
Anocronose — H/IB 170 -5 099,55 -8 206,79 -12 878,51
H/IB — ITaBnorpaz 73,2 8 171,45 9132,40 9 251,02
[MaBnorpan — Kpacuoapmilicek 114,1 8 222,63 9234,23 9 528,03
JiBoxomiitHi
50 60 70
Bepxisuese -H/IB 82,7 10 976,63 12 949,41 14 522,18
Kpusnii Pir — 3anopixoks Jlise 178 11 242,07 13 204,70 14 734,79
H/IB — CuHenbsHUKOBE 35,9 9194,30 11 033,89 12 873,47
3amopixoks — JliBe — CHHETEHUKOBE 67 11 198,46 13116,52 14 530,20
CunenpaukoBe — [laBmorpan 38,7 9 866,20 11 191,45 12 242,90
CunenpHuKOBE — KpacHoapmiiichk 155,4 1145291 13 557,23 15 329,95

HaykoBa HOBU3HA Ta MPAKTUYHA
3HAYNMICTDL

Y po6oTi po3poliieHi iMiTalliiiHi MOzesi OKpe-
MUX JUTBHUIb PEATbHOTO 3aII3HUYHOTO MOITOHY
[TpumHINTPOBCHKOT 3alli3HUII 3 YpaxyBaHHSAM 0CO0-
JUBOCTEH KOXKHOTO 3alli3HUYHOTO TIePErOHy Ta

HIJISIXOM MOJIENIOBAaHHS BU3HAYEH] 3aJIE)KHOCTI MiX
OCHOBHHMMH HapaMeTpaMy MOI30MOTOKY IO KOXK-
Hill ninpHULI. BukopucTanHs po3poOieHnX iMiTa-
iHUX MOJeNneH J03BOJIUTH aHATITHYHUM HUISIXOM
pO3paxyBaTH €KOHOMIUHUI e(eKT Bij 30UTbIICHHS
Z000BOTO TMOI3ONOTOKY Ta JOMOMOXKE BH3HAUUTH
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¢axTopH, sKi BIUIMBAIOTh HA MPHOYTOK 3aji3HMII
MO OKPEMUX JUTHHHIIX MPOMYCKY MOT3/1iB MIUIIXOM
BU3HAYCHHSI TUTOMOI CTABKH PUOYTKY.

YockoHalleHa TEXHOJIOTiS BU3HAYCHHS 3ara-
JHHOTO TPUOYTKY 3alli3HHIF Ha OCHOBI 3MiHHHX
rapaMeTpiB MOi3I0MOTOKIB.

Briepuie Bi3HaueHa Ta 3alpoONOHOBaHA Y BUKO-
PUCTaHHI i1 BU3HAYCHHSI 1HBECTUIIHHOI MPUBa0-
JUBOCTI 3aJi3HUIL MMATOMa CTaBKa MPHOYTKY Ha
1 KM eKcIulyaTalliifHOT JOBKUHH JUIBHUII 3aJ1eK-
HO BiJl CEpEAHBOA000BUX PO3MIPIB PYXYy.

BucnoBxku

Y po6oTti Oyii0 BUKOHAHO PO3PaXyHOK 3aralib-
HOTO0 MPUOYTKY 3aNi3HMIN [UISXOM BH3HAUYCHHS
PI3HUII MK TOXOIaMHU Ta €KCILTyaTal[iiHUMH BH-
TpaTaMu TIO IIIBHUIIX. Ha oCHOBI oTpuMaHWX
JaHuX OyJ0 BHKOHAHO aHalli3 3MiHU TNPHOYTKY
3aJIeKHO BiJ 3MiHM OOCSTIB MPOIYCKY BaHTaKHUX
MOT3/iB MPH CTaNMX 3HAYEHHSIX CEepEeIHbOI Baru
noizza OpyTTO Ta YMOBHOI JOBXHHHU IOI3/IB, IO
00epTarThCs MO AUTLHUIIX TOJITOHY, Ta OTpUMAa-
Ha TTUTOMAa CTaBKa MpuOYTKy Ha 1 KM ekcruryara-
IMIHHOT MOBXWHHU NUTGHUIE. B pe3ympraTi moci-
JOKCHHST BCTAHOBJICHO, 0 ONTHMAJIbHUM € TIPO-
MyCK BaHTAXHUX TOI3/iB TOBXKHUHOIO 53—56 yMOB-
HMX BaroHa, a 3aBaHTa)XEHHS JIJbHHUII ITOBHUHHO
cknanaty 75—85 % Bix HasBHOT MPOIYCKHOI CIIPO-
MOYKHOCTI JUII MaKCUMi3alii 3araibHOro MpUOYTKY
[TpumHITPOBCHKOT 3aTi3HUIII.
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BJIUAHUE OCHOBHBIX ITAPAMETPOB ITOE3/IOIIOTOKA
HA ObIIYIO ITPUBBLJIB KEJIE3HBIX TOPOI’

Hean. Pabora HampaBineHa Ha aHaNM3 BIMSHHUS TAKUX IapaMeTpPOB, KaK KOJMYECTBO IIOE€3/I0B HA YYaCTKe
W JUIMHA IPY30BOT'0 10€3/1a, Ha 00N 10X0/ XKEeJIe3HO! JOPOTH U onpenesieHne oouier npuosum [punHenpoBckoi
JKEJIE3HOM JOpOTH MO OCHOBHBIM y4acTKaM MpOITycKa I0e3/0B. HeoOXOOuMBIM SIBISIETCS TaKXKe OIpenesieHHe
YZIENBHON CTaBKM NMPHOBUIM Ha | KMJIOMETP SKCILTyaTAallMOHHOW JUIMHBI Ka)XKJOrO OTAEIBHOTO 3BEHA XKEJIE3HOIO-
poxHOM cetn. MeToamka. [y 1OCTHKEHHS MTOCTABIEHHOM €M ObUIM pa3padOTaHbl MMHTAMOHHBIE MOJIEIN yda-
CTKOB JKE€JIE3HOJJOPOKHOTO IMOJHMIOHA U IPOBEIEHO MOJEIUPOBAaHKE MPOITyCKa IPy30BbIX moe3noB. Ha ocHoBe mo-
Jy4EHHBIX PE3yJIbTaTOB ONPEIEICHBI 3aBUCHMOCTH OCHOBHBIX MapaMETPOB IOE310NOTOKA U UX BIMSHHUE Ha OOLIYIO
MpuUOBLTG JKeJe3Ho noporu. PesyabTaTtel. Ha ocHOBE MPOBEICHHBIX MCCIEAOBAHUM, U ONIPEACIICHIS OITUMAIIb-
HBIX MapIIPyTOB MPOIyCKa MOE370B U BHIOOPa pallMOHANBHBIX TAPAMETPOB MOE310II0TOKOB, pa3paboTaHbl pyHKINU
OKCIUTYaTalMOHHBIX 3aTpaT MO0 KaXI0MY YYacCTKy. C nx TOMOIIBIO pACCYHUTAHBI SKCIUTyaTallMOHHBIC 3aTpaThbl, 10-
X0/1, 001asi mpuObLUTL KEJIE3HOW JIOPOTH U ONpPENENICHO BIMSHHE MapaMeTpoB MOE3J0I0TOKAa HAa IKOHOMHUYECKHE
MOKa3aTeau padoThl JKEJIE3HOAOPOKHOTO TpaHcropTa. OnpeeneHo, 4YTo ONTHMAIBHBIM SIBJISIETCS TIPOIYCK TPYy30-
BBIX M0€370B JUIMHOU 53—56 yCIOBHBIX BaroHa, a 3arpy3ka y4yacTKa JOJDKHA COCTaBIIATh 75—85 % oT umeromeiics
MPOITYCKHOW CHOCOOHOCTH. YUMTHIBasI MOJIYyYSHHBIE PE3YJIbTAThl, HPUOPUTETHBIM PAa3BUTHEM KEJIE3HOJOPOKHOTO
TPAHCIIOPTA B MIEPHOA BEPOSITHOTO POCTa Pa3MEPOB ABMKEHHS ITOE37I0B SBIISETCS ANEKTPU(UKAINS yIacTKOB C TeTl-
JIOBO3HOW TSTOW (B CBSI3M CO 3HAYMTEIBHON CTOMMOCTBIO MU3ENbHOro ToluBa). HayuHasi HOBH3HA. ABTOpaMu
ObUTa yCOBEpIIEHCTBOBAHA TEXHOJIOTHS ONpEeNeHUs 00mel MPHOBIIN JKEIe3HBIX JOPOT Ha OCHOBAaHWH TIEPEMEH-
HBIX NTapaMETPOB IOE3/I0MI0TOKOB. Briepsbie onpenencHa U NpeuIoKeHa AJsl HCIONb30BAHUS TP ONPEICIICHUN HH-
BECTUIIMOHHON TPHBIIEKATEIILHOCTU JKEJIE3HBIX J0POT yJeNbHAsl CTaBKa MPUOBUIM Ha | KMIOMETp HKCILUTyaTallMOH-
HOM JUIMHBI y4acTKa B 3aBHCHMOCTH OT CPEAHECYTOYHBIX DPa3MEpOB ABMXKEHHs. Pa3paboTaHbl MMHTAIMOHHBIE
MOJIENM OT/AEJIbHBIX YYAaCTKOB PEaJbHOTO >KEJIE3HOJOPOKHOIO mojuroHa lIpuaHenpoBckoil xkene3Hol Ioporu.
IIpakTHyeckast 3HAYMMOCTb. Vcrionb30BaHue pa3pabOTaHHBIX MMHUTAIMOHHBIX MOJEINEH MMO3BOJIUT aHAIUTHYE-
CKUM IYyTEM PacCUMTaTh IKOHOMHUYECKHH 3((EKT OT yBEIUUSHUSI CYyTOUYHOIO MM0e30NoToKa. BHenpenne Moxaeneit
TaKKe MOMOXET BBIACIUTH (aKTOPBI, KOTOPHIE BIMSIOT Ha NMPHOBUIb JKENE3HON JAOPOTH IO OTIEIBHBIM Y4acTKaMm
MPOITyCKa TI0€3/10B IIyTEM OIPEAEICHHS yIeIbHON CTaBKU IPHOBLIH.

Kniouesvie cnosa: #ene3HONOPOKHBII MOJTUTOH; MOE30NOTOK; UMUTAL[IOHHOE MOJAEIMPOBAHUE; YKCILTyaTal|-
OHHBIE PacXo/Ibl; 00IIast MPUOBLIb KEJIE3HBIX JOPOT; YAENIbHas CTaBKa IPHObLIN
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THE INFLUENCE OF THE MAIN PARAMETERS OF TRAIN TRAFFIC
VOLUME ON TOTAL PROFITS OF RAILWAYS

Purpose. The paper is aimed to influence analysis of parameters such as the number of trains on the section and
the length of freight trains, the total profit of the railway and determination of total profit of Prydniprovsk railway
for major parts of the trains handling; the determination of the specific rate of return on 1 kilometer operational
length of each individual link in the rail network. Methodology. To achieve this goal the simulation models of the
sections of railway polygon and the simulation of cargo trains have been developed. On the basis of obtained results
the dependence of the main parameters of train traffic and their impact on the overall profit of the railway was de-
termined. Findings. On the basis of the conducted studies the functions operating costs for each section were devel-
oped to determine the optimal routes crossing of trains and choice of rational parameters. The operating costs, reve-
nue, total profit of railways and certain impact parameters of train traffic volume on the economic performance of
railway transport were calculated with their help. It is determined that freight trains, length 53-56 of a conventional
car is optimal to pass and loading area should be 75-85% of the available crossing capacity. Taking into account
given results, the electrification of the sections with diesel traction (due to the significant cost of diesel fuel) is the
priority development of railway transport at the possible increase in size of the movement. Originality. Authors
have improved the technology of determining the total profits of railways on the basis of variables train traffic vol-
umes. For the first time the specific rate of profit on the 1 kilometer operational length of the section depending on
the size of the average daily traffic is identified and proposed to use to determine the investment attractiveness of the
railways. The simulation models of individual sections of the real train polygon at Prydniprovsk railway were de-
veloped. Practical value. Using the developed simulation models will allow calculating the economic benefits from
increased daily train traffic volume in analytical way. Implementation of models will help to identify factors that
affect the railway profit on separate sections of the trains crossing by determining the specific rate of profit.

Keywords: train polygon; train traffic volume; simulation; operating expenses; total profit of railways; the spe-
cific rate of profit
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MATEMATHUYHA MOJAEJb AHAJII3Y 3BUTKY CUCTEMUA
TATOBOI'O EJIEKTPOIIOCTAYAHHSA 3AJII3HULLD

Mera. JlocnimkeHHs nependadae po3poOKy METOAUKU Ta MOJEJi 3MEHIIEHHS 30MTKY CHCTEMH TSATOBOTO €IIEeKT-
ponocrayanust (CTE) enexkrpudikoBanux 3amizHuub YKpainu. HeoOXigHuM € i BU3HaYEHHs MOKa3HUKA OLIHKU 3a-
no0OiranHs 30MTKYy CHCTEMH TSATOBOTO €JIEKTPOIOCTa4YaHHs eIeKTpU(iKOBaHHUX 3aili3HuUIlb. Po0OTa Takoxk CripsMoBa-
Ha Ha NOIIYK CY4aCHUX METOJIB Ta IMiIXO/IB IO YZIOCKOHAJIEHHSI CHCTEMH MOHITOPUHTY, AiarHOCTYBaHHS Ta TEXHIYHO-
ro obciyroByBanusi CTE. Meroauka. [lnsi 1OCSTHEHHS IIOCTABJIEHOI METH IIPOBEICHO JIOCIHIIPKEHHS CBITOBOTO JI0-
cBiy Ta myOmikamii, ski mpucBAYeHi sikicHoMy BupimeHHio npoOiem CTE 3 BUKOpHCTaHHSM JIHI'BICTUYHOTO
miaxomy Ha 0a3i Teopii HEUITKMX MHOXHH Ta JIHTBICTUYHOI 3MiHHOI. Pe3yJabTaTh. Y pe3ynbraTi JOCTiIKEHHS pO3-
pobieno amroputm 3meHmeHHsS 30utky CTE, ska ¢yHKIiIOHYe B yMOBaX HEBH3HAYEHOCTi. BCTaHOBIEHO, IO
PO3B’s3aHHS TAHOI MPOOJIEMH MOXIIUBE 332 paXyHOK CBOE€YACHOTO BHSBICHHS (PAKTHYHOTO TEXHIYHOTO CTaHy OOJa-
JHAHHS B yMOBaX NPOBEAEHHS AKICHOTO TEXHIYHOI0 OOCIyrOBYBaHHS, A1arHOCTYBaHHS Ta OHOBJICHHS PECYpCy ele-
kTpoTexHiyHOro 0OiamHanHs Tsroux mifactaHniil (TII) CTE. Ilpu mpoBeneHHI HOCTIHKEHHS PO3TILIHYyTa CXeMa
HEJIiTKOTO BHICHOBKY, II0 0a3yeThCs Ha 3aCTOCYBaHHI MeXaHI3My MiHiMi3alii obmacTi mpuiHATTS pimeHs. BoHa
CIpUsIE HE TIIBKH CTPYKTYpHIN imeHTH(diKamii y nmporeci GpopMyBaHHs 0a3u IaHKX, aje i J03BOJISE 3HAYHO ITiJ[BU-
LIATH MPOIYKTUBHICTH 3HAXO/KEHHsI TapaMeTpiB HEUiTKOI MOJIENI, 1110, B CBOIO Yepry, 3MEHIIY€E 3yCHILIS, SIKi HE00-
XiJHI JUIS aHalli3y Ta MPOEKTYyBaHHsS €(PEKTUBHUX CHCTEM YIPABIIHHS TEXHIYHUM OOCIYrOBYBaHHSM i PEMOHTOM
(TO i P) CTE. HaykoBa HoBH3HA. Briepuie 3anporoHOBaHO aJITOPUTM 3MEHIIEHHS 30MTKY CHCTEMH TATOBOTO
€JIEKTPOIIOCTaYaHHs EJIEKTPU(IKOBAaHMX 3alli3HUIb YKpaiHu. Po3poOiieHa MaTeMaTH4Ha MOJEIb PO3pPaxyHKY
smenHmenHs 30utky CTE Bix BiazMoB cmitoBoro obmamnanns TII 3a paxyHok ymockoHaneHHs cuctemu TO i P.
Briepme 3ampomoHOBaHO TOKAa3HWUK OINHKH 3amo0iraHHs 30WTKY CHCTEMH TITOBOTO E€JIEKTPOIIOCTadYaHHS.
I[pakTHyHa 3HAYMMICTb. Y CTATTi PO3IIITHYTa CX€Ma HEYITKOTO BUCHOBKY, IO 0a3yeThcs HA 3aCTOCYBaHHI MeXa-
Hi3My MiHiMi3a1ii 00JacTi IPUHHATTS pillieHb Ta CIpHUIE HE TUTBKU CTPYKTYPHIiH imeHTH}iKaIii B mporeci Gpopmy-
BaHHS 0a3u JaHUX, ajie i JO3BOJIAE 3HAYHO MiABUIUTH IPOIYKTHBHICTh 3HAXODKEHHS ITapaMeTpiB HEYITKOI MOJETI.
BripoBamkeHHsT JaHOTO MiAXOAY 3BOJUTHCS 10 BU3HAYEHHS OCHOBHHUX €TaliB, OCOOJIMBOCTEH Ta ONTUMAIILHOTO 00-
IPYHTYBaHHsI KUTbKICHUX H sikicHuX BuMor o cuctemu TO i P TII. lle mocsiraetbest mpu TOMyCTHMUX BUTpATax Ha
yIOoCcKOHaIeHHs 3 MeToto 3MeHIeHHs 30uTkiB CTE Ta BupieHHs npobiaemu ninTpuMku obdnagnanss TI1 y npare-
3JaTHOMY CTaHi B yMOBaX HapOCTaHHS TEMIIB i 00CsriB Horo crapiHHs (y HOPIBHSHHI 3 ICHYFOUMM TEMIIOM 1 00Cs-
ramMy OHOBJICHHS).

Kniouosi cnosa: enextpudikoBaHi 3a1i3HHII; CHCTEMA TATOBOIO €JICKTPOIMOCTAYaHHS; TArOBa IMiICTAHIIS; SICK-
TpOOOJIaIHAHHS;, 3MEHILEHHsI 30MTKIB; TEXHIYHE OOCIIyrOBYBaHHS 1 PEMOHT; JiarHOCTYBaHHs; (aKTUYHUI TEXHIY-
HUH CTaH; MOKa3HUK OI[IHKU 3MCHIICHHS 30MTKY; HEUITKI MHOXKWHH, JIIHTBICTHYHI 3MiHHI
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EJIEKTPUYHUIA TPAHCITOPT

Beryn

OCHOBHUM 3aBJaHHSM CHCTEMH €JICKTPOIOCTa-
YaHHS 3QJTi3HUIb € TIOBHE 1 HaJliliHE €HEepreTHYHE
3a0e3MeUeHHs TIEPERI3HOTO MPOIIECY MPH 3HUKCH-
Hi PU3HKIB Ta HEAOIYIICHHSI PO3BUTKY KPHU30BHUX
cuTyallii B Oe3lmepepBHOMY CHEprosade3rneucHHI
3aTiI3HUYHOTO TPAHCIIOPTY.

Ilimxomu MO OIIHKK €KOHOMIYHOTO 30MTKY Bif
HeHaaiiHoCTI cuoBoro oosaananHs CTE MoxyTh
OyTH BHpaxeHI y BUIJIAAI BapTOCTi BUTpaT BiA
mpocToto enekrpopyxomoro ckiany (EPC) Braci-
JIOK TIEpEPB B €JIEKTPOIOCTAYaHHI, HEIO0TpPUMa-
HUX JIOXOJIIB €HeprorepeaBaibHuX KOMIaHii abo
COMIaTBHOTO 30UTKY IIiJ] 9aC PO3TISAY CHCTEM elle-
KTPOTIOCTaYaHHS JKUTIOBO-KOMYHAIBHOTO CEKTO-
pa. Y crtarti MU OyJIeMO pO3IJIAaTh JIMIIE CKja-
JTOBY 30MTKIB, MOB’s3aHy 13 3MEHIIIEHHSIM HalilHO-
cti Ta BigMoB cwmioBoro obmagHanHs CTE
B YMOBaxX HEBU3HAUEHOCTI ii ()yHKIIOHYBaHHSI.

Cucrema €IeKTpPONOCTAYaHHS 3aJli3HUIL Ma€
CKJIQJIHY l€EpapXidHy CTPYKTYPY 1 BEIUKY KiJIbKICTh
MIPUCTPOIB, JOBrOTpUBANia SKCILIyaTaIlis, SKux 0e3
HAJIGKHOTO MOHITOPUHTY Ta JiarHOCTYBaHHS TEX-
HIYHOTO CTaHy MOXE TPHUBECTH A0 BUXOAY IX i3
Jagy i1 3HAYHUX MaTepianbHUX 30WTKiB. HaitOimbm
CKJIaIHUM 00’ €KTOM CHCTEMH EJEeKTPOIIOCTauaHHs;
€ TaroBi mifcranmii. Ha enexTpudikoBaHux 3aiis-
HUIsIX Ykpainu ekcrutyaryetbea 307 TII, omnax
3 Hux 37 TII maroTh TepMiH ciyx0u nonaa 30 po-

100% ————————————

80%

60%

40%

20%

0%

kiB, a 216 TII 6imbmie 40 pokiB. Takoxx Ha €IEKT-
prdiKOBaHUX 3aNI3HUISIX B EKCIUTyartallii 3Haxo-
TUTHCST 9 MIJCTaHIN 3 OJTHUM BBOJIOM >KUBJICHHS,
o He BiAmoBigae Bumoram [IpaBun ymamryBaHHS
CHCTEMH TSTOBOTO EIIEKTPOIIOCTaYaHHS 3ai3HUIb
VYkpainum [1, 13].

Posmonin TATOBUX MiACTaHIIIN IO TEPMiHY €KC-
IUTyaraiii HaBeIeHo Ha puc. 1.

AHari3 noJaHux pe3yJbTaTiB, sIKi HABEICHI Ha
puc. 1, BKasye Ha TEHICHLIIO 30iJbIICHHS B €KC-
ryatamii kimekocti TII Ta ix oOnmamHaHHS, sKe
BiJINIPAIFOBAJIO HE TUILKY MPU3HAYCHUH, aje 1 map-
KOBUH pecypc, a o0csaru HOro 3aMiHM HACTIIBKU
Mauti, mo mpouec crapinas mapky TII i fioro cumo-
BOTO €JIeKTPOOOIaHAHHS TPAKTHYHO HE 3MEHIIY€
CBOiX TEMITiB, IO 3HIKYE e(DEKTUBHICTH 1 HalIili-
HICTh TATOBOTO EJIEKTPOIOCTaYaHHsS 3alli3HHIIb.
Buxonsun 3 1100, BAXKIIUBOIO CKJIAJJOBOIO B CHC-
TeMI MIarHOCTHKM TATOBOI IMiACTAHIII ITOBUHHA
OyTH MeTOoAMKA JIarHOCTHKH, 3TiTHO 3 SKOI Jiar-
HOCTHYHI OI[IHKM BiTOOpakaroTh (GaKTUIHHIA CTaH
obmagaanas TI1. MeToro cy9acHHX TiIXOIIB OO0
YIPaBIiHHS CHCTEMOIO JIIaTHOCTHKH Ta TEXHIYHOTO
obciyroByBanHs npuctpoiB TII €: yHukHeHHS 200
MiHIMi3aIlisl HACIiAKIB BiJIMOB IPHUCTPOIB; 3a0e3-
MIEYEHHS PEMOHTY 3a (DaKTHYHHM CTaHOM 00Jaj-
HAHHS; BUPINICHHS 3aBJIaHb IIOJ0 BUSBJICHHS BiJl-
MOB; OIITUMIi3aIlisl TUIAHOBOTO OOCITyTOBYBaHHS
TOIIIO.

=10 30 pokiB
10 40 pokis
=== Giabue 40 pokin

0
1 2:%)

2004 p 2008 p 2012 p

2013 p

Puc. 1. Po3nozin TAroBux IiICTAHIIH O TEPMIiHY eKCILTyaTarii

Fig. 1. The distribution of traction substations according to the term of service
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VY rTocmomapcTBi €IEKTPOITOCTAUYaHHs 3aIi3HHIb
Vkpainu 3a 2013 pik gomyiieHo 1 031 Bumnajok mo-
PYIICHh HOPMAILHOI POOOTH TMPHUCTPOiB, MO Ha 43
BUMaKK Oibiie, Hik 3a 2012 pik (988 Bumankis),
a BHACIIZIOK ITONIKODKEHHS IPHCTPOIB EIEKTPOIIO-
CTa4yaHHsI Ha 3T3HUIX YKpainu 3a 2012 pik Oyio
3arpumano 982 moizmu Ha 959 romuH, y 2011 pomi
832 — moi3am Ha 656 romuH. Lle Ha 17,0 % OunbIe 1Mo
KiUIbKOCTI 1 Ha 46,0 % OinbIire 3a yacom [1].

Meta

Buxonsun 3 BHIIEHaBEIEHOTO, METOI CTaTTi
€ BHUKOHAHHS JOCHIJKCHHS CBITOBOI'O JOCBITy Ta
nyOuiKaii, siKi IpUCBsYEH] SKICHOMY BHUPIILICHHIO
npobinem CTE. [lomyk HOBUX CydacHHX METOIB
1 MIXOAIB YIOCKOHANICHHS CUCTEMH MOHITOPHHTY,
JIIarHOCTYBaHHS 1 TEXHIYHOTO OOCIyroBYBaHHS
B mnponeci exciuryarauii TII 3 MeTol0 3MeHIIeHHS
30MTKIB CHCTEMHU TITOBOTO EJIEKTPOIIOCTA4YaHHS
eNeKTpU(IKOBAaHUX 3aTI3HUIL Y KpaiHu.

MeTtoauka

Jns BupimeHHS 3a7adi MiHiIMI3aIlli HaCTiIKiB
BimMoB mpuctpoiB TII, cucrtema TO i P moBuraHA
MAaTH TaKi BIaCTHBOCTI:

— e(eKTUBHICTD B YMOBax BHCOKOi HEBH3HaUe-
HocTi mouaTkoBoi iHdopmanii ctany CTE;

— MPOCTOTa 3aCTOCOBYBAHHS, YHIBEpCAIBHICTS,
KOMITIEKCHICTh, TIPAaKTHYHA CIIPSIMOBAHICTH, MOX-
JIUBICTh HAPOITyBaHHS BXiTHUX JaHUX, TOIIO.

KinmeBuM pe3ynpTaToM JOCIHIIHKEHHS TIOBUHHA
OyTu po3poOka Mojeii 3MEHIICHHS 30UTKIB CHC-
TEMH TATOBOTO €JIEKTPONOCTauaHHS.

OpnHak, BUpILICHHS Ii€l TPOOIEMH yCKIIaIHIO-
€TBCS JEIKHUMH OCOOJMBOCTSIMH OpraHizamii Ta
yrpaBmiaa cucteMoro TO i P, ocHOBHUME 3 SIKUX
€[3,8, 12]

— HEOOXiJHICTh OOJIKY BENUKOi KUTBKOCTI HO-
Ka3HHKIB CKCIUTyaTaliiHOl HaJilHOCTI 00JiaJHaH-
Hs TIpA BUOODI 1X pallioHANILHOTO BapiaHTa B yMO-
Bax HeBU3HauUeHOCTI QpyHKIionyBanHs CTE;

— CYTT€BUN B3a€EMO3B’S30K 1 B3aEMO3AIICIKHICTh
MOKa3HUKIB, IO MAIOTh CyNIepEWINBUI XapaKTep;

— CKJIAJHICTh OTPUMAHHS BUXIIHUX JaHUX 3a-
JIMIIKOBOTO pecypcy oOjanHaHHSA B yMOBax HEBU-
3HaveHocTi crany npuctpoiB TII, siki HeoOXigHi
IUIS BUPIIIICHHS 3aBIaHb aHAJI3y i CHHTE3Y, 0C00-
JIUBO Ha paHHIX eTammax PO3BUTKY BiMOBH;

— 311e0ITBIIOTO AKICHHUNA XapaKTep MOKa3HUKIB,
AK1 BpaxOBYIOTBCS IIiJl Yac aHaJli3y i CHHTe3y CHC-
temu TO i P.

Bkazani 0co0nHMBOCTI Ayke YCKIaTHIOIOTH 3a-
CTOCYBaHHS TPAIUIIHHIX MaTEMATUIHUX METOJIB,
30KpeMa METOJIIB MaTeMaTUYHOI CTATHCTHUKH 1 TEO-
piil HMOBIPHOCTI, a TaKOX KITACHYHUX METOJIB OI-
TUMI3aIii U1 BUPIIICHHS TPHUKIAJAHUX 3aBIaHb
ananizy i cunrtesy cucremu TO 1 P TII BHachimok
TOTO, 0 MaTeMaTHYHa CTATUCTHKA 1 Teopis WMOBI-
PHOCTI BHKOPUCTOBYIOTH EKCIEPHUMEHTAIIbHI JaHi,
SIK1 BOJIOJIIFOTH ITEBHOIO TOYHICTIO 1 JIOCTOBIPHICTIO.

VY 1bOMy BHMNAAKY HEPCICKTUBHUM HAIPSIMOM
JUIs BUDILICHHS NPUKIAIHUX 3a1ad, SKi OB’ s3aHi
3 OIIHKOIO Ta BHOOPOM HAINPSMIB PIMIEHHS IMPO-
0JieMd 3MEHIICHHS 30WUTKIB CHCTEMH TATOBOTO
€JIEKTPOIIOCTaYaHHs 3 MPUYMHU BiJIMOB TPUCTPOIB
CTE, npu ekcrnepTHii movaTkoBii iH(opMarii
€: JIHTBICTHYHUHA MiaXiq Ha 0a3i Teopii HEeWiTKHX
MHO>XHH 1 JIIHTBICTUYIHOI 3MiHHOI [5, 6, 15-20].

Teopist HEYITKUX MHOXXHH MA€ CIPaBY 3 <«JIHOJI-
CHKAMH 3HAHHSAMWY, SIKi MPUAHATO HAa3WBATH EKC-
MEePTHOIO iH(OpMaIliero. Y MbOMy BHNAAKY yXBa-
JIeHHS pilleHb B OiNbIIOoCTi 0a3yeThcs Ha EKCIEPT-
HUX OIlIHKaX.

Buxonsuu 3 pO3MNISHYTOIO Ta BPaxOBYIOUH
MPaKTHYHUH NOCBif 1 myOmikamii [4, 7, 9, 10], mo-
KHA 3aIpPOIIOHYBATH AITOPUTM 3MEHIIEHHS 30UTKY
CHUCTEMH TATOBOTO €JICKTPONOCTa4YaHHs BiJl BIIMOB
CHJIOBOTO €JIEKTPOOOIIaTHAHHS ITiJT Yac TTePeBE3CHb
Ha eJeKTpU(]iKOBAaHOMY 3aJi3HHYHOMY TpaHCIIOp-
Ti, KM BpaxoBYy€e HaBEJICHI CKJIaNOBi Ta ix B3ae-
MO3B’s13KH (pHC. 2).

Ha puc. 2: i=1,n — BinMOBH cuioBoro o0ia-
HauHsA TII; P — IMOBIpHICTh BiIMOBH i-ro 00naj-
HaHHS;, Ag, — 30UTOK CUCTEMH TSTOBOTO €JIEKTPO-

MOCTAaYaHHS 3aJII3HHIB 3 TPUYUHHU Bi]MOB CHJIOBO-
ro oOmamHanHs TII (eKOHOMIYHWH, TEXHIYHUH,
iHpopManiitauii Tomo). s TATOBOTO €NeKTPOIIO-
CTauyaHHS €KOHOMIYHHI 30MTOK MOXe OyTH BHU3HA-
YeHHU 3a HACTyIHUM BHpa3oM [15]:

Aq = qr{p + Q3yn + qBiH

Ie q,, — 30UTOK BiJ{ IPOCTOO MOI3AIB Yepes mepe-

PBH B TATOBOMY €JIEKTPONOCTAYaHHi, — 30m-

D3y
TOK BiJl 3ylIMHKH MOI3/iB, ¢, — CKIaJ0Ba 30UTKY,
OB’ s13aHa 3 JIKBIJAI[I€I0 HACIIAKIB BiIMOBU CHIIO-
BOro obnajgHaHHs; R;(r) — GaKTUYHHI 3aIUIIKO-
BHI pecypc i-To enekTpoobnamgranns TII B o0cs3i

HamnpamoBands »; P’ — HMOBIPHICTH BiJHOBJICH-

1

HSl pecypcy i-ro oOJagHaHHS NpPU CBOEYACHOMY
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BUSBIIEHHI HOTO ()aKTUYHOTO TEXHIYHOTO CTaHYy Ta
BuKoHaHHI sikicHoro TO 1 P; i=1,n — BigHOBIIEH-
HS TIpale31aTHOCTI crtoBoro obnaguanus TI1 mpu
CBOEYACHOMY BHUSBIICHHI (DAKTUIHOTO TEXHIYHOTO
CTaHy Ta BUKOHaHHI sikicHoro TO i P; w, — mokas-
HUK 3anobiranHs 30uTky CTE: exoHomiyHOTO,
TeXHIYHOTO, iH(OPMAIITHOTO TOMIO 3a pPaxyHOK
BiZTHOBJICHHSI pecypcy i-ro oonaananus TTI.

B yMoBax BiaMoB cuioBoro oomamHanHs TII —

i=1,n, KOXHa i-Ta BIZIMOBAa XapaKTEPHU3y€ThCS
HMOBIpHICTIO NOSIBU — P 1 30UTKOM CHCTEMH TsI-
TOBOTO €IEKTPONOCTa4aHHsd — Ag;, AKWH HaHO-

CUTKCS MM 9ac mpoctoro, 3ynmuHku EPC BHACTITOK
MIEPEPB Y EIEKTPOIIOCTAYaHHI, JIKBiJaIlil HACTIAKIB
BiJ]MOBH CHJIOBOT'O OOJIaJIHAHHS, TOIIIO.

BiaMosu cunosoro
oOmagnanus TIT

[aTenekTyansHa crcTeMa MOHITOPWHTY, miar-
HoctyBanHs Ta TO i P TIT (ICM/J] TO i P — TII),
AKa pO3TJsIHYTa B [9], BUKOHYE Taki OCHOBHI (yH-
KIii:

— Oe3mepepBHUNA MOHITOPHHT Ta JiarHOCTYBaH-
HSl TEXHIYHOTO CTaHy OCHOBHOTO CHJIOBOTO EJICKT-
poobnangnanus TII;

— BHU3HAUCHHS 3aJMIIKOBOTO pecypcy R (r)
i-r0 00JIaIHAHHS;

— MOBHE a0 YaCTKOBE BiJTHOBIICHHS pecypcy
i-ro obnmamHaHHsA (i =1,n) 3 IMOBIPHICTIO BiJHOB-

neHnst P’ ;
— 3meHmenHs 30utky CTE (w,) 3a paxyHok
BiZTHOBJICHHSI pecypcy i-ro o0nagHaHHs.

CTE
€JICKTPUYHOTO
TPAHCIIOP Ty 3aJIi3HUIIh

w
(3menwenns oumxy CTE)

InTe/IeKTya/IbHA CHCTEMA MOHITOPHUHTY,
niarnocryBanns tTa TO i P TI

TO i P oonaonanna TII
.

BiJTHOBJICHHSI NP aLIE3AaTHOCT] - i= 1,1’1;

BiJTHOBJICHHS - RI. (r)

8

w;=P;-Ag;-P;

Puc. 2. Anroput™ 3MeHIIeHHs 30UTKY CHCTEMH TATOBOTO €JIEKTPOIIOCTaYaHHs

Fig. 2. The algorithm of reduction the damage of traction energy system
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3 MeTOr0 BHpIMICHHS MPOOIEMH IIiABUITICHHS
eextuBHoCTI cuctemMu TO 1 P Bu3Haunmo B 3ara-
npHOMY Burisiai 3agauy ICMJZI TO i P — TII, ne:
BiTHOBJICHHSI PECYpPCYy CHIIOBOTO eleKTpooOia-
Hauus TII Ta smenmenns 30utky CTE mix gac me-
peBe3cHb Ha eNeKTpU(iKOBAHOMY 3alli3HUYHOMY
TPAHCIIOPTi 3a PAaxXyHOK CBOEYACHOTO BHSBIICHHS
(haKTHYHOTO TEXHIYHOTO CTaHy OOJaJHAHHS Ta
BUKOHaHHs sKkicHoro TO i P.

Jns BupimeHHs 1i€i 3agayi HeoOxinHO BHOpa-
TH BapiaHT peamnizamii 3anpononoanoi ICM/J[ TO
i P — TII, sxuii 3a0e3ne4nTh MAaKCUMYM BiJIHOB-
JICHHS1 pecypcy Ta 3MEHIIEeHHS 30UTKYy MpH J0Iyc-
THUMUX BUTpaTax Ha CTBOPEHHS Ta IMiITPUMKY iH-
TEJNEKTYJIBHOI CHCTEMH.

3rigHo 3 [2] dopmanbHa MOCTaHOBKA 3ajadi
Ma€ BUTJISII;

T°" = argmax W (T). €))
[Ipu oMy HEOOXiTHO 3HANTH

TOl'lT = Tll()l'I

pu 0OMEeXeHHi

C(T"™)<C,,

e T — BEKTOP, [0 XapaKTepU3ye BapiaHT TEXHiu-
Hoi peamizarmii ICMJ] TO i P — TII; 77", 7°"

JIOTYCTHME 1 ONTHUMalibHE 3HA4YeHHS BekTopa T ;
C,on — nomyctumi Butpat Ha ICMJI TO i P — TIL

Jns BupimeHHs 1iei 3amadi HEOOXimHO, TEepIT
3a Bce, cOPMYyBaTH TOKA3HUK BH3HAUYCHHS PIBHS
3MEHIICHHS 30UTKY 3 NPUYHHU BiIMOB CHJIOBOTO

obnamnanns TII — VI_/(T) 3 BpaxyBaHHSM SIKOCTI

¢yukmionyBanas ICMJ] TO i P — TIL
IToka3nuk 3arampHOTO 3MeHIeHHs 30uTKy CTE
B 3araJIbHOMY BUTJISIII [TOJIaMO CITiBB1IHOIICHHSIM:

W =F(P; Agy; i=1n; P"). )

ITokasnuk 3anobiranns 30utky CTE i-ro o6ma-
nHanHs TII 3a paxyHOK BM3HAU€HHS PeabHOTO
(dakTHYHOTO cTaHy OOJaJHAHHA (3ATUIIKOBOTO
pecypcy) Ta MOHOBIIEHHS PECypcy MOJaMoO CIIiB-
BITHOILIEHHSM:

w,=P Ag, P';i=1n. 3)

3a yMOBH HE3QJICKHOCTI BiIMOB OOJIagHAHHS
TII i amuTuBHOCTI (30UIBIICHHS) iX HACTIAKIB
OTPUMYEMO

n

w=)F Ag, . @)

i=1

PosrnsaeMo CHiBMHO)KHI/IKI/I, o

y bopmyiny (4).

VIMOBipHICTh BHXOAY 3 JIamy i-rO OOJIaTHAHHS
TII BU3HAYaAeTHCA CTATUCTUYHO 1 BIANOBiJae Bij-
HOCHI/ IHTCHCUBHOCTI BUXO/JTYy 3 JIajTy:

BXOOATH

Pi:—i’ (5)

Je A; — IHTEHCHUBHICTb BiJMOB i-T0 00JIa[HAHHSL.
30UTOK, SIKM HAHOCUTHCS 3 TPUYMHH BiIMOB
cunosoro obnagnanusa TII — Ag,, Moxe Bu3Haua-

THCS B aOCONIOTHUX OJWHUIIIX: EKOHOMIYHHX
BTpaT, TEXHIYHUX BHUTPAT, THMYACOBUX BTpAT iH-
(dopmartii Toro.

OmHak TPaKTHIHO 3aCTOCYBATH IIi BU3HAUCHHS
Jy’Ke BaXKKO, OCOOJIMBO HA paHHIX eTarax BIpOBa-
mxenns ICMJ] — TII. Tomy moIiibHO 3aMicTh a0-
COIIFOTHOTO 30MTKY BUKOPUCTOBYBATH 6iOHOCHUI
30umoK, STKHA TI0 CYTI CIpaBH € PIBHEM BiIMOBH
i-ro oomagganuas TII. PiBeHp BinMoBH i-T0 00Jal-
HaHHs TII mMoxe OyTw BHU3HAYEHHWU EKCIEPTHUM
MUISIXOM B TIPUITYIIIEHHI, IO BCi BiIMOBU CHJIOBOTO
obmagnanHs TII cknagaioTe MOBHY TPYIy BiJIMOB

n
[5, 7], To6T0 0<Ag, <1; D Ag; =1.
i=1
Haii0inpIm CKIagHUM IMUTAHHAM € BH3HAUYEHHS
HWMOBIPHOCTI BIJIHOBJIGHHS pecypcy i-ro o0Jjaj-
HaHHSA — P°.
3poOuMO TpUTYIIEHHS, MO IIsI HMOBIpHICTH
BA3HAYAETHCA THM, HACKUIBKH TIOBHO BpaxoBaHi
siKicHi 1 kutbkicHI Bumoru 1o ICMJ] TO i P — TIT ,
TOOTO

B’ = fi(x, Xij Xim) » (6)

ne x; — CTYTiHb BUKOHAHHSA j-i BUMoTH 110 ICM/]
TO i P — TII ans BiAHOBJIGHHS pecypcy i-ro ooia-
JHaHHS, i:I,_n; j=Lk+m.

Xait mepmri j Bumoru «k» mo ICMJ] TO i P —
TII 6ynyTth Kinoxicnumu (j = I,_k) , & peITa — sKi-
chumu (j = I,_m).

JI1st OIIHKY CTYIIeHS BUKOHAHHS j-1 KiUTBKICHOT
ta sikicHoi Bumor a0 ICMJI TO i P — TII naitzpyu-
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Hillle BUKOPUCTOBYBAaTH HOIO0 HOPMOBAaHE 3HAYEH-
HSL.

Sk mokasano B [2], 1yI1 HOPMYBaHHS 3HauY€HHS
CTYIEHS BHUKOHAHHA j-i BUMOTU 3pyYHO BHKOpPHC-
TOBYBAaTH TaKy (YyHKIIitO

—_ ] l
Xy =

Xij

K Hr ’ (7)

e xij — HOTOYHC 3HAYCHHsS CTYICHS BHUKOHAHHSA

j-1 BUMOTH BIZIHOBJICHHS PECYpCy i-r0 00J1aHAHHS;

HK HI'
Xy s Xy

3 ypaxyBaHHsM (opmyiu (7) OTpEMYyeEMO Taki
PO3paxyHKOBI CITIBBiHOIICHHS:

— HalKparlle i Hairipiie 3HaYeHH.

HK __ . HT __
IpH Xy =Xy > Y b
X —X..
- i i
x[/ — min s (8)
; —
Ymax Ymin
HK __ . HT __
OpH Xy =Xy 0 X =Xy
X. —X.
= _ Ymax y
Xy =—— )
T Vifmin
: HK __ . HT __ . Hl __ .
Tomi mpu x; ™ =x; 5 x;" =x; 50X =X
Umin — xyvpl T T max

— CTYIiHb BUKOHAHHS j-1 KinbKicHOI BUMOTH Bi-
JHOBIICHHS pecypcy i-ro 00JiaHaHHS:

X;; =0 npu X > X > X Xy <X <Xy

Uinin >~ Hop Umax °

X, =1 npun X; =X

o <x. <x. :
ij opt (xvmm - xljopt - xljmax )’

— CTyIiHb BHKOHAHHS j-i sKiCHOI BUMOTH Bill-
HOBJIEHHS pecypcy i-ro 00JlalHaHHS BU3HAYA€THCS
(YHKIIEIO MPUHAIEKHOCTI 10 SIKHAWKPAIIOro 3Ha-
qeHHs p(x;):

Xy =X
H(xij) = opu x; if < K 2

1} opt Ymin

Kije — il

“(xg,') = npu Xx;;

< X. "
Yopr — x!/ T Umax "

Ymax Yopt

PosknaBmm  dyskiito (6) B psg MakimapeHa
1 OOMEXHBIINCH JIHIIE MEPIIUMHU YJICHAMHU Py,
OTPUMAEMO

oP’
o, U

i

B =P+ (10)
=l

ne P°(0)=0 — iMOBIpHICTH BiTHOBJICHHS pecypcy
i-To oOnagHAHHSA TPW HEBUKOHAHHI BHMOTH 1O
oP’

Xij

XapaKTepu3ye CTYIiHb BILTUBY BUMOTH Ha WMOBIp-
HICTh BiJHOBJICHHS pecypcy i-ro oOnagHaHHA (Ba-
JKIMBICTh BUKOHAHHS j-1 BUMOTH IS YCYHEHHS -1
BiZIMOBH 00JagHaHH:). OUeBHUIHO, IO

ICMJ TO i P — TII; =0l; — BCJIHYMHA, IIO

m _
OSocij <lI; Z%‘ =l pai=Ln.
=l
Ilicns migcranoBku B (10) BimmoBimHWUX 3HA-
YeHb OTPUMYEMO

k m
B =2 ay %+ 2 oy ().
=l

J=k+1

(11

Ocratouno ¢opmyna (4) MOKa3HUKA OIIHKH
3ano6iranus 30utky CTE npuiimae Burisia:

”_V:ZW:ZK:E Ag; o X +

i=1 j=l

2 2 BAg oy (). (12)

i=l j=k+1

PesyabTatu

VY pesynbTaTi AOCHiKEHHS PO3TIIIHYTa cXeMma
HEYITKOTO BHCHOBKY, IO 0a3yeThCcs Ha 3acTOCy-
BaHHI MEXaHi3My MiHiMi3aIlii o0iacTi MpUHHATTS
pillieHb Ta CHpusie He TUIBKU CTPYKTYPHIH i1eHTHU-
¢ikamnii B mporeci ¢popmyBaHHs 0a3u AaHUX, aje
1 03BOJISIE 3HAYHO ITiIBHIMUTH TPOTyKTUBHICTD
3HAXOJ/KCHHS TTapaMeTpiB HEeUiTKOi MOJeli, OCKi-
JbKM B LBOMY BHIAJKy MH MaeMO CHpaBy HeE
3 HECKIHUCHHUMH BEJIMYMHAMH — BapiallisMH,
a 3 BEJIMKOIO KIJIBKICTIO, alle, THM HE MEHIII, KiHIle-
BUM YHCJIOM JaHuX 1 (OpMaIbHUX MpPaBUII MPHKH-
ATTS PILICHb, 10 SKICHO BILUTUBAE HA 3HAXOHKCHHSI
CHCTEMOIO TTPaBUJILHOTO pimreHHs 3amadi. e myxe
BOXIHMBHUN (DakTop, TOMY IIO 3aCTOCYBaHHS KOH-
mentii MiHimizamii o0xacTi NPUHHATTSA pilleHb
3MEHIIYE KUTBKICTh TPABHJ JUIS ONMUCY HEJITKOL
MOJIENT, 10 B CBOIO YEpPry 3MEHIIY€E 3YCHIUIA, SKi
HEOOXiAHI U aHali3y 1 MpOeKTyBaHHS e(eKTuB-
Hux cuctem ynpasiinas TO i P CTE.
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OTpuMaHO BHpa3 TOKa3HHWKA OITIHKH 3amo0i-
ranas 30utky CTE (ekoHOMIYHOTrO, TEXHIYHOTO,
iHpOpPMaLIIHHOTO TOILIO) 3a PAaxyHOK BHU3HAYEHHS
pearbHOTO (PaKTHYHOTO CTaHy OONafHaHHS (3a1H-
IITKOBOTO PECypcy) Ta y pasi MOTpeOH IMOHOBJICHHS
pecypcy i-ro oonaananus TII:

V_VZZZP’ Ag; oy X +z Z £ Aq; oy plxy),

i=l j=1 i=l j=k+1

ne P — HMOBIpHICTH BIIMOBM i-rO OOJaJHAHHSA
(BU3HAUYAETBCS CTATUCTUYHO); Ag, — 30UTOK CHC-

TEMH TICOBOTO E€JEKTPOMOCTAYAHHS 3alli3HUIb
3 MPUIUHU BigAMOB cmiioBoro oOnamHanas TII
(0<Ag, <1); 0 — NOKa3HUK BAXINUBOCTI BHKO-

HaHHS j-1 BUMOTH JJIsl yCYHEHHS i-1 BiAMOBH 00J1a-
nHaHHS. Ll BenuumHa XapakTepu3ye CTYIiHb
BIUIMBY BHMOTH Ha IMOBIPHICTh YCYHEHHS i-i Bill-
moBH obnanHanus (0 <o, <1)); X; — cTyniHb BH-

KOHaHHS j-i KUIbKICHOT BUMOTH 3 OJIU3BKICTIO JIO
HEOOX1THOTO (ONTUMAIILHOTO) 3HAYCHHS JJIS YCY-
HEHHs -1 BIJIMOBHM CHJIOBOTO €IEKTPOOOJIaTHAHHS
TIL x; =0, mpu x; <x; 5 x>, o X =1,

mpH X, =X, u(x;) — CTymiHb BUKOHAHHS j-

SAKICHOI BUMOTH BWU3HAYae€ThCs (PYHKIIEIO TpUHA-
JISKHOCTI IO SKHAMKpAIIOro 3HA4YEeHHS B MeKax

(0 <p(x;) <1).

HaykoBa HOBU3HA Ta MPAKTUYHA
3HAYNMICTDL

VY crarTi BIeplle 3alpONOHOBAaHO AalrOpUTM
3MEHIIEHHS 30UTKY CHCTEMH TATOBOTO EJIEKTPOIIO-
CTadaHHsS eNeKTpU(]PiKOBaHUX 3alli3HHUIb YKpaiHW.
Po3poOnena maremMaTHyHa MOZAEIb PO3PAXYHKY
smennienns 30utky CTE Bix BiAMOB cujIoBOTO 00-
nanHanHs TII 3a paxyHOK yIOCKOHaJeHHSI CHUCTe-
MU TEXHIYHOTO OOCIyTOBYBaHHS 1 peMOHTY. Brre-
pliie 3arpOIIOHOBAHO MOKAa3HUK OIIHKU 3amo0iraH-
HS 30MTKY CHCTEMH TSTOBOTO EJEKTPOIIOCTAYaHHS
eNeKTpu(iKOBAHUX 3aJi3HUIb.

Ile#t migxim 3BOAUTHCS O BH3HAYECHHS OCHOB-
HUX eTamiB, 0COOJMBOCTEH Ta ONTHMAIBHOTO 00-
IPYHTYBaHHS KUTBKICHHX 1 SIKICHUX BUMOT JI0 iHTe-
JIEKTyaTbHOI CHCTEMH MOHITOPHHTY, NiarHOCTHKH
ta TO i P TII, npu nomycTuMux BUTpaTax Ha yJIo-
CKOHAJIEHHS, 3 METOI0 3MEHIIEHHs 30UTKIB CHCTe-
MH TATOBOTO €JEKTPONOCTaYaHHS Ta BHUPILICHHS
mpoOaeMu MATpUMKH oOmamHanus TII y mpare-

3MaTHOMY CTaHi B YMOBax HapOCTAHHS TEMIIIB
1 00csriB HOrO CTapiHHs MOPIBHSHO 3 ICHYIOUUM
TEMIIOM 1 00CSTaMU OHOBJICHHSI.

BucnoBxku

Bupimenns 3amaui 3MenmenHs 30utky CTE
y surisiai (1), (2) 3BOAMTBCS 10 ONTHMAIBHOTO
OOTpYHTYBaHHS KIIbKICHUX 1 SKICHUX BHMOT JIO
cucremu ICMJI TO 1 P — TII, sixa no3BoJjisie BU3HA-

untd max w(x;; i=1,n; j=Lk+m) mnpn obwme-

KEHHI  JOIMyCTUMHX
Clx;)<Cpoy -

BcTanoBneHo, 10 OCHOBHUMH €TalaM# PO3B’s-
3aHHs 3ana4i 3MeHIeHHs 30utky CTE enextpudi-
KOBaHUX 3aJIi3HULb, €:

— 30ip 1 00pobOka excriepTHOi iH(OpMAIli TIPo
XapaKTePUCTUKH BiIMOB: IMOBIpPHOCTI BiAMOBH

BATpPaT HA  CHCTEMY

i-ro obnagHanHsa P 130utky Ag;(i=1n);
— 30ip 1 00poOKa ekcrepTHOI iHpOpMAIIii IS BU-
3HAYCHHS TMOKa3HUKA BAYIMBOCTI BUKOHAHHS j-1 BH-

MOT'" Ji1 YCYHCHHA Bi,Z[MOBI/I I-TO O6J'Ia,Z[HaHH$I - aij )

— BHU3HAYCHHS CTYIEHS BHKOHAHHS j-i SIKICHOT

BUMord  p(x;), (izl,_n; jzl,_m) Ta KUTbKICHOL
BUMOTH X;;, (i=1,_n; j=1,_k);

— ominka Baptocti cuctemu ICMJI TO 1 P —
TII nnms KOHKpETHOro BapiaHTa 1i pearmizanmii,
3aJ]eXHa  BiJ] CTyNEHS BHKOHAHHS  BHUMOT

Clxysi=Ln; j=Lk+m);

— po3pobka Moziei Ui BUOOPY palioHaIEHOTO
BapianTa noo0ymosu cucremu ICMJ] TO i P — TIL.

Taxox 1ei miaxiJ A03BOJUTH BU3HAUYUTH Hai-
OUTBII BaXKiIMBI NPOOJIEMH MiIATPUMKH OCHOBHOTO
obnmamnanHs TII CTE y mpamesmatHoMy craHi,
B YMOBax HapOCTaHHS TEMIIiB i 0OCsTIB HOTO CTa-
PIHHS Ta BiIMOB.
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MATEMATHUYECKASA MOIEJIb AHAJIN3A YIIEPBA CUCTEMBbI
TATOBOI'O JIEKTPOCHABKEHUS KEJIE3HBIX TOPOT

Heab. ccnenoanue mpemrycMaTprBaeT pa3padoTKy METOIMKHA U MOJEIN YMEHBIICHUS YIepOa CHCTEMBI TATOBOTO
anekrpocHa®keHust  (CTD)  aneKTpUHUIMPOBAHHBIX JKENIE3HBIX  JOpor  YKpawHbl. HeoOXOmuMbIM  SIBISETCS
U OTIpeIeNicHHE MOKa3aTelsl OLCHKU MpenoTBpameHus yiiepoa CTD anexTpruduIMpoBaHHBIX JKENe3HBIX gopor. Pabora
TaroKe HalpapJieHa Ha TOMCK COBPEMEHHBIX METO/IOB M MOAXO/IOB K YCOBEPIICHCTBOBAHUIO CHCTEMBI MOHUTOPHHTA, [TH-
arHOCTUPOBAHUS W TeXHHYIecKoro obcimyxkuBanus CTID. Meromuka. [ TOCTIKEHHS ITOCTABICHHON IIC)U MPOBEICHO
HCCIIEIOBaHNE 3apyOEKHOTO OIBITa M ITyONMKAIH, KOTOPHIE MOCBSIICHBI Ka4eCTBEHHOMY permeHuro mpodiem CTO
C UCIIOJIb30BaHHUEM JIMHIBUCTHYECKOTO TIOAXO0/a Ha 0a3e TCOPHH HEUYCTKUX MHOXKECTBEHHBIX YMCEN W JIMHTBHCTHICCKOM
nepeMenHol. Pe3yabTathl. B pesyibrare mccnenoBaHus pa3paboTaH anropuT™ ymeHbineHus ymiepba CTO, xoropas
(DYHKIIMOHUPYET B YCIOBHSIX HEONPEICICHHOCTH. Y CTAHOBIICHO, YTO PEUICHHE JaHHOW MPOOJIEMbI BO3MOXKHO 3a CUET
CBOEBPEMEHHOTO BBIIBIICHUS (DAKTUYECKOTO TEXHHYECKOTO COCTOSHHS 00OPYIOBaHMS B yCIIOBUSX NPOBEACHHS KadecT-
BEHHOTO TEXHUYECKOTO OOCITY)KHBaHHUS, JUATHOCTHPOBAHUSI U OOHOBIICHHS pecypca dIICKTPOTEXHUIECKOTO 000pyI0Ba-
Hus TaroBbIx noactaniwid (TIT) CTO. Ilpu npoBeneHnN HCCieIOBaHUS PACCMOTPEHA CXeMa HEUETKOTO BBIBOJIA, KOTOPBIH
OaszupyeTcss Ha NMPUMEHCHUHM MEXaHW3Ma MPHHMHW3AIUHM OOJACTH TPHHATHS PEIICHUH. DTO CIOCOOCTBYET HE TOJBKO
CTPYKTYPHOM MICHTU(UKALMK B Tpoliecce (OpMUPOBaHHs 0a3bl TaHHBIX, HO M MO3BOJISIET 3HAYUTEIILHO MOBBICUTH TIPO-
JYKTHBHOCTBH HAXOXKJICHHS TIapAMETPOB HEUSTKOW MOJICIIH, KOTOPAsi, B CBOIO OYepElb, YMEHBIIIACT YCHIIHUS, HEOOXOTUMBIC
JUISL aHAJTN3a U TPOEKTUPOBaHMS 3(D(PEKTUBHBIX CHCTEM YIIPABICHUSI TEXHUYIECKUM O0OCITyXHuBaHHEM U peMoHTOM (TO
n P) CTO. Hayunasi HoBM3HA. BriepBble IpeioyKeH aropuT™ YMEHBIICHHS yIepOa CUCTEMBI TITOBOTO 3IEKTPOCHA0-
KEHHS JIEKTPU(PUIIMPOBAHHBIX JKEJIE3HBIX JOPOT YKpauHbL Pazpaborana maTemarmyeckas MOJENb pacdeTra yMEHbIIe-
Hus ymepoa CTD or ortka3oB cuioBoro obopynoBanus TII 3a cuer ycoBeprineHcTBoBaHHsS cucteMbl TO u P.
BriepBpie mpemiokeH MOKa3aTeNdbh OICHKH MPENOTBpANICHHS yIiepda CHCTEMBI TATOBOTO  3JIEKTPOCHAOKEHHUS.
IIpakTnyeckasi 3HAYMMOCTB. B cTarhe paccMOTpeHa cxeMa HEYeTKOro BBIBOJIA, KOTOPBIH 0a3upyercsi Ha NPUMEHEHHH
MeXaHHU3Ma MHUHUMU3AIUN OOJAaCTH TPHHSATHS PEIICHH W CHOCOOCTBYET HE TOJBKO CTPYKTYPHOW HIACHTH(DHKAIINU
B mporecce (l)OpMI/lpOBaHI/DI 633])1 JAHHBIX, HO U MO3BOJIACT 3HAYUTCIIbHO IMMOBBICUTH IMPOU3BOAUTEIIBHOCTE ONIPCACIICHUA
MapaMeTpoB HEUETKOH Mozienn. BHepeHne TaHHOTO TI0IX0/1a CBOUTCS K OIIPEICNICHHIO OCHOBHBIX 3TAIlOB, OCOOECHHO-
CTeH M ONTHMAJIBHOTO OOOCHOBAHUS KOJIMYESCTBEHHBIX M KAUueCTBEHHBIX TpeboBanuii k cucreme TO u P TII. Dto moctu-
raeTcs MpH JOITYCTUMBIX pacXoax Ha YCOBEPIIICHCTBOBAHKE C HEeNbI0 yMeHbIeHus yiepba CTD u pemeHus mpooaeMbl
nozepskanust ooopynosanus TII B paboTOCIIOCOOHOM COCTOSIHHM B YCJIOBHSX HapacTaHUsI TEMIIOB M 0OBEMOB €ro cTa-
peHust (B CPaBHEHHH C CYIIECTBYOIIMM TEMIIOM U 00beMaMH OOHOBIICHHS).

Knrouesvie crosa: snexTpuupoBaHHbIE KENE3HBIE IOPOrH; CHUCTEMA TATOBOTO JIEKTPOCHAOKEHUS; TSAroBas MO/
CTaHIMS;, IEKTPOOOOPYIOBAaHIE; YMEHBIICHHE YIIep0a; TEXHUIECKOEe OOCITY)KMBAHWE W PEMOHT; THATHOCTHPOBAHHE,
(baKTI/lLIeCKOG TEXHUYECKOE COCTOAHUEC; TOKA3ATCIIb OLICHKW YMCHBIICHUA yluep6a, HCUCTKHUC MHOXKCCTBA, JIMHI'BUCTUYC-
CKH€ TIepeMEHHBIC
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MATHEMATICAL MODEL OF THE DAMAGE ANALYSIS
OF RAILWAY TRACTION ENERGY SYSTEM

Purpose. The study provides the methods and models development of reducing damages of traction energy sys-
tems (TES) at electrified railways of Ukraine. Definition the indicator of preventing damage evaluation TES at elec-
trified railways is necessary. Paper is aimed to search the modern methods and approaches to improve the system of
TES monitoring, diagnosis and maintenance. Methodology. To achieve this purpose a study of foreign experience
and publications that focus on problem-solving quality of TES using a linguistic approach based on the theory of
fuzzy multiple numbers and linguistic variable were done. Findings. In result of research an algorithm to reduce
TPS damages which operates under uncertainty was developed. It is found that the solution of this problem is possi-
ble by timely detection of actual technical condition of equipment in terms of quality maintenance, diagnostics and
update resource of electrical equipment traction substations (TS) power supply TES. The study examined the fuzzy
inference scheme, which is based on the use of mechanisms to minimize the area of decision-making. It contributes
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not only to structural identification in the process of developing a database, but also can significantly improve the
efficiency of finding the parameters of fuzzy model, which in turn reduces the efforts that are necessary for the
analysis and the design of effective control systems maintenance and repair (M and R) TES. Originality. For the
first time the algorithm of reduction the damage of traction energy system of electrified railways of Ukraine was
offered. The mathematical model of reduction the damage calculation of TES from TP power equipment failures by
improving system maintenance (M and P) was developed. Firstly evaluation index was proposed to prevent the
damage of traction energy system. Practical value. The article describes the fuzzy inference scheme, which is based
on the use of the mechanism to minimize the area of decision-making and contributes not only to structural identifi-
cation in the process of developing a database, but also can significantly improve the performance of determining
the parameters of fuzzy model. Implementation of this approach comes to the determination of the main stages, fea-
tures and optimal justification of quantitative and qualitative requirements for system M and R of TS. It will be done
with allowable costs for improvements to reduce TPS damage and address the equipment of traction substations in
working condition in terms of growth rates and volumes aging (compared to the current speed and volume of up-
dates).

Keywords: electrified railway; traction energy system; traction substation; electrical equipment; reduction the
damage; maintenance and repair; diagnosis; actual technical condition; evaluation index of reduction the damage;
fuzzy sets; linguistic variables
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HNOJATBEPXKJIEHUE AJJEKBATHOCTU MATEMATHUYECKON
MOJEJIN JUHEMHOI'O CUHXPOHHOI'O JIBUTATEJISI

Hean. {5t cHIDKEHUS Tpyj03aTpar U 00bEMa MAIIMHHOTO BPEMEHHU MPY IPOEKTHPOBAHNY JIMHEHHBIX CHHXPOH-
HBIX JBHTaTeNel ¢ BO30YXK/IEHHEM OT MCTOYHMKA ITOCTOSHHOTO MAarHWTHOT'O HOJIS BBICOKOCKOPOCTHOTO Ha3eMHOTO
TpaHCIIOpPTa HEOOXOIMMO HCIIONIb30BaTh MHKEHEPHYIO METOMUKY. Llenbio JaHHOTO MccienoBaHus SBISIETCS MOA-
TBEP)KICHUE aeKBATHOCTH MPEIOKEHHOHN paHee MaTeMaTHYecKOH MOJEH TaKOTO ABHUTATENS W MPUHATHIX AOIMY-
mennit. [Ipennonaraercs Taxke MOATBEPAUTH BO3MOKHOCTH IMIPHUMEHEHHS METOIa pacdéra TATOBOTO yCHIIHSA, BO3-
HUKAIOMIETO B JBUTATENle NPU B3aWMOJICHCTBUM MOCTOSHHOTO MArHUTHOTO TOJS CHCTEMBI BO3OYKICHUS TpPaHC-
IIOPTHOT'O CPEACTBA C KAaTYIIKOM IyTeBOi CTpyKTyphl. Meroauka. [I0CKoIbKY [UIsl SMIUPUYECKUX TEOPUI IIOJIOKHU-
TENBHBIA pe3yJbTaT »AKCICPUMEHTa HE SBISAETCA CTONPOIEHTHBIM JOKa3aTelNbCTBOM HCTHHHOCTH, IS
OJTHO3HAYHOT'O 3aKJIIOYEHUs 00 a/IeKBaTHOCTH pa3paboTaHHOM Mojenu U 3PPEKTUBHOCTH pa3pabOTaHHBIX METOOB
HEOOXO0AMMO NPOU3BECTH UX IPOBEPKY Ha PajabCUPULIUPYEMOCThb. B COOTBETCTBHM C 3TUM KpUTEpHEM HEOOX0IUMO
HE TPOCTO MPOBECTH IKCIIEPUMEHT, PE3YJIBTAThl KOTOPOTO COBIAMYT C PACYETHBIMHU, HO HYXKHO eI H30exaTh OIlu-
601(, BbI3BAHHBIX CJ'Iy’-I&le]:-IM HUX COBIIaICHHUEM. I[J'lﬂ 9TOr'0 NPOBOJAUTCA SKCHEPHUMCHT C UBMCHAIOIMMHACA MTapaMeT-
pamu. Pe3yabTaTsl. B kpuTHUeCKOM SKCHIEpUMEHTE M3MEHEHUSI KOHPUTYPALIMK CHUCTEMBbI BO30YXK/ICHUS TIPOBE/ICHBI
TaK, 4TOObI POPMBI 3aBUCHMOCTH TATOBOTO YCHJIHS OT CMEIIEHHS CYLIECTBEHHO OTIHYaiInch. CpaBHEHHE pe3yJibTa-
TOB PAcUE€THBIX M AKCIIEPUMEHTAIBHBIX 3HAUCHUH TATOBOTO YCHIIHS IS PA3IMYHBIX KOH(UTypauuii 1oKa3aio, 4To
pa3uursi He3HAYUTENBHBI U JIETKOOOBACHUMBI TIOTPEIIHOCTHI0 U3MEPEHUI I HEPaBHOMEPHOCTBIO 3a30POB MEKIY
MOJIIOCAaMH BO30YKIIEHHS W KaTyIIKaMH IyTeBoi cTpykTypsl. Hayunass HoBu3HA. J[oka3aHa aeKBaTHOCTh MaTeMa-
TUYECKOH MOZIETH JTUHEWHOTO CHHXPOHHOTO IBHTaTelNs 06e3 (eppOMarHUTHOTO MarHUTOIPOBOJAA W MPUHATHIX JO-
IyIIEHUH, a TaKKe IPUMEHUMOCTh METOJA PACUETA TATOBOTO YCUIIUS, BOZHUKAIOILETO B HEM, IPU B3aUMOJCHCTBUU
MOCTOSTHHOTO MarHUTHOTO TIOJISI CHCTEMBI BO30YXKIEHHS TPAHCIIOPTHOTO CPENICTBA C KaTYIIKOW MyTEBOW CTPYKTYPBHIL.
JlaHHOE 10Ka3aTeIbCTBO IMOCTPOCHO HAa MPOBEACHUH KPUTHYECKOTO 3KCIEPUMEHTA IyTEM CPaBHEHMS PACUETHBIX
1 SKCHIEPHUMCHTAJIBHO IMOJYYCHHBIX 3HAYEHUH BEJIUYHHBI TATOBOI'O ycuiiusa 4Jid pasindHbIX KOHCprKIJ,l/Iﬁ JIMHEHHO-
ro cuHXpoHHoro apurarens. IlpakTHdyeckasi 3HaYMMOCThb. B paboTe noka3aHa aleKBaTHOCTh MaTeMaTH4eCKON
MOJIETIH JINHEHHOTO CHHXPOHHOTO JIBUTaTels BEICOKOCKOPOCTHOTO TPAHCIOPTa ¢ BO30YX/IEHHEM OT UCTOYHHKA I10-
CTOSIHHOI'O MarHUTHOTO IOJIS U NPUHATHIX JOMYLIEHUH. ABTOPOM TaKXke JoKa3aHa MPUMEHUMOCTh METOJAA pacuéra
TSATOBOTO yCHJIMSI, BOSHUKAIONIETO B HEM, IIPU B3aUMOAEHCTBUH IOCTOSIHHOI'O MarHUTHOTO IOJISI CHCTEMBI BO30YX-
JIEHUS TPAHCIIOPTHOTO CPEICTBA C KATYIIKOW IyTeBOH CTPYKTYpHI. [IpuMeHeHne mogoOHON METOAMKH TO3BOJHT
CHHU3UTH TPYHO3aTPaThl U 00BEM MAITMHHOTO BPEMEHH IPH MPOSKTUPOBAHUU JTMHEWHBIX CHHXPOHHBIX IBUTATEICH
¢ BO30Y>KICHHEM OT HCTOYHHKA TOCTOSTHHOTO MarHUTHOTO TOJISI BEBICOKOCKOPOCTHOTO HAa3€MHOTO TPAHCIIOPTA.

Kniouesvie cnosa: BBICOKOCKOPOCTHON HAa3€MHBIA TPAHCIOPT; JUHEWHBIA CUHXPOHHBIM JBUraTelb; KpUTEPUN
[lonmepa; KPUTUUECKUIA SKCIIEPUMEHT; IOCTOSIHHBII MarHuT

BBenenue BO3HHUKAIOIIETO MPH B3aUMOJICHCTBUM MarHWTHOTO
MOJIsI BO30OYXKACHUS C TOKOM B KaTyIIKaX IyTEBOU
CTPYKTYpBL. Pab0oTOCIIOCOOHOCTH 3TOTO MeTonIa Hy-
JKJIaeTCs B JOKA3aTEIbCTBE.

Jist obecrieueHns: BO3MOYKHOCTH PAIlHOHATEHOTO
BBIOOpa KOHCTPYKTHBHBIX MapaMeTPOB IIMHEHHOTO
cuHXpoHHOTO nBurarens [2; 3; 7; 9; 10; 11; 13] BeI-
COKOCKOPOCTHOTO MAarHUTOJICBUTHPYIOIIETO DKHIIa-
Ka [2; 4; 12] ¢ Bo30y»XIeHHEM OT MOCTOSHHBIX Mar-

ean

HHTOB, T.€. JUIS pelIeHNs] 00paTHOW 3a/1a4u ¢ HEKOp-
PEKTHBIMH YCIIOBUSIMH, HEOOXOIUMO HMETh WHIKe-
HEpHBI (HE CBSA3aHHYI0 C OONBLIIMM O0BEMOM
BBIYHCIICHUI) METO]I OTIPEIEICHHUS TSATOBOTO YCHIIHS,

HGHBIO JAaHHOTO HCCJICAOBAHUA SABJIACTCA IIOA-
TBCPIKACHUC aICKBATHOCTH MaTeMaTH4YeCKOM MOJEC-
JIN JTUHEHHOTrO CHUHXPOHHOI'O ABHUIAaTCIIA WU IPUHA-
TBIX HOHyLHCHHﬁ, a TaKiKXC MNPUMCHUMOCTbL MCTOJA
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pacdeTra TSATOBOTO YCHJIMS, BO3HUKAIOILETO B HEM,
MpY  B3aWMOJICHCTBUM TIOCTOSIHHOTO MAarHUTHOTO
MOJIS CHCTEMBI BO30YKIEHHUSI TPAaHCIIOPTHOTO Cpel-
CTBa C KATyIIKON MyTEBOU CTPYKTYpHI [8].

MeTtoanka

W3 obmero kypca ¢uimocopuu U3BECTHO, YTO
€MHCTBEHHBIM KPHUTEPHEM HWCTUHBI SIBIISCTCS
npaktuka [S5]. ITlosToMy, MOATBEpKICHUEM aneK-
BaTHOCTH MAaTeMaTU4YE€CKOM MOJenu JIUHEHHOTO
CHUHXPOHHOTO JIBUTATENS ¥ MPUHATHIX JIOMYIICHUH,
a Tak)ke MPUMEHHMOCTh METOJ]a pacueTa TATOBOTO
YCHJIUS, BO3HUKAIOIIETO B HEM, TIPU B3aUMOJICHCT-
BUU MMOCTOSTHHOT'O MAarHUTHOTO MOJISi CUCTEMBI BO3-
Oy >XIeHUsI TPAHCIIOPTHOTO CPENICTBA C KaTyIIKOH
MyTEBON CTPYKTYPHI MOXKET SBISATHCS TOIBKO CO-
OTBETCTBHUE TOJIYUYCHHBIX TCOPETUUYCCKUX U IKCIIC-
PUMEHTAIbHBIX JTAHHBIX.

C nmpyroi cTOpOHBI, U3 TOTO K€ OOIIEro Kypca
¢unocour M3BECTHO, YTO JOKA3aTEIHCTBOM HeE-
MPABIJILHOCTH MOXET CIYXHUTh JaXe CAMHUIHBIN
OTpHUIATENFHBIA PE3yJbTaT, a TOJOXKHUTEIHHBIN
pe3ynpTaT caMm 1o cede He SBISIETCS J0Ka3aTelb-
CTBOM MCTHHHOCTH SMITUPUYCCKON TCOPHH.

JlaHHOE TIpOTHBOpEYHE MOXKET OBITH paspelire-
HO, eclin oOpatuThes K THoceomormm. Cop Karl
Raimund Popper, SBIsSOIUACS OCHOBOIIOJIOXKHH-
KOM KpPUTHYECKOTO pallMoHAIM3Ma, pa3padoTan
METOJ] OmpeeNieHNs] HAyYHOCTH TEOPETHIECKUX
MOCBUIOK — KpuTepHii (hanbcuGUINPYEMOCTH, dac-
TO HasblBacMblid kpurepueM llonmepa. Teopus ss-
nsercs panbcuPUIUPyEeMOil W, COOTBETCTBEHHO,
HAyYHOW B TOM CJIy4ae, €CIi CYIECTBYET METOIO-
JIOTHYECKass BO3MOXHOCTh €€ OIpPOBEp)KEHHs ITy-
TEM TIOCTAHOBKH TOTO WM MHOTO JKCIEPUMEHTA,
AK€ eCNIM TaKOM JKCIIEPHMEHT eIlle He ObLI To-
crasieH [1].

B cootBeTrcTBUM € ATHM KpHUTEpHeM, HE00XO-
JIUMO HE TMPOCTO TPOBECTU AKCIIEPUMEHT, Pe3yib-
TaThl KOTOPOT'O COBMAIYT C PacueTHBIMHU, HO HYX-
HO emie M30ekaTh OIMOOK, BHI3BAHHBIX CITy4aii-
HBIM WX coBmaaeHueM. Il 3Toro HeoOXOAMMO
MIPOBECTH SKCIIEPUMEHT ¢ M3MEHSIOIUMHUCS Tapa-
MeTpaMHu.

JormyctuM, 94TO B pe3ynbTaTe MPOBEISHHS KC-
MepUMEeHTa H3MEpeHHasl 3aBHUCHMOCTHh CHIIBI OT
CMEIIIEHUS COBIajla C paCYETHOM.

BeposiTHOCTh  CTy4ailHOrO COBIMAJICHHS CIIOXK-
HBIX KPUBBIX JOCTaTOYHO HH3KA, HO JUIS IOCTa-
HOBKM KPUTHYECKOTO SKCIIEPHUMEHTa €€ MOXKHO

npusHiaTh p, =0,5.

bynem cumrtarh, 4TO MpPU HU3MEHEHHHM KOHCT-
PYKIIMM BEPOSATHOCTh CIy4yailHOTO COBIAAEHUS
KpHUBBIX TOXE p, =0,5.

AHaJIOTMYHO, OIS CIEAYIOIIEro W3MEHEHUs
KOHCTpyKIUH — p, =0,5 u Tak nanee.

[Ipu CyIIeCTBEHHOM HM3MEHEHUH KOHCTPYKIIUH
JIMHEHHOTO JBHMraTelsl M, COOTBETCTBEHHO, CYIIe-
CTBCHHOM HU3MCHCHUH (I)OpMI)I 3aBUCUMOCTU CHJIBI
TIATH OT CMEILEHNS MOYKHO CUHATATh KaXKIO€ H3Me-
peHne He3aBUCUMBIM coObITHEM. CIleoBaTeNIbHO,
BEPOSITHOCTh CIIy4allHOTO COBIaJIeHUs (HOPMBI 3a-
BHCHUMOCTH CHJIBI OT CMEIIEHHS COCTABIISIET

P, =p xp,=0,5%x0,5=0,25.
st Tpex KpuBBIX
Pia3 =D X P, %X py=0,5%x0,5%0,5=0,125.

Tlocne YCTBCPTOr'0 SKCIICPUMCHTA HAaHHAA BEC-
POATHOCTH COCTaABJIACT

Proa 3 s =P\ X Py X P3 X Py =
=0,5x0,5%0,5%x0,5=0,0625.

VYike mociie 4eThlpex HEe3aBUCHMBIX H3MEpEHUit
BEPOSITHOCTh CIIyYailHOTO COBIAJECHHUSI TeOpeTHYe-
CKHX M DKCIICPUMEHTAIBHBIX PE3yJIbTaTOB COCTaB-
nsger 6,25 %, 4ro HIKE CpeaHel MOTPeIHOCTH
9KCIEPUMEHTAIbHBIX HucchenoBanuii. C yyerom
TOTO, YTO BEPOSTHOCTH CIIyYaiHOTO COBIIAJICHHS
CIIOXHBIX KPUBBIX TOPa3I0 HIKE HMPUHATOTO 3HA-
yeHus p =0,5, MOXXHO CUHTATh, YTO IKCHIEPUMEHT

C YeTHIPbMS HE3aBHUCHMBIMH W3MEPEHUSMU SIBIISI-
eTCsl KPUTUYECKUM. DTO JacT BO3MOXKHOCTH Clie-
JIaTh 3aKJIFOUYEHUE 00 aJIeKBaTHOCTH MaTeMaThde-
CKOM MOJIETH JIMHEWHOTO CUHXPOHHOTO JBUTATEIIS
Y TIPUHATHIX JOIYIIEHUH, a TaKkKe IPUMEHIMOCTh
METO/Ia pacueTa TSITOBOTO YCUJIHUS, BOSHUKAIOIIETO
B HEM, MpPHU B3aUMOJCHCTBUU IOCTOSHHOTO Mar-
HUTHOTO TIOJISI CUCTEMBI BO30YXKIEHUS TPAHCIIOPT-
HOT'O CPEJICTBA C KATyIIKON MyTEBOU CTPYKTYPHI.
st mpoBeAeHUST KPUTHUUECKOT'O IKCIIEPUMEHTA
HEOOXOAMMO PEIINTh CIEAYIONIUE 3a1a4H:

— pa3paboTKa SKCIEPUMEHTAIBHOTO CTEHAA;

— pa3paboTka MeTo/a ONpeAeNieHUs 3HaKOIIe-
PEMEHHOTO TSTOBOTO YCHJIMS, BO3HUKAIOIIETO
B JIMHEHHOM JIBUTATEIIC

— HW3MEHEHHWE TEeOMETPHYECKHX NapaMeTpoB
JIMHEWHOTO ABUTATECIA, MPUBOAAIICTO K CyHISCT-

doi: 10.15802/stp2015/46055
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BEHHOMY HW3MEHEHHIO (OPMBI KPUBOW TATOBOTO
YCUITHA.

st sKCcrepuMeHTAIbHOTO MCCICAOBAHUS JIH-
HEUHOTO0 TATOBOIO 3JIEKTPONPHUBOJA HA OMBITHO-
skcriepuMeHTanbHoM monurone  UTCT HAHY
«Tpancmary ObLT CO3laH CTCHJI. OKCIIEPUMCH-
TanbHbINA cTeHa s uccienosanus JICTOII Bxito-
yaeT B ceOs IMyTEeBYIO 3CTakaay, TPaHCHOPTHOE
CPEICTBO W TpeoOpa3oBaTeh YacTOTHI C HEMOC-
penctBeHHOU cBs3bto. IlyTeBas acrakama (puc. 1)
MPEJICTABIIICT COOON KOHCTPYKIUIO, U3TOTOBJICH-
HYIO U3 HEMarHUTHOTO aJTFOMUHUEBOTO TIpodus /,
KOTOpasi MOCPEACTBOM OIop 3 Kpenurcs K (yHaa-
MEHTHBIM OJIoKaM 4. Dcrakaga 1o oOLIeHd IHHE
COCTOMT U3 ABYX cekuuil. [lepBasg cexuust AiMHON
8 750 MM HaxoAMTCA B HEOTAILIMBAEMOM aHTape 5
U SBIAETCS MPOJOJDKEHHEM YEThIPEXTOUECUHOI'O
CTEHa JIEKTPOIMHAMUYECKOTO TToBeca 6 [8].

Bropas cexuus anunoit 21 250 MM siBhsieTcs
MPOAOIKEHHUEM EPBOUN CEKIIMU U PACTIONOKEHA Ha
OTKpBHITOM BoO3ayxe. COeqUHEHUE CEKIUN MEXITy
c000# OCYIIIECTBIISAETCS IMTOCPEICTBOM OITyCKAEMO-
ro MocTa 7.

Ilocne oOKOHYaHUS SKCIEPUMEHTOB MOCT 7
OIIYCKAETCsI, 9TO HEOOXOAMMO IS 3aKPBITHSI BOPOT
aHrapa.

Ha nmyrteBoil scrakajze yJnoKeHbl JBa psaa Iy-
TEBBIX KaTYIIEK, KOTOPHIE KPETSITCS Ha HEMarHUT-
HBIX MOAJIOKKaX. JIJINHHBIE CTOPOHBI MYTEBBIX Ka-
TYILIEK PacMoiOKEHbl B HAIPaBJIECHUM TEpeMellle-
Hus 1wiaropmel. Ha acrakame 3akperieHbl Ha-
MPaBJISIOUINE PENbChI, KOTOPBIE HCHOJIB3YIOTCA
mist onuparus TC. Pamom ¢ HampaBJsIEOIITIMH
penbcaMy pa3MeIaeTcsl JaTYUK MOJIO0KEHUS.

8 3620 4

o= s e

2500

Puc. 1. Crenn mis uccnenosanus JICO]]
Fig. 1. Stand for research LSEM

JIuHedHbld CUHXPOHHBIA JBUIATENb CIYXKUT
s nepemenieHuss TC BIOIb AKCIEPUMEHTAIBHO-
ro creama. Cumcrema BO30YXAeHHS oOpa3yeTcs
YeTHIPbMSI  CBEPXMPOBOJIIIMMU MarHUTamu &,
PacroNoXEeHHBIMH Ha TPAHCIOPTHOM CPENCTBE 2,
KOTOpPbIE€ MOXKHO 3aMEHUTh OJIOKaMHU ITOCTOSIHHBIX
MarHuToB. TpexdasHas myTeBas oOMOTKa 00pa3o-

BaHA KAaTyIIKaMH, BBIIOJIHEHHBIMH W3 MPSIMO-
YTOJBHOTO MEIHOTO MPOBOJA. PsApl KaTymiek pac-
MOJIO’KEHB! APYT OT ApyTa ¢ MEKOCEBBIM paccTos-
HueM 1 600 MM, paBHBIM MONEPEYHOMY PACCTOS-
HUIO MEXIY OCSIMH CBEPXIPOBOJAALINX MAarHUTOB.
IIpononapHOE paccTOsHUE MEXIY OCSIMM MarHMTOB
MaketHoro oOpaszma BCHT paBuo 2 500 MM, mmo0-
3TOMY LIar pa3MelleHHus KaTyleK MyTeBOH 0OMOT-
KM IPUHAT paBHBIM 2500/6=416,6 MM.

B paboyem pexuMe TpaHCIIOPTHOE CPEACTBO 2
nepeMeniaeTcs Ha Kojecax 1no penscam. [Ipu atom
ANIEKTPOMArHUTHBIA 3a30p MEXAY IUIOCKOCTSIMHU
CPEAHUX CeueHHH OOMOTOK JBHIATENsl COCTABISET
110 MM, a 3a30p B CBETy JEXKHUT B IMpeaenax
15—18 mm. ns ynpasienus paboroit JICI nmeer-
cs gatuuk noyiokeHus: TC OTHOCUTEIBHO ITyTEBOM
CTPYKTypHL. JlaT4MK KOHCTPYKTHBHO COCTOUT W3
W3Iy4aTens, PacrojOKEHHOTO Ha JABIKYIEMCS
TC, u mpreMHUKa, Pa3MEIEeHHOTO Ha 3CTaKae.

s olleHKM KadyecTBa MaTEMaTU4YECKOM Moje-
JIU MOXKHO BBINIOJIHUTh CPAaBHEHUE PaCUETHOTO
¥ W3MEPEHHOTO TATOBOTO ycwima. B nmrtepartype
HE OIHUCAaHbl METOJAbl M3MEpPEHHs 3HAKOIIepeMEH-
HBIX TATOBBIX YCHJIMH BJOJb OCH TIepEeMEIeHUS
MPH OTCYTCTBHHM MEXaHWYECKOW CBS3H MEXIY
TPAHCIIOPTHBIM CPEACTBOM U 3CTaKaJOl B HAIPaB-
JICHUH TIEpEMEIEeHs, TIOATOMY HaMH OBLIO TIPEJ-
JIO’KEHO CIIeyIoIIee TEXHUIECKoe perieHue [6].

W3mepenust mpou3BOIUIACH KOCBEHHBIM METO-
JIOM, B CBSI3M C TEM, YTO HANPSMyI0 MIHOBEHHBIC
JMIMHAMHYECKUE YCHJIMs, NEHCTBYIOIIUE Ha TpaHC-
MOPTHOE CPEICTBO, U3MEPHUTh HE MPEACTABISIOCH
BO3MOKHBIM. DaKTHYECKH H3MEPSAINCH YCHIIUS,
NIEHCTBYIONIME Ha TPAHCIOPTHOE CPEICTBO NpHU
CMEIIEHUH €Tr0 BJIOJIb IIyTEBOW CTPYKTYPHI B yCIIO-
BUSX 3a()MKCUPOBAHHBIX MTHOBEHHBIX pacrpeje-
JIEHWA TOKOB B (Da3ax IMyTeBOW CTPYKTYpHI U, CO-
OTBETCTBEHHO, MPHU (UKCHPOBAHHBIX pacrpesesie-
HUSX MAarHUTHOTO TIOJIS BJOJb IyTEBOU CTPYKTY-
pbl. st MOAEeNMpPOBaHUS MTHOBEHHBIX 3HAYEHUN
TOKOB B (pa3ax MCIOIb30BAICS HOCTOSHHBIA TOK.

B xauectBe TC BMECTO MakeTHOrO HKHUIIaXa
MpU TIOCTAaHOBKE KPUTHYECKOTO 3SKCIIEPHMEHTA,
CBSA3aHHOTO C CYLIECTBEHHBIM U3MEHEHHEM KOHCT-
PYKTHBHBIX TapaMeTpPOB, HCIOIB3YETCS JKCIIEPH-
MEHTaJIbHas TEJIeXkKKA, BBIMOJHEHHAsS W3 allOMU-
HUEBBIX TpyO [/ mpsimoyromeHoro mpodwmis. Ha
Hell KpemsaTcs Koyieca 2, ABWKYIIMECS 110 Halpas-
JSIONIMM PelbcaM CTeH/a M OJIOKM TOCTOSIHHBIX
MarHuTOB BO30yxacHMs 3 (puc. 2).
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Fig. 2. Experimental bogie ToT vTT

Jns crnaxkuBaHus IyJbCALMA TATOBOTO YCH-
U HEeOOXOOMMO TMOAABUTH MATYI0O M CEABMYIO
TApMOHHKH TTOTOKOCIETUIEHHS, TaK KaK Ooiee BBI-
COKHME TapMOHMKU CYIIECTBEHHOI'O BIMSHHUS Ha
(bopMy KpUBOM yCUIIHS HE OKa3bIBAIOT.

[ns mopaBieHUs BBICIIMX TapMOHUK B 3JIEK-
TPUYECKUX MAIlMHAX HPUMEHSIOTCS pPa3IUYHbIE
METOJBI, CPEAU KOTOPBIX M3MEHEHHWE IJIUHBI I10-
JIIOCOB, YKOpOUYEHHE mara 0OMOTKH H T.II.

1 SKCOEepUMEHTaIbHOIO  MOATBEPKIACHUS
aJICKBATHOCTU MAaTEMAaTHYECKON MOJEIHU JIMHEHHO-
TO CUHXPOHHOT'O JIBUTATENsI U MPUHATHIX JOMYyLIe-
HUH, a TaKke NPUMEHUMOCTH METOJAa pacyeTa Ts-
FOBOI'O YCHJIUS, BOHMKAIOLIETO B HEM, IIPU B3au-
MOJAECUCTBUM MOCTOSHHOI'O MATHUTHOT'O IOJISL CHUC-
TEMBI BO30YXIEHHUS TPAHCIOPTHOTO CPENICTBa
C KaTyIIKOW ITyTeBOH CTPYKTYypHl BHIOpaHBI Clie-
Jyrolire KOHQUTYpaK CHCTEM BO30YKICHUS:

Puc. 3. Kondurypanuu cucreM Bo30yKACHUS

Fig. 3. Configuration of excitation systems

PesyabTaTtsl

Pe3ynbraTel cpaBHEHHS pacueTHBIX (KpuBas 2)
W 3KCIIEPUMEHTAIbHBIX 3Ha4eHUH (KpuBasg 1) ams
PasIM4HBIX KOH(QUTypaluid CcHCTEMBl BO30YKae-
HUS TIPUBEICHBI HA pHC. 4—7.

Kax BunHo u3 puc. 4, pe3yibTUpyIOLmas cujia
SBJIETCS KpallHe HepaBHOMepHoH. Ha nepuopne
UMEIOTCS 3 30HBI OTCYTCTBUS CHIIBI TATH. [Ipruem
OCHOBHOW BKJIaJi B HECHHYCOHIAIHHOCTH 3.7.C.
M pa3Max YCWJIMH BHOCHUT 2-s1 TapMOHHKA IOTO-
KOCIICTUICHHS.

C menpio MoaBiIeHNs YETHBIX TAPMOHHK MOTO-
KOCIICTUICHHSI T0OaBIIsieTCs elle OnuH OJ0K MarHu-
TOB NPOTUBOINOJIOKHON MOJIAPHOCTH, CMEIEHHBIN
OTHOCHUTEIFHO TEPBOTO Ha BEIUYHHY IOJIOCHOTO
nenenus T (puc. 3, 6). B nannom ciyuae (puc. 5)
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Ha KPHBOM 3aBUCHUMOCTH YCWIHS OT CMEIIEHUS
OTCYTCTBYIOT TPOBAJBI, HO HAOIIONACTCS BIHSHUE
5-ii U 7-ii TApMOHUK.
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Puc. 4. 3aBHCHMOCTB TSATOBOTO YCHIIUS OT CMEIIEHUS
JUIsl KOH(GUTYpaluy CUCTeMbl BO30yxkieHus (puc. 3, a)
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Fig. 4. The dependence of the driving force of the offset
configuration of the excitation system (Fig. 3, a)
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Puc. 5. 3aBHCHMOCTB TSATOBOTO YCHIIUS OT CMEIICHHUS
IUTSE KOH(HUTYpaIMy CHCTEMBI BO30ykaeHus (puc. 3, 0)

Fig. 5. The dependence of the driving force of the offset
configuration of the excitation system (Fig. 3, b)
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Puc. 6. 3aBECHMOCTB TATOBOTO YCHIIHS
OT CMEeLIeHHs U1 KOHQUTYpalluy CHCTEMBbI BO30YxKe-
Hus (puc. 3, 6, 2)

Fig. 6. The dependence of the driving force of the offset
configuration of the excitation system (Fig. 3, ¢, d)

B cnyvae numHeliHOro ABHUTaTens ¢ HapHBIMH
MOJIFOCAMHU OTHOCHTENIFHOE YKOPOYCHHE Iara Iy-
TeBOH OOMOTKHM (yBETWYCHHE IIara OOMOTKH BO3-
Oyxnenusi) (puc. 3, 6, 2) NPUBOAUT HE CTOJBKO
K TIOAABJICHUIO BBICIIMX HEYETHBIX T'apMOHUK,

CKOJIBKO K POCTY YETHBIX, B YaCTHOCTH BTOPOM
(puc. 6).

Bt nmpenokeH crnocod KOCBEHHOTO yBelU4e-
HUSl JJTMHBI [TOJIIOCOB BO30YXAeHHs. JaHHbIHA cro-
€00 3aKJIIOYaeTCs] B CABUIE OJHOI Mapbl IOJIIOCOB
BO30YKJCHHUSI OTHOCUTENBHO apyroii Ha 0,21, npu-
YeM BHYTPH Napbl PAaCCTOSIHHE MEXIY MOII0CAMH
oCTaeTcsl HeM3MEHHBIM (pHC. 3, e).
£,H
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‘85‘6 ‘9/610‘56 lie“() \2 X, 1

-200

Puc. 7. 3aBUCHMOCTb TATOBOTO YCHJIHS OT CMEICHHS
JUIsl KOH(UTYpaly cCUcTeMbl Bo30yxieHus (puc. 3, 0)

Fig. 7. The dependence of the driving force of the offset
configuration of the excitation system (Fig. 3, e)

B sTOM ciyyae mpUMEHUM NPUHLUI CyHepHo-
3UIUM B CWIIy TOrO, YTO B KOHCTPYKLUH IIyTEBOIl
CTPYKTYpPBI OTCYTCTBYET MarHUTOIPOBO/, a OJIOKH
MarHUTOB HAaxOAATCS 3a MpenenamMu 001acTH
BJIMSAHUS IpYyT HA ApyTa.

3aBHCUMOCTH TSTOBOTO YCHWJIMS OT CMEUICHHS
(puc. 7) B JaHHOM CiIydae UMeeT NPAaKTHUYECKH CH-
HycoMJanbHbIi Xapakrep. CylecTBYIOIUE OTJIHU-
YHsI JIETKO OOBACHUMBI IIOTPELIHOCTHIO U3MEPEHUH
1 HEpaBHOMEPHOCTHIO 3a30pOB MEXIy MOJIOCAMHU
BO30Y>XKIECHUS U KaTyLIKaMH IIyTE€BOH CTPYKTYPBHI.

Hayuynasi HOBU3HA M paKTHYecKast
3HAYUMOCTh

Jloka3aHa aJeKBaTHOCTb MaTeMaTH4EeCKOH MO-
JIeNy THHEHHOTO CHHXPOHHOTO JBUTATENS M MPH-
HATBIX JOMYUIEHWH, a TakKe MPUMEHUMOCTh Me-
TOJA pacyera TATOBOTO YCHIIHSA, BO3HMKAIOIIErO
B HEM, NPH B3aUMOJIEMCTBUM TIOCTOSIHHOTO Mar-
HUTHOTO TIOJSI CHCTEMBI BO30YXKIEHUS TPAHCIIOPT-
HOTO CpEACTBA C KaTYLIKOM MyTeBOH CTPYKTYpBHI.
JlaHHOE 10Ka3aTenhCTBO MOCTPOCHO Ha TPOBEIE-
HUU KPUTHYECKOTO SKCIIEPHMEHTa ITyTeM CpaBHe-
HUSl PacUeTHBIX U 3KCIIEPUMEHTAIbHO IONy4eH-
HBIX 3HAYCHUH BEJIMYMHBI TSITOBOTO YCHUIUS IS
Pa3IMYHBIX KOHCTPYKIMHA JTHHEWHOTO CHHXPOHHO-
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ro aBuratens 0e3 peppOMarHUTHOTO MarHUTOIPO-
BOJZIa ¢ BO30YXKIEHHUEM OT IMOCTOSHHBIX MarHUTOB
BBICOKOCKOPOCTHOTO MarHUTOJIEBUTHPYIOIIETO
TPAHCIOPTHOIO CPE/ICTRA.
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HIITBEP)KEHHS ATJEKBATHOCTI MATEMATHUYHOI
MOJEJII JTHIMHOI'O CHHXPOHHOI'O IBUT'YHA

Mera. /5151 3HMXKECHHS TPYAOBUTPAT Ta 00CATY MAIIMHHOTO Yacy NMPU MPOEKTYBaHHI JiHIHHUX CHHXPOHHUX JBHU-
TYHIB 13 OPYIICHHSAM BiJ JDKepesia MOCTIHHOrO MarHiTHOTO ITOJIS BUCOKOIIBHAKICHOTO HAa3€MHOTO TPAHCIOPTY He-
00XiIHO BHKOPHCTOBYBATH iH)KEHEPHY METOAWKY. MeETOI0 JaHOTO IOCHIMKEHHS € MiATBEpKEHHS aaeKBAaTHOCTI
3alpOIIOHOBAHOI paHillle MaTeMaTHYHOI MOJENI TaKoro JABUTYHA Ta NMPUHHATUX NpunylueHb. [lependavaerbes Ta-
KOXX TiATBEPIUTH MOXJIMBICTh 3aCTOCYBaHHS METOAY PO3PAaXyHKY TATOBOTO 3yCHIUISA, 1[0 BUHUKAE B JABUTYHI NPHU
B3a€MO/1ii TOCTIHHOTO MarHiTHOTO TOJISI CUCTEMH 30yDKEHHS TPAHCIIOPTHOTO 3ac00y 3 KOTYIIKOIO IIUISXOBOI CTPYK-
Typu. Metonuka. OCKIUIbKY /ISl eMITIPUYHUX TEOPil MO3UTUBHUI PE3yJIbTaT EKCIIEPUMEHTY HE € CTOBiJICOTKOBUM
JIOKa30M iCTHHHOCTI, JUIs1 OAHO3HAYHOTO BUCHOBKY IIPO aJIEKBAaTHICTh PO3pO0JICHOT MOieli Ta e)eKTHBHOCTI po3po-
OsIeHNX MeTOoJIiB HEOOXiHO NMPOBECTH IX MepeBIpKy Ha (aibch(iKOBHICTH. BilNoBiAHO 10 LBOTO KpUTEPi0 HEOO-
XiZIHO HE TIPOCTO TPOBECTH EKCIIEPUMEHT, Pe3yNbTaTH SKOTO CIIBMALYyTh i3 PO3PaXyHKOBHMH, aje MOTPiOHO Ime
YHHKHYTH TTOMHJIOK, BUKJIMKAHUX BHIIAJKOBHM iX 30irom. /it bOro mMpoBOAUTECS €KCIIEPUMEHT 31 3MIHHUMH Ia-
pamerpamu. Pe3yabTaTn. Y KpUTHYHOMY €KCIIEPHMEHTI 3MiHM KOH(Irypamii cucreMu 30yIKSHHS TPOBEIeHI TakK,
106 GopMH 3aJeKHOCTI TATOBOTO 3yCHIUIA Bifl 3CYBY CYTTEBO BiApizHsmcs. [IopiBHSIHHS pe3yibTaTiB pO3paxyHKoO-
BUX Ta EKCIIEPUMEHTAIBHUX 3HAY€Hb TATOBOTO 3YCHJUIS Ul Pi3HMX KOHQIrypaiiil mokasano, 10 BiAMIHHOCTI He-
3HAYHI Ta JIETKOIOSICHIOBAJIBHI MMOXHOKOI0 BUMIPIOBAaHb, 1 HEPIBHOMIPHICTIO 3a30piB MiX IOJIFOCaMH 30yIKeHHS U
KOTYIIKaMH LUIIX0BOI cTpykTypu. HaykoBa HoBH3Ha. J[oka3aHO aJeKBaTHICTh MaTeMaTHYHOI MOAEN JIHIHHOTO
CHUHXPOHHOT'O JIBUryHa 0e3 (hepOMarHiTHOIO MarHiTONPOBOAY Ta NPUHHSATHX MPHITYLIEHb, a TAKOX 3aCTOCOBHICTH
METOJy PO3PaxXyHKY TATOBOTO 3yCHJLIA, IKe BUHUKAE B HOMY, IIPU B3aEMOJIIi MOCTIHHOTO MArHITHOTO TIOJIsI CHCTe-
MU 30yDKEHHSI TPAHCIIOPTHOTO 3ac00y 3 KOTYIIKOO HUISIXOBOT CTPYKTYpH. [laHuii J0ka3 moOy10BaHO Ha ITPOBECH-
Hi KPUTUYHOTO E€KCIEPHUMEHTY HUISXOM IOPIBHSHHS PO3PaXyHKOBHX Ta €KCHEPHMEHTAIbHO OTPUMAHUX 3HA4YEeHb
BEJIMYMHH TATOBOTO 3YCHIUIA IS Pi3HUX KOHCTPYKINH JIHIHHOTO CHHXPOHHOTO ABUTYHA. [IpaKTHYHA 3HAYHMICTb.
VY po6oTi moBeneHO aleKBaTHICTh MaTeMaTHYHOI MOIENi JIHIHHOTO CHHXPOHHOTO ABHIYHA BHCOKOIIBHAKICHOTO
TPAHCIIOPTY 3 MOPYLICHHSIM BiJ Kepelia MMOCTifHOro MarHiTHOTO TTOJIS Ta IPUHHATHX MPUIYIIEHb. ABTOPOM TaKOX
JIOBEZICHA 3aCTOCOBHICTh METOAY PO3PaXyHKY TSITOBOIO 3yCHIUIS, IO BUHUKAE B HbOMY, IIPH B3a€EMOJII MOCTIHHOTO
MAarHiTHOTO TIOJISI CUCTEMH 30y/DKEHHS TPaHCIIOPTHOTO 3ac00y 3 KOTYIIKOIO IIISXOBOI CTPYKTYPH. 3aCTOCYBaHHS
TaKoi METOAWKHU JO3BOJUTH 3HU3UTH TPYAOBUTPATH M OOCSAT MAIIMHHOTO Yacy NPU MPOEKTYBAaHHI JIHIHHUX CHH-
XPOHHHMX JBHUTYHIB 13 MOPYIIEHHAM BiJ JpKepeia MOCTIHHOTO MarHiTHOTO MOJsi BUCOKOLIBHIKICHOTO HAa3eMHOTO
TPaHCIIOPTY.

Knouoei cnosa: BUCOKOIIBUAKICHUN HA3eMHHUH TPAHCIIOPT; JiHIHHUNA CHHXPOHHUH ABUTYH; Kputepii [lonmepa,
KPUTUYHHIA €KCIIEPUMEHT; ITOCTIHHUI MarHit
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"Dep. «Electrical Systemsy, Institute of Transport Systems and Technologies of the National Academy of Sciences of Ukraine,
Pysarzhevskyi St., 5, Dnipropetrovsk, Ukraine, 49005, tel. +38 (066) 01 99 673, e-mail nvf2005@ua.fm,
ORCID 0000-0002-1695-2714

CONFIRMATION OF THE MATHEMATICAL MODEL ADEQUACY
OF A LINEAR SYNCHRONOUS MOTOR

Purpose. To reduce labor costs and the amount of computer time in the design of linear synchronous motors
with excitation from a source of a constant magnetic field of high-speed ground transportation it is necessary to use
engineering methods. The purpose of this study is to confirm the adequacy of the previously proposed mathematical
model of this engine and assumptions. It is also intended to confirm the possibility of applying the method of calcu-
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lation of traction that occurs in the engine in the interaction of the permanent magnetic field of the excitation system
of a vehicle with a coil track structure. Methodology. As for empirical theories the positive result of the experiment
is not absolute proof of the truth, for an unambiguous conclusion about the adequacy of the developed model and the
effectiveness of the developed methods need to be tested for falsification. In accordance with this criterion, it is nec-
essary to conduct an experiment, the results of which will coincide with the calculation but you also need to avoid
errors caused by random coincidences. For this purpose the experiments with varying parameters are conducted.
Findings. In a critical experiment configuration changes of the excitation system were held so that the shape
dependence of traction from displacement is differed significantly. The comparison of the results of the calculated
and experimental values of traction for different configurations showed that the differences are minor and easily
explained by measurement error and uneven gaps between the poles and excitation coils of the track structure.
Originality. The adequacy of the mathematical model of a linear synchronous motor without a ferromagnetic mag-
netic circuit and the assumptions and applicability of the calculation method of traction forces involved in it, at the
interaction of a permanent magnetic field of the excitation system of a vehicle with a coil track structure were
proved. This proof is built on conducting a critical experiment by comparing the calculated and experimentally ob-
tained values of the magnitude of traction for different structures of the linear synchronous motor. Practical value.
The adequacy of the mathematical model of a linear synchronous motor of high-speed transport with the excitation
of the DC magnetic field and the accepted assumptions is proved in this paper. The author also proved the applica-
bility of the method of calculation of traction that occurs in it, the interaction of static magnetic field of the excita-
tion system of a vehicle with a coil track structure. The use of this technique will reduce the amount of labor and
machine time for the design of linear synchronous motors from the DC magnetic field of high-speed ground trans-
portation.

Keywords: high-speed ground transportation; linear synchronous motor; Popper's criterion; critical experiment;
permanent magnet
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3MICTOBHA MOJIEJIb TA PIBHAHHSA PYXY
EJEKTPUYHOI'O TPAHCIIOPTY

Meta. B craTTi po3risiHyTO yIOCKOHAJIEHHS METOJIB PO3PaXyHKY KPHBUX PYXY €IEKTPOTPAHCIIOPTY Ta 3aTpar
@JIEKTPOEHEPTii i3 METOIO MiJABHUIIEHHS POAYKTUBHOCTI i TOUHOCTI po3paxyHKiB. MeToauka. B ocHOBY MeTomKu
MOKJIaJIeH] 3arajibHi NPUHIUIHM MaTeMaTHYHOTO MOJIETIOBAHHS, KOJIH CTBOPIOETHCS 3MICTOBHA MOJIEJb NPEIMETHOT
o0uacTi, Ha OCHOBI AKOT OyIy€ThCSl MaTeMaTHYHa MOJIEIIb 13 IIEBHUM MaTeMaTHYHUM anaparoM. Po3riisiHyTo nuras-
Hs TOOYIOBH YIOCKOHAJICHOT 3MICTOBHOI MOJIENI pyXy 3ac00iB €JIeKTPUIHOTO TPAHCIIOPTY Ta BiATIOBiIHOI MaTeMa-
THaHOI Mozeni. Pe3ynabTaTn. ABTOpamMu 3alpoNOHOBaHAa MOJENb, B SIKiil TPaHCIOPTHUH 3aci® MpeacTaBIsAe€THCS
CHCTEMOI0 B3a€MOJIIOUMX MaTepialbHUX TOYOK, MK SKMMH BCTAHOBJICHO TEBHI THIX 3B’SI3KiB, Ta Ha Ky HIIOThH
30BHINIHI CHNIH. S[K MaTeMaTHYHUI amapaT BUKOpUCTaHO piBHSAHHSA Efinepa-Jlarpamka apyroro poxy. Posrmsayto
KOHCEpBAaTHBHI Ta AWCHUIIATHBHI CHIIM, IO 3yMOBIIOIOTH TUHAMIKY CHCTEMH. 3alpOIIOHOBAHO (HOPMYITH pO3paxyHKy
KpUBHUX PyXy 3 ypaxyBaHHIM BUTpaT enexTpoeneprii. HaykoBa HoBu3Ha. B poOoTi ogepxaHa 3MiCTOBHA MOJEIb
PYXy 3aco0iB €JIEeKTPOTPAHCIIOPTY 3 PO3IMOJIICHOI0 Macol0 SIK CHCTEMH B3a€MO3B’sI3aHHX MaTepiajibHUX TOUOK i3
HaKJIaJIeHUX Ha Hel 3B’s3KaMu. B HalO11b11 MPOCTOMY BUIIIA/I CUCTEMa Ma€ OHY CTYIiHb BUIbHOCTI. MaremaruiHa
MOJIETIb PyXY TPAaHCIIOPTHOro 3aco0y moOynoBaHa Ha OCHOBI piBHSIHB Jlarpanka. Bkazanuii miaxin qo3Bosisie neTa-
JIbHO, (PI3MYHO OOTPYHTOBAHO ONHMCATH TUHAMIKY 3aC00iB eJleKTpoTpaHcropTy. it 3ac00iB MiCBKOTO elIeKTPOTpaH-
CHOPTY OZIepXKaHi CyTTEBO TOYHIIII PIBHSAHHS PO3paxyHKy KPUBUX PYXY, HDK PEKOMEH/IOBaHI B HABYAIbHHUX IOCIO-
HHUKax Ta HOPMaTHBHIN HoKyMeHTalii. Po3paxoBaHO KpHBi pyXy Ta BUTPATH €JIEKTPOCHEPrii Ha IIepeBEe3EHHS OIHO-
TO Macaxupa TpoJjedycoM Ha NisMHII MapmpyTy. [Toka3aHo, 10 BOHM 3aJIe)KaTh BiJl TUIY TPAHCIIOPTHOTO 3ac00y
(T3), a mpu HaTIOBHEHHI BUINE MIEBHOTO PiBHS MOXYTh 30inbnryBatucs. [IpakTuyHa 3HAYHMICTh. ABTOpaMH Ofep-
JKaHI PIBHAHHS PyXYy, OPIEHTOBaHI Ha BUKOPUCTAHHSA KOMIT IOTEPHUX METOIB YHCIOBOTO iHTEIpyBaHHS. 3MEHIIIEHO
3aTpaTy Mpamni Ha TMPOBEIEHHS PO3PaXxyHKiB; 30TBIICHO TOYHICTh PO3PAXYHKIB; 3a0e3[e4eH0 MOXKIIMBOCTI Bpaxy-
BaHHS PI3HUX YMHHUKIB, IO BIUTUBAIOTH Ha Xapakrep pyxy. lleBHmii eHepros0epirarouuii epeKT yMOKIUBICHHH
aBTOpaMHM 32 PaXyHOK CIIPSIMOBAHOCTI METO/[IB PO3PaxyHKy Ha IPAaKTHUHY PO3POOKY TEXHOJIOTTUYHHX KapT pyXy 3a-
co0IB eJIEKTPOTPAHCIIOPTY B YMOBaX €KCIUTyaTallil Npy MOCTIHHIN 3MiHI HAIIOBHEHHS CAJIOHY TPAHCIIOPTHOTO 3aCO-
0y.

Kniouegi crosa: Micbkuii €JIEKTPUYHUI TPAHCHIOPT; 3aTPaTH €JIEKTPOEHEPTil; PIBHSHHS PyXYy; 3MICTOBHA Ta Ma-
TeMaTHuHi Mojeni; piBHsHHs Eiinepa-Jlarpana; KOHCEpBaTUBHI Ta JUCUIIATHBHI CHIN

METO/U TATOBUX PO3PaXyHKIB, PIBHSHHS PyXy, IO
MIPOTMOHYIOThCS Y (axoBill JiTepaTypi, HaaIMipHO
CIIPOIIIEHI 1 MalOTh HEJOCTATHIO TOYHICTh. 3aB/IaH-
HSM i€l pOOOTH € YTOUHEHHS PIBHSHBb PYXY, One-
pKaHHS piBHAHB, SKi O Manmy OUIBIOIYy TOYHICTBH
1 TIPOYKTHUBHICTH Ta JO3BOJISIIN BPaXOBYBAaTH Pi3-

Beryn

Enepro3oepexeHHsi Ha MICBKOMY €JIEKTPHYHO-
My TpPaHCIOPTIi, MiABHINEHHS €(pEKTUBHOCTI HOTO
poOOTH — MHUTAHHA, aKTyaJIbHICTh SKUX 3 ILUTHHOM
Yyacy He 3MEHIIYeThCs. TeopeTHuHor 0a3010 po3-

pOOKHM 3aXOiB 3 €Hepro30epeXeHHs € TOYHI, TIPO-
IyKTUBHI 1 3py4Hi JUISI KOPUCTYBAHHS METOIIN PO3-
pPaxyHKy XapaKTepHCTHK PYXy Ta BHTPAT €JIEKTPO-
eHeprii TpancmoptHuMm 3acobom (T3). Ilpoekty-
BaHHA 1 po3poOka T3 Takok 3MIHCHIOIOTHCSA Ha
OCHOBI TATOBHUX po3paxyHKiB. Ha »xanp, icHyroui

Hi YMHHUKH, 1[0 3yMOBIIOIOTh PYX 3aCO0IB eNeKT-
PUYHOTO TPAHCIIOPTY Ta BUTPATH EIEKTPOSHEPTii.
VYTouHEHHsSI PiBHAHB, K II0Ka3aHO B poOOTax
B. A. Jlazapsna [1], Moxxe OyTH 31iiCHEHE TIIbKU
Ha OCHOBI OUNBII JOCKOHANOI MOJENi TPaHCIOPT-
HOTO 3ac00y.
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MeTtoanka

3rigHo 3 pekomeHparisamu [3, 6, 11, 14] purpa-
TH eJICKTPOEHEPTii TPAHCIIOPTHUM 3ac000M po3pa-
XOBYIOTh IIUIIXOM IHTETPYBaHHS DPIBHSHHS PyXy
3 ypaxyBaHHIM HapaMeTPiB AUITHKYA MapIIpyTy Ta
CNIEKTPOMEXaHIYHUX XapaKTePHUCTHK JBUTYHA. J[JIst
CIIPOIIIEHHST PO3PaxyHKIB 1 HamaHHS iM yHiBepca-
JILHOCTI PIBHSAHHS TPHUBEICHI O MHTOMHUX OJIH-
Hunb. [licns iHTerpyBaHHs oaepkaHi pe3yJbTaTH
MepepaxoByIOTh TIEPEMHOXKHUBIIKN Ha (HaKTHUHY
macy T3. Hampuknan, B mxepenax [5, 8, 11] oc-
HOBHE PIBHSHHS PyXy Ma€ BUTJISI:

102(1+y)%=fT+wc—b, 1)

Iie Y — KoediIlieHT, 10 BPaxOBY€ iHEPIII0 00epTo-

m(’

BUX YaCTHH Y = (y = 1,1-1,2); v — mBUAKICTH

TPAHCIIOPTHOTO 3aco0y; fr — MUTOMA CUJa THATH,
H/xH; wo — <cmia OCHOBHOIO IHTOMOIO
omopy pyxy, (mms Tponeiidyca B peKHMI TATH
wo = 1240,0004v7); Wy — OJIaTKOBa CUJa OIOpY,
3yMOBJIGHA pPYXOM Ha TIOXWIHX Ta KPHBHX
IUISTHKaX HUIAXY, b — ralbMiBHA CHJIA.

AHamiz mokasye, 1m0 y pPIBHSHHI NPUXOBaHA
1 HEe TIOBHOIO MipOI0 BPaXOBYEThCS 3aJICKHICTH Bif
Macu. Bemmumau koedimieHTa y 1 KoedilieHTIB
CHJIM OCHOBHOTO OTIOPY 3ajekaTh Bim MacH (Ha-
nosHeHHa T13) [8, 11]. HemoBue BpaxyBaHH:S
3aJIeKHOCTI KOe(illieHTiB PIBHAHHS BiJ MacH HpH-
3BOJUTH 110 TIOMIJIKOBHX MpPaKTHIHUX mid. Tak,
HaNpHKIaa, B M. XapKoBi B Mepioj HecTadi eJek-
TPOEHEPril 1 YacTKOBOTO 1i BIAKIIIOUCHHS 3apajau
€KOHOMIi MPUHHSIIN PIIIEHHS CKOPOTUTHU BHITYCK
TposeiioyciB Ha 1/3. Pesynprar OyB HecmomiBaHUI
SIK JUI KEPiBHUIITBA MiCTa, TaK 1 MPAIliBHUKIB €Je-
KTPOTpaHCIIOPTY. BuTpatn enexTpoeHeprii He
CKOPOTHJIUCE. Bif eKCIepHMeHTy MBHIKO BigMO-
BWIKCH. Lle CBITUMTD, 1[0 TEOPETUYHI YSBJICHHS Ta
PO3paxyHKH 3aTpaT €JIeKTPOSHEeprii 3a iCHYIUOro
METOJMKOIO € HE3aJOBUTEHUMH.

PiBusiHHS pyxy (1), onepikaHe HA OCHOBI 3Mic-
TOBHOT Mojeni (auB. puc. 1), B sikiit T3 € marepia-
JHFHOI0 TOYKOIO, Ha SKYy JIIOTh PYIIiiHI Ta ranbMi-
BHI cwm [5, 8, 9, 11, 15, 16]. B maremaruuHiii
MOJieli BUKOPUCTaHO (OPMai3M JPYroro 3aKoHY
HeroToHa.

HenomixoMm BKka3aHOI MoOJe € Te, IO 3TiJHO
3 3aKkOHOM HpIOTOHa HE MOXHa BpaxyBaTH (ak-

TUYHHUIA po3noAil Mac T3 3 IeKiIbKOMa BaroHaMu Ta
0o0epTOBHMIA pyX OKpeMUX 4YacTHH. Bukopucrana
OJIHUIIS «ITUTOMOD» CHIM TSIrk — HBIOTOH, mopi-
neanid Ha «Bary» 13 B kinoneioToHax (H/kH), He
€ TMUTOMOIO BEJIMYMHOI B 3araJIbHONPUHHATOMY
PO3yMiHHI — TIe (paKTUYHO BiJHOIIEHHS JBOX CHII,
SIKE BUPAKAETHCS B OC3PO3MIPHHUX OIUHHIIIX. XO0Ua
piBHSHHS (hakTUUHO Oe3po3MipHe, Ta il 4Yac Horo
OTPUMAaHHS OJIHOYACHO BHKOPUCTOBYIOTHCSI Pi3HI
omuaunt BuMiptoBaHes: H 1 kH, M i kM, roguan ta
CeKyH/IH, a came: «mutoMa» cwia B H/kH, mpucko-
peHHs B KM/(Tog-c) 1 MPUCKOPEHHS 3EMHOTO
tokinas B m/c [11]. Ile yHeMoxHBIOE Oe3-
MTOCEPETHE IHTETPYBAHHS PIBHSHHS PyXY YHCIOBUMHU
METOJIaMH 3a JIOTIOMOTOI0 KOMIT FOTEPHHUX MPOrpam
1 IPU3BOAUTH JIO TIOSIBU TIOMIJIOK B Pe3yJIbTaTax po3-
paxyHKy [8]. Bara — 1ie cuia, 3 KOO TiJIO i€ Ha TO-
PHM3OHTAIBHY OIOPY YM BepPTUKAJIbHHMHK miaBic [13].
Bara Tina 3MiHIOETBCS, KOJIU BOHO PyXa€ThCs 3 TIPU-
CKOPEHHSIM BiIHOCHO 3€MHOTO TsDKiHHA. ToOTO Tif
Jac OTPUMAHHS PIBHSHHS 3MIHCHEHA 3aMiHa ITOHATS:
BIJIHOIIICHHS CHJI BB2)XKAETHCS IIUTOMOIOY» CHIIOH),
a SIK «Baray BUKOPUCTAHO MOOYTOK MAacH Ha MPHCKO-
PEHHS 3eMHOTO TSDKIHHS, 10 HE TPABUIILHO, MTPUYO-
My TIPHCKOPEHHS BHPaXKEHe B M/C’, TOJi SIK 4ac pyxy
BUPAKAEThCSI B TOJAMHAX; MUIAX — KUIOMETpax,
a MBUAKICTH — KUTOMETPax 3a TOAWHY.

Cunu onopy

e

Maca m

[ WJ

Jia TATI'

Puc. 1. IcHyroua 3MicTOBHA MOZETH

Fig. 1. Existing conceptual model

Meta

Mertoto poOoTH € ofep>kaHHS MOJIENI 1 PIBHSIHHS
pyXy, SIKi O BiJIIOBiIAT BUMOTaM TOYHOCTI po3pa-
XYHKIB, Oynu (pi3U4HO 3pO3yMiJi, 3py4Hi Ui Po3-
paxyHKIB Ha KOMIT'IOTe€pax Ta JI03BOJISUIN BPAXOBY-
BaTH MEXaHIuHi, eJICKTPUYHI 1 TEIJIOBI XapaKTepHC-
TUKH TPAHCIIOPTHOTO 3aco0y Ta HOro ABWUTYHA; Ha-
TIOBHEHHSI CAJIOHY Ta iHIII YHHHUKH.

JU71st TOCSTHEHHST METH 3aBIAHHAMHU POOOTH €:

— po3pobka 3MicTOBHOI Mozem pyxy T3, 1o
JIO3BOJISIE BpaxyBaTd PO3MOALT Mac, iX XapakTep
PYXY 1 BiIIIOBiZ]a€ BUMOTaM TOYHOCTI;
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— Ha OCHOBI 3MICTOBHOI MOJENI OJIep»KAaTH piB-
HSHHS PYXY;

— BUKOHATH PO3pPaxyHKH JUIs
aIeKBaTHOCT1 MOJIEJII.

TepeBipKH

PesyabTatu

Sk 3micToBHY Monenb pyxy T3 obpaHo cucre-
My MaTepialbHUX TO4YOK (amB. puc. 2). Ha cuctemy
HaKJIJCHO 3B’S3KHM PI3HHX THUMIB, sIKi 3a0e3medy-
I0Th Tiepeaqy 00epTOBOrO MOMEHTY SIKOPSI ABUTY-
Ha g0 Bemayumx komic i pyx T3 B mimomy. Pyx
3IIMCHIOETBCS 32 PAaxyHOK EJNEKTPUYHOI eHeprii
JIBUTyHa 1 epeTBopeHHs ii B MexaHiuny. Ha cuc-
TEMy AilOTh CHJIM OIOpY, SIKi 3yMOBIIOIOTH YacT-
KOBE ITePETBOPECHHS MEXaHIIHOI €HEpPTii B TEILIOBY.
Bopniii Mae MOXJIHMBICTH PETYJIIOBATH IIBHIKICTDH
PYXy LUIIXOM 3MiHU CHJIM TATH ABUTYHA (BEJINYH-
HU CTPYMY, MarfiTHOTO MOTOKY) Ta MUISXOM Tajlb-
MYBaHHSI.

3B8’A3Ku

Puc. 2. 3micToBHA MOJEIb TUHAMIKA
TPaHCIIOPTHOTO 3aC00y

Fig. 2. Conceptual model of the vehicle dynamics

Jdunamika po3risiHyToi 3MicToBHOI Mozaeni T3
omucyeThes piBHAHHAM Elnepa-Jlarpamxka npyro-
ro poxy [7, 11]. ¥V pa3si KoHCEpBaTHBHOI CUCTEMH
B TIOTEHIIIATEHOMY CHJIOBOMY IT0JIi 3eMITi PiBHSHHS
Ma€e BUTTIAL

afa) o, °
dt\ 6q; ) 0q;

VY pa3i AUCUMAaTUBHOI CHUCTEMH, TOOTO B pasi
BpaxyBaHHs IIEPETBOPEHHS MEXaHIYHOI eHepril
B 1HIII BUIN:

d| oT orT
— == |-——=0,, (3)
i\ %q; ) 04,

Ae g; 1 g,;— y3aralbHEeHI KOOPAMHATH 1 LIBUIKOCTI

IUIS j-TO CTeIeHs BUTbHOCTI; L — dhyHKig Jlarpan-

xa (L=T-U), nopiBHIOE pi3HWII KiHETHYHOI — T
Ta noTeHuianeHoi — U eHepriii; O; — y3arajabHeHi
CHIIH.

Pyx T3 € mocTymamsHUM pyXOM B CHJIOBOMY
noii 3emii 1 JOAATKOBO — OOEPTANBHHM PYyXOM
HOro OKpeMHX YaCTHH (JIBUTYHA, KOJIC, TPaHCMi-
cii). Hakmageni 3B’s3K1 JO3BOJISTIIOTh PO3paxyBaTH
MOCTYNAIBHUA PyX Yepe3 MIBHIKICTH 00epTOBOTO
pyxy aBuryHa. Tomy B mpuitHaTii momemi T3
€ CHCTEMOIO 3 OJHHM CTENEHEeM BLIBHOCTI, B SIKii
y3arajllbHeHa WIBHIKICTb ¢;= V, Ta KOOpAMHATA

q;= [ € MBUAKICTIO Ta NUIAXOM, IporaeHIM T3.

Kinernuna eneprist T, 3riiHO 3 NPUIAHATOIO Ma-
TEMaTUYHOK) MOJICIUTIO, JIOPIBHIOE CyMi KiHe-
TUYHOT EHeprii MOCTyNnalbHOro pyxy T3 Ta 4acTuH,
0 00EepPTAIOTHCS:

s 2 n 2.2

Som.y TP
T:E’—+EJ.‘ s 4

= 2 T 'R @)

ne J;, W, — MOMEHT iHepIii Ta nepe1aToyHe YnuciIo
i-0i yacTHHH, IO 00EepTaETLCSA; M; — Maca i-0i Ma-
TepianbHOI TOYOKH; § — KUIBKICTh MaTepiajbHUX
TOYOK; 7 — KUIBKICTh YacCTWH, MO0 O0OEPTalOThCS;
R — paniyc Bexy4Inx KoJic.

[pu 30cepemxeniit Maci m, Ta pyci Ha OXHIIii

. . dh .
IUISHIT 3 HAXHIOM 7 ~tg(p)=a, 3rigHo 3 dop-

MyJIo0 (2), OJepKYeMO pPIiBHSHHS PyXy KOHCEp-
BaTUBHOI CUCTEMH:

n 2
wo|dv
my, -‘erJi? E—mkgoczo. (5)

PiBusiaus (5) cniBnagae 3 (1) i MicTHTB (opMy-
Jy pPO3paxyHKy JOAAaTKOBOI MacH YacTHH, IO
obepraroTbcs. B Hilf TakoX BpaxoBaHa IMOTEHIIIA-
JbHA CHJIa CKOYYBAHHS, 3yMOBIICHA MIi€I0 TSHKIHHS
3emti.

Jlnst BpaxyBaHHSI CHJIM TSTH Ta CHJI OTOpY BH-
KOPUCTAEMO PIBHSHHS JUCHITATUBHOI cUCTeMH (3).
B HBOro BXOAATH MOTEHLiaNbHA cuia Q; = mga,
sKa BXKe BpaxoBaHa (5) Ta JUCHNATHBHI CHJIM: Ts-
T'H, ONOpY 30BHINIHBOTO CEpPEeNOBHINA, Ta OIOPY
IBUryHa 1 TpaHcMicii. CHIIM Oonopy 30BHILTHBOTO
cepeqoBHIia € TphoxX THUMIB [7, 9]: cyxe Tepr,
B’SI3KHH OIip Ta aepoAuHaMivHui omip. Cuna Tep-
TS TOPiBHIOE TOOYTKY KoedimieHTa TepTs Ha Bary:

W, =K;Gr, (6)
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ne Gr— Bara T3. Ilix yac pyxy 0e3 mpHUCKOPEHHs
BifHOCHO moJs TsoKiHHA 3emui Gy = mg. Ilig gac
pyXy uepe3 AonuHy (4u marop0) paaiycom 3arimo-
snenns R; Bara T3:

G=mg+——. (7

3MiHa Bard BIUIMBaE€ Ha Xxapaktep pyxy 13,
a MPH BEIUKIH IIBUAKOCTI MOXKE TPHU3BECTH IO
aBapiit. 30UIbIIEHHS Bard MiJ 4ac MpOi3Ay JOJIHU-
HOIO — 10 0OpHBY MiABICKH UM TPaHCMIicii, a 3MEH-
ImeHHs Ha marop0i — J0 9acTKOBOI BTPATH Kepo-
BaHOCTI.

B’si3kuii omip — 3yMOBJIEHHMH TEpTSIM MiX Iua-
paMu TIOBITPS, IO 3aXOIUTIOIOTHCS TPAHCTIOPTHUM
3aC000M 1 HEPYXOMHMH, OUTBII BiIJaJICHUMH
[7]. Ll cuna € aiHIHHO (YHKIIIIO IIIBUIKOCTI:

Wy =Kyv, ®)

ne Kz = KoedilieHT B’ I3K0TO OMOpPY:

Ky=-1, ©)
AZ
Ie 7, — B’S3KICTh MOBITPs; S — IUIOIIA MOBEPXHI,
0 CTUKAEThCS 3 MOBITPsAM; AZ — BifCTaHb MiX
HIapaMu TMOBITPS, SKi NPUMHKAIOTH 10 TPAHCIIOPT-
HOTO 3aco0y 1 mapamH, sIKi € BiTHOCHO HEpyXOMH-
MH.

VY BUMAAKy TATOBHX PO3PaxyHKiB pyXy Tpam-
BaiB 1 TponeiOycis [8, 11] mro cuiy, K mpaBuIo,
HE BpaxoBYyIOTh. I1if yac po3paxyHKiB pyxy 3aii3-
HUYHUX TOI3/iB Ta MOi3JiB METPONONITEeHY 1Sl CH-
nma € cyrreBoro [9, 17]. 3ami3HUYHUE MOTAT Mae
JIOCUTH BEITUKY IOBXHUHY 1 TIOBEPXHS S, IO CTHKA-
€TBCS 3 TOBITPSIM, BEIHMKA. A y BHIIQJKy METPO-
MOJITEeHY, KpiM TOro, CyTTEBHH BIUIMB Ma€ Maja
BeNIMYHMHA BiJCTaHI AZ MK IIapoM MOBITPS, IO
MPUMHKAE 10 T013/]a, T2 HEPYXOMHUM IIAPOM, KUt
MPUMHKAE J0 CTIHOK TYHEITIO.

Cuna aepoAWHAMIYHOTO OINOpPY 3yMOBIICHA
BUXPOBUMH MOTOKaMHU 1 NpOMOpLiiiHa KBaapary
mBUAKOCTI. Po3paxoByeThcsi BOHA 3rimHO 3 (op-
MyJI010 [7]:

2
w,=K=C. 2, (10)
2
ne C, — xoe(ilieHT JOOOBOTO OMOpY, 3aJCKHUMI
Bixm ¢opmu T3; p — rycTHHA MOBITPS; G — IUIOIIA
MOTIEPEYHOTO Tepepizy.

KpiM BKazaHUX CHJI JUIsi PEHKOBOTO TPaHCIOP-
Ty, BPaXOBYIOTh JIOJATKOBY CHJIy OIOpY i 4ac
npoi3ay KpUBUMH AUTIHKaMK nuisixy. Ll cuna mo-
MAETBCS K pyX Ha TiAHOM 3 KyTOBHM Koedi-
IIEHTOM, PpO3paxOBaHUM 3aJEKHO BiI pajiyca
kpuBoi [5, 8, 11]. Ilo3naumBmm kyTOBUI KOedi-
IIEHT Oy AT PO3PAXYHKY BEIMYMHHU JOJATKOBOI
CHITH OTIOPY Ma€EMO:

W, =mga,. (11)
T3 pyxaerbcsi 3a paxyHOK €Heprii, sika cro-
JKUBA€ETHCS 3 EJICKTPUYHOI MEpexi 1 meperBoplo-
€TBCSl BUTYHOM B MexaHiuHy. [lepeTBopeHHS cy-
MIPOBOKY€ETHCSI BTpaTaMH eHeprii B ABUTyHi [12].
IlepeTBOpeHHs €IEKTPUYHOI €HEepril B MeXaHIuHY
JIBUTYHOM BiIIOBizae GopMyIi:
iU-AP,=Mo+AP,, (12)
ne i, U cTpyM Ta Harpyra, 110 CIOXXHBa€E €JIEKTPU-
YHHIA IBUTYH; APg — eleKTpUYHiI BTpaTH MOTYXKHO-
CTI B JIBUTYHi; M, ® — MOMEHT Ta KyTOBa IIBH/[-
KICTh Ha Bajdy JIBHUTYHa; APy — MOTYXHICTh MeXa-
HIYHUX BTpaT y JBUTYHI.
Enexrpuuni BTpaTé APg MOXXHa TTOaTH sK Cy-
My BTpaT Ha MOCIiJOBHO BBIMKHYTHX PE3UCTHBHUX

n
eJIeMEHTax Z:iri2 (oriTKax JBUTYHA, aKTUBHOMY
i1
Oropi MOCIiIOBHUX OOMOTOK 30yJ/DKEHHSI, pe3u-
CTOpax CHCTEeMH KepyBaHHsI Ta iH.) 1 BTpaT B mapa-

b
JIENIEHO BBIMKHYTHX €JIeMEHTax z%.(O6MOTKaX
i=11;

napajeNbHOro 30y/KeHHS, IONOMDKHUX JIBUTY-
Hax, eJIeMEHTax 00irpiBy Ky30Ba TOLIO).

MexaHiyHi BTpaTH TATOBOIO JBHUTYHA Ta
TpaHcMicii APy, — 1€ BTpaTH Ha TepTsd, Ha
B’S3KICTh MAaCTWJ TpaHCMICli — TIPOTOPIIiiHI
HIBUJKOCTI, 1 BEHTHJISIIMHI BTPaTH — MPOMOPLIiHHI
KBaJpaTy IIBUAKOCTI.

3 piBasHHES (12) 3HAXOIMMO MOMEHT — My Ta
cuity Tsru — Fy Ha koneci T3:

_Bp(U—AP, —AR))
(O]

M, (13)

_(U-AR, -AB,)

F
K Roy

(14)
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Ile [tp — TIepeaaToYHe YMCII0 TpaHCMicii; R — pai-
VC; Oy = co/ L, — KyTOBa ILIBHJIKICTb BEAy4Oro
KoJeca.
Cuna 1aru, mpuBeAcHa A0 000y BEIy4nX KO-
JIiC:
@@U - AP; —APM) (iU - AP, ) AP,
% %

Fp=

- (15)

VY winmoMy Iuis TPaHCIOPTHOTO 3aco0y ojep-
JKY€EMO PIBHSHHA PyXYy:

ZJ w2 \dv (iU—APE)_APM
- R2 dt v v

2
n pv
_KTG_ESV_Cx7+mg(a+aﬂ)‘ (16)

BukopucToByroun  MO3HAYEHHS,  MPHUAHSATI
B TeOpii eNeKTPUYHOI TATH, PIBHAHHS, BHpaKeHE
B JIIOYMX, & HE «IMTOMHUX» BEIMYMHAX, Halyne
BUIJISIAY:

d
(m+me)7‘;=FE(v)—WT -

Wy =W, +mg(a+a,). (17)

Ilixr gac TATOBMX pO3paxyHKIB pPO3TIAIAIOTH
TPU PEKUMH PYXY, a caMe: TIrW, BHOITYy Ta raib-
MyBaHHA. PiBHsHHA (17) omucye pyX B peXHMI
TATM HA JUISHII NUBIXY 3 BIZOMHM YXHJIOM O,
3 BpaxyBaHHSM €HEPTii, gKa MOCTYIIa€ 3 eNeKTPHY-
HOI MepeXi, Ta BTpaT B €IEKTPOJIBUTYHI 1 TUCHTIA-
TUBHHX CKJIaJIOBHX BTpat eHeprii T3.

B pexxumi BHOITY CTpyM BIICYTHIMH 1 CKIa/IOBI,
B SIKIi BXOIWTH BEIMYMHA CTPYMY, JIOPIBHIOIOTH
HyIt0. MexaHi4Hi BTpaTy B IBUTYHI 3aJIUIIAIOTHCS,
OCKITBKM B PEXHMI BHOITY ABUTYH MEXaHIYHO
3B’s13aHUM 3 BEAYYUMH KOJIECaMH.

ZJ w2 d—‘;—mg(a+aﬁ)—

i=l1

_ARy

sy cp 5. (18)
v AZ 2

B pexumi TameMyBaHHS 3’ SBISIOTECS CHIIA
CJeKTPUYHOTO Ta MEXaHIYHOTO TaJlbMyBaHHSI.
EnextpuyHe raibMyBaHHS 3IHCHIOETBCS 32 paxy-
HOK MiJ’€IHAHHS 10 JBUTYHA TaJbMIBHHX PE3HC-
TOpiB. BigkiroueHunit Big Mepexi IBUTYH MEpPeXo-
IINTh B PSKUM TeHepaTopa i BUpoOeHa HUM €Hep-

Tis TACUTHCA Ha TaTbMIBHHX pe3ucTopax rr. Ilory-
JKHICTH BTpAT Ha rajibMyBaHHS JOPIBHIOE:

U, _(Coo)

r+r.  r+rp

AP, = (19)

Po6Gota d4, BuUKOHaHA 33 IPOMIXKOK Hacy Af ch-
JOI0 EJEKTPUYHOIO TalbMyBaHHS, HA eJeMEHTa-
PHIH AUISHI TUISIXY OS = v At TOPIBHIOE:

5= (CPO) (20)
r+ rr
3BiI[KI/I BCJIIMYMHA CUJIN:
84 (Cow)’
=4 _(CPo) @1)
AS (r+r)v

TyT: C — KOHCTPYKIIiiiHa TOCTiiiHa NBUTYHa; @ —
Mar”iTHUH TIOTIK, 7 — OIp TOCTiZOBHOTO KoOJa
JBUTYHA; ¥ — OIIp TaJbMiBHOTO PE3UCTOPA.

Ocxi _Hpv
CKUIBKH 03—7, TO CHJA €JIEKTPUYHOIO

rabMyBaHHS JOPIBHIOE:

_ S_A _ (C(DHD)2 v

= 22
NS (r4 )R 22)

Cuna eNeKTpUYHOTO TallbMyBaHHs TPOIOp-
ifiHa MIBUIKOCTI TPAHCIOPTHOTO 3aco0y. s 3a-
Oe3nedeHHs1 MOTPIOHOT TaTbMIBHOI CHIIM TIPU 3Me-
HITICHHI ITBUIKOCTI MMEPEMUKAIOTH TATBMIBHI pe3u-
CTOpPH rp Ta 30UIBIIYIOTh BEIMYMHY MArHITHOTO
nmoToky @. Ilpu momampmomMy 3MEHIICHHI TIBH-
KOCTIi BCTYNAIOTh B JIif0 MEXaHIYHI rajpma.

Cuny MeXaHIYHOrO TalbMyBaHHS 3YMOBJICHI
MPUTHCKAHHSIM TaBbMIBHHX KOJOJOK JIO TallbMiB-
HUX OapabaHiB YW TaJbMIBHOTO AWCKY, 3aJIE)KHO
Bil KOHCTpPYKIII TaJdbMIiBHOI cucTeMH. MOMEHT
CHJIU B JICKOBOMY TaJlbMi:

B, =K W,. (23)

B pa3i po3mimieHns raapMiBHEX OapabaHiB 0e3-
MOCePeIHhO Ha KOJIeCi, TajlbMiBHA CHJIA, ITPUBEIIC-
Ha 710 000y Kojeca, TOPIBHIOE:

KFWFRF
By =121 (24)
R
ne Rr — paniyc raneMiBHOrOo Oapabana; K, W —
Koe(imieHT TepTs Ta CHIa IPUTHCKAHHS HaKIaJI0K
raJgbMIBHHX KOJIOIOK.
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Peani3yroThcsl CHIIM TadbMyBaHHS 332 PaXyHOK
TEPTS MIX KOJIECAMH 1 TIOBEPXHEIO, 1O SIKiii BOHU
pyxatoThcs. BenmunHa ranbeMiBHOT cuiu oOMexe-
Ha Koe(imieHTOM TepTs KOB3aHHS MiX KOJIECaMH
Ta MOJIOTHOM NUIIXY (pehKamm).

B 3aranpHOMY BUTISAI PIBHSHHS PyXy B pe-
KUMI TAIbMyBaHHS Ma€ BUTJIISI:

2

o oouS | dy

m+ ) J— |—=mg(a+o,)—

; R® | dt A
AP, 1 pv2

-—8SV-C.—oc—-B,—B,,-. (25

HDV AZ x 2 EI" Mr ( )

st BUKOHaHHS TATOBUX PO3paxyHKIB BiMOBi-
JTHO PO3TJITHYTOI MOZECII 3aaf0Th 3HAYEHHS BXIiI-
HUX BEJMYMH, [0 XapakTepu3yloTh T3 Ta mapame-
TpU AUSHKH HULXy. Jlo nux mapamerpiB ciif 1o-
JaTy XapakTepUCTUKU IBUTYHA, a caMe: eJeKTpo-
MEXaHIYHY XapaKTePUCTHKY — 3aJIE€KHICTh KyTOBOL
IIBUAKOCTI BiJi BEJIMUUHHU CTPyMy ®= (i); MeXa-
HIYHY — 3aJIeKHICTh KyTOBOI MIBHJIKOCTI BiZl MOMe-
HTy OBUTYHa 0= (M) Ta 3aiIexHICTh KoedirieHTa
KOpPHUCHOT il Bij BenmunHM cTpymy n=n(i). Lli xa-
PaKTEPUCTHKH B aHANITUYHOMY BHIJIAI OAEprKaHi
HUISIXOM aNpOKCHMAIlii MAacCIOPTHUX AAHUX ABUTY-
HiB.

KoediuienTn piBHSHHS pyXy MOKHa pO3paxy-
BaTH 32 €KCHEPHUMEHTAIbHUMHU JAHUMHU AJISI LHOTO
Tty T3. B mutoBaHiii jmitepatypi 3i0paHo gocrart-
HBO iH(pOpMaLii Uil BU3HAYEHHS BEIMYUHH KOe-
¢imienTiB. Sk npaBwiio, HaBeAEHO JBa Pi3HI THIIH
dbopMyn po3paxyHKy KOEQIIli€HTIB PIBHSIHHSA,
a came: 3 BpaxyBaHHSM 3aJIe)KHOCTI CKJIaJOBUX
CHJIM OCHOBHOTO OTIOpY BiJ MacH i 6e3 Takoro Bpa-
xyBaHHs. OCTaHHE BHKJIHMKaHE CIIPOIICHHSIM, Ha-
MpaBJICHUM Ha 3MEHIIICHHS TPYIOMICTKOCTI 1 00’€e-
My PO3paxyHKiB, 3a0e3ledeHHs] MOKJIMBOCTI BH-
KOPUCTaHHS KOMII'IOTEPHUX TIporpam [uii po3-
paxyHKIB [16]. YTouHeHHS KOEQIII€HTIB PiBHIHB,
BIJIIIOBIIHO IO PO3TISIHYTOI MOAENI, HOTpedye OK-
pPEMOTO aHami3zy.

Bukonani po3paxyHKH I TpoyiedOyca THITY
31Y-9 [2] moka3yloTh, 10 BUTPATU €JIEKTPOSHEPTii
CYTTEBO 3MIHIOIOTHCS TIPU 3MiHI BOMIEM DPEXHUMY
BeneHHs 13. Pi3HWIS Ha AesKUX AUISTHKAX PyXy
nmocarae 30 %. OpxepxaHO 3aJ€XHICTh MHTOMHX
BUTpAT €JIEKTPOCHEPril BiJl HANOBHEHHS CaJIOHY
TpaHCIIOPTHOTO 3aco0y (puc. 3).

[MuToMi BUTpaTH eNeKTPOCHEprii Ha mepese-
3eHHS OJHOTO MAacaKUpa CYTTEBO 3aliekaTb Bif
HAIOBHEHHS CaJIOHY TPaHCIOPTHOTO 3acoly. [lpu
HEBEITMKOMY HAITOBHEHHI 31 301JIBIIICHHSAM KiTBKO-
CTI TacaKUpiB BOHU CYTTEBO 3HWXKYIOThCA. [Ipm
JOCSITHEHHI NEBHOT'O HANOBHEHHS, XapaKTEpPHOTO
IUIST KOKHOTO THITY T3, BUTpATH €IEKTPOCHEPTil He
3MIHIOKOTBCSI 1 MOXYTh jaeuio 3pocratd. Lli mani
MOSICHIOIOTh HAaBEICHWH Ha TMOYaTKy CTaTTi NpH-
K1ag Hee(eKTHBHOCTI CKOPOYEHHS  BHUITYCKY
TPAaHCIOPTHUX 3aco0iB HAa MapUIpyTH, NPH He-
3MIHHOMY HacaXHPOMHOTOL, 3apaay eKOHOMI] eJe-
KTPOEHEPrii.

MMTOMi BUTPaTH €/1EKTPO eHeprii Ha nepercHi, kBT*roa/nac
0,14

0,12

BuTpat en.eneprii, kBT*roa/nac

>0 a0 10 50 60 70 &0 a0 100 110 120 130 110

HanosHeHHA canoHy, nac.

Puc. 3. Burpatu enexTpoeHeprii Ha epeBe3eHHs
OJTHOTO Macakupa Ha IeperoHi

Fig. 3. The cost of electricity for transportation of one
passenger on the running line

HayxkoBa HOBU3HA
Ta NPAKTUYHA 3HAYUMICTh

[ToOynoBaHO HOBY 3MICTOBHY MOJENIb JIH-
HaMiKH MICBKOTO €JIeKTPOTpaHCIOpTY, B skii T3
HOMAETHCS SIK CHCTEMa MaTepiallbHAX TOYOK 3 PO3-
MOJIIIEHOI0 MAacol0 Ta HaKJIQJeHWX Ha Hel 3B’s3-
KaMH pi3HOro THmy. B Haii0Ginem mpoctomy BHT-
JsIa1 3B S3KM HAKJIAJIGHO TaKMM YMHOM, IO CHUCTe-
Ma Ma€ OJIUH CTeIiHb BUIBHOCTI.

MarematnyHa MOJeNb PYXy TPaHCIIOPTHOTO
3aco0y moOy/0BaHa Ha OCHOBI 3MiCTOBHOI MOAEi
3 BUKOPHCTAaHHSAM piBHsIHB Jlarpamka. Ha ocHOBI
i€l MaTeMaTUYHOI MOJEN BUBEIEHI OLIBII TOYHI
PIBHSIHHSI pO3paxyHKIB KPUBHUX PyXy 1 BUTpaT eJe-
kTpoeneprii T3.

PiBHsIHHSI pyXy TpUBelEHI 10 OCHOBHHX OJIH-
Hunp cucremu Cl, mo 103Bossie BUKOHYBaTH iX
OaraTopa3zoBe IHTErpyBaHHS YHCIOBHMH METOIAMU
3a JOTIOMOTOI0 CTaHAAPTHUX KOMII IOTEPHUX IPO-
Hnenyp 1 ycyBae HEOOXiJHICTh BHUKOPUCTAHHS Tpa-
(hoaHATITHIHNX METOIIB PO3PAXYHKY.
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EJIEKTPUYHUIA TPAHCITOPT

VY 3B’SI3Ky 3 CYTTEBOIO 3aJICKHICTIO XapakTepy
PYXy 1 BUTpaT eleKTpOeHeprii Bil HallOBHEHHS
CaJIOHy, sIKe 3MIHIOETBCS TIPOTSATOM MapLIPYTy
CIiTyBaHHS MICBKOTO €IIEKTPOTPAHCIIOPTY, XapaK-
TEPUCTHK IUISHOK MUIIXY, peXumy BereHHs T3
BO/iEM € ToTpeba B Oararopa3oBUX pO3paxyHKax,
10 TIOTpedye Po3pOOKH BiATIOBIMHUX MIPOTPaM IS
EOM.

[MuToMi BUTpaTH eNeKTpOEHeprii Ha Mepese-
3€HHS OJJHOTO MacaXupa MalTh MIHIMYM IpH Iie-
BHOMY HAIlOBHEHHI CaJIOHY 1 MpH 301IbIIEHHI HOTO
— 3pOCTalOTh.

3 MeTor eHeproszdepexeHHss Ha T3. moTpiOHO
BCTAHOBJIIOBATH JIYMIBHUKH EJIEKTPOEHEpPTii Ta
3aco0M 00MIKY KiIBKOCTI MTaCaXHpiB.

BucnoBxu

1. IToOynoBaHO HOBY 3MICTOBHY MOJENb PYXY,
B SIKiil TpaHCHOPTHUH 3aci0 TOAAHO SIK CHUCTEMY
B3a€MOJIIOUMX MaTepiaibHUX TOYOK 3 BCTAHOBIIE-
HUMH MK HUMH 3B’ SI3KaMH.

2. IlokazaHo, M0 B MIPUHHATIH MoIeNi TpaHC-
MOPTHOTO 3ac00y 3B’SI3KH MiX IMPOCTOPOBO PO3-
MOJIICHUMH MaTepialbHUMHU TOYKAMH BCTaHOB-
JIeH1 TAKUM YHHOM, III0 CHCTEMa Ma€ OJUH CTEIiHb
BUIBHOCTI.

3. BuxopucroBytoun ¢opmynu FEiinepa-Jlar-
pamxa, OJIep>KaHO PIBHSIHHS PO3PaxXyHKY KPUBHX
pyXy 1 BUTpaT eNeKTPOEHeprii, M0 J03BOJSIOTH
BpaxyBaTH HU3KY JOJAaTKOBMX YMHHHKIB 1 MiJBHU-
IIUTHA TOYHICTHh PO3PaXyHKIB.

4. Po3paxoBaHO, IO BHUTpaATH €IEKTPOCHEPTil
TposielibycoM Ha TepeBe3eHHS OJHOTO Macaxxupa
3MEHIIYIOThCA 31 30UTBIICHHSM HAIIOBHEHHS Callo-
HYy JI0 TIEBHOT MEXi 1 B MOJAIBIIOMY MOXYTbH 3pO-
cratu. Excrutyaraniist e1eKTpoTpaHCcopTy TpH Tie-
PETIOBHEHOMY CaJlOHi, 3 TOUKH 30py eHepro3oepe-
JKCHHS1, € HepallioHATbHOIO.
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COAEPKATEJIBHAA MOJIEJIb U YPABHEHUA ABUKEHUSA
IJIEKTPUYECKOI'O TPAHCIIOPTA

Heas. B crathe paccMOTPEeHO COBEPIICHCTBOBAaHHWE METOJOB PAacdeTa KPUBBIX IABIKEHHUS 3JICKTPOTPAHCIIOPTA
W 3aTpar 3JIEKTPOIHEPTHH C LEJIBI0 TOBBIIICHHS POU3BOIUTEIBHOCTH U TOYHOCTH pacueToB. MeToauka. B ocHoBy
METOJUKH IIOJIOKEHBI OOIINE MPHHIMIBI MAaTEMaTUYECKOIO MOJEIMPOBAHMS, KOTZA CO3JAeTca COIep)KaTelIbHast
MOJIETIb IPEJMETHOM 001aCTH, HA OCHOBE KOTOPOH CTPOUTCS MaTeMaTHUYECKask MOZIEIb COOTBETCTBYIOILIETO MaTeMa-
THUYECKOT0 ammapara. PaccMOTpeHs! BOIPOCHI IOCTPOSHHUS COAEPKATEIBHON MOJEIH JBIKCHUS! CPEICTB 3IEKTPH-
YEeCKOIro TpaHCIIOpTa U COOTBETCTBYIOLIEH MaTeMaTHUecKoW Mmojenu. PedyabTaTbl. ABTOpaMH INpeloKeHa MO-
JieNb, B KOTOPOM TPAHCHOPTHOE CPEACTBO IMPEACTABISIETCS KaK CHCTeMa B3aMMOACHUCTBYIOLINX MaTepHaIbHbBIX TO-
YCK, MCKAY KOTOPBIMH YCTAHOBJICHBI OINPCACIICHHBIC TUIIbI CBﬂSeﬁ, 1 Ha KOTOpYIO HeﬂCTByIOT BHeIIHKUe cuiibl. Kak
MaTeMaTHUYECKUil anmapaT HMCIOJb30BAaHO ypaBHeHHe Oilnepa-Jlarpanika BTOporo poaa. PaccMoTpeHsl kKoHcepBa-
TUBHBIC U UCCUITATHBHBIC CUIIBI, 00YCIaBIMBAIOLINE TMHAMUKY cuCTeMBI. [Ipeaoxensl popMyJbl pacyera KpUBBIX
JIBIDKEHHUSI C y4eTOM 3arpaT 3jekrposHeprun. Hayunas noBu3Ha. B pabore momydena copepikaresibHas MOJEINb
JIBIDKCHHUST CPEZICTB 3JIEKTPOTPAHCIIOPTA C pacIlpeAeIeHHON Maccoi, KaKk CHCTEMBl B3aMMOCBSI3aHHBIX MaTepHaIb-
HBIX TOYEK C HaJO)KEHHBIMU Ha HEe CBSA3sAMH. B Hamboiee mpocToM BHIE CHCTEMa MMEET OIHY CTEICHb CBOOOJIBI.
MaremaTrueckas MOZAEb ABMXKEHUSI TPAHCIIOPTHOT'O CPEACTBA MOCTPOEHA Ha OCHOBE ypaBHeHMi Jlarpamxka. Yka-
3aHHBIN [TOJX0[ MO3BOJISET JETANBHO, (PU3NIECKH 0OOCHOBAaHHO OMMCATh AWHAMUKY CPEACTB 3JIEKTPOTPAHCIIOPTA.
ITomydens! cymecTBeHHO Oosee TOUHBIE YPaBHEHHsI pacueTa KPUBBIX ABMKEHHS U Pacxoja 3JIEKTPOIHEPTHH, YEM
PEKOMEHIOBaHHbBIE B YIEOHBIX MOCOOMAX M HOPMATHBHOW OKYMEHTALUH AJISI CPEICTB TOPOJCKOTO ANIEKTPOTPAHC-
nopra. PaccunTaHbl KpuBble JBHKEHHS M Pacxojia 3JIEKTPOIHEPIHU Ha MEPEeBO3KY OJHOTO Maccakupa TpoLieioy-
COM Ha y4acTke MapuipyTa. [Toka3zaHo, yTo OHHU 3aBUCAT OT THNA TpaHcnopTHoro cpeacTsa (TC), a mpu HanmonHeHNH
BBIIIIE OTPENEIEHHOTO YPOBHS MOTYT yBenuuuBatbes. IlpakTHyeckass 3Ha4YMMOCTh. ABTOpaMHM TOJTyYeHBl ypaB-
HEHMs JBUXKECHUS, OPHEHTUPOBAHHBIE HA UCIOIb30BAaHUE KOMIIBIOTEPHBIX METOAOB YHCIEHHOIO MHTETPUPOBAHUSL.
YMeHbIIeHB! 3aTpaThl TPyAa IpH MPOBEJICHHE PacyeToB, YBEJIMYEHAa TOYHOCTh PacyeToB; 00ecIieueHbl BO3MOXKHO-
CTH y4eTa pa3iIMyHbIX (paKTOPOB, BIMSAIOMINX HA XapakTep ABIDKeHUs. OTpeneneHHbI SJHEPTOSKOHOMUYECKHH (-
(heKT MOXET OBITh JOCTUTHYT 32 CUET HANPABJICHHOCTH METOJIOB pacueTa Ha MPAaKTHUECKYIO pa3pabOTKy TEXHOJIO-
THYECKHX KapT ABMKEHHS CPEICTB 3JIEKTPOTPAHCIOPTA B PAa3NIMUHBIX YCIOBUSIX SKCIUTyaTalldH IPH HOCTOSTHHOM
W3MEHEHHNHU HANOJHEHHUs CaJOHa TPAHCIOPTHOT'O CPEZCTRA.

Kniouegvie cnosa: TOpOACKON 3NIEKTPHUUECKUI TPAHCHIOPT; 3aTPAThl IEKTPOIHEPTUH; YPABHEHUS IB)KEHHS; CO-
Jiep>KaTelbHAsT M MaTeMaTHYeCKHe MOJENHM; ypaBHeHHME Oiepa-Jlarpamka; KOHCEpBATHUBHBIE M JHCCHIIATHBHBIC
CHIIBI
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THE CONTENT MODEL AND THE EQUATIONS OF
MOTION OF ELECTRIC VEHICLE

Purpose. The calculation methods improvement of the electric vehicle curve movement and the cost of electric-
ity with the aim of performance and accuracy of calculations improving are considered in the paper. Methodology.
The method is based upon the general principles of mathematical simulation, when a conceptual model of problem
domain is created and then a mathematic model is formulated according to the conceptual model. Development of
an improved conceptual model of electric vehicles motion is proposed and a corresponding mathematical model is
studied. Findings. The authors proposed model in which the vehicle considers as a system of interacting point-like
particles with defined interactions under the influence of external forces. As a mathematical model the Euler-
Lagrange equation of the second kind is used. Conservative and dissipative forces affecting the system dynamics are
considered. Equations for calculating motion of electric vehicles with taking into account the energy consumption
are proposed. Originality. In the paper the conceptual model of motion for electric vehicles with distributed masses
has been developed as a system of interacting point-like particles. In the easiest case the system has only one degree
of freedom. The mathematical model is based on Lagrange equations. The shown approach allows a detailed and
physically based description of the electric vehicles dynamics. The derived motion equations for public electric
transport are substantially more precise than the equations recommended in textbooks and the reference documenta-
tion. The motion equations and energy consumption calculations for transportation of one passenger with a trolley-
bus are developed. It is shown that the energy consumption depends on the data of vehicle and can increase when
the manload is above the certain level. Practical value. The authors received the equations of motion and labour
costs in the calculations focused on the use of computer methods of numerical integration. The calculation expenses
are reduced. The accuracy is improved; provided possibility to consider different parameters influencing the motion.
A certain environmental effect can be achieved by orientation calculation methods for the practical development of
the process charts of the movement of electric vehicle funds in different operating conditions at a constant change of
filling the interior of the vehicle.

Keywords: urban electric transport; electric power costs; equation of motion; conceptual and mathematical mod-
els; Euler-Lagrange equation; conservative and dissipative forces
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FORMATION OF ESTIMATED CONDITIONS FOR LIFE CYCLE
OF DEFORMATION WORK OF THE RAILWAY TRACK

Purpose. The purpose of this research is to substantiate the technical limits of the railway track (under reliability
status) for the formation the regulatory framework for reliability and functional safety of the railway track in
Ukraine. Methodology. In order to achieve the goal of research analysis methods of the technical states of elements
and trackforms that are typical of operation conditions of the railways in Ukraine were used. Findings. Technical
states accordance of elements and trackforms to reliability status under existing regulations was defined. These con-
ditions are based on the track assessments in accordance with the dimensional tape results. The status of each ele-
ment of the track design affects its deformation work, but the rules are still absent that would connect state of
track elements with the state of the track by estimation of the dimensional tape. The reasons on which the limits
are not set were established. It was found out which researches are necessary to conduct for their installation.
Originality. The classification of the reliability state of a railway track for permitted deviation at the track laying
and maintenance was developed. The regulation importance the technical states of ballast section and subgrade for
the developed classification was established. Practical value. Ukrzaliznytsia (UZ) is a founding member of the
Council for Railway Transport of the Commonwealth. This body issued interstate standard State Standard 32192-
2013 «Reliability of railway equipment. Basic concepts, terms and definitions». On this basis developed a new in-
terstate standard «Security functional of railway equipment. Terms and definitions». At the same time UZ is a mem-
ber of the cooperation of railways in International Union of Railway Transport where rules with reliable and safe
operation of railways are established in all transport branches. This study will help implement these standards on the
railways of Ukraine, improve the efficiency of the information in this sphere, providing mutual understanding and
unity of presentation and perception of information, including contractual legal relations of economic agents with
public authorities in international scientific and technical, trade and economic relations.

Keywords: state track reliability; technical condition of the track; the elements of the track; the track construc-
tion; regulatory; technical and design documentation; unit standards and content

Introduction operation as each item individually and the system
as a whole. The criteria are necessary to control the
reliable operation of track design and their compli-
ance provide the functional and safe work of the
track. The formation of these criteria should be
based on the standarts in accordance with the pa-
rameters describing the system state with compo-
nents of the track design. Standarts are based on
the parameters describing the condition of each

Reliable railways operation provides reliable
joint work of the track design, technical equipment
and technical personnel that performs and super-
vises the process implementation at all levels. The
whole process of reliable operation of a track
meets regulatory, organizational and administra-
tive, technological and technical requirements.

Reliable operation of track design provides safe
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track design element separately. The existing stan-
dards reflect the state parameters of each track de-
sign element and the condition of rail-sleeper grid
from the point of view of its geometric position.
Completely the regulatory base is absent, classify-
ing the status impact of both items the geometry of
the rail-sleeper grid and the status of the track de-
sign. It is necessary to model the deformation op-
eration service life of the railway track for the de-
velopment of missing parameters.

The deformation operation service life of the
track is the process of its transition regularities
from one reliable state to the other beginning from
the primary pouring to the full retirement.

It is necessary to perform an analysis of exist-
ing methods of condition assessment of railway
structures and to consider regulatory requirements
that establish the condition of the elements and
a rail-sleeper grid as a system of these elements
from the point of view of the concepts of reliability
theory to create conditions for evaluation model-
ing.

But no standard regarding a railway track, con-
tains a technical description of its condition, that
corresponds to the concept of the condition in
terms of reliability.

Purpose

The aim of the research is to study the technical
boundaries of the elements and construction states
of the track in accordance with the conditions of
reliability.

Methodology

Terms and definitions of basic concepts in reli-
ability theory for the established operating stan-
dards are used in science and technology [6-9].

According to the classification of the basic
concepts of reliability theory, there are six condi-
tions: serviceable, unserviceable, functional, par-
tially functional, non-functional and adjoining.

Technically the condition of the track structural
elements are described for rails in [5, 12, 14, 15,
19], for fasteners — [5, 10, 12, 19, 21], for sleepers
—[3, 5, 12 13, 15], for ballast — [5, 10, 12, 15, 20],
for roadbed — [5, 10, 11, 12, 13, 15, 17, 19].

There are no difficulties to establish compliance
with reliability status for track design elements. That
is, in accordance with the requirements of the design
criteria is determined the serviceable and fault con-

ditions: for rails is determined by [12, 13], for fas-
teners — [4, 12, 21], for sleepers — [3, 5, 12, 15], for
ballast — [5, 10, 11, 12, 15, 18, 20], for roadbed —
[5,11,12,13,15,17, 18].

In accordance with the requirements of estab-
lishment and maintenance there are functional, par-
tially functional, non-functional and adjoining
conditions.

For a rail-sleeper grid as system the conditions
are described in [5, 10, 14, 16, 18]. But there are
difficulties with the classification. Thus, depending
on the speeds the requirements for elements rela-
tive to the conditions are changed. For example,
the requirements for a functional track state by the
rails condition for the first category are different
from a functional track condition for the same
category at speeds of 101-120, 121-140, 141-160,
161-200 km/h. Functional condition of a track by
the rails condition for the fourth category, with
load intensity more than 30 million gross tonnes
km. to km. per year differs from the functional
condition of the same category at a lower load in-
tensity and in the first case the new elements of the
track are laid and in the second the old one.

Thus, it is necessary to classify the track condi-
tion by the track elements state and indicators of
a track measurement tape.

Consider the compliance of reliability condi-
tions to requirements for the track classification by
categories.

According to [18] serviceable and unservice-
able condition of a rail-sleeper grid for high-speed,
the first, second, third and fourth categories with
load intensity of 30 million gross tonnes km. to
km. per year are defined as for elements in accor-
dance with the regulatory requirements and design
documents.

For the fourth (with a lower load intensity),
fifth, sixth and seventh track categories of func-
tional and nonfunctional conditions are defined by
the requirements of the establishment and mainte-
nance

But for all track categories in accordance with
requirements of establishment and maintenance are
determined functional, partially functional, non-
functional and adjoining conditions.

The main parameter of establishing the techni-
cal condition of element and track design classifi-
cation is the speed of movement. Permissible speed
of passenger and freight trains movement is estab-
lished by geometric shapes of both in loaded and
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unloaded conditions, so they should be taken to
determine the boundaries of the track design tech-
nical condition by the corresponding condition of
reliability.

As to the condition of the ballast edge the state
of reliability should include not only the geometric
contour, but also its impurity.

In addition, there is a problem with the defini-
tion of the railbed condition in the normative litera-
ture, as applied term «soundness» roadbed [1, 2]
corresponds to the modulus of elasticity under the
rail base value of 50 MPa in summer and 75 to 80
MPa in winter, that is applied at:

— the determination of the stresses in the track
elements [15];

— calculations of the rail binds laying condi-
tions of jointless track [10];

— definition of permissible speeds [15];

— definition diagrams of sleepers in track de-
sign [18].

The railway track meets these values of module
elasticity, if its sites are located on the roadbed
with the modulus of deformation of more than 40
MPa, that is, the roadbed consists of rocky or dry
soils, compacted in accordance to the norms [5]:
sand-clay; light sandy loam; medium clay; heavy
clay.

In other cases, the elastic modulus does not cor-
respond to the input conditions of these calcula-
tions.

Thus, it is necessary lead the track state to the
conditions of operating rules fulfillment (normal-
ized stiffness of the track that is used on the rail-
ways of the Europe, [22]) to meet the strength and
stability.

The value of the actual modulus of the under
rail elasticity for structures are specified in [18],
and ranges from 7.4...to 69.6 MPa in summer.

The value of the average elastic modulus is
about 27 MPa. It should be understand that this is
almost in twice (1,85) lower than it is required by
the initial conditions, so the effects will be in the
increased variability under the influence of the
rolling stock, on average, in the vertical plane Ha
67%, horizontal 24%

Thus, in view of this, to ensure the dependability of
a track at the level set by the criteria [18] at the speci-
fied resource (missed tonnage or the number of years)
between upgrades, enhanced capital and capital repairs
without additional investments and not provided by the
interrepair schemes and maintenance is impossible.

Avoidance of excessive use of force on the
track at the execution of conditions of the track and
rolling stock maintenance in functional and non-
functional condition, but in serviceable condition
there were no additional force effect in the system
track-crew-track. It is possible only if the track is
equally stressed-stained. Thus, it is necessary that
even in a failed state, the stiffness of the track was
at the same level throughout its length, and did not
receive additional shocks from rolling stock.

The uniform track stiffness can be ensured only
at the renovation of the condition of the roadbed.
After all, it was built more than a century ago and
for other operational requirements than applied
today. For design requirements the roadbed is de-
signed for loading of locomotives 30 kN, 50 kN
cars, design speed of 80 km / h. According to the
existing requirements [5]: under the load from the
carriage 294 kN and a design speed of 120 km/h.
Modern standart technological processes do not
provide for renovation of the roadbed. Therefore,
after the repair of the rail-sleeper grid replacement,
the track design would not meet the terms of
strength, durability and equal strain.

It is believed that the distribution of trains in
the implementation of high-speed services will
remove the factors that lead to the breakdown of
the geometric dimensions of the track and wear of
its elements, without removing the roadbed condi-
tion. Combined movement of freight and passenger
trains intensively affects the track disorder and
wear of its elements than the impact from the
movement of freight or passenger trains separately.
But it will give an effect, which is not significantly
affect the reliability pointer and durability without
eliminating the main cause — the accumulation of
permanent deformation at operation of not strong,
not sustainable, uneven elastic track.

It is also believed that the distribution of trains
flows will lead to the retention of established stan-
dards for size and geometric environs of the track
in valid values for long-term operation, that is the
following of the track in a functional condition
with the maximum value of the coefficient of track
technical use.

But the distribution of trains will solve the prob-
lem only partially. It is necessary to change the tech-
nology of current track maintenance: remove the
work from the local track linings if the track condi-
tions of strength, durability and reliability are not
kept. These works involves the reduction of track
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elasticity in the places of work. Consider the reduc-
tion of track elasticity in the places of work with local
track lining, when missed tonnage of the sector was
less than 140 million tons km. br. after the replace-
ment of a rail-sleeper grid repair. If the missed ton-
nage of the section is to 25 million tons km. br., while
executing these works by sleeper tampers the elastic-
ity of the track is reduced by 50-60%, and machines
on 35-25%. If the missed tonnage is 26-140 million
tons km. br. at the performing such work by any
means the reducing is 25-20%. It helps to increase
the intensity of local residual deformations, which are
contrary to the requirement to prevent excessive force
on the track and the compliance of the strength and
stability conditions for a long period of operation.

Thus, it is necessary to set the condition of under
sleeper bases and associate them with track condi-
tion.

Findings

The technical concept of reliability is based on the
definition of such indicators:

— reliability (all possible types of system failures,
depending on the application and the external envi-
ronment; the possibility of each failure or, in the al-
ternative, the intensity of occurrence of each failure;
failure effects on system capability);

maintainability (the time of maintenance; the time

of detection, recognition and localization of faults;
restore the system that refused (unscheduled mainte-
nance);

durability (criteria for the limit condition of the
system; the average operation time of the system);

— operation and maintenance (all possible modes
of operation and maintenance in the service life of the
system; the human factor.

Thus, on the basis of the normative literature, the
classification of the technical condition of the railway
track at the reliability conditions is presented in the
section methodology in table 1.

The data given in table 1, are fully reflect the
condition of the secure ways depending on the speed
of rolling stock for design, that collected of both new
and used items of the track. But the speed of move-
ment is influenced by the geometrical parameters of
the elements, for example the wear of rails over
which they are considered defective. And if the old
suitable rails lie on the track, the presence of even
allowable wear does not affect the track width, as
they are put to other edge, but affect the deflection of
the rail under load by reducing the area of resistance.
Thus, the permissible deviations of old suitable struc-
tural elements of construction and choose a margin of
safety, sustainability and reliability, and require the
compensation due to the characteristics of under
sleeper bases.

Table 1
The states classification reliability of the railway track with permitted deviations
at the organization and supporting of a track
. . Condition
The speed of passenger / freight trains, - - -
km/h. Functional Nonfunctional P . Nonserviceable
o .. artly functional o,
condition condition condition
Clearance allowances to the track width, mm
>140-160/ >80-120 +5, -3 - - +6, -4
>120-140/ >80-120 +8, -4 +9, -5 +21,-9 +29,-11
<120/<80 +8, -4 +9,-8 +21,-9 +29,-11
Standarts of track width elimination, mm/m
>140-160/ >80-120 1/1 1/1,01 1/1,25 1/2,5
>120-140/ >80-120 1/1 1/1,01 1/1,5 1/2,5
>80-120/ >60-80 1/1 1/1,01 1/1,75 1/2,5
<80/ £60 1/1 1/1,01 1/2 1/2,5
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Continuation of the table 1

The speed of passenger / freight trains, Condition
km/h. Funct.i(?nal Nonfun.cFional Partly functional Nonserv.i(.:eable
condition condition condition
The permissible deviations according to the mutual position of trackways height, mm
Subsidence
>140-160/ >80-120 either-direction 4 5,5 6 45
one-way 6 8 10 45
>80-140/ >60-120 10 11 21 45
<<80/ <60 10 11 26 45
Twists
>140-160/ >80-120 ( on length 8 9 16 50
10 m)
>120-140/ >80-120 (on length 8 9 16 50
20 m)
<120/ <80 (on length 20 m) 8 9 17
The difference in adjacent deflections (mm) measured at the mid-chord, length of 20 m in circular curves
>140-160/ >80-120 3 4 5 10
>120-140/ >80-120 5 6 8 10
< 80-120/ <60-80 8 9 10 10
The biggest deviation from a uniform rise of arrows at ease curves
>140-160/ >80-120 2 3 4 90
>120-140/ >80-120 3 4 5 90
>80-120/ >60-80 5 6 10 90
<80/ £60 10 11 26 90
Nominal distance (m) between the axes of the sleepers leader/continuous of the track
>140-160/ >80-120 +0,01 - +0,02 -
<140/ <120 +0,07/0,03 - +0,08/0,04 -
The steepness of the elimination of superelevation, mm/m
>140-160/ >80-120 0,4 0,5 0,7 4,5
>120-140/ >80-120 0,7 0,9 1,0 4,5
>80-120/ >60-80 0,7 1,3 1,4 4,5
<80/ £60 1,4 1,8 1,9 4,5

Permissible irregularities on the running surface of rail

(the denominator), mm

s in welded joints (the numerator), the rest of the length

>140-160/ >80-120
>120-140/ >80-120
<120/ £80

0,3/0,3 0,5/0,7
0,5/0,7 1/1
1/1 2/2

1/ 6/4
1/2 6/4
2/3 6/4
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End of table 1

Condition
The speed of passenger / freight trains, - - -
km/h. Functional Nonfunctional P . Nonserviceable
. .. artly functional -
condition condition condition
Standards and tolerance of the rails tilt device
- - in1/40
>140-160/ >80-120 120 i i min
max 1/12
<140/ £120 minl/60
1/20 - -
max 1/12
Depth of wave-like unevenness or potholes, mm
>140-160/ >80-120 1,0 1,9 2,0 4,0
>120-140/ >80-120 1,0 1,5 2,0 4,0
<120/ £80 2,0 2,5 3,0 4,0
Deflection of the ends (mm), including wrinkling and saddle
>140-160/ >80-120 0,8 0,9 1,0 6,0
>120-140/ >80-120 0,9 1,0 2,0 6,0
>80-120/ >60-80 1,9 2,0 3,0 6,0
< <80/ £60 2.9 3,0 4,0 6,0

It is necessary to perform calculations to de-
termine the parameters of deformation of the track
for the boundaries determination of the under
sleeper condition bases. Possible combination of
the technical characteristics of the ballast and
roadbed will be defined out of the condition classi-
fication boundaries of a rail-sleeper grid (table 1),
by the allowable speed of trains on sections of the
road with defective sleepers and mountings, and
unsuitability sleepers or fasteners in [12].

Originality and Practical value

The classification of conditions the railway
track reliability is developed at the allowed toler-
ances at the maintenance and improvement of rail
track. The necessity of rationing the technical con-
dition of the ballast and roadbed for designed clas-
sification was established.

Ukrzaliznytsia is one of the founders of the
Council for rail transport of the States-participants
of the Commonwealth and a member of OCRR.
These bodies have issued standards that should be
used and by our state: OCRR [23...25]; The Coun-
cil of States-participants of the Commonwealth —
interstate standard State standart 32192-2013 «Re-
liability of railway equipment. Basic concepts

terms and definitions» and on its basis a new inter-
state standard «Security functional of railway
equipment. Terms and definitions» is developed.
This study will help with the implementation of
these standards on the Railways of Ukraine. It also
will provide the increasing of information effi-
ciency in this area to ensure mutual understanding,
unity of the representation and perception of in-
formation, including the legal relations of business
entities with each other, governments, intergov-
ernmental scientific and technical, trade and eco-
nomic relations.

Conclusions

One of the new aspects of the interaction process
between the track and rolling stock is solving of reli-
ability and functional safety of the track problems.
Given that the Ukrainian railways have no normative
documents of these area, the area of research is im-
portant.

Analysis of regulatory framework the regulatory,
technical and design documentation of railway track
and its components have helped to define with:

— technical conditions of track design for a devel-
opment of railway track reliability conditions classi-
fication;
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— the need to establish the technical condition

of the ballast and roadbed through the parameters
of the track deformation.

Common materials that are listed in the paper

permit the establishment of the characteristics and
functional reliability of the track, and dependencies
which are linked by these characteristics.

10.
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®OPMYBAHHS OIITHOYHUX YMOB KUTTEBOI'O [TUK.JTY
NTE®OPMATHUBHOI POBOTH 3AJIBHUYHOI KOJIII

Mera. JlaHe AOCIHIPKEHHSI CIPSMOBaHEe Ha OOIPYHTYBaHH MEK TCXHIYHUX CTaHIB 3aII3HHYHOT KOJIii (BiAIOBIA-
HO CTaHaM HaJIHHOCTI) TSI MOKIIMBOCTI (POpMyBaHHS HOPMATHUBHOI 0a3u 3 HAMIHHOCTI Ta (PYHKIIIOHATBEHOI Oe3MeKn
3ami3HMYHOi KoMl Ykpainm. Metoamka. s HOCATHEHHS METH IOCTIKCHHS BHKOPHCTAHO METOIOHM aHaJi3y
TEXHIYHUX CTaHIB €JIEMEHTIB Ta KOHCTPYKLIH KOIii, XapaKTepHUX [UIS YMOB eKCIUTyaTamii 3ali3HHIL YKpaiHu.
PesyabTaTH. Bu3HaueHo BiONOBIAHICT TEXHIYHMX CTAHIB €JIEMEHTIB Ta KOHCTPYKIIi KOJIiH cTaHAM HaAilHOCTI 3a
iCHYIOUYMMH HOpMaMu. BoHu 6a3yroThCs Ha OIIHIN CTaHIB KOIii 3a pe3ynbTaTaMu KoieBUMipHOi cTpiuku. CTtaH Ko-
YKHOTO €JIEMEHTY KOHCTPYKIIi KoJIii BIutMBae Ha 1i neopmaruBHy poOOTy, ajie 10ci BiZIcyTHI HOPMHU, Ki O NOB'sI3y-
BaJIM CTaH €JIEMEHTIB KOJIii 31 CTAHOM KOJIiT 32 KOJIieBUMIpHUMH cTpiukamu. OOIpyHTOBaHO NPUYUHH, 32 SIKUMHU Me-
1 TEXHIYHUX CTaHIB HE BCTAHOBJICHO, Ta 3'SICOBAHO, SIKi JOCIIHKEHHS HEOOXiTHO MPOBECTH JUIsS iX BCTAHOBJICHHS.
HayxoBa noBu3Ha. Po3poOieHo kiacudikariiro cTaHiB HaIIHHOCTI 3aIi3HUYHOI KOJIII 32 JOIyCTUMHUMH BiIXHMJICH-
HSIMM TIIpY BJIAINTYBaHHI W yTpUMaHHI perKoBoi kodii. BcraHOBieHa HEOOXiNHICTE HOPMYBaHHS TEXHIYHUX CTaHIB
OayacTHOI NPU3MH Ta 3eMIISTHOTO IOJOTHA Uil po3polieHoi kinacudikanii. [IpakTHYHa 3HAYMMICTB. YKp3alli3HU-
I € OJTHUM i3 3aCHOBHHKIB Pajiy i3 3ai3HHYHOTO TPaHCIOPTY AepikaB-ydacHHUKiB CriBapyxHocTi. [lum opranom
Buaano Mixkaep:kaBHu# crangapT [OCT 32192-2013 «HanexxHOCTB KeIe3HOI0POKHON TeXHUKHA. OCHOBHBIE TIOHS-
THS TEPMHHBI M OTIPENEICHUs» Ta Ha HOTO OCHOBI po3poOJeHO HOBHWIA MiXIep)kaBHUU cTaHmapt «bezomacHocTs
(YHKINOHAIBHOM JKEIe3HOAOPOKHOW TEXHUKU. TePMUHBI B ONpeAeTeHus». Y TOH e Jac YKP3aJi3HUI € WICHOM
oprasizarii criBOpari 3aTi3HIYHIX Jopir MiXKHApOJHOTO COI03Yy 3aJII3HUYHOTO TPAHCIIOPTY, A€ BCTAHOBJICHI B YCIX
TPAHCIOPTHHX TANTy3SX HOPMH 3 HaAilHOI Ta 6e3nmedHoi poOoTu 3ami3Humb. [laHe TOCTiIKEeHHS JOTTOMOXKE BIIPOBa-
JUKEHHIO TaKUX CTaHAApTIB Ha 3ali3HULSAX YKpainu. Cranpapty 3abe3neyars MiBUIIEHHS iHOpMaliiHOi edexTh-
BHOCTI B PO3IJISIHYTIH cgepi, BCTAHOBIIOIOYHM B3a€MOPO3YMIHHS, €IHICTh IMOJAHHS Ta CIPHUHHATTS iHQopMmarii,
B TOMY YHCJi, B JOTOBIPHO-IIPABOBHMX BiJHOCHHAX MiX Cy0'€eKTaMH rOCHOAAPCHKOI AiSJIBHOCTI, 3 OpraHaMH BIIajH,
B MDK/IEPKaBHUX HayKOBO-TEXHIYHUX Ta TOPrOBEILHO-€KOHOMIYHUX BiJTHOCHHAX.

Kniouosi cnosa: cran HagiifHOCTI KOJIil; TEXHIYHUI CTaH KOJIii; €JIEMEHTH KOJIii; KOHCTPYKIS KOJIil; HOpMaTHB-
HO-TEXHIYHA Ta KOHCTPYKTOPChKA JOKyMEHTAIlis; HOPMH BIIAIITYBaHHS Ta YTPUMaHHS
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1. A. BOHJIAPEHKO""
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©®OPMHUPOBAHHUE OLHEHOYHBIX YCJOBHUH )KU3HEHHOT O ITUKJIA
AE®POPMALIMOHHOU PABOTHI KEJIE3HOJOPOXHOI'O ITYTU

Heas. JlaHHOE HCClIe0BaHNE HANIPABIEHO HA 00OCHOBAaHHWE I'PAHMI] TEXHUYECKOTO COCTOSHUS KEIE3HOJOPOXK-
HOTO MyTH (COTTAaCHO COCTOSHUSIM HAJ€XHOCTH) JIJIsI BO3MOKHOCTU CO3/IaHHsI HOPMAaTUBHOHM 0a3bl M0 HAIEKHOCTH
1 QYHKIMOHAIBHON 06€30IacHOCTH KeJIe3HOAOPOKHOTO ITyTH YKpanHbl. MeToauka. [y JOCTIKEHHS LIeIH Hcclie-
JOBaHHUs HUCIIOJIBb30BAaHbI METOAbI aHAJIN3a TCXHUYCCKUX COCTOSIHUM 3JIEMEHTOB U KOHCprKIlI/lﬁ IMyTH, XapaKTECPHBIX
JUISL YCIOBUH SKCIUTyaTaIlM KeJIe3HbIX A0por YKpauHbl. Pe3yibTarbl. OnpeneneHo COOTBETCTBHE TEXHHYECKHUX
COCTOSIHMH 3JIEMEHTOB M KOHCTPYKLHUI MYTH COCTOSIHUSIM HaJIS)KHOCTH 110 CYLIECTBYIOIIMM HopMmaMm. OHM 0asupy-
IOTCS Ha OLIEHKE COCTOSIHUM IyTH IO pe3ybTaTaM IMyTeu3MepUTEIbHOMN eHTbl. COCTOSHUE KaXI0T0 3JEMEHTa KOH-
CTPYKLIMH ITyTH BIIMSICT HA €ro 1eOpPMaTUBHYIO paboTy, HO 10 CHX IOpP OTCYTCTBYIOT HOPMBI, KOTOPBIE CBSI3bIBAIIN
OBl COCTOSTHUE BJIEMEHTOB IIYTH C COCTOSHHEM ITyTH IO OLEHKE IyTen3MEepHUTENbHOH JIeHThl. OO0CHOBAaHBI NIPHYH-
HBI, 110 KOTOPBIM I'PaHMIBI TEXHUUECKUX COCTOSHHI HE YCTAHOBJICHBI, U BBISICHEHO, KaKHE HCCIEIOBaHUS HE00X0-
JIMMO TIPOBECTH JUIA nX yctaHoBKH. Hayunasi HoBu3Ha. Pa3zpaboTaHa KilacCU(HKAIMS COCTOSHUN Ha/Ie)KHOCTH XKe-
JIE3HOIOPOKHOTO ITYTH 32 JOMYCTHMBIMH OTKJIOHEHUSIMU TIPH yCTPOKUCTBE M COJCPIKaHNUH JKEJIE3HOAOPOKHOTO My TH.
YcraHOoBIEHa HEOOXOJUMOCTh HOPMHUPOBAHUS TEXHUYECKHX COCTOSHUM 0aIacTHOM MPHU3MBI U 3€MIISTHOTO IIOJIOTHA
Juis paspaboTtanHO# Knaccupukanuy. [IpakTuyeckasi 3HAYMMOCTb. Y KP3aIU3HbILS SBIIETCS ONHUM U3 OCHOBAaTE-
neit CoBeTa MO KEJIE3HOAOPOKHOMY TPAHCIIOPTY rOCyJapcTB-y4acTHUKOB CoapyskecTBa. DTOT OpraH M3Jall MEX-
rocyaapctBeHHbid crannapt [OCT 32192-2013 «HagexHOCTh KeNe3HOAOPOKHOM TeXHUKH. OCHOBHBIE MOHSITHS
TEPMHUHBI M ONPEJENICHNs» U Ha €ro OCHOBE pa3paboTall HOBBIM MEXIrocyAapcTBeHHbIH craHmapt «bezomacHocTh
(hyHKIMOHAJIbHAS JKEJIE3HOJ0POKHOM TeXHUKH. TepMuHbI 1 onpeneneHus». B To jxe Bpemst YKp3ajau3HbILS SBIISET-
Csl 4JICHOM OpraHM3alldd COTPYAHUYECTBA JKENE3HBIX AOPOr MEXIyHapOIHOro COr3a JKEIEe3HOAOPOKHOIO TPAHC-
1opTa, TJie YCTAHOBJIEHBI BO BCEX TPAHCIIOPTHBIX OTPACIIIX HOPMBI HA/JEKHONH M Oe30macHON padOTHI KEJTE3HBIX
Jopor. JlaHHOE uccIeoBaHNe TIOMOXKET BHEAPEHUIO TAKNX CTAHAAPTOB HA JKEJIE3HBIX Joporax YkpauHsl. CTanmap-
THI o0ecIeyar MOBHIIIeHHE HHOOPMAIIMOHHOH 3((EKTUBHOCTH B paccMaTpruBaeMoii cepe, yCTaHaBIMBas B3aUMO-
MOHUMaHKE, €IUHCTBO NPEICTABICHIUS W BOCIIPUATHSA HH(GOpMANK, B TOM YHCIIE, B JOTOBOPHO-TIPABOBBIX OTHOIIIE-
HUSIX MEXIY CyOBEKTaMM XO3SIMCTBEHHOH JEATENbHOCTH, C OpPraHaM{ BIIACTH, B MEXIOCYJAPCTBEHHBIX HAy4HO-
TEXHHUYECKHUX U TOPTOBO-IKOHOMHUYECKUX OTHOUICHHSIX.

Kniouegvie cnosa: cocTosiHuE HaAEKHOCTH IYTH; TEXHIUECKOE COCTOSIHUE ITyTH; JIEMEHTHI IyTH; KOHCTPYKIIHS
IyTH; HOPMAaTUBHO-TEXHUYECKAst U KOHCTPYKTOPCKAs JOKyMEHTAIHs; HOPMBbI YCTPOIHCTBA U COAEPKAHUS
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BU3HAYEHHSA IMHAMIYHOI'O HABAHTAKEHHA BI/JI KOJECA
HA PEUKY JJIA LIBUAKICHHUX TOI3/11B

MeTta. Ha 0CHOBI TEOpETHYHHUX MEPEAYMOB Ta EKCIIEPUMEHTAIBHUX JIOCITIDKEHb Y poOOTi nependavyaersest 00-
IPYHTYBaHHs BHOOpPY (aKkTOpiB, 10 € BU3HAYATBHUMH 111 POPMYBaHHS TUHAMIYHOTO HaBAaHTA)KEHHS HA KOJIIO BiX
CY4YacHOTO PyXOMOT'O CKJIa[ly B YMOBax IIBUAKICHOTO Ta BUCOKOIIBHJIKICHOTO pyXy. Y pe3yibTaTi Oyne HajgaHa Me-
TOJMKA BU3HAYCHHS BEPTHKAIBHOI pO3paXyHKOBOI CHJIM, IO i€ BiX Koieca Ha peiiky. Meroguka. CyyacHa TeHze-
HIIiS PO3BHTKY TPAHCHOPTHHUX MEPEX Iependadac BIOPOBAKCHHS Ha 3alli3HUINX YKpaiHH caMme IIBHIKICHOTO,
a B MEPCIEKTHBI — i BUCOKOIIBHIKICHOTO PYXY MacaXUPCHKUX MO13x4iB. [IpHHINTIOBI KOHCTPYKIiHHI 3MiHH y TaKUX
Moi3/1ax Ta CyTTEBE 3POCTAHHS IIBUAKOCTI PyXy MPHU3BOIATH IO HEOOXiIHOCTI MEperysay METOAUK PO3PaxyHKy il
PYXOMOT0 CKJaay Ha 3ajli3HUYHY KOIIi0, CIIBBIIHOUICHHS CEPEIHBbOKBAJIPATUYHHX BIIXWJICHD PI3HUX TUHAMIYHHUX
CHJI, OIIHKH BIUIUBY Pi3HUX (PaKTOPIB U Pi3HUX MIBUAKOCTEH pyxy. B poOoTi TakoX MOCTIIKEHO 3MIHY TUHAMIY-
HOTO HAaBaHTa)KEHHS 3a Pe3yJibTaTaMU €KCIIEpHMEHTaIbHUX BUMiploBaHb. Pe3ysnbraTtn. OTprMaHO 3aIeKHOCTI ce-
penHbOT Ta PO3paxyHKOBOI CHJI BiJl MIBUAKOCTI PyXy Ul Cy4aCHHUX MAcCaXMPChKUX IMOi31iB. I3 BukopucTaHHsIM dak-
TOPHOTO AMCIEPCIHHOIO aHajli3y OTPUMaHi YMCEeNbHI XapaKTepPUCTHUKHU BIUIMBY PI3HUX (DaKTOpIB HA 3HAYCHHS Bep-
THKAJILHOI CHJIM JIii KOJIeca Ha PEHiKy Ta BCTAHOBIIEHI CTYINEH] [IbOro BILIMBY Ha Horo (opmyBanHs. [ pyHTY0UHCh Ha
pe3ynbTarax eKCIepUMEHTAIbHUX Ta TEOPETUYHHX JOCIIIKEeHb, IT0OKa3aHa HEOOXITHICTh Meperisily METOAUKH BH-
3HAYEHHS PO3PaXyHKOBOI CHJIM JUISl IPAKTHYHHUX PO3PaxyHKIiB KOJIII Ha MILHICTh B YMOBaxX pyXy MacaXMPChKUX I10-
i37iB 13 BUCOKUMU mBUAKOCTsIME. HaykoBa HoBH3HA. Ha OCHOBI TEOpETHYHHX AOCIIIKEHb Ta IPOBEACHOTO aHAII-
3y CTATUCTHYHUX IaHHX CKCIEPUMEHTAILHUX BUMIPIOBAaHb BCTAHOBIICHO, 10 OCHOBHHM (haKTOPOM 30YIKEHHS IH-
HaMivHOT CKJIaJ0BOI BEPTHKAIBHOI CHJIM Ul CyYaCHHX IACaKMPCHKHX MOI3/iB € KOJMBAHHS CHCTEMH «KOJECO-
petika» abo Tak 3BaHE «IIPOXOHKEHHS KOJIECOM TUHAMIYHOI PeHKOBOi HepiBHOCTI». IIpakTHyHA 3HAYUMICTB. [c-
HyI04i METOIUKH PO3paxyHKy IMHAMIYHOI CKJIaIOBOi BEPTUKAIBHUX CHII HOTPEOYIOTh OIIepyBaHHS TAKUM IIOKA3HHU-
KOM, SIK ITpHUBe/ieHa Maca Kouii. OTprMaHi B JIOCIIDKEHHI pe3yJIbTaTh MOKa3ylTh, 1[0 TAKUH MapamMerp € MITyYHUM
Ta MOJKE 3aCTOCOBYBATHCS TUIBKH JIJIsl HU3bKHUX LIBHIKOCTEH PyXy Ha PiBHI CTATUYHHX CXEM PO3PaxyHKY.

Kniouosi cnosa: po3paxyHOK Koutii Ha MIITHICT; BEpXHs OyZoBa KOJIii; MIBUAKICHUN PyX; HANPY)KEHHS B KOJIii;
JMUHAMIYHA CWJIA; IWHAMIYHA HEPIBHICTh

cTpykuis — «[IpaBuna po3paxyHKiB 3ali3HUYHOI
Beryn KOJIi1 Ha MIIHICTS 1 cTifikicT» L{I1-0117 [5].

OmHe 3 OCHOBHHMX NHTaHb, IO BUPINIYETHCS
NPaKTUIHUMH PO3paxyHKaMHU KOJii Ha MIIHICTb, —
[le BU3HAYCHHS MaKCUMaJIbHO IMOBIPHUX HAampy-
’KEHb B eJIEMEHTaX KOJIii, 1110 € MOKa3HUKOM ii MiII-
HocTi. ToMy 3p03ymisio, 110 OCHOBHA yBara MmpH/Ii-
JSUTacsl «BAKKUMY BaHTAKHHUM OJMHUIIM PYXOMO-
TO CKJanay, MEePEeBaKHO JIOKOMOTHUBAM JIJIsl BAHTAXK-
HUX MOi31iB. AJe iX IBUAKICTh PYXY, 5K MPaBUIIO,
He nepesuinye 80-90 km/ron. Hagite 3 ypaxyBaH-
HSIM MACAKHPCHKOTO PyXy BUKOPUCTAHHS METO.IH-
Ku po3paxyHKy 3rimao 3 I{[1-0117 [5] oOmexeHO
mBuakicTio 160 km/ron.

CyuacHa TEHACHIsI PO3BUTKY TPAHCIOPTHUX
MepeX Tependadae BIPOBAHKCHHS Ha 3alIi3HHUIIIX
VYkpainu caMe IIBHIKICHOTO Ta BHUCOKOIIBHIKIC-

PozpaxyHku koumii Ha MIITHICTh BUKOHYIOTb JIJIS
BUPILICHHS TaKuX 3a/ad, SIK BU3HAYEHHS HaIpy-
JKeHb 1 gaedopmaniii B eeMeHTax 3aJli3HUYHOI KO-
7l BiJ BIUIMBY PyXOMOTO CKIIany, OOTpyHTYBaHHS
KOHCTPYKITii Ta OIlIHKa TMOTYXHOCTI KOJIii IIOI0
BCTaHOBJICHMX YMOB eKCIUTyaTalii, pO3paxyHKH
JOMYCTUMHX MIBUIKOCTEH PyXy 3a yMOBaMH Mill-
HOCTI KOJIii, BCTAaHOBJICHHSI TEMIIEPAaTypHOTO pe-
KUMY eKCIUTyaTalii 06e3cTMKoBOi Komii Tomo. Ix
METO/IMKa Ma€ JIOBTY 1CTOPit0, sIKY MOKHA BiACTif-
KyBaTH, nmounHatouu e 3 XIX cropivus. B po3su-
TOK IThOTO HAIPSAMKY CBiff BKJIam BHECTH 0Oararto
BIJOMUX BITYM3HSIHAX Ta 3aKOPJOHHHX BUCHHX.
CydacHMM [iIOYUM JOKYMEHTOM € Tajly3eBa iH-
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HOTO pyXy MAacaKUPCHKUX MOi3miB [6, 16]. [Tpun-
[UITOBI KOHCTPYKIIHHI 3MiHU y TaKUX IOTATAaX Ta
CYTTEBE 3POCTAHHS MIBUAKOCTI PyXy HPUBOJIUTH JI0
HEOOX1THOCTI Teperiisiay METOAMK PO3paxyHKy ix
Iii Ha 3ai3HIYHy Koo [15, 14].

Ilin 4ac KOHCTpYIOBaHHS BHCOKOIIBHJIKICHOTO
PYXOMOTO CKJIaJy 3HAHIILTH 3aCTOCYBAaHHS 1Bl KOH-
TIEMIIii TATOBOTO NMPHBOJA: JIOKOMOTHBHA (30Cepe-
JDKCHA Tra) — 3 TATOBUMH JIBUTYHAMH, BCTAHOB-
JICHUMH Ha €JICKTPOBO3aX, SIKi Y BUCOKOIIBHJIKIC-
HUX T0i3/1aX, SK MPaBUJIO, PO3MIIIYIOTHCS O OJI-
HOMY B TOJIOBHIM 1 XBOCTOBIM YacTHHAaX IOi31a
(BUKJIFOUCHHSI CTAHOBJIATH, HANPUKIAJ, BUCOKO-
mBuakicHi moizau X2000 (Isemis) 1 ICE2 (Hime-
YYMHA), 0 MAlOTh 10 OJHOMY €JIEKTPOBO3Y, abo
noizn APT-P (BenukoOpuranist), y skoMmy mBa
€JIEKTPOBO3H PO3TAIIOBYIOTHCS IMOCEPEANHI COCTa-
Ba), 1 MOTOpBaroHHa (po3mofijeHa TAra) — 3 Bif-
HOCHO PIBHOMIpPHHUM PO3MIIIEHHSM TATOBUX 3aCO-
0iB y3/I0BX MOT3/1a.

Ha BuUCOKOMIBHIKICHUX TiHISIX BHUKOPHCTOBY-
€TBCS PYXOMHM CKJIAIl 3 PiI3HUMH KOHCTPYKITISIMH
0oOnUpaHHs Ky30BIB Ha BIi3KH: 34WICHOBAaHA, KOJU
JIBA CYMDDKHUX BaroHW OMHPAIOTHCS HAa OJIUH Bi30K,
1 He3aJleXHa, TMPHU AKiH KOKHHUN 3 BaroHiB IiITPH-
MY€EThCS JIBOMA iHAUBIAyanbHUMHU Bizkamu. Cyrie-
PHUIITBO KOHCTPYKTOPIB, IO TOTPUMYIOTHCS OJIHi-
€i 13 ABOX KOHIENIlid, TpuBae. Tak, HampuKiIam,
MDKHapoAHU# KoHIepH Alstom BuIyckae moizau
cimeiictea TGV TinbKu 31 34JICHOBAaHUMHU BaroHa-
MU, y TOH € 4ac MPOMIXKHI OJJHOOCHOBI Bi3KH BHU-
KOPHCTOBYIOTBCSL B TIOi3[IaX 3i 3UJICHOBAaHWMH Ba-
ronamu Talgo [17].

BBakaeThcsi, 10 3MEHIIIEHHS YKOPCTKOCTI pe-
COPHOTO TIIBINTyBaHHS 3a IHIOIUX PIBHUX YMOB
CIPUATIMBO MO3HAYAETHCS HA IUIABHOCTI PyXy 3a-
JMi3HUYHHUX eKinaxiB. Tomy icHyrooui TeHIEHLII,
CIpsMOBaHI Ha TOJNIMIICHHS TUIABHOCTI XOy,
y TepIly 4Yepry XapaKTepH3YIOThCS 3HHKCHHIM
JKOPCTKOCTI PECOPHOTO IMiBIITyBaHHS ¥ BiNIMOBiI-
HUM 301IBIIEHHSM CTATUYHOTO MPOTHHY. 3aCTOCY-
BaHHS TiAPaBIIYHUX TPHIAMIB 3 KOMIT IOTEPHUM
KEepyBaHHSM B3aralli He BKIAQAETHCS B TOTOXKHUM
Mepexii M0 TOKa3HUKIB TPYKUHHO-MEXaHITHUX
CHCTEM, 3aKJIQJCHUX B ICHYIOUMX PO3pPaxyHKOBHX
METO/INKAX.

Merta

Ha ocHOBI TEOpeTHYHUX MEPEAyMOB Ta CKCIie-
PUMEHTAIBHUX JOCITIDKEHb OOIPYHTYBaTH BHOIp

(hakTopiB, MO € BU3HAYAILHAUMH TSI (OPMYyBAHHS
JMIMHAMIYHOTO HABaHTa)XCHHS Ha KOJIIO BiJ Cydac-
HOT'O0 PyXOMOTO CKJaay JJii YMOB IIBHJIKICHOTO Ta
BHCOKOIIBUAKICHOTO pyXy. B pesynbraTi HamaTu
METOJINKY BU3HAYCHHS BEPTUKAILHOI pO3paxyHKO-
BOT CHJIH, 1[0 JIi€ BiJ KOJieca Ha PEUKY.

MeTtoaunka

OCHOBHUM HAIPSIMKOM aJarTallii po3paxyHKiB
KOJIii Ha MILHICTD JJIs1 BUCOKUX MIBUAKOCTEH PyXy
Tpeba BBa)KaTH a/ICKBaTHICTh BpaXyBaHHS JUHAMI-
ku npouecy. Illo crocyerscst mporuHy pelku, TO
NpUAMAaEThCA, 10 BiH BiIOYBAETHCS MUTTEBO, a 3a
o0puc BUTMHY peWKd Wi BIUIMBOM TUHAMIYHOTO
HAaBAaHTAKEHHS NPUHAMAETHCA JIiHIS BUTHHY BiJ
CTaTUYHOTO HABAHTAXCHHS, YHCEIBHO PIBHOTO
3HAUCHHIO TUHAMIYHOI CHJIM B JAHWH MOMEHT 4acy
(rimoreza H. II. IletpoBa). Mexu 3acTocyBaHHS
TaKoTO TIPUIYIICHHS OYyJI0 PO3TIITHYTO B PoOOTI
[8]. /luHaMiuyHe HaBaHTa)XCHHS BPAaXOBYEThCS uYe-
pe3 BiAMOBiIHE BU3HAYCHHS PO3PaxXyHKOBOI CHIIH,
3a Ky MIPUHMA€EThCSI MaKCUMaJIbHa BipOTigHA CHIa
3 iMOBipHicTIO HenlepeBumeHHs 0,994, mo ckiana-
€THCS 13 CTATUYHOTO HABAHTAKEHHS Ta KOMILICKCY
JTUHAMIYHUX JOOABOK

P =P+2,58, @)

e P — cepenHe 3HAYEHHS CHIIH, IO i€ BiJ KOJe-
ca Ha peliky; S — cepemHbOKBaJpaTHYHE BiIXU-
JICHHSI CHJTH, TIO JIi€ BiJ KoJieca Ha perKy.

B npakTHuHNX po3paxyHKax Kouii Ha MIIHICTb
[4, 5] mOKa3HHKM CHIIM, IO MilOTh BiJ KoJieca Ha
peiiKy, BU3Ha4ar0Thes 3a (popMynaMu:

}_’zPCT+13p;

S —\/52 S2 40,0552 +0,9552 @)
- p + pH +U, iHK +U,

OHK °

ne P. — Bara ekimajka, BiJHECEHA JO OJHOI'0 KO-

CcT

neca (CraTMYHE HaBaHTaXCHHs); P, — cepexne

3HaYeHHS CWJIM BiJl KOJHMBaHb HAaIPECOPHOI Baru
eKimaxa; Sp — CepeHbOKBAIPATUYHE BiIXHUICHHS

CHJIM BiJI KOJMBaHb HAJpPECOPHOI BarM eKimaxa;

S,s — CePeIHBOKBAPATHYHE BIIXHIICHHS CUJIH BiX

NepeKoYyBaHHs Kojeca MO pellli 3 HepiBHICTIO;

SiHI( — CCPCAHBOKBAAPATUYIHE Bi,Z[XPIJ'IeHHH CHUIIN

BiJl HaABHOCTI Ha KOJIECi 130Jb0BaHOI HEPIBHOCTI;
Ssux — CEPEIHBOKBAJPATUYHE BIIXUIICHHS CHIIH

HK

doi: 10.15802/stp2015/46069

© JI. M. Kypran, 2015

119



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

Hayka ta nporpec Tpancropty. Bicauk J[HinponeTpoBcskoro
HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJli3HUYHOr0 TpaHcmnopty, 2015, Ne 3 (57)

3AJIIBHMYHA KOJIIA

BiJl HASBHOCTI Ha KoJieci Oe3mepepBHOi HEPIBHOCTI.

MaxkcumanbHe 3HAYeHHS CHIIA Bi):[ KOJIMBaHb
HAJPECOPHOI Barm ekimaxka (Ky30Ba) MOXKHa BU-
3HAYUTH JAESIKHUMH 3aco0aMu: 4Yepe3 MaKCHMallb-
HUM TIPOTHH PECOP, Yepe3 CTAaTUYHUN MPOTHH pe-
cop a00 uepe3 koeillieHT BEPTHKAIBHOT TUHAMIKA

Py =k (P = 4,) » 3)

ne k, — KoedillieHT BEPTUKATIBHOI TMHAMIKH; ¢, —

Bara HeoOpecopeHOoi YacTHUHH eKiltaxka, BiJHeceHa
JI0 oHOTO Koyeca, KH.

CepenHe 3HAYCHHS CUJIM BiJl KOJMBaHb Hajpe-
COpHOI Baru ekimaxka npuiiMaerscs sk 75 % Bin ii
MaKCHMAaJBHOTO 3HAYEHHS, a CepelHbOKBAApaTHU-
HE BIOXWiIeHHI — 8 %.

P =0,75P,
S, =0,08P,

(max)
“4)

(max)

CepenHbOKBaIpaTHIHE BiIXWICHHS CHIU Bif
MEepeKoYyBaHHS Koyieca MO pelli 3 HEepiBHICTIO
BU3HAYAETHCS 32 POPMYIIOL0

S =1,81-107 o, Bey! (5)

Ug —
9« py
k

Ie o, — Koe(illieHT, 10 3aJeXKUTh Bl TUILY LA

(BpaxoBy€e Bary BepxHBOI OymOBH KouIii, o Oepe

y4acTh y B3aeMOJii 3 KojecoMm); 3 — KoedillieHT,

IO BPaxOBY€ THUMN PEHOK (3aJICKUTh BiJi MOMEHTY

iHepuii peikn); € — Koe(illieHT, 110 3aJIeKUTh BiJ

TUNY MMaid, Y — Koe]ilieHT, MO 3aJeKUTh Bif

BUy Oamacty; / — BiiIcTaHb MiX OCSMH IITAJI, CM;

U — Moamyns TpPYKHOCTI MigpeHKoBOi OCHOBH,

Mlla; k& — xoedimieHT BITHOCHOT JKOPCTKOCTI, CM~

', ¥V — mBuAKicTh pyXy, KM/TOLL.

CepenHbOKBaIpaTHIHE BiIXWICHHS CHIU Bif

HasIBHOCTI Ha KoJieci i30JIb0OBaHOI HEPIiBHOCTI BU-

3HAYa€THCA 32 (OPMYIIOH0

Si = 0,050,Ee, % ,

(6)
ae o, — Koe(illi€eHT, 110 3aJeXKUTh BiJl TUITY ILIIAaJ;
& — 0e3po3MipHHIi TPOTUH (BIAHOIIEHHS JOJATKO-

BOr0 MPOTHHY PEHKH, 0 BUHMKAE BHACIIIOK Ha-
SIBHOCTI Ha KOJIECi 130JIbOBaHOI HEPIBHOCTI, IO
IIUOMHY 1i€i HEPIBHOCTI); €, — IMOMHA 13071b0-

BaHOI HEPIBHOCTI Ha KOJeci, CM.

CepenHbOKBaIpaTHIHE BiIXWICHHS CHIN Bif
HasIBHOCTI Ha KoJjieci Oe3nepepBHOI HEPIBHOCTI BU-
3HAYa€THCA 32 (OPMYJIIOH0

1,63-107 0 U4Jq, V?
d*\JkU -32k*q,

ne d — miameTp Koleca, CM.

Sk BUmHO 3 HaBemeHWX (GOPMYJI, JTHHAMIYHI
CKJIQJIOBI CHJIM, IO JIi€ BiJ KOJieca Ha peiKy, mMa-
I0Th CKIIAJHI 3aJIeKHOCTI BiJl 0araTthboX Mapamer-
piB. BHUKOHaHI JOCTIKEHHS ITOKA3aJId, IO IS
OLTBIIOCTI PI3HOBHIIB CyYaCHUX OJUHUILL IIIBH/I-
KICHOTO Ta BUCOKOIIIBH/IKICHOTO PYXOMOTO CKJIaTy
XapaKkTepHa 3aJIC)KHICTh BHECKY KOXHOT JMHAMIY-
HOi 100aBKH y 3aralibHe 3HaYeHHs CWIM. BusHaua-
JBHUMHM BUXIIHUMH JaHMMUA MOXHA BBa)KaTu
MIBUAKICTD PYXY 1 MOJYJIb IPY>KHOCTI ITiIPEHKOBOT
ocHoBH. Ha puc. 1 HaBeneHo mpukiam 3MiHA 3Ha-
YEeHb CEPEeIHHOKBAAPATHYHUX BIIXHICHb YOTHPHOX
MUHAMIYHUX CHJI, IO BXOJSATHh JIO NPAKTHYHUX
PO3paxyHKiB Ha MIIHICTb, 3aJIE)KHO BiJl IIBUAKOCTI
PYXY Ui MOAYJIS MPYXKHOCTI MipeHKOBOT OCHOBU
50 MITa.

xkH
30 1

(7

OHK

25 1
20 A
15 1

10 A

100 150 200
HIBuIKiCT PYyXY, KM/TOJT

Puc. 1. 3miHa cepeTHPOKBAIPATUIHUX BiIXHUJICHD IH-
HAMIYHUX CHJI BiJ IIBHIKOCTI PyXY:

1-S :2-8. ;2-8

pi > ihc > i 3 YPAXyBaHHAM MPHITYLEHHS

1po 5 % rtakux Komic; 3 — Sg, 34— Sp

Fig. 1. Change in the standard deviation of the dynamic
forces on the velocity of motion:

1-8..:2- 8,2 — S, take into account about

pu° iHK ° i

5 % of such wheels; 3 — Sg, ;4— S,

HK °
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3 BUKOHAHOTO aHai3y, MPUKIIA]] SKOTO MOXHA
JOCTIIUTH Ha pHUC. 1, BUIHO, 110 CITIBBIAHOIICHHS
CepeHhOKBAIPATUYHHUX BIXWUICHb DPI3HUX JHMHA-
MIYHHMX CWJI, a BIAMOBIIHO W BIUIMB Pi3HHUX (PaKTO-
piB, VI Pi3HUX MBUAKOCTEH PyXy HE OTHAKOBHI.
Tak MOXKHa BIIOKPEMUTH 30HY 3 MIBHUAKOCTIMH
pyxy mo 80—100 xm/rog (0cOOTMBO BaXKIUBO IS
BaHTa)XHUX TIOI3/IIB 1 IE€TAIBHO JOCIIHKEHO B Jif0-
YUX pO3paxyHKax KoOJNii Ha MIIHICTh) Ta 30H 3i
mBHAKICTIO pyxy 120-250 km/rog 1 Oinblie
250 xm/Ton.

Ha puc. 2 HaBeneHa 3aJI€KHICTh CKIIaJ0BUX PO3-
PaxyHKOBOi CHJIM (3arajlbHOTO CEepPEIHLOKBAPATH-
YHOTO BiIXWJICHHS 1 CEpeIHBOTO 3HAYEHHS CHJIH BiJ
KOJIMBAaHb HAJIPECOPHOI Bard €Kimaka) 3aJIe)KHO Bif
HIBUJIKOCTI PyXy. 3 pUCYHKA BUJHO, IO IIPH IIBUJI-
KocTsx pyxy mo 40-60 xm/ronm cepenHe 3HAYECHHS
CHJIM BiJl KOJMBAaHb HAJPECOPHOI Bard eKimaka He
MOCTYIIAE 33 PIBHEM JBOM 3 MOJIOBUHOIO CEPEIHBO-
KBaJ[paTHYHUM BIIXHJICHHSAM, a, BIJIOBIJHO, Ma€
CYTTEBHH BIUIMB HA OCTAaTOYHE 3HAYEHHS PO3paxyH-
KOBOT CHIM. 31 30UIBIIICHASIM IIBHIKOCTI pyXy IIeH
BIUTHB IIBUJIKO 3MEHIITY€ThCS.

kH
80
60
1
/

40

2 —
? / ——=
0 T T . . )

0 50 100 150 200 250 300
[IBupKicTh pyXy, KM/TOJ

Puc. 2. 3miHa CKI1aOBUX PO3PaXyHKOBOT CHIIH
3aJIeXKHO BiJ| LIBUJKOCTI PyXY:

1-2,58:2- P

Fig. 2. The changing of computational power
depending on speed:
1-2,58;2- F

Takox MOXHa JOCTIAWTH 3MIHY TUHAMIYHOTO
HaBaHTAKEHHsI 3a pPe3yJbTaTaMH eKCIIepUMEHTa-
JTHHUX BUMipoBaHb. Ha puc. 3—6 HaBeneHo 3aie-
JKHOCTI CepellHbOi 1 PO3paxyHKOBOT CHII BiJl IIBHUI-

KOCTI pyXy sl TacaXwpchbkmx moi3mi Talgo
i Skoda. ExcrieppuMeHTaNbHI BUMIPIOBAHHS BHKO-
HyBajuch KomieBunpoOyBaIbHOIO Taly3eBOI0 Hay-
KoBO-flocimHo0 nabopartopiero JIHY3Ty. 3na-
YeHHS BEPTHKAIBHOI CHIIM, IO JI€ BiI Kojieca Ha
peiiky, BH3HaYalKMcs 3a pe3ylbTaTaMH BUMIpIO-
BaHb HANpyXeHb B peilikax. ExcriepuMeHTanbHi
BHUIPOOYBaHHS BiMOyBaIMCS HAa TPSIMHX MUITHKAX
KoJ1ii 0e3 BiIXWIeHb B YTPUMaHHI OiIbIle HIX JIpY-
ruit crymine [12], BepxHs OymoBa koumii 000X J0-
CIIIHUX OUIAHOK CKIIajgaiacs 3 O€3CTHKOBOI IUIITI
peiiok P65, 3amizobeToHHMX miman, oeOSHEBOTO
OanacTy Ta BiAmoBizana BUMOraM KOHCTPYKIIii KO-
mii [ xareropii [10]. [Toizxg Talgo cknamaBes 3 mo-
koMoTuBa KZ4A Ta 3WICHOBAaHHUX MACAKHUPCHKUX
BaroHiB 3 CyMDKHHMM OONHpaHHSM Ha OJHOBICHI
Bi3ku. Iloizg Skoda ckmamaBcs 3 MoTOpHUX Ta
MPUYIITHAX BaroHiB 3 OKPEMUM OOMHMpaHHSIM Ha
JIBOBICHI BI3KH.

180
160 1 ‘//,%
/;/
T 140
C@'\ )H
=
& 120 //;
100 125 —
80 . . . . .
0 40 80 120 160 200

IBuakicTs pyxy, KM/TOJ

Puc. 3. 3anexHiCTh cepeHbOl 1 po3paxyHKOBOT
BEPTHKAILHOI CHUIM BiJ] IBUAKOCTI PyXy VISl IOKOMO-
tBa KZ4A noisna Talgo ( P, =105,5 xH) :

1- CepeAHE 3HAYCHHS CUIIN; 2-— PO3paxyHKOBE
3HAYCHHA CUJIN

Fig. 3. The dependence of the average and calculated
vertical force on the speed for the locomotive KZ4A,
train Talgo ( £, = 105,5 kN):

1 — average force; 2 —calculated value of the force

Haseneni 3HaueHHs1 cepelHBOI 1 pO3paxyHKOBOT
(1) cunt BU3HAuamMCs 3a pe3yJbTaTaMH CTaTUCTUY-
HOT 0OpOOKH TaHUX.

3a HasBHICTIO JTOCTATHHOI KUJIBKOCTI BHUMIpPIO-
BaHb JAJIsl eKCIiepuMeHTaIbHOro noizaa Talgo Oyno
BUKOHAHO (haKTOpHI Aucriepciini aHamizu [3, 11]
JUISL OTPUMAHHS YHCENIBHUX XapaKTEPUCTHK BIUIU-
By pi3HUX (DaKTOpiB Ha 3HAUCHHS BEPTUKAIBHOL
CHJIM Jii KoJieca Ha pelKy.
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3AJIIBHUYHA KOJIIS
140 1 HUTKaX 3 Pi3HUMH BiJACTaHSIMH Ha JULTHIN 3 3ara-
/ JHHOIO JOBXKHHOIO 42 MeTpu 0e3 HasBHOCTI CyTTe-
I 120 ; BUX BiAXWICHb B YTPUMaHHi), IO XapaKTepU3ye
< 5 BIUIMB PyXy KoJieca MO JUHAMIYHHMX HEPiBHOCTAX
= 100 — KOuii, sSIKi BHHUKAIOTh B PE3yJbTaTi KOJIMBAaHb pei-
)] ) S v RV
3¢ % Ky ——X KH.
80 : : : . - 120
0 40 80 120 160 200 -\./'\—i—-\_\-
Ilpu g W/ E !
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Puc. 4. 3anexHicTh cepeaHbOi 1 PO3paxXyHKOBOT o / - M
BEPTHUKAJIHHOI CHJIH BiJl IIBUAKOCTI PyXy IS TTACAKHP- 80 y T y T y y y y "
0 40 80 120 160

cpKoro BaroHa noisna Talgo (P, =85 kH):
1 — cepeltHe 3HAUEHHS CHIIH; 2 — pO3PaxXyHKOBE
3HAYCHHs CUJIN

Fig. 4. The dependence of the average and
the calculated vertical force on speed for passenger

train Talgo ( P, =85 xH):
1 — the average force; 2 — calculated value of force
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[IBWIKiCTB pyXY, KM/TOZ

Puc. 5. 3anexHicTh cepeHbOl 1 po3paxyHKOBOT
BEPTUKAJIBHOI CHJIM BiJ] IIBUAKOCTI PyXY
ams MoTopHoro Barosa moizaa Skoda (P, =99 xH) :

1- CepeAHE 3HAYCHHS CUTIU; 2-— PO3paxyHKOBE
3HAYCHHA CUJIN

Fig. 5. The dependence of the average and
calculated vertical force on the velocity of motion
for the engine car, train Skoda (£, =99 xH) :

1 — the average force; 2 — the calculated value of force

Tak Oyno mpoaHami30BaHO BIUIMB HOMeEpa Oci
(po3rmsiHyTO 8 OCell macakUPChKUX BAaroHiB 3 MPH-
OJM3HO OJHAKOBMM HaBaHTAKCHHSIM), IO Xapak-
TEpU3y€ BIUIMB KOJHMBAaHb Ky30Ba 1 HEPIBHOCTEH Ha
KoJIecax.

Takox Oyio mpoaHaTi30BaHO BIUIMB MiCIs Tie-
pepi3y pedikum (po3risHyTO 8 mepepiziB Ha 000X

HIBUIKICTH PyXY, KM/TOZ

Puc. 6. 3anexHICTh cepeHbOl 1 po3paxyHKOBOT
BEPTUKAJIBHOT CHITU BiJ| LIBUJKOCTI PyXy
JUTS IPWYHITHOTO BaroHa moi3aa Skoda (PCT =84 xH) :

1 — cepeltHe 3HAUCHHSA CHJIH; 2 — PO3PAXyHKOBE
3HAYEHHS CHJIN

Fig. 6. The dependence of the average and
the calculated vertical force on the speed of movement
of a towed wagon, train Skoda ( P, =84 kH) :

1 — the average force; 2 — the calculated value of force

3aranpHa KiJBKICTh BHMIpPIOBaHb B MAaTpPHIIi
CIIOCTEpPEXKEHb KOJIMBAJIACH Ul PI3HUX DIBHIB
HIBUJKOCTI pyXy, HAIIPUKIIA, [UIA IIBUAKOCTI PyXy
200 km/rox cxmanma 560 3HaueHb. OTpuMaHi pe-
3yJIbTaTH HiINOPAAKOBYIOTHCS HOPMAJIBHOMY 3a-
KOHY po3noaijieHHs. Ha puc. 7 HaBegeHO MpHKIa-
JM 3aKOHIB PO3NOAUICHHS, OTPUMAaHUX 3a EKCIIe-
PUMEHT-TAIbHUMH JaHUMH, JUTS IIBUAKOCTEH PyXy
801200 xkM/roj 3 KpokoM auckperusanii 12,5 kH.

Hns mBuakocti pyxy 200 xm/ron Oyno oTpu-
MaHO CTyMiHb BIUIMBY (3a koediriearom dimepa)
HOMepa Oci BaroHa Ha piBHi 1,696; CTymiHb BIUTUBY
HOMepa mepepi3y peiiku — 122.4 npu piBHI KpUTH-
9HOTO 3HaueHHS Koedimienra dimepa 2,02. s
IHIMUX 3HAYEHBb MIBUAKOCTI PYXy CIHIBBiIHOIICHHS
HaBeJICHUX TTOKa3HUKIB MPUHIUIIOBO HE 3MIHIOETh-
cs. Hanpuknan, mpu mBuakocti pyxy 80 km/rox
otpumMano koedirieatu dimepa 0,296 1 120,1 mist
HOMepa Oci 1 mepepizy perKH BiINOBIIHO.

TakyuM YWHOM MOXXHA 3pOOMTH BHCHOBOK, IO
KOJIMBaHHS Ky30Ba B CYYaCHHUX ITaCaKMPCHKUX Ba-
TOHAX SKICHO TacATHCSA 1 HE MPHUBOAATH O CYTTE-
BOr'0 301TbIIEHHS] BEPTUKAIBLHOI CUJIM THCKY KOJIe-
ca Ha peiiky. OCHOBHUM (akTopoM 30ypeHHS -
HaMIYHOI CHJIM MOXXHA BB)KaTH NPOXOJKEHHS KO-
JlecOM JMHAMIYHOI HEpIBHOCTI KOJii, sfKa yTBO-
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PIOETHCS HABIThH 32 BiJICYTHOCTI CYTTEBHUX T'€OMET-
pPUYHHMX HEPIBHOCTEH BHACTIOK KOJWBaHb PEHKH
Ha MPYKHI{ MiapeHKOBii OCHOBI.

0.45
0.4
0.35

2,58

1
\/
P \\

2,58

™

0.25 N\

, /1N
015 /] A\
0.1 /] \\ 2
0.05 / j \ ‘\/\

0

(=]
[\

BiporinHicts
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Bepruxansna cuia, kH
Puc. 7. 3akoH po3MOIiICHHS BEPTHKAILHOI CHIIH
BiJ| KOJIeca Ha PEHKY 3a eKCIIepUMEHTaIbHUMU
BUMIPIOBaHHSMH JJIsI TACAKUPCHKOTO
BaroHa moi3aa Talgo:

1 — mBuaKicTs pyxy 80 KM/Tox; 2 — MIBUAKICTD
pyxy 200 xm/Tox

Fig. 7. The distribution law of the vertical force
of the wheel on the rail by experimental measurements
for passenger train Talgo:
1 — speed of 80 km/h; 2 — speed of 200 km/h

ToMy HAOLITBHO TEPETNIIHYTH METOJUKY BH-
3HAYEHHs caMe JUHAMIi4HOI CHJIM BiJ MPOXOJKEH-
HSl KOJleca 10 PeuKoBiii HepiBHOCTI. B mepBuHHO-
My BUTIIAIL hopmyy (5) MOKHA TTOAATH TaK

2
S, =0.7070, —— |2

0@ k

ne 0,707 — xoedilieHT mepexoay BiJ MakCHMallb-
HOI'O 3HAYEHHs CWIH 110 ii CepeIHbOKBaIpPaTUIHO-
r'O BIAXHWJIEHHS, 1110 BiJIOBIIa€ TPUTOHOMETPHUHIH
¢GyHKLIT, SKa 3aKIaJaeThCsl Uil OMUCY TapMOHIY-
HUX KOJIMBaHb, g — MPHUCKOPEHHs BIJIBHOIO Ma-

Vi, (8)

IOiHHA; [ — IWHAMIYHUK YXHJ PerKoBOi HEpiBHOC-
Ti; O, — KoediuieHT, Akuil yBiHmoB y Gopmyiry
3roJIOM, BU3HAYAETHCS BIIHOUICHHSIM MacH KoJieca
1 Macu KoJii, IpUBEAEHUX 10 TOYKH IX KOHTAKTY.

®dopmyna (8) € pe3ynbTaToM OOpOOKH JaHUX
pimeHHs aud)epeHIIiHHOTO pPIBHAHHA KOJHMBAaHb
MEXaHIYHOI Mapu «KOJIeCO-peiika», TEePBHHHO
OTpHMaHa ISl MiAPEHKOBOi OCHOBH 3 JepEB’ THUMH
mmaamu [2, 4, 13]. Jng 3ami300€TOHHAX IITHAT
Oys1o 3anpornoHoBaHo iHITy Gopmydy [1, 13]

_9,1-107° PV /g,
YE?

)

pH

ne E — Momynb NpyKHOCTI peiikoBoi crami; [ —
MOMEHT iHepIil peiKH.

OpHak B Cy4acHHX MPaKTHYHUX PO3paxyHKax
KOuTii Ha MIIHICTB [5] BUKOPUCTOBYEThCA opMyTia
(5), orpumana 3 Gopmynn (8) 3 BIIIOBITHAMH KO-
edilieHTaMu, sSKi BPaxOBYIOTh HacamIiepes] 3MiHy
napaMeTpiB TUHAMiYHOI HEPIBHOCTI MPHU 3aCTOCY-
BaHHI 3aJTi300€TOHHUX INMAJ, BUKIUKAHY 30171b-
HICHHSM >KOPCTKOCTI MiIPEHKOBOi OCHOBHU Ta 3Mi-
HOIO MPUBEACHOT MacH KOJIii

i = Ao, BeylP
A_1,788-10—4J2g - (10)
T,
kH
25
15 160 xkm/Tox 2
10 )
5 1
— Wwion_,
0 , , , , , .
20 40 60 80 100 120 140

Monyib nipy>KHOCTI TiiipeiikoBoi ocHoBu, MIla

Puc. 8. 3anexHicTh cepeIHbOKBAAPATHYHOTO
BIJIXHMJICHHS CHJIH BiJl TIPOXO/DKEHHS Kojleca
0 peiKOBif HEPIBHOCTI BITHOCHO MOJYJISI TIPY’KHOCTI
IiApeHKOBOT OCHOBH:
1 —3a popmymoro (5); 2 — 3a popmyoro (9)

Fig. 8. The dependence of the standard deviation forces
from passing wheels on rail inequality relatively elastic
modulus of under rail bases:

1 — according to the formula (5);

2 — according to the formula (9)

Ha puc. 8 HaBeneHo mpukiaj 3ajexHOCTEN ce-
PEOHBbOKBAIPATUYHOTO BiAXWIEHHA CHIM BiJ Mpo-
XOJDKCHHS TI0 PEHKOBIM HEPIBHOCTI BiX MOIYIII
NPY’KHOCTI MiAPeHKOBOI OCHOBH, PO3PAXOBaHUX 3a
dopmymamu (5) i (9), Ans IEKTBKOX PiBHIB IIBH/I-
Kocter pyxy: 40, 160 i 250 km/ron. [lpn HE3BKUX
HIBUAKOCTSIX PyXy PO30IXKHICTD B po3paxyHKax He-
3HauHa. [ MOIysl MpY>KHOCTI MiApeiKoBOi OCHO-
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Bu Oinsa 50 MIla pesymeratu 30iratotbes. CyTTeBe
30UTBIICHHST MOAYJIS TPYXKHOCTI TPU3BOJMUTH JIO
PO3XO/DKEHHS PE3YJbTaTiB, SIKE CTAa€ OCOOJIUBO Bifl-
YYTHUM NP BUCOKUX MIBUIKOCTSIX pyxy. [Ipuuomy
3a (opMyIoro (5) 30UTBIIIEHAS] MOIYJISA TPY>KHOCTI
30UIBIIY€E CHITY: OUIBII dKOPCTKA KOJIisl — OLIbII Ba-
JKKa (OCOONMBO y TIOPIiBHSIHHI JE€peBO — 3ajti300e-
TOH), @ 3HAYNUTH — OLIBINIA TTPUBEICHA Maca KoJii. 3a
¢dopmynoro (9) 30iNBIIEHHS MOMIYIS IPYKHOCTI
3MEHIIIy€ CHJIy: OLIBII YKOPCTKA KOJisl Tiel camoi
KOHCTPYKII1 (JTiTHIHM 3ai300€TOH — 3WMOBHIA 3ali-
300€TOH) Ma€e MEHIIY JOBXHUHY 1 TNTIHOUHY MPOTHHY,
a 3HAYUTh — MEHILIA ITPUBEICHa Maca KOIil.

B mpomy nmocmimkeHHI He TependavyaeThCcsl BU-
pilllyBaTH 3aja4y BU3HAUYCHHS MPUBEACHOI MacCH
koutii. HaBmaku, HaBelieH1 MipKyBaHHS MOKa3yIOTh,
110 TaKWW MapamMeTp € MITyYHUM 1 MOXKE 3aCTOCO-
BYBATUCS TUTBKH JIJISI HU3bKUX IIBUAKOCTEH pPyXy
Ha PIBHI CTATHYHHUX CXEM PO3paxyHKy [7].

PesyabTaTtu

[IpoananizoBaHO pe3yabTaTH CTATUCTUYHOI 00-
pOOKM IaHWX EKCHEPUMEHTAILHUX TOCIIKEHB
PYXy Cy4acHUX MacaKMPCHKUX MOi3/IiB i3 IIBUAKO-
cTsamu pyxy 1o 200 kM/Tof MO0 piBHS TUHAMIY-
HOI BEPTHKAJIbHOI CHJIM Jii KOjJeca Ha pEWHKy.
BcraHoBneHO cTymeHi BIIIMBY pi3HUX (aKTOpiB Ha
dbopmyBaHHS 3HAYEHHA ITi€i cmim. OTpUMaHO SK
eKCIIepUMEHTAIIbHE, TaK 1 TEOpEeTHYHE OOTPYHTY-
BaHHS HEOOXIHOCTI TIeperiisiay MEeTOAWKH BU3HA-
YeHHSI PO3PaxyHKOBOI CHJIM ISl IPAKTHYHUX PO3-
paxyHKiB Koii Ha MIIHICTh B YMOBax pyxy mnaca-
KHUPCHKAX TOi3MIB 3 BHUCOKHUMH IIIBHIKOCTSIMHU.
HaneBHo, Takuil mnepersisgig IMOBUHEH TOJISATraTu
HE TIIBKM B KOpEryBaHHI ICHYIOUHX METO/IIB,
a  y ¢popmyBaHHI HOBHX MiAXOIIB HAa OCHOBI Cy-
YaCHUX MaTeMaTHYHUX Moeleil abo BIAMOBIIHHUX
CTaTHCTUYHUX NaHuX. Hampukian, oguH i3 3aKop-
JOHHHMX BapiaHTIiB BHUPIMIEHHS MOCTABJIEHOT 3a1adi
[9] mepenbauae BU3HAYEHHS PO3PaXyHKOBOI CHIIH,
SIK CyMH CTaTHYHOTO HABAHTAXEHHS 1 TUHAMITHOL
n00aBKH, SKa BH3HAYA€THCSA 3aJIe)KHO BiJl CTaHy
KOl 1 IBUAKOCTI pyXy

Foowp
s =nQ

=L, + sk,
; (In

ne n — KoeiIlieHT, 1m0 BpPaxoOBY€E€ CTaH KOJIIi:
n=0,1 — BigmiaHW# craH, n=0,2 — rapHUN CTaH,
n=0,3 — moraHuil cta”; @ — KOe]IUi€HT, KU
3aJIeKHUTh BiJ LIBUIKOCTI PyXYy:

o=1,V <60 xm/rox;

@=1+O,5\1/_T600, 60 < ¥ <300 (nac. moizna); (12)

(p=1+0,5%, 60 <V <140 (BaHT. 110131).

Taxuii miaxig MPUXOBYE BIUIMB JICTATBHUX Xa-
PaKTEpUCTHK KOJIIi Ta PyXOMOIo CKiaay Ha (op-
MYBaHHS JUHAMIYHOI CHIIH, ajie J]a€ 3MOTY OTpH-
MyBaTH aJeKBaTHI YHMCENIbHI 3HAYEHHS U BiITO-
BIJTHUX PO3PaxyHKIB MII[HOCTI 3aJTi3HUYHOT KOJii.

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYNMICTDL

HaBeneni pe3ynbTaT HaJaOTh [MOJATBIIUN
PO3BUTOK HAYKOBIii 3ajadi MIOJO0 CTBOPCHHS CY-
YaCHUX  METOJIIB  PO3paxyHKiB  HampyKeHO-
neOopMOBAHOTO CTaHY 3aTI3HUYIHOI KOJIi I BU-
COKHX HIBUAKOCTEH pyxy. Ha ocHOBI TeopeTHyHMX
JIOCTIDKEHb 1 BUKOHAHOTO aHaJli3y CTATUCTHYHUX
JIAaHUX EKCIIEPUMEHTAILHUX BUMIPIOBAHb BCTAHOB-
JieH1 (akTOopu 30Y/HKCHHS TUHAMIYHOI CKIIaZ0BOT
BEPTHKAJILHOI CWIIM JIJIS CyYacHUX MacaXKUPChKUX
noi3xiB. OTpuMaHi pekoMeH Al yI0CKOHAIIOIOTh
ICHYIOU1 pO3paxyHKH KOJIii Ha MIITHICTh, BHPIMTYTO-
Y1 NPaKTUYHY 3a/1a4y 1X 3aCTOCYBAHHS JUIsl IIIBH/I-
KoCTel pyxy Oinbie 160 km/roz.

BucHoBku

3Ha4YeHHsS PO3PaXxyHKOBOI BEPTHKAIBHOI CHIIH,
IO Ji€ BiJl KoJieca Ha PEWKy, 3aJIeKUTh BiJ Oara-
ThoX (akTopiB. Ilpu mpakTHYHUX pO3paxyHKAX
KOJIii Ha MIIHICTh [eH TOKa3HUK (QOPMYEThCS
3 JIEKITBKOX CKJIQJIOBUX, BIUIMB SKHUX HAa Pi3HHUX
MIBUAKOCTSX PyXy HE OIHAKOBHH. 3a aHallizoM
pe3yIbTaTIB aHANITUIHUX PO3PAXyHKIB BCTAHOB-
JICHO, III0 3@ BIUIMBOBICTIO PI3HUX JUHAMIYHUX
CKJIQJIOBUX MOXKHa BiJJOKPEMUTH TaKi IIBUIKICHI
3ouu: 70 80-100 xm/roxa, 120-250 xm/rox, Oinbiie
250 xm/rom.

Sk TeopeTuyHi AOCHTIJKCHHS, TaK 1 aHaJli3 CTa-
TUCTUYHUX JaHUX EKCIEPUMEHTAIFHUX BUMIpIO-
BaHb IIOKa3yIOTh, 110 OCHOBHMM (akTopoM 30Yy-
JOKCHHSI JIMHAMIYHOT CKJIAJIOBOI BEPTUKAJIBHOI CH-
T U1 CYYacHUX TACAKUPCHKHX TOI3MIB, IO pPy-
XarThCcsl 3 mBHAKICTIO 120 kM/rom 1 Ouiblie,
€ KOJIMBAaHHS CHCTEMH «KoJeco-peiika» abo Tak
3BaHE MPOXOJKCHHS KOJIECOM JIMHAMIYHOI pPeiKo-
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BOi HEpiBHOCTI. IcHyI0Ui MeTomM pO3paxyHKy Ta-
KHX CHJI MOTPEOYIOTh ONEPYBaTH TAKUM IMOKa3HH-
KOM, SIK TIpuBeJeHa maca komii. HaBenmeni mocii-
JOKEHHSI TTOKa3yI0Th, [0 TAKUH MapaMeTp € MITyd-
HUM 1 MOXe€ 3aCTOCOBYBATHUCS TITbKU JUISI HU3bKUX
HIBUJKOCTEH PyXy Ha PiBHI CTATHYHHX CXEM DPO3-

PaxyHKy.
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OIIPEJEJIEHUE JMHAMUYECKOM HATPY3KH OT KOJIECA
HA PEJIBC JJIs1 CKOPOCTHBIX ITOE3/10B

Heas. Ha ocHOBE TeOpeTHYECKUX MPEANIOCHIIOK M SKCIEPUMEHTANIBHBIX UCCIIE0BaHNI B paboTe MpeaycMaTpu-
BaeTcss 000CHOBaHWE BBIOOpA (PAKTOPOB, KOTOPBIE SBISAIOTCS OMPENSIISIONIMME JUIs (HOPMHUPOBAHHS JTUHAMHYECKOM
Harpy3KH Ha IMyTh OT COBPEMEHHOTO MOBIKHOTO COCTaBa B YCIOBHUSIX CKOPOCTHOTO M BBICOKOCKOPOCTHOTO JBHXKE-
HUs. B pesynbrare OyneT mosydeHa METOIMKa ONpPEesIeHNs] BEPTUKAIBLHON pacyeTHOM CHIIbl, KOTOpasi JAeHCTBYeT
oT Koseca Ha penbc. MeTtoauka. CoBpeMeHHasi TEeHACHIMS Pa3BUTHUsI TPAHCHIOPTHBIX CETEH MpeayCcMaTpHBaeT BHeE-
JIpEHHE Ha JKEJIE3HBIX JI0OpOrax YKpauHbl CKOPOCTHOTO, & B MEPCIEKTHBE — M BBICOKOCKOPOCTHOTO IBHXKEHUSI ac-
CaKUPCKHX 0e370B. [IpHHIMIMAIBHBIE KOHCT-PYKIIMOHHBIE U3MEHEHHS B TAKUX T10€3/1aX U CYIIECTBEHHOE YBEJIH-
YEeHHE CKOPOCTH IBHKCHUS MPUBOJAT K HEOOXOANMOCTH IIEPECMOTpa METOJUK pacdeTa BO3AEHCTBHS IOIBH)KHOTO
COCTaBa Ha KEJIE3HOIOPOKHBIA ITyTh, COOTHOIICHHSI CPEIHEKBAJAPATHUECKUX OTKIOHEHHH Pa3JIMYHBIX JUHAMHYE-
CKHX CHJI, OLICHKH BO3ACHCTBHUS Pa3MNUHBIX (PAKTOPOB JUIA pa3HBIX CKOpOCTeH ABMXKeHHA. B pabote Takxke mccie-
JIOBAaHO U3MEHEHUE JUHAMHUYECKON Harpy3KH IO pe3yJbTaTaM 3KCHEPUMEHTAIbHbIX n3MepeHuil. Pesyabrarsl. [1o-
Jy4eHBI 3aBUCUMOCTH CPEJHEH M PacueTHOW CHIJI OT CKOPOCTH IBIIKEHUS Ul COBPEMEHHBIX MACCAKHPCKHUX I10E3-
JoB. C ucnonb3oBaHueM (PaKTOPHOTO AWCIIEPCHOHHOTO aHAIM3a MOTYyYEHbl YMCIECHHBIE XapAKTEPUCTUKU BIIUSHUSA
pa3HbIX ()aKTOpOB Ha 3HAYECHUE BEPTHKAIBHON CHIIBI JEHCTBHS KOJIEca Ha PEIbC M YCTAHOBJIEHBI CTENIEHH 3TOTO
BIMSHUA Ha ero (popmupoBanue. Onupasch Ha pe3ynbTaThl SKCIEPUMEHTAIBHBIX U TEOPETUIECKUX HCCICIOBAHHH,
000CHOBaHa HEOOXOAMMOCTH MEPECMOTPa METOAWKHU OIPEAEICHHUs] paCUYeTHON CHJIbI JJIsl MIPAKTUYECKHX PacueToB
MYTH Ha IPOYHOCTH B YCJIOBHSX JBHW)KEHHS MACCAKUPCKUX IOE3/I0B C BHICOKUMHU CKOpocTsiMu. HayuHasi HOBH3HA.
Ha ocnose TCOPCTUUYCCKUX I/ICCHCHOBaHI/Iﬁ 1 MPOBCACHHOT'O aHaJIW3a CTATUCTUYCCKUX JaHHBIX 3KCICPUMCEHTAJIBHBIX
N3MEpEeHNI YCTaHOBJIEHO, YTO OCHOBHBIM (DaKTOPOM BO30Y>KAEHHS ITUHAMHYECKOH COCTaBIIIOIIEH BEPTUKAIBLHON
CHJIBI JIISI COBPEMEHHBIX IMACCAKMPCKHUX ITOE3JI0B SIBIISIOTCS KOJIEOAaHHs CUCTEMbI «KOJIECO—PENbC» MM TaK Ha3bl-
BAaeMOE «IIPOXOXKICHUE KOJIECOM IMHAMHUYECKOH HEepoBHOCTH IyTw». IIpakTHyeckas 3HaunMMocTb. CymecTByo-
Y€ METOAMKN pacueTa ANHAMHUYECKOH COCTaBIIIONICH BEPTHUKAIBHBIX CHJI HYXKIAIOTCS B TaKOM IOKa3aTese, Kak
NpUBEICHHAs Macca IMyTH. [loTydeHHbIe B HCCIIEIOBAHNH PE3YIbTAThl MIOKa3bIBAIOT, YTO TAKOW MapaMeTp SIBISIETCS
HCKYCCTBEHHBIM M MOXET HCIHOJIb30BAaThCS TOJBKO U HU3KHX CKOPOCTEH IBIKCHUS HA YPOBHE CTATHUHBIX CXEM
pacdera.

Kniouegvie cnosa: pacdeT IMyTH Ha MPOYHOCTh; BEPXHEE CTPOEHHE IMyTH; CKOPOCTHOE IBIIKCHHUE; HANPSDKCHHE
B PeNbCe; JUHAMUYECKas! CHJIa; JUHAMUYIECKasi HEPOBHOCTh

D. M. KURHAN'""

"Dep. «Track and Track Facilities», Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 373 15 42,
e-mail kurgan@brailsys.com, ORCID 0000-0002-9448-5269

DETERMINATION OF DYNAMIC LOADS FROM THE WHEEL
ON THE RAIL FOR HIGH-SPEED TRAINS

Purpose. On the basis of theoretical assumptions and experimental studies the paper provides the choice of the
factors for the formation of dynamic load on the track of modern rolling stock in the conditions of high-speed. This
results in a calculation method of determining a vertical force which acts on the wheels on the rails. Methodology.
The current trend of development of transport networks is the introduction to Ukrainian railways speed, and in the
future — high-speed, passenger trains. Fundamental structural changes in these trains, and a significant increase in
speed results in a need to revise the calculation methods of action of rolling stock on the railway track, the ratio of
the standard deviations of various dynamic forces, assess the impact of different factors for different speeds. In the
work investigated the change in the dynamic load on the results of experimental measurements. Findings. The de-
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pendences of the average and the calculated forces on the speed of modern passenger trains were obtained. Using
factor analysis of variance obtained numerical characteristics of the influence of different factors on the value of the
vertical force acts on the wheel rail and the degrees of influence of various factors on its deformation were deter-
mined. Based on the results of experimental and theoretical research, the necessity of revising the methodology for
determining the estimated power for practical calculations the way to strength in terms of passenger trains at high
speeds was grounded. Originality. On the basis of theoretical research and analysis of statistical data of experimen-
tal measurements it was found that the main factor driving the dynamic vertical force component for modern pas-
senger trains are the vibrations of the «wheel-rail» system or so-called «dynamic wheel passing the rough ways».
Practical value. Existing methods of calculating the dynamic component of the vertical forces need such indicators
as the reduced mass of the way. The obtained results in the study indicate that a parameter is artificial and can only
be used for low speeds at the level of static calculation schemes.

Keywords: railways calculation for strength; permanent way; high-speed train; tension in a rail; dynamic force;
dynamic irregularity
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IMOBBIINIEHUE MEXAHUYECKHUX CBOMCTB
JIUTOU TPAOUTUZUPOBAHHOM CTAJIN

Henb. brnarogaps HaIMYMIO MHOTHX IIEHHBIX CBOWCTB (HH3Kas Ce€OECTOMMOCTbH, BBICOKHE TEXHOJOTHYHOCTH
u AeMiQupyoas crocoOHOCTb, TEMIONPOBOIHOCTD, )KUAKOTEKYUECTh U Ap.), TpadUTH3NPOBAHHBIE YyTYHBI HAX0-
JAT IIUPOKOE NIPUMCHEHUE IJIs1 ,ueTaneﬂ, pa60Taloumx B YCJIOBHUAX CTAaTUYCCKUX U HUKIIMYCCKUX HArpys3o0K, B yCJIO-
BUAX M3HOCA — IPU CYXOM TPCHUH U B YCJIOBHUAX arp€CCUBHBLIX CPEJ — IPH MOBLIMICHHBIX TEMIICpATypax. B 1o ke
BpeMsi, 10 MIPUYMHE 3HAYUTEILHOTO COAepKaHus rpaduTHO (as3bl B CTPYKType, YyryHbl 00JIa1aloT CPaBHUTEIBHO
HU3KMMHM MEXaHHMYECKHMHU CBOMCTBaMH. B 3Toii cBSI3M 06pa111a}0T Ha ce0s BHUMaHUE I‘pa(l)I/ITI/I?)I/IpOBaHHI)Ie cTaliv,
0COOEHHOCTh KOTOPHIX 3aKIIIOYACTCS B HAJHMYUH TPAQUTOBBIX BKIIOUCHHH B CTPYKTYpe, MPUIAONINX STHM MaTe-
puanam crnenupuveckre cBoiicTBa yyryHa. Ho, B oTim4me OT 4yryHOB, conepkaHue rpadura B HUX B 2—3 pasza
MCHBIIC, YTO IOJOXKHUTCIPHO CKa3bIBACTCA Ha IIOKA3aTCIIAX MEXaHHYCCKUX H cny>1<e6m>1x CBOMCTB. I[aHHaSI pa60Ta
MTOCBSIIIIEHAa ONITUMHU3AIMK COCTaBa JIMTON rpaUTU3MPOBAHHON CTalH, 00JaaroIIed BEHICOKMMH MOKA3aTesIMU Me-
XaHUYECKUX CcBOWCTB. MeToauka. B paboTe MCIosb30Baay METOJ IUIAHWPOBAHMS DKCIIEPHMEHTa, HA OCHOBaHWUHU
KOTOPOI'0 BBIIUIABJISJIIM OIIBITHBIC CIUIABBI U UCCICAOBAIN HX MEXAHUYCCKHUC CBOMCTBA. HOHy‘-IeHHBIe PE3YyJIbTATHI
MIOJIBEPraJld PErpecCUOHHON 00paboTKe, I0Cje Yero HOTyYHITH 3aBUCMMOCTH BIIUSIHUSI KOMIIOHEHTOB CIIJIaBa Ha €ro
cBoiictBa. Mcmonb3ys MeTo | rpaduuecKoll ONTUMU3AIIMH, ONPEACISUIH ONTUMAIBLHBIA COCTAB CTATU C BHICOKUMHU
MoKa3aTeaIMU MEXaHWUYECKHUX CBOMCTB. Pe3yJ’leaTbI. yCTaHOBﬂeHO, yTo Haubojee 3HAYUTEIBbHOE BIHSHME Ha
MPOYHOCTb U HUKJINYCCKYHO BHIHOCIMBOCTDH Fpa(l)I/ITI/I?,I/IpOBaHHI)IX CcTajeH OKa3bIBAIOT yriepoa u erMHHﬁ. B pa60Te
OBLI MPEAJIOKCH XHUMHYECKUH COCTaB JIMTOM Fpa(i)I/ITI/I?,I/IpOBaHHOﬁ CTaJI¥ C BBICOKMMH ITOKA3aTeNIsIMH CTaTHYECKON U
III/IKHI/I‘ICCKOﬁ MMPOYHOCTH. Hay'maﬁ HoBHu3Ha. C MNPUMEHCHUCM MCTOJ0B MAaTECMATUYCCKOI'O IJIAaHUPOBAHUA DKCIIC-
PUMEHTA MOJYYE€HBI 3aBUCUMOCTH, OIMCBIBAIOIINE BIUAHUEC YIJIEpOAa, KPEMHUA U MEAW Ha IMOKa3aTein CTaTU4e-
CKOMl ¥ NHKIUYEeCKOW TNPOYHOCTH H IIO3BOJLIIONINE ONTHMHU3HUPOBATh COCTABH TPAQUTHINPOBAHHBIX CTaNCH.
IpakTHyeckasi 3HAYUMOCTb. Vcronp30BaHNe TpapUTU3NPOBAHHBIX CTajJe ONTHMH3HPOBAHHOTO COCTaBa B Ma-
IMUHOCTPOCHNH IMO3BOJIUT PACHIMPUTE UX 001acTh IIPUMECHCHUA C obecreueHrueM MOBBIIICHUS HaACKHOCTH M O0JI-
TOBCYHOCTH neTaneﬁ, pa60Ta}0umx B YCJIOBUAX KaK CTATUICCKHUX, TaK U HUKIIMYECKNX HArpys3oK.
Knwouesvie cnosa: Fpad)I/ITI/BI/IpOBaHHaH CTaJIb; CTPYKTYypa; MEXaHUYECCKHE CBOﬁCTBa; OIITUMH3aluA COCTaBa
BBenenue Ta, 3TH CILIABBI COUETAIOT B ce0e, C OJHOM CTOPO-
HBI, MTOJIOKUTEJIBHBIC KA4eCTBA YYTYHOB (BBICOKAs

Kak wu3BecTHO, TrpadUTU3NPOBAHHBIE CTaJH
nemrnupyomas crnocoOHOCTb, HHU3Kas YyBCTBU-

NpeaACTaBIIAOT coOoi JKCJIC30YTJICPOAUCTBIC CILIa-

Bbl, B KOTOPBIX YIJIEPOJ YACTHYHO HAXOJUTCS
B BHJIC TPaUTOBBIX BKIIOYCHUH. biaaronaps Oonee
HU3KOMY IO CPaBHEHHIO C YyTYHAMH COACPKAHHIO
yraepoaa (1,2—1,8 %) u, cooTBETCTBEHHO, Tpadu-

TENBHOCTh K KOHIIEHTPATOpaM HaIpsKEHUH, BBI-
COKHE TEXHOJIOTHYECKHE CBONCTBA, HEBBICOKAS
CTOUMOCTD, 1 1ip.) [1, 11, 18, 17], ¢ apyroii, Oonee
BBICOKHE MO CPaBHCHUIO C YYTYHAMH MeEXaHHWdJe-
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ckue cBorictBa [8, 10, 13]. JleTamu mammwH, 41 KO-
TOPBIX TpaUTH3UPOBAHHBIC CTATH MOIJIM Obl HC-
MOJTb30BAThCSI KAaK KOHCTPYKLMOHHBIC MAaTepUabl
(KoeHUaThie BaNbl, IIATYHBI, CEMapaTopbl W BKJa-
JIBITITH TTOIIITAITHUKOB U T.I1.) paboTaroT B IOCTATOY-
HO Pa3HOOOpPAa3HBIX YCIOBHSIX HArpy>KEHUS, BKITIO-
YalOMUX KaK CTaTHYECKHWEe, TaK M LUKINYECKHe
Harpy3Kd C [IAPOKAMH [HAra30oHaM{d  YacToOT
[16, 19]. Tak, no ganueM [oiner A. A. u XyTopsiH-
ckoro H. M. [14] yactrora pabouux KoiicOaHHUH KO-
JIEHYaTOTr0 Bajia U3 BHICOKOMPOYHOro uyryna BUS50-2
st qusenst [1]1M, Hecyiiero mects HUIUHAPOBBIX
Macc U Maccy reHeparopa, MoxeT jJocturars 22 000
KoneOaHui B MUHYTY). Y UUTBIBAs ATOT (haKT, MOXKHO
CKasaTh, YTO OJHUM M3 OMPEIEISIONNX (PaKTOpOB
BBIOOpA JUISl TaKUX W3MCIUIA MaTepHaa SBISETCS
BBICOKUH YPOBEHb €r0 CTaTMUYECKON M LUKIMYECKOH
MIPOYHOCTH KaK MPH HHU3KHX, TAK W BBICOKUX YacTO-
Tax Harpy>keHws. B TO ke BpeMs, CONMpPOTHUBJIICHUE
rpadUTH3UPOBAHHBIX CTalleld Pa3pyIICHHIO IIPU IHK-
JMYECKNX Harpy3Kax, Kak ajJbTepHATHBHOTO Mare-
puana JUIs yKa3aHHBIX W3ACHN, U3YYCHO HEIO0CTa-
TOuHO. VIMeI0TCS JHIb OTACTBHBIE CBEJCHHUS 0 Ma-
JIOUMKIOBOM yCTAIOCTH [2] M IMKIIMIECKON BS3KO-
cth paspymieHus [15] mpu dYacToTe HarpyXeHus,
He npeBbImaronmx 15 I'm.

B oT0ll CBs3M, WccrenoBaHWE COMPOTHBIICHUS
pa3pyIIeHHo TpaUTH3UPOBAHHBIX CTANEH IpU CTa-
TUYECKUX M IMKIMYECKUX HArpy3Kax B YCIIOBHSIX
BBICOKHX YacTOT Harpy>KeHHs, KaK MMOTEHIIUAIHHOTO
KOHCTPYKIIMOHHOTO MaTepuaia sl TsDKEJOHArpy-
JKEHHBIX W3/CIMNA OTBETCTBEHHOTO HA3HAUCHWS,
MIPEICTaBIISICT HAYYHBIN U MPAKTHUECKUIM HHTEpEC.

Hean

Henp paboTbl — OlCHKa BIHMSHHSA YyTIIEpoaa
M KpeMHHA Kak 53JEeMEHTOB, HambOojee CHIIBHO
BIMSIIONIAX Ha TIPOLECCHl TpadUTH3AIMUd U MEIH,
KOTOpast cornacHo [12] sBmseTcss 3IEeMEHTOM, CIO-
COOCTBYIOIMM TpadHUTH3AINN BTOPUIHOTO IIEMEH-
THUTA, YJIy4IIAOUIMM pacrlpeleneHue rpaduToBbIX
BKJIFOUCHHUH M TOBBIMIAIOMINM MEXaHWYECKHE CBOM-
cTBa rpadPUTH-3UPOBAHHBIX CILIABOB HA (HOPMHUPO-
BaHME CTPYKTYPHI METAIUIMIECKOH OCHOBEBI, TpaduT-
HOH (a3bl U CBOKMCTB TpadUTH3UPOBAHHBIX CTaJCH.
A Tarke OompeneseHUe ONTUMANBHOTO COICPIKaHUS
YKa3aHHBIX XUMUYECKUX AJIEMEHTOB JUIS MOTYYECHUS
BBICOKHX IIOKa3aTeJIEl CTaTUYSCKON M IUKJINYECKOU
MPOYHOCTH HUCCIETYEMBIX CTaJleH.

MeTtoanka

BrImuiaBKy pa3iu4HBIX COCTaBOB CTajiel IMpo-
BOJIMJIM C HUCIOJb30BAaHUEM METOA TUIAHUPOBAHUS
SKCIIEPUMEHTA, TJle B KaueCTBe HE3aBHCHUMBIX IIe-
pEMEHHBIX OBIJIO BBEIOPAHO COIEp)KaHWE yTriaepoaa
(0,5-1,9 %) u xpemuus (0,6—2,6 %), a Taxxe Menu
(0—4,0 %). ConmepxaHue OCTANBHBIX XUMHUYECKUX
siaeMeHTOB  coctaBisio:  0,60—0,70 % Mn;
0,15-0,18 % Cr; 0,22—-0,25 % Al u no 0,02 % S
u 0,03% P. B xauecTBe 3aBUCUMBIX NEPEMEHHBIX
OBUIM MPUHSTHI CTATHYECKAS Gy U HUKIIUYECKAS O
MPOYHOCTH CIuiaBa. Vcromas30BaB METO/ ITAHUPO-
BaHUs JKCIepuMeHTa [4] B pabore ObLT peaynn3o-
BaH TIOJNHBIN (DaKTOPHBIM HSKCIEPUMEHT BTOPOTO
nopsizka 2° (Ta6u1. 1), BKIogaommii B ce6s BOCEMb
OCHOBHBIX OIIBITOB, a TAaKKE OMNBITHI Ha «3BE3[I-
HOM» M HYJICBOM YPOBHSIX.

Tabnuna 1
Table 1
LleHTpaIbHbIi KOMIO3HIMOHHDII MIaH 2°

Central composite plan2®

Wnrepsan H3yudaemble GpakTopsbl
BapbUPOBAHUS U yPOBHU X, X, X5
axropos (C,%) | (Si,%) | (Cu, %)
HyneBoii ypoBeHb:
YJIEBON YPOBEHb 12 1.6 2.0
XO =0
HurepBan 1,0 0.4 0.6 1.2
BapbUpPOBAHUA | (8> 0,7 1,0 2,0
HwxHuii ypoBeHb:
WKHUAW YPOBEHD 0.8 1.0 0.8
X=-1,0
Be il ypOBEHb:
PXHUH YPOBEHb 1.6 22 32
X=+1,0
3Be3IHbIE X=-1,682 0,5 0,6 0
TOUKH X=1,682 1,9 2,6 4,0

Ilo cocraBieHHOl Matpuile IUIAHUPOBAHUSA
B HHAYKIMOHHON TI€YM BBIIUIABISIA OIBITHEIC
CIUIaBBl, KOTOpBHIE Da3lUBAIU B CyXHE MECYaHO-
TJIMHUCTBIE (POPMBI. M3 IMOMyYEeHHBIX CIUTKOB H3-
TOTABJIMBAJIN HUCIIBITATENIFHBIE 00pa3lbl M HCCIIe-
JOBald WX MEXaHH4YeCKHe CBOicTBa. BpemeHHoe
COIIPOTHBIICHNE Gy U OTHOCUTEIBFHOE yIUINHEHHE O
onpeaensuin B coorBerctBuu ¢ I'OCT 1497-84.
HcrmpiTaHus Ha yCTAJIOCTh CTalIel MPH BBICOKOYAC-
TOTHOM 3HAKOIIEPEMEHHOM Harpy>KeHHH TPOBOIN-
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mu, pykoBoactBysack 'OCT 25.502-79, na wuccie-
JIOBaTeIbCKUX KOMIUIekcax bemopycckoro rocy-
JApCTBEHHOTO TEXHOJOTHMYECKOTO YHUBEpPCHTETa
npu vacrote 18,0 x['1, ¢ onmpeneneHueM xapakTe-
PHUCTHK COIPOTUBIIECHUS MeTauia (HOPMHUPOBAHHIO
ouaroB pazpymeHus [5]. da3oBeIif cocTtaB U pas-
Mep CTPYKTYPHBIX 3JIEMEHTOB CTaJleil onpeaessuiy,
UCTIONIB3YS] METOAMKHM KOJMYECTBEHHOH MeTalio-
rpaduu [6]. [TosydeHHbIE pe3yabTaThl MOIBEPTraIH
perpeccuoHHON 00paboTKe, B pe3yibTaTe Yero
MOJyYaad 3aBUCHUMOCTU BIHSHHUS KOMIIOHEHTOB
CIjlaBa Ha ero cBoictBa. Mcmonb3ys Merop rpa-
¢uueckol ONTHMHU3ALMH, NpeIoKeHHbIH KoBio-
BeiM B.H. [9], onpenensii onTUMaNbHBINA COCTaB
CTaJli C BBICOKMMH IIOKa3aTeIIMH MEXaHUYECKUX
CBOICTB.

Pe3yabTaTthl

Pesynbratel  MeTamorpaMueckoro aHajim3a
MOJTyYEHHBIX CIIABOB B JINTOM (HE TepMOOOpado-
TaHHOM) COCTOSIHAM TIOKa3ald pPa3HOPOIHOCTH
MUKPOCTPYKTYp, TJIaBHBIM 00pa3oM, B 3aBHCHUMO-
CTH OT COZIep KaHus yriepoa u kpemuus [3].

Jnst yiydiieHust CTPYKTYpBbl U CBOMCTB OIIBIT-
HBIX CTallell TONyYeHHbIE OTIUBKU IIOABEPTaliu
3akanke (HarpeB 0 860 °C, Beimepxkka 1 yac, ox-
JMaXIEHHEe B MAaclio) C TMOCIEAYIOIUM CpPETHUM
otmyckoMm (500 °C, 2 gaca). Takas TepmooOpaboT-
Ka croco0cTBOBajga 00pa3oBaHUIO COpOUTA OTITYC-
Ka B CTPYKType METaNINYEeCKOH OCHOBBI U TNpak-
TUYECKH HE M3MEHWJIA KOJHYECTBO, (hOpMy H pac-
npeaesieHue TpaduTOBBIX BKIIFOUCHUN B HEH.

U3 monyueHHBIX TepMOOOPaOOTaHHBIX CIHUTKOB
BBIpe3asId O0paslbl Ui MEXaHMYECKHX HCIIBITa-
HUH, pe3yabTaThl KOTOPHIX MPUBEIACHBI B Ta0M. 2.
Wx ananu3 mokasall, 4TO BCE HCCIEIyeMbIe XapakK-
TEPUCTUKHA TPOSBISUIA 3HAYUTENFHYIO UYyBCTBHU-
TETBHOCTH K CTpYKType. Tak HanOosee BHICOKHUMU
MOKA3aTeNIMA ~ CTATHYECKOW M [OUKINYECKOH
MIPOYHOCTH XapaKTepu30Baiach CTallb, COJEpKa-
mass mo BapbupyeMbiM aneMeHTam 0,72 % C;
2,17 % Si u 3,25 % Cu (cm. Tabmn. 2, Bap. 7), 9To
0o0BsiCHSIeTCA KaK ONarompuATHOM — KOMIIAaKTHOM
¢dopmoii TpadUTOBBIX BKIIIOUEHHH, TaK U MEJIKO-
JIUCTIEPCHON COPOWTHOM CTPYKTYpOH, CIIOCOOCT-
BYIOIIEH TOBBIIICHUIO TPOYHOCTHBIX XapaKTepu-
ctuk [7]. OOpamaer Ha ceOsi BHUMaHHE CTallb,
obOnanmaroriasi ~ HauOONBIIEH  TUTACTUYHOCTHIO
(cMm. Tabm. 2, Bap. 9). B ee crpykrype ObUIO Ham-
MEHbIIIEe KOJMMYecTBO TpaduTHOW (a3bl W Hau-

OoJpITiee — BBICOKOTUTACTUYIHOW (PeppuTHOU (a3sl,
YTO B IIETIOM CHOCOOCTBOBAJIO MOBBIIICHHIO OTHO-
cutenpHOro ymnumHeHus O mo 22 %. Hawmbomee
HU3KUMHU ITOKA3aTCIAMU MMPOYHOCTU U IJIACTUYHO-
CTH XapakTepusoBasiach cTainb Bap. 10 (cM. Tabdm.
2), 9TO MOXHO OOBSCHUTH HAaMOOJIBIINM COIEpIKa-
HUEM B €€ COCTaBe YIJIepoja, a, CICAOBATEIbHO,
U TpaUTHON, HE KOMIAKTHOHN (ha3bl B CTPYKTYpE,
CHIDKAIOIIEH MEXaHUUECKHE CBOWCTRA.

Perpeccronnas 00paboTKa MOJYYCHHBIX pe-
3yJIBTaTOB MEXaHHMYECKUX CBOKCTB IMO3BOJIHIIA TIO-
JOYYUTh PsAJZi YPABHEHUH, OMHUCHIBAIONINX 3aBHCHU-
MOCTH MEXaHHYECKHX CBOWCTB OT COJCPIKAHUS
yriepojaa, KpeMHHUS U MEJIH.

Tabnuma 2
Table 2
Mexanu4eckue CBOMCTBA ONBITHLIX CIIABOB

Mechanical properties of experimental alloys

o XUMHUYECKHH COCTaB
E C,% Si, % Cu, %
2 p. . p. . p. .
1 | 08 | 0,78 L0 1,01 0,84
2 1,6 | 1,54 1,07 0,85
3] 08 | 078 22 2,18 08 0,92
4 1 16 | 1,73 2,29 0,87
51 08 | 0,74 Lo 1,01 3,17
6 | 1,6 | 1,74 1,04 3,15
32
7| 08 | 072 25 2,17 3,25
8 L6 | 1,78 2,25 3,19
9 | 05 | 048 L6 1,66 1,90
10 | 1,9 | 1,95 1,66 20 1,94
11 123 | 06 | 0,62 1,95
12 126 | 2,6 | 255 2,09
13 ] 12 | 1,23 1,61 | 0 | 002
14 121 | 1,6 | 1,69 | 40 | 395
15 1,27 1,65 | 2,0 | 2,01
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OxonuaHue Tabn. 2 O BIMSHUM KPEMHUS U MEIW Ha IOKa3aTeiu
Continuation of table 2  COTPOTUBJICHHS CTaTUYECKOMY M YCTAJOCTHOMY
pa3pylLIeHHI0 MOXXHO CKa3aTh, 4YTO OTAEIbHOE
< Mexannieckne cBoricTBa BJIMSIHME 3THUX DJIEMEHTOB HE3HAYUTEILHO ITOBBI-
= 2 HIaJI0 Opeaenbl IPOYHOCTH M BBIHOCIUBOCTU CTa-
o oy, Mlla 3, % o.1, MIla
.
1 820 19 384 s onpeneneHust coctaBa, 00eCeunBaIOIIETO
5 760 1 315 ONTUMAJIIBHOE COYETAaHUE CBOWCTB CTAaTHYECKOU
U IHMKIMYECKOW TPOYHOCTH TpadUTU3NPOBAHHON
3 915 15 385 CTaji, BBINOJHAJIM TpaQHUyecKyl0 ONTHMH3ALHIO
coiepKaHusl yriepoia U MEeIu MpH UCXOAHOM CO-
4 778 8 312 o
nepskanun kpemuus 2,2 %. J{ns ompeneneHus om-
5 970 17 389 TUMAJIbHOTO COJIEp’KaHUs yKa3aHHBIX 3JIEMEHTOB
6 280 10 322 OBLT TIOCTpOEH TpaduK MBYXMEPHBIX CEUSHHH I0-
BEPXHOCTEH OTKIIMKA IO JBYX(AKTOPHOMY IIOJIH-
7 1280 12 409 HOMY, B KOTOPBIH MpeBapUTEIbHO OBUIO BBEAECHO
HauboJiee JKEelaTeNbHOE YHCIOBOE 3HAYCHHE WC-
8 990 6 336
ciaenyeMblx mapamerpoB: op=1 000—1200 MIla
9 720 22 361 1 6.;=1 000—1 200 MIla. Pe3ynbTaToM onTHMH3a-
10 443 5 264 U OBUIO OTIpeNeleHrne 30HBI ONTHMAaJbHBIX CO-
nepkannid yraepoaa 0,8—1,1 % u memu 3,0-3,2 %
11 874 15 384 (puc. 1, 3amTpuxoBaHHas 001aCcTh).
12 730 8 360 4 7
’
13 745 14 355 K
3,75 -
14 721 10 342 Y
L4
15 887 12 358 R
535
[Ipumeuanue: p. u ¢. — pacueTHeIil U QaxkTHIe- ©
CKHI COCTaBBI BapbUPYEMBIX 3JICMEHTOB COOTBETCTBECH- 3.25
HO, COTJIacHO TaoI. 1. ’
TTocne mpoBepky ajeKBaTHOCTH MoJieNiel U 1e- 1%
3 0,2 04 05 08 12

pexosa K HaTypajJbHBIM MEPEMEHHBIM OBUIH MOJY-
YEHBI YPABHEHUS BTOPOTO IOPSAIKA:

6., =397 +126C —76Si—7Cu — 5CSi+ CCu +
+6SiCu —83C? +21Si%; (1)
6, =312+1029C — 63Si +37Cu — 144CSi — 48CCu +
+53SiCu —372C* +528i* — 4Cu?; )
8=36,7-19,8C—2,3Si—Cu+0,5CSi+
+0,3CCu —0,2SiCu +3,4C* -0,5Si%.  (3)

[IpoBenennsIit rpaduyecKuil aHATU3 MTOTYYCH-
HBIX YPaBHEHHUH IOKa3ajl, 4TO KPUBBIE 3aBUCHUMO-
CTH CTaTMYECKOM M IMKJINYECKOH NMPOYHOCTU OT
coJep KaHusl yIiieposa MpoXoasiT Yepe3 MaKCUMyM
B obmactu ero coxepxkanms 0,8—1,0 % C.

C, %
Puc. 1. I'padudeckas ONTUMH3ALKSA COCTaBa

BBICOKOTIPOYHOU IpaUTH3UPOBAHHON CTaH
o yriepony u memnu mpu Si=2,2 %

Fig. 1. Graphical optimization of the high
strength of graphitized carbon steel
and copper when Si=2,2 %

Haquaﬂ HOBHU3HA U MPaKTHYECKasA
3HAYUMOCTDH

B pabore ¢ mpuMeHEHHEM METOIOB MaTeMaTH-
YEeCKOr0 TUIAHUPOBAHMS DKCIICPUMEHTA TIOTYICHBI
3aBHCHUMOCTH, OIMCHIBAIOLINE BIUSHHUE YTIEPOJa,
KpEeMHHSI W MEAM Ha TIOKa3aTelW CTaTHYECKON
U IHUKIAYECKOW TPOYHOCTH, MO3BOJISIFOIINE OITH-
MU3UPOBATh COCTABHI IPa)UTU3UPOBAHHBIX CTAJICH.
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Pe3ynbTarhl MpOBEAEHHBIX IKCIEPUMEHTOB TI0-
Kazajd, 4yTo Haubosee OJIArompuATHOE COYCTaHUE
cBoiictB: 0,=1000—1200 MIla; o6=10-14 %,
6.,=300—400 MIla wumena rpaduTH3NpPOBAHHAS
crainp cocraBa: 0,8-1,0 % C; 2,2-24 % Si;
3,0-3,2 % Cu; 0,60-0,70 % Mn; 0,15-0,18 % Cr;
0,22-0,25% Al u o 0,02 % S u 0,03 % P. 1o no-
Ka3aTeJsIM CTATHYECKON M LIUKIMYECKOW MPOUYHO-
ctu I'C ykasaHHOro cocraBa HpPEeBOCXOISAT BBICO-
KonpouHble 4yryHel mapok BU40-BUS0 u psan
MapoK yTJIEPOTUCTHIX CTalIeH.
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NIABUIEHHS MEXAHIYHUX BJIACTUBOCTEM
JIUTOI TPA®ITU30BAHOI CTAJII

Merta. 3aBasku HasiBHOCTI 0aratboX I[iIHHUX BJIACTUBOCTEH (HHU3bKa COOIBAPTICTh, BUCOKI TEXHOJOTIYHI BIACTH-
BOCTI Ta aeMidyroya 3JaTHICTb, TEIUIONPOBIAHICTh, PIIUHOILUIMHHICTS Ta iH.), rpadiTH30BaHI YaBYHH 3HAXOMSATh
HIMPOKE 3aCTOCYBaHHS IUIsl JieTallel, 10 MPAaLIOTh B yMOBAaX CTATHYHMX 1 LMKIIYHUX HABaHTaXKEHb, B YMOBAxX
3HOLIYBaHHS — IIPH CYXOMY TEpTi Ta B yMOBaxX arpeCUBHUX CEPENOBUIL — IPH IIIBUILEHUX Temreparypax. [Ipote,
3 IPUYMHU 3HAYHOTO BMICTY rpadiTHOi a3y B CTPYKTYpi, YaBYHH BOJIOJAIIOTH HOPIBHSHO HU3bKUMH MEXaHIYHUMHU
BJIACTHBOCTSIMH. Y 3B’SI3Ky 3 IIUM 3BEpPTalOTh Ha ceOe yBary rpaditu3oBaHi cTaji, OCOOIMBICTIO SIKMX € HasBHICTh
rpadiToBHX BKJIIOYEHb Y CTPYKTYpI, [0 HA/IAE IUM MarepiajiaM crielii(ivHuX BIaCTHBOCTEH 4aByHIB. AJle, Ha Bij-
MiHYy BiJl 4aBYHiB, BMICT rpadity B HUX y 2—3 pa3u MEHIIE, 1110 IIO3UTUBHO BIUIMBA€E HA MOKA3HUKH MEXaHIYHUX Ta
ciy>x0oBux BiactuBocTeil. Ll pobora mpucBsdeHa omTUMIzallii CKIamy JUTOI rpadiTH30BaHOI CTalli 3 BUCOKUMH
MIOKa3HUKHM MEXaHIYHMX BiactuBocTeld. MeToauka. Y po0oTi BHKOPHCTOBYBAIN METOJ INTaHYBaHHS €KCIIEPHMEHTY,
Ha TI/ICTaBi SKOTO BUIIABILUIA CIUTABU M JOCIHIIKYBAIH IX MEXaHIYHI BIACTHBOCTi. OTpHUMaHi pe3ylbTaTd MiaaBa-
JM perpeciiiHiii 006pobi, micas 90ro OTPUMYBAIM 3aJIe)KHOCTI BIUIMBY KOMIIOHEHTIB CIUIaBYy Ha HOTO BIACTHBOCTI.
BukopucroByroun metof rpadidHOi OnTUMi3alil, BU3HAYAINA CKJIaJ CTalli 3 BUCOKUMH MOKa3HUKAMH MEXaHIYHHX
BiactuBocteil. Pe3yabpTarn. BeraHoBIICHO, 110 HAWOUTBIN 3HAYHUI BIUIMB HAa CTAaTHYHY Ta LUKJIIYHY MIIHICThH Ipa-
(hiTH30BaHMX cTalyiel 3I1ICHIOIOTH BYIJIElb Ta KpeMHiil. Y po0OoTi OyB 3anponoHOBaHMN XIMIYHUM CKJIa[ JIMTOI Tpa-
(hiTH30BaHOT CTaji 3 BUCOKMMHM MMOKAa3HUKAMK CTATHYHOI Ta IUKIIYHOI MinHocTi. HaykoBa HoBHM3HA. [3 3acTocy-
BaHHSM METOJIB MaTeMaTHYHOTO IUIaHYBaHHS EKCIIEPUMEHTY OTPHUMaHi 3aJIe)KHOCTI, 10 ONMKCYIOTh BIUIUB BYIJe-
IF0, KPEMHIIO Ta MiJli Ha IOKa3HUKH CTATHYHOI i IUKIIIYHOT MIITHOCTI Ta JJO3BOJIIOTH ONTUMI3yBaTH CKJIaj rpaditu-
30BaHuX craynei. IIpakTuyHa 3HauyMMmicTh. BukopucranHs rpadiTH3oBaHMX CcTajled ONTHMI30BAaHOTO CKIamy
B MAaIIMHOOYIyBaHHI TO3BOJMUTH PO3MIMPHUTH IX OOJIACTH 3aCTOCYBAHHS i3 3a0€3MEUCHHSM IIiIBUIICHHS HaIiHHOCTI
Ta JIOBTOBIYHOCTI JeTaleH, KOTPi MPAIIOIOTh SIK B YMOBaX CTATUYHUX, TaK 1 IUKIIYHUX HABAHTAXKCHb.

Kniouosi crosa: rpadiTH30BaHa CTaNb; CTPYKTYpa; MEXaHIYHI BJIACTHBOCTI; ONTUMI3alis XIMIYHOTO CKIIaIy
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INCREASING OF MECHANICAL PROPERTIES
OF CAST GRAPHITIZED STEEL

Purpose. Due to the presence of many essential properties (low prime cost, high manufacturability and damping
ability, heat conductivity, fluidity and others), the graphitized cast irons are widely applied for parts operating under
the conditions of static and cyclic loads, wear at dry friction and aggressive media at elevated temperatures. At the
same time because of significant content of the graphite phase in the structure, the cast irons possess relatively low
mechanical properties. Thereby the attention is drawn to graphitized steels, the peculiarity of which consists in the
presence of graphite inclusions in the structure, which appoints specific cast iron's properties to these materials. But
unlike cast irons, the graphite content in them is in 2...3 times lower and it affects positively on mechanical and
service properties indices. This work deals with the optimization of the composition of cast graphitized steel, which
has high mechanical properties indices. Methodology. The experimental design technique was used in this work.
Alloys prototypes were smelted and their mechanical properties were investigated on the basis of these techniques.
Findings were exposed to regression processing, and the dependences of the alloys components influence on its
properties were obtained. By means of graphical optimization the optimal composition of steel with high mechanical
properties indices has been determined. Findings. It has been established that carbon and silicon have the most sig-
nificant influence on the strength and cyclic endurance of graphitized steels. The chemical composition of the cast
graphitized steel with high static and cyclic strength indices was suggested in this work. Originality. With the use of
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mathematical experimental design techniques the dependences describing the influence of carbon, silicon and
copper on the static and cyclic strength indices were obtained. They allow optimizing compositions of graphitized
steels. Practical value. Using the graphitized steels with optimized composition in mechanical engineering will
allow expanding their application areas along with providing reliability and durability of the parts operating under
the conditions of static and cyclic loads.

Keywords: graphitized steel; structure; mechanical properties; optimization of the composition

10.

11.

12.

13.

14.

15.

REFERENCES

Volchok I.P., Kolotilkin O.B., Uvarov S.A. Grdfitizirovannaya stal [Graphitized steel]. Inventor’s Certifi-
cate USSR, 1993, no. 4910094, 2 p.

Akimov 1.V., Volchok 1.P. Pidvyshchennia vysokotemperaturnoi vytryvalosti hrafityzovanykh stalei [Im-
proving the high-temperature resistance of graphitized steels]. FIDES. Intern. Forum for the Development
of Education and Science Proc. Norway, Lulu Press Inc. Publ., 2010. P. 61.

Akimov LV., Volchok I.P. Ustalostnoye razrusheniye grafitizirovannykh staley pri vysokikh chastotakh
nagruzheniya [Fatigue failure of graphitized steels at high loading frequencies]. Stroitelstvovo, materialov-
edeniye, mashinostroeniye: sbornik nauchnykh trudov [Proc. of building, materials science, mechanical
engineering]. Dnepropetrovsk, Pridneprovskaya gosudarstvennaya akademiya stroitelstva i arkhitektury
Publ., 2014, issue 74, pp. 66-71.

Bosov A.A., Artemchuk V.V. Matematychne modeliuvannia planuvannia eksperymentiv [Mathematical
modeling of experiments planning]. Visnyk Dnipropetrovskoho natsionalnoho universytetu zaliznychnoho
transportu imeni akademika V. Lazariana [Bulletin of Dnipropetrovsk National University of Railway
Transport named after Academician V. Lazaryan], 2008, issue 25, pp. 118-121.

Vakulenko 1.0. Vtoma metalevykh materialiv v konstruktsiiakh rukhomoho skladu [Fatigue of metallic ma-
terials in the construction of rolling stock]. Dnipropetrovsk, Makovetskyi Publ., 2012. 152 p.

Vakulenko 1.O. Strukturnyi analiz v materialoznavstvi [Structural analysis in materials science]. Dnipropet-
rovsk, Makovetskyi Publ., 2010. 124 p.

Vakulenko I.A., Bolshakov V.I. Morfologiya struktury i deformatsionnoye uprochneniye stali [The mor-
phology of the structure and strain hardening of steel]. Dnepropetrovsk, Makovetskiy Publ., 2008. 196 p.
Zhurakovskiy V.M. Organizatsiya transformiruyemoy struktury i obespecheniye zadannykh svoystv
grafitsoderzhashchey stali. Avtoreferat Diss. [Organization of transformed structure and ensuring the
desired properties of steel graphite. Author's abstract.]. Minsk, 1985. 40 p.

Kovshov V.N. Metodicheskiye ukazaniya k postanovke eksperimenta pri vypolnenii kursovykh nauchno-
issledovatelskikh rabot [Methodical instructions for the experiment during the course of research works].
Dnipropetrovsk, Natsionalna metalurhichna akademiia Ukrainy Publ., 1999. 50 p.

Kolmykov V.I., Roslyakov I.N., Letova O.V. Osobennosti formirovaniya grafitsoderzhashchikh diffuzion-
nykh sloyev pri dvukhstupenchatoy nitrotsementatsii konstruktsionnykh staley [Features of formation of
graphite-bearing diffusion layers in two-stage carbonitriding structural steels]. Tekhnologiya metallov —
Metal Technology, 2008, no. 11, pp. 22-24.

Savchenko V.A. Termostoykost grafitizirovannoy stali [Heat resistance of graphitized steel]. Nauka ta
prohres transportu. Visnyk Dnipropetrovskoho natsionalnoho universytetu zaliznychnoho transportu — Sci-
ence and Transport Progress. Bulletin of Dnipropetrovsk National University of Railway Transport, 2014,
no. 52, pp. 95-100. doi: 10.15802/stp2014/27333.

Silman G.I., Kamynin V.V., Tarasov A.A. Vliyaniye medi na strukturoobrazovaniye v chugune [The effect
of copper on the structure formation in cast iron]. Metallovedeniye i termicheskaya obrabotka metallov —
Metallography and Heat Treatment of Metals, 2003, no. 7, pp. 15-20.

Skvortsov A.l., Agapova L.I. Magnitnyye i dempfiruyushchiye svoystva grafitizirovannykh staley posle
izotermicheskoy zakalki [Magnetic and damping properties of graphitized steels after isothermal harden-
ing]. Metallovedeniye i termicheskaya obrabotka metallov — Metallography and Heat Treatment of Metals,
1993, no. 5, pp. 9-10.

Poyda A.A., Khutoryanskiy N.M., Kononov V.Ye. Teplovozy. Mekhanicheskoye oborudovaniye. Us-
troystvo i remont [The locomotives. The mechanical equipment. The device and repair]. Moscow, Trans-
port Publ., 1988. 320 p.

Akimov 1., Byelikov S., Volchok I. Wear resistance of graphitized steels. Archives of Metallurgy and Ma-
terials, 2013, vol. 58, issue 3, pp. 813-816. doi: 10.2478/amm-2013-0077.

doi: 10.15802/stp2015/46071 © W. B. Akumos, 2015

135



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3alIi3HUYHOr0 TpaHcmnopty, 2015, sum. 3 (57)

MATEPIAJIO3HABCTBO

16. Bravo S.V., Yamamoto K., Miyahara H., Ogi K. Control of Carbides and Graphite in Cast Irons Type Al-
loy’s Microstructures for Hot Strip Mills. Journal of Metallurgy, 2012, vol. 2012, pp. 1-6. doi:
10.1155/2012/438659.

17. Katayama S., Tarui T., Toda M., Naito K.-I. Fine Graphite uniform dispersion steel excellent in gold Ma-
chinability, Cuttability and Hardenbility, and production method for the same. 1998. No. US19960700355.

18. Kawabata Y., Morita M., Togashi F. Graphite Precipitated hot-rolled Steel plate having workability and
hardenability and method therefore. 1992. No. US19920822649.

19. Rounaghi S.A, Kiani-Rashid A. Microstructure evolution in hypereutectoid graphitic steel. Intern. Journal
of Materials Research, 2011, vol. 102, issue 10, pp. 1242-1246. doi: 10.3139/146.110586.

Cmamvsa  pexomenoosana K nyOauxayuu O.m.H., npo¢. H. A. Baxyrenxko (Ykpauna);
o.m.u., npogh. A. B. Osuunnukosvim (Yrpauna)

IToctynuna B peakoseruto 30.03.2015
[Ipunsra x nedaru 05.06.2015

doi: 10.15802/stp2015/46071 © W. B. Akumos, 2015

136



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

Hayxka ta nporpec tpancrnopty. Bicauk J[HinporneTpoBchkoro
HAIiOHAILHOTO YHIBEPCHTETY 3ali3HHIHOTO TpaHcnopty, 2015, Ne 3 (57)

MATEPIAJIO3HABCTBO

UDK 669.15-194.57:620.179.16:539.43

I. AVAKULENKO", YU. L. NADEZHDIN?, V. A. SOKYRKO?, SIU SIA KHATI*

"Dep. «Technology of Materials», Dnipropetrovsk National University of Railway Transport named after Academician
V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 373 15 56, e-mail dnuzt texmat@ukr.net,
ORCID 0000-0002-7353-1916

Dep. «Technology of Materials», Dnipropetrovsk National University of Railway Transport named after Academician
V. Lazaryan, Lazaryan St., 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (056) 373 15 56, e-mail 7435892@gmail.com,
ORCID 0000-0003-1805-4616

DS Ltd, Scientific-industrial company, B. Morskay St., 63, Mykolaiv, Ukraine, 54001, tel. +38 (0512) 35 44 83,

e-mail ds@mbksat.net, ORCID 0000-0002-0338-5976

*China machinery investment group Ltd, Anli Road, 60, Chaoyang District, Beijing, China, 100101, tel. 86 106 482 7530,
e-mail xxhai2004@163.com, ORCID 0000-0001-7051-6254

SPEED DEPENDENCE OF ACOUSTIC VIBRATION PROPAGATION
FROM THE FERRITIC GRAIN SIZE IN LOW-CARBON STEEL

Purpose. It is determining the nature of the ferrite grain size influence of low-carbon alloy steel on the speed
propagation of acoustic vibrations. Methodology. The material for the research served a steel sheet of thickness
1.4 mm. Steel type H18T1 had a content of chemical elements within grade composition: 0, 12 % C, 17,5 % Cr, 1
% Mn, 1, 1 % Ni, 0, 85 % Si, 0, 9 % Ti. The specified steel belongs to the semiferritic class of the accepted classifi-
cation. The structural state of the metal for the study was obtained by cold plastic deformation by rolling at a reduc-
tion in the size range of 20-30 % and subsequent recrystallization annealing at 740 — 750 ° C. Different degrees of
cold plastic deformation was obtained by pre-selection of the initial strip thickness so that after a desired amount of
rolling reduction receives the same final thickness. The microstructure was observed under a light microscope, the
ferrite grain size was determined using a quantitative metallographic technique. The using of X-ray structural analy-
sis techniques allowed determining the level of second-order distortion of the crystal latitude of the ferrite. The
speed propagation of acoustic vibrations was measured using a special device such as an ISP-12 with a working
frequency of pulses 1.024 kHz. As the characteristic of strength used the hardness was evaluated by the Brinell’s
method. Findings. With increasing of ferrite grain size the hardness of the steel is reduced. In the case of constant
structural state of metal, reducing the size of the ferrite grains is accompanied by a natural increasing of the phase
distortion. The dependence of the speed propagation of acoustic vibrations up and down the rolling direction of the
ferrite grain size remained unchanged and reports directly proportional correlation. Originality. On the basis of
studies to determine the direct impact of the proportional nature of the ferrite grain size on the rate of propagation of
sound vibrations in the low-carbon alloy steel. The directly proportional nature of influence of ferrite grain size on
the speed propagation of acoustic vibrations in low-carbon alloy steel on the basis of the conducted researches is
defined. The paper is shown that at increasing in the size of the recrystallized ferrite grain the degree of influence
the texture from the previous cold plastic deformation by rolling increases. Practical value. The received results on
nature determination of influence of ferrite grain size on the speed propagation of acoustic vibrations can be the use-
ful by development of techniques of non-destructive testing of metal materials quality. The special value the speci-
fied technique of measurement acquires in the conditions of line production of metal constructions.

Key words: hardness index; grain size; ferrite; phase distortion; speed propagation of acoustic vibration

which is necessary for the timely adjustment of pa-
Introduction rameters of technological processes. These automated
systems in most cases based on the use of non-
destructive methods for determining the properties of
metals and alloys [6]. The numerical technique for
modeling the propagation of elastic waves in materials
received the application [12], methods for measuring
physical properties of metallic materials, which in-
clude methods of acoustic measurement [13, 14],
acoustic emission, magnetic [11], and other properties.

In modern conditions of the industry development,
the intensification of production is impossible without
the development of automated control systems of
technological processes [1, 10].

Based on this, the requirements are quite reasona-
bly increasing on the accuracy and speed evaluation of
the metallic material properties [2], or the degree de-
fectiveness during the using of the product [9], in
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The state of the question

To some of the known acoustic methods for as-
sessing the properties of metals and alloys include
the method of measuring the speed propagation of
acoustic vibration (V) [8]. These specifications
are structure-sensitive value to the internal struc-
ture of the metallic material. By the results of re-
search show the sensitivity of the speed propaga-
tion of acoustic vibration to changes in the strength
characteristics [13], the structural state of metal
[14]. On the other hand, for example, carbon steel
the same level of strength can be achieved by vary-
ing the ratio of morphology and dispersion of par-
ticles of the minor phase, the grain size of the
metal matrix, the presence of substructure [4] and
others. Based on this, rather complex overall im-
pact of structural components in multiphase alloys
magnitude to speed propagation of acoustic vibra-
tion [8] indicates the necessity for continued re-
search. Making a detailed analysis of the nature of
the expected dependency rate speed propagation of
acoustic vibration from the characteristics of the
internal structure of the metal may be useful for the
development of non-destructive testing methods,
particularly in the difficult conditions of loading
system “wheel — rail” of railway transport [7].

Purpose

It is determining the nature of the ferrite grain
size influence of low-carbon alloy steel on the
speed propagation of acoustic vibrations.

Methodology

The material for the research served a steel
sheet of thickness 1.4 mm. Steel type HI8T1 had a
content of chemical elements within grade compo-
sition: 0, 12 % C, 17, 5% Cr, 1 % Mn, 1, 1 % Ni,
0, 85 % Si, 0, 9 % Ti. The specified steel belongs
to the semiferritic class on the accepted classifica-
tion.

The specified steel belongs to the semiferritic
class on the accepted classification. The structural
state of the metal for the study was obtained by
cold plastic deformation by rolling at a reduction in
the size range of 20-30 % and subsequent recrys-
tallization annealing at 740 — 750 ° C. Different
degrees of cold plastic deformation was obtained
by pre-selection of the initial strip thickness so that
after a desired amount of rolling reduction receives

the same final thickness.

The microstructure was observed under a light
microscope, the ferrite grain size was determined
using a quantitative metallographic technique. [3].
In order to understand the mechanism of ferrite
grain size influence propagation of acoustic vibra-
tion in the metal determined the parameters of its
fine crystal structure. The using of X-ray structural
analysis techniques [5] allowed determining the
level of second-order distortion of the crystal lati-
tude of the ferrite.

The speed propagation of acoustic vibrations
was measured using a special device such as
an ISP-12 with a working frequency of pulses
1.024 kHz [8]. As the characteristic of strength
used the hardness was evaluated by the Brinell’s
method. [3].

Findings and discussion

During the cold plastic rolling deformation draft
the increasing of shrinkage accompanied by a steady
rising in the number of accumulated defects in the
crystal structure. With further annealing at the ex-
pense of recrystallization processes is the formation
of homogeneous microstructure of ferrite grain size
structure (d ), which are inversely proportional to
the degree of plastic deformation [4].

: . | }/ s

v ' B

Fig.1. The microstructure of steel HI8T1 after cold
plastic flow by the rolling and annealing at
a temperature of 750 C. Magnification is 100.

The magnitude of the grain size varied in the
range 43-65 pum. The typical microstructure of in-
vestigated steel is shown on Figure 1. Normal dis-
tribution of grains in size is a confirmation of the
completion process of building recrystallization.

With increasing ferrite grain size the steel hard-
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ness, like most of the strength characteristics
[4,15], decreases (Fig.2). The shown dependence is
well obeys the equation of Hall-Petch type relation

1
HB=HB,+kd ?, (1)

where HB, — the steel hardness at the infinitely

large ferrite grain size, k — the angular depend-
ency ratio. From the analysis of the ratio (Fig.2)
were determined constant of equation (1), which

amounted to the value HB, =8k—g2, and
mm

kz45k—g15.
mm”

tained characteristics with known parameters for
most steels shows that /B, in absolute values ap-

Comparative analysis of the ob-

proaching the shear stress of the ferrite crystal lat-
tice, whereas similar magnitude exceeds by more
than an order of magnitude [4]. Elevated values &
are likely due to different stress state of the metal.
Thus, measuring the hardness under the indenter is
formed volumetric stress state, whereas in most
studies devoted to the analysis of diagrams of the
Hall-Petch relation, the tests were carried out in the
uniaxial stress state at tensile.

B8
mm

2

170
165
160
155
150
145
140
135
130
125 -+
120

3,8 4 4,2 4,4 4,6 4,8 5

1 A
d 2, mm?
Fig.2. The dependence of the steel hardness
from the ferrite grain size

Experimental studies determined that under
certain conditions during heat treatment in the steel
structure of the specified can remain the volume

fraction of residual austenite. To assess the possi-
ble influence of austenite on the steel hardness,
determined the size of the lattice phase distortions
for ferrit (p). The comparative analysis of the
magnitude p of the steel hardness showed the ex-
istence of the directly-proportional ratio between
them (Fig.3).
n-107

7,5

6,5

5,5

4,5

120 130 140 150 160 170

kg
mmz

Fig.3. Mutual change of size | and hardness.

HB,

Given the persistent structural state of metal
ferrite grain size reduction is accompanied by quite
natural growth of phase distortions. On this basis,
it can be assume that for investigated the structural
state of metal structure in the presence of austenitic
phase does not lead to violations of the nature of
ferrite grain size influence to the hardness and
phase distortions.

The measurement of the velocity of propaga-
tion of sound vibrations in the metal from the grain
size (Fig.4) showed the existence of influence the
texture of cold plastic deformation by rolling.
From the comparative analysis of the given corre-
lations can determine that the dependence of the
velocity of sound waves along (¥vp) and across

(Vpp) in the direction from d remained un-

changed and is accountable directly proportional to
the ratio:
V=V,+od 2)

where V, — the constant value and o — angular
dependency ratio.

The influence of texture is reflected not only on the
absolute values of the speed propagation of acous-

doi: 10.15802/stp2015/46072

©O 1. A. Vakulenko, Yu. L. Nadezhdin, V. A. Sokyrko, Siu Sia Khai, 2015

139



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchkoro

HAIiOHAILHOTO YHIBEPCHTETY 3ali3HHIHOTO TpaHcnopty, 2015, Ne 3 (57)

MATEPIAJIO3HABCTBO

tic vibrations, but also on the angular change of the
dependency ratio.

m
V,—
s
2950
2900 o
2850 ;/
2800 /@,
2750 ]
2700 g{df
2650 =
2600
2550
2500
35 45 55 65
d,mkm

Fig.4. The dependence of the speed propagation
acoustic vibrations from the grain size and the rolling
direction:m - Vvp eand ¢-Vpp

Indeed, assessing the sensitivity of the speed
propagation of acoustic vibrations in the steel prior
to the change of grain size of ferrite in angular ra-
tio V = f(d) (fig. 4), it can be determine that the
propagation of acoustic vibrations in the direction
of rolling the magnitude of the sensitivity to

AVvp

changes d (o, = ) about in 2.5 times ex-

ceeds the similar characteristic to the rolling direc-

AV ‘ .
2 ) The result is addi-
Ad

tional evidence of the impact of rolling texture on
the value V' of the tested metal. Although based on
microstructural studies the influence after rolling
recrystallization texture is difficult to define
(fig.1). This is due by formed almost homogeneous
microstructure of grain structure with no signs of
forced orientation of the grains.

Thus, only a negligible impact from parts of the
texture that is left after recrystallization, can be
determined by measuring the speed propagation of
acoustic vibrations. The analysis of experimental
results confirmed the given situation that the influ-
ence of the remnants of the texture of cold rolling
and subsequent annealing of increasing ferrite
grain size is reflected in the change V' to a greater
extent.

On the basis of numerous experimental data it

tion transversely (o, =

is known that with increasing degree of cold plastic
deformation occurs progressive increase in the
number of centers of nucleation recrystallising
grains. On this basis, it is quite clear that expecta-
tion of grain refinement of ferrite during annealing.
On the other hand, by reducing the degree of cold
plastic deformation significantly increases the like-
lihood of development of processes of polygoniza-
tion subsequent heating [4]. For this reason, after
an inadequate level of plastic deformation may
develop processes of polygonization could greatly
complicate the formation of germ recrystallising
grains.

Thus, for the investigated steel the influence of
texture from preliminary cold plastic deformation
by rolling with the growth of the grain size must be
manifested to a greater degree. As shown in the
diagram it should be considered that the smaller
degree of plastic deformation is subjected to the
metal, the larger the grain size will be obtained
after recrystalization annealing and will be more
retained by the influence of cold rolling texture.
For the purpose of determining the absence of the
influence of the rolling texture you need to use the
dependencies Vvp and Vpp from the ferrite grain

size (fig.4). Extrapolation of these dependencies in
the area of small grain size to the point of intersec-
tion (whenVvp ~ Vpp ) allows you to define the

grain size, below which it should expect from the
lack of influence of the rolling texture. The ferrite
grain size has roughly equal 30-33mkm. Thus, to
achieve almost complete absence of anisotropy
properties after recrystallization annealing before
cold-rolled is necessary to increase the degree of
cogging. In this case, the processes of recrystalliza-
tion will occur more fully and, as a consequence,
there will be a more short-grain structure. To jus-
tify the submitted proposals were used constructed
value correlation Vvp and Vpp from the steel

hardness (fig.5). Implementation of extrapolation
in areas of high hardness values just as it was done
for according to the ferrite grain size (Fig.4), the
moment when Vvp = Vpp metal hardness value
kg
mm®
hardness value deducted for experimental depend-
ence HB from grain size (fig.2),

should be at level 190-195 If apply specified

HB, &
mm
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Fig.5. The correlation of the steel hardness
and the propagation velocity of sound vibrations

(Wp -1, Vpp -2).

1 1
get d 2 ~5,8 mm 2, that actually corresponds 30-
33mkm. A similar grain size values obtained from
the analysis of dependencies which are shown on
figure 4.

Thus, in terms of the engineering industry ap-
plications of the measuring method of speed
propagation of acoustic vibrations will allow to
evaluate the degree of anisotropy of the properties
of metallic materials, without costly testing the
mechanical properties.

Originality and practical value

1. On the basis of research defined directly
proportional to the impact of ferrite grain size on
the propagation of acoustic vibrations in the low-
carbon alloy steel.

2. It is shown that at increasing in size of re-
crystallising ferrite grain, the degree of texture in-
fluence from preliminary cold plastic deformation
by rolling is grown up.

The results obtained by the determination of the
ferrite grain size influence on the speed propaga-
tion of acoustic vibrations may be useful in the
development of methods of nondestructive testing
of metallic materials. The particular value is the
specified method of measurement of gains in the
ongoing manufacture of metal structures.

Conclusions

1. Analysis of the hardness dependence of steel
from the ferrite grain size showed that the hardness

component, which determines the state of a solid
solution substantially equal to the shear stress of
the crystal lattice of the ferrite.

2. The angular dependency ratio of steel hard-
ness from the ferrite grain size is determined by the
influence of the remnants of the rolling texture af-
ter annealing recristalization.

3. Shredding ferrite grain lowers the effect tex-
tures of rolling low carbon alloy steel after recrys-
tallization annealing.
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SAJVIEZKHICTD HIBUJIKOCTI PO3ITIOBCIOIZKEHHSA
3BYKOBHUX KOJIUBAHbB BIJI PO3MIPY 3EPHA ®EPUTY
B HU3BKOBYIJVIELHEBIN CTAJII

Merta. Pobota cripsiMoBaHa Ha BU3HAUEHHS XapaKTepy BIUIMBY PO3Mipy 3e€pHa (epUTy HU3BKOBYIJIELIEBOI JIETro-
BaHO{ CTaJli Ha IIBUAKICTh PO3MOBCIO/KEHHS 3BYKOBHX KOoMMBaHb. MeToamka. Matepianom Ui AOCTiIKeHb Oyia
oOpana nucToBa cranb TOBIIKHOK 1,4 MM. Cranb Tumy X18T1 Mana BMICT XIMIYHUX €JIEMEHTIB Y MeKax Mapo4HO-
ro ckiany: 0,12 % C, 17,5 % Cr, 1 % Mn, 1,1 % Ni, 0,85 % Si, 0,9 % Ti. 3a npuifHATOI0 KIacu}iKaIliero BKa3aHa
CTaJb BIHOCHUTHCS 10 HamiBhepuTHOro kiacy. CTPYKTYpHHH CTaH MeTany AJsl AOCHIDKEHHsS OTPUMYBAIU B pe-
3yJIbTaTi XOJOAHOI IIacTHMYHOI Jedopmalii NMPOKaTKOW Ha BeIMYMHY OOTHCKyBaHHS B iHTepBaii 20-30 %
1 IIOAJIBIIIOTO peKpUCTaNi3aliifHoro Bianamy npu temneparypax 740—750 °C. Pi3Huii cTymiHb XOJOJHOI IUIACTHY-
HOi medopmamii oTpuMyBaH (3aBISKU MOMEPETHHOMY II00PY MOXiTHOI TOBIIMHH IPOKATY) TAKAM YHHOM, II00
MICJIS MMPOKATKU Ha MOTPiOHY BEIMYMHY OOTHCKYBAaHHS OTPHMATH OJHAKOBY KIHIEBY TOBIIMHY. MIKpOCTPYKTYpYy
JIOCITIZPKYBAJIHU TiJI CBITJIOBUM MIKPOCKOIIOM, PO3MIp 3epHa (hepuTy BHU3HAYAIN, BAKOPUCTOBYIOUM METOAMKHU KiJIbKi-
cHOI Metanorpadii. 3acTocyBaHHs METOJUK PEHTTCHIBCHKOTO CTPYKTYPHOT'O aHAIIi3y J03BOJIMIO BU3HAYUTH PiBEHb
BUKPHBJICHb KPUCTANIUHOI pemnTku apyroro poxy ¢epury. LIBHAKiCT pO3NOBCIOUKEHHS 3BYKOBHX KOJIMBAaHb
BUMiproBasi crneuianbHuM npuiagoM tumy [CII-12 i3 poOouoro yacToTor mpoxomkeHHs immynbciB 1,024 xIm.
B sKocTi XapakTepUCTHUKM MIIHOCTI BHKOPHCTOBYBAJIM TBEpPIICTh, SKY OLIHIOBAIM 3a MeToxoM bpinesns.
PesyasTaTn. [Ipu 30inpmeHHi po3mipy 3epHa (GepuUTy TBEPAICTh CTaJli 3HIKYEThCS. [IpuBeaeHa 3aIeXHICTh Miao-
PSAAKOBYETHCS piBHAHHIO THITy XoJa-Ilerda. 3a yMOB HE3MIHHOTO CTPYKTYPHOTO CTaHy METaIy 3MEHIICHHS PO3MIpy
3epHa (PepUTy CYNPOBOKYETHCSI 3aKOHOMIPDHUM 3POCTaHHSIM BUKPHBIIEHb NPYrOro pojy. XapakTep 3ajexHOCTI
MIBUAKOCTI PO3MOBCIOJDKEHHSI 3BYKOBHX KOJIMBaHb Y3/IOBX W YIHOIEpeK HaNpsIMKy MPOKATKH BiJ po3Mipy 3epHa
GbepuTy 3aNUIIAETBCA HE3MIHHMUM Ta  MIAMOPAOKOBYETHCS MPSIMO  MPOMOPLIHHOMY  CITiBBiZHOIICHHIO.
Haykosa HoBH3HA. Ha OCHOBI IpOBEIECHHUX JOCIIHKEHb BU3HAYCHUH MPSAMO MPOIOPIIIHHUIN XapaKTep BIUIUBY PO3-
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MATEPIAJIO3HABCTBO

Mipy 3epHa (pepuTy Ha IIBHIKICTH PO3IOBCIOKCHHS 3BYKOBHX KOJHBAaHb Y HH3BKOBYTJICIEBIN JICTOBaHIM CTali.
B poboTi mokaszaHo, 110 TpH 3pOCTaHHI PO3MIPY PEKPHCTAII30BAaHOTO 3epHa (DEPHUTY CTYIIHD BIUIUBY TEKCTYPH Bix
MOTIepEeIHBOI XOJOAHOI MTacTUdHOi Aedopmariii mpokaTkoro 30imbnryeTbes. IIpakTuyna 3HaunMicTb. OTpuMani
pe3yJbTaTh 3 BU3HAYEHHS XapakTepy BIUIMBY pO3Mipy 3epHa (epUTy Ha LIBHIKICTH PO3MOBCIOKEHHS 3BYKOBHX
KOJINBaHb MOXKYTh OYTH KOPHCHUMH IPU PO3poOIli METOUK HEPYHHIBHOTO KOHTPOIIIO SKOCTI METaJIeBUX MaTepia-
niB. Oco6MuBOrO 3HAYCHHS BKa3aHa METOJMKA BUMIpIOBaHHS HaOyBa€ B yMOBaxX IIOTOYHOTO BHTOTOBIICHHS METaie-
BUX KOHCTPYKLIii.

Kniouosi crnosa: TBepaicTh; po3Mip 3epHa; (EepHT; BUKPUBJICHHS APYroro pojy; MIBUAKICTH PO3IOBCIOIKCHHS
3BYKOBUX KOJIMBaHb

1. A. BAKYJIEHKO", 10. JI. HAJEXKJIMH?, B. A. COKMPKO?, CIO CS XAI*

1*Ka(b. «TexHnonorus Matepuanos», JIHEIPONETPOBCKUI HALIMOHAIBHBIN YHUBEPCUTET JKEJIE3HOA0POKHOTO TPAHCIIOPTAa UMEHU
akagemuka B. Jlazapsna, yn. JIazapsna, 2, Jlnenponerposck, Ykpauna, 49010, ten. +38 (056) 373 15 56,

a1 moyra dnuzt_texmat@ukr.net, ORCID 0000-0002-7353-1916

2Kaq). «Texnonorus maTepuanony, J[HENPONETPOBCKUI HAIMOHAIBHBIN YHUBEPCUTET KENE3HOIOPOKHOTO TPAHCIIOPTa UMEHU
axagemuka B. JlazapsiHa, yn. JIazapsna, 2, JlnenponeTpoBck, YkpauHa, 49010, ten. +38 (056) 373 15 56,

11 moura 7435892@gmail.com, ORCID 0000-0003-1805-4616

3I[C JItn, Hay4uHo-nipon3BoACTBeHHAs KOMITaHus, yi1. bonsmas Mopckas, 63, Hukonaes, Ykpanna, 54001,

tein. +38 (0512) 35 44 83, sn. moura ds@mbksat.net, ORCID 0000-0001-7051-6254

Kuraiickas MaIIMHOCTPOUTEINIBHAS HHBECTHIIMOHHA Tpymma JItn, yin. Anmn, 60, ITexun, Kuratickas HapogHas peciyOnuka,
100101, Ten.86 10 64827530, ai1. moura xxhai2004@163.com, ORCID 0000-0002-0338-5976

3ABUCUMOCTb CKOPOCTH PACITPOCTPAHEHUSI
3BYKOBbIX KOJIEBAHUH OT PASMEPA 3EPHA ®EPPUTA
B HU3KOYIJVIEPOJAUCTOMU CTAJIN

Lens. Pabota HanpaBieHa Ha onpezelieHre XapakTepa BIMsSHUS pa3Mepa 3epHa Gpepputa HU3KOYTIIEPOIUCTOM JIeTH-
POBaHHOH CTaJli Ha CKOPOCTh PacIpOCTPAHCHUs 3BYKOBBIX KoyeOanuii. MeToamka. MaTepuaiaoM Ui WCCICHOBaHUN
CITyXWiIa JcToBas cranp TommuHOoW 1,4 mm. Crams tmma X18T1 mmerna comepikaHHe XHMHYECKHUX 3JIEMEHTOB
B mpenenax Mapousoro cocrasa: 0,12 % C, 17,5 % Cr, 1 % Mn, 1,1 % Ni, 0,85 % Si, 0,9% Ti. Yka3anHas crajib OTHO-
CHUTCsI K IOy (heppUTHOMY KJIaccy O NpHHATOH Kiaccupukarpy. CTPYKTYpHOE COCTOSIHUE METalIa JUI UCCIICIOBAHUS
MOMyYand B pe3yJIbTaTe XOJOMHOW IDIACTUYECKOW nedopMarmy MpPOKAaTKOW Ha BEIMYMHY OOXAaTHsS B HMHTEpBAIS
20—30 % " MOCHeqyIOmEro PeKPUCTANIN3ANMOHHOIO OTKUTa Tpu Temreparypax 740-750 °C. PaznmmuHyio creneHb
XOJIOTHOW TITACTHYECKOH Aedopmanuu notydanu (6arogapst IpeABapHTeIbHOMY HOI00pY UCXOIHOW TOJIIMHBI POKa-
Ta) TAKAM 00pa30M, YTOOHI IOCIIE TIPOKATKU HAa TPEeOyEeMYIO BETHUYNHY 00XKATHS TOJTy9danach OJJMHAKOBAs KOHCUHAs TOJI-
mMHA. MUKpPOCTPYKTYPY HCCJIENIOBAIM TI0]] CBETOBBIM MHKPOCKOIIOM, pa3Mep 3epHa (eppura Onpeensiii, UCIoib3ys
METO/IMKH KOJIMYECTBEHHON MeTasiorpaduu. [IpuMeHeHre METOIMK PEHTTEHOBCKOTO CTPYKTYPHOTO aHAITH3a ITO3BOJIUIIO
OIIPE/ICITUTH YPOBEHB HCKAKEHUI BTOPOTO poJia KPUCTALTMIECKOM perieTkn (pepputa. CKOpPOCTh PacpoCTpaHEeHHs 3BY-
KOBBIX KOJeOaHMi m3Mepsti crenuanbHpM mpudopom tuma WMCII-12 ¢ pabodeit yacToToil MpoXoXKAeHNS MMITYJIECOB
1,024 xI'n. B xagecTBe XapaKTEPUCTHKU MPOYHOCTH HCIIOIH30BAIN TBEPAOCTH, KOTOPYIO OLIEHUBAIH 10 MeToxy bpume-
nst. Pesyabrarsl. [Ipu yBenuueHun paszmepa 3epHa (eppuTta TBEpIOCTh CTalM CHIDKaercs. [IpuBeieHHas 3aBUCUMOCTD
MOUYMHSCTCS ypaBHeHUIo Trma Xowia-Ilerda. B ciydae HEM3MEHHOTO CTPYKTYPHOTO COCTOSIHHSI METaIlIa YMCHBIIICHHE
pazmepa 3epHa (eppuTa COMPOBOKIAETCS 3aAKOHOMEPHBIM POCTOM HCKKEHHI BTOPOTro poja. XapakTep 3aBUCHMOCTH
CKOpPOCTH PacIipOCTPpaHEHHsI 3BYKOBBIX KOJIeOaHHH BJIOJIb U MONIEPEK HAIpaBJIeHMs IIPOKATKK OT pa3Mepa 3epHa depputa
ocCTaeTcss HEU3MEHHBIM U TOJYHMHACTCS IPSMOIPOIIOPIIMOHATEHOMY cooTHOmeHH0. Hayunas HoBu3Ha. Ha ocHoOBe
TIPOBE/ICHHBIX MUCCIICIOBAHUI OTIPEIENICH PSIMOTIPOTIOPIMOHATBHBIN XapaKTep BIMSHUS pa3Mepa 3epHa (eppuTa Ha CKO-
POCTBH PacTIpOCTpaHEHHs 3BYKOBBIX KOJIeOaHMI B HU3KOYIJIEPOIMCTON JerMpoBaHHOW ctamm. B pabote moka3aHo, 4TO
NP YBEJIMYEHHUH pa3Mepa PEKPUCTAILIM30BAHHOTO 3epHa (heppHTa CTENeHb BIUSHUS TEKCTYPhI OT NPEAbIIYIIEH X001~
HOM TUTACTHYECKOH nedopMarmy mpokaTkoi Bo3pactaer. IlpakTudeckas 3HAYAMOCTD. [lonydeHHBIC pEe3yIbTATHI 110
OTIpE/ICNICHUIO XapaKTepa BIFSTHISA pa3Mepa 3epHa (pepprTa Ha CKOPOCTh PacHpOCTPaHEHHS 3BYKOBBIX KOJIEOaHHUIA MOTYT
OBITh MOJIE3HBIMU TIPH Pa3padOTKE METOMMK Hepa3pyILatoIero KOHTPOJIsl KauyecTBa METAUIMUECKHX MaTepuanoB. Oco-
OCHHOE 3HAUCHUE YKa3aHHAS METOJUKA H3MEPEHUS MMPUOOPETACT B YCIOBHUAX IOTOYHOTO TPOM3BOJICTBA METATLTHICCKIX
KOHCTPYKLIMH.

Knoueesvie cnosa: TBepHOCTb; pa3Mep 3epHa; PEeppUT; UCKAKEHUE BTOPOTO POJa; CKOPOCTh PACIPOCTPAHEHHS 3BYKO-
BBIX KOJI€OaHMIt
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MHOKECTBEHHBIE OB BEKTbBI

Henn. Pa3zButie CIOXHBIX TEXHOJOTHH IPOM3BOJICTBEHHBIX M YIPABIEHYECKUX MPOLECCOB, CUCTEM MH(OpMa-
TUKH, TPUKIAJHBIX OOBEKTOB TEOPUH CHCTEM M JAp. TPeOyeT yCOBEPIICHCTBOBAHUS MaTeMAaTHUECKUX METOJIOB, HO-
BbIX IIOAXOA0B JIA HCCJ’IeﬂOBaHI/Iﬂ MPUKIIAJHBIX CUCTEM. A MH0r006pa31/1e " pasHOPOAHOCTH MPCAMETHBIX CUCTEM
JIEJIAI0T HEOOXOIMMBIM Pa3paboTKy MOeH, 0000IIAONICH KITaCCHUECKUE MHOKECTBA U UX Pa3BUTHE — MHOXKECTBA
MHOXXECTB. MHOXECTBEHHbIE OOBEKTHI, B OTJIMYAE OT MHOXECTB, KOHCTPYHPYIOTCS MHOXKECTBEHHOW CTPYKTYpOH
W CaMu NPE/ICTABISIIOTCS CTPYKTYPOH 1 conepkanueM. Llenbio paboTs! sBIIsSETCS aHAIN3 MHOXKECTBEHHON CTPYKTY-
pBI, TMOPOXIAIOUIEH MHOXKECTBEHHBIE OOBEKTHI, NalbHEHINEe pa3BUTHE OINEpaluid HaJ TaKUMH OOBEKTaMu
B NPHUKJIAAHBIX cucTemMax. Meroauka. [ mocTikeHus 1eeld 1cciieloBaHNsI MHOXKECTBEHHAsT CTPYKTypa 00bek-
TOB MPEACTABISETCS KOHCTPYKTUBHOM TPOMKOM, COCTOSIIIEH U3 HOCUTEINS, CUTHATYPbl U aKCUOMAaTUKU. MHOXeCT-
BEHHBIH O0BEKT ONPENEISIETCs] CTPYKTYPOH M COJep)KaHUEM, a TAaKXKe MPEACTaBIAETCS THOPUIHON CyIepro3uIneH,
COCTaBJICHHOH M3 MHOXKECTB, MYJIbTHMHOKECTB, YIIOPSIOYCHHBIX MHOXKECTB (CITICKOB) M HEOJHOPOJHBIX MHOKECTB
(mocnenoBatensHOCTEH, KOpTekei). PesyabTaThl. B paboTe paccMOTpeHBI CBOIICTBA M XapaKTEPUCTUKN KOMITOHEH-
TOB THOPHUIHBIX MHO)KECTBEHHBIX OOBEKTOB CIOXKHBIX CHCTEM, IPEIUIOKEHBI OLEHKU HUX CIOXHOCTH, NPHUBEACHBI
MpaBUJIa BEIIIOJHEHNS BHYTPEHHHUX U BHEIIHHUX ONEpaIfii Ha 00beKTaX. BBeJEHBI OTHOIIEHUS TPOU3BOIBHOIO I10-
psilKa HaJl MHOXKECTBEHHBIMH OOBEKTaMH, ONPEEIICHO MOHATHE (BYHKIMU U OTOOpaXKeHUsI Ha 00BEKTaX MHOXKECT-
BEHHOH cTpyKTyphl. Hayunast HoBu3HA. B HacToseil paboTe paccCMOTPEHBI BOIIPOCHI Pa3BUTHSI MHOXKECTBEHHOMN
CTPYKTYpBI, MOPOXKIatonield MHOKecTBeHHbIe 00beKkThl. IIpakTHyeckas 3HauMmMocTh. [lepexon oT aOCcTpakTHOM
MHO)KECTBEHHOH CTPYKTYpHI K IIPEIMETHON CTPYKTYpe TpeOyeT TpaHc(opMaluyi CUCTEMBI 1 MHOXKECTBEHHBIX 00b-
exToB. TpaHcdopmanus mpezmonaracT TpU MOCIEA0BATENBHBIX dTama: creluduKannio (IpUBS3KY K IpPeIMETHOH
00JacT), MHTEPIPETANnio (MHOKECTBEHHBIX OOBEKTOB) M KOHKpeTu3ammo (uenn). [IpemmokeH bl ToaX0 1 OIH-
CaHUs CHCTEM Ha OCHOBE I'MOPHIHBIX MHOXECTB MOXKET OBITh MCIIOJIb30BaH BO MHOTHX MPHKIIAIHBIX CHCTEMax s
CTPYKTYPHOTO M COJCpKaTeNbHOrO aHanu3a. [IpuBeneH npuMep NpUMEHEHUs] THOPUIHBIX MHOXKECTB IS MOAEIH-
POBaHMS JIOTHCTHYECKUX CHCTEM.

Kniouegvie cnosa: KOHCTPYKTHBHAsI MHOXKECTBEHHAsI CTPYKTYpa; THOPHIHBIE MHOKECTBECHHBIE OOBEKTHI; MOJIC-
JIMPOBAHME; CI0KHBIE CHCTEMBI; MHOXECTBA; CIICKH; MYJIbTHMHOKECTBA; KOPTEKH; JTJOTUCTUIECKAst CHCTEMa
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BBenenue

PasBuTHe CIIOXKHBIX TEXHOJIOTMM HPOU3BOJACT-
BEHHBIX M YIIPAaBIEHYECKHUX IIPOIECCOB, CHCTEM
WHQOPMATHKH, MPHUKIAAHBIX OOBEKTOB TEOPHH
CHCTEM M [Ip. TpeOyeT yCOBEpIIECHCTBOBAaHMS Ma-
TEMaTHYECKUX METO/I0B, HOBBIX IOJXOAOB IS
UCCIEeI0BaHUN MPUKIAJAHBIX CHCTEM [7].

TIpumepoM CIOXXHOM CHUCTEMBI SABIISIETCS XKe-
JIe3Has JI0pora, BKIIOYAromias COBOKYITHOCTH:
CTaHIM{, BaroHHbIX M JIOKOMOTHBHBIX JEMO, BO-
K3aJI0B, TIOJBM)KHOTO cocTaBa U mp. i monenu-
POBaHMsI CIIOXKHBIX CHUCTEM OOBIYHO HCIIONB3YIOT
CTPYKTYpHBIH MOJXOJ, 3a/1aBasi UX IJIEMEHTHI CBf-
3aHHBIMH MHOecTBamH [9, 10]. Anamuz paboTh
JKEJIE3HOU JOPOrM Ha OCHOBE CTPYKTYPHOTO MOJE-
JMPOBaHUs TPHUBEACH B MOHOTpaduu [1].

Bo3MoXHOCTH M OCOOCHHOCTH HPUMEHEHHS
METOJOJIOTHH CHUCTEMHOTO aHAJIN3a TPU PEIICHUU
npoOjeM TpPaHCIOPTHBIX Y3JIOB  PACCMOTPEHBI
B MOoHOrpaduu [12].

OnucaHue CHCTEM C TIOMOIIBIO KOHEYHBIX
MHOXXECTB M OTHOLUCHHUH BBIIOJIHEHO B pabote
[21] u cTtpykTyp B crathe [2]. Takue cioKHbIE
00BEKTBI, KaK CTaHLUH, N0 CIeAyeT MpeicTaB-
JATh YNOPSIOYECHHBIMU IO ONPEACICHHOMY KpH-
Tepuio (MOJYMHEHUS, MECTa IOJOXKEHHUI U Jp.)
3JIEeMEHTaMM CIIHCKOB, MO€3/1a MPEeACTaBIATh Kak
MYJBTHUMHOXECTBA BAaroHOB M T.A. Takum oOpa-
30M, B MOJEJSAX pEAIbHBIX CHCTEM BO3HHKAIOT
pasHooOpa3Hbie THOPUIHBIE KOHCTPYKIUH MHOXeE-
CTBEHHBIX OOBEKTOB, ammapar KOTOPbIX Tpedyer
paseuTusa. Kpome toro, pazButue ammapara MHO-
JKECTBEHHBIX OOBEKTOB IMpPHUBEJIET K COBEPIICHCT-
BOBaHUIO 3a7jad HCCIICOBAHUS ONEpaluil, mpen-
CTaBJICHHsl aOCTPAKTHBIX CTPYKTYp HAaHHBIX HH-
¢dopmaruku u ap. [23].

B paGore [3] mpemnokeH MaTeMaTHUECKHA
MOIXOJ] UCCIIENOBAaHUI Ha OCHOBE MHOKECTBEHHON
CTPYKTYpHl (MHOXXECTBO MHOXXECTB, MHO)KECTBO
CIHCKOB, (GYHKLUMI MHOXKECTB) M IaHO €ro MpHUMe-
HEHHE K NPUKIAIHBIM 3a7ja4aM HHKEHEPHU.

ean

B pabote paccMOTpeHBI BONIPOCH! JATLHEUIIIETO
Pa3BUTUSL MHOKECTBEHHOH CTPYKTYpBI, MOPOXK-
JafoIleii MHOXKECTBEHHBIE OOBEKTHL. MHOXKECT-
BEHHAsI CTPYKTypa OOBEKTOB 3aaCTCS KOHCTPYK-
TUBHOM TPOWKOM, COCTOSIIEN U3 HOCUTENS, CUTHA-
Typbsl U akcuoMaTuku. CaMm K€ MHO>KECTBEHHBII
00BEKT ompeneseTcss ABYMsI KOMITOHEHTAMHU —

CTPYKTypol W cojepkaHueM. MHOXECTBEHHbBIN
00BEKT MpEACTaBIsACTCS THOPHIHON CyHepro3u-
1uel, COCTaBIEHHON M3 MHOXECTB, MYJBTUMHO-
JKECTB, YIHOPSOOYCHHBIX MHOXECTB (CIIHCKOB)
U HEOJHOPOAHBIX MHOXECTB (IIOCIEIOBATEIHHO-
cTei, Koprexeil). PaccMoTpeHbl cBoWCTBa M Xa-
PAKTEPUCTUKH KOMIIOHEHT MHOXECTBEHHBIX O0B-
€KTOB, MPEIJIOKEHbI OLEHKH UX CIOXHOCTH, IpU-
BEJCHBl  IpaBWJIa  BBIMOJHEHHUS  BHYTPEHHHX
Y BHEIIHHMX omnepanuii Ha oObekTax. BBeneHs oT-
HOLICHUS] POMU3BOJIBHOTO MOPsAKA Hall MHOXKECT-
BEHHBIMH OOBEKTaMH, OINpPEIENIEHO MOHATHE
(GyHKUMHE ¥ OTOOpakeHHsI Ha OOBEKTaX MHOXKECT-
BEHHOH CTPYKTYPBI.

MeTtoanka

Ilpeocmasnenue u 3a0anue MHONCECMBEHHBIX
00vexmos. Kak mpaBmiio, 00beKTHl KaK KllacChye-
CKOM, TaK W KOHCTPYKTUBHOM MaTeMaTHUKH CO3/1a-
IOTCA Ha €€ 633I/ICHLIX 9JICMCHTAaX, TaAKUX KaK MHO-
J)KECTBO,  MYJIBTUMHOXKECTBO,  YIOPATOUYECHHOE
MHOJKECTBO (CITUCOK), HEOIHOPOIHOE MHOYKECTBO
(kopTex), OTHOIIEHHE, oneparus u apyroe. OcHo-
BOH OMpeICICHHs YaCTU STUX IJIEMEHTOB SBIIACTCA
MHOJKECTBO, KOTOPOE B MaTeMaTHKE ONPEeINsIeTCs
aKCHOMAaTHYECKH, a B MPUKIAJTHON MaTeMaTHKe —
roHsATHIHO [18].

KoHCTpyKTUBHO 1OJ MHOXECTBOM IOHUMAETCS
CBOOOMHBIN HAOOP PAa3TUYHBIX OJHOTHUIHBIX 3JIe-
MEHTOB. DJIeMEHThI B Ha0ope CBOOOIHBI B TOM
CMBICTIC, UYTO BO MHOXXECTBO OHHM BXOIST B MPOU3-
BONILHOM Topsnke. M3mensis cBoiictBa Habopa
M DIIEMEHTOB MHOJKECTBEHHOW CTPYKTYDBI, IONy-
YUM JApyrue oObeKThl. Ecian BO MHOYKECTBE CHATH
OrpaHUYEHHE 0 PA3IMYHBIM AJIEMEHTaM, TO TOIY-
9UM MYJIBTUMHOKECTBO. He cBOOOMHBIN OMHOTHII-
HBI HAOOp Pa3IMYHBIX 3JIEMEHTOB 10 HEKOTOPOMY
OTHOIIICHUIO 00pa3yeT YHOPSIOYCHHOE MHOXECTBO
(crrimcoYHOE MHOKECTBO), B CIy4ae MOBTOPSIEMOCTH
JJIEMEHTOB B Ha0oOpe MMeeM MYJIbTHCIHCOK. Ecim
Ha0Op Pa3HOTHUITHBIM, TO COOTBETCTBEHHO OH 00pa-
3yeT HEOJHOPOIHYIO YIOPSAAOYECHHYIO WM HEYIIO-
PAIOYEHHYIO TOCIEI0BATENFHOCTH WM KOPTEXKH,
MYJIETUKOPTEX YHOPSIOYEHHBIA WIN HEYIOpPsIo-
yeHHbIH. TakuM 00pa3oM, pacCMOTPEHHBIE OOBEKTHI
3a/1al0TCSl Ha €IMHOM MHOXKECTBEHHOM CTPYKTYype
M c noMoIIbl0 OTHOIIEHWI: TOXKAECTBA, MOPSIIKa,
HEOJTHOPOJHOCTU U Tip. DOpMaNbHO 3Ta CTPYKTYpa
MOJXET OBITh TIPENCTAaBIIeHa KaK CIeIHaTH3alus
00001IIeHHOH TTOPOXKAAoIIeH CTPYKTYPHI [5, 19]:
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M=(N,Z,A), (1)

rie N=GUF — Hocutens CTPyKTYpBI, Ha KOMIIO-
HeHTe G KOTOPOTO CTPOSITCS MHOXKECTBEHHbBIC
oowsextel 1 F=({,},[,1,),(), -, ([, 1) — andasur
CHENUANTBGHBIX CHMBOIIOB; X — CHTHATypa OTHOIIe-
HUH O, 1 =1,4 n OTIEepaIlUK CYMEPIo3uIu \J ; A
— KOHCTPYKTHBHas aKCHMOMATHKa, 3aJIaiolias orpe-
JICNICHHs, CBOWCTBA, IPaBWIa KOHCTPYUPOBAHUS
00BEKTOB U TIP.

WHaTepnperanus cTpykTypsl (1) MokeT OBITh
BBITIOJIHEHA JJIs1 ONIPEACIIEHHOM 3a1auM PEAMETHOM
o0nacTy, Hampumep, MpH MPOSKTHPOBAHHH JIOTH-
CTHUYECKHX IIeTIe TocTaBKH TOBapoB [16, 17], mpu
MO/JICIIUPOBAHUN B 3a/lauyax B3aUMOCHUCTBHS IOJ-
BIDKHOTO COCTaBa M KEJIE3HOAOPOKHOrO ImyTH [15].

PaccmoTpum coctaB akcMOMaTWKA A MHOXKe-
CTBEHHOU CTPYKTYpbL M.

Axcuomamura 6a3ucHvIx 00eKmog:

— komnoHenta G =G, UG, U...UG, Hocurens
HEOJIHOPOJTHA,

-G,,i =1,_n OITHOPOZHEI (OJJTHOTHITHBI);

— #G; — MOIIHOCTB COJEPKAHM IIOJAKOMIIOHEH-
THI;

— econ #G; =0, TO NMOIKOMIIOHEHTA ITycTasd,
1 obo3Havaercs Kak G; =0 ;

—oneMeHT s € G,ecmu 3G, < G,s€G;;

— mroboit smemeHT se€ G HemenmMm (aToMap-
HBIH).

Onpeodenenue 1. OtHowleHue ¢, Ha Habope

(815 85,--,5,) C G/ 3amaeT MHOXECTBO, €CJIH dJie-

MEHTBI B Ha0Ope pa3inyHbl U J1000e OMHApHOE OT-
HOILICHUE ¢, Yyepe3 KOTOpOoe MPeCTaBIIeTCs] OTHO-

TICHUC
(Pl(Sla 52:---asr) = (P(SkI 5 Sk2 ) ® (P(Sk2 5 Sk3 ) D,

®(P(Sk3 28, ) DO (sy s ) (2)

obmagaer cBOMCTBOM (s, , S, )=@(s, ,S, ).
! J J r

3necy @ — omepanus cBepTku e Moprana OuHap-
HBIX OTHOIUEHUM.
Onpeodenenue 2. OtHOLleHME ¢, Ha Habope

(815 85,--,5,) = G/ ompenensier MyJIbTHMHOXKECT-
BO, €CIM OTO OTHOIICHHE 3aJae€T MHOXECTBO
U 3JIeMEeHTHI B Habope (S, S,,...,S,) HE BCE pa3iiny-
HBI.

Onpeoenenue 3. OTHOmEHHE ¢, TPEACTaB-

JIeHHOe B BHJIE (2) Yepe3 OTHOIIEHHE HEKOTOPOro
nopsiznka ¢, 3aJaeT yIopsiioueHHOE MHOXKECTBO 110
ONpelesIeHNI0 | MM YacTHYHO YIOPSIOYEHHOE
MYJIETUMHOKECTBO I10 OIPEIENEHHUIO 2.

Onpeoenenue 4. OTHOLIEHUE @, IO MPEICTaB-
neHuto (2) ompezneneHust 1 3amaeT HEOAHOPOIHOE
MHOXXECTBO (MYJIBTHMHOXECTBO) M IO OMpeIee-
HUIO 3 — HEOAHOPOTHOE YaCTHYHO YIIOPSI0UECHHOE
MHOECTBO.

Onpeodenenue 5. 3amanabie onpeaeacHUsIMA 1 —
4 MHOXXECTBa Ha30BeM Oa3MCHBIMH MHOXKECTBEH-

HBIMH O0OBEKTaMHU qu HYJIEBOTO YPOBH.

s pacnio3HaHus OOBEKTOB U OTPaXKCHHS OT-
HOIIICHHUS Ha HUX UCIIOJIb3yeM 0003HaueHus: {} —
MHOXECTBO, [-] — yIOpsAIOUYEeHHOE MHOXKECTBO, [-]
— HEOJHOPOJIHOE MHOXKECTBO, () — MYJIbTHMHO-
JKECTBO. 3JIeCh CHMBOI «-» TPEAINOoNaracT Haju-
ype cojepkanust S =(s,5,,...s,) OObEKTa O?,
BO3MOXHO MyCTOTO.

O6BeKT O;.), MOPO’KIEHHBIN MHOKECTBEHHOMH

CTpyKTypoit M , OyieM 3aluchiBaTh TaK 0;) dM .

Konkpernoe conepxxanne S c G 0a3ucHOro

00beKTa 3a7aeTCsl MEPEUUCIICHUEM €ro 3JIEMEHTOB
s; € S WY UHBIM CIIOCOOOM.

Ecmm 00BekT uMeeT mycToe coaepkanue (Imyc-
TOH 00BEKT), TO OH mpexacramisercs (o, o,...,0)

wm (0), TAe MOJ KPYTIBIMH CKOOKaMH TOJpasy-

MEBAIOTCS JIFOObIE U3 CKOOOK OOBEKTOB.
Axcuomamuxa MHONCECMBEHHBIX 00BEKMOB.

Ha mHOkecTBEHHOH CcTpyKType M , KOHCTPYKTHB-

HO C IIOMOILBIO ONEPalUU CYNEPIO3ULUN Y MOXK-

HO 3a/1aTh 00JIee CIIOKHBIE OOBEKTHl Pa3HBIX YPOB-
Hel cnoxHocTd. Hampumep, HyneBol ypOBEHb
CJIOKHOCTH OIpelesIsitoT O0a3ucHble 00BEKTHI, Iep-
BBIIl YPOBEHb CIJIO)KHOCTH: MHOYKECTBA MHO>KECTB,
CIIUCKH CIIMCKOB U TaK Jajiee, BTOPOU ypOBEHb —
CIIUCOYHBIE MHOKECTBA CIIMCKOB U TIP.

OO0BeKT Oik k -TO YypOBHSI CIIO’)KHOCTH, ITOPOXK-

JICHHBIA MHOXECTBEHHOW CTpyKTypoll M , ompe-
JIeNIAeTCsl PEKYPCHUBHO:

1) 0] IM;
2) 0 =y(0)), O} I M ;
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2 0 Al 2 .
3) 07 =y(0),0)), O A M ;
ko 0 Al k-1 ko
4) k+1) Of =y(0°,0!,..,0), 0
PeKprI/ISI BBITIOJIHACTCA HaAl 06’BGKT3MH C nmyc-

ThIM COACPIKAHNUEM U 06’bCKTy Ha MOCJICOAHEM YPOB-
HE MPUIHCBIBACTCA HGOGXO,I[I/IMOC COACpKaHHUE.

JhioGoit 06vexT Of € E uMeeT omnpeneneHHoe

cmpoenue-Cmpykmypy M cooepicanue.

CTpyKTypa MOpPOKAEHHOTO OOBEKTa OTpakaeT
HEepapXHUYECKyI0 MOJTYNHEHHOCTh JOYEPHUX OO0BEK-
TOB POAMUTEIECKOMY MHOKECTBEHHOMY OOBEKTY.

CrpyKTypa cloHOro o0bekTa rudpunHas. OHa
BKITIOYAEeT B ce0sl CTPYKTYPHI MIOAYIMHEHHBIX 00BEK-
TOB Pa3HBIX THIIOB U YTIOPSAOYEHHAS 10 3TUM TH-
mam.

Crpykrypa  C(Of) of
CMPYKMYpPHbIM 0epeeom Wi CMpYKmypHot (op-
MOU, COCTaBJIEHHOM M3 BJIEMEHTapHBIX  (OpM

Te {000 Tu( )}

Tak cTpykTypa OOBEeKTa Of, MIpeICTaBICHHAS

00BeKTa 3a1aCTCsA

CTPYKTYpHOU (hOPMO¥, MOKET UMEThH BT
CON =D &4 65 T £ CE &),
CLEL G 5 L6 G LTI (3)

B ctpykrype (3) BHemHNe cKOOKH () (0cHOGHAs
¢opma) COOTBETCTBYIOT POAMTEIHCKOMY OOBEKTY

O/, a gopmst mepsoro yposus ({1, {}, {3, [ 1,11
TaKXe Kak U IPyTHUX CTapIINX yPOBHEH — IOYEPHHUE.
OTMeTHM, YTO MECTOIOJIOKEHHE JI000H 31eMeH-
TapHOH (OpMBI B CTPYKTYpHOU (opme, B o0Iiem
Cllydae, ONpEeneNaeTCsl YpOBHEM, MECTOM Ha HEM
U TIOJIOKEHHEM B MecTe ypoBHA. Hampumep, s
TIEPBOTO YPOBHS U NIEPBOTO MECTa Ha HEM [| UMeeM

AN

U Ll

TIEPBYIO WK 4eTBepTYIO hopmy [ J.

B crpykTypHOM nepeBe BEpIIMHAMH SBIISIOTCS
3JIeMeHTapHbIe (OPMBI, a JYT'H OTPAKAIOT MMOIUYH-
HEHHOCTB ()OPM OOBEKTOB MO YpOBHsSM. BeprimHe
nepeBa (OCHOBHOM (DOpME) COOTBETCTBYIOT CKOOKHU
POIUTEIBCKOTO OOBEKTa HYJEBOTO YPOBHS, a €ro
JIMCThSIM BEPILUHBI, HE UMEIOIUE MoaunHeHus. Ha
puc. 1 TpUBEACHO CTPYKTYPHOE ICPEBO, OTOOpa-
JKaroIIee MPEACTAaBICHAYIO BRIpaKeHHEM (3) CTpYyK-
Typy.

Conep:xaHne CIIOKHOTO MHOXECTBEHHOTO 00B-
eKTa ompenensercs conepxanueM (S j) 0a3UCHBIX

00BEKTOB O;) .

Conmepxxaane D o0Obekra Oik OIpEeAeInM Io-
CJIeZIOBATEIBHOCTEIO cosepkanuid (S j), JINCTHEB

B cTpykType C (Oik). Hanpuwmep, mis oobexTa 01'4
CO CTpyKTypoit (3) ero comepkaHue 3amacTcs BEI-
DO =([S,1,{S,}, ... [S}5]
D(0)=(S,;S,;..;8,;). B mepBom ciyuae sBHO
yKa3aHbl THITBI COJICPKaHUsL, BO BTOPOM CJIydae THII
coZiep>KaHusl ONpenessieTcs 0 CTPYKType 00beKTa.

paK€HueEM nim

ITo ctpyxType C(Oik ) U comep)KaHHIO D(Oik)

OJIHO3HAYHO 3aJaeTCs MHOMKECTBEHHBIH OOBEKT
k .
O, t.e.
o . k

— 000 MHOKECTBEHHBIH 00beKkT O; 3amaercs
YHOPSIIOYSHHOM TTapoi OI.k =(C,D);

— 00BeKT 6e3 conepKaHms Oik =(C,(0)) —myc-
TOH U €ro CTPyKTypa — cXema.

OObeKT, WMEIOIMI  OJHO  CO/EpXKaHHe
U CTPYKTYpPY HYJIEBOTO YPOBHS — Oa3UCHBIH.

Q

)

o

4 [ %

Puc. 1 Crpykrypnoe nepeso C (Of)

Fig. 1 Structure tree C(Of)
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Kitacc 00bekTOB £ MHOKECTBEHHOU CTPYKTY-
pel M TpencTaBisSeTCs YHOPALOYEHHOM mapoi
KJIacCOB CTPYKTYp E. u comepxanuii FE,, T.e.
E=(E., E}).

PaccmoTpum Temeph MOIOOBEKTHI MHOMKECT-
BEHHBIX O0OBEKTOB U MX COCTABIISIOLIHX.

Tloocooeporcanus, noocmpykmypsvt u nodo6v-
eKmbl MHOJICECMEEHNBIX 00beKmMO08. BakKHBIM IS
MHOKECTBEHHBIX OOBEKTOB SABISAETCS IOHATHE
MPUHAUICKHOCTH WJIN HENPUHAMJIE)KHOCTH €My
HEKOTOPOro 3jJeMeHTa X. Tak Kak MHOXECTBEH-
HBIE OOBEKT ONpEAeNsIeTcsl ero CTPyKTYpOH U co-
JlepKaHWeM, TO MOXKHO CTaBHUTh 3TOT BOIPOC IO
OTHOIIEHHUIO K COJEP>KAaHHIO WM IO OTHOIIECHHUIO
K 00bekTy. [Ipr 3TOM BO3MOKHBI CITy4au:

1) ecau xeD(Oik) u k=0, Torma erl.O;

2)econ x € Ol.0 ,TO X € D(OI.O) ;

3) ecam xeD(Oik) u k=1, To erl.k HTH

k
xeO;
k k

4)ecmn x€O; , 10 xe D(O;).

OTHOIIICHHUS TMPHHAICIKHOCTH 3JIEMEHTa CO-
JIEp)KaHUI0 ¥ MHOXXECTBEHHOMY OOBEKTY HMEIOT
cBon ocobeHHOCTH. PaccMoTpuM ocoOGeHHOCTH
MPUHAICKHOCTU COACPIKAHUIO.

Tak Kak cojepKaHue MHOXKECTBEHHOTO 00BEK-
Ta OINpEeNeNseTcs uepe3 colepKaHue Oa3HCHBIX
OOBEKTOB PA3HOTO THIIA, KOTOPBIE MOTYT OBITh

YHOPSAOYEHBI WM HEYNOPAJ0UYEHBI, TO OTHOIIe-
HUE TPUHAIJIEIKHOCTE S € (S) ecTh MHOXECTBEH-
HBIM WU CITUCOYHBIM. OTHOIICHUE MTPUHAICKHO-
CTH W TIOPOXKIEHHBIE MM KJIACChI ITOJMHOMKECTB,
BKJIFOUCHUA W TIPOYEE H3JIOKEHBI B TEOPHUU MHO-
skecTB [18]. OTHOIIEHUST CIUCOYHOM MPUHAIICHK-
HOCTH KaK YHOPSJIOYEHHBIX MHOXECTB paccMoTpe-
HO B paborax [3, 14.]. B obmem ciydae oTHOIIIE-
HUe seD(Oik ) mpenmoyaraeT HaJHMYHMEe MecTa
B IIOCIICIOBATENIBPHOCTH COJIEPKaHUM Oa3HCHBIX
00BEKTOB, KOTOPHIM TIPUHAUICKUT NAHHBIA dire-
MEHT § .

Onpedenenue 6. D, ectb nodcooepoicanuem

comepxxanuss D obObekTa Ol.k , ecin Vs e(S)c D,
U 3TO 3amKchIBaeTcs Tak D, < D(Ol.k) .

CrpykTypa o0OBeKTa C(Oik ) TIpencTaBIIsAET Ca-
MOCTOSITENIbHBIM WHTepec. HccnenoBaHusl CTPyK-
Typbl 0OBEKTa MPOBEAEM C MOMOILBIO ITyTeH MOA-
YHHEHUSI.

Onpeoenenue 7. Ilymem noouunenusi B CTPyK-
Type C(Oik) HazbIBaeTCsd TOCIEI0BATEIbHOCTh
CBSI3aHHBIX TIOAYMHEHUEM J0YepHUX (HOpM OOBEK-

m
ta O, 1.e. hrj =(lr,lri,...,lj). ®opma [/, HasbIBa-
ercs npegpuxcom, a opma I, — cygppurcom ny-
mu.

[lyTn mogurHEHNsI MHOXECTBEHHOH CTPYKTYPBI
o6bekTa OF MOKPHIBAIOT BCIO CTPYKTYpYy M HX
MYJIbTHMHOKECTBO 0003HaYNM

k
H(O;).

Jnuna nymu noouunenus ‘hﬁ‘ OTIpEIIEISICTCS

CHUMBOJIOM

KaK KOJIMYECTBO CBSA3CH IOJUMHCHUH MEXKAYy CO-

CTaBSUOLMMU 1yTH /. IlyTh nmopunHenus hy,

JUTMHA KOTOPOTO paBHA HYJIO, €CTh 6bIPONCOCH-
wotl. IlyTe ¢ IIMHON OMWH HA3BIBACTCS J1eMEH-
MapHuiM nymem.

Crpykrypa o0nekra myctas C=(o0o)e H , ecnu

JUIMHA Jr000r0 ee IyTu ‘hy‘ =0.

OueBuiHO, 4TO MOO0H MyTh 4 € H cocraBieH

13 BEIPOXKJIEHHBIX WJIH JIEMEHTAPHBIX TyTeH.
Beskuit myTh MyJnbTUMHOXKECTBA H  MOXET
OKaHYUBATHCA O0a3UCHBIM OOBEKTOM () WM HE

OKaHYMBATHCS HUM. B mepBoM ciydae myTh Ha3o0-

BEM MOPOXKIAIOIIUM HEKOTOPBIH MHOXXECTBEHHBIN

00BEKT, BO BTOPOM — HETIOPOIKAAIOLIHM.
Onpeodenenue 8. Tlopoxnaromuii myTb B MyJb-

TUMHOXecTBe H (Oik) Ha3bIBaeTCA noanviM h,
ecnu ero npeuKc ecTh 00BEKTOM HYJIEBOT'O YPOB-
HA CTPYKTYpBl C (Ol.k ).

Brenem anrebpy Ha MyJIBTHMHOXECTBE MyTeH
H (Oik) Tak, 4T0 A=(H,Z) u myctb curHatypa
E 3agaercsl MHOXKECTBAMH OIEPallUsIMH U OTHO-
HIeHUAMH {=, <, C}.

JBa nytu h, h, e H onunakossl (h =h,), ec-
M COBHAJalOT HMX MOCIEIOBAaTEIbHOCTH CBS3aH-
HBIX TIOJJYMHEHUEM OJMHAKOBBIX (popm. OauHAKO-
BbIe MTyTH NPUCYTCTBYIOT B MyJbTUMHOXeCTBE H
C ONPEJEIICHHON KPaTHOCTBIO.

Just 106010 HEBBIPOXKACHHOTO NyTH /1, € H

W DJIEMEHTapHOTO TyTH h UMEET MeCTO

r,r+l

h}‘,r+l = hmj nnn hr,r+1 -K hmj .

Onpeoenenue 9. Ilyte h ecTb noonymem myTH
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h,Te. hych,ecnu Vh, . <h , To cipaBeIUBO
h ...<h.

,
PaccMoTpuM TpaBHIIO BBITIOMHEHHS OMNEpPAIldU
UeZ.
Ecmu moanyts 4, siisiercst cyddukcom myTn
h, n npedukcom s h,, o by U h, e H .

OueBHIHO, YTO UMEET MECTO TEOpEMa.

Teopema 1. JIroOo#t TyTh MyJIBTHMHOXKECTBA
H MOXHO OIIOJIHUTE 10 MTOJTHOT'O MYTH.

ITycts A, ecTh HEKOTOPBIN MOAIMYTH IOJIHOIO

My TH EI €H u {h;}cH MHOXeCTBO MyTeil 10-

TONHAIOMMX — /1, 110 TyTH /. .
Onpeoenenue 10. Knaccom, 00pa3oBaHHBIM ITy-
TeM /; v yTAMA {h;}, TOTIONHSIOIMMHE TIOJITY TH

h, c El JI0 TIyTH }_1[ , HaspIBaeTca K, = {E,{h”}} .

Teopema 2. MHOXxecTBO TiyTelt H pa30uBaet-
cs Ha knaccel K, Tak, uyro H =UK1. .

1
JlaHHas TeopeMa SIBISIETCS CIIEICTBUEM Teope-
MBI anreOpsl pa3OWeHMs MHOXKECTBA HA KIIACCHI
(8, 9].
Onpeoenenue 11 Crpykrypa C, ecTb noo-

CMpPYKmMYpoti MHO>KECTBEHHON CTPYKTYpbl C (Ol.k) ,
C.cC(O"), ecnu Vh <C., TO CIpaBeLIHBO
h, < C(O)).

Onpeoenenue 12. Iloactpykrypa C, C C(Ol.k )

Ha3bIBAaETCA MOPOXKAAIOIICH, ecl B HEH Hailaercs
XOTs1 ObI OIMH MOPOKIAAFOIIUHN YTh TOAUAHEHHUSL.

Hoxctpykryper C,,C, cC (0,.") OJIMHAKOBBI
(C, =C,)), ecnim Vh(C,),3h(C,), h(C))=<h(C,)
u Haobopot — VAh(C,), Ih(C)), h(C,) < h(C)).

O6wexthl O), 04 € E sxpusanentasl O ~ 0,
ecm D(O})=D(0J) n C(O})=C(0)).

MHoXkecTBO
0 ~0f
0(0).

O6bextr O, =(C,, D) HazoBeM nodobvekmom
(Op= Oik)
0,." =(C,D),ecmu C,cC u D, c D. MHoxecrt-

OKBHUBAJICHTHBIX 00BEKTOB

O6p8.3y}OT KJIaCC 3KBHUBAJICHTHOCTH

MHOXCCTBCHHOT'O 00BeKTa

BO BCEX IMOJ00OBEKTOB O0BEKTA Oik € E oOpazyror

K1acc no0oovekmos go(Ol.k ). Ilpu sTOM mist Kimacca
MOJJOOBEKTOB CHPAaBE/IJIMBEI CBOMCTBA!

1) pc E;

2) npeduKChl TOJMHBIX MYTEH CTPYKTYp IIO-
JIOOBEKTOB U 00BEKTA MOTYT HE COBIIA/IATh;

3) VO ep, 30,ep, DI(0)=D(0,)
u C(0) z G, (0,) mm C,(0,) 2 C(0));
(C,(0)), ((0), (o) e,

3neck C — cxema IOTYNHEHMS;
5) 6azucHslii 006eKT ((+), (S)) €@ ;

6) 9o ={((0),(0))} =D p;.

CnoolcHocy ~ MHOJHCECMBEHHBIX — 00BEKMO8.
OOBIYHBIE MHOXKECTBA XapaKTEPU3YIOTCS CIUHCT-
BEHHBIM IOKa3aTeJIEeM CJIO)KHOCTH — MOIIHOCTBIO.
JIs MHOKECTBEHHBIX OOBEKTOB OJHUM TOKa3are-
JIeM MOIIIHOCTH HEBO3MOXXHO OOOWTHCH, TaK Kak
0OBEKTHI 33JAI0TCS CTIOXKHEE.

4) myctble OOBEKTHI

Ecan  cnoxHOCTB 8(0!‘) MHO>KECTBEHHOT'O

00BeKTa Oik , TO U3 C€ro 3aJaHud CJICAyC€T HNpCa-

CTaBJICHUE CJIOXKHOCTH & depe3 CIOoXHOCTH 0
CTPYKTYphl W COJIEpXKaHHs OOBEKTa, T.e. CIIOXK-
HOCTh o0ObekTa OTIpeICTSACTCS napou

8(0/)=(6(C,), 6(D,)) .
B obmewm, kareropust CioXHOCTH 3 Jr000TO

MHOKECTBEHHOTO OOBEKTa YJIOBIETBOPSET YEThI-
peM akcruoMaM CIOXHOCTU CUCTEM U3 IATH [7]:
—ecm O, c O, 10 9(0")>9(0,), 3mech or-
HOIlIeHHE (=) Hal CIIOKHOCTSIMH OOBEKTOB IOHH-
MaeTcsi KaK OTHOIICHMSI HaJ CIIOKHOCTAMH HX
CTPYKTYP 0(C;)=0(C) u contep KaHmiA
6(D,) 2 6(D,):
- ecnu

MHO>KECTBO MMOI00BEKTOB

{0,}c go(Ol.k ) BIOJIb MTONHBIX MOPOKIAIONTNX ITy-
Teit h, <C(Of), 10 9(O)= max 8(0,), 3neck
omepauust max3(0,;) = (mglx 8(C,;), max6(D,;));

- 8(01.") < ZS(Orj), W3 OTOH aKCHOMBI CIIEeITy-
J

er,uto 6(C; )< 6(C,) n 6(D, )< 08(D,);

- 9((0,0))=0.

IMocnenusisi akcuoma oTpaxkaet (pakT cymect-
BOBaHHS TOMOOBEKTa B Kilacce go(Ol.k ) ¢ mycroit
cXeMon Hu IMyCTbIM COJACPIKAHUEM, CJIOKHOCTH KO-
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TOPOTO MPUHUMAETCSI HYJICBOH.

[Ipencrapnenne CIOXXKHOCTH MHOKECTBEHHOTO
00BbeKTa Yepe3 KOMIOHEHTHI CJI0XKHOCTH €r0 CTPYK-
TYpBl ¥ COZEpYKaHMS ITO3BOJISIET PAa3HOCTOPOHHE Xa-
paKTepu30BaTh MHOXKECTBEHHBIN OOBEKT. PaccMoT-
PUM HEKOTOPBIE M3MEPEHHUS CIIOKHOCTH MHOXECT-
BEHHOTO OOBEKTA.

Obvem co0epicanusi MHOHNCECMBEHHO20 00beK-

ma Oik -0, (D(Oik )), TSl KOTOPOTO CIIOXKHOCTH M3~
MEpSICTCsl KOJIIMICCTBOM KOMIIOHEHT () eD(Oik)
WIM KOJIWYECTBOM JIUCTBEB CTPYKTYpPHOTO JepeBa
00BEKTA. Hanpumep, JUTS (hopMBI 3)
0,(D(0))=13.

Obvem cmpyKkmypbl MHONCECMBEHHO20 00BEKMA
Oik - GI(C(Of )) u3MepsieTcsl KOJIWYEeCTBOM dJie-
MEHTapHBIX (OPM CTPYKTYPHI HWIH KOIUYECTBOM
BEpIIMH CTPYKTypHOTo nepeBa. Tak mmst (opmsl (3)
0,(C(0"))=19.

Obvem MHONCECMBEHHOZ0
8,(05)=(6,(C,), 6,(D,)).,
9,(0H)=(19,13).

Mownocmo

obvexma

TaKUM obpazom

CO()eprCCZHu}Z MHOIUCECMBEHHO20

0,(D(0})

0,(D(0})) =max{#S;S,e€D(O')} nm Tax:
i _

0,(D(O ) =) #S, .
J

obwvexkma MOXXHO HM3MCpATH  TakK:

CHOXXHOCTh CTPYKTYPBI OOBEKTa MOYKHO OIIpEIe-
JSITb  YUCIOM NOOYUHEHUSL CIPYKIYPbL MHONCECH-
BEHH020 0OBEeKma —

0,(C(Of))=min{| Iy, |; b ; < C(O")},

u35blm011HblM YUCIIOM I’lO()lluHeHu}Z
0,(C(0f)) =k—-0,(C(0)).

Hanpumep, s crpyktypel (3) ClIOKHOCTH
0,(C(0}) =2 u 0,(C(0})=2, a n1a GasucHoro
00BeKTa YHCII0 IO TINHEHHS 0,(())=0
1 0,(()=0.

KonuuecTo ypoBHeit 06bekta O Takke MOXKHO
ONpENeNUTh  Yepe3  H3MepeHHe
k
0;(C(O )=k =m;c,1X{| i l3+1.

CJIOKHOCTH

OueByIHO, PACCMOTPEHHBIE U3MEPEHHUS CII0KHO-
CTH MHOMXECTBEHHBIX OOBEKTOB M HX KOMIIOHEHT
YIIOBJIETBOPSIIOT TPHUBEICHHBIM aKCHOMaM CJIOXKHO-
CTH.

Onepayuu Ha0 MHOICECMBEHHBIMU OOBLEKMAMU.
Hcxonst U3 TOro, 4TO0 MHOXKECTBEHHBIE OOBEKTHI OIl-
PeIeNsIIoTCs KOMIIOHEHTAMU CTPYKTYPBL M COAepIKa-
HUs, ONepalyd Haa OOBEKTAMH JOJDKHBI BBIIOJ-
HSTBCS HAJI X KOMITOHEHTaMH.

Ilycrs (*) — HeKoTOpas OMHApHAS OTeparys, To-
raa st o0bx 00bexktoB O, O, MOXHO (hopmab-
Ho 3amucath O, *O0, =(C,*C,, D, * D,). VYkaxeMm
Ha OYEBHIHBIE CBOWCTBA W OCOOEHHOCTH JTOH Olle-
pauyu:

— omepauust (*) pomyctuma K oObekTam O,
u O,, ecnmu OHa NPUMEHNMAa K COOTBETCTBYIOIIUM

CTPYKTYPaM H COJICPKAHUSIM;

— MpaBWIa BBIMOJHEHUS OTEPAllK 3aBUCAT OT
CTPYKTYPBl W COJCpKaHHs OOBEKTOB U Pa3INYHBI
JUTSL COICPIKAHUS U CTPYKTYPHI;

— omeparms (*) B oOIIeM ciiyyae HE KOMMYTa-
THBHA U HE BCErJIa ACCOLMATHBHA;

- VO,0,ep — pe3ymbral oOlepaluu
0*0,ep wmwm O*0O,¢¢, HO Beerma
0,*0,€E.

Cuauaya MpUBEAEM OCHOBHBLIC TCOPETUYCCKHUEC
CBCACHUA O MHOXXCCTBCHHBIX OIICpalUAX HaJd HCKO-

TOpHIMH GasucHEIME 00bekTamu O 1 O? .

M3eectHo [20, 22], 9T0 K MyJBTHMHOMKECTBAM
NPUMEHUMBI  Oepaliii  OOBIYHOTO  OOBEIMHEHUSI
(U) u o0bennennst co cinoxkenneMm (W), 0OBIYHOIO

nepeceuenuss () ¥ mepecevyeHuss ¢ yMHOKEHHEM

(m) , pasHoctH (\) , CHMMeTpHU4ecKoi pazHocTh (A)

U ZIp., KOTOPEIE V(Sl.>, <Sj> € E,, BBINOIHAIOTCS 110

TpaBHJIaM:

(SYUCS,) = (535 €(S) (S ), m(s)=
= max {m,,, (s). m, (5)})
(SYW(S,)=(s:5 (SIS m(s)=
=gy () + mi, ) (5)).
(SYN(S,) = (535 €(SI&S,), m(s) =
= min{m,,, (), m , (5)}).
(S)(S;)= (535 €(5)& (S, m(s) =

= m(si) (S) + m(s/) (S)> 9
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(870 2(8,), (5 \(S;) =
=(s;5€(5)& s (S;), m(s) =
=1y (8) = My ey (D)
(SHN(S;)) #D,(SHA(S;) =
=({(S)SNUAS NS

3neck m(s) — KpaTHOCTh dJEMEHTa § Ha COOT-

BETCTBYIHOIIEM MYJIBTHUMHOXECTBE.
I[J'IH YOOPAAOYCHHBIX MHOXCECTB WIN MYJIb-

tumHoxects O u O onepamun (U) u (),
B 00I1IIeM, HE JOMYCTUMBI, T.K. OTHOLIEHHS HOPSI-
kOB Ha o0bekTax O m OF MOTyT GbITH pa3IHy-
HeiMHA. A omeparuu (W), (M), (\) u (A) moryr

OBITh peanu30BaHBl PA3IMYHBIMH  CHOCOOAMU
[3, 19]. Bocmomp3yemcsi uumesMu TpaBUI ITUX
omnepanuii u3 padoTsI [3]

[S;1W[S;1=1[s;s €[[S;1.[S; 11,

B
[S;1N[S;1=[s;s €[[S;, &[S, 1&[S; ]&

m(s) =myg(s)+ mg

&[S, 1], m(s) = m[S](s)+m 191, 4)
npu atom  #([S;]N[S; 1) =#([S;]W[S;]) n ecan

anemeHTsl s €[[S; JW[S; ]&[S; &[S, ]], To onm 3a-

MCHSIIOTCS B BBIpaskeHuu [S;]JW[S;] mycreim cum-

BOJIOM O ;
[S,121S,1,
s;s €[S 1&s &[S, ], m(s) =
[S;INS; 1= :m[s,](s)_m[si]r‘\[sj](s) &)
s=o0;s€[S;]&s €[S, ],
saecs #(S,1\[S,1) = #[5,1;
[S10(S;1+ 2,
s;8 €[S;1W[S; 1&[S;1\[S; &
S;NS: T,
[S;JALS;]= S5, 15 , (6)
s=0;s€[S;]W[S ]

]y
&s e[si]\[sj]&s e[S, 1\[S,].

IIPU 3TOM UMEET MECTO CBOMCTBO
#(1S,JALS, ) =#(S WS, )
Onepatuu (W) u (m) MOTYT BBIIOJIHATBHCS HAJ

YHOPSJOYCHHBIMH O0BEKTAMH Pa3HBIX THIOB, TO-
3TOMY HX PE3YyJbTaTOM SIBIIIIOTCS HEOIHOPOIHBIC
o0bekTbl. A omepanuu (\) ¥ (A) BBIITOJTHUMEI
TOJIBKO HaJl OJHOTHUIIHBIMU Oa3UCHBIMH OOBEKTa-
MH.

3aMeTuM, 9TO omeparus O0BEAMHEHHSI CO CJI0-
JKEHHUEM JIOMyCKaeT 00O0OIIeHHEe Ha YHHBEpPCYME
E,, uepe3 NEKOMIO3ULHUIO NEPBOr0 Mecra 00be-

nmuHenus. Ha3oBeM ee omnepanueii 00vedunenus co
coowcenuem no mecmy (W,) W ONPEACTHM e¢ Mpa-

BHJIOM:
[S;19, [S;1=Ls; - ,slgﬂ,...,sim]Lﬂg
Wy [5),5:8),505;, 1=
=[[s;se[sil,...,Sig,sjl,.s_/z,...,sjk,
0 Sin ],
m(s) = myg (s)+m 1T @)

[lpu sTOM MOPSAIOK CIENTOBAHUS DIIEMEHTOB
B PE3YILTUPYIOMIEM CITHCKE TIpaBmiia (7) 9aCTUIHO
MEHSIETCSI.

Tak kak mpaBmiIa omeparyit (m) u (A) ompene-

JICHBI Yepe3 OIepaliio O0bEANHEHHS, TO OHH TAKKE
JIOITYCKArOT 0000IIIeH!s Ha OCHOBe TipaBwiia (7).

U3 Toro, 4to conmepkaHue 00BEKTa IPOU3BOJIb-
HOTO YPOBHS YIHOPSIOYEHO MO MOPSAKY ClIeJ0Ba-
HHUSI er0 O0a3MCHBIX OOLEKTOB, HAJl JIIOOBIMH CO-
AepaHusIMH D, u D; MHOXECTBEHHBIX 00BEKTOB
o' u O;

f MOYXHO BBIIIOJHUTL PaCcCMOTPCHHBLIC

oTepalyu, MPUHSAB 32 3JIEMEHTHI B MpaBUIaX OIle-
panuii 6a3ucHble 00BeKThHI. Tak oneparus W ¢ Hal

cozpepxkanusiMi D; n D BBINOJNHSETCS 1O (opme

npasuia (7):

D8y Dy =(S; s S, 5 S, e S )W,
Wy (S, 28, 10 S, )=
= (8,20 Sy 5 S50 S
s S, ),

Lotk
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a onepauus pazHoctd (\) — o ¢popme npasuia (5):
D, oD i

S;(S)&D,&(S)&D,,

D\D, =
TS =(0);(S)ED&(S)ED, |

e 1oJ OTHOIIECHHUEM € IMOHHMAaeTCs IIPpUHAIJICHK-
HOCTH dyieMeHTa (S) comepkanwio D IO WMEHH

WM 3HAYCHHUIO U 10 TUITY.

st pactipocTpaHeHusl pacCMOTPEHHBIX Olepa-
UH Ha CTPYKTYPHI MOMYMHEHUS MHOKECTBEHHBIX
00BEKTOB HEOOXOJMMO BBECTH JOMOJHUTEIbHBIC
OTIepaIHH.

Omeparust (o) npususku cmpykmype C diie-

MEHTapHOU (HOPMOIA.

Hyers ();, j =1, 4, mobas anemeHTapHas Qop-
Ma 0Oe3 cozmepkaHMS M MyCThb 3amaHHas (opma
Takke 0e3 comepKaHus — ()f.‘q < C, pacmnojoxeH-

Has Ha MecTe ¢ YpoBHsS k, Torna omeparus (e)
JIEUCTBYET MO MPABUILY:

00C=0;0f <C)= (00 <G (8)

IIpaBuio (8) MO3BOIAET MOIYIUTH B CTPYKTYpE
C, npusumyio nouxy (); , PACIOJOXCHHYIO Ha
Mmecte » B ¢opme ()f.‘q , ipu 3toM 0<k <n, rme
1 — YUCJO ypoBHEH CTpyKTypsl C .

Onepaunss  o6venunenne crpykryp C, 6 C,
JOIyCTUMa, eclid B CTpyKType C, HMeeTcs I0uKa,
COBIMAJAIONIAasi C OCHOBHOH (DOPMOU CTPYKTYpBI
C, . IToaromy 3Ta omepanys BbIIOJHSIETCS KOHCT-
PYKTHBHO C IIOMOIIBIO aJITOPUTMUYECKON CXEMBI:

1) ompenensiercs MECTO MIPUBUBKHU HA CTPYKTY-
pe C, (ypoBeHb, MECTO Ha HEM 3JIEMEHTApHOM
(hOpMBI 1 MECTOTIONIOKEHNE TOYKH B BBIOPAHHOMN
hopme);

2) ocHoBHas (hopma cTpykTypsl C, NpHHHUMA-
€TCsl 32 MPUBUBAEMYIO dJIEMEHTapHYI0 Gopmy;

3) BBINONHAETCS OIEpans IPUBHUBKH;

4) nouka B cTpykType C, 3aMeHseTCS CTPYKTY-
poit C,.

@opmanbHO 3Ta oOlepauus MNpeAcTaBIsaeTCs
BBIP2XCHHUEM Yepe3 MyTHU MOAUYNHEHHS CTPYKTYP

C,BC,={hh<C |C}, )

h=<C,|C, —o3nauaer, uro h<C, umu h<C,.

Omnepanus pazHoctu (\) crpykryp C, u C,,
B 3aBUCHMOCTH OT IIOCTaBJICHHOW LEJIH, MOXET
KOHCTPYKTHBHO BBITIOJIHATECS PA3IMYHBIM 00pa-
30M, HalpHMep, Yepe3 ynajleHue ux OOLIero ImyTu
MOMYMHEHUS WK yIaleHus oomero cyddukca
IIyTEeH U IIp.

ITycts obpasytomwme nyta {A;},{h,;} CIpyK-

typ C, n C, Takue, 4TO {}72 s {Ei} , TOTJIa TIPO-
1ecc yAaleHusl JIF000ro myTH {}_zj} € {l;2 ;) BBIIOI-

HSETCS [IOJTAITHO:
1) ynmansercs
B cTpyKType C;

cypdukcHas

dbopma TyTH

2) 3arem ynansercs cieayomias Gopma (crpa-
Ba HAJIEBO) IIyTH B cTpyKType C;;

3) MyHKT 2 BBHITIOJHSAETCS IO TEX IOp, ITOKa HE
Oyzer mpoiaeH myTh }7/ WX 9acTh €ro JO BCTpe-
4y ¢ (Gopmoil pa3BerBieHHs B CTpykrype C, Ha
My TH f_li;

4) B KOHEI[ OCTABIIIEHCS YaCTH TIyTH }_zl MIPHUBH-
BaeTCs IMOYKA C MYCTHIM COJIEpPKAaHHEM H THIIOM
HavanpHOTO cy(hdukca myTn }7, .

[IpennourutensHa Oonee mpocTtas Mpouexypa
yaaneHuss obmero cyddukca myTei f_ll u i_zj ,
C MOCHEAYIOUENH MPUBUBKOW MyCTOM MOYKH THUIIA
yaaneHHoro cyddukca Tak, 4TO MONYyYUM IyTh
h=(..,(0)< C, . IIpu 3ToM criocoOe BbINOJIHEHUS
olnepalnuy pasHOCTH KOHCTPYKIMs CTPYKTypsl C,

COXPaHsIETCS.

OTBNEKasiCh OT TEXHOJOTHYECKOTO CIoco0a
peanu3anuy onepaiu pa3HOCTH CTPYKTYp, Mpel-
CTaBHUM €€ TakK

(10)

Onepaum/l nepeccuCHua (ﬁ) n CUMMETpUYC-
X

CKOM pa3sHOCTH (A) HaJ CTPYKTypaMH BBIOJHS-
10TCsA 1Mo cxeme mpaBui (4) u (6) ¢ UCIONB30BaHU-
eMm popmy (9) u (10) u onepauuii (&) u (\).
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TeopeTHKO-MHOKECTBEHHBIE — OTEepallid  Haj

MHOXCCTBCHHBIMH 00beKTaMH BBITTOJTHAKOTCA
B KOMIUICKCE HaA UX CTPYKTypaMH U COACPKaHUSA-
MU, Halpumep, O6’LC,Z[I/IHCHI/I€ 00BEKTOB

0f(C,,D) u O;(C;,D;) BBINONHIETCA MO Mpa-

BUITY:
k ro_ h
O w0, =(C,BC,,D,1, D)),

B KOTOPOM MECTO g OMNpEAEISIETCS MECTOIOJIONKE-
HUEM TPUBUBAEMON TIOYKH B CTPYKTYpE MOIIHHE-
Hua C,.

OmuowieHusi HAO MHONCECNBEHHVIMU 00bEK-
mamu. KoMmIiekcHpIe omepanu Hall COCTaBIISIO-
IIMMHA OOBEKTOB BBITIOJIHSIIOTCS 110 Pa3HbIM IPaBU-
JlaM, TIO3TOMY CJIEJYeT OXUIAaTh 3TOT0 U OTHOCH-
TETHHO OTHOIIEHUH HaJ MHOXKECTBEHHBIMU OOBEK-
tamu. Hampumep, ecnu p OTHOIIEHHWE Hal
obbekTamu yHusepcyma £ =(E., E,),a p. 1 p,
OTHOIIEHHUS HaJl COCTABIISIONINMHE 3TUX OOBEKTOB,
TO OTHOWIEHUE P =(P,,P,) MOXKET UMETb OTHO-
INICHUS TI0 KOMIIOHEHTaM pa3JUYHbIX THIIOB,
cBoiicTB u mp. Mcxoas u3 Toro, 4to r000e OTHO-
IIEeHWE TPON3BOJIFHOTO MOPSIKA C IIOMOIIBIO TPS-
MO CYMMBI TIPEJCTABIISETCS Yepe3 OMHAPHBIC OT-
HomeHUs (CM. TpencTaBienue (2)), To B JaibHEH-
IIeM COCpPEIOTOYMM BHMMAaHHE B OCHOBHOM — Ha
MOCIICTHUX.

HpI/IHI/IMaeM, 4YTO OTHOIICHUA

pC (Cl s Cz)
u p,(D,,D,) cornacoBansl, ecau napsl (C;, D)

u (C,,D,) ompenensior o6bexts Of u O}, Ha
KOTOPBIX 3aJaeTcsi OTHOIeHHe P =(p.,pp). OT-

HOIIEHHUS P U P, MOTYT NIPUMEHATHCS PA3IHY-

HBIM 00pa3omM. PaccMoTpumM BHauasie crmocoObl op-
raHu3anuu OTHOIIIEHUH Ha COACPIKAHUAX.

Lyers (S,,)c Dy u (S,;)<D,, Torga oTHO-
weHne P, ((Sy;), (S,;)), onpeneneHHOe Ha OJHO-
TUIHBIX WU PAa3HOTHUITHBIX IOJICOJEPKAHULX, MO-
JKeT 00JafaTh WK He 00JalaTh CBOMCTBOM OJTHO-

tunHOCTH. Hampumep, eciim 6Ga3ucHbIe cojepika-
HUs (S);) U (S,;) €CTb MHOKECTBA, TO OTHOLICHHE

Pp (183> 155})
OJIHOTHITHOCTH), TaK KaK OHO 3371a€TCsl CBOOOJHBIM
HaOOpoM map (sy,s; ), Sy €S, s, €S,;. Ecin

Tak)ke MHOXXECTBO (CBOMCTBO

Ha ACKAapTOBOM IIPOU3BCACHUN MHOXKCECTB 3a4aTb

OTHOLICHUE TIOpAaKa

P pAcIONIOKEHus Tmap

B IMPOU3BCACHUMN, TOTaa OTHOIIICHUEC

pp({S;},15,;}) ecTb pasHOTHIHOE, Tak Kak OT-

HOILCHHUE P 33a7aeT ynopsI04eHHOE MHOKECTBO.
JI71s OMTHOTUITHBIX OTHOIIIEHUH WJIM OTHOIICHUHN
C pa3sHBIMM KOMIIOHEHTaMu cojepxkaHus (S);)
1 (S,;) BO3MOXHBI CBOWCTBA SKBHBAJICHTHOCTH,
TOJIEPAHTHOCTH U JIp.
B obmem ciydae otHowmenue p,(D;,D,) on-
penemsiercst  cyneprniosuumeit  map - ((Sy;), (S;;))

H (Sy,58;,), T.e

Pp(Dy, Dy) = (s, 8,,)°((S;),(S5;)),  (11)

MO3TOMY MOKHO HPHUHSTBH, YTO CBOWCTBA OTHOILIE-
Hus P, (D, D,) mo HE0OXOAUMOCTH NEPEHOCATCS
¥ Ha OTHOIICHHS 3TUX Hap W HA00OPOT — OMHA-
KOBBIE CBOMCTBa Map MPUIHCHIBAIOTCS OTHOILIECHHIO
pp(D,,D,). To ecTb, €cii OTHOIIEHUS HA Iapax
((85,,),(Sy;)) n (sy,s,) obnagaroT CBOHCTBOM
pedaekcrn, To 3TUM K€ CBOMCTBOM O0JIa/IaeT U UX
cynepnozunysa. O4eBUIHO, TIPU HAIUYUH OTpese-
JICHHBIX CBOWCTB OJTHOW M3 COCTABIISIONIUX OTHO-
menust p,(D,, D,) ciaenyer roBOpUTh O HacTHY-
HOM CBOMCTBE 3TOI'0 OTHOIICHUS.

Hcxons U3 TOro, 4TO MHOKECTBEHHBIE CTPYK-
Typbl OOBEKTOB OMPEIENAIOTCA yIOPSI09eHHBIMU
cucTeMaMy 00pa3yIoNX WX MOJHBIX MyTeH MoJ-
YHHEHUS U}Tll =C, UE ; =C,, To nox nexapro-

! J
BBIM TIPOM3BENIEHUEM CTPYKTYp MOHHMAETCS IPO-
M3BeJIEHNE MOJIHBIX MyTel. Takum o6paszom,

pc(C.Cy) =pc({hy}, iy, }). (12)

W Ttenepp OTHOWIEHHS HAa MHOXKECTBEHHBIX
oOwekTax yepe3 Gopmydsl (11) u (12), onpenens-
I0TCS BBIPQKCHUEM:

p(Of, 05)=(pc(C, (O)), (C,(0y)),

(D (0)), (D, (03))).

O06o00menne OMHAPHOTO OTHOIIEHUS HA OTHO-
HIEHUE M -TO TOPSIJIKA JUII MHOXKECTBEHHBIX O0b-

k; N —
extoB O;" € E,i =1, m npeicrasisercs Kak

p(Of, 0%,...,0!) = (p.(C,, C, ..., C,),
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Pp(Dys Dy D)) (13)

DyuKyuu MHONMCECMBeHHbIX 00bekmos. OTHO-
mrenue (13) momyckaer 00oOIIeHHE MOCPENCTBOM
HArpy>KeHUs CBS3eH OTHOIICHUS OINEpalUsIMU, all-
TOPUTMaMHU JEHCTBHHA H TIp., TIOITOMY TOPOXKIaeT
00001IeHHOE 0TOOpaKEHNE YaCcTH YHUBEpCyMa E
MHO>XECTBEHHBIX 00BHEKTOB

F(E)= (Fc(Ecl ), FD(EDl )
WJIK Ha KJI1aCCe HOZ[OG’LGKTOB

(0. F(p)=(Fa(9), Fp(9))

1 ompenenseT (QYHKIIMH MHOKECTBEHHBIX OOBEK-
TOB

F=(Fg,Fp):0f x0p x..x 0 > O

OO0mactp ompeneieHUs M 3HAYCHUH (QYHKITAH
F MoryT ObITh Pa3IMYHBIMHU: 3TO CaMH OOBEKTHI

O/ w O] nnm ¥x MOJIOOBEKTHI U3 KIacca (01
U CrocoObl MONTyUYeHUs pe3yiibrara GYHKIHMN TakK-
K€ MOTYT OBITh pa3HbIMH, B 3aBUCHMOCTH OT
CTPYKTypHOU QyHKIMM F. U (QYyHKIHH COJEpKa-
Hus F .

CrpykrypHas GYHKIHS BBIICISET MOJACTPYKTY-
pbl 00bekTOB OF , IyTH MOAYNHEHUS UL TOCTyIa

K COIEpKaHMSAM OOBEKTOB, BBINOJIHAET IACUCTBUS
HaJ| BBIICJICHHBIMU CTPYKTYpaMH ISl IOJy4EHHS

CTPYKTYpHI 00bEKTa O; u ap. A ¢ynkuus F), BbI-

MOJIHSAET OEHWCTBUSA HAJ OTAEILHBIMH COCTAaBJISIO-
UMM COACPKaHUS U UX MOJMHOKECTBaMH, MOJ-
crucKamM# ¥ mp. [3] wiu Hax THOPUIHBIMH KOM-
IJIEKCaMU COJIepKaHUS.

PaccMoTpuM  HECKOIBKO TPUMEPOB  3aaHUS

GbyHKUUA.
Ipumep 1. IlycTh (YHKIIMSA OmpeeNieHa Ha

MHOECTBEHHOM 1107100bekTe  Of OF  Taxom,
uro Of = (}Tj, (), npasuom
FOD=(h. Y, fGs),
s€A((S)))

rae A((S;)) — kmacc moxcomepanuii 6azuCHOrO
4uCIoBOro conepxanus (S;) u QyHkums f -

yrcnoBas. OueBUAHO, GyHKIHA F 3amaeT MHOXe-

CTBEHHBII 00BekT O =(l7/.,(SJ’.)), JUIS KOTOPOTO
4 —
#S ) =1.
Ilpumep 2. Eciu MHOXECTBEHHBIH OOBEKT
Oik =(C, D), To pyHKIHIO MOKHO 3a]1aTh TaK

F(OH=(C,D),
rac COZ[Gp)KaHI/Ie

D'=(D\SHW, > [f(s)

seA((S;))

u GyHKnus f B3sATa U3 IpuMepa 1.

Ilpumep 3. Ilycth crmoBapHas (yHKIUS OIpe-
JlelieHa Ha MHO)XECTBEHHOM OOBEKTE MO 3aKOHY
koHkaTeHauun Fy(C, D) =(f5(C), fo(D)) Tak,
970 _f®(C)=®(h1C,hé)=hé, rie hlc u hg MyTH
CTpykTypHOU cxemMbl C, a pe3yJIbTHPYIOIHUI

CXEMHBII MyTh HOBOW CTPYKTYpBI 33/1aeTcs BbBIpa-
JKEHUEM:

3 ]0®0 =0, ecru munvi popm 0ounaroswl

¢ O ® () =0, eciu munst hopm pazruumoi.

N dynkuus  fo(D)=(l;), 3naueHre KOTOPOH

COBOKYITHOCTh COJIEpKATENBHBIX IIETOYeK, 3aja-
BaE€MBIX PEKYPPEHTHBIM BBIPAKEHHEM:

)l=s50®s,,
2)1=1®s, |5, ;®1,
3) . =1.

3necy s,€S'cD wu sjeSch, a Tojco-

nepxanust S' u S? mopoXIeHBI yTAME &' U 2
CTpyKTyphI ioguuHenus: C .

BosmoxHbI onpenenenus 0ojiee CIOKHBIX CIO-
BapHBIX (YHKIMH ITyTeM 3aIaHus KOHCTPYKTHB-
HBIX MPOXYKIUH HA TPAMMAaTHYECKHUX ITOPOXKIA0-
IMX CTpyKTypax [19].

Pe3yabTaTthl

IIpumep npunodicenus MHOICECMBEHHbIX 00b-
ekmog. Bo MHOTHX Ciy4asx HpUKIaJHBIX HCCIe-
JIOBaHUU TIPUXOAUTCS MPUHMMATH PEILEHUS OINH-
paTbCsi Ha CTPYKTYpy IpeOMeTHOH obmiactu, ee
COJEP)KATENbHYIO0 4acTh, ()YHKLIMOHAIBHBIE CBSI3H
u nup. Hampumep, wuccrenoBaHus B JIOTUCTHKE
MIPOBOAATCS HAa CTPYKTYPHPOBAHHBIX CHCTEMAax
[11, 13,16, 17].
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Paccmotpum  mpumep  (DyHKIIMOHHPOBAHUS
CUCTEMBI JOCTaBKH Ipy30B bupmamu
F,(i=L2,..,n).

Ilycte y ¢upm F, HMEOTCS  CKIAb

Ci ,j=1..m;, Ha KOTOPBIX XPaHATCS TOBaphbI
J

Ti ,j=1,..., j;. ToBapbl HOCTaBIAIOTCI HOTPeOU-
J

TeN0 B KOHTeiHepax Ki ,k=1,..k; Tpancmopr-

HBIMH CpEACTBaMHU (aBTOMOOWIISIMH, JKEJIE3HOO-
POXKHBIMH TIO€3[]aMH, BO3AYIIHBIMH W BOIHBIMU
cymamn). IIpomecc mocTaBku TOBapOB MPOXOIUT
HECKOIIbKO 3TaIloB.

PaccMoTpuM mOpocTOM 4eThIpeX3TAmHBIN Mpo-
1ecc:

1) BBIOOp KOHTEHHEPOB M HX 3arpy3ka ToBapa-
MU Ha CKIIa/Iax.

2) BBIOOp BHMIa TpaHCIOpPTa W OTTpy3Ka KOH-
TEUHEPOB CO CKIIAJ0B.

3) BTOpOIi BHIOOp BH/Ia TPAHCIIOPTA M MPOXOK-
JIEHHE TAMOYKEHHOTO KOHTPOJISI.

4) Tpetuii BEIOOp BHJIA TpaHCIIOPTa M Tepesa-
rpy3Kka Ha BBIOpAaHHBIA TPAHCIIOPT IS JOCTABKU
TOBapOB Ha CKJIAJl MOTPEOUTENS WU TpsIMast 10C-
TaBKU TOBApPOB Ha CKJIaJ OTPEOUTEIIS.

Otanbl mpouecca MOTYT OBITh 3aBUCHMBIMHU
WA HE3aBUCHMBIMHU, WIH YaCTUYHO HE3aBUCUMBI-
Mu. Hampumep, mpu 3aBUCHMBIX 3Tamax MpoOIecc
JOCTaBKM TOBAapOB pPEANM3yeT MOCIEAOBATEIbHOE
BEITIOJTHEHHWE YETHIPEX JTaloB, NpPU YaCTUIHOU
3aBHCHMOCTH MOeT OBITh MCKITIOUEH U3 IpoIriecca
Tpetuit stan. Kaxkaplii U3 3TamoB mporecca Joc-
TaBKH TOBapOB CBS3aH C TEXHOJOTHYECKUMH OTIe-
parusaMu 00pabOTKH TPy30B, aITOPUTMaMH BEIOO-
pa ¥ IpUHSTHS PeHICHU. AHaIN3 COCTaBHBIX Yac-
Tel mpolecca MOKa3bIBAaeT, YTO B 3TOM IpoIiecce
WCTIOJB3YIOTCSI MHOYKECTBA PA3HBIX THUIIOB: CITUCKHU
(Ckmampl W oOmepanuu), MYJIbTHMHOXKECTBA (KOH-
TeiiHephl, Omepauny, TPAHCIOPT), MOITOMY JIOTHU-
CTHYeCKre Monenu (PyHKIMOHUPOBAHUS CHUCTEMBI
JOCTaBKH TOBapoB (upmamu Fi wenecooOpasHO
MIPEJICTABIIATH C TIOMOIIBI0 MHTEPIPETHPOBAHHON
MHOXECTBEHHOU CTPYKTYPHI (1).

Kommnonenta G Hocurtens (JOTHCTUYECKON)
CcTpYKTYpHI (1) cocTaBieHa W3 MHOXKECTB: CKIaZ0B
Ci, toBapoB Ti , KOHTEHEPOB Ki , TPAHCTIOPTHBIX
cpeactB T = {atq, gt,,vt,,ol;, HCIOIIL3YEMbIX

¢bupmamu, omepammii Y o0paboOTKH TPYy30B Ha
OMMPEACICHHBIX OJOTalaXx TEXHOJIOIMYECKOTO IIpo-

1ecca, alropuTMOB Af (X — BXOIHOE MHOMKECT-

BO, Y — MHOXXECTBO pEIICHHI) BEIOOPA, TIPUHATHS
pElIeHH U Tepexo/ia Ha CISAYIOMUNA TeXHOIOTH-
YECKUH JTall.

Tak kak (UPMBI MOTYT MMETh pa3HbIE TEXHO-
JIOTUYECKHE IPOLECCHl TOCTAaBKH TOBAapOB, TO CO-
OTBETCTBYIOIINE WM HWHTEPIPETHPOBAHHBIE MHO-
JKECTBEHHBIE O0BEKTHI OYIyT TaKKe pa3IMIHBIMU.
[Tycts mnst pupmel F, MHOXECTBEHHBIH OOBEKT —

O}, oTpaxaeT TEXHOIOTHIO 06PaGOTKH TOBApOB

U TPY30B NPH MEXIYHAPOJHBIX JOCTaBKaX, U €ro
CTPYKTYypa 3aaaetcs GopMOH:

C(Of, =[{IT1, 1[I0 Af [ Ay, [ Ay [ Ay,
123 4 5 7 9 11
IRAIRR NI AR S IBR I P
12 10 8 6
gy, s [y, D

(CL,),....(C1, )],

B KOTOpOil 00O3HAUEHWE [-] OMpemeNseT CIHCOK
1

CKIIanoB, () — MYJIBTUMHOXECTBO UX COJICPIKAHHIA:
2

(14)

HEOJITHOPOJIHbIE MHOXKECTBAa TOBapoB [[| W crnucku
3

KoHTelHepoB  []. Ilpu »TomM  KOHTeltHEp
4

[-1x, monBepskeH BbIOOPY (BMOAa KOHTEHHepa WM
J

TPAHCIOPTHOTO CpEJCTBA), MO OINpPeJeIICHHBIM

crmuckam  anroput™oB ([, [],[], []) m ymopsmo-
5 7 9 11

YCHHOH OIEpalMOHHON 00padoTKe Ha KaXJIoM
texunomorunueckom otane  ([,[],[1,[]). CBsa3s
6 8 10 12

CITUCKOB aJITOPUTMOB Af U COOTBETCTBYIOIINX
omeparwii Y TpeaCTaBlIeHa Yepe3 OMepanuio To-
CIIE0BATEIBLHOIO BBIMIOJHEHUS [Af 1-[Y].

Conepxannem o6bekta D(O},) ABIAIOTCS TO-
Baphl, aITOPUTMbI BHIOOpA M NPUHATHSA PEIIEHU,
a TaKKe olepaluy Ha 4EThIPEX JTalax TEXHOJOTH-
YECKHMX IPOIIECCOB.

Ananus ctpyktypsl (14) u conepxanust 00bex-
Ta O, To3Bonser Bieuth 8(k +1)m comepia-
TEJbHBIX I10JOOBEKTOB, ONMpPEIEISAIONIUX TOBAPHI
Ha CKJIaJaXx ¥ 00paboTKy KOHTEHHEPOB.

OTH MOJ00BEKTHI MOKHO MPHUHATH 33 CUCTEMY
06pasyIONIEX MHOKECTBEHHOTO 06bekTa Op, . Tak
KaK KaXJbld M3 BBIIEIEHHBIX NOJ00BEKTOB 3a/a-
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€TCsl €JIMHCTBCHHBIM TOJIHBIM IyTeM IMOYHHEHHS
h, 10 ero cydurc ompenenseT Mociea0BaTeb-
HOCTb (MapIipyT) OTeparyii Wik aJropuTMOB, HITH
MYJIBTHMHOXKECTBO TOBapoB. J[isi KOHKPETHBIX
JIOTHCTHYECKUX CHCTEM MOYKHO MOCTPOUTH COJEP-
JKaTelIbHbIE MapUIPYThI, BBIMOJIHSS OMpPEICICHHbIC
oTiepanuy HaJl My TSIMH [TOJ00HEKTOB.

Ecmu ¢upma F2 ocyiiecTBsieT J0CTaBKY TO-
BapOB OTEYECTBEHHBIM MMOTPEOUTEIISIM, TO MHOKE-
CTBCHHBIN JIOTUCTHYECKUN OOBEKT OyAeT CeMu-

YPOBHEBBIM 0}2, CO CTPYKTYpOIi:
C(Of, =[ITY,; I [IL 47, [ 4y, [ 4ys [ 4y,
123 45 7 9 11

LY DI 0100 g, »
12 10 8 6

s, s [, Do(CL ) (CL DT (15)

Peopranmzanus ¢upm F1 u F2 wim ux cius-
HHE MOXET ObITh (OPMaJIbHO NPOBEICHA HA MOJIE-
JSIX MHOXKECTBEHHBIX OOBEKTOB U MX CTPYKTYD
(14), (15) ¢ moMoLIBIO PACCMOTPEHHBIX OMEpaLHi
HaJl OOBEKTaAMU.

Hayunas HOBM3HA M MpaKTHYeCKas
3HAYHMOCTh

B pabote mcciemoBaHBI CBOWCTBA M XapaKTe-
PUCTUKH KOMIIOHEHT TMOPHIHBIX MHOKECTBEHHBIX
O0OBEKTOB CIIOXKHBIX CHUCTEM, MPEIJIOKEHBI OIEHKH
UX CJIOKHOCTH, IPUBECHBI MIPAaBUJIa BBHITOJIHEHUS
BHYTPEHHUX M BHEIIHUX OMNepaluid Ha OOBEKTax.
BBenmensl OTHOIIEHWS MPOWM3BOJIBHOIO TMOPSAKA
HaJl MHOXXECTBECHHBIMU OOBEKTaMH, ONPEAETICHO
MOHATHE (QYHKIUU M OTOOpakeHUs Ha O0BEKTax
MHO>XECTBEHHOU CTPYKTYPBHI.

B cratee paccMOTpeHBI BONPOCH! Pa3BUTHUS
MHOXKECTBEHHON  CTPYKTYpBI,  MOPOXIArolen
MHO>XECTBEHHBIC OOBEKTHI.

Ilepexom oT aOCTpakTHOW MHOMKECTBEHHOMH
CTPYKTYphl K TpPEAMETHOW CTpPyKType Tpedyer
TpaHCOpPMAMH CHUCTEMBl M MHOXKECTBEHHBIX
o0vekToB. TpaHchopmarus mpeamnosaraer TpH
MOCTIeIOBATEeNbHBIX JTama: CHEelU(UKAINIOo, WU
)K€ TPUBSA3KY K MPEIMETHOH 00NacTH; WHTepIpe-
TalMio, T.€. IMpeJCTaBlIeHHue B (OpPME MHOMKECT-
BEHHOTO 00BEKTa, U KOHKpETH3aLuio myTeM (op-
MUpOBaHUS 1enu. [IpennoxeHHbIit Toaxo onuca-
HUSl CHCTEM, Ha OCHOBE T'HOPHIHBIX MHOMECTB,
MOXET OBITH WCHOJBH30BAaH BO MHOTHX IPHUKIAI-
HBIX CHCTEMax UIsl CTPYKTYPHOTO M COJIEpKaTelb-
HOTO aHaJIN3a.

BriBoabI

CymectBytoniee MHOrooOpa3ue U pazHOPO-
HOCTh TPEIMETHBIX CHCTEM HATOJKHYJIO Hac Ha
pa3paboTKy MojeH, 0000MIAIONIYI0 KIIACCUIECKIE
MHOXECTBA W WX Pa3BHTHE — MHOXECTBA MHO-
KecTB. Men mpencraBneHnss 1 KOHCTPYHPOBaHUS
MHOECTBCHHBIX 00BEKTOB CHUCTEM OBLTU MPEJIo-
JKEHBI B Tokane [4].

MHOKeCTBEeHHbIE OOBEKTHl, B OTJIHYHE OT
MHOXECTB, KOHCTPYHPYIOTCSI MHOXECTBEHHOM
CTPYKTYPOH M CaMH MPEJCTABISIFOTCSA CTPYKTYpOit
U coJiepKaHueM, TO3TOMY OTEpalu HaJll TAKUMH
00BEKTaMU BBIMOJHAIOTCS HETPAIUIIMOHHO U Tpe-
OYIOT MATbHEHIIEro pa3sBUTHS B MPHKIAIHBIX CHC-
TeMax.

Ilepexoq ot abcTpakTHON MHOKECTBEHHOU
CTPYKTYpbl K TPEAMETHON CTPYKType Tpedyer
TpaHCHOpPMAIIUH CHCTEMBI M MHOXKECTBEHHBIX
00bekToB. TpaHchopmanus TpeArnoyaraeT TpH
MOCIIEIOBATENBHBIX dTana: CHeluQuKanmi (mpu-
BA3KY K TOPEAMETHON 005acTH), WHTEPIPETAIHIO
(MHOXXECTBEHHBIX OOBEKTOB) W KOHKDPETH3AIIHIO
(emm).

IpeaosKeHHBIH MOIXO0/ ONUCAHUS CHCTEM, Ha
OCHOBE THOPHIHBIX MHOXECTB, MOXET OBITh HC-
MOJIb30BaH BO MHOTHX TPHKIJIAJHBIX CUCTEMax JUIst
CTPYKTYPHOTO H COJIEpKaTEIbHOTO aHaIH3a.
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MHOXHWHHI OB'€EKTH

Merta. Po3BUTOK CKIIaIHUX TEXHOJIOTiH BHPOOHWYMX ¥ YIPABIIHCHKUAX IPOLECIB, CHCTEM 1H(POPMATHKH, MPH-
KJIaZHUX O0'€KTIB TEOpii CHCTEM Ta iH. BUMAara€ BIOCKOHAJCHHS MAaTEMAaTHYHUX METOJIB, HOBUX MiIXOMIB IS JO-
CII/DKEHB MPHUKIATHAX CUCTEM. A PI3HOMAHITTS ¥ Pi3HOPITHICTH MPEIMETHHX CHUCTEM IMOTpedye po3poOKH MOETi,
IO y3arajJbHIOE KJIACHYHI MHOXXHHH Ta iX PO3BUTOK — MHOXHHHA MHOXXHH. MHOXXUHHI 00'€KTH, Ha BiIMiHY Big
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MHOHMH, KOHCTPYIOIOTBCSI MHOKUHHOIO CTPYKTYPOIO i caMi NPEACTaBIAIOTHECS CTPYKTYPOIO Ta 3MicToM. MeToro
poboTH € aHai3 MHOXXHHHOI CTPYKTYpH, IO HOPOKYyE€ MHOXKHHHI 00'€KTH, TOJANBIINN PO3BUTOK OMeEpariiii Has
TaKUMHU 00'€eKTaMU B NMPHKJIAAHAX cucTemax. Meroamka. [ TOCATHEHHS Iifiel TOCTIKSHHS MHOXXHHHA CTPYK-
Typa 00'€KTIB NMPEICTABISETHCS KOHCTPYKTUBHOIO TPIMKOIO, IO CKJIAIA€ThCsl 3 HOCIS, CHTHATYPU M aKCiOMaTHKH.
MHOXXUHHUI 00'€KT BU3HAYAETHCS CTPYKTYPOIO i 3MICTOM, @ TaKOXK MPEICTaBIISETHCS TIOPUIHOIO CYNEPHO3HULIEL0,
CKJIaZICHOIO 3 MHOKHH, MYJIbTUMHOHH, YIOPSIKOBAHUX MHOXKUH (CITHCKIB) Ta HEOJHOPIAHUX MHOXHH (TIOCIIIOB-
HOCTeH, KopTexiB). Pe3yabTaTn. Y poOOTI PO3rISHYTI BIACTUBOCTI M XapaKTEPUCTHKH KOMIIOHEHTIB TiOpHIHHUX
MHOXKUHHUX O0'€KTIB CKJIQ[IHMX CHCTEM, 3allpOIIOHOBAHI OIIHKM 1X CKJIQJIHOCTi, HaBe/IeHi NpaBuUiia BUKOHAHHS BHY-
TPIIIHIX 1 30BHIIIHIX Omepariii Ha 00'eKTax. YBEICHO BIIHOCHHHU JTOBUTFHOTO MOPSIKY HAJ MHOXKHHHUMH 00'€KTa-
MH, BHU3HAUeHE MOHATTA (YHKIII ¥ BimoOpakeHHs Ha 00'€KTaXx MHOXXWHHOI CcTpykTypu. HaykoBa HOBH3HA.
VYV nmaHiit po0OOTI PO3MIAHYTI TUTAHHS PO3BUTKY MHOXHHHOI CTPYKTYPH, IO TOPOMKYE MHOXHHHI 00'€KTH.
[pakTnyna 3HaunMicTh. [lepexin Bix abCTpakTHOI MHOXKHWHHOI CTPYKTYpH 1O IPEAMETHOI CTPYKTYPH BHMAarae
TpaHcdopmarii cucremMu i MHOXKUHHUX 00'ekTiB. TpaHcdopmallisi npumyckae Tpy HOCHIOBHUX eTanu: creuudika-
1o (MpHUB'SI3KY 10 MpEeaMETHOI 00JacTi), IHTepIIpeTaifo (MHOKUHHAX 00'€KTIB) 1 KOHKpeTH3alito (MeTn). 3ampo-
MTOHOBaHMH MiJXiJ] ONUCY CHCTEM, Ha OCHOBI TOPHUIHUX MHOXKWH, MOXe OyTH BUKOPHCTaHUH y 6araTbOX MpUKIa-
HHUX CHCTeMax Ul CTPYKTYPHOTO W 3MicToBHOro aHaiidy. HaBezeHo mpukiaj 3acTocyBaHHS TiOPHIHHUX MHOXHH
IS MOJZIEJIFOBAHHS JIOTICTUYHUX CUCTEM.

Kniouosi cnoea: KOHCTPYKTUBHA MHOXHMHHA CTPYKTypa; riOpHIHI MHOXHHHI 00'€KTH; MOJIEIIOBAHHS; CKJIA/IHI
CHUCTEMH; MHOXKHMHH; CITUCKU; MYJIbTUMHOXHHHU; KOPTEKI; JIOTICTHYHA CUCTEMA
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MULTIPLE OBJECTS

Purpose. The development of complicated techniques of production and management processes, information
systems, computer science, applied objects of systems theory and others requires improvement of mathematical
methods, new approaches for researches of application systems. And the variety and diversity of subject systems
makes necessary the development of a model that generalizes the classical sets and their development — sets of sets.
Multiple objects unlike sets are constructed by multiple structures and represented by the structure and content. The
aim of the work is the analysis of multiple structures, generating multiple objects, the further development of opera-
tions on these objects in application systems. Methodology. To achieve the objectives of the researches, the struc-
ture of multiple objects represents as constructive trio, consisting of media, signatures and axiomatic. Multiple ob-
ject is determined by the structure and content, as well as represented by hybrid superposition, composed of sets,
multi-sets, ordered sets (lists) and heterogeneous sets (sequences, corteges). Findings. In this paper we study the
properties and characteristics of the components of hybrid multiple objects of complex systems, proposed assess-
ments of their complexity, shown the rules of internal and external operations on objects of implementation. We
introduce the relation of arbitrary order over multiple objects, we define the description of functions and display on
objects of multiple structures. Originality. In this paper we consider the development of multiple structures,
generating multiple objects. Practical value. The transition from the abstract to the subject of multiple structures
requires the transformation of the system and multiple objects. Transformation involves three successive stages:
specification (binding to the domain), interpretation (multiple sites) and particularization (goals). The proposed de-
scribe systems approach based on hybrid sets can be used in many application systems for structural and content
analysis. An example of the use the hybrid sets for logistics systems modeling is shown.

Keywords: constructive multiple structure; hybrid multiple objects; modelling; complex systems; sets; lists;
multi-sets; tuples; logistics system
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AHAJII3 BIUVIUBY NIPOEKTHUX XAPAKTEPUCTHK
EJIEBATOPA HA IAPAMETPHU OO IPUBOJY

Merta. [IpuBix BiTHOCUTECS 1O OCHOBHHMX €JIEMEHTIB CTPIYKOBMX KOBLIOBHMX €JeBaTOpiB. [yt BU3HAYEHHS MO-
TYXKHOCTI NPHUBOJLYy TMPOBOJATHCS PO3PAXYHKH 3a CTaHAAPTHUMH METOJUKAaMH, IO MOTpeOye NOCTATHHO BEJIMKUX
BUTpaT dacy. B poboTi HEOOXiTHO MPOBECTH aHAJI3 BIUTUBY MPOCKTHHUX XaPAKTEPUCTUK Ha MapaMeTpH MPHUBOLY
IIBUIKOXIJHUX KOBIIOBHX CTPIYKOBHX €JICBATOPIB Ta MOOYAYBaTH yIOCKOHAJIEHHH AJTOPHTM NPHCKOPEHOTO BH-
3HAYCHHS MMOTY)XHOCTI HOT0 MpUBOAA 32 IPOSKTHUMH XapaKTepHCTHKaMu. Lleil anroputM BpaxoByBaTUMe THIT BaH-
Taxy, BUCOTY HiAHOMY, HEOOXiIHY MPOAYKTUBHICTh, CTAHAAPTHI MapaMeTpH KOBIIIB Ta cTpiuku. MeTtoanka. Buxo-
PUCTOBYIOUYH MapaMeTPHUUHI 3aJIE)KHOCTI MMOTY>KHOCTI MIPUBOAY €JIEBATOPIB B HOTO MPOEKTHUX XapaKTEPUCTHK (OT-
pPUMaHMX aBTOPOM paHillle), 3alpONOHOBAHO YJOCKOHAJIEHUI alTrOPUTM IPUCKOPEHOTO BU3HAYEHHS MOTYXXHOCTI
NPUBOJY MIBUAKOXIIHUX €JIE€BATOPIB i3 NIMOOKMMHU Ta MUIKMMHU KOBLIAMH IIPH 33JJaHUX TUIIaX BAHTAXY, IPOAYKTH-
BHOCTI, BUCOTI miaiioMy. Pe3yabTaTn. 3anporoHOBaHO AJITOPUTM NPUCKOPEHOT0 BU3HAYEHHS MOTYXHOCTI IPUBOAY
MIBUJIKOXITHUX BEPTUKAIBHUX €JICBATOPIB i3 TTMOOKAMH Ta MITKUMU KOBIIIAMH B 3aJICKHOCTI BiJl IPOCKTHHUX THapa-
MeTpiB. PO3mIsiHyTO mpHKIiIaz 3acTOCYBaHHS TAKOTO ajlrOPUTMY IJIsl €JIeBaTOpa, IPU3HAYEHOT O ISl TPAHCIIOPTYBaH-
HS IIEMEHTY. BU3HAa4YeHO aHaJITH4HI 3aJIe)KHOCTI IMOTY>KHOCTI ITPUBOJY Takoro €JeBaTopa BiJ NMPOJYyKTUBHOCTI Ta
BrcotH migiomy. [ToGynoBaHo BiAmoBinHI rpadivHi 3aMeKHOCTI Ta BCTAHOBJICHO XapaKTep 3MiHH MOTYXXHOCTI IpH-
BOJY TIpH 3MiHI BEIMYMHU KOXKHOI 13 IPOEKTHUX XapakrepucTik. HaykoBa HoBH3HA. Brnepmre moOynoBaHo ymo-
CKOHAJCHHH aJITOPUTM BH3HAUYCHHS NOTY>KHOCTI NPHBOIY €JIeBaTopa IpU 3aJaHUX IPOSKTHHX XapaKTEePUCTHKAX
(THmi BaHTaXy, BHCOTI MiAHOMY, IPOAYKTUBHOCTI), SIKHM BPaxOBYye CTAHIAPTHI PO3MIpH ¥ ImapaMeTpH KOBIIIB Ta
crpivok. IIpakTHyHa 3HA4YMMicTh. BHKOPHCTAHHS 3alpPOIIOHOBAHOTO AITOPUTMY PO3PAXYHKY Na€ MOXKIUBICTH
BiZIHOCHO LIBU/KOTO BU3HAYEHHS OPI€EHTOBHOTO 3HAYECHHS HOTY>KHOCTI IPUBOAY BEPTHKAIBHUX IIBUIKOXITHUX €jIe-
BaTOPIB i3 MNIMOOKMMH Ta MUIKUMH KOBLIaMH. TakoX MOXIIMBUM € 100y yBaHHS rpadiuHUX 3aJeKHOCTEH MOTYX-
HOCTI MPHUBOJLY BiJI 3HAUEHb MMPOJYKTUBHOCTI Ta BUCOTH MiAHOMY ITPU KOHKPETHOMY THIIl BAHTAXY, 1[0 CHPUSE SKi-
CHOMY TiJ100py HOTO OCHOBHHX €JIEMEHTIB JIIsi KOHKPETHUX IPOEKTHHUX XapaKTepUCTUK. Takuii anroputM nae Mox-
JIMBICTh 3HAYHO EKOHOMUTH Yac Ha PO3PaxyHKH B MPOLIECi IPOEKTYBaHHS €JIEMEHTIB €JIeBaTOPIB.

Kniouosi crosa: eneBatop; KiBIll; IPHUBIJ; MOTYXHICTh; NPOIYKTHBHICTD; BAHTaXX; BUCOTA ITiJIOMY; aJITOPUTM

3ac00iB KOMIUIEKCHOI MexXaHi3alii HaBaHTa)XyBa-
Beryn JTEHO-PO3BAHTAXYBAIBHUX  POOIT  BHPOOHHUINX
MPOIIECiB, SIKi CYTTEBO MiABHIIYIOTh MPOIYKTHB-
HICTb, €EKTUBHICTH Ta peHTaOeNbHICTh BUPOOHU-
nrea. OgHMM 3 BHIIB MamuH Oe3mepepBHOIO
TPAHCIOPTY 3 THYYKHM TATOBHM OpPIaHOM € KOB-

TparcopTyrodi MalIuHU CHOTOMHI IITHPOKO
BUKOPUCTOBYIOTBCS B OyAb-sIKiH Tay3i MpOMHCIO-
BocTi. MammHu 0Oe3nepepBHOrO TPaHCIOPTY, SIK
PI3HOBUA TPAHCHOPTYIOUMX MAIIWH, € OJHHUM i3
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IIIOBI CTPIUKOBi eneBaTopu. EieBatopu 3a CBOE€IO
KOHCTPYKIII€IO Ta MPU3HAYCHHSM € T IHOMHUKAMH
BEPTUKAIBHOI /1ii 1 BUKOPUCTOBYIOTBCS AJISl BEPTH-
KaJIBHOTO Ta KpyTOmoxXmioro (mig kyrom 60—82°)
MepEeMIIICHAs] HACUITHUX 1 MITyYHUX BaHTaxiB 0e3
MPOMIKHOTO 3aBaHTaKEHHsI 1 po3BaHTakeHHs. Ta-
Ki TUIM MAIIWH 3aCTOCOBYIOTHCS Ha IMIAMPUEMCT-
Bax XIMIYHOi, MeTalypriiiHol, MaImMHOOYmiBHOI
MPOMHCIIOBOCTI, Y BUPOOHHLITBI OyIiBETbHUX Ma-
TepianiB, Ha Byrie3barauyBaibHUX (aOpukax, Ha
XapyoBUX KOMOiHaTax, B 3¢pHOCXOBHUINAX.

EneBaropu momiisrOThCS Ha INIBUIKOXITHI Ta
TUXOXiZHI. B miil poGOTi po3risimaroTbes mepii
3 HUX, SKi XapaKTepU3yIOThCs BIALEHTPOBHM pPO3-
BaHTaXCHHAM. Ha Takmx eneBaTopax BHKOPHCTO-
BYIOTh JIMIIE TJHOOKI Ta MiJKI KoBImi. [nmuboki
KOBIII MarOTh TOJIOTHHA 00pi3 MepeaHbhOi KPOMKH
Ta miaBUIIeHy ruoOuHy (puc. 1, a) Ta 3aCTOCOBY-
IOTBCSL JUISl CYXHX, JIETKOCHUIYYHX IHJIOTONiIOHHX,
3epHUCTHX Ta JPiOHOKYCKOBHX BaHTaXiB (HaNpH-
KJIaJ1, 3€pHa, IMiCKy, 3eMili, npidHoro ByTit). Mi-
JIKiI KOBIIN MalOTh KpyTUi 00pi3 mepeaHhoi KPOMKH
Ta Maiy rimouny (puc. 1, 6), mo gomomMarae Kpa-
IIOMY pO3BaHTaXEHHIO. Taki KOBII 3aCTOCOBYIOTH
JUISL TPAHCIIOPTYBaHHS BOJIOTHX Ta ITOTAHOCHITY-
YHMX, 3EPHUCTHX Ta JPIOHOKYCKOBUX HACUITHUX
BaHTaXIB.

a—da I,

Puc. 1. Tunm xoBLIiB:
a — TIOOKMIA 3 WITIHAPUIHUM THUILEM;
6 — MUTKWH 3 NWTHIPWIHAM JHUIIEM

Fig. 1. Types of scoops:
a — deep with a cylindrical bottom;
b — shallow with a cylindrical bottom

OcHOBHUMH TyOJTiKaIisIMK, SKi OMUACYIOTH Oy-
JIOBY, KOHCTPYKTHBHI OCOOJIMBOCTI, €KCILTyaTalliii-
Hi Ta po3paxyHKOBI HapaMeTpu TaKHX €JIeBaTOPiB,
e[1,4,5,7,9, 10]. lnsg Bu3HAUYEHHS MMapaMeTpiB
MIPUBOAY e€JeBaTopa, 30KpeMa HOTo IOTYXKHOCTI,
MOTPiOHO BHKOHATH PO3paxyHOK ioro OapabaHiB,
TATOBOTO OpraHy (CTPIiYKH), TATOBUIH pPO3PaXyHOK
Ta BUKOHATH TiJ0ip OCHOBHHMX €JIEMEHTIB IPHUBO-
ny. [lopsimox BUKOHaHHS TAKHX PO3PaxyHKIB JeTa-
JILHO omnucaHuii B pobotax [7, 8]. BukopucroByro-
YH TaKy METOJIUKY PO3PaxXyHKY MPUBOMY €leBaToO-
piB, BUTpayaeThCs AOCHTH Oarato dacy. Tomy 3a-
Jada YAOCKOHAJIEHHS alrOPUTMY BH3HAYCHHS
MOTY>KHOCTI MPHUBOY €JIEBATOPIB IS KOHKPETHHUX
MMPOCKTHUX XapPaKTEPUCTHK Ta SKICHOTO IMiZ00py
HOro OCHOBHHMX €JIEMEHTIB € JIOCHUTH aKTYalbHOIO
B IIPOIIEC] MPOCKTYBaHHS €IeBaTOPIB.

Merta

Mertoro poOOTH € TOCTIIKCHHS BILTHBY MPOEK-
THUX XapaKTEPUCTHK KOBLIOBMUX CTPIYKOBUX eIle-
BaTOpIiB HAa TapaMeTpu WOTO MPHBOJIY, 30KpeMa
MOTY)KHICTh, @ TaKOXX — MOOYI0Ba MPUCKOPEHOTO
ANTOPUTMY BH3HAUYEHHS MOTYXHOCTI IPUBOAY eJie-
BaTopa 3a HOTr0 NMPOEKTHHMHU XapaKTEPHCTHUKAMHU,
SKUH BpPaxOBY€ THI BaHTaXy, BHUCOTY IHigHOMY,
HEOOXiIHy NMPOAYKTUBHICTh, CTAHAAPTHI MapaMer-
PH KOBILIB Ta CTPIUKH.

MeTtoanka

OCHOBHI THITM BaHTaXIiB, JJISI TPAHCIIOPTYBaH-
HS SIKUX BHKOPHCTOBYIOTH LIBHIKOXiJHI KOBILIOBI
CTPIYKOBi €NeBaTOpH 3 TIMOOKUMH Ta MITKUMHU
KOBIIaMH, Ta BIAMOBiAHI M pEKOMEHIOBaHI 3a
JokepesnioM [8] BHIM KOBIIIB Ta pO3PaxyHKOBI Ma-
paMeTpu eneBaTopiB HaBeeHi B Ta0I. 1.

Hiamerp mpuBimHOTO OapabaHa 3aJCKUTH Bill
HIBUJKOCTI PyXY Ta CIOCO0Y pO3BaHTaKEHHS KOB-
miB. BpaxoByroun Te, mo poOoTa NpHUCBSUCHA
MIBUJKOXIIHUM €JeBaTopaM, SKHM MpUTaMaHHE
BIJILIEHTPOBE PO3BaHTaKEHH:, TO AiameTp Oapala-
Ha BU3HAYAETHCA 32 POPMYIIO0

D<0,204%, (1)

Je vV — IBUAKICTh PyXy CTpiukH, M/C (0OHpaeThCs
3a Tabu. 1).
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Tabnums 1
Tunu BaHTaKiB Ta BiANOBIAHI iM XapaKTepPHCTUKH eJIeBATOPIB
Table 1
Types of loads and descriptions of elevators corresponding to them
T L T [l Il B
IlemenT r 0,8 1,25-1,8 1,0-1,8
3emis M 0,6 1-2 1,1-1,6
[Ticok cyxuit M 0,6 1-2 1,4-1,65
Kpeiina 3 nopouky M 0,6 1-2 0,95-1,2
HepeBna tupca r 0,8 1,25-2,0 0,16-0,32
Cyxa rimHa r 0,8 1,25-2,0 0,7-1,5
Topd Ppesepruit r 0,8 1,25-2,0 0,33-0,4
HpibHe ByTimIsA r 0,8 1,25-2,0 0,8-1,0

[pumitka: Tunn xoBmiB: I' — rimbokuit, M — MIJIKHA.

Po3paxoBaHe 3HauUEHHS OKPYTIIOETHCA A0 Hal-
Oymmxdoro 31 craHmaptHuX 3 pagy: 250, 400, 500,
630, 800, 1 000, 1 250 MmM.

3a TATOBHI OpraH B KiBIIEBHX €JieBaTOpax BU-
KOPHUCTOBYIOTH cTpiuku 3rigHo 3 'OCT 23831-79,
I'OCT 20-85. Jlmg BU3HAYECHOCTI ITOHANBIINX
JOCTIDKEHb TIPUHMAEMO B SKOCTI TSTOBOI'O OpraHy
KIBILIEBOTO €JIEBATOPY CTPIUKy KOHBEEPHY T'yMO-
BoTkaHuHHy 3a ['OCT 20-85 tumy BKHJI-150.
KinpKicTh IpOKIa0K TaKOi CTPIYKH CTAHOBUTH Bij
3 o 6.

KinbkicTh MpoKIIaOK CTPIYKH BU3HAYAETHCS 32
dhopmyIoro:

D

| — 2
125...150 @)

POBanOBaHC 3HA4YCHHsA Mae€ 6yTI/I HC MCHIIC,

HiX i, =3 Ta He nepesuulyBaru i, = 6. Lle mo-
SCHIOETBCSl THM, IO TAKUH THI CTPIYOK Ma€ Bif
3 10 6 mpOKIIAI0K.

TsiroBuii po3paxyHOK CTPIYKOBOTO KiBIIIEBOTO
eJeBaTopa BUKOHYETHCS METOJIOM 00XO0/y 32 KOH-
TYypOM, OCHOBHHMHU NPHHLMUI SKOTO TMOJSTac y BHU-
ABJICHHI XapaKTEepHUX TOYOK TpacH, Ae BinOyBa-
€ThCS 3MiHA HATIATy CTpidkd. Cxema KiBIIEBOTO
CTPIYKOBOTO €JIeBaTopa 3 PO3CTABICHUMH KOBIIA-
MU HaBe/eHa Ha pHc. 2.

Jia momanpImux MOCTiKEHb BBEAEMO JIO PO3-

Ay Taki Koe(ilieHTH, SKi BpaXOBYIOTh BJIACTHU-
BOCTI BaHTaXy, 110 TPAHCIIOPTYETHCS:

o =3,6vpy T-M/rTox, 3)
3
af=pyg H/M™, 4)
e Y — KoeQillieHT 3allOBHEHHS KOBIIIIB (BiIIOBI-
IHO 10  (i3MKO-MEXaHIYHMX  BJIACTUBOCTEH

BaHTaxy, Ta0m. 1); p — HIUTBHICTH BAHTAXKY, T/M;
Vv — IBUAKICTH PyXy CTpiUKH, M/C; g — IPHUCKO-

pEHHs BUILHOTO MaiHHs, H/Kr.

Puc. 2. Cxema eneBaropa
3 PO3CTaBJICHUMH KOBIIAMH

Fig. 2. A chart of elevator
with placed scoops

doi: 10.15802/stp2015/46076

164

© B. M. boromas, 2015



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

Hayxka ta nporpec Tpancnopty. BicHux J{HimponeTpoBcEKOro

HAL[{OHAJIBHOTO YHIBEPCHTETY 3aJli3HUYHOr0 TpaHcmnopty, 2015, Ne 3 (57)

HETPAIULIIMHI BUJA TPAHCITOPTY. MAILIMHUA TA MEXAHI3MH

Jlns BU3HAUEHOCTI B MOJANBIIHMX JOCHIIKECH-
HsIX OyJeMo Aaji MpuiMaTH IBUAKICTh PYXYy CTpi-
YKH Ta IUIBHICT MaTepiaiy, SK cepeJHe 3HAaUCHHS
MK TBOMa IpaHUIsIMU iHTepBany. s Takux 3Ha-
YeHb IBHIKOCTI i3 BpaxyBaHHAM AaHWX Tabm. 1
HABEJCHO BEIWYMHU KoedimieHTIB o Ta of

B TabmI. 2.

Sk BimOMO, MaKCHMallbHE 3yCHUIA B CTPidIli
BUHHKAaE B KiHI poOoYOi Tinku, T00TO y Touli 4
(muB. puc. 2). B nonepenHiii poboTi aBTopa [2] mo-
OyI0BaHO TIapaMETPUYHY 3aJICKHICTh 3HAYEHBL 3Y-

CHJIb Y TOYIl 4 Ta MOTYXHOCTI IPHUBOAY KiBIIIEBUX
CTPIUKOBHX €JIeBaTopa BiJi HOro MpOeKTHOI POIyK-
THUBHOCTI, 1110 JAJI0 MOXKJIMBICTH OTPUMYBATH HE0O-
Xi/THE 3Ha4YeHHS MMOTY>KHOCTI MTPHUBOJY i3 BpaxyBaH-
HIM THITy Ta (i3UKO-MEXaHIYHUX BIIACTHBOCTEH
BaHTaXIB, BEIMYMHHU BHCOTH MiAHOMY Ta IPOEKTHOL
NPOAYKTUBHOCTI, 3aJTy4Yaro4d Ul PO3PAXyHKY JIU-
me oaHy (GopMyiTy. 3aJeKHOCTI 3yCHIIISA B TOUI 4
BiZ KoedilieHTIB o Ta of3 , BUCOTH migiiomy, Oy-
OB Ta PO3MIpy KOBINA, TOOYZOBaHI aBTOPOM
B po0OoTi [2], HaBemeHi B Tab:. 3 Ta 4.

Tabnuns 2
Po3paxyHkoBi mapamMeTpu BaHTa;Ky Ta eJieBaTopa
Table 2
Calculated parameters of load and elevator
Koeoimient inbHicTs PexoMen/10BaHa 3Hauenns koedimieHTin
Twum KoBIIa Hacunuuii BanTa) 3aIIOBHEHHS BaHTaXYy, HIBUJIKICTB PyXy
KoBIIa \Jf M cTpiukn v, m/c o, m/rrox | of3 Hw
I'muboxwmii IlemenT 0,8 1,4 1,5 6,05 10,98
HepeBHa Tupca 0,8 0,24 1,6 1,39 1,88
Cyxa rinuHa 0,8 1,1 1,6 5,07 8,02
Topd dpesepruit 0,8 0,36 1,6 1,66 2,82
JpibHe ByTiIsA 0,8 0,9 1,6 4,15 7,06
Minkuii 3emis 0,6 1,4 1,5 4,54 8,23
[Ticok cyxuit 0,6 1,5 1,5 1,35 8,82
Kpeiiza 3 mopor- 0.6 11 15 0,99 6.47
Ky
Tabnuns 3
Cuia HaTary B Touni 4 eieBaTopa 3 IIM0OKMMH KOBIIAMH
Table 3
Tension force in a point 4 of the elevator with deep scoops
IInpuna KoBLIa BK , Cua HaTATy TIpH CTPivmi Cuita HaTATy TIpH CTPIYmi TTpomyKTHBHiCTb
MM 3i1=3 §,.H 3i=4 §,.H erneBaTopa, T/To
100 37H+afB(7,95+H) 39,2H+0f(7,95+H) a
125 36,4H+1,30p(7,95+H) 39H+1,3ap(7,95+H) 1,3a
160 47, TH+2ap(7,95+H) 51,1H+2ap(7,95+H) 20
200 74,1H+3,240p(7,95+H) 78,4H+3,240p(7,95+H) 3,240
250 103,6H+50f(7,95+H) 108,8H+5ap(7,95+H) Sa
320 138,1H+8af(7,95+H) 145H+80p(7,95+H) 8a
400 265,7H+12,60p(7,95+H) 274,4H+12,60B(7,95+H) 12,60
500 345,2H+190f(7,95+H) 356,4H+190f(7,95+H) 19a
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I[IpomoBxxenus tabmn. 3

Continuation of Table 3

Inpuna KoBLa BK , Cua HaTATy TpH CTPivmi Cuita HaTATy TIpH CTPIYmi TIpomyKTHBHICTb
MM 31=3 §,.H 3i=4 §,.H eneBaTopa, T/Toq
650 438H+28,608(7,95+H) 451,8H+28,60p(7,95+H) 28,60
800 443,3H+4008(7,95+H) 460,5H+400p(7,95+H) 400
1 000 524,6H+56,30p(7,95+H) 545,3H+56,30B(7,95+H) 56,250

3akiHueHHs Tabin. 3

End of Table 3

Ilupuna kosma B, Cuita HaTATy TIPH CTPIvIi Cuta HaTATy TPH CTPIYIi TpOAyKTHBHICTD
MM 3i=5 §,.H 3i=6 S,.H eneBaropa, T/roj
100 41,3H+0p(7,95+H) 43,5H+0p(7,95+H) o
125 41,6H+1,30p(7,95+H) 44 2H+1,30f(7,95+H) 1,30
160 54,6H+20p(7,95+H) 58H+20f(7,95+H) 20
200 82,7H+3,240p(7,95+H) 87H+3,240p(7,95+H) 3,240
250 113,9H+5ap(7,95+H) 119,1H+5ap(7,95+H) Sa
320 151,1H+8af(7,95+H) 158H+8af(7,95+H) 8a
400 283H+12,60B(7,95+H) 291,6H+12,60p(7,95+H) 12,60
500 367,6H+190p(7,95+H) 378,8H+190p(7,95+H) 19a
650 465,6H+28,60p(7,95+H) 479,4H+28,60p(7,95+H) 28,60
800 477,8H+400p(7,95+H) 495H+400p(7,95+H) 400

1 000 566H+56,30f(7,95+H) 586,7H+56,30f3(7,95+H) 56,250

3a MakCHUMAalIbHUM 3yCHWJIISIM, OTPHUMAaHHM 32
po3paxyHKaMH 3a JTOTIOMOTor0 Tabm. 3, 4, yTod-
HIOETHCS KUIBKICTh TIPOKJIAJIOK Y CTpivii 3a (hop-
MYJIOIO:

. n,S,

_ , 5
Bo k, ©)

Je n, — KoeQilieHT 3anacy MIHOCTI CTpiuKu (Uit

OeNbTHHIOBOI CTPiUKK npuiiMaeThes n, =11...12);
o, = 54-10° H/M mpoKIajKy — IpaHMIS MillHOCTI
JUTSl TYMOTKaHUHHOI CTPIYKH;

ky=0,7...0,9 — xoediuieHT, KU BpaxoBye MO-

CITa0JICHHSI CTPIYKH OTBOPAaMH IIiJ| 3aKJICTIKH JIJIs
KPITUIEHHS KOBIIIIB.

Tabnuns 4
Cuia HaTary B To4li 4 e1eBaTopa 3 MiJIKHMH KOBIIAMH
Table 4
Tension force in a point 4 of the elevator with shallow scoops
Illupuna kosma B, Cuuta HaTsTY HPH CTPIYLi Cuuta HaTATy NPY CTPIYLi TIpoyKTHBHICTD
MM 3i=3 S, H 3i=4 S, H eeBaTopa, T/Toj
100 32,1H+0,50B(7,95+H) 34,3H+0,50B(7,95+H) 0,5a
125 33,4H+0,660p(7,95+H) 36H+0,660f(7,95+H) 0,660
160 41,5H+1,170p(7,95+H) 44 9H+1,170f(7,95+H) 1,170
200 61,9H+1,870p(7,95+H) 66,2H+1,870f(7,95+H) 1,87a
250 79,1H+3,50B(7,95+H) 84,3H+3,50(7,95+H) 3,5a
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I[IponoBxenuns tabn 4

Continuation of Table 4

[lnpuna kosma B, , Cuiia HaTATY OPH CTPiYLi Cuuta HaTATy Y CTPivLi ITpo Ay KTHBHICTS
MM 3i=3 §,.H 3i=4 §,.H eneBaTopa, T/Toj
320 138,1H+5,40f3(7,95+H) 145H+5,40p(7,95+H) 5,4a
400 246,1H+8,408(7,95+H) 254 ,8H+8,40p(7,95+H) 8,40

3akiHueHHsa Tabdi. 4

End of Table 4

Ilupuna kosma B, Cuita HaTATY TIPH CTPIvIi Cuta HaTATy TPH CTPIvIi TIpOAyKTHBHICTD
MM 3i=5 §,.H 3i=6 §,.H eneBaropa, T/roj
100 36,4H+0,50p(7,95+H) 38,6H+0,50p(7,95+H) 0,5a
125 37,8H+0,6608(7,95+H) 40,4H+0,6608(7,95+H) 0,660
160 48,4H+1,170p(7,95+H) 51,8H+1,170f(7,95+H) 1,17a
200 70,5H+1,870f(7,95+H) 74,8H+1,870f(7,95+H) 1,87a
250 89,4H+3,50p(7,95+H) 94,6H+3,50p(7,95+H) 3,50
320 151,1H+5,40B(7,95+H) 158H+5,40p(7,95+H) 5,40
400 263,4H+8,40p(7,95+H) 272H+8,40f3(7,95+H) 8,40

B momnepenniii po6oTi aBTopa [6] mobynosa-
HO TIapaMETPUYHI 3aJISKHOCTI 3HAYCHHS pO3pa-
XYHKOBOI TIOTYXKHOCTI TPHUBOAY CTPIIKOBOTO
eneBaropa 3 TJIMOOKUMH Ta MIUIKMMU KOBIIAMH,

CTpiuKH, KOeQillieHT 3alIOBHEHHS KOBIIA, BUCO-
Ty TiAHOMY BaHTaXy Ta CTPYKTYpy CTpiuku (Ki-
JBKICTh TPOKJIAAOK). Taki 3a1eKHOCTI HaBeIeHI
B Tabm. 5, 6 mig rauOOKMX Ta MINKHX KOBIIIB

SKi BPaXxOBYIOTh THIT BaHTaXYy, IIBUAKICTh PyXy OKpEMO.
Tabauus 5
Po3paxyHkoBa NOTYy:KHiCTh IBUTYHA €JIeBATOPA 3 IJIMOOKUMHU KOBIIAMU
Table 5
Calculated power of elevator drive with deep scoops
[Mupuna koBma [ToTy>HicTh IBUTYHA IPH CTPiLl IoTyXHIiCTh ABUT'YHA TIPH CTPIvLI [IpoayKTUBHICTH
B, mm 3i=3 P,Br 3i=4 P,Br eeBaTopa, T/Toj
100 (5,9H+0f(4+1,08H))v (6,3H+0f(4+1,08H))v o
125 (5,82H+1,30p(4+1,08H))v (6,2H+1,3ap(4+1,08H))v 1,30
160 (7,63H+20p(4+1,08H))v (8,2H+2ap(4+1,08H))v 20,
200 (11,9H+3,240p(4+1,08H))v (12,5H+3,240p(4+1,08H))v 3,240
250 (16,6H+50p(4+1,08H))v (17,4H+50f(4+1,08H))v S0
320 (22,1H+8af(4+1,08H))v (23,2H+8af(4+1,08H))v 8a.
400 (42,5H+12,60p(4+1,08H))v (43,9H+12,60p(4+1,08H))v 12,60
500 (55,2H+19ap(4+1,08H))v (57H+190p(4+1,08H))v 19a
650 (70,1H+28,60p(4+1,08H))v (72,3H+28,60p(4+1,08H))v 28,60,
800 (70,9H+400p(4+1,08H))v (73,7H+400p(4+1,08H))v 400,
1000 (83,9H+56,3ap(4+1,08H))v (87,2H+56,3ap(4+1,08H))v 56,250
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3akiHueHHs Tabx. 5

End of Table 5

[lupuna KoBuIa [oTy>XHicTh IBUTYHA IPH CTPIvLi [oTty>xHicTh ABUTYHA TP CTpidLi IIpoayKTHBHICTH
B, mm 3i=5 P,Br 3i=6 P,Br eneBaropa, T/Toj
100 (6,6H+af(4+1,08H))v (7H+op(4+1,08H))v o
125 (6,7H+1,30p(4+1,08H))v (7,1H+1,3ap(4+1,08H))v 1,30
160 (8,7H+2ap(4+1,08H))v (9,3H+2ap(4+1,08H))v 20
200 (13,2H+3,240p(4+1,08H))v (13,9H+3,240B(4+1,08H))v 3,240
250 (18,2H+50p(4+1,08H))v (19,1H+50f(4+1,08H))v S50
320 (24,2H+80p(4+1,08H))v (25,3H+8af(4+1,08H))v 8a
400 (45,3H+12,60p(4+1,08H))v (46,7H+12,60p(4+1,08H))v 12,60,
500 (58,8H+190p(4+1,08H))v (60,6H+19ap(4+1,08H))v 19a
650 (74,5H+28,60p(4+1,08H))v (76,7H+28,60p(4+1,08H))v 28,60
800 (76,4H+400p(4+1,08H))v (79,2H+400p(4+1,08H))v 400,
1 000 (90,6H+56,30(4+1,08H))v (93,9H+56,3ap(4+1,08H))v 56,250
Tabnuns 6
P03anyHKOBa l'lOTy)KHiCTL ABHUI'YHA ejieBaTopa 3 MITKHMMH KOBIIAMH
Table 6
Calculated power of elevator drive with shallow scoops
[luprHa KoBIa [MoTy>xHiCTh NBUTYHA TP CTPIUIIi [oTy>xHiCTh IBUTYHA TIPU CTPIUIIi IIpoayKTUBHICTH

B, mm 3i=3 P,Br 3i=4 P,Br enesaropa, T/Tox
100 (5, 1H+aP(4+1,08H))v (5,5H+aP(4+1,08H))v 0,50
125 (5,3H+1 3aB(4+1,08H))v (5,8H+1,3aB(4+1,08H))v 0,66
160 (6,6H+20B(4+1,08H))v (7.2H+20B(4+1,08H))v 1,170
200 (9,9H+3,24aB(4+1,08H))v (10,6H+3,240p(4+1,08H))v 1,87a
250 (12,7H+5aB(4+1,08H))v (13,5H-+50(4+1,08H))v 3,50
320 (22, 1H+8aP(4+1,08H))v (23, 2H+8aP(4+1,08H))v 540
400 (39,4H+12,6aP(4+1,08H))v (40,8H-+12,6aB(4+1,08H))v 8 4ol

3akiHuyeHHsa Tabi. 6

End of Table 6

[Iupuna KoBIIA BK , [oTy>xHicTh ABUTYHA TP CTpidLi IloTy>xHiCTh ABUTYHA TP CTpivLi ITpoxyKTHBHICT
MM 3i=5 P,Br 3i=6 P,Br eneBaropa, T/Tos
100 (5,8H+0p(4+1,08H))v (6,2H+af(4+1,08H))v 0,50
125 (6,0H+1,30p(4+1,08H))v (6,5H+1,3ap(4+1,08H))v 0,660
160 (7,7H+20p(4+1,08H))v (8,3H+2ap(4+1,08H))v 1,170
200 (11,3H+3,240B(4+1,08H))v (12H+3,240p(4+1,08H))v 1,87a
250 (14,3H+50f(4+1,08H))v (15,1H+50f(4+1,08H))v 3,50
320 (24,2H+80af(4+1,08H))v (25,3H+80f(4+1,08H))v 5,40,
400 (42,1H+12,60p(4+1,08H))v (43,5H+12,60p(4+1,08H))v 8,4a
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OTXe, arOpUTM BU3HAYCHHSI TIOTY>KHOCTI TTPHBO-
Iy eleBaTopa IMpy 3aJaHuX MPOMYKTUBHOCTI [/, BU-
COTH migiioMy H , TUITy BaHTa)Xy Ma€ TaKUil BUTJISL

1. 3a Tabn. 1 oOrpaemo BT KOBIIA (TTIHOOKHH 200
MUIKHH) U BU3HAYEHOTO BAaHTaXKY.

2. 3a Tabn. 2 obupaemo BeNMUMHY KoedimieHTa
o} Ta pekoMeHIOBaHY MIBUIKICTD PYXY CTPIUKH V .

3. 3a dopmyioro (1) po3paxoByeEMO BEMIMHY ITi-
ameTpa NpuBiaHOrO OapabaHa eneBatopa D Ta oOu-
paemo Horo 3Ha4eHHS 31 CTAHIAPTHOTO PSITY.

4. 3a hopmyoro (2) po3paxoByeEMO HEOOXITHY Ki-
JIBKICTh MPOKJIAJIOK CTPIYKH.

5. 3a Tabmn. 3, 4 (3aeXHO Bi KOHQIryparii KoBlIa,
BENIMYMHU O (AWB. TaOI. 2) Ta KUTBKOCTI POKIIAI0K
CTPIUKH) PO3PaXOBYEMO IS 3a3HAUCHO! BEIWYMHH
HPOIYKTHBHOCTI 3HAUEHHS 3yCHILIA S, .

6. 3a oTpHMMaHUM 3HAYEHHAM S, MEpeBIpsEMO Ha

MILIHICTB CTPIYKY 3 0OpaHOIO KUTBKICTIO TIPOKIIAIO0K 32
dopmyoro (5) (y pasi ToTpedr YTOUHIOEMO KUTBKICTh
HPOKJIAJIOK, MEPEePaXxoByeMO BEIMUUHY S, Ta 3HOBY
MEePEBIPSEMO KUTBKICTh MPOKIAI0K CTPIUKH).

7. 3atabm. 5, 6 (3aexHO Bif KOH}Iryparlii KOBIIIa,
BENTMUMHKU O (JMB. TaOJ. 2) Ta KUTBKOCTI MPOKJIaJI0K
CTPiYKH) OOMPAEMO THIT MApaMETPUIHOI 3aJIeKHOCTI
PO3PaXyHKOBOI ITOTY>KHOCTI.

8. 3a oOpaHoro 3anexHicTIO OymyeMo rpadiuHy
3aJIXKHICTD PO3PAXYHKOBOI MOTY)KHOCTI Bifl BHUCOTH
nigiioMy BaHTaxy P = f (H ) .

9. IlincTaBuBITH 3a/IaHy BHCOTY IiHOMY BaHTXY
B OTpUMaHy 3aJIeKHICTE P = f (H ), PO3paxoByeMO
OpIEHTOBHE 3HA4YeHHS HEOOXiTHOI MOTYKHOCTI TpH-
BOJLy €JIeBaTopa.

10. IIpu ¢ikcoBaHili BeMMYWHI BHCOTH TiTHOMY
BaHTaXy H BH3HAYAEMO 3aJIKHICTD 3HAYCHHS IIO-
TY>KHOCTI TIPUBOJLY BiJ] IPOXYKTUBHOCTI Ta OyayeMo ii
rpadidHe 300pakeHHs!.

Pe3yabTaru

PosrnsHeMo MeToauKy moOyIOBU 3aJeKHOCTI
MOTY>KHOCTI BiJi OCHOBHHX MapaMeTpiB (IIPOAyK-
TUBHOCTI, BUCOTU MiAHOMY Ta THITy BaHTaXY) IS
PO3paxyHKy eJeBaTopa Ha MPHUKJIaIi:

— BaHTaX — [IEMEHT;

— IPOXYKTHBHICTB [1 =75 T/TOX;

— Bucora migiiomy H =10 wm.

3a 3ampoNOHOBAHUM BUILE AITOPUTMOM BUKO-
HAEMO PO3PaxyHOK:

1. 3a Tabn. 1 obupaemo BHI KOBIIA IS TPAHC-
HOPTYBaHHSA LIEMEHTY — IJIMOOKHH.

2. 3a Tabm. 2 ayid eMeHTy 00upaeEMo:

— BenmunHy Koedimienta aff =10,98 H/’;

— PEKOMEHJIOBaHY IIBUIKICTb PYXYy CTPIUKH
v=15 m/c;

— BeNMn4MHy KoedinieHta o = 6,05 T-M/mTOA.

3. 3a dopmynoro (1) po3paxoByEMO BEITUYUHY
JiameTpa mpuBigHOTO OapabaHa eneBatopa D :

D <0,204v* =0,204-1,5" = 0,459 M.
3a po3paxoBaHUM 3HAYCHHSIM OOMPAEMO CTaH-
JlapTHE 3HAYCHHs aiaMeTpa Oapabana D =0,5 m.
4. 3a dopmyoro (2) po3paxoByeEMO HEOOXiTHY
KIJIBKICTh TIPOKJIAIOK CTPIUKU:
D 500

i= = =4.3,33.
125...150 125...150

[IpuitmaeMo HEOOXigHY KUIBKICTB TMPOKIAIOK
CTpiukH i =4.

5. OckinbKu ISl TPAHCIIOPTYBAaHHS LIEMEHTY
BUKOPHCTOBYETHCSI €JIEBATOP 3 TIIMOOKMMH KOB-
OIaMd Ta CTPIYKOI0 3 YOTHUPMa MPOKJIAJKAMU
(muB. 1. 4), To pu dikcoBaHoMy Ol Tabm. 3 Oyme
MaTH HUXKYeHaBeACHUN BUris (Tabdi. 7):

Tabnuus 7

Cuiia HaTary B TO4Li 4 e1eBaTOPa 3 NIMOOKNMH KOBIIAMY NPH TPAHCNIOPTYBAHHI IEMEHTY

Table 7
Tension force in a point 4 of elevator with deep scoops at transporting of cement
Iupusa koBma B, Cuuia HaTATYy IPH CTPivLi Cunia HaTATY OPH CTPiYL ITpoyKTHBHICTD
MM 3i=3 S,,H 3i=4 S,,H eneBaTopa, T/To
100 37H+0of(7,95+H) 39,2H+0f3(7,95+H) 6,05
125 36,4H+1,30p(7,95+H) 39H+1,3aB(7,95+H) 7,87
160 47,7TH+2ap(7,95+H) 51,1H+2af(7,95+H) 12,1
200 74,1H+3,240p(7,95+H) 78,4H+3,240p(7,95+H) 19,6
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3akinueHHs Ttabi. 7

End of Table 7

Inpuna KoBLa BK , Cua HaTATy TpH CTPivmi Cuita HaTATy TIpH CTPIYmi TIpomyKTHBHICTb
MM 31=3 §,.H 3i=4 §,.H eneBaTopa, T/Toq
250 103,6H+5ap(7,95+H) 108,8H+5aB(7,95+H) 30,25
320 138,1H+8ap(7,95+H) 145H+80(7,95+H) 48.4
400 265,7H+12,608(7,95+H) 274,4H+12,60p(7,95+H) 76,2
500 345 2H+19aB(7,95+H) 356,4H+19aB(7,95+H) 115
650 438H+28,6ap(7,95+H) 451,8H+28,608(7,95+H) 173
800 443 3H+40aB(7,95+H) 460,5H+40ap(7,95+H) 242
1000 524,6H+56,3ap(7,95+H) 545 3H+56,3ap(7,95+H) 3403
OCKIIBKH MPOCKTHA MPOAYKTUBHICTh
I1=75 t/ron, ToL[ipsa TabI. 7 O6lfp§€},M0 3aIEXK- _ 1S4 11-5186,6 _ 3,02.

HICTh, IO 3HAXOAWTHCA Yy 3-OMy CTOBOWI Ta
7-oMy psIAKy, TOOTO BIANOBiJae MIMPUHI KOBIIA
400 MM (mpuHa cTpivyku S00MM):

S, = 274,4H+12,60LB(7,95+H)=

=274,4-10+12,6-10,98(7,95+10) =5186,6 H.

6. 3a OTpUMaHUM 3HAUEHHAM S, MEpeBipsEMO

Ha MILHICTh CTPiYKy 3 OOpaHOI0 KiJBKIiCTIO IMpO-
KIIa/I0K 3a (hopmyoro (5):

1= = =
Bok, 0,5-54:10°-0,7

To6T0 0OpaHna KinmbKicTh (i =4 ) MPOKIAI0K 3a-
JTIOBOJIBHSIE YMOBI MIITHOCTI CTPIUKH.

7. OCKINbKM 1Ji11 TPAHCIOPTYBaHHS IIEMEHTY
BUKOPHCTOBYETHCS €JICBATOP 3 TIMOOKHUMH KOB-
1AM Ta CTPIYKOIO 3 YOTUPMAa MPOKJIATKAMU
(muB. 1. 7), To pu ikcoBanomy OL Tabn. 5 Oyze
MaTH HHKYCHaBeICHUH BUTIIA (Ta0I. 8):

Tabnums 8

Po3paxyHkoBa NoTyKHIiCTh ABUTI'YHA €JIeBATOPA 3 IINO0KUMH KOBIIAMM IIPH TPAHCIIOPTYBAHHI IEMEHTY

Table 8
Calculated power of elevator drive with deep scoops at transporting of cement
Iupuna xoia [NoTy>HICTh IBUT'YHA TIPH CTPIYLI [MoTyXHICTh IBUTYHA NIPH CTPIvLI IponykTuBHICTH
B, .MM 3i=3 P,Br 3i=4 P,Br cIIeBaTOoPa, T/T0N
100 (5,9H+0f(4+1,08H))v (6,3H+0p(4+1,08H))v 6,05
125 (5,82H+1,30B(4+1,08H))v (6,2H+1,30p(4+1,08H))v 7,87
160 (7,63H+20P(4+1,08H))v (8,2H+2ap(4+1,08H))v 12,1
200 (11,9H+3,2408(4+1,08H))v (12,5H+3,24ap(4+1,08H))v 19,6
250 (16,6H+50f3(4+1,08H))v (17,4H+50p(4+1,08H))v 30,25
320 (22,1H+8af(4+1,08H))v (23,2H+80p(4+1,08H))v 48,4
400 (42,5H+12,60p(4+1,08H))v (43,9H+12,6ap(4+1,08H))v 76,2
500 (55,2H+190p(4+1,08H))v (57H+190p(4+1,08H))v 115
650 (70,1H+28,60p(4+1,08H))v (72,3H+28,60p(4+1,08H))v 173
800 (70,9H+400p(4+1,08H))v (73,7H+400p(4+1,08H))v 242
1 000 (83,9H+56,30p(4+1,08H))v (87,2H+56,3ap(4+1,08H))v 340,3
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OCKIUTBKH MIPOEKTHA MIPOTyKTUBHICTD 10. IIpu ikcoBaHiit BeTUIHHI BUCOTH HigHOMY
I1=75 Tt/rog, To 3a Tabm. 8 oOmpaemo 3anexx- BaHTaxXy H =10 M 3amexHICTh 3HAUEHHS TOTYX-
HICTb, 10 3HAXOJAUTHCA ¥ 3 CTOBOIN 7 psiaKa, TOOTO  HOCTI NMPUBOAY Bill MPOIYKTUBHOCTI Ma€ BHIJIAN
BignoBinae mupuHi kopma 400 MM (mmpuna ctpi-  (puc. 3):
gy 500MM):

P xBm
P=(43,9H +12,60B(4+1,08H))v.  (6) S
Bd
8. 3a 3anexHicTio (6) Oymyemo rpadiuny 3aie- .
JKHICTh PO3PaxXyHKOBOI IOTYXXHOCTI BiJ] BHUCOTH ]
niglioMy BaHTaxy P = f (H ) . B /-/
Ipu af=10,98 H/M™M ta v=1,5 m/c, Mmaemo ] /
3aJIeXKHICTh: 4; /
P=(43,9H +12,6-10,98(4 +1,08H ))-1,5 = . /
5]
:289’97H+830’1 (7) —l'I'I'|ll]i|||||||||i|lrrl[llrr|
g 10 15 20 325 30
I'padiuna 3ameXHICTHP 3HAYEHHS IOTYXHOCTI H, m

NPUBOJy elleBaTopa Iijl 4ac TPaHCHOPTYBaHHS Lie-
MEHTY 3 MpPOEKTHOI TNPOAYKTUBHIcTIO [1 =75
T/TOA BiJl BUCOTH MigiioMy 300paxkeHa Ha puc. 3.

9. IlincTaBuBIIK 3alaHy BHCOTY ITiTHOMY BaH-
Taxy B OTpUMaHy 3anexHicte P = f(H) pospa-

Puc. 3. I'padivna 3a51€KHICTh TOTYKHOCTI
MIPUBOY €JIeBaTOpa BiJl BUCOTH IiXHOMY

Fig. 3. Graphic dependence of power
of elevator drive on the rise height
XOBYEMO OpIEHTOBHE 3HAYCHHS HEOOXiTHOI MOTY-
JKHOCTI TIPUBOJIY €JieBaTopa:
P =289,97-10+830,1=3729,8~ 3,7 xBT.
Tabnuns 9

3ane:xkHicTh BeJTHYMHU MOTYKHOCTI IBUT'YHA eJIeBaTOPA Bil BUCOTH migiiomy mix yac
TPAHCHOPTYBAHHSA LEMEHTY

Table 9
Size dependence of power of the elevator drive on the rise height at transporting of cement
lupyna xoBma B, , MM TotyskHicTb aBuryHa npu crpiuniz i =4 P, Br HponyKTPIB;l;?;)f; CERTOR
100 338,3 6,05
125 409,9 7,87
160 610,5 12,1
200 977,3 19,6
250 1 479,8 30,25
320 2 298 48,4
400 3729,8 76,2
500 5486,3 115
650 8 055,8 173
800 10 855,5 242
1 000 15 032,1 340,3
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BuxopucroByroun mani Tabm. 9, moOymyemo
rpadiuHe 300pakeHHS TaKOi 3aJIeKHOCTI.

156.04
P, ]

kBT
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e
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11
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II. Trog

Puc. 4. I'padivna 3aJIe)KHICTh 3HAYCHHS
HOTYKHOCTI IIPUBOJIY eJjieBaTopa
BiJl POTyKTUBHOCTI

Fig. 4. Graphic dependence of power
of the elevator drive on the productivity

HayxoBa HOBU3HA
Ta NIPAKTHYHA 3HAYHMICTH

3arponoHOBaHO YIOCKOHAIEHHH alTOPUTM BU-
3HAUEHHsS MOTY)XKHOCTI NPUBOAY LIBHIKOXIAHUX
KOBIIOBUX CTPIYKOBHX €JIEBATOPIB 3 TIIMOOKUMH Ta
MIJTKAMH KOBIIIAMH.

BuKkopuCcTaHHS 3alpONOHOBAHOTO aNTOPUTMY
PO3paxyHKy Ia€ MOJIMBICTh BiJHOCHO LIBHIKO
BH3HAYHTH OPIEHTOBHE 3HAYEHHS IOTYXXHOCTI
NPUBOJy BEPTHUKAIBHHUX LIBUIKOXIJIHUX €lIeBaTO-
piB 3 IMUOOKMMH Ta MIJIKUMH KOBLIaMHU Ta HOOY-
IyBaTd TpadivdHi 3aJIeKHOCTI TOTY>KHOCTI IPUBOAY
BiJl 3HAYEHb MPOJAYKTUBHOCTI Ta BUCOTH MigHOMY y
KOHKPETHOMY THITl BAHTaXYy, IO CIPUSIE SKICHOMY
migdopy HWOTO OCHOBHUX EIIEMEHTIB 3 ypaxyBaH-
HSM KOHKPETHUX MPOEKTHHX XapaKTEPUCTUK: THII
BaHTaXYy, MPOAYKTUBHICTh, BUCOTA ITiJHOMY.

BucnoBxu

Js  MBHOKOXIAHWX KIBIIEBUX CTPIYKOBHX
€JeBaTopiB MOoOYJ0BAHO AJTOPUTM IMPHUCKOPEHOTO
PO3paxyHKy OpPI€EHTOBHOTO 3HAYCHHS IOTY>KHOCTI

HPUBOAY BiZ HOTO MPOEKTHUX XapaKTEPHCTHK, IO
Ja€ MO>KJIMBICTH JIOCUTh WIBHUAKOTO OTPUMAaHHS
3HAYEHHs MOTY)KHOCTI NPUBOAY i3 BpaxyBaHHIM
TUIy Ta (Pi3MKO-MEXaHIYHUX BIIACTHBOCTEH BaH-
TaXiB, BEJIMYWHA BHUCOTH IMTHOMY Ta MPOEKTHOI
NPOXYKTHBHOCTI. J[s mpuknamy 3amydeHHs] OTpH-
MaHUX B poOOTI pe3yNbTaTiB PO3TIISIHYTO alro-
PHUTM BH3HAUEHHS BEJIMYMHU MOTYKHOCTI TIPHBOJLY
eneBaTopa, MPU3HAYCHOTO LIS TPAaHCIIOPTYBaHHS
nemeHTy. Jlis Takoro eneBaropa TakoX MOOyHoO-
BaHO TpadivyHi 3aJeKHOCTI MOTYKHOCTI TPUBOAY
BiJl IPOEKTHOI MPOJYKTUBHOCTI Ta BHUCOTH IIiJIi{O-
My BaHTaxy. BcraHoBieHO, mo QyHKIis 3MiHH
BEJIMYMHU TOTYXKHOCTI eJieBaTopa Bil NMPOEKTHOI
MPOITYKTUBHOCTI (TIpw (hiKCOBAaHWX BHCOTI ITiTHO-
My, TUIY BaHTaXy, I[IBHUIKOCTI PyXy CTPIUKH)
€ KYCKOBO-CTJOI0 Ta MOHOTOHHO 3pOCTal0voIo,
a Big BHCOTH mimioMmy (Tipu (hiKCOBaHMX MPOIYK-
TUBHOCTI, TUIYy BaHTaXy, MIBUIKOCTI pyXy CTpid-
KH) — JTIHIHHO¥O.
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1*Ka(b. «IIpuknanHas MmexaHukay, JJHEIPONETPOBCKUI HallMOHAIbHBIN YHUBEPCUTET KEJIE3HOAOPOKHOI0 TPAHCIIOpTa
nMeHu akagemuka B. Jlazapsna, yi. Jlazapsna, 2, luenponerposck, Ykpauna, 49010, ren. +38 (056) 373 15 18,
3I1. mouta wbogomas@i.ua, ORCID 0000-0001-5913-2671

AHAJIN3 BJIUAHUA ITPOEKTHBIX XAPAKTEPUCTHUK
IJIEBATOPA HA ITAPAMETPHBI EI'O ITPUBOJIA

Ile.m,. HpI/lBOJI OTHOCUTCA K OCHOBHBIM 3JICMCHTAM JICHTOYHBIX KOBIIEBBLIX 3JIEBATOPOB. }1.]'151 OIPCACIICHUA
MOIIHOCTH NpHUBOAA MPOBOAATCA paCUCThI IO CTAHAAPTHBIM METOJAMWKAaM, YTO TpEGyCT JOCTAaTO4YHO 6OJ'IbLlII/lX 3arpar
BpeMeHU. B paboTre HEOOX0ANMO NMPOBECTH aHAIM3 BIIMSHUS MPOEKTHBIX XapaKTEePUCTHK Ha ITapaMeTphl MPHUBOJA
OBICTPOXOHBIX KOBILIEBBIX JICHTOYHBIX 3JICBATOPOB M IOCTPOMTH yCOBEPLICHCTBOBAHHBIN aJlrOPUTM YCKOPEHHOTO
OTIpPEJICTICHNs] MOIIHOCTH €ro TPHBOJAA IO IPOSKTHBIM XapaKTEPUCTHKaM. OTOT aJIrOpUTM OyJeT YYUTHIBATH
THUII TPY3a, BBICOTY IOJbEMA, HEOOXOANMYIO IPOU3BOAUTEILHOCTD, CTAaHJAPTHBIE MApaMETPHl KOBIIEH W JICHTHI.
MeTtoauka. Mcrons3ys mapameTpudecKkrue 3aBUCHMOCTH MOIITHOCTH TIPHBO/IA 3JIEBATOPOB OT €r0 IMPOECKTHBIX XapaK-
TEpUCTUK (TIOJ[yYEHHBIX aBTOPOM paHEe), MPEAJIOKEH yCOBEPLIEHCTBOBAHHBIN aJTOPUTM YCKOPEHHOTO OINpezeie-
HUSI MOILITHOCTH ITPUBOJIA OBICTPOXOIHBIX 3JIEBATOPOB C INIyOOKMMH M MENKUMH KOBIIAMH MU 3a/laHHBIX TUIAX IPy-
3a, IPOU3BOJUTENBHOCTH, BBICOTE ogbeMa. Pe3yabraThl. [IpeanoxeH anroputM yCKOPEHHOTO ONpENENICHHsI MOIII-
HOCTU IpHUBOAA 6]>ICTpOXOILHI)IX BEPTUKAJIIBHBIX 3JIEBATOPOB C Fﬂy6OKI/IMI/I 1 MCJIKMMHU KOBIIaMH B 3aBUCHMOCTHU OT
MIPOEKTHBIX MapaMeTpoB. PaccMoTpeH mpumep NpUMEHEHHs TaKoro ajJropuTMa Ui 3JeBaTopa, peJHa3sHAuYeHHOTO
JUIsL TPAaHCIIOPTUPOBKHY LieMeHTa. OnpeieneHbl aHaNUTHUYECKUe 3aBUCMOCTH MOIITHOCTH NMPHBOJA TAKOTO 3JIeBaTopa
OT NPOM3BOJUTENBHOCTH U BBICOTHI NoabeMa. [locTpoeHsl cOOTBETCTBYIOMME TpaduuecKre 3aBUCUMOCTH U yCTa-
HOBJIEH XapaKTep M3MEHEHMs MOILHOCTU NPUBOJA MPH MU3MEHEHHM BEIMUYUHBI KAXJOW U3 MPOEKTHBIX XapaKTepu-
ctuk. Hayynas HoBHU3HA. BriepBble MOCTPOEH yCOBEPIICHCTBOBAHHBIN aJIFTOPUTM ONPEAEICHUS MOIIHOCTU IIPUBO-
Jla 3yIeBaTopa MpH 3aJaHHBIX IPOEKTHBIX XapaKTEPUCTHKaX (TUIE TPy3a, BBICOTE MOABEMA, MPOM3BOANTEIHLHOCTH),
KOTOPBIM YUUTHIBAET CTaHJAPTHBIE pa3Mepbl, NapaMeTpbl KoBiel U JieHT. [lpakTuyeckast 3HaUMMocTh. Vcnosb-
30BaHUE MPEUIOKEHHOTO AJITOPUTMA PacyueTa MPEeAOCTaBISET BO3MOXHOCT OTHOCHTEIIBHO OBICTPOTO ONpENeNICHUS
OPHEHTHPOBOYHOT'O 3HAUYEHHS MOILIHOCTH NPHUBOJIA OBICTPOXOIHBIX IEBATOPOB C TITyOOKMMH M MEJIKUMH KOBIIAMH.
Taxske BO3MOXKHBIM SIBIISETCS MOCTPOEHHE TPaQUIECKUX 3aBHCUMOCTEH MOIHOCTH IPUBOAA OT 3HAUCHUI IPOU3BO-
JUTEIBHOCTH U BBICOTHI MOJBEMA NMPH KOHKPETHOM THIIE TPy3a, YTO CHOCOOCTBYET KauyeCTBEHHOMY NOJIOOpY €ro
OCHOBHBIX J2JICMCHTOB JIsI KOHKPCTHBIX IMPOCKTHBLIX XapaKTCPUCTHK. Taxkoit AJITOPUTM Ja€T BO3MOKHOCTL 3HA4YU-
TENbHO SKOHOMHUTH BpeMsI Ha pacueThl B IPOLecce MPOEKTUPOBAHNUS 3JIEMEHTOB JIEBATOPOB.

Kniouegvie cnosa: 3meBaTop; KOBIL; IPUBO; MOIIHOCTb; MPOU3BOIUTENBHOCTD; IPYy3; BBICOTA MOIbEMA; aJro-
purtMm
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INFLUENCE ANALYSES OF DESIGNED CHARACTERISTICS OF
THE ELEVATOR TO THE PARAMETERS OF ITS DRIVE

Purpose. A drive behaves to the basic elements of scoop band elevators. To determine the drive power calcula-
tions are carried out according to standard methods, which take plenty of time. It is necessary to conduct the analysis
of influence of project characteristics on the parameters of high-speed drive in a scoop bent elevator and to build the
improved algorithm of speed-up determination of its drive power on project descriptions, that will take into account
the type of load, rise height, necessary productivity, standard parameters of scoops and tape. Methodology. Using
parametric dependences of elevators drive power on its project characteristics, received by the author earlier, the
improved algorithm of speed-up determination of elevators high-speed drive power with deep and shallow scoops at
set type of load, productivity, rise height was offered. Findings. The algorithm of drive power speed-up determina-
tion of high-speed vertical elevators with deep and shallow scoops depending on project parameters was offered.
The example of such algorithm application is considered for an elevator that is intended for transporting of cement.
Analytical dependences of drive power of such elevator are determined on the productivity and rise height. Corre-
sponding graphic dependences were built and character of drive power changes during the size changing of any pro-
ject characteristics was determined. Originality. The improved algorithm of drive power elevator determination at
the given project characteristics (type of load, rise height, productivity) that takes into account standard sizes, pa-
rameters of scoops and ribbons, was built at first time. Practical value. The use of an offered algorithm of calcula-
tion gives the possibility of relatively fast determination of reference value of high-speed elevators drive power with
deep and shallow scoops, to build graphic dependences of drive power on the values of the productivity and rise
height at the certain type of load, that assists the quality selection of his basic elements at certain project descrip-
tions, such algorithm gives an opportunity to save time on calculations in the process of elevators planning.

Keywords: elevator; scoop; drive; power; productivity; load; height of rising; algorithm
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TECHNICAL AND ENERGY PARAMETERS IMPROVEMENT
OF DIESEL LOCOMOTIVES THROUGH THE INTRODUCTION
OF AUTOMATED CONTROL SYSTEMS OF A DIESEL

Purpose. Today the issue, connected with diesel traction remains relevant for the majority of industrial enter-
prises and Ukrainian railways and diesel engine continues to be the subject of extensive research and improvements.
Despite the intensive process of electrification, which accompanies Railway Transport of Ukraine the last few years,
diesel traction continues to play an important role both in the main and in the industrial railway traction rolling
stock. Anyway, all kinds of maneuvering and chores are for locomotives, they are improved and upgraded relent-
lessly and hourly. This paper is focused on finding the opportunities to improve technical and energy parameters of
diesels due to the development of modern control method of the fuel equipment in the diesel engine. Methodology.
The proposed method increases the power of locomotives diesel engines in the range of crankshaft rotation (from
idle running to maximum one). It was based on approach of mixture ignition timing up to the top «dead» center of
piston position. Findings. The paper provides a brief historical background of research in the area of operating cycle
in the internal combustion engine (ICE). The factors affecting the process of mixing and its quality were analyzed.
The requirements for fuel feed system in to the cylinder and the «weak points» of the process were presented.
A variant of the modification the fuel pump drive, which allows approaching to the regulation of fuel feed system
from the other hand and to improve it was proposed. Represents a variant of embodiment of the complex system
with specification of mechanical features and control circuits. The algorithm of the system operation was presented
and its impact on the performance of diesel was made. Originality. The angle regulating system of fuel supply al-
lows automating the process of fuel injection advance angle into the cylinder. Practical value. At implementation
the angle regulating system of fuel supply components of the diesel engine remain unchanged It allows installing the
system on diesel engines of the existing fleet of locomotives and railroad industries. The system, considered in the
modeling process, has demonstrated its desirability and feasibility of practical application for diesel engines.

Keywords: fuel; injection; combustion; camshaft; spline; stepper motor
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Introduction

Last years in Ukraine despite the intensive
process of electrification that accompanies railway
transport, diesel traction continues to play an
important role both in the main and industrial
railway traction rolling stock [9]. Anyway, all
kinds of maneuvering and chores are for locomo-
tives, they are improved and upgraded relentlessly
and hourly.

It's no a secret that the internal combustion
engine is fairly long technical design. The first
functional prototype was built by R. Diesel back in
1897, and the first application on the locomotive
he found in 1925 year [1, 7]. As the level of
science and technology is growing with impressive
rapidity, it is logical that a century-old technology
requires significant improvements to meet the
demands at this time. As a rule, the majority of
research and developments in the field of internal
combustion engines is dedicated to power im-
provement increasing, reducing the weight and
overall dimensions and lengthening the service life
of machinery parts. Recently, against the back-
ground of semiconductor and computer technology
development, works in the field of engine control
automation have increased very significantly.

Serious research on working cycle optimizing
and the design of engines were conducted in
the days of tsarist Russia. Already in 1906 year
V. 1. Hrynevetskyi proposed a thermal calculation
method of an operating cycle, the basis for the con-
temporary theory of processes of reciprocating
internal combustion engines. Further it was
developed by N. R. Brilinh, Ye. K. Masinh,
B. S. Stechkin, A. S. Orlyn, N. M. Hlaholev,
M. H. Kruhlov and others. In 1911 year a deep
theoretical development of diesel locomotive
manufacturing  problems was started by
V. L. Hrynevetskyi and A. N. Shelest.

Naturally, the theory of operational process
gives us some concepts and ideas about operations
occuring in the cylinder, and this issue has not
been studied and disclosed completely, in a certain
sense remains a «mystery». Air supply and fuel
combustion processes play a significant role that
modern engineering tries to make utmost as much
complete and energy saving as possible.

For a complete fuel and air mixing, filling the
combustion chamber, it is necessary to provide
such kinetic energy with dropwise at which they

will not be concentrated near the injection spray
nozzle, but won’t reach neither the walls of
cylinder cover nor piston bottom [10]. Drops of
fuel mass are concentrated in the vicinity of the
nozzle and due to the lack of oxygen are not burnt
completely. With the weight drops increase its
range capability is growing. It can lead to the fuel
ingress on the cooled walls of a cylinder or
excessively heated piston bottom. In the first case,
the fuel does not burn and mixes with oil, in the
second one it evaporates quickly when the lack of
oxygen. As the result there is a coke.

Thus for perfect fuel combustion in diesel
engines, it is necessary to generate fuel contact
with air in the cylinder center and obtain
simultaneously a sufficient velocity of the fuel
particles relative to air. The latter condition is
necessary in order that combustion products,
formed near the fuel particles, have to be replaced
rapidly by air. That is why in diesel engines for
good performances of combustion, air surplus is
introduced, compared with theoretically calculated
one. The value of the air surplus coefficient
typically is in the range of 1.5...2.0 [1, 7]. In addi-
tion, the transition to a modification of cylinder
covers with vortex chambers could enhance the
expected effect significantly.

It's not a secret that the effective operation of
diesel depends both on timely full air supply and
correct fuel supply to the cylinder. Obviously, it
means rational injection taking into account disper-
sion of fuel particles and the process velocity and
timely fuel supply to the nozzle. Requirements are
as following [2]:

a) fuel supply about 5...30° till t.d.c. (top dead
center), (depending on a diesel);

b) injection duration not less than 20...45° of
the crank spin;

c¢) cyclic fuel supply should meet the speed
range and load operation mode of the diesel [9].

Currently there is no system on the locomotive
ICE that made it possible to control parameters
such as the law of supply and the real advance
angle of fuel supply.

The first is determined by the profile of the
camshaft lobe, throat area of an injector nozzle and
some other design parameters. The second
indicator is measured in degrees of crankshaft
rotation from the start of the diesel fuel injection to
t.d.c. and it is a little leeway, which gives fuel to
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form a mixture of work and fully erupt in a matter
of a second. Such procedure is necessary due to the
fact that the processes time in the cylinder is
extremely small, and for ignition of fuel this time,
anyway required.

It is obvious that setting fuel injection advance
angle is a static index, which can not be corrected
during the diesel operation [8, 10]. And this is
connected primarily with the following act: a
camshaft lobe moves to the roller-pusher of a fuel
pump at the same time. At this, it should be
remembered that the rate of operating cycles with
speed-up increases and the time required for fuel to
realize the above mentioned reactions is not
changed. At first sight, the problem can be solved
by setting the highest possible fuel injection ad-
vance angle but it is not its decision. Insufficient
angle on high positions leads to incomplete com-
bustion of fuel, which tends to flow along the walls
of the cylinder bushing, to thin out the oil and
cause a dry or semi-dry friction with all conse-
quences that entails. Excessive angle at low
positions leads to increased detonation phenomena
during the power stroke and the diesel knock. It is
not useful for the crank mechanism and valves, as
leads to increased tension in them [8, 10].

Unfortunately, in today's constructive building
of locomotive diesel engines, this possibility
directly tied to changes in design of fuel injection
pump linkage [3, 6].

Purpose

Search enhancement the technical and energy
parameters of locomotives through the modern
methods introduction of diesel fuel equipment.

Methodology

However, let us consider the alternate solution of
this question with a possible design system execution
that offers a complete combination of two
subsystems: the mechanical (executive) and
electricity (controlling).

Mechanical part of the automated control sys-
tem of fuel injection advance angle (further — SAC
FIAA) is a set of devices, which form a single
chain (Fig. 1). The most characteristic feature is
that the solid camshaft of fuel injection pump link-
age that is substituted on combined one, consists of
two components: an external cam shaft 1 and inner
splined shaft 2. The camshaft is hollow and has

interior straight-sided splines, whereby the inner
shaft is movable in it in the axial direction in both
sides (like a cardan shaft). Internal splined shaft is
double and consists of two shafts of the same di-
ameter, connected from the face with friction
clutch. The part that engages with the camshaft has
the usual straight-sided splines, and the other one
has splines that are cut at an angle. They mesh with
the same oblique splines of a driven gear 3 in the
camshaft, which are cut on the inner surface of the
slot in its hub.

It is thus evident, the oil-pump drive gear,
unlike the classic design, floating motionless.
Since at the axial movement of the internal shaft,
friction forces are arising between the splines that
are trying to shift a gear up and disengaged, split
locking bushing 4 is set, which prevents this
undesirable effect. The bushing is attached to the
block of a diesel engine and has a layer of
antifriction material spraying on the internal oper-
ating surfaces in order to mitigate friction between
it and the gear. The inner splined shaft is ended
with a pivot to set a bearing 5. There is a conical
roller thrust and radial bearing, as at operation it
perceives axial loads mainly. With the outer ring
the bearing is pressed into a special cage 6, which
is performed together with the tooth rack 7 and
forms with it a single link mechanism. The tooth
rack is meshed with the toothed wheel 8, which has
involute tooth profile (like a rack itself). This
wheel is located on the same shaft 9 with the
wormwheel 10, which is actuates by a cylindrical
worm 11 and spindled on the motor shaft 12. This
is control element of the entire system and operates
in the «start-stop» mode.

The electric motor that controls operation of the
circuit is not an ordinary one. In our case, the
stepping motor is used, which is widely used in
automatic control systems, particularly in CNC
(computer numerical control) machines. On the
engine column top there is a synchro transmitter
13, which is connected with the motor by means of
a belt driving 14, the gear ratio is 1: 1. This electric
machine is used in the electrical subsystem as
a part of the sensor feedback.

In the dynamic state the system operates as
follows. When switching the controller of a driver
to the next position, the crankshaft rotation fre-
quency of the the diesel engine increases.
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Fig. 1. General view of mechanical subsystems of the automated
control of the fuel injection advance angle

The stepper motor (SM) receives a signal from
the control system and returns through the worm,
wormwheel and therefore the tooth one with it. Tooth
wheel causes linear movement of the tooth rack, and
hence the internal splined shaft. Passing trough
oblique splines in the driven gear at a certain fixed
distance, the shaft is rotated together with the
camshaft at a specific angle in the direction of the
cam climbing delay against the fuel-pump tappet 15
and thereby increases the lead angle of the fuel
supply for a certain amount. The entire process takes
place directly during rotation of the composite shaft
and does not affect its performance adversely. With
decreasing the position of a driver’s controller, the
system begins to operate in a similar manner, but
with the difference that the SM runs backwards. The
motor shaft together with the worm begins to rotate
in the opposite direction and the combined shaft will
rotate to a certain angle in the direction of
acceleration of cam climbing on the fuel-pump tap-
pet.

Special focus is on electrical part of the system
(Fig.2). The complex of electrical and electronic
devices is aimed at operation management of the
above mentioned SM. The first element in the
circuit is dynamoelectric engine speed sensor
namely this is a tachometer generator (TG), the
shaft of which is mechanically connected to the
crankshaft of a diesel engine and realizes an
electric signal proportional to the diesel speed.

The generated voltage is supplied to the

electronic controller, which is a series of semi-
conductor devices: signal converter (SC), the
generator (former) of pulses (GI), a distributor of
pulses (DI), the pulse counter (PC), the control unit
(CU). After the conversion, tacho voltage is
supplied through the transistor amplifier (TA) to
SM power supply. Feedback is provided in the
circuit with pair of synchros working in
transformer mode.

Now having understood the structure of the
system, one can determine the algorithm of its op-
eration. When switching the position of the
driver’s controller to the next one, crankshaft die-
sel speed increases, and with it — the TG shaft. The
voltage on its terminals increases, and then the
controller comes into action. SC converts the
received voltage into a pulse form and transmits it
to the GI, which brings the number of pulses and
their amplitude to the value that is necessary for
SM power supply. Further, the voltage pulses are
transmitted to the DI, which acts as a switch
windings, and then — on the TA. After
amplification, the pulses fall at last in winding
phase of SM. One pulse causes the angular
displacement of the rotor by one step. For the rotor
cranking at a certain angle, one need a sequence of
pulses, which is determined by the number of
switching intervals (the position of the driver’s
controller) with the output angle of the shaft in the
SM in one step and with the parameters of
mechanical subsystem SAC FIAA.
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Fig. 2. Management subsystems of the automated control

of the fuel injection advance angle

For the research was chosen a diesel

End of table 1

K6S310DR, locomotive CHME3. The diesel is " NO M
four—s-troke,- six—cylipder with turbocharging- air. nl:mjl N., P, kg/ll;W g/k\;} g/kV;7
The simulation [11] in the software package Diesel min” | kW | MPa " 0 N
RK, has shown that a reduction of FIAA to value
lower 16° r.c.s. (crank-shaft roll) is unreasonable, 510 777 | 1,256 0,229 3,7 0,694
since there is a significant power loss and fuel 560 | 825 | 1,225 0,238 4.9 0,833
consumpthn increase, so the main calculatlops are 660 | 861 | 1.114 0.269 34 1,299
performed in the range of 17...24° r.c.s. (maximum
value of 24 is recommended for this type of diesel 750 | 938 | 1,09 0,279 3.1 1,416
§ngine) [13, 14]. The calculation results are shown Table 2
in Table 1 and Table 2. There is also an o .
opportunity to evaluate the technical and economic Diesel indicators with regulated fuel
performances of the diesel model [5]. injection advance angle
On the basis of tabular data, one can construct . bi, NO,, PM,
graphic dependences for clarity. Nf“"] Ne, P, kg/kW | gkW | gkW
min’ kW MPa
Table 1 h h h
Diesel indicators with unregulated fuel 350 42 1,255 0,218 7.1 0.442
injection advance angle 380 587 1,255 0,222 6,8 0,559
by, NO. | PM. 420 | 649 | 1264 | 0222 | 68 | 0,537
Ny, Nc, Pia
ot | W | mpa | XEEW | gAW o gkW 460 | 710 | 1264 | 0222 | 65 | 0,539
h h h
510 785 1,271 0,226 6,1 0,59
350 540 | 1,257 0,218 7,9 0,442
560 840 1,243 0,233 5,3 0,69
380 585 | 1,255 0,222 6,8 0,56
660 902 1,145 0,26 4,1 1,044
420 647 | 1,261 0,222 6,6 0,566
750 995 1,133 0,267 3,8 1,1
460 705 | 1,258 0,224 6,3 0,597
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The curves in Fig. 3, 4, 5, 6, 7 demonstrate how
technical and economic, environmental indicators
are changed in the application of the investigated
diesel at SAC FIAA application.

Findings

As can be seen, indexes are quite optimistic.
Average indicated pressure increases due to
maximum combustion pressure increase, and this
in turn leads to an increase the power of diesel
effectiveness and reduction the specific fuel
consumption. This is especially expressed in the
second half of the speed range of diesel perform-
ance [12]. Unfortunately, there are negative aspects
of this regulation. One can observe increase of
nitrogen oxides emissions in exhaust gases, which
nevertheless tends to decrease with increasing in
shaft speed diesel [13, 14]. These compounds, on
the level of carbon monoxide and sulfur oxides, are
one of the most harmful impurities in the exhaust
gases, so from an environmental point of view this
is an undesirable effect.

1200
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Fig. 4. Comparison of average indicated
pressure in the cylinder

At the same time, the content of soot particles
is reduced quite significantly, which is certainly is
a positive difference.
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The ability to control the timing of fuel injec-
tion advance angle at the operation of the diesel
engine, could make a significant contribution to the
improvement of the workflow. Thus, it is possible
to achieve a rational, but not excessive pressure
combustion in all positions of the controller. And
combining the proposed system using the eddy
combustion chambers, one can achieve a better
combustion, higher capacity, improving the
environmental performances of the diesel engine
and the technical state of the cylinder-piston group.

Originality and practical value

The adjust system of the fuel supply angle
allows automating the process of selecting the fuel
injection advance angle into the cylinder directly at
diesel engine operation. Thus diesel engine
components remain unchanged, except the coun-
tershaft, which can be upgraded in depot repair
production [9]. This allows installing the system on
the diesel engine of existing railway locomotives
fleet and industry enterprises.

Conclusions

Discussed above system at the simulation, has
demonstrated its feasibility and possibility of
practical application in locomotive ICE. Mathe-
matical calculation showed an increase in the
effective power to 2.2%, reducing fuel con-
sumption to 1.6% and improvement of environ-
mental performance. Implementation the auto-
mated control system of fuel injection advance
angle makes it possible to improve technical and
energy parameters of the locomotive as a whole.
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HOJIINIIEHHA TEXHIKO-EHEPTETUYHUX ITAPAMETPIB
TEIIVIOBO3IB 3A PAXYHOK BITIPOBA/I’KEHHSA
ABTOMATHU30BAHUX CUCTEM KEPYBAHHA IU3EJIEM

Merta. Ha choroaHimHii AeHb MUTaHHS 100 TEIUIOBO3HOI TATH 3IMIIAETHCS aKTyaJbHAM Ha O1IbIIOCTI Mpo-
MHCIIOBUX MIiAMPHEMCTB Ta 3ali3HUNb YKpaiHW, a TEIUIOBO3HHUN AM3ETbHHUN IBUTYH MPOHOBXKYE OyTH 00’€KTOM
BCeOIYHMX MJOCIHIIKEHh 1 BIOCKOHANIeHh. He 3Bakaroun Ha IHTEHCHBHHH TpoLeC eNeKTpuGiKamii, sKuid
CYIPOBOKYE 3aJi3HUYHMI TPaHCIIOPT YKpaiHU OCTaHHI POKH, TEIUIOBO3HA Tsra IPOAOBXKYE BiirpaBaTH BAXKIHUBY
POJIB SIK B MaricTpajJbHOMY, Tak i B IPOMHUCIOBOMY 3aJli3HHYHOMY TATOBOMY pyxoMoMmy ckiafni. Tak 4u iHakimre, BCi
BUJI MaHEBPOBHX Ta T'OCHOAAPCHKUX POOIT 3aJIMIIAIOTHCS 3a TEIUIOBO3aMH, SIKI HEBIMHHO i MOBCAKYACHO YIOCKO-
HATIOIOTBCS i MOZIEpHi3yroThes. PobGoTa cipsiMoBaHe Ha MOUIYK MOXKIIMBOCTI TOJMIIMIIEHHS TEXHIKO-€HEPreTHIHUX
napaMeTpiB TEIUIOBO3IB 32 paXyHOK PO3POOKH CY4acHOTO METOAY PEryJroBaHHs PoOOTH NajJMBHOI anaparypH JH-
3ebHOTrO0 JBUryHa. MeToauka. BUKOpPHUCTaHO 3amponoHOBaHy METOJMKY IiJBUIIEHHS IOTY>KHOCTI TEIUIOBO3HHX
JU3ENBbHUX ABUTYHIB Yy /ialla30Hi 9YacTOT 00epTaHHS KOJIHYACTOTO Baly (BiX XOJIOCTOTO XOAY — 10 MaKCHMAaJbHO-
r0), B OCHOBY SIKOI IOKJIaJIeHO HaOJIMKEHHS MOMEHTY 3allalIFOBaHHS CYMIII JO BEPXHBOI «MEPTBOI» TOYKH IOJIO-
xeHHst nopuiHs. PesyabTaT. B po0OTI HaBeaeHa KOpPOTKa iCTOpHYHA JIOBiJKa HAYKOBUX JOCIHIPKEHb B 00JacTi
poboYOro MKITY JABUTYHIB BHYTpilHbOro 3ropanHs ([IB3). [IpoaHanizoBaHi YMHHHKH, SIKi BILUIMBAIOTh Ha MPOLIEC
CYMIIIICYTBOPCHHS Ta Horo skicTh. [IpuBeqeHI BUMOTH 1O MOJAYi MajJbHOTO B IWIIHAP Ta «CIA0KI MICI» LBOTO
npouecy. 3anporoHOBaHUI BapiaHT MOJIEpHi3alii MPUBOLY NAJMBHUX HACOCIB, SIKMH JO3BOJISIE MIAINTH IO PETYIIO-
BaHHS NaJMBOINO/AYi 3 iHIIOro 00Ky Ta MOKpamuTH Horo. [IpencraBieHnii BapiaHT KOHCTPYKTHBHOTO BUKOHAHHS
KOMIUIEKCHOI CUCTEMH 3 YTOYHEHHSIM MEXaHIYHHX OCOOJMBOCTEH Ta cXeMH yIpaBiiHHS. HaBenenuii anroputm po-
0oTH cuctemu Ta 3po0JeHa OIiHKA HOTO BIUIMBY Ha MapaMeTpu poboTH auzens. HaykoBa HoBH3HA. 3amporioHOBa-
Ha CHCTEeMa PeryJIOBaHH: KyTa MOAadi NajKBa, gKa Ja€ 3MOTY aBTOMAaTU3YBaTH MPOLEC BUOOPY KyTa BHIICPEIKECH-
Hi momaui manmmBa B mwmiHap. IlpakTuyna 3HayuMmicTs. CKIaJOBI YaCTHHH [OW3EIBHOTO MABHWTYHA IIPH
BIPOBA/DKEHHI CHCTEMH PETyJIIOBAaHHS KyTa MOAadi IMAJIMBA 3aJMIIAIOTECS 0€3 3MiH, 10 JI03BOJISE BCTAHOBIIOBATH
CHCTEMY Ha IW3eNi HasSBHOTO MapKy TEIUIOBO3IB 3aJli3HUIIb Ta MPOMHUCIIOBHX MiINPHUEMCTB. Po3rigHyTa cricrema B
XO0Jli MOJEIIOBAHHS [TOKa3aJla CBOIO AOLUIBHICTD Ta MOXK/IUBICTH MPAKTHYHOTO 3aCTOCYBAaHHS HA TEIVIOBO3HHX IH3€-
JISIX.
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YIAYUHIEHUE TEXHUKO-OHEPI'ETUYECKHUX ITAPAMETPOB
TEIIJIOBO3A 3A CYET BHEJIPEHUSA ABTOMATU3UNPOBAHHBIX
CUCTEM YIIPABJIEHHUS TU3EJIEM

Hesan. Ha ceromusimzuii JeHh BONPOC, CBSA3aHHBINA C TEIUIOBO3HOM TSTOM, OCTACTCS aKTyaJlbHBIM Ha OOJIBIIMH-
CTBE INPOMBIIITIECHHBIX NPEANPUATHN U KEIE3HBIX AOPOT YKpauHbI, a TEIUIOBO3HBIN AU3EIbHBIN ABUraTenb NpoIo-
JKaeT ObITh 00BEKTOM BCECTOPOHHUX MCCIIEOBAHUN 1 yCOBEPIICHCTBOBaHMI. HecMOTpst Ha MHTEHCHUBHBIH Mporiecc
JNMEKTPUPHUKALNH, KOTOPBIH CONMPOBOXKIAET XKEJIE3HOIOPOXKHBINA TPAHCIIOPT YKPauHbI MOCIEAHNE TOMbI, TEIIIOBO3-
Hasl Tsra NpoJoJDKaeT UrpaTh BaXKHYIO POJIb KaK B MAarkCTPAIbHOM, TaK M B IIPOMBIIUIEHHOM KEIE3HOAOPOKHOM
TATOBOM ITOJBMKHOM COCTaBe. Tak WM MHade, Bce BHIBI MAaHEBPOBBIX M XO3SMCTBEHHBIX pabOT OCTAIOTCS 3a TeIl-
JIOBO3aMH, KOTOPbIE HEYCTAHHO M €KEYaCHO COBEPIICHCTBYIOTCS M MOAEPHHU3UpYIoTCs. PaboTa HanpasiieHa Ha I10-
UCK BO3MOXKHOCTH YJYYIIEHUS] TEXHUKO-IHEPTETUIECKUX TapaMEeTPOB TEIUIOBO30B 3a CUET Pa3pabOTKH COBPEMEH-
HOTO METO/Ia PEryJINpPOBaHUs PabOTHI TOIUIMBHOM ammapaTypsl AU3eNbHOTO Aurarens. Meroauka. Vcrons3zoBaHa
IIPEUIOKEHHAs: METOAMKA MOBBIIIEHHS] MOITHOCTH TETUIOBO3HBIX JU3EJIBHBIX JBUTATENIEd B AMANa3OHE 4acTOT Bpa-
IIEHUS KOJIEHYaToro Baja (OT XO0JIOCTOTO X0/a — 0 MaKCUMAaJbHOI'0), B OCHOBY KOTOPOI! MOJ0KEHO MPUOIIDKEHNE
MOMEHTA 32)KUTaHHUsI CMECH B BEpXHEH «MEpTBOW» TOUKE MOJI0KeHHs rnopiuHs. Pesyabrarsl. B padoTte npuBeneHa
KpaTkasi ICTOpUYecKasl ClipaBKa Hay4uHbIX UCCIIEJOBaHUH B 00JacTH pabovero IMKJa JBUraTelieil BHyTPEHHEro Cro-
panus (IBC). IlpoananusupoBaHbl (akTopbl, KOTOpBIE BIMSIOT Ha IPOLECC cMeceoOpa3oBaHMs M €ro KauecTBO.
[MpuBenens! TpeboBaHUS K Mojayue TOIUIMBA B LIMJIMHIP M «cjabble MecTay» 3Toro mpouecca. [IpeayoxeH BapuaHT
MOJIEPHU3ALUK MPHUBOAA TOIUIMBHBIX HACOCOB, KOTOPBIM MO3BOJSET MOJOWTH K PEryIHMPOBAHUIO TOIUIMBOMNOAAYN
C JIpyroil CTOPOHBI U yny4dminTh e€. [IpeacTaBneH BapuaHT KOHCTPYKTUBHOTO UCIIOJIHEHHS KOMILIEKCHON CHCTEMBI
C YTOYHEHHEM MEXaHHYECKHX OCOOCHHOCTEH M CXeMbl ynpaBieHus. [IpuBeneH aaroputM padoThl CUCTEMBI U CHe-
JIaHa OIIEHKA €ro BIMSHMSA Ha MapameTpsl pabotsl ausens. Hayunas HoBu3Ha. [Ipeuiaraemast cucrema peryimupo-
BaHMA yIJIa MOJAa4yM TOIUIMBA IO3BOJISIET aBTOMATHU3HPOBATh MPOILIECC BHIOOpA yIila ONEPEX EHUs MOAa4YM TOILINBA
B mwinHap. IIpakTHyeckas 3HaYNMOocTh. COCTaBHbBIE YaCTH AW3ENBHOTO IBUIATENS MPU BHEIPEHHH CHUCTEMBI pe-
TYJIUPOBAHUS yIila MOAA4YM TOILIMBA OCTAIOTCSA 0€3 M3MEHEHHH, YTO MO3BOJISIET YCTaHABINBATH CHCTEMY Ha JU3EIH
HMMEIOLLErocsl NapKa TEIIOBO30B JKEJIE3HBIX JOPOr M IPOMBIIUIEHHBIX Npenpuatuil. PaccmorpeHHas cucrema
B XOJI¢ MOZEIMPOBAHUS TI0Ka3ajia CBOIO 1IE1eCO00Pa3HOCTh U BO3MOKHOCTh MPAKTHYECKOTO ITPUMEHEHHs Ha TEIUIO-
BO3HBIX JU3EISX.

Kniouesvie cnosa: TOINBO; BIPBICK; CTOPAaHUE; PACIIPEISTUTEIbHBII BaJl; IIUTHIIBL; IIIaTOBBIA JBUTaTeIh
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OLIEHKA JJMHAMUWYECKHUX MOKA3ATEJIENR
HIECTUOCHOI'O TOKOMOTHUBA

Hean. Pabora mocesmeHa OLEHKE IUHAMHYECKHX KadeCTB JIOKOMOTHBA HEPCIEKTHBHONW KOHCTPYKLIUH
1 ONPE/ICIICHIIO BO3MOXKHOCTH €0 MCIOJIb30BaHUs Ha XKeJIEe3HBIX joporax Ykpaunel. Meroauka. [l1s 1oCTHKEHUS
MOCTABJICHHOM IEJTM MCIIOJIb30BaHbl METO/IbI MaTEMAaTHYECKOTO M KOMITBIOTEPHOTO MOJICJIMPOBAHUS JUHAMUKH XKe-
JIE3HOJJOPOKHBIX TPAHCIOPTHBIX CPEJICTB, a TaK)KE METOIBI YNCICHHOTO MHTETPHPOBAHUS CHCTEM OOBIKHOBEHHBIX
HEJIMHEWHBIX MudQepeHInanbHbIX ypaBHeHHN. Pe3yabTaThl. J{J1s peleHns MoCcTaBIeHHON 3a1aud IMOCTpOeHa pac-
YeTHasl CXeMa JIOKOMOTHBA Ha TPEXOCHBIX TEIIEKKaX, KOTOpas MPeACcTaBiseT COO0H CHCTEMY TBEPIBIX TEN, COSIH-
HEHHBIX 3JIEMEHTaMHU pa3nuaHoil peosorun. C MCIONB30BaHUEM ITON PACUETHONW CXeMbI pa3paboTaHa MaTeMaTHUe-
CKasi MOJIEJb IIPOCTPAHCTBEHHOTO JABIDKEHHS JIOKOMOTHBA, MTO3BOJISIONIAS HCCIIE0BATh €ro MPOCTPAHCTBEHHBIE KO-
neGaHus MPH ABHXEHUH 1O MPSMOJIMHEHHBIM U KPUBOJMHEHHBIM Y4acTKaM IyTH CO CIy4alHBIMH HEPOBHOCTSIMH
B IIJIaHE U HpO(l)I/lJ'le. le/l COCTaBJIEHMN MaTeMaTH4YeCKOM MoA€JIM TPUHUMAJIMCh BO BHUMAHHUC KaK r€OMETPUUCCKUE
(HenuHeWHOCTh podMIIS TOBEPXHOCTH KaTaHMs Kojeca), TaKk U (pU3NYecKHe HEeJIMHEHHOCTH CHCTeMBbI (paboTa Cui
CYXOTO TPEHHMsI, HEIMHEHHOCTh XapaKTePUCTHK CHJI B3aMMOJEHCTBHUS KOJIeC U pesibcoB). C IMOMOIIBI0 KOMITBIOTEP-
HOTO MOJICJIMPOBAHMsI MPOBEIECHH MHOTOBAPUAHTHBIE PAaCUETHl, ITO3BOJIMBIINE OLEHUTH IUHAMHYECKHE KadecTBa
JIOKOMOTHUBA TIPH €TI0 JBM)KEHUU IO IPSMOJIMHEHHBIM M KPUBOJIMHEHHBIM ydacTkaMm IyTH. [1pu aToM omnpenensimch
MOKa3aTeNH IIABHOCTH XOJa JJOKOMOTHBA B TOPU30HTAIBHOW W BEPTUKAIBHOM IJIOCKOCTAX, PAMHBIE CHIIBI, KO-
(DPUIIMECHTH BEPTUKAIFHONW TUHAMUKHU B TIEPBOU M BTOPOU CTYTICHSAX IMOABEIINBAHUS, KOX(PPHUIINEHTHI 3amaca yCTOH-
YUBOCTH MPOTHUB CXOJa Kojeca ¢ penbca. Kpome Toro, MpoBeIeHO CpaBHEHUE TONYYEHHBIX PE3YIbTaTOB C aHAJO-
THYHBIMH XapaKTEPUCTUKAMH IMUPOKO HMCIIOIB3yEMOT0 Ha KENE3HBIX J0porax YKpawHBI MIECTHOCHOTO TEIIOBO3a
T3116. Onpeneneno BIUSIHAE CKOPOCTH ABIDKEHHS W TEXHUYECKOTO COCTOSHUS ITyTH HAa OE30MaCHOCTH JABIKEHHS
noxkomotuBa. Hayunas HoBu3Ha. Pa3zpaborana MaremaTrnieckas MOAEIb POCTPAHCTBEHHOTO JABIKEHHUS IIECTHOC-
HOTO JIOKOMOTHBA II€PCIEKTHBHONW KOHCTPYKLMH, YYUTHIBAIOLIass OCOOEHHOCTH €ro KOHCTPYKLHH, W CJelaHa
OIICHKAa JUHAMHUYCCKUX XAPAKTCPHUCTUK MpU ABUIKCHHU OKHIAKAa MO0 MNOYTH MPOU3BOJIBHOIO OYCPTAHUS.
IIpakTHyeckast 3HaUNMOCTB. PazpaboTanHasi MaTeMaTH4ecKasi MOZEJb JABM)KEHHS ILIECTHOCHOTO JIOKOMOTHBA MO-
JKeT OBITh HMCIIOJIb30BaHa IIPU MPOBEJCHUH HAyYHBIX HCCIIEOBAHMN IO CO3/IAHHIO MEPCHEKTUBHBIX KOHCTPYKIIUH
JIOKOMOTHBOB.

Kniouesvie cnosa: moABMKHON COCTaB; IOKOMOTHUB; MaTeMaTH4ecKas MOJIeNb; AMHAMHUYECKHIE ITOKa3aTelH

B MIOJIHOM Mepe OTBevyaeT TPeOOBaHMSAM, IPEABSIB-
JSIEeMbIM K COBPEMEHHBIM TPaHCIIOPTHBIM CHCTE-

B Hacrosmiee Bpems TEXHHYECKOE COCTOSHME MaM. OJHOH W3 CaMbIX OCTPBIX MPOOJIEM IKeJe3-
TATOBOTO TMOJBMJKHOTO COCTaBa YKPaWHBl HE  HBIX JOPOT YKpPAWHBI ABISIETCS QU3NUESCKUN U MO-

BBeaenune
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paibHBIA U3HOC JIOKOMOTHUBHOTO Mapka. Tak, B Ha-
CTOSIIEE BPeMsl CPEIHHUA M3HOC MapKa TEIUIOBO30B
coctaBisier 97 %, anextpoBo3oB — 90 %. B Ilpo-
rpaMMe OOHOBIICHHS TATOBOTO TOIBIDKHOTO COCTa-
Ba JKeJe3HbIX J0por YKpauHbl Ha nepuona a0 2020
rojia 3aJ0’KeHbI MOTPEOHOCTH B 3aKYyIKE IOJBHK-
HOT'O COCTaBa HOBOTO TOKoyeHus. Mcmoms3oBanne
TaKuX JIOKOMOTHBOB TTO3BOJIMT ITOBBICHTH O€3011ac-
HOCTb JABMKCHUA TMOC3A0B M 3HAYUTCIBHO YMCHbBb-
IIUTH TOTPEOJICHUE TOTUIMBA U 3KCILTyaTallMOHHBIC
pacxobl Ha UX coaepxkanue [2, 4, 6, 10, 12].

Bonbinyro paboTy Mo CO3aHUI0 COBPEMEHHBIX
JIOKOMOTHBOB TIPOBOJIST MPAKTHYECKU BCE MHPO-
BbIE MPOU3BOTUTENH, B TOM YHCIE M KOMITAaHUS
Siemens. B co3maHHBIX UMH TEIUIOBO3aX PEaTn30-
BaHa 3HAYMTEJIbHAs 4YacTh TPeOOBaHUM, MperbsB-
JSEMBIX K TEPCIEKTHBHBIM JIOKOMOTHBaM OyIIy-
IIeT0: BO3MOXXHOCTH DKCILTyaTalliil BO BCEX CTpa-
Hax EBpOHbI, HCIIOJIb30BAHUE KaK B I'PY30BOM, TaK
U B MACCAXUPCKOM JBUMXeHUU. OJIHUM W3 TaKHX
MIEPCIIEKTUBHBIX JIOKOMOTHBOB SIBJISIETCS IIIECTHOC-
HBIN TEIJIOBO3 C 3JIEKTPUUECKOHN Mepeaadeit cepun
ER20, koTopsiii MOXKET OBITH KCIIOJNB30BAaH U HA
JKEJE3HBIX JOpOTax YKpawHBI IMOCIE COOTBETCT-
Bytolel aganranuu [8, 14, 15].

ean

L[CJ'IL pa6OTBI 3aKJIIOYacTCA B OLICHKC JWHaMU-
YCCKUX KAa4CCTB JIOKOMOTHBA HCpCHCKTHBHOﬁ KOH-
CTPYKIHHU IIPU €T0 ABUKCHUHU 110 HpHMOHHHeﬁHBIM
u KpI/IBOHI/IHeﬁHBIM yY4aCTKaM KCJIC3HOAOPOKHOTO
IIYyTU U OIPCACIICHUC BO3MOXHOCTHU €TI0 UCIIOJIb30-
BaHU Ha KCJIE3HBIX JOpOorax YKpaI/IHBI.

MeTtoanka

st penieHns: MOCTaBICHHON 3a1a4n ObLIa BbI-
OpaHa pacueTHas cxeMa JIOKOMOTHBAa M COCTaB-
JIeHa MaTeMaTu4ecKas MOJIeNb, OMUCHIBAIONIAS €ro
NPOCTPaHCTBEHHBIE Kosiebanus. Ha ocHoBe mo-
CTPOCHHOH MaTeMaTH4YeCcKOil Mozenu pa3padoTaH
ITOPUTM M COCTaBJIeHa KOMITBIOTEpHAs MPOrpaM-
Ma, MpeJHa3HaYeHHast I OLECHKU TWHAMUYECKUX
XapaKTEPUCTUK ABUXKYIIErocs JOKOMOTHBA.

PacueTHas omeHka AMHAMHYECKMX IIOKa3a-
Tenel JOKOMOTHBA MPOBEACHA MyTEM aHallu3a pe-
3yJbTAaTOB PEIICHHUsS HEJIMHEHHBIX IuddepeHuu-
AJIBHBIX YpaBHEHUI, NPEACTABIAIOIINX JUHAMHUYE-
CKyI0O MOJIeNb IPOCTPAHCTBEHHBIX KoJeOaHUi
IKUMAXA.

Pe3yabTatsel

Ky3oB temmoBo3a tuna ER20 BeimomHeH Kak
caMmoHecyIas MogyJIbHasi KOHCTPYKIHUS U IOApa3-
JensieTcs Ha CIeAyIoIlue KOMIIOHEHTHI: TJIaBHYIO
paMy, OOKOBBIE CTEHKH, KaOWHBI YIIpaBICHUS
¥ CMOHTHPOBaHHBIE JIOOOBBIE yacTH. | 1aBHas pa-
Ma COCTOMT U3 JIByX Oy(epHBIX OpycheB, IBYX Ha-
PYXHBIX M IBYX LEHTPaJbHBIX IPOJOJBHBIX Oa-
JIOK, YeTBIpeX IonepeuHbIx 0anok. bydepHsie Opy-
Chbsl BOCIIPHHUMAIOT yJIApHO-TSTOBBIC YCHIHS, KO-
TOpBIE Yepe3 aBTOCLENHOE YCTPOWCTBO Iepe-
JTAIOTCSl OT COCTaBa Moe3fa Ha JIOKOMOTHB. CHIIBI
TATH U TOPMOXCHHUS TEpelaloTcs OT TeNeKeK Ha
Ky30B uUe€pe3 IITAaHTy, NIPUCOeIUHEHHYIO K Oydep-
HOoMy Opycy. Ky30B TemnoBo3a omnupaercs Ha JIBe
TpEeXOCHBIe TelexKu. KoHCTpyKuus Tenexku Oec-
YEJIOCTHAS C ABYXCTYIIEHYATHIM PECCOPHBIM IOJI-
BEIIMBAaHUEM C MCIOJb30BAHHMEM BHHTOBBIX IIPY-
JKUH M TUAPABIMYECKHUX TacuTeneill KoyieOaHui.
[logBemmBaHWe  TSATOBBIX  DIIEKTPOJBUTATENCH
omnopHo-pamHoe. Harpyska oT Ky3oBa mepemaercs
Ha K&KOYIO TEIeXKY 4Yepe3 YIPyroe peccopHoOe
MoJIBEIIMBaHKUE BTOPOH cTymenH [1, 9].

Pacuetnass cxema TtemnoBo3a Tuma ER20
(puc. 1) mocTpoeHa Kak MEXaHHYECKas CHCTEMa,
COCTOSIIIAsI U3 JIEBSATH TBEPIBIX Tell (Ky30Ba, JABYX
paM TeNeKeK U LIECTH KOJECHBIX map).

Ea N

| (& ”@d

IJ'I L
Fie k&

"
L

(T3 ¥ 3

[ £ &

Puc. 1. PacuyeTnas cxema TemioBo3a
tumna ER20

Fig. 1. Design scheme of the locomotive,
type ER20
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BriOpannas xoHGHUTYpaIus TBEPABIX TEN pac-
YeTHOM CXeMbI MO3BOJSET YUYECTh CIEAYIOIIne
ocobeHHOCTH TeroBo3a Tuna ER20:

— YNIPYTO-IUCCUTIATHBHYIO C BSI3KUM TPEHUEM
CBSI3b Ky30Ba M paMbI TEIICKKH;

— YIPYTo-BsI3KYIO CBSI3b MEXIY PaMOH Telex-
KH ¥ KOJECHBIMH TapaMu: KOMIUIEKTHI TMPYKUH
OYKCOBOTO TOJBEIINBAHUS JOMYCKAIOT B3aNMHBIE
MepeMEIICHHUS 3TUX TeJl BO BCEX HANPAaBICHUSIX;

— ¢opmMy mpoduieil TOBEpXHOCTH KaTaHUs KO-
Jec.

KenesHONOPOXKHBI ~ IyTh  MOZCTHPYETCS
B BHJE NMPHUBEICHHONW K KaKAOMY KOJECy Maccoif
(IBeHaANaTh TPUBEACHHBIX Macc), HMEIoIeH
TOIIBKO BEPTUKAJIbHOE ¥ IONEPEYHOE TOPU30H-
TaIbHOE TIEPEMEUICHUSI M ONHPAIOLIEHCS B 3THX
HaNpaBICHUSIX HA MPYXUHBI U IeMI(ephl BI3KOTO
TPEeHHS, MOJEIUPYIONINe yIPYTO-TUCCUITATHBHBIC
CBOMCTBa PENBCOB U MOJPEIHCOBOTO OCHOBAHUS.
[TpononbHEBIE U YIIOBBIC EPEMEILICHUS YIIEMEHTOB
BEPXHETO CTPOSHUSI IIYTH JAaHOW MOJEIBIO HE Y4H-
THIBAIOTCSL.

Kondurypanus paccmarpuBaeMoil MexaHHUe-
CKOH cUCTeMBbI omHchiBaeTca 9x6+12x2=78 koop-
TUHATaMHU.

[Ipu ommcaHuu IBWXKEHHsS TEIIOBO3a IO yda-
CTKaM TMYyTH MPOHM3BOJBHOTO OYEPTaHUs BHIOpaHa

HEMOABIDKHASI CHUCTeMa KoopauHaT OEnC, a s

KaXIOTO TBEPJIOTO Tela — 10 ABE TOIBHKHEIC CHIC-
TEeMBI KOOpAWHAT: ecTecTBeHHas Ox)yz W CBs3aH-

Has ¢ TBepabiM Tenom Cx'yz' (Cx', CyY', Cz' -
TIIaBHBIC IIEHTpalbHBIE OCH MHepIuH). Bee cucre-
MBI KOOPAWHAT TPUHATHI TMPABBIMU, IPHUEM CUH-
TaeTCs, YTO OCH éﬁ , Ox, Cx' HampaBleHBI CIeBa

Hanpaso, a ocu OC, Oz, Cz' — Buu3 (puc. 2). Ocu

€CTECTBEHHOM CHCTEMBI KOOpAWHAT HampaBIECHbI
COOTBETCTBEHHO IO KacaTelbHOH, HOpMald U Ou-
HOpMasu — K ocH nyTH. Havano koopaunat O nmis
KaXXJI0TO TBEPJOTO TEa HAXOAUTCS HA PACCTOSHUU
S OT €ro TOJIOKEHUSI B Ha4aJIbHBIE MOMEHT BpeMe-
HU (37€Ch S — MpOiIeHHbIN MyTh). [lonoxenue ec-
TECTBEHHOM CHCTEMBI KOOPAMHAT OTHOCHUTEIBHO
HETIOJIBIXKHOM XapaKTepu3yeTcs AyroBOH KOOpAH-
HATOW BIOJb OCH IYTH S, YIIIOM ) MEXIy OCAMHU

Ox u Of B miaHe, a Takxke yrnamu ¢, u 0, Mme-

KAy 3TUMH OCSAMH B BEPTHKAIBHBIX IUIOCKOCTSIX,
KOTOpbIE OIPEAEISIOTCS BO3BBILIEHUEM Hapy>KHO-
ro pensca h, . [lapameTps! pensca y, h, — 3amaH-

Hble (YHKLIUM KOOPAMHATHI S, JUIsI KPYTroBOH Kpu-
BOUH ¥ W h, — NOCTOSIHHBIC, Ul NPSIMON — pPaBHS-

rotest Hyro [11].

\J

C ; X’
i / Z

Puc. 2. Cucremsl KoOpIuHAT
Fig. 2. Coordinate system

ITonoxxeHue TBEPAOro TelNa OTHOCUTEIHHO €C-
TECTBEHHOH CHCTEMBI KOOPIHMHAT OIHACHIBACTCS
BeJIMUMHAMH X, V, z, W, 0, 0. IlocrymarennHbie

MepeMelienns X,),z W yTIsl MoBOpoTa W, ¢, 0

OITMCHIBAIOT MOAEPrHBaHHe, OOKOBOH OTHOC, MOJ-
NpPBITUBAaHNE W BWISIHWE, TaJoONHpOBaHHE, OOKO-
BYIO KaUKy TBEPJIOTO T€Ia COOTBETCTBEHHO [3].
Ilpn o00o3HaYEeHUH KOOPAMHAT TBEPABIX TEI
CHCTEMBI BBEJICHBI CIIEAYIONINE MHICKCHI: Ky30B —
f, pama Tenexku — bk (k =1, 2), xonecHas napa

—i(i= 1,_6 — HOMEp KOJIECHOM Maphl MO X0y ABHU-
JKEHUS dKHIaxa), koyneco — ij (j=1 — neBas cro-
pOHa BaroHa, j=2 — mpaBas), PEIbCHl B TOYKaX
KOHTaKTa — 7ij.

s ompenmeneHus ducia crereHed CBOOOIBI
paccMaTpuBaeMOd MEXaHWYECKOW CHUCTEMBI MpH-
HATHI BO BHUMaHHE OTPaHUYCHHUSI, HAIOKEHHbIE HA
MEPEMEIICHNS TeT C YYeTOM OOIIETPHHATHIX I0-
MyIEHNH M KOHCTPYKTUBHBIX OCOOEHHOCTEH XO-
JIOBBIX YacTel JTOKOMOTHUBA.

BeprukanbHbIe mepeMenieHus 1 O0KoBasi Kauka
KOJIECHBIX Iap BBIPAKAIOTCS Y€pe3 BEPTUKAJIbHBIC
MepeMeIIeHns KoJIec:

L = ZntZi S e B

4 ; (i=1,6),
=P 6= =T

6]
rae 2d, — pacCTOsIHUE MEXIy CPEIHHMH KpyraMu

KaTaHUs KOJIECHOU mapbl.
IIpeanonaraercs, 94To paanychl » KpyTroB Kara-
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HUS BCEX KOJIEC paBHBI MEXKIy coboit. Torma mpwm
COBIIAACHUUN TTPOAOJIbHBIX IIOCKOCTEH CUMMCTPHUHU
IyTH U TEJIEKKU MPU MEPEMEIICHUH BaroHa BJIOJIb
OCH TIYTH BCE KoJleca MpH OTCYTCTBHU TPOCKAIb-
3BIBAHUS MIOBEPHYTCS HA OJUH U TOT )K€ yTOII:

X, +5 =1,6),

¢, =— , (@

r

)

rae s — TeKyIlee 3HaYeHHUe MTPOUICHHOTO My TH.

B npomonsHOM HaIpaBiIeHUH Ky30B TEILIOBO3a
U paMbl TEJEKEK COBEPILAIOT OJAMHAKOBBIC JTMHEH-
HBIE TIEPEMEIICHUS:

3)

C yuerom cBszeit (1) — (3) cucrema «JI0KOMO-
TUB-pebcoBas Kojes» uMeeT 78-20=58 cremeneit
CBOOOIEL.

VYpaBHeHHs ABMKEHHS JOKOMOTHBA COCTaBIIE-
HBI B popme ypaBHeHwuii Jlarpamxa Il poxna [3]:

Xp =Xy = Xy

i a_T)_a_T a_H+a£—Q +S
dt 0q; 0q, 0q, 0q;
(i=1,.,58), 4)

rane T u Il — KuHeTHMYecKasd M MOTEHIMAIbHas
SHEPTHH CHUCTEMbI; @ (GYHKUUSL paccesHus;
g;»q; — 00OOIIEHHBbIE KOOPAMHATHI U UX CKOPO-

ctu; O,

CHJIBI, HC MMCIOIIHMEC IMOTCHIMAalla, Si

— COOTBETCTBYIOIIME UM O0OOOIICHHEIE
— BHELIHHUE

CHUIBI.

Kunerndeckass »SHEprus CHCTEMBI TMOJydeHa
IMyTEeM CJIOKECHUS KHHETHYSCKUX DSHEPTHA Tel,
BXOJISIIUX B CHCTEMY, OIPEACICHHBIX IO TEOpEMe
Kenwura:

T=T +an+ZT+Tn, (5)

i=1

rac Tf — KMHETHUYCCKas SHEPIUd Ky30Ba TCIIJIOBO-

3a; T,, — KMHETHYecKas dHeprus k -oi pamsl Te-
nexku; I; — KMHETHYecKas DHEPrus i -0l Koec-
HOH napel; 1), — KUHETHYECKas SHEPIUs Iy TH.

B o0miem citydae BeIpasK€HUE I BRIYUCICHUS
KHHETHYECKOW DHEPTUU ULl j-TO TBEPAOTO Teia

HMEET CJICTYIOIINI BU/I;

1 .. . . y
i =M [(S X =y G x,) +

+(z'j—ﬁ,j)2]+ 1,00,+6,)" +

1 . . 1 . .
+E[zj(\|jj+Xj)2+§[yj((pj+(phj)25 (6)

rAe m; — Macca j-ro TBEPAOro Tena; /; ¢ coor-

BETCTBYIOIIMMH MHAEKCAaMU 00O03HAYAIOT TJIaBHBIC
LEHTPAJIIbHBIE MOMEHTBl MHEpPLUUU j-TO TEIa;
X; =VK;, K, — KpHBH3HA IIyTH [IO]] j -bIM TEJIOM;
V' — CKOpOCTb IBHKEHUS; /1,; — BO3BBILEHHUE MY TH

HOJ LIEHTPOM Macc j-ro Tella, BBI3BAHHOE BO3BbI-
IIEHUEM B KPUBOU Hapy>KHOTO PeNbca Ha BEJIUYU-
Hy h.=0,2d,.

Kunetndeckass »HEprus CHUCTEMBI, MOJEIH-
pyIOIeH MyTh, B COOTBETCTBUHU C HPUHATBHIMU J0-
MyIEHUSAMH 3alIUCHIBACTCS CIEAYIONMM 00pa3oM:

1 6 2 6 2

=y m Y3 s m Y )
i=1 j=1 i=1 j=1

— MAcCChbl IIyTH, MPUBCACHHBIC K O/-

rac mrh S mrv

HOMY KOJIECy B TOPH30HTaJIbHOM IOTIEPEYHOM
Y BEPTHKAJIHLHOM HAIPaBJICHUSIX.

IToTenmuanpHast sHeprust cucteMbl ( /1) paBHa
CyMMe NoTeHLuana cuil Tsbkectu (17, ), sHepruu
CKaTHsl yOPYTHMX 9JEMEHTOB  IO/BEHIMBaHUS
(11,,) ¥ NoTeHUUAILHON SHEPIUU IPUBEAECHHbBIX
macc mytd (7).

[lorenumanbHas  sHeprus, 0OycIOBIEHHAS

OITYCKAHUEM LCHTPOB TSKECTHU TCJI, ONPCACIIACTCA
M3 BBIPAXKCHUA:

2
My ==mpg Oy, +2,)=m,8 D OV =
k=1

6
+Zbk)_mkpgz(ehjyi +2z,), 3

i=1
TAe mg,m,,m,, — MacChl Ky30Ba, PaMbl TEICKKH
1 KOJIECHOH Mapbl COOTBETCTBEHHO; g — YCKOpe-
0,

FOpI/IBOHTaJlLHOfI IJIOCKOCTBIO IMOJ LICHTPOM MaccC
j—I‘O TCJla U MJIOCKOCTBIO ITYTH, BBI3BaHHBIM BO3-

HHE CBOOOJHOIO IIaJeHUS; YTOJd MEXIY

BBIIICHUEM HAPYXHOI'O peNbca HaJl BHYTPEHHHUM
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B KPUBOJIMHEHHOM Y4YacTKe IIyTH.

Cocrasnsmomias NOTeHIMANbHONW SHepruu 11, ,
omnpezensieTcs no reopeme Kianeitpona kak cymma
SHEPruid, HAKAIUIMBAEMBIX B YIPYTHX 3JIEMEHTaxX
cuUCTeMEbI Tipu uXx Aedopmanusx. B obmem ciydae
11,, umeer Bux;

1 4
HZZ_(ZkCZ czl+k Acyl)+

23

liik AL+l AL+ AL+

2 ax = axij ayij azij
4

+EkZZAZl, )

i=1

A

9JICMCHTOB LCHTPAJILHOI'0 IMOJABCHIMBAHUA B BEP-
TUKAJIBHOM H TOPHU30HTAJIBHOM IIOINIEPEYHOM Ha-

IIPAaBJICHUAX kcz, kcy — JKECTKOCTHU IIPYXKUH LCH-

TPaJILHOTO TOJIBEIIIMBAHUS COOTBETCTBEHHO B BEp-
TUKAaJTbHOM W TOPU30HTAJIHHOM IIOIEPEYHOM Ha-
MpaBiIcHISIX; A Aayi/" Aaxi/' — nedopmanuu

rae A — U3MEHEHHWE JUIUHBI [ -BIX YIIPYTHX

czl > eyl 2

azij >
Hp}’)KI/IH 6yKCOBOF0 IIOABCIINBAHUS B BepTI/IKaJ'IB—
HOM, FOpI/I3OHTaHBHOM HOHepe‘IHOM nu HpOIIOJIB-

HOM HamnpaBieHusx; k., k,,, k, — coorserct-

BYIOIINUEC KECTKOCTU IPYKUH 6}/KCOBOFO IIOoJABC-
IIBAHMA, kz — KCECTKOCTh CKOJIb3YyHa, yCTaHOB-
JICHHOI'0O Ha paM€ TECICKKH, OI'PaHUYHMBAIOIICTO
BCPTHUKAJIBHBIC TICPEMCIICHUSA KY30Ba, Azi — B3a-
HMHOC BCPTUKAJIBHOC INEPCEMCIICHUEC KYy30Ba U pa-
MBI TEJEKKHU B 30HE I -I'0 CKOJIb3YyHa.

BBIpa)KeHI/Ie AJIsL OIPCACIICHUA IMOTCHIIHAIBHOM
OHEPruv NyTHu UMECT BU:

6 2
=2 2.2 (ke

i=l j=1

+kA

1yij )

l\)l»—*

(10)

Ay =Yy (=16,j=12).

OYHKINA pacCeUBaHMS HIHEPIMH B DKUIIAXKE
YUHTHIBAET JIEHCTBHE CHII BSI3KOTO TPEHHUS B 00EMX
CTYNEHSX MOJBEIIMBAaHUSA U IIPU B3aUMHBIX I1OBO-
poTax Ky30Ba OTHOCHUTENIBHO XOJIOBBIX wYacTel
B IUIaHE:

rne Arzy Vlj >

= _(BCZZAZ + chZAcyz

+= BQZZAz —B ZAW,,

rae B ,B, — K09QdHUUMEHTB BA3KOTO TPEHHUs

(11)

B LIEHTPAILHOM II0JIBEIIMBAHMU B BEPTUKATHLHOM
U TOPH30HTAJIBHOM IIONEPEYHOM HANpPaBIEHUAX
COOTBETCTBEHHO; f3,. KOG (QULIUEHT BA3KOrO

TpeHHs1 B OyKCOBOM ITOJJBELIMBAHUU B BEPTHUKAIIb-
HOM HamnpasieHud; B, — KOI)(HUUMEHT BSI3KOrO

TPEHHS TPU B3aMMHBIX TOBOPOTaX Ky30Ba OTHOCH-
TETBHO PAMBI TEJIEKKHU B IUIAHE;, A — OTHOCHTEb-
HBIE CKOPOCTH TIEpEMEIIEHU Tell, CBI3aHHBIX JHC-
CHUTIATHBHBIMH 3JI€MEHTaMHU.

OTHOCHTEIBHBIE CKOPOCTH A  MepeMereHHit
T€J, CBS3aHHBIX [HUCCUIATUBHBIMHU SJIEMEHTaMH,
OTIPEAETSIOTCS KaK MPOW3BOIHBIE TI0 BPEMEHU OT
OTHOCHUTECIIbHBIX nepeMemeHHﬁ COOTBCTCTBYIOIINX
Te.

OyHKIHSA paccenBaHUsl YJHEPTHU B ITyTH UMEET
CIEYIOIUNA BU:

== 2. 2 B, AL, +BLAL),

i=l j=1

(12)

NIH

rae B,,,B,. — xoabduumeHTs paccenBanus dHep-

THA B MYTH B TOPU3OHTAILHOM WM BEPTHKAIHHOM
MTOTIEPEYHOM HAIPABIICHHUSX.
OO0o6wmeHHble cuabl (O, ABIAIOTCA CUJIAMU

B3aUMOJICUCTBHS KOJIEC U penbcoB. JlecTBue cun
B KOHTaKT€ KOJIEC ¥ PEITHCOB (CHIIBI IICEBIOCKOb-
JKEHUSI) MOJCIHUPYETCS] MO0 METOJIUKE, OIMHUCAHHOMN
B pabore [5].

CocTaBrsitoniye CUil KpHUIla ONpeIelstoTcs o
dbopmynam:

(i=16,j=12), (13)

wj = 4

rne T MPOEKLUS TOJHOW cuiibl 7, Ha mpo-

xij ij
JIOJIBHYI0 OCb X; T, «j — MPOCKIIUS CHJIBI 7:] Ha Ka-
caTeNbHYI0 K MPO(MUITI0 MOBEPXHOCTH KaTaHUS KO-
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Ji€Ca B TOUYKC KOHTAaKTa, aij — Yroj MExay Kaca-

TETBHOHN K MPO(HITIO TOBEPXHOCTH KOJIeca B TOUKE

KOHTaKTa U nonepeQHoﬁ OCbIO Y Sz‘j — OTHOCH-

TEJIbHAS CKOPOCTH IMPOCKAJIb3bIBAaHUS j—FO KoOJIeCa

i -0l KOJIECHOM TTaphl 10 pPenbey (Kpum); €. .., €

S/
MPOJIOJIbHAS U TOMEPEeYHass COCTABIISIFOIINE OTHO-
CUTEIHHOU CKOPOCTH MPOCKATL3BIBAHUS j -TO KO-

xij *

Jeca i -0i KOJIECHOI Maphl Mo pesbey;

Ty ==Fye;| (

F.e. 4
gy )4+1 , (14)
TNy

rae Nl.j

i -0l KoJECHOU maphl Ha penkc; f, — koddduuu-

— HOpMallbHOE JaBJCHUE J-TO KoJjeca

F; — xospduuuent

KpHUIIa j -ro Kojeca i -Of KOJIECHOH Maphbl.

CHT TPCEHUA CKOJIbKCHUA,

Tlonabrit KpHuIl Sij OIpeACIACTCA BbIPAKCHUCM:

1

(o2 2 2 2
;= (&, T&,;8ec ;).

(15)

OO6o6meHHble cuibl (; BBIUUCIAIOTCS KaK KO-

3G UIMEHTHI TPU BapUausaXx 0000MEHHBIX KOOp-
JUHAT B BBIPQKEHMUAX BO3MOXHBIX pabOT cumi

nceBRocKonbxeHust 1, T, ;.

Bremaumm CHUJIaMH, HeﬁCTByIOLHHMH Ha JIOKO-
MOTHB, SABJIAIOTCA: CHJIA TATHU FT’ pasBuBacMast

JIOKOMOTHBOM, TOPMO3HAsI CHJIa B, BO3HHUKAIOIIAsA
MpU BKIFOUYEHUH TOPMO30B, U CHJIBI COTPOTHUBIIE-
HUS JBIDKEHUIO W , K KOTOPHIM OTHOCSITCS BCE
OCTalbHbIE BHEIIHNE CHJIBI.

B o0mem ciyyae BHENIHHE CHUIBI, JEHCTBYIO-
e Ha JIOKOMOTHB, MOTYT OBITh MPEICTaBICHBI B
BHUIE:

S=W+B+F,. (16)

Ilocne moxcTanoBku B ypaBHenue Jlarpanxa (4)
BBIPXKEHUM KHHETUYECKOW U MOTEHUMATBHOU dHEp-
Ui, QyHKIUU paccerBaHus, 00OOIIEHHBIX 1 BHEIL-
HHUX CWJI IOJIyYyeHa CHCTeMa HeNnMHEHHbIX nudde-
PEHIMANbHBIX YPAaBHEHUM, ONMCHIBAIOLIAs ABHKE-
HUE PAacCMaTPHUBAEMOT0 JIOKOMOTHBA MO MPSMOIH-
HEWHBIM U KPUBOJIMHEHHBIM yJacTKaM Iy TH.

Ha ocHOBe pa3paboTaHHON MaTeMaTHIeCKOH
MOJIeNT pa3paboTaH aNrOpUTM M CO3[aHa KOMITb-
I0TepHasg @porpamma, IpeJHa3HadyeHHas JJsd

OIIEHKH TUHAMHYECKUX XapaKTEPUCTUK IBIDKYIIIE-
rocsi JIOKOMOTHBA. Pa3paboTaHHasi KOMITbIOTEpHAsI
mporpaMma IO3BOJISIET WMUTHPOBATh IIUPOKUH
CIEKTP Pa3IMYHBIX PACUYETHBIX CIydaeB, OXBAThHI-
BAIOIINX BCEBO3MOXHBIE COUYETAHHS MapaMeTpOB
XOJIOBBIX YacTell, BaroHa B LIEJIOM U NyTH. B pe-
3yJbTaTe PACYETOB MOXKET OBITh IMOJYYEH MPaKTH-
YecKH JI000M Ha0Op HEOOXOIUMBIX BBIXOIHBIX
BEJIMYMH.

PacueTHass oueHka IUHAMHUYECKMX I[OKa3are-
JIel JTIOKOMOTHBA TPOBEJEHA ITyTeM aHalli3a pe-
3yJIbTAaTOB pEIICHHS HEIMHEWHBIX TUQQepeHiu-
aIBHBIX YPaBHCHHA, TPEACTABISIONINX JUHAMHUYC-
CKYIO0 MOJeNb KoneOaHuil skumaxa. PemreHus He-

TuHEHHBIX — muddepeHInaIbHBIX  YpaBHEHUH
MOJyYeHbl YUCIEHHO Mo Merony Apnamca-bam-
¢opra.

Xo/oBBIE KauecTBa, 0€30MacCHOCTh JBIKEHUS
Y IUTABHOCTH XOJa JIOKOMOTHBA OLIEHHUBAIHUCH IO
CIeNyIOIUM MoKazaTensiM [7]:

W, W, — noka3areny IIIaBHOCTH XOAa B TOpH-

30HTAJILHOW M BEPTUKANBbHOM IUIOCKOCTAX; H, —
pamuble cuibl; Ky, k;, — Ko3()(OULUEHTH! BEPTHU-

KaJIbHOM JUHAMHUKU B MEPBOM U BTOPOU CTYNEHSIX
nozasemuBaHus; k, — K03(hQUIUEHTH 3amaca yc-

TOMYMBOCTHU MPOTUB CXOJIa KOJIECA C PEIbCa.

1 cpaBHUTENBHOTO aHaM3a TakKe MpOBeJie-
HBI PacyueThl 10 OIEHKE TUHAMHYECKUX ITOKa3are-
neit cepuitHoro JIokoMoTHBa TA116 [16], KoTOpEIit
MIMPOKO AKCILTYaTHPYETCs Ha KEJIE3HBIX Joporax
YKpauHbl B HACTOSIIIIEE BPEMSI.

JBmKeHne JIOKOMOTHBOB  MOJIEIUPOBAIOCH
C y4eTOM JCHCTBUSI BHEIIHUX BO3MYIICHUI, CBS-
3aHHBIX C TEOMETPHUYECKHM HECOBEPIIEHCTBOM
penbcoBol KoJew (TMPOCafKu, YIIUPEHUS, YTIbI
B IIJIaHE, CTHIKHM, HEPAaBHOMEPHEIN u3HOC). Bo3my-
IICHUS, UMEIOIINE CITy9alHBIA XapaKTep, MOJEIH-
pOBaNUCh TOJA KOJE€CaMH JIOKOMOTHBA C TpaHC-
MOPTHEIM 3aMa3AbIBAHUEM, KOTOPOE 3aBUCUT OT
PACCTOSIHUSI MEXKIY KOJIECHBIMHU MapaMu U CKOPO-
CTU JBUKEHUSl BaroHa. B kadecTBe BO3MYIICHMIA
MPUHUMAINCH CIIy4aiiHble HEPOBHOCTH PEIbCOBOU
KOJIEM B BEPTUKAIHHOM M MONEPEYHOM TOPHU30H-
TaJbHOM HAIPABJICHUSAX, COOTBETCTBYIOIINE Y IOB-
JIETBOPUTEITHLHOMY COCTOSTHHIO TTyTH [13].

PaccmoTrpeHo aBukeHHE 000MX JOKOMOTHBOB
M0 MyTH, KOTOPBIA BKItOYaeT B ceOs Kak MpsIMO-
TUHEWHbIe, TaK W KPUBOJMHEWHBIE YYaCTKU MyTH
(BXO/HBIE TTEPEXO/IHbIE KPUBbIE, KPYTOBBIE KPUBbIE
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pasHOro pajauyca, BBIXOJHbBIE IEPEXOIHBbIE KpU-
BEIC).

IIpu sTOM HavanmpHash CKOpPOCTb JABMIKEHUS
JKUMaka MPUHUMAaNack paBHOH 40 kM/4, a 3aTeM
yBenmuurBayiachk ¢ marom 10 km/9 mo 170 xkm/9 Ha
NpSMOJIMHEHHOM yuacTke myTd, Ao 120 km/4 Ha
KpuBoit paauycoM 650 M u o 100 kM/49 Ha KpHUBOH
pagumycoM 300 M. Yyactok myTH mmHON 1 250 M
BKIIIOYACT B ceOsl MPAMOJUHECHHBIN OTPE30K JUIH-
HOi 500 M, BXOAHYIO MEPEXOAHYIO KPUBYIO JUIH-
HO#l 150 M, kpyroByto KpuByto niauHou 300 M, BbI-
XOJIHYI0 TIEpeXOJHYyI0 KpuBYIO 1nmuHOM 150 ™M
U €lle OOUH MPSAMOJUHEUHBIA OTPE30K IJIMHOU
150 M. Paguychl KpyroBbIX KpPHUBBIX COCTaBJISUIH
650 u 300 M. [Tpu ABM>KEHHUH TI0 KPYTOBOW KPHBOU
pagumycoMm 650 M (HOmycTUMOE HETOTaleHHOE YC-
kopenue cormacHo Hopmam pasxo 0,7 m/c” [7])
C BO3BBINIICHUEM HapykHOTO penbca 0,11 M Ham-
Oonplias JomyckaeMasi CKOpOCTh JBHJKEHHS CO-
craBnsier 108 km/4. [lns KpyroBoil KpuBoil pauy-
coM 300 M Cc BO3BBIIIEHHEM HAPY>XHOTO peIbCca
0,15 M HamOospIast momycKaeMasi CKOPOCTh JIBH-
JKeHHUs1 cocTaBisieT 80 Km/4.

IIpn nBrKEHUU 3KHUIMaxa MO KPyroBOW KpUBOU
JIOIIOJTHUTENIBbHBIM KPUTEPHEM OLEHKH €ro AWHAMH-
YECKUX XapaKTEPUCTHUK sBJIsSCTCS Kod(duiment yc-

TOHYMBOCTH SKUIIQXa OT ONPOKUIBIBAHUS (&, ).

Ha puc. 3—8 mpuBeneHsl MakcUMajbHBIE pac-
YeTHbIC 3HAUCHMS IIOKa3aTeNied IUIAaBHOCTH XOIa
(Wi, W, ), pamubix cun (H,), xo3bdunueHTOB

BEpTUKaNbHON AUHAMuKu (K, ,k,,) 1 kodhohu-

LIMEHTOB 3araca yCTOWYMBOCTH IPOTHB CXOAa KO-
aec ¢ penbcos ( k), MOTy4eHHbIE Ui paccMaTpu-

BacMBIX JIOKOMOTUBOB. Kak BHIHO W3 MpUBEACH-
HBIX PUCYHKOB, 3HaYCHHS JHHAMUYECKHX ITOKa3a-
Teneil kak TemioBo3a TD116, Tak M JTOKOMOTHBA
tuna ER20 o GONbIIMHCTBY HOPMUPYEMBIX BEJIH-
YHH HE NPEBHIMAIOT JOMYCTHUMBIX 3HAYEHUH BO
BCEM HCCIIEJIOBAHHOM JMAala30HEe M3MEHEHHsS CKO-
pocTel TBUKEHUSL.

IIpu >TOM 3HaueHUS HEKOTOPBIX pPacCcMaTpHU-
BaeMBIX JUHAMUYECKUX XapaKTEPUCTHK JIJIsl 000UX
OKUMAaXEH HECYIIECTBEHHO OTIMYAIOTCS JAPYT OT
apyra. CyniecTBeHHO Xy[IIde MOKa3aTeld Mo Ko-
sdduUIMeHTaM BEPTHUKATBHONH IWHAMUKH 00X
CTyTIEHEH PEeCCOPHOTO TOABEIINBAHUS WMEET Tell-
noBo3 TO116.

40 60 &80 100 120 140 160}, km/u

— ER21:
— T2116;

= = NpCACALHOC IHAUCHHE UIA "I0nyCTHMOTO" X0

Puc. 3. 3aBucuMOCTH MakCHMAaJIbHBIX 3HAYCHUI
MOKa3aTesIsl IVIABHOCTH X0/ia B TOPH30HTAIBHOM Ha-
NIPaBJIEHUN OT CKOPOCTH JABM)KEHHS JIOKoMOTHBOB ER20
n TO116 no npsMbIM y4acTKaMm IIyTH

Fig. 3. Dependences of maximum values of
smoothness in the horizontal direction on the speed
of the locomotive ER20 and TE116 on straight
sections of the track

W,

V

4

3 —
T

~ /-""" ___'_'_,__d/_'_'_.

P " a——

1

0

40 60 80 100 120 140 160V, kM/u

Puc. 4. 3aBucuMocTi MaKCHMaITbHBIX 3HAYCHHUN
[OKAa3aTesl IIABHOCTH XO/1a B BEPTUKAJIBHOM HaITPaB-
JIEHUU OT CKOPOCTH JIBHYKEHUS JIOKOMOTHBOB ER20 1
T3116 mo mpAMBIM ydacTKaM IyTH

Fig. 4. Dependences of maximum values of
smoothness in the vertical direction on the speed
of the locomotive ER20 and TE116 on straight
sections of the track

H, xH

100

80

60

40 —r

20 ——t=r

40 60 80 100 120 140 160 V,km/u

Puc. 5. 3aBHCcHMOCTH MaKCUMAJILHBIX 3HAYEHHI
PaMHBIX CHJI OT CKOPOCTH IBIKEHHSI TOKOMOTHBOB
ER20 u TO116 mo mpsiMbIM y4acTKaM IyTH

Fig. 5. Dependences of maximum values of frame
forces on the speed of the locomotive ER20 and TE116
on straight sections of the track
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40 60 80 100 120 140 160 V,KkM/y

—ER20;
—T3116;
— = NpeACTLHOE IHAMSHNHE A "AomycTHMOre” X01a

Puc. 6. 3aBucMOCTH MUHUMAIIBHBIX 3HAYECHUI
Ko dunmeHTa 3anaca yCTOMIHMBOCTH MIPOTHB CXOAa
KOJIEca C PeJIbCOB OT CKOPOCTH JIBIKEHHS IOKOMOTHBOB
ER20 u TO116 no npsaMbeIM yyacTKaM IyTH

Fig. 6. Dependences of the minimum values of safety
factor against derailment of the wheel from the rail on
the speed of locomotive ER20 and TE116 on straight
sections of the track
Kt

NS S ESSUS) SRS _/_A__

0.5

0.4

0.3

40 60 80 100 120 140 160V, km/u

Puc. 7. 3aBucMMOCTH MaKCHUMAaIbHBIX 3HAYECHHUH
K03 (HUITMEHTOB BEPTUKATHLHOW TUHAMUKHA
HepBOﬁ CTyHEHI/I IIoABCIINBAHUA OT CKOpOCTI/I JBHXKEC-
Hus JokoMoTHBOB ER20 1 TO116
10 MPSAMBIM y4acTKaM IIyTH

Fig. 7. Dependences of maximum values of the coeffi-
cients of the vertical dynamics of the first stage hanging
on the speed of the locomotive ER20 and TE116 on
straight sections of the track

kdrl

0.6

40 60 80 ({11} 120 140
Puc. 8. 3aBUCUMOCTH MaKCHMAaJIbHBIX 3HAUCHUH
KO3 PHUIINECHTOB BEPTUKAIBHON JHHAMUKU
BTOPOI CTYIICHH MOIBCIIUBAHKS OT CKOPOCTH JIBUXKE-
Hus1 JokoMoTHBOB ER20 1 TD116
10 TIPSIMBIM YYacTKaM Iy TH

160V, km/a

Fig. 8. Dependences of maximum values of
the coefficients of the vertical dynamics of
the second stage hanging on the speed of the locomotive
ER20 and TE116 on straight sections of the track

Ha puc. 9—18 nmpuBenens! rpaduku 3aBUCHUMO-
CTe MakCHUMaJlbHbIX 3HAYE€HHU paMHBIX CHJI, KO-
3¢ UIMCHTa YCTOMYUBOCTU 3KHUMAXKa OT OMPOKH-
IBIBaHUSA, KO3(PHUIMEHTOB BEPTHKAIBHON TUHA-
MHUKH, KO3 (HUIIMEeHTa 3amaca YCTOMIUBOCTH TIPO-
THB CXOJla KOJeca C pEelbCcOB JUISI TEIJIOBO30B
T2116 u ER20, nmwxymuxcs 00 KPyroBbIM KpH-
BBEIM pamguyca 650 M (puc. 9—13) u paguyca 300 m
(puc. 14—18) ot ckopocTH OBUKEHUSI.

H,,xH

100

80

: £

40 -

20\

0

40 60 80 100 V, xm/a

Puc. 9. 3aBcHMOCTH MaKCUMAJIBHBIX 3HAYEHHUI
PaMHBIX CHJI OT CKOPOCTH JIBHIKEHUS IOKOMOTHBOB
ER20 1 TO116 o kpyroBoii kpuBoii pagmyca 650 m

Fig. 9. Dependences of maximum values of frame
forces on the speed of the locomotive ER20 and TE116
along a circular curve, radius of 650 m

k
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g I
e \
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4 ~
\“""'h....__
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0

40 60 80 100 V., km/a

— ER21:
— T2116;
= = NpCACALHOC IHAUCHNE JUIA "J0nyeTHMOTD" Xoma

Puc. 10. 3aBucMMOCTH MUHIMAIBHBIX 3HAYCHUH
KO3 PHUIHIEHTA yCTOMYMBOCTH SKUTIAKa OT OMPOKUIBI-
BaHHS OT CKOPOCTH JBMKCHHS TIOKOMOTHBOB ER20 1
T3116 o xpyroBoii kpuBoi paguyca 650 m

Fig. 10. Dependences of the minimum values of
stability factor against overturning of the crew on
the speed of locomotive ER20 and TE116 on
a circular curve, radius of 650 m
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0.4
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(1]

40 6 80 100 V. kmiu

Puc. 11. 3aBucuMocTn MaKCUMAaIbHBIX 3HAYEHUI
KO3 PHUIINECHTOB BEPTUKAIBHON JHHAMUKH
NIEPBOI CTYIIEHH MOIBEIINBAHUS OT CKOPOCTH JBHIKE-
Hus jokoMoTrBoB ER20 u TO116
10 KpyroBo# KpuBoi paguyca 650 M

Fig. 11. Dependences of maximum values of
the coefficients of the vertical dynamics of
the first stage hanging on the speed of
the locomotive ER20 and TE116 along
a circular curve, radius of 650 m

kd\'Z
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Puc. 12. 3aBucuMoCTH MaKCUMAaIbHBIX 3HAYCHUH
KO3 PHUIIEHTOB BEPTUKAIBHOW JHHAMUKH BTOPOH CTY-
TICHH MOBEIIMBAHUSA OT CKOPOCTHU JIBHKEHHS JIOKOMO-
tuBoB ER20 1 TD116 mo kpyrosoit
KpuBOH pammyca 650 m

Fig. 12. Dependences of maximum values of
the coefficients of the vertical dynamics of the second
stage hanging on the speed of the locomotive ER20 and
TE116 along a circular curve, radius of 650 m

40 60 R0 100 ¥, rmiv

Puc. 13. 3aBUCHMOCTH MUHUMAJIHHBIX 3HAYCHUN
Kod(dunmeHTa 3anaca yCTOMIMBOCTH MIPOTHB CXOAa
KoJieca ¢ PEeIIbCOB OT CKOPOCTH JIBMXKEHHSI IOKOMOTHBOB
ER20 u T2116 no kpyroBoii kpuBoi paauyca 650 m

Fig. 13. Dependences of the minimum values of safety
factor against derailment of the wheel from the rail
on the speed of locomotive ER20 and TE116 on
a circular curve, radius of 650 m
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= = NpCACALHOC IHAUCHNE JUIA "J0nyeTHMOTD" Xoma

Puc. 14. 3aBucuMOCTH MaKCUMaJIbHbBIX 3HAUEHUI
PaMHBIX CHJI OT CKOPOCTH JBHKEHHSI TOKOMOTUBOB
ER20 u TO116 no kpyrosoii kpusoii paguyca 300 m

Fig. 15. Dependences of maximum values of frame
forces on the speed of the locomotive ER20 and TE116
along a circular curve, radius 300 m
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Puc. 15. 3aBucuMocTr MUHIMAIBHBIX 3HAYEHUH
k03 (ulMeHTa YCTOHYMBOCTH IKUIAKA OT OIPOKUIbI-
BaHUs OT CKOPOCTH JABIKEHHUS JT0KOMOTHBOB ER20 n
T3116 no kpyropoii kpuBoii paguyca 300 m

Fig. 15. Dependences of the minimum values of
stability factor against overturning the crew on
the speed of locomotive ER20 and TE116 in
a circular curve, radius of 300 m

A,
f.
04—
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w/

0.2 S —
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40 50 6i) 70 80 90V, Kkm/u

Puc. 16. 3aBucHUMOCTH MaKCUMAaJILHBIX 3HAUCHUI
KO3 PHUIUEHTOB BEPTUKAIBHON JHHAMUKH TIEPBOU CTY-
TIEHU TTO/IBEIIIMBAHUS OT CKOPOCTH
nBxeHns JokoMotuBoB ER20 u TO116
0 KPyToBO# KpuBoii pammyca 300 m

Fig. 16. Dependences of maximum values of
the coefficients of the vertical dynamics of the first
stage hanging on the speed of the locomotive ER20 and
TE116 along a circular curve, radius of 300 m
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Puc. 17. 3aBUCHUMOCTH MaKCUMAaJILHBIX 3HAUCHUI
KOX((PHUIIMECHTOB BEPTUKAIBHOW JUHAMUKU BTOPOH CTY-
MEHU NOJIBEIMBAHUS OT CKOPOCTH JIBUXKEHUS JIOKOMO-
tuBoB ER20 1 TD116 mo kpyroBoit
KpuBo# pagmyca 300 m

Fig. 17. Dependences of maximum values of
the coefficients of the vertical dynamics of the second
stage hanging on the speed of the locomotive ER20
and TE116 along a circular curve, radius of 300 m

(=]

0

40 50 60 70 80 90 F,km/u

Puc. 18. 3aBHCHMOCTH MUHUMAIHHBIX 3HAYCHUN
K03 dunmeHTa 3anaca yCTOMYMBOCTH MIPOTHB CXOAa
KOJIEca C PeJIbCOB OT CKOPOCTH JBIIKEHHS IOKOMOTHBOB
ER20 u T2116 no kpyroBoii kpuBoit paauyca 300 m

Fig. 18. Dependences of the minimum values of safety
factor against derailment of the wheel from the rail
on the speed of locomotive ER20 and TE116
in a circular curve, radius of 300 m

IIpoBenenHble HCCIENOBAaHUSA IOKA3ald, YTO
MIPH BCEX PACCMOTPEHHBIX CKOPOCTAX IBIKEHUS,
JUISL KOTOPBIX JOIMYCTUMO IBHXKEHHUE IO OIMHCAH-
HBIM BBIIIE KPYTOBBIM KPHUBBIM, HOPMHUpPYEMBIE
MUHAMHYECKUE TIOKa3aTely He IPEBBIIIAT J0-
MyCTUMBIX 3HAUYCHU.

Haquaﬂ HOBHM3HA
U MIpaKTH4YeCKasd 3SHAYUMOCTDb

Pa3zpaborana maremarudeckass MOJIENb IPO-
CTPAHCTBEHHOTO JBHKEHHUS IIECTHOCHOTO JIOKO-
MOTHBA TEPCIEKTHBHON KOHCTPYKIIUH, YYUTHI-
BaloIass 0COOCHHOCTU €ro KOHCTPYKIIMH, KOTOpast
MOKET OBITH HCHOJIL30BaHa IIpyu NpOBEACHUU Ha-
VUHBIX HCCIICTOBAHUI MO CO3MAHUIO TEPCIIEKTHB-
HBIX KOHCTPYKIHI TOKOMOTHBOB.

JlaHa oleHKa IUHAMHYECKHX XapaKTEePUCTHK
JIOKOMOTHBA TE€PCTIEKTUBHON KOHCTPYKLUHU TpU
€ro JBMXEHHMH 1O IyTH IPOU3BOJILHOTO OuepTa-
HUSL.
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OIIHKA JTUHAMIYHHUX IOKA3ZHUKIB IIECTUBICHOTI'O
JJOKOMOTHUBA

MeTta. PoGoTta npucBsideHa OLIHI AMHAMIYHAX BIACTUBOCTEH JIOKOMOTHBA IEPCIIEKTUBHOI KOHCTPYKIII Ta BU-
3HAYCHHIO MOXKJIMBOCTI HOTO BUKOPHCTAHHS HA 3aI3HUYHUX KOJisX YKpainu. Mertoauka. J{jist JOCSTHEHHS 1TOCTa-
BJIEHOT METH BHKOPHUCTaHI METOAM MAaTEMAaTHYHOIO Ta KOMII'FOTEPHOTO MOJCIIOBAHHS JMHAMIKM 3aJli3HUYHHX
TPaHCIIOPTHUX 3aco0iB, @ TaKOX METOIM YMCIIOBOTO IHTErpyBaHHS CUCTEM 3BHYANHHMX HEJIHIHHHMX pPIBHSHb.
PesyabraTu. J[ns po3B’sizaHHs IOCTaBJIEHOI 33/1a4i MOOY/0BaHA pPO3paxyHKOBa CXeMa JJOKOMOTHBA Ha TPUBICHUX
Bi3Kax, siKa MPEJICTaBIsiE COOOI0 CHCTEMY TBEPAMX Tij, 3’€AHAHHUX AJIEMEHTaMH Pi3HOI peosiorii. 3 BUKOPUCTAHHSAM
i€l po3paxyHKOBOI CXeMH pO3pO0JIEHO MaTeMaTH4Hy MOJIEIIb TPOCTOPOBOTO PYyXy JIOKOMOTHBA, sIKa JO3BOJISIE IIPO-
BOJIUTH JIOCIIJDKEHHS HOTO IIPOCTOPOBHX KOJIMBAHB IPH PYCi 1O NMPSIMOJIIHIHHUM Ta KPUBOJIIHIHHUM JUISTHKaM KOJIi1
i3 BUITAAKOBUMHU HEPIBHOCTSAMH B IuTaHi Ta mpodini. [Ipu cknaganHi MaTeMaTnyHO MOAENI NPUHMAaINCH 10 yBarx
SIK TEOMETPUYHI (HEeTiHIHHICT MPO(diTI0 KOYSHHS KoJleca), TaK i (i3WdHi HeNiHIHHOCTI cucTemHu (poOoTa CHil CyXoro
TepTs, HENiHINHICTE XapaKTepUCTUK B3a€MOJIi KOJNIC Ta peHok). 3a JOMOMOTOK KOMIT IOTEPHOTO MOJEITIOBAHHS
MPOBEICHO OaraToBapiaHTHI PO3PaXyHKH 3 METOIO OIIIHKHM JTUHAMIYHHUX BIIACTHBOCTEH JIOKOMOTHBA TpH HOTO pyci
0 TIPSAMOTIHIHHUM Ta KPUBOJIHIMHNM AinsgHKaM Kouii. [Ipn 1ipoMy BU3HAYAIMCh TOKa3HUKH IDIABHOCTI X0y JIOKO-
MOTHBa B TOPHU3OHTAIBHIN Ta BEPTHKAIBHIN IJIOIIMHAX, PAMHI CHIIH, KOS(ILIEHTH BEPTUKAIBHOI JTUHAMIKHA B IIEp-
Il Ta JPYTiif CTYNeHsX MiABINIyBaHHsS, KoedillieHTH 3amacy CTIMKOCTI MPOTH cXOAy Kodic i3 peitok. Kpim toro,
MIPOBEJICHO MOPIBHSHHS OTPUMAHHUX PE3YJIbTATIB i3 aHAJOTTYHUMH XapaKTEPUCTUKAMH HIMPOKO BUKOPHCTOBYBAHOTO
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HA 3QTI3HALSX YKpaiHH MIECTUBICHOTO TerutoBo3a TO116. BusHaueHO BIUTUB MIBHAKOCTI PyXy Ta TEXHIYHOTO CTaHy

3ai3HMYHOI Kouii Ha Oe3rneKky pyxy JiokomornBa. HaykoBa HoBH3HA. Po3po0ieHa MaTreMaTHyHa MOJENb MPOCTO-

POBOTO pYyXy IIECTHBICHOTO JOKOMOTHBA MEPCIIEKTUBHOI KOHCTPYKIIii, IO BPaXxOBY€e OCOOIMBOCTI HOTO KOHCTPYK-

mii, Ta HaBeIeHa OLIHKAa TUHAMIYHUX XapakTepUCTHK IIPH pyCi ekimaka Mo KOouii OBITFHOTO OOpHCY.

IpakTnyna 3HayuMicTh. Po3pobiena MaTeMaTHdHa MOZETH PyXy HIECTUBICHOTO JIOKOMOTHBA MOXKE OyTH BHKO-

pHCTaHa IIPH NPOBEJCH]I HAYKOBUX JOCIIDKEHb 110 CTBOPEHHIO IIEPCIIEKTUBHBIX KOHCTPYKLIH IOKOMOTHBIB.
Kniouosi crosa: pyxomuii ckia; JOKOMOTHB, MaTeMaTHYHA MOJICIb; TUHAMIYHI MOKA3HUKH
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EVALUATION OF DYNAMIC INDICATORS OF
SIX-AXLE LOCOMOTIVE

Purpose. The paper is devoted to dynamic characteristics evaluation of the locomotive with prospective design
and determination the feasibility of its use on the Ukrainian railways. Methodology. The methods of mathematical
and computer modeling of the dynamics of railway vehicles, as well as methods for the numerical integration of
systems of ordinary nonlinear differential equations were used to solve the problem. Findings. The calculated dia-
gram of a locomotive on three-axle bogies was built to solve the problem, and it is a system of rigid bodies con-
nected by various elements of rheology. The mathematical model of the locomotive movement, allowing studying
its spatial vibrations at driving on straight and curved sections of the track with random irregularities in plan and
profile was developed with use of this calculated diagram. At compiling the mathematical model took into account
both geometric (nonlinearity profile of the wheel roll surface) and physical nonlinearity of the system (the work
forces of dry friction, nonlinearity characteristics of interaction forces between wheels and rails). The multivariate
calculations, which allowed assessing the dynamic qualities of the locomotive at its movement along straight and
curved sections of the track, were realized with the use of computer modeling. The smoothness movement indicators
of the locomotive in horizontal and vertical planes, frame strength, coefficients of vertical dynamics in the first and
second stages of the suspension, the load factor of resistance against the derailment of the wheel from the rail were
determined at the period of research. In addition, a comparison of the obtained results with similar characteristics is
widely used on the Ukrainian railways in six-axle locomotive TE 116. The influence of speed and technical state of
the track on the locomotive traffic safety was determined. Originality. A mathematical model of the spatial move-
ment of a six-axle locomotive with prospective design, taking into account the peculiarities of its design was devel-
oped. Evaluation of dynamic characteristics at the carriage movement along a track of arbitrary shape was made.
Practical value. The developed mathematical model of the six-axle locomotive movement can be used at conduct-
ing research on development of advanced locomotives designs.

Keywords: rolling stock; locomotive; mathematical model; dynamic indicators
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BIIJINB TOBIIUHU 'O®POBAHOI'O EJIEMEHTA
HA HAIIPY’KEHO-JE®OPMOBAHHU CTAH _
METAJIEBUX 'TO®POBAHUX KOHCTPYKIIN

Meta. B poOoti nepenbadaeTbes MpOBEACHHS TOCTIKEHb HaNpyKeHO-1e(hOpPMOBAHOTO CTaHy Ta PO3PAXyHKY
BiTHOCHHUX Jedopmariiii BEpTHKAIBHOTO Ta TOPH30HTAJIBHOTO IiaMETPiB METaJeBUX TO(PPOBAHMX KOHCTPYKIIIH
(MI'K) Ty ropu3oHTaIBHUI €IIC MONEePEeYHOro nepepilzy NpH iX B3a€MOIT 13 IPYHTOM 3aCHUIIKU B 3aJIE)KHOCTI Bif
TOBIIMHU MeTasieBoi rodpoBaHoi TpyOu. Taki JOCHIKEHHS HEOOXIigHI JUIi ONTHUMAaIbHOro mpoekryBanHs MI'K,
BCTAHOBJICHHS PUYMH HOSBYU Ae(EKTIB, CBOEYACHOTO MPUHHATTS BIANOBIJHNX 1H)KEHEPHUX pIIlICHb i3 METOO Mij-
BulleHHs1 Hecydoi 3paTtHOocTi MI'K Ta 00rpyHTOBaHOrO BUKOPHCTaHHS KOWITIB Ha iX OyIiBHHLTBO a00 PEKOHCTPYK-
Lil0 ICHYIOUMX TPAHCIIOPTHUX CHOPYJ i3 3aCTOCYBaHHAM MeTaneBux ropposanux tpy0. Meroamka. Po3paxyHku
HaTpy>KeHb Ta cTifikocti hopmu MI'K mpoBenero 3a JOOMOTor0 po3po0IeHOT0 MaTEMATHIHOTO aJTOPUTMY B IIPO-
rpamHOMY cepenoBuii Mathcad 14. ¥V xoxi mocmimkeHp 3a1aBanncs pi3Hi TOBIIMHA MeTaleBoi rogpoBaHoi TpyOH;
1 MOJANBIII PO3PAXYHKH IIPOBOAWINCE NIPU IPOSKTHOMY 3HA4YCHHI CTYICHS YIIUIbHEHHS IPYHTOBOI 3aCHIIKH Ta Be-
JUYUHA TAHAMIYHOTO HaBaHTA)XEHHS BiJ PyXOMOTO CKJIaxy 3ali3HUIb. PedyabTaTH. I3 mpoBegeHnX po3paxyHKIB
BCTAaHOBJICHO, 1110 HAWOUIBIIMI BIUIMB TOBLIMHA METaleBOT rOpOBaHOT TPyOH Ma€e Ha MII[HICTh TIPH PO3PaxyHKy 3a
HOPMaJIbHIMH HaIlpyKEHHAMH Ta Ha BEJIMYMHY BiIHOCHHX BepTHKAIbHUX Iedopmaniil Tpyou. ToMy po3paxyHKo-
BUMH NapaMeTpaMH IpH MPOEKTYBaHHI MeTaleBUX ro()pOBaHUX KOHCTPYKIIH i3 HEBEIUKMMHU BUCOTAMH 3aCHITKH
(Bix 1,2 M 10 3 M) Haj ii BEpIIMHOIO € PO3paXyHOK MIIIHOCTI 32 HOPMaJIBHUMHU HAIPY>KEHHSMH Ta PO3PaxyHOK i3
BU3HAYECHHS BIJTHOCHUX BEPTUKAIbHHUX Aedopmauiii Tpyou. HaykoBa HoBm3Ha. Briepiie npoBenieHi po3paxyHKH
Harpy>XeHo-/1e)OpMOBaHOT0 CTaHy Ta BiIHOCHUX JedopMmaliil BEepTHKaIBHOTO 1 Topr30HTaNbHOTO Aiamerpis MI'K
MIOTIEPEYHOT0 Tepepizy THITy TOPU3OHTAIbHUI eJIiNc Npu B3aeMopii i3 rpyHToM 3acunku. Ilpu npomy Oyio Bpaxo-
BaHO KOMIUIEKC (DaKTOPIiB — CTYMiHb YIIUIBHEHHS IPYHTOBOI 3aCHIIKH, BEJIMYMHA JTUHAMIYHOTO HABAaHTAKEHHS Bil
PYXOMOTO CKIIaxy 3alli3HUIIs Ta Pi3Ha TOBIIUHA MeTalieBoi rodpoBanoi Tpyou. IlpakTuuna 3HauumicTb. OTpuMaHi
pe3ynbTaTh HalpyKeHO-Ie(hOPMOBAHOIO CTaHy METAJIEBUX TOQPOBAHUX KOHCTPYKLIH THITY FOPU30HTAIBHUH €iIc
MOTIEPEYHOTO TIEPETHHY MOXYTh OYTH BHKOPHCTaHI imkeHepaMu MoCTOBUTIpOOYBAFHIX CTAHIINA YKp3ali3HUII Ta
YKpaBTOAOpPY, @ TAaKOXX NMPOEKTHUMH OpPraHi3aIlisiMH, SKi 3aiMalOThCSI MPOEKTYBAaHHIM METaJeBHX To()pOBaHUX
KOHCTPYKIIiH.

Kniouosi cnosa: meraneBa roppoBaHa KOHCTPYKIIisl, TOBIIMHA MeTaneBoi rodpoBaHoi TpyOH; CTYIiHb YIIiib-
HEHHSI IPYHTOBOT 3aCUIIKH; AMHAMIYHE HABAaHTAXKEHHST; BIHOCHI Jedopmaltii; HanpyKeHHs; MIL[HICTh; CTIHKICTb

Beryn TPAHCHIOPTHUX CIIOPY[, TaKUX SK Malli OasodHi
MOCTH, 3a/1i300€TOHHI Ta KaMm’siHi TpyOu. A Takox
BOHHM € HEBIiJ'€MHOIO CKIIQZIOBOIO TPH JiKBifarlii
MABOJKOBUX HACIAKIB MiIMHUBY 3aJII3HUYHHX Ta

MeraneBi rodpoBaHi KOHCTPYKWii € mepc-
NEKTUBHUMH TPAaHCIIOPTHUMH CHOPYAaMH Hix yac
OyZiBHUAITBA HOBUX Ta PEKOHCTPYKIIi ICHYIOUHX
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aBToMOOiMEHUX Jopir. Ilepmri rodpoBaHi KOHCT-
PYKLIi 1moyany 3aCTOCOBYBATH 332 KOPJOHOM, CIIO-
yatky B Pocii, a motim y CIIA me B mo3amMuHyJI0-
My CTONITTi. 30Kpema, meTepOyp3bKuil MeTaleBUi
3aBOJ 3alpPONOHYBAB iX BUKOpHUCTaHHS e B 1875
polli, SIK aJbTEPHATHBY JCPEB’THUM BOJOIPOITYCK-
HUM CIIOpyAaM Ha 3ali3HUILIX [1—-2].

Ho 1901 p. rodppoBanuii Metan ais Tpyd oTBO-
pamu 0,64—1,07 M 3acTOCOBYBaJIM i3 COPTAMEHTIB:
37x15 1 68x34 mm 3 ToBImHOO aucta 1,01 1,2 Mm.
3 Takoro mMerainy Oyjo moOymoBaHo 524 Bomompo-
mycKHUX criopyau. IlizHinme mig gac OyIiBHHIITBA
OpenOypr-TamkeHTChKOT 3a1i3HUYHOI T0POTH AT
TpyO THX e OTBOpiB OyB 3aCTOCOBaHHN MeTal
iHmoro copramenty: 60x16 MM 1 100x50 mm
3 TOBIIMHOIO jucta B 1,2 1 1,6 mMm. Bcei meTanesi
TpyOH, ykimazeHi Ha 3ami3HUIX Pocii HampukiAIi
XIX cTOmiTTS, Madu KpyrJiid oopuc.

VY nepion 3 1900 no 1912 pp. B Pocii Oyno yk-
Ja7CHO KiJIbKa THCSIY METaJeBUX TOGPOBAHUX TPYO
[1-2]. Omnak mepumii AOCBiA ekcrutyaTauii TpyO
BHUSIBUB X HHU3BKY €KCIDIyaTalliifHy HamiiHICTb.
3HayHa yacTWHA TPyO OTpuMala MOUIKOKEHHS
y BUIJBIII BHUIYYYBaHHS YaCTHMHH KOHCTPYKLIl
BcepeauHy TpyOu. lle BUKIMKamO HEOOXiTHICTH
MacoBOTro 0OCTEXeHHs CTaHy rodpoBaHux TpyO Ha
3amizaUIIX Pocii. Take oOcrexeHHs OyJIo BHKO-
HaHO B 1913 p. [6]. [Ipu 1poMy Oys10 0OCTEREHO
nmonay 60 000 mor. M BOAOMPOMYCKHHUX TPYO, TO-
OymoBanux y 1885—-1913 pp., TepMiH CITy)OH SIKUX
csraB 28 pokiB. Haii0inpma KilbKicTh CHOPYA
3 pisHUME aedexramu Oyna BusBieHa Ha OpeH-
Oypr-TamkeHTChKIN 3alli3HMI, JI¢ OOCTEXKEHO
13300 mor. M T1pyO. 3a TOPIBHAHO KOPOTKHUH
TepMiH cimyx0u (14 pokiB) M0 MOMEHTy oOcTe-
JKeHHs1 nepexTHUMH BusBmincs 30 % TpyO, 3 HUX
21 % manu HeJONMyCTUMMN MPOTHH 1 MpocigaHHs,
a9 % — CHJIBHO MOIIKOHKEHI KOPO3i€lo.

AmnarnoriuHa cutyauis Oyna mig yac OyJiBHHLT-
Ba MIK y CIHA Tta Kamami [11, 16].
[Nepmmi TpyOu Manoro xiamerpa 3 TOBIIMHOIO Me-
TaJIeBOro jucra Oing 1 MM MoYanu BKJIAAATHUCS
B 1896 p. cnowyarky npu OyAiBHHITBI 3aJli3HHUII,
a moTiM aBToMOOUIBHUX Jopir. [lommpeHHs
rodppoBanux Tpyo B CIIIA i Kanazi B sIkoCTi BOmO-
MPOIYCKHUX CHOPY CYHPOBOXKYBAIOCS BEIUKOO
KUTBKICTIO JOCHTiDKeHb. Tak, acomiamis amepu-
KaHCBhKHX 3ai3HnuHuX imkeHepiB (AREA) B 1953
p. onyOuikyBasa JaHi 3a pe3yJbTaTaMi 00CTEKeH-
Ha crany 300 BOIOTPOIYCKHUX METAIEBUX TPYO
nmiametpom Bin 1,52 M 1 Ounbline. 3a BUKOHAHUMU
B CHIA oO6cTexxeHHSAMH OyJIO BCTaHOBJIEHO, IO

HAIIMHICTD 1 CTIMKOCTI TOHKOCTIHHHUX METaJIEBUX
TpyO 3a0e3MmedyeThes TUIBKH Y pasi JOTPUMaHHS
MpaBWII SIKICHOI PIBHOMIPHOT 3aCHUITKU 1 MPOEKTHO-
ro VyIIiIbHEHHS IPyHTy 3acunkd. llim wac
OyniBHHIITBA 0araTOOYKOBUX BOJOMPOITYCKHUX
TpyO Oymu BUABICHI iX HeeKTH, SKi MOSICHIOBAIH-
Cs CKIIQAHICTIO YIIIIBHEHHS IPYHTY MIX TpyOaMm.
UYepes te B HopMmax CIIA oOmexxeHa MiHIMallbHA
BiJICTaHb MiXk TpyOamu [5, 9, 11, 14].

[Mig wac [pyroi cBiToBOi BiliHM i B HACTYIHI
pPOKH MeTaneBi rodpoBaHi TpyOHM 3HAMIUIM CBOE
3aCTOCYBaHHS SIK THMYACOBI IITYYHI CHOPYIH T
Yyac BIIHOBJICHHS Ta OYZIBHHUITBA TPAHCIIOPTHUX
CHOPYA 3 OOMEKEHUM CTPOKOM EKCILTyaTarlii.

B 11eit ac y 3B’s3Ky 3 yJAOCKOHAJICHHSIM BUTO-
TOBJICHHS  caMHUX  TO(pOBaHMX  €JECMEHTIB
1 TEXHOJIOTIi 3aCHNKH 3’SBUJIACS MOXJIHUBICTH BU-
KOPUCTaHHS TOAIOHMX KOHCTPYKIH B KaIliTajdb-
HOMY OYIIBHHIITBI SIK JJIsi IPOMYCKY Boau (TpyOu
o 3 M), Tak 1 K agbTEPHATHBA MaJIMM MOCTaM
(TpyOH 3 IpOIBOTOM 6 M 1 OiTbILE).

Take po3mmpenHs chepu 3acrocyBanus MI'K
HE MaJl0 HayKOBOTO 1 HOPMaTHBHOTO 3a0e3leyeH-
Hs. HasiBHI HOpMmatuBHI mokymeHtu [1, 5] crocy-
BaJIUCS TITBKH KPYIHX TPYO miamMeTpoM 1o 3 M
1 3aCHOBaHI Ha PO3PaxyHKOBOMY aHaii3i aedop-
MaIiid TpyO HpH CIPOIMIEHUX TIiMOTe3aX MPO THCK
IPYHTY Ha TpyOy.

B VYkpaini MI'K mowanu 3acTocoByBatu, B Oc-
HOBHOMY, 3 cepeauan 90-x pokiB [5]. Taxi
KOHCTPYKIIl BHKOpPHCTaHI MiAg dYac OyAiBHUITBA
TPAHCIOPTHHUX PO3B’S30K Ta MEPEIyCKy BOJOTOKIB
B AP Kpum Ha aBTOoMOOUIBHIM 10po3i Kuie — One-
ca, XapkiB — Cimdeporions Ta iH.; Ha YKp3amis-
Huti ciopymwkero MI'K va minsauIi Bagyn Cuper
— HepxkopaoH.

Takum uwmHOM, nocBim 3actocyBaHHs MI'K
B IPYHTOBOMY CEPEIOBHUIII NEPEKOHIHBO MMOKA3aB,
IO PO3MJIIHYTI KOHCTPYKLIi NP iX MO3UTHBHUX
BJIACTHUBOCTSIX XapaKTEPU3YIOThCS BITHOCHO HU3b-
KOI0 HAIMHICTIO 1 JOBrOBIYHICTIO. Y TIpoleci
ekcmtyaranii y ©araTbOX BHIAAKax CIIOCTe-
piraeTbest 3pOCTaHHS HEIOMYyCTUMHX JAedopMaiii,
a came 30UTbIIECHHS TOPU3OHTAIFHOIO Ta 3MEH-
MIEHHS BEPTUKAIBLHOTO JTiaMeTpiB TpyOu. [ist BUK-
JIOYEHHST  HENOMyCTUMHX  jaedopmauliidl  Tpyo
HEOOXiZHO Yy MOJaNbIIOMY PO3BUHYTH METOIH
po3paxynky MI'K, siki mpamroroTh CHiIBHO 3 Ipy-
HTOM 3aCHIIKH, L0 MJO3BOJSIOTH IPOTHO3YBaTH
MIIHICTE 1 foBrosiunicte MI'K.
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Merta

CydvacHi JOCHiIKEHHS HaIpy)eHo-aehopmMo-
BaHoro crany MI'K, siki 37iHiCHIOFOTLCSI 32 KOPIOHOM
(B YkpaiHi B3araii BiICyTHi) CIIpsIMOBaHi Ha BCTaHO-
BiIeHHs npuunH nosiBu nedexriB MK apounoro
THUITy 3aJIGKHO BiJl CTYNEHS YIIUIBHEHHS IPYHTOBOI
3acunkd. OJHaK BIUIMB TOBIIMHM  METAJICBOL
ro¢poBaHoi TpyOM Ha MILHICTb Ta CTilKiCTb MeTaje-
BUX TO(pOBaHMX KOHCTPYKLIH OBOiZaJbHOrO MOIE-
pedHoro Tepepidy (TUIy TOPU3OHTAIBHUE EJiIC)
BUBYCHHI Ta JIOCHIPKCHUI HENOCTaTHhO. Tomy
HEOOXIHO BUKOHATH JTOCTIHKCHHS BIUIUBY TOBIIIH-
HU MeTaneBoi rogpoBaHoi TpyOM Ha MINHICTH Ta
CTIAKICTh MeTajieBoi To(poBaHOI KOHCTPYKINI T[T
yac fii Ha Hel pyXOMOTO CKIIay 3aJ1i3HHIIb.

Metoauka

VY poborax [2, 3, 5, 6] 3a3HaYCHO, IO LIS OIITH-
MaJbHOTO TIPOEKTYBaHHS METaJEeBUX TO(pOBaHUX
KOHCTPYKIiii HEOOXiJHO BpaxOBYBAaTH BIUTMB TOB-
IIMHA METAJICBOTO TO(MPOBAHOTO JIMCTA HA MIITHICTh
1 cTiliKicTh Bciel KoHCTpykuii [7, 8]. Y pe3ymbrarti
BHKOHAHUX JOCTimkeHb MirmHocti MI'K apodnoro
THUITy 3aJISKHO BiJI TOBLIMHH METAJEBOrO rodposa-
HOTO JIMCTa BCTaHOBJICHO, IO HAaiOiJbIIe BIUIMBAE
TOBIIMHA METAJICBOTO JINCTA HA HANpPYXEHUI CTaH
KOHCTpYKUii Ta BepTUKaibHI Aedopmarii MI'K.

Jlns BHIKOHAHHS JOCHTIDKEHb, SKI 3a3HA4YcHI
y MeTi po0OTH, BUKOPHCTOBYETHCSI MeTaieBa ropo-
BaHa TpyOa KoHCTpykuii Multiplate MP 150
y (hopMi TOPH3OHTAIBHOTO ermincy (puc. 1) 3 Takumu

rapaMeTpaMy: BHYTPIIIHIM BEPTUKAIBHAM JliaMeT-
poM 6,20 M, BHYTPIITHIM TOPU30HTAIGHAM iaMeT-
pom 6,57 M, noBxuHOIO XBUIi Todpu 150 MM, Buco-
TO0 XBWI roppu 50 MM, MUTOMOIO Baroro IPyHTY
sacumkn — y=20 kH/M’; MoyseM nepopmarii rpyHTy
sacunikn — FEy=33 MIla; BigCTaHHIO Bij MiJOIIBH
periKy 10 BepXy CKiemiHHs Tpyon — A=1,88 m; Mo-
ayneM mpyxkHocti crami  — E=2,1-10° MIla;
koedimiearom Ilyaccona warepiany crnopym —
v=0,25; mmTomor0 Baror Marepiary MIK -
7=1454 xH/M’; miomero mepepisy onHiei XBui
robpu — A=11,355 cM’; pO3PaxyHKOBHM OIOPOM
cTalmi 3a MeXer TeKydocTi R=235 Mlla;
koedirieaToM ymMoB podotu — m=0,9.

ToBIWHN MeTaJeBUX ro(ppOBAHUX JIHCTIB TPyOH
OyJu IPUUHATAMY TaKUMU: 3 MM, 4 MM, 5 MM, 6 MM,
7 MM Ta 8§ MM.

Po3paxyHku HarpyxeHo-1eh)OpMOBAHOTO CTaHy
METaNeBoi TOPpOBaHOI KOHCTPYKINi BHKOHAaHO 3a
nmorromororo Meroxy Ilerepcona [14] y mporpamomy
xomruiekci Matchad 11.

Hapantaxennst Ha MI'K 3miHIOBaNM Takum 4u-
HOM: HAaBaHTa)KEHHSI BiJ] BIIACHOI Baru TPyOH, 3aCHII-
KM, Iapy IeOeHI0 Ta PeHKo-IINaabHOI PeLIiTKY 3a-
JUIIATA HE3MIHHAMH, TTOKa3HUK RP (cTyminp yimi-
JBHEHHsSI TPYHTOBOI 3aCHIKH) MpPUMMalid pPiBHUM
0,97. luHamidyHe HaBaHTAXCHHS Ha IINIATN Bil py-
XOMOTO CKJIAJly TPOTOPILIHHO 30iIbIIyBany 1 mepe-
paxoByBaX BiNOBIIHI HANPYXEHHS y TOYKAaX KOH-
Typy Tepepidy TpyOu. Posmomin HaBaHTaXEeHH IO
Imajax B3J0BXK KOJMii OTpUMaNH i3 po3paxyHKIB KO-
11 Ha MinHICTh [4, 9—19].

Z'I

Puc. 1. Po3paxyHkoBa cxema 10 po3paxyHKy MIITHOCTI METaJIeBUX
roppoBaHUX KOHCTPYKLIH IIOIEPEIHOTO TIEPepi3y
THUITy TOPH30HTAIIBHUH €JIIIIC

Fig. 1. Design model to calculate the strength of corrugated
metal structures of horizontal cross-sectional ellipse
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Puc. 2. BenmuunHa eKBiBaJICHTHUX CHUII Bifl IOKOMOTHBA 2M62 mipu 3HA4YeHHI
MOJIyJISl IPYKHOCTI migpeiikoBoi ocHoBr 92,1 MIla

Fig. 2. The value of the equivalent force from a locomotive 2M62 at the value of
the elasticity modulus of under-rail bases of 92.1 MPa

Pe3yabTarn

Pesynbratn ekBiBaJIeHTHMX CHJI, OTPUMAaHHX
BiJl JIokoMOTHBa 2M62, HaBe/IeHI Ha puc. 2.

UrcmoBi po3paxyHKH €KBIBAJICHTHUX CHJI TTOKa3a-
JIH, 10 MaKCHUMaJbHI CHJIM JIOCSTAIOTh 3HAYCHHS JI0
450 xH, npu Takux mapameTpax HEpiBHOCTI: IOBXHHI
—5,7 M, Bucoti — 44,7 MM Ta yxuii — 16,5 %.

Jns  oTpuMaHHS 3Hau€Hb HANpPYXXEHb Ta
BITHOCHUX JedopMalliii BEPTUKAIBHOIO Ta TOpPH-
30HTAJILHOTO JIiaMeTPiB METaJeBUX TOo(QpPOBAHHUX
KOHCTPYKITI 3aJIe)KHO BiJ TOBIIMHH METalICBOL
ropoBaHoi TpyOu Oyio po3po0JCHO MporpaMHe
3a0e3MeYeHHs 13 BUKOPHCTaHHSAM MaTeMaTHYHOTO
amapaty Mathcad 14.

3a OTpUMaHWMH 3HAYCHHSMH CKBIBAJICHTHUX
CHJI PO3PaxOBYEMO MAaKCHMAJIbHI HaIpy>KEHHs
B CTiHII TpyOH, BUKOPHCTOBYIOUM piBHSIHHA HaB’€:

N, d.s

o=—%+
A

Md.s

w

<S> (1)
ne N, d.s» M d.s
HOpMaJ'IBHOi CKCHHyaTaL[ﬁ; A - mjonia nmonepeyYHo-
To Hepepisy Ta MOMCHT OIIOpY Hepepi3y Ha OAUHU-

— CUJIKM Ta MOMCHTHU CHUIT Y cTaHi

U0 JOBXHHM TPyOM; f, — TPaHMLs TEKy4OCTi

crai Tpyou; W — MOMEHT OTIOpYy OJWHWII JTOBXKH-
HU TpyOu.

BigHOoCHI 3MiHM BEpTHKaJbHOTO Ta TOPH30H-
TaJBLHOTO JiaMETPiB METalIeBOi TOPpOBaHOI TPyOH
pO3paxoByeMO 3a (HOpMyJIOIO:

y—(h+R)
E
G= ()
§+5(1 vz)
R F

ne R — paxiyc criopyau; Ey — Moxynms nedopmarrii
IpyHTY 3acunku, [la; £ — MOAydb TPY>KHOCTI
crami, [la; 0 — ToBmMHA MeTaneBoi rodpoBaHOl
Tpyom; v=0,25 — koedimient [lyaccona matepiamy
CHOPYAH; ¥ — NUTOMAa Bara marepiany CIOpy.I,
H/M’, h — BHcoTa 3acHIKH Haj BEPIIMHOIO
MeTaseBol ro¢poBaHoi TpyOu (MOYHHAIOYH BHMIp
BiJ[ TT1IOIIBY IIIITaj, TUB. puc.1).

Pesynpratn  po3paxyHKIB  HampyXeHb Ta
BIJTHOCHUX BEPTHKAIBHUX 1 TOPU30HTAIBHUX
nedopmaniit MI'K HaBeneni y tabu. 1 Ta puc. 3.
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Tabnums 1
Table 1

PesynbTaTi po3paxyHKy HOpMAJIbHUX HANPYKeHb Ta BitHocHUX gedopmaniii MI'K

The calculation results of normal stresses and relative deformations in corrugated metal structures

. ToBuHa MeTaneBoi roppoBanoi Tpyou, Mm
Po3zpaxynkoBi napamerpu
3 4 5 6 7 8 9
Hanpyxenns, Mlla 186,509 | 173,364 | 161,707 | 151,807 | 143,416 | 136,25 | 130,072
BigHocHa BepTHKaIbHA
niedopuanis MTK, % 3,7 2,78 2,24 1,86 1,6 1,4 1,24
BimHocHa ropu3oHTaIbHA
nepopmatis MK, % 4,06 3,06 2,45 2,04 1,75 1,53 1,36
190 4,5
HanpyxeHnHsa, MlMa 4
180 '._ --------- BionHocHi ropu3oHTanbHi gedpopmauii MTK, %
., 3.5
."_. BigHocHi BepTukanbHi gedopmauii MK, % o
fn7o "-._ 3 K
M I'.- {.V
5 AT 25 4
B °e.. M
5160 ~ooS B
H ™,
H ..'.. 2 g
g( --l.‘....' g
f150 '-~...,__.“' 1,5 H
'..‘D.nn‘ g
1
140
0,5
130 0
3 4 5 6 7 8 9

ToBWwMHA MeTaneBOi roc poBaHoi Tpy6u, Mm

Puc. 3. I'padik HOpManpHUX HANPy>KEHb Ta BiTHOCHUX nedopmaniit MI'K

Fig. 3. Graph of the normal stress and relative deformations of corrugated metal structures

OtpumaHi pe3yiabTaTH HaIpyKeHb IOKa3aIu
(muB. Tabn. 1 Ta puc. 3), MO MIIHICTH €IEMEHTIB
MeTajaeBol TopoBaHoi KOHCTPYKLIi, sSIKka BAKOHAHA
i3 rodpoBanoi crpykrypu Multiplate MP150 i3
po3mipom xBuii rodpu 150x50 mm, 3abe3nedeHa
Opy BCIX JOCHIJ)KyBaHWX TOBIIMHAX METaJIEBOI
ropoBaHoOi TpyOU Tpu il HAKOLITBIT HECTIPUATIIN-
BOTO HAaBAaHTAKEHHS Bl PyXOMOTO CKJIaay 3aili3-
HUIIb.

YMoBa OOMEXEHHS TpPaHMYHHMX BiJHOCHHX
nedopmariiii BEpTHKaIBHOTO Ta TOPHU30HTAILHOTO
JiaMeTpiB TPyOH BUKOHYETHCS IIPU BCiX TOBIMHAX

MeTtaieBoi rodposaHoi TpyOwm, TOOTO HE Tmepe-
Buiye 5 %.

HaykoBa HOBU3HA Ta MPAKTUYHA
3HAYNMICTDL

ABTOpOM BIHEpIlle BUKOHAHI aHANITUYHI AOCITi-
JOKEHHsI Hampy»KeHo-Ie(opMOBaHOTO cTaHy Ta
BiTHOCHUX Aedopmanili BEpTUKAIHHOTO 1 TOPH30-
HTanpHOTO miameTpiB MI'K monepeunoro mepepizy
TUIy TOPU3OHTAIBHUMN EJIIIC TPU B3aEMOIIT 3 Ipy-
HTOM 3aCHIIKH i3 BpaXyBaHHSIM KOMIUIEKCY (aKTo-
piB — CTyIleHs YUIUIPHEHHS TPYHTOBOI 3aCHIIKH,
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BEJIMYMHN JMHAMIYHOTO HAaBaHTAKEHHS B pyXo-
MOTO CKJIally 3aJi3HUIb Ta Pi3HIA TOBIIMHI MeTa-
neBoi rodpoBaHoi TpyOu. Y pe3ynbpTaTi BAKOHAHUX
JOCITI/DKEHb BCTAHOBJICHO, IO TPH IPOSKTHOMY
VIUTBHEHH]I TPYHTOBOI 3aCHIIKH, SIKE CTAaHOBHUTH
97 % mo merony IIpokTopa, KpUTEpild MILHICTH Ta
BiTHOCHI BEpTUKaJbHI Aedomallii MeTaneBoi rog-
poBaHOi TpyOW 3a0e3MeUyIOThCS HABITh TPU TOB-
IIMHI METAy 3 MM.

OTpumaHi pe3ynabTaTH HaNpy>KeHO-AePOpPMO-
BaHOTO CTaHy Ta BiTHOCHUX nedopMalliiii TOpr30H-
TaJILHOTO Ta BEPTHKAIBHOTO J[iaMeTpPiB MeTaneBuX
ropoBaHUX KOHCTPYKLiM THIy TOPU30HTAIbHUH
eIIC TOMEepPEeYHOro Tepepidy, MOXKYTb OyTh
BHKOPHUCTaHI iHKeHepaMd MOCTOBUIIPOOYBHUX
CTaHIi YKp3ami3HUIl Ta YKPaBTOAOPY Ta Mpo-
eKTHUMH OpTraHi3allisiMH, SKi 3aiMaloThCs MPOEK-
TYBaHHSAM METaJeBUX TOPOBAHUX KOHCTPYKIIii.

BucHoBkH

I3 BUKOHAHUX NOCIIIKEHb BUIUIMBAE, IO PO3-
PaxyHKOBHMH TMapamMeTpaMu IMijJ yac MPOEKTYBaH-
HS METaJieBUX TO(QpOBaHUX TPyO 3 HEBEITUKUMH
Brucotamu 3acunku (Big 1,2 no 3,0 M) Hax Bepiu-
HOI MeTaneBol ro)poBaHoi TPyOU € PO3paxyHOK
MIITHOCTI 32 HOPMaJbHUMH HaNpyKXEHHSIMH 1 PO3-
paxyHOK 13 BU3HAYCHHS BIJIHOCHUX BEPTHUKATBHHX
nedopmarniit Tpyou.
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BJIUAHUE TOJIIIWUHBI TO®PPUPOBAHHBIX 2JIEMEHTOB
HA HAITPA’KEHHO-AE®OPMHUPOBAHHOE COCTOSAHUE
METAJJIAYECKUX TO®PUPOBAHHLIX KOHCTPYKIIUI

Heas. B pabote npexycmarpruBaeTcsi MPOBEICHUE HCCIEAOBAHNI HAMPSKEHHO-1E()OPMUPOBAHHOTO COCTOSHUS
W pacueTa OTHOCHTEJBHBIX Je(opMaliii BEpTUKAIFHOTO M TOPU30HTAIBHOTO THAMETPOB METANIMIECKUX TOppUpPO-
BaHHBIX KOHCTpykumii (MI'K) Thma ropu3oHTaNBHBINA SJUTMIC IMOMEPEYHOTO CEUCHHS NPU MX B3aNMOACHCTBHUH
C TIOYBO#1 3aCHIITKK B 3aBUCMMOCTH OT TOJIIIUHBI METAJUIMYECKON TOQpHpOBaHHO TpyObl. Takue uccienoBanus He-
00X0UMBbI AJIs1 ONTHMaNIbHOTO Ipoektuposanusd MI'K, ycraHOBIeHN PUUYMH NOSIBICHUS Ne(PEKTOB, CBOEBPEMEH-
HOTO TIPUHSTHS COOTBETCTBYIOIINX HWHXCHEPHBIX PEIICHWH C LENbI0 TOBBIMICHHA Hecymer crmocobnoctn MI'K
1 000CHOBaHHOT'O MCIOJIB30BAHUS CPEJCTB HA UX CTPOUTEIHCTBO MIIM PEKOHCTPYKLHIO CYIIECTBYIOIINX TPAHCIIOPT-
HBIX COOPYXXEHHH C NPUMEHEHHEM MeTaUIMYeCKUX roppupoBaHHbIX TpyO. Metommka. Pacuersl HanpspkeHUi
n ycroiuuBoct (opmbl MI'K npoBeneHsl ¢ MOMOILIbIO pa3padOTaHHOTO MaTEeMaTHYECKOro ajropurMa B Ipo-
rpamMHoO# cpene Mathcad 14. B xoze ucciiefoBanuii 3a1aBaich pa3jiMuHble TONIIMHBI METAJUTHUECKOH ToQpupo-
BaHHOW TPYOBI; M JAJIbHEHIINE PAacueThl IPOBOIMINCE ITPH NTPOSKTHOM 3HAYE€HHU CTETIEHH YIUIOTHEHUs TPYHTOBOM
3aCBIIIKH U BEIMYUHBI JUHAMUYECKON HArpy3KH OT HOJBMKHOTO COCTaBa JKeIe3HbIX Aopor. Pesyabrarel. 13 mpo-
BE/ICHHBIX PacyeTOB YCTAHOBJIIEHO, YTO HAWOOJIbIEE BIMSHHUE TOJIIMHA METAUINYECKONH ro(pupoBaHHON TPYObI
HMEET Ha MPOYHOCTH MIPH PacdeTe 10 HOPMAIbHBIM HAIPSHKEHUAM M Ha BEJIMYMHY OTHOCHTEIBHBIX BEPTHKAIbHBIX
nedopmanuit TpyOsl. [1o3TOMy pacdeTHBIMH IapamMeTpaMy IPH MPOEKTHPOBAHMU METAJUIMYECKUX TOpPUPOBAHHBIX
KOHCTPYKIHMH ¢ HEOOIBIIMMH BBICOTaMH 3achIKU (0T 1,2 M 10 3 M) HaJ ee BEPIUIMHOM SIBIISETCS pacdeT MPOIHOCTH
[0 HOPMAJIbHBIM HaNpsHKEHHUSAM M PacyeT N0 ONPENeNICHHIO OTHOCHUTEIBHBIX BEPTUKAJIBHBIX JedopManuil TpyObl.
Hayunasi HoBu3Ha. BriepBbie NpoBeIeHb! pacueThl HANPSHKEHHO-1e(hOPMUPOBAHHOTO COCTOSTHHUS U OTHOCUTEIIBHBIX
nedopManuil BEpTUKAIBHOTO W TOPU30HTAIBHOTO AuaMeTpoB MI'K momnepeyHoro ceyeHus: THIAa rOpH30HTAIbHBIN
9JUIMIC TIPU B3aUMOJAEHCTBUY C MOYBOHW 3achIKU. [Ipu 3TOM ObUT yuTeH KOMIUIEKC (PaKTOPOB — CTENEHb YIUIOTHE-
HUS TPYHTOBOM 3aCHIIKH, BEIMYNHA JMHAMUYECKON HArpy3kKH OT MOABIMXKHOIO COCTaBa JKENE3HBIX JOPOT U pa3Has
TOJIIIMHA MeTaJuIn4ecKol rodpupoBanHoi TpyOsl. IIpakTHyeckass 3HauMMocTbh. [loydyeHHbIE pe3ynbTaThl Ha-
NpsDKEHHO-1e(OPMUPOBAHHOTO COCTOSHHS METANIMYECKUX TOPPUPOBAHHBIX KOHCTPYKIHMH THIIA TOPHU3OHTAIBHBIN
3JUIMIIC TOTIEPEYHOT0 CEYEHUsS] MOTYT OBITh MCIIOJIB30BaHBI MHXEHepaMH MOCTOHCCIIEIOBATENBCKUX CTAaHIMH YK-
P3aNIH3HBIIM U YKpPaBTOJO0PA, a TAKKE MPOEKTHBIMHA OPraHU3alUsAMU, KOTOPBIE 3aHUMAIOTCS IPOEKTUPOBAHUEM Me-
TAUTMIECKUX TOPPHPOBAHHBIX KOHCTPYKIHH.

Kniouegvie cnoea: merannnieckast ropupoBaHHas KOHCTPYKLHS; TOJIIMHA METAJUIMYECKON Tro()pHpoBaHHON
TpyOBI; CTENEHb YIUIOTHEHUs IMMOYBEHHOHN 3aCBHINIKH; JTUHAMHYECKas Harpys3ka; OTHOCHTENbHbIC AedOopMalliy; Ha-
IpsDKEHHE; TPOYHOCTD; YCTONYHBOCTD
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THE EFFECT OF CORRUGATED ELEMENTS THICKNESS ON
THE DEFLECTED MODE OF CORRUGATED METAL STRUCTURES

Purpose. The work provides research the deflected mode and calculation the relative deformation of vertical and
horizontal diameters of corrugated metal structures (CMS), horizontal ellipse type, and cross section in their interac-
tion with soil backfill depending on the thickness of corrugated metal pipe. Such studies are required for optimal
design of CMS, establishing the causes of defects timely, appropriate engineering solutions to improve the bearing
capacity of the CMS and reasonable use of funds for their construction or rehabilitation of existing transportation
facilities using corrugated metal pipes. Methodology. Stresses and stability calculations of CMS form are conducted
using the developed mathematical algorithm in program environment Mathcad 14. In these studies different thick-
ness of corrugated metal pipe were assigned, and further calculations were carried out at the design value of backfill
soil compaction degree and magnitude of dynamic loading of railway transport. Findings. From the calculations is
determined that the most influence the thickness of the corrugated metal pipe has on the strength in the calculation
of the normal stresses and value of the vertical pipe strains. Therefore, the calculated parameters in the design of
corrugated metal structures with small filling heights (from 1.2 m to 3 m) above its peak is calculation of the
strength by the normal stresses and determination of the vertical deformation of the pipe. Originality. For the first
time, calculations of the deflected mode and relative deformations of vertical and horizontal cross-sectional diame-
ters of CMS, horizontal ellipse type in the interaction with soil backfill. The factors complex was taken into account-
the backfill soil compaction degree, the value of dynamic loading of railway transport and different thickness of
corrugated metal pipe. Practical value. The results of the deflected mode of corrugated metal structures such as
horizontal ellipse of cross sections can be used by engineers in the bridge probation stations of Railways of Ukraine
and Ukravtodor, in the project organizations involved in the design of corrugated metal structures.

Keywords: corrugated metal construction; corrugated metal pipe thickness; backfill soil compaction degree; dy-
namic loading; relative deformations; strain; stress; strength; stability
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WEB-QUESTS IN THE ENGLISH LANGUAGE STUDYING AND
TEACHING AS A VALUABLE RESOURCE AND EFFECTIVE TOOL

Purpose. This paper is a study of innovative methods of learning and teaching English with the help of Internet
resources and students motivation to seek the necessary information at homework. Methodology. The main princi-
ple of the Web-Quest as a type of English language teaching is to motivate students. For example, by participation
in the Web-Quest students, who were unsure of their knowledge, become more confident. Having clear goals and
objectives, using computer skills, motivated young people more actively acts as a confident user of English.
Findings. According to the technology of We-Quests students were asked to create one or more projects directly
related to the successful execution of the work. It is a significant result of all the hard work of students, and it is the
subject of evaluation. Evaluation is an essential component of Web-Quest or any other project, and from this point
of view, the criteria should be clear and accessible to students from the very beginning. These instructions can and
should be changed in order to differentiate and provide an oral presentation and written work. Originality. Basi-
cally, Web-Quests are mini-projects in which a higher percentage of the material obtained from the Internet. They
can be created by teachers or students, depending on the type of training work. The author detailed the increase of
possibilities in the search of Internet projects with other creative types of student work. They may include: review of
the literature, essay writing, discussion of read works and other. Practical value. The paper confirmed that the roles
and tasks, reflecting the real world, invites to cooperate, stimulate and train the thinking process at a higher level.
That is why the use of Web-Quests can improve the language skills of the educational process (reading for informa-
tion extraction, detailed reading, negotiations, oral and written communication, and other).

Keywords: Web-Quest; Internet resources; information search; learners; foreign language studying; activity; mo-
tivation; assignment; knowledge and skills; foreign language teaching

teachers have embraced Web-Quests as a way to

Introduction

Web-Quests as a valuable resource and effi-
cient tool in studying and teaching English is being
widely used around the world since they were de-
veloped in 1995 by Dr. Bernie Dodge at San Diego
State  University with early input from
SDSU/Pacific Bell Fellow Tom March, the Educa-
tional Technology staff at San Diego Unified
School District working with classroom teachers.
Since those days, their idea is that thousands of

make good use of the internet while engaging their
students in the kinds of thinking that the 21st cen-
tury requires. The model has spread around the
world.

According to the author’s method, a Web-
Quest is an oriented tool for students in the format
in which most information that learners work with
comes from the web. [1, 2, 3, 4, 5]. A Web-Quest
traditionally has 6 parts: Introduction; Task; Proc-
ess; Evaluation; Conclusion; Credits. Those parts
can be differed in some cases, but this basic
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framework developed by Dodge and March is the
basis for almost all of Web-Quests that have been
created. [7, 8, 12, 13, 14]

The «Web-Quest «definition has been refined
over the years, and adapted for various different
disciplines. Philip Benz describes a Web-quest as
a constructivist approach to learning, where with
the proper guidance and «scaffolding» students can
accomplish far more actual learning than in tradi-
tional transmission-of-knowledge situations. To his
mind students not only gather information to-
gether, examine it carefully, compare and organize
what they’ve found on the web, they orient their
activities towards a specific goal they’ve been
given, often associated with one or more roles
modeled on adult professions [6].

Purpose

The research is guided to direct the reader, with
little or no training or experience in this medium as
a language learning tool to one particularly engag-
ing and wide-ranging option available, using the
Internet which is both learner-centered and
teacher-active. An option potentially involves
learners’ in practice of all skills and systems in
English, while at the same time promoting learner
independence and collaboration. In language teach-
ing circles, this is known as a Web-Quest.

Methodology

Since those beginning days, thousands of
teachers have embraced Web-Quests as a way to
make good use of the internet while engaging their
students in the kinds of thinking that the 21st cen-
tury requires. So there is a clearly defined structure
for these activities which should only really be
taken as a basic guideline and everybody should
design his/her Web-quests to suit the needs and
learning styles of his/her students [10, 11, 12].
There are usually from four to six main basic com-
ponents of an average Web-Quest:

1. The Introduction stage is usually used to in-
troduce the overall theme of the Web-quest. It in-
cludes giving background information on the topic
and, in the language learning context, often pre-
sents basic vocabulary and concepts which learners
will need to understand in order to fulfill the as-
signment involved. The instructor should set the
stage for the activity, catch the learner’s attention,

draw them into the quest and provide background
information [6].

The Task section of the Web-quest explains
clearly and precisely what the learners will have to
do as they work their way through the Web-quest.
The task should obviously be highly motivating
and interesting for the students, and strongly con-
nected with a real-life situation.[6,16,17] This of-
ten involves the learners in a particular amount of
role-play within a given situation (e.g. they find the
approximate fare of a ticket between two certain
cities or towns; information about the types of res-
taurants, a school social organizer has to organize
a trip for his class to an English-speaking country;
a travel agent needs to organize a conference in
London; he needs to know real data that helps him
to figure out how things are (companies, bookings,
prices, attractions, entertainment, Internet brows-
ing and search skills and more are presented) in
real life; learners choose the appropriate class of
the airplane among different ones according to the
services provided on board, exchange the informa-
tion concerning the onboard services on a train
which ones are desired, such as «catering», «type
of sleeper» or various other requests that can be
found in the online booking form etc. [15]). Be-
sides it should be in place here to state what the
students will be required to do, to avoid surprises
down the road, to detail what products will be ex-
pected and the tools that are to be used to produce
them. The point is the formal description of what
the students will produce in the Web-Quest. The
task should be meaningful and fun. Creating it is
the most difficult and creative part of developing
a Web-Quest [6].

The Process part of a Web-quest directs the
learners through many activities and research
tasks, using a lot of predefined resources. These
resources are the best web-based, and are usually
presented in a clickable form within the task
document. In the case of a language-based Web-
quest, the Process stage of the Web-quest may in-
troduce (or reproduce) lexical areas or grammatical
issues which are important to the Task. Besides it
will usually have one (or sometimes several) ‘ma-
terials” which the learners are supposed to present
at the end. They will often be the basis of the
Evaluation stage. In this part a step-by-step de-
scription, concise and clearly laid out should be
given; links to Internet sites interwoven within the
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steps are to be provided. The students should ac-
complish the task. It is frequently profitable to re-
inforce the written process with some demonstra-
tions [8, 9].

The Evaluation stage can involve learners in
self-evaluation, comparing and contrasting what
they have created with co-learners and giving
feedback on what they feel they have known,
achieved, etc. A great importance is the way in
which the students’ performance will be evaluated.
The standards should be fair, clear, consistent, and
specific to the tasks set [8]. It will also include
a teacher’s evaluation and good Web-quests will
provide direction to the teacher for this particular
part of the process, display a set of instruction to
appreciate the final result as objectively as possi-
ble. It is necessary to leave little room for question
in this section to contacts.

The Resources which the students should use
are indicated in this portion of the Web-Quests.
Providing this assistance the students should focus
on the exercise in processing information rather
than just locating it. Though the instructor may
search for the online resources as a separate step, it
is useful to incorporate resources as links within
the process section where they will be needed
rather than just including them as a long list else-
where. Having off-line resources like visiting lec-
turers and sculptures one can contribute greatly to
the interest of the students [9].

In the conclusion section summarizing the ex-
perience, the process reflection, higher level ques-
tions that may be researched at another time ought
to be presented. The instructors are also supposed
to give «food» for thought as to where they can use
the information they have learned, etc. The co-
developers of the concept of Dr. Bernie Dodge and
Tom March give some very sound advice to test
the given structure by own experience, define its
weaknesses and advantages, check what makes
things strong and comment on the results in class
as it will take only 15 minutes due to the users of
the Web-Quests [7, 8, 12, 13, 14].

Findings

Most members of the language teaching profes-
sion realize that their students’ learning potential
increases when attitudes to the Web-Quests are
positive and motivation to do it runs high. They
think of incorporating the Web-Quests lesson for-

mat into language teaching and some activities in
the form of a single organizing framework that
English as foreign language (EFL) lecturers can
use to integrate the projects method into language
learning in the classroom and outside it giving
more autonomy to students. English instructors
cannot deny or ignore the significance of the Web-
Quests in the process of teaching and learning. In
the experience, there never seems to be enough
time to cover all the language work that is neces-
sary or obligatory within course contact hours [4].
That’s why one of the most challenging aspects in
foreign language teaching/learning is an individual
self-independent assignment. So any task or activ-
ity that encourages contemporary students to con-
tinue working on their English outside the class-
room is to be welcomed. It goes without saying
that learning is more effective when learners are
active in their learning process, assuming respon-
sibility for their learning and participating in deci-
sions which affect it [2]. A teacher’s aim is to fo-
cus more on creating challenging and meaningful
activities for students in the classroom and outside
the classroom. And correction of home assignment
should be learning-centered rather than teaching-
centered. It should focus on motivating students to
develop their own strategies for learning through
home assignment [4].

Originality and practical value

The teacher maintains an essential role in this
process as not only the one who would normally
select or set up the Web-Quest, but who also plays
an important role as a facilitator — providing sup-
port, «feeding» in language, monitoring and even-
tually, taking on a role in an evaluating capacity. It
is important to give the correct amount of impor-
tance to a sensitive balance between helping stu-
dents make their way through the Web-Quest, and
disturbing their autonomy. Such autonomy is likely
to boost learners’ self-confidence and motivation.
As much of the Web-Quest work takes place on
the Internet, the teacher must ensure that all par-
ticipants are sufficiently versed in basic navigation
skills. This might even provide an opportunity for
student teaching, as there will surely be some in
groups who can give this kind of information and
design some easy practice activities.

Web-Quests are motivating, funny, they reflect
real-world roles and tasks, invite collaboration,
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promote and exercise «higher-level’ thinking proc-
ess and practice skills inherent to any language
learning project, such as overall reading and detailed
reading, negotiating ideas through spoken and writ-
ten communication. Web-Quests incorporate listen-
ing skills, peers teaching and interaction. Students
are involved in creating and producing their own
ideas, with peers’ and teachers’ support, they do not
only receive valuable feedback from their teacher,
but are involved in reflecting on their work and en-
gage in self-evaluation as well.

Conclusions

To work with Web-quests, an instructor should
find well-chosen and motivating topics, coupled
with up-to-date websites and he/she should access
the wealth of the material on the Internet and be-
sides pays attention both to the content and the lan-

guage.
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BEB-KBECT SIK IIHHUM PECYPC TA E(DEKTI/IPHHﬂ IHCTPYMEHT
Y BUBYEHHI TA BUKJIAZJAHHI AHI'JIIMCBKOI MOBH

Mera. [lana poboTa — JOCTiPKEHHS IHHOBAiHHOI METOIUKM BUBYCHHS Ta BUKIAJaHHS aHTIIHACHKOI MOBH 3a
JIOTIOMOT010 [HTEepHEeT-pecypciB i MOTHBALIIT CTYIEHTIB 10 MOIIYKY HEoOXiqHOT iH(popMarlii miJ Yac BUKOHAHHS JI0-
MAIIIHBOTO 3aBAaHHA. MeToauka. [ 0JOBHNI NPUHIMIT BEG-KBECTY SIK THITY BUKJIAJAaHHS aHTIIHCHKOI MOBH MOJISITAE
B YMOTHBYBaHHi CTyaeHTiB. Hampukiiam, 3aBIsSKky ydacTi y BeO-KBECTi CTYACHTH, III0 MaJId CyMHIBU CTOCOBHO CBOiX
3HaHb, CTAIOTh OLIBLI BIEBHEHIMIMMH. Marouu YiTKi 11 Ta 3aBJaHHs, BUKOPUCTOBYIOYM KOMII'IOTEpHI HaBHKH,
YMOTHBOBaHa MOJIOZb O1JIbIII aKTUBHO BHCTYIAE SIK BIIEBHEHUI KOPUCTYBa4 aHTJIIHChKOi MOBU. Pe3yabTaTu. 3rigqHo
3 TEXHOJIOTi€I0 BeO-KBECTIB CTy/IeHTaM OyJI0 3alpOIIOHOBAHO CTBOPUTH OJIMH a00 Olblle IIPOEKTIB, sIKi Oe3mocepe-
JTHBO TOB’sI3aHi 3 YCIIIHUM BHKOHAHHSM 3aBJaHHs. Lle momiTHUIA pe3ynbraT Beiei IXHBOT KpomiTKoi podoTH, i BiH
MOBUHEH oliHIoBaTHCs. OLIHIOBaHHS — 3HayHa CKJIaJI0Ba YacTHHA BeO-KBecTy abo OyIb-SKOTO iHIIOrO HPOEKTY,
13 11i€l TOUKHU 30py KpUTEPIi OLIHIOBAHHS MOBHHHI OyTH 4iTKUMHM Ta JOCTYITHUMH JUIS CTY/ICHTIB i3 CAMOTO TIOYATKY.
i Bka3iBKM MOXXYTh 1 TOBHHHI MiHATHCS ISl TOTO, TIO0 BiIPI3HATHCS IS YCHOI IMpe3eHTaIlil Ta MUCHhMOBOI pOOOTH.
HaykoBa HoBU3HA. B 0CHOBHOMY, BEO-KBECTH — II€ MiHI-IIPOEKTH, B SIKMX BEIMKWH MPOIEHT MaTepialy mocTada-
€Tbecs 3 IHTepHETY. BOHM MOXyTh CTBOpIOBaTHCS BUKIafadaMu abo CTy[JEHTaMH, 3aJIE)KHO BiJl BUAY HAaBYAIBHOI
poboTu. ABTOPOM [IeTajli30BaHO 301IBIIEHHS MOXIMBOCTEH y Ipoliecax MmomyKy [HTepHeT-poeKTiB 3a JOIMTOMOTOI0
IHIIAX TBOPYMX BUMAIB CTYINEHTCHKHX poOiT. BHecok aBTopa — miacmieHHs Ta 30UTBIICHHA NOMYyKy I[HTEpHET-
MPOEKTIB 3a JOIOMOTO0 IHIIMX TBOPYUX BHUIIB CTYAEHTCHKHX po0iT. HUMM MOXyTh OyTH: aHai3 JiTepaTypH, Ha-
MUCaHHS TBOPIB, 0OTOBOPEHHsI MPOYUTAHUX pKeped Toio. [IpakTuyna 3HaYMMicTh. Y po0OOTi MiATBEPAKEHO, IO
poui Ta 3aB@HHSA, SKi BiIOOpa)xaloTh pealbHU CBIT, 3alIPOIIYIOTh O CIiBPOOITHUITBA, aKTHUBI3YIOTh i TPEHYIOTh
MPOLIEC MUCIICHHS Ha OLIbII BUCOKOMY piBHI. CaMe TOMy 3aCTOCYBaHHS BE0-KBECTIB MOX€E MOKPALyBaTH MPAKTUYHI
HaBHKH MOBH HaBUYAJILHOTO Tpoliecy (YMTaHHS IS BIIy4YeHHs iH(opMallil, 1eTaibHe YNTaHHs, BEJICHHS IIepEeroBo-
piB, ycHa Ta MICbMOBA KOMYHIKallisl TOIIO).

Knouosi cnosa: BeO-xBecT; [HTEpHET-pEecypcH; MONIYK iH(POPMAIii; BUBYECHHS iHO3€MHOT MOBH; HaBYaHHS; MO-
THUBALlisl; 3aBJaHHS; 3HAHHS Ta BMIHHS; BUKJIQJIAHHS 1HO3€MHOI MOBH
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BEB-KBECT - IIEHHBIN PECYPC U E€®EKTUBHBIA MHCTPYMEHT
B N3YUYEHHMU U ITPEIIOJABAHUU AHTJIMUCKOI'O A3BIKA

Heasb. Jannas paboTta — mccineqoBaHHE WHHOBAIIMOHHONH METOIWKH W3YYCHHS M IPENOJaBaHUS aHTIUHCKOTO
SI3BIKA TIPH TIOMOITH VIHTEepHET-pecypcoB M MOTHBAIMH CTYIEHTOB K TIOMCKY HEOOXOIMMOM MH(pOPMAINH BO BpeMs
BBITIOJTHEHUS IOMAITHETO 3ajaHus. MeToauka. [ TaBHBIN MPUHIMIT BeO-KBECTa KaK TUIA MPeToaBaHMUs aHTJINK-
CKOTO $f3bIKa 3aKJII0YaeTCsl B MOTHBALMHU CTyAeHTOB. Hampumep, Omaromapsi yd4acTHiO B BEO-KBECTE CTYJICHTEHI,
HUMCHOIIUEC COMHECHHUS OTHOCHUTCIIBHO CBOUX 3HaHHﬁ, CTAHOBATCA 60.]186 yBepeHHblMI/I. I/IMeﬂ YCTKUC LCIIN U 3a1aHu,
l/ICHOJ’l])3y$I KOMHL}OTeprIe HaBBbIKH, MOTI/IBl/IpOBaHHaﬂ MOJIOACKD 60.]166 AKTHUBHO BbICTyHaeT KakK yBepeHHmﬁ I10JIb-
30BaTeNlb AHIJIMHACKOTO s3bIKa. Pe3yabTaThl. COrNIaCHO TEXHOJOIMH BeO-KBECTOB CTYACHTaM OBLIO MPEIIOKCHO
CO3/1aTh OJIMH WJIH OOIIBIIIE TPOCKTOB, HEMIOCPEJACTBEHHO CBS3aHHBIX C YCICIIHBIM BEIIOJIHCHHEM 3aIaHus. JTO 3a-
METHBIN pe3yJIbTaT BCeH YCepAHOM paOOThI CTYJICHTOB, M OH SIBIISCTCS MPEIMETOM olleHuBaHus. OICHUBAHUE — CY-
IIECTBEHHAS COCTAaBHAs BEO-KBECTA MM JIFOOOTO JAPYrOro MPOEKTa, M C 3TOW TOYKH 3PCHUS KPUTEPHUHU JIOJDKHBI OBITH
SICHBIMA ¥ TOCTYITHBIMHU CTYIE€HTaM C CaMOTr0 Hadana. DTH yKa3aHHS MOTYT M JOJDKHBI OBITh W3MEHEHHI IS TOTO,
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4TOOBI pa3nyaTh U 00ECIIeYNBATh YCTHYIO TPE3EHTAIMIO U MMCbMEHHY0 padoTy. Hayunasi HoBu3Ha. B ocHOBHOM,
Be0-KBECThI — 3TO MUHH IPOEKTHI, B KOTOPBIX OOJIBIINII IPOLIEHT Marepuaina noiy4eH u3 VHrepuera. OHM MOTYyT
OBITH CO3JJaHBI IPETIOIABATENSIMH WM CTYJICHTAaMH, B 3aBUCHMOCTH OT BUJIa 0OyUaromiei paboTbl. ABTOpOM JIeTaju-
3UPOBAaHO YBEIMUYEHHE BO3MOXKHOCTEH B mpoueccax noucka VHTepHeT-npoeKToB MpyU MOMOLIY APYTUX TBOPUECKUX
BUJIOB CTyAEHUYECKHX paboT. ViMu MOryT OBITh: aHAJIU3 JUTEPATYpbl, HAITMCAHUI COYMHEHUH, 00CyKAEeHHE TPOUH-
TaHHBIX Npou3BeAeHui U T.4. [IpakTHYeckasi 3HAYNMOCTb. B paboTe MOoATBEPKIEHO, YTO POJIM U 3aJaHusl, OTO-
Opaskaronye peaqbHbIH MHp, MPUTTIALIIAIOT K COTPYIHMUYECTBY, aKTUBU3UPYIOT U TPEHUPYIOT MBICIUTEIBHBIH IPO-
recc Ha 0oJiee BHICOKOM YpoBHE. FIMEHHO TIO3TOMY HCIIOJIb30BAHHE BEO-KBECTOB MOJKET YIYHYIINTh MPAKTHUECKNE
HaBBIKY $SI3bIKa y4eOHOT0 Ipolecca (YTeHne IS U3BJICUYEHNS HH(POPMALMH, TOAPOOHOE YTEHHE, BECHUE IIePETrOBO-
POB, yCTHasI ¥ MUCbMEHHAs! KOMMYHHUKAIMA U Jp.).

Kniouegvie cnosa: Bed-kBect; IHTEpHET- pecypcehl; MOUCK HH(POpMaLUK; N3ydYeHNEe HHOCTPAHHOTO SI3bIKa; MOTH-
BalMs; 3alaHKE; 3HAHUS U YMEHHUSI; IPETI01aBaHNe HHOCTPAHHOTO SI3bIKa
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ryioThes. Pelakiis 3anutnae 3a cobolo NpaBo Ha CTHIICTHYHY NPaBKY PYKOIUCY.

BumorH uioao o6cAry HayKoBux ctaTei, MOBi10OMJ/IeHb, BIATN'YKIB Ta peUeH3ii:

— ormapgosi Ta npoGneMHi ctarti — a0 45 000 3HakiB 3 npo6inamn (7-10 c.);

—  3arajibHi cTaTTi 332 pyGpukaMu Buganug — 0o 30 000 3Hakis 3 npobinaMu (57 c.);
—  HaykoBe nosinomyieHHA — a0 8 000 3HakiB 3 npobinamu (1o 2,5 c.);

—  Biaryk a6o peuensia — no 6 000 3nakiB 3 mpobimamu (a0 2 c.).

Marepian Hagaerbea Y popmati A4, BpaxoByroud Tabnuili, intocTpauii, CMIUCOK BUKOpHCTaHUX mxepen. Cratri,
Oinbiui 32 06cAroM, MOXKYTh OyTH MPHIAHATI N0 PO3MIIANY HA MiACTaBi pillEHHA PEIKONeErii.

¥YBara! 3rigno 3 MikHAPOAHUMH CTaHAAPTAMM SIKOCTI HayKoBUX NMy6aikauili HeoOXiTHUM €: HaABHICTE aB-
TOPCBKHUX PO3IIUPEHHX i CTPYKTYpOBaHUX pestoMe (pedepatis — abstracts), y T.4. aHrniifcbkol0 MOBOIO, peLeH3iit,
MpUCTaTeHHUX CITMCKIB JTiTEpaTypy B pOMaHCLKOMY andaBiTi Tomo.

PexoMeHayeMo CKOpHCTaTHCA npasuIaMni ao odopMiIeHnn cTaTe WYpHATY:
http://library.diit.edu.ua/HTMLs/scientists/Vumogu/Vumogu.pdf.

Jns 3aa4i cTaTTi A0 APYKY aBTOopYy/aBTOpaM HeoOXigHo:

1. ina enextponuol indopmauii. CbopMysaTu BCi MaTepianu B m’ATH ¢aimax:

— Tlepmmif — i3 TEKCTOM CTaTTi Ta aHOTaliii 3 KO9oBMMM ciroBaMu. Ha3spa daliny — npi3Buine Ta iHiLi-
au aBTopa (MepIIoTo cniBaBTOpA) TaTHHCHKUMH JiTepaMy, Hampukiaa: Ivanov II stattia.doc.

— Jpyruit — 3 po3UIHPEeHNMH BiZOMOCTAMM Npo aBTOpa/asTopiB (Mpi3sUle, iM’4, TIo 6aThKOBI; Nocana;
HayKOBUH CTyTliHb; yYeHe 3BaHHA; Miclle po6oTH a6o HaBYaHHA; aJpeca €JIEKTPOHHOI MOIOTH; HOMEPH
KOHTaKTHUX Tenegonis). Hazea daiimy — Ivanov II vidomosti.doc.

—  Thperiii — peuensis (Binckanosana). Haspa daitmy — Ivanov Il recenziia.jpg.

—  YerBeptnii — ExcriepTHUIt BUCHOBOK (BiJCKaHOBaHUIA, CKJIalaeThCcA y BiNbHIN dopmi). Hasea daitmy —
Ivanov II vysnovok.jpg.

—  TPaTuii — Jliuensiitnuit noroeip (sinckanoBauuit). Hassa ¢aiimy — Ivanov_II_dogovir.jpg. Texct no-
roeopy: http://library.diit.edu.ua/HTMLs/scientists/Vumogu/license.doc.

2. Mns apywonanol indopmauii. [lo penakuii HaxaroTbes ocobucTo abo HaACHIIAalOTRECA MOLITOKO TaKi Marepia-
nu: 1) n1Ba npyKOBAaHUX NPUMIPHUKW pYKONMUCY 3 MiAMMCaMH BCiX CIMiBABTOPIB HA OCTAaHHLOMY apKylli poOOTH;
2) opurinan JliueH3zifiHoro HOroBopy 3 MiIIMCaMu BCiX CHiBABTOPiB; 3) OPUTiHAT EKCIIEPTHOTO BHCHOBKY; 4) peko-
MeHIAUiA A0 APYKY 3a MANHCOM BiANMOBIAATLHOTO pefakTopa po3ainy (s cniepobiTHukis JIHY3T).

BignosiganbHicTs 3a 3MicT cTaTTi, HPABWILHICTH, TOUYHICTHL i KOPEKTHICTE UMTYBaHHA, NOCHIAHBL
Ta nepeK/any NOK/JIAAACTLCA Ha aBTopiB,

OcTaTo4yHe pilleHHA MO10 Nyd.ikanii yxBaJilo€ peaakuiiina KoJieris xypHany.
Crartri, BiAXH/IeHi peJakuiiiHoI0 KOJIeTicl0, MOBEPTAIOTHCA ABTOPAM AJIA ACONPALIOBAHHA.

IllaHoBHI aBTOPH, 3AMPOILUYEMO 10 CHiBpOSiTHHUTBA!

3 nuTans onyONiKyBaHHSA 3BepTaidTecs 10 pelaKUil )KypHaJy 3a aJgpecoio:
HayxoBo-TexHiuna 6i6nioTeka (ayn. 166),
JHinponeTpoBCcbKN HalioHANBHUH YHIBEPCHTET 3A1iI3HUYHOTO TPAHCNOPTY iMEHi akaaeMika B. JlazapaHa,
Byn, JlasapsaHna, 2,
M. JIHiNpoileTPOBCHK,
VkpaiHa,
49010
e-mail: visnik@diit.edu.ua
Anpeca calTy )KypHaiy: http://stp.diit.edu.ua/
3 muTaHB NPHAGAHHS NPHUMIPHHKIR XKYpHATY TesledonyiiTe 3a HoMepom (056) 776 90 59 T'pinacosa A. B.
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oo A HHIHPOHCTPOBCI:KHH HaNnOHAJbHHH YHIBCPCHTET 3AJI3HHYMOI0

z JZ J 7 4
W= 7 1 /773 TpaHcnopry iMeHi akagemika B. Jlazapsina

JHinporneTpoBcLKUN HaLiOHANBHHUI YHIBEpCHUTET 3a1i3HUYHOIO TPaHCMOPTY iMeHI akaaeMika B. Jla-
3apsHa BeJe MiAroTOBKY JOKTOPaHTIB Ta acIlipaHTiB 3a paxyHoOK KomTiB Jlep:xaBHOro OromkeTy YKpaiHu
—3a JIep)KaBHUM 3aMOBJICHHAM — 332 TAKUMH CTIe[iATbHOCTAMM:

JOKTOPAHTYPA
Ne CrnemiasHicTb Hludp
1 | TeopeTnudi ocHOBHM iHGOPMAaTHKH Ta KiOepHETUKHU 01.05.01
2 | YopapniHHA IpOeKTaMH i mporpaMaMm 05.13.22
3 | 3arizHMYHA KoJis 05.22.06
4 | PyxoMmmii ciiaj 3a1i3HMIb i TATa Moi3jaiB 05.22.07
5 | EnexrporpaHcnopt 05.22.09
6 | Excnmyatauis Ta peMOHT 3aco6iB TpaHCIIOpTY 05.22.20
7 | ByaisenbHi KOHCTPYKLil, Oy iBIi Ta CIOPY AN 05.23.01
8 | byaiBenbHi MaTepiany Ta BUpoOH 05.23.05

Ha nigcraBi yrog, o yKiIagalOoTheCsa 3 JOKTOPAHTOM i KEPiBHUKOM BMILOTO HAaBYAILHOIO 3awjamy, A0
IOKTOPAHTYpH MPHHAMAIOTECA TPOMAISTHA YKpaiHHM, KaHAWIaTH HayK, L0 MAalOThb HayKOBi AOCATHEHHA B
oOpaHiif ramysi.

CTpok HaBYaHHSA 3 pOKH.
BCTYIMHUKH 10 JOKTOPAHTYpPH MTOHAIOTE:
— 3amBY Ha iM’s peKTopa,
—  KOMIIO Mepiol CTOPIHKH Macropra,
— ocobucTHif THCTOK 3 00JTiKY Kaapis 3 GpOTOKAPTKOIO, AKUIA 3aCcBi9eHO BiAAiIOM KaJpiB 3a Mi-
CIIEM OCHOBHOI po6oTH,
—  BUTAr 3 TPYIOBOI KHHKKH,
— poBiaxy 3 Oyxramrepii npo 3apo6iTHY IUIaTHIO,
— 3acBifYeHy KOMiiO AUIUIOMA [P0 3aKiHYCHHA BHMILOIO HaBYAILHOIO 3aKiagy i3 3a3HaYCHHAM
ozep»aHoi kBamidikauii cielianicra,
—  KOMilo JUIUIOMa KaHAUJAaTa HayK,
— KOTIiO aTecTaTra JolleHTa, C.H.C. 3a iX HaABHOCTI,
— PO3ropHYTHH IUIaH AOKTOPCHKOI AUCepTalLlii,
—  CIHCOK OMmyONiKkoBaHMX HAYKOBHMX Mpallb Ta BAHAXOMIB,
— MeIWYHY OOBIAKY NMpo cTaH 370poB’a 3a dopmoro Ne 286-y,
— imenTHdikauiitauii kox,
— oxHy doTokapTKy po3MipoM 3x4.

ACIIIPAHTYPA

Ne CrieiabHIiCTD 1Hudp
1 | ®isuka TBEpAOro TijIa 01.04.07
2 | TeopeTnuHi OCHOBH iHOOPMATHKH Ta KiDepHETHKI 01.05.01
3 | MaTeMaTHyHe MOAETIOBAHHA Ta OOYHCIIOBANILHI METOIHN 01.05.02
4 | HeopraHiyHa Ximis 02.00.01
5 | YrpassiHHA NpoeKTaMH i MporpaMaMu 05.13.22
6 | Texuiyna Teriodiznka Ta NPOMUCIIOBA TEIUIOEKEPTeTHKA 05.14.06
7 | Bamiznnuna konis 05.22.06
8 | Pyxowmwmii ckiag 3ami3HuUb i TAra Noi3giB 05.22.07
9 | EnexktpoTpancnopt 05.22.09
10 | ExcruryaTaitis Ta p€MOHT 3ac00iB TPaHCIIOPTY 05.22.20
11 | OcHoBHM i hyHAaMEHTH 05.23.02
12 | byaiBensHi KOHCTPYKUii, OyAiBNi Ta criopyaun 05.23.01
13 | ByaisenbHi MaTepianiv Ta BUpoOH 05.23.05
14 | TexHonoris Ta opraHisamis NPOMHCIOBOTO Ta LUBLILHOTO OYIIBHULITBA 05.23.08
15 | ExoHOMiKa Ta ynpaBJiHHA MiANPHEMCTBAMH (32 BUJAMH €KOHOMIYHOI JisJIbHOCT) 08.00.04
16 | Ictopis dinocodii 09.00.05
17 | Exonoriuna Ge3mnekxa 21.06.01
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Ha nizcTaBi yrog, Wo YKiadaleThes 3 aclipaHTOM | KEPIBHMKOM BUIIOTO HAaBYANbHOIO 3aKiIamy, 1O
acrmipaHTypy NpUHMaloThcs rpoMaisiHy Y KpaiHy, sAKi MatOTh BHILY OCBITY i KBajligikallito creuianicra.
CTpok HaBYaHHA B acCIipaHTYpi 3 BIAPHBOM Bil BHpOOHHUTBA — 3 poky, Oe3 BiopvBY Big BUPpOOHHLTBA

— 4 poxn.

Oco6u, nomyuleHi 0 BCTYNHHUX ICIMTIB Y acIipaHTypy, CKJIaJatoTh TPH ICIIUTH 3a MpOrpaMor0 BUIIO-
0 HaBYaNTBHOI'O 3aKJIay:

crelianbHy IUCUHILTIHY,
dinocoddiro,
iHO3EMHY MOBY.

3a KOHCYJIBTAllIIMH 3BEPTATUCA Ha BLATIOBIOHI KadeapH yHIBEPCUTETY.
Ocobmn, mo BCTYNaoTh I0 acHipaHTypH, NOAaloTh:

3a9BY Ha iM’q peKTopa,

MICBEMOBHIH BHCHOBOK INepe0adyBaHOTO HAyKOBOTO KEPIBHMKA MPO MOXJIMBICTE HaBYaHHA B
acmipaHTypi,

peKOMEHaLi0 BYEHOI paay BUINOTO0 HaBYaIBHOTO 3aKjagy A0 BCTYIy B acmipaHTypy (s
BMITy CKHUKIB IOTOYHOTO POKY),

KOIIiI0 MEpIoi CTOPIHKY Macropra,

0CODHCTHI JIUCTOK 3 00Ky KapiB 3 POTOKAPTKOKO, STKHIT 3aCBINYEHO BIIAIIOM KaapiB 3a Mi-
cLieM OCHOBHOI poboTtn,

BHTHAT 3 TPYIOBOi KHIDKKH,

JIOBiAKY IMpo 3apoBiTHY IU1aTHIO,

3acBiAYeHy KOMilO IWILIOMA MPO 3aKiHYeHHs BHUILOTO HaBYAIBHOIO 3aKiiany,

MOCBiAYEHHA MPO CKIaAaHHA KaHANAATChKHX ICITUTIB (32 iX HaABHOCTI),

CIHCOK OIMyOJIiIKOBaHHWX HayKOBMX Mpalb Ta BHHaxoAdiB abo pedepar 3 oOpaHoi HayKoBOI
CHEUiaIBHOCTI 3 peleH3ielo nependbadyBaHOro Hay KOBOTO KEPiBHHKA,

MeIUYHY JOBiIKy MpPO CTaH 310poB’s 3a popmoro Ne 286-y,

inenTUdikauitinvii xox,

onHy (hoToKapTky po3MipoM 3x4.

IIprfiom 10KyMeHTIB 10 10KTOPaHTYpH Ta acnipaaTypn 3 01.09 no 30.09 mopiuno.
BetynHi icnuti mo acnipantypu 3 10.10 no 30.10 niopivHo.
IMouaTok 3aHATE 3 01.12 mopivHo.

3a inghopmauicio 36gepmamuca:

JHInponeTpoBChbKHI HalliOHAMBHIH YHiBEPCHTET 3a1i3HHYHOr0 TPaHCIIOPTY,
Byn. JlazapsHa, 2,

M. JIHIrponeTpoORBCEK,

YkpaiHa,

49010.

Ten.: (056) 373-15-44 — pexrop, npod. [Tmineko Onexcanap MukonaiioBud, NpHiiMaIbHA,
(056) 373-15-29 — npopekTop 3 HaykoBoi poboTu, npod. Mamnin Cepriit Bitanifiosuy;
(056) 373-15-63 — 3aBimyroua acrnipaHTYpolo Ta JOKTOpaHTyporo JlaxHoBa IpuHa AHaTtoniiBHa,
(ximH. 320).

Indopmania npo cnenianizopani BYeHi paaH yHiBepCHTETY

B yHiBepcUTETI Npalffoe TPH CHeLiali3oBaHi BU€HI paJM i3 3aXHCTy JOKTOPCHKHX Ta KaHAUAATCh-
KMX IMCepTaliit 3a creliiambHOCTAMU:

- 1 08.820.01 — 3ani3znuyHa koJia (05.22.06) Tta enexrporpancnopr (05.22.09); 05.22.12 — npo-
MUCIIOBHI TpaHCIIOPT.

- 7108.820.02 — pyxomuit ckiaj 3anisHHUUE Ta TAra moi3aiB (05.22.07) i ekcrulyaraiis Ta peMOHT
3acobis TpaHcniopty (05.22.20); TpancnioptHi cuctemu (05.22.01);

- K08.820.03 — exoHOMiKa Ta ynpaBIiHHA MiATIPUEMCTBAMH (32 BUAAMH €KOHOMIYHOT AiSTBHOCTI).
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