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IOBLJISAPH.

80 POKIB LITA®PAHY JIEOHIAY MOICE€EBUYY

18 despans 2016 roma umcmomnsercs 80 mer
HTAD®PAHY Jleonuny MouceeBuuy. TOKTOPY Me-
TUITMHCKUX HayK, mnpodeccopy, 3acily’>KeHHOMY
JIeATeINI0 HayKd U TEeXHUKHU YKpauHbl, [loueTHOMY
PpabOTHUKY MOPCKOTO U pEYHOTO (prioTa YKpauHHbl,
nepsoMmy 3amectuteno aupekropa I'll «Ykpausn-
CKMH Hay4yHO-HCCJIEIOBATEIbCKUM MHCTUTYT Me-
JUIMHBL  TpaHcmopTa» MuH3apaBa YKpauHbI
(Omecca).

3a 50 jer cBoell aKTHBHOW M Pa3HOCTOPOHHEH
HAy4YHOM JIeATEeIbHOCTH OH BHEC CYIIECTBEHHBIN
BKJIAJ] B Pa3BUTHE MOPCKOM METUIIMHBI, METUIITHBI
TPAHCIIOPTa, NPOMBINUICHHOHW,  TPAaHCIOPTHON
U OMOXMMHYECKOHW  TOKCHKOJOTMH, TMTHCHBI
¥ TOKCHUKOJIOTHH TIOJTMMEPHBIX MAaTEPHajOB, B TOM
quclie B TEOPHI0 W TMPAKTHKY MOXKapobe3o-
MACHOCTH M TOKCHKOJIOTUU TOPEHUS IOJMMEPOB,
npobJeMy afanTainyy 4elloBeKa B 9KCTPEMaIbHBIX
YCIOBUAX MPOU3ZBOJACTBEHHOM U OKpyXarolleu
Cpelbl, ICUXO(U3UOIOTHIO OMEPATOPCKOTO TPYIa.

JI. M. adpan poxnuncs B r. Kopoctens XKu-
TOMHUPCKOH oOjacT, YKpawHa, B CEMbE CIyXKa-
mmx. B 1954 1. okoHYMI CpeHIO KOy ¢ Mena-
np0 B T. YepHoBIbl. Jlajee BCs KU3HB CBsi3aHa
¢ Oneccoit, rae B 1954 1. moctynun u B 1957 r.
OKOHYMWII C OTINYrMeM BoeHHO-MOpCcKOoe MeAWIIrH-
ckoe yumnmile. [locne yBonsHEHHs B 3amac B CBS-
31 ¢ cokpameHneM Boopyxennsix cun CCCP
B 1959 r. moctynun u B 1966 r. okoHuHn yneueo-
HBIM  (dakyapTeT OIECCKOTO TOCYIapCTBEHHOTO
MenuuuHckoro uHcruryta uM. H. W. Iluporosa
C OTJIMYHMEM |, OJJHOBpeMeHHO, B 1964 1. — Guono-

rudeckuit paxynprer OIeccKoro rocyaapCTBEHHO-
ro yuusepcurera uM. M. 1. MednukoBa ¢ oTin4u-
eMm.

C 1959 r. paboTtan MOMOIIHUKOM 3ITUIEMHOJIO-
ra, BpauoM bacceitHoBoil cananuactaHiuu Yep-
HOMOPCKO-A30BCKOTO BOA3ApaBoTAeia. B wmrome
1965 r. opranmzoBan u Bo3riaBui bacceliHOBYIO
TOKCHKOJIOTHYECKYI0 J1abopaTopuio YepHOMOpCKoO-
A30BCKOIr0 BOJ3IpPABOTAENA, KOTOpas BCKOpE CTa-
Jla Hay4YHO-TIPAKTHUYECKUM IIEHTPOM MEIUIUHBI
BOJIHOTO TpaHcmopTa Ha IOxHOM, a 3aTeM u Jpy-
TUX MOPCKHMX W PEYHBIX OacceHax CTpaHBl. JTO
OMIPEeNeIIsIOCh OYPHBIM Pa3BUTHEM OTEYECTBEHHO-
ro MOpCKOro (pjioTa ¥ CyaocTpoeHusl. 3a KOPOTKOe
BpeMsi mTar JabopaTopuu BeIpoc ¢ 4-x go 104-x
COTPYAHUKOB, KOTOPBIC BBHIIOIHSIN HCCIEIOBAHUS
B MHTepecax MUHHCTEPCTB MOpckoro ¢oTa, cy-
JOCTPOMTENIFHOH  MPOMBIIIJICHHOCTH,  OOILIETro
W CpEeIHEr0 MAalIMHOCTPOCHHUS Ha OOLIYI0 CyMMY
6onee 1 muH py0. B Tox. Jlaboparopus Obuta oc-
HallleHa COBPEMEHHBIM O0OPYAOBaHMEM U ammapa-
TYpO#, BBIYMCIHUTEIBHON TEXHUKOW, MMEJAa BUBa-
pUil M KOMIUIEKC 3aTpaBOYHBIX Kamep. TecHble
TBOPYECKUE CBA3M Yy KOJUIEKTHBAa Ja0OpaTopuu
cioxuiucs ¢ llentpaneupimu HUM mopckoro
¢ora u TexHonoruu cygocrpoenus, HIIO «IIpo-
Metei», «AmMmas», «Pyowmn». HIIO «Dueprus»,
UepHoMopckuM u JIaTBHMCKUM MOPCKUMHU Hapo-
XOJICTBaMHM, CYIOCTPOMTEIBHBIMU U CYJOPEMOHT-
HBIMU TIPEANPHUATHSIMHU Ha BCEX MOPCKUX Oacceit-
Hax cTpaHbl. Hapsay ¢ 6ompmmiM 00beMOM TIpOBO-
IUMBIX B J1Ia0OpaTOpUu XHMMHKO-aHAJTUTUYECKUX
U DKCIEPUMEHTAIBHBIX UCCIEA0BaHUM, COTPYAHU-
KM BBINIOJHSUIM WX HEMOCPEACTBEHHO Ha CyAax
B JUIMTENBHBIX MOPCKHX peicax, y4acTBOBaJIH
B MPOM3BOJCTBEHHBIX HCIBITAHUAX Ha OEPEroBBIX
00BbEeKTaXx M B MPHEMKE CYAOB B JKCILUIyaTalHio.
Cam JI. M. lladppan coseprumn B 1964-1992 rr.
JECATKA MOPCKHMX PEHCOB B KaueCTBE CYJIOBOTO
Bpaya M Bpayda-HCCIEOBaTeNsl MPOJOKUTEIBHO-
CTBIO 10 9 MecsleB, B TOM YHCJIE€ KPYTOCBETHOE
iaBanue Ha T/Xx «KoroBckmii». PesymbraThl Hc-
CIIEJIOBAHUM JIETJIK B OCHOBY psJia TOJIOXKEHUN
U MEIULUHCKOro MPHIOKEHUs K MexayHapogHo-
My KOJIEKCY MOPCKOW MEPEeBO3KH OMACHBIX I'PY30B
(IMDG Code), oregectBeHHBIX «IIpaBHII MOPCKOIA
MEepPEeBO3KK OMacHbIX rpy3oB» (MOIIOT) tpex us-
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nmanuit 1968, 1977 u 1990 rr., CanuTapHbIX Ipa-
BHJI JUTSI MOPCKHX, pedHbIX cyaoB u optoB CCCP,
000CHOBaHUSI MAaKCHMAJIbHO JOIMYCTHUMBIX CPOKOB
HETPEPHIBHOTO TUIABAHWS, BHEJPEHUS HOBBIX pe-
KHUMOB TPyJa M OTIbIXa IUIABCOCTaBa, SKCILTyaTa-
UM CYJIOB COKPAICHHBIMH O3KHIaXXaMH, paspa-
OOTKH CHCTEMBl MPOPECCHOHANBHOTO TCUXO(H-
3HOJIOTHYECKOTO 0TOOPa MOPSKOB, MPOQUIAKTHKH
HEUPOTOKCHKO30B Y WICHOB JKHIAXEH 4-X IOKO-
JIHUH CyYJOB-Ta30BO30B M XHMMOBO30B, CHCTEMBI
TUTUCHUYECKOH periaMeHTaly MOJUMEPOB U Jia-
KOKPAaCOYHBIX MAaTEpUANIOB CYAOCTPOUTEIHHOTO,
TPAHCIOPTHOT'O HA3HAYEHMs AT HaJBOIHBIX, MO~
BOJHBIX M KOCMHYECKHX OOBEKTOB, B TOM YHCIE
NPUHIMIIOB CO3AaHUsI KOMIO3UIUHA € 3aJaHHBIMH
THTHEHUYECKUMH CBOWCTBAMHU.

DTOMy CcIOcoOCTBOBAIM TECHBIE TBOPYECKHUE
CBSI3M U HAayYHO-METOIMYECKas MOMOLIb YyYEHBIX
Kuesckoro HUU rurnens! Tpynaa u npog3zadonena-
Huit, BHUMTMHTOKCa, HUM um. A. H. Map3ze-
esa, HUMI'BT, BHUNKT'a, BMA um. C. M. Ku-
poBa, MHCTHUTYyTa MEAMKO-OMONOTMYECKUX IPO-
onem memmacTHTyTamMu Onecchl, Kuesa, JIpBOBa,
Mockssl, Puru, PoctoBa-na-/lony u ap. 9to obec-
MEYMIIO BBICOKMM HAay4HBIH YPOBEHb M IpaKTHUe-
CKYI0 3HAYMMOCTb, PE3yJbTaTUBHOCTH BHINOJIsiE-
Mbix HUP, mony4uBIIMX BBICOKYIO OLIEHKY Yy Hac
B CTpaHe | 32 pyOeIKOM.

Bce 310 mocimyXuiao OAHOW W3 HPEANOCHUIOK
otkpeiTust B 1978 1. B Omecce ¢unmana HUU ru-
rUeHbl BogHOTO Tpancnopra (Mocksa), a B 1988 .
— Bcecoroznoro HUN rurueHsl BOJHOTO TpaHC-
nopta Munzapasa CCCP (¢ 1992 r. — YkpauHckuit
HNWN mepuuussl Tpancnopra Munsapasa Ykpau-
Hbl). C 3TUMH YUPEKICHUSIMH CBSI3aHA BCS MOCIIE-
nIytommas HaydHas nestensbHocTh JI. M. Illadpana
KakK 3aBeyIOIIEero OTAEJIOM, 3aMECTHTENs AUPEK-
TOpa MO Hay4YHOU paboTe M MEpPBOTO 3aMECTHTEINS
JUPEKTOpa MHCTUTYTa. Y CTAHOBIIEHHbIE B TO Bpe-
MSl MEXXIyHapOIHbIE HAay4HBIE CBSA3U C YUEHBIMH
6osee 20 cTpaH MUpa YACTUYHO MOJACPKUBAIOTCS
0 HacTosIIee BpeMsl.

JI. M. llladpan seiasercs aBropom Goiee 600
Hay4YHBIX paboT, B ToM uucie 18 moHorpadwmii,
PYKOBOJCTB M CIIPABOYHUKOB, 0K0JI0 30 aBTOPCKHUX
CBUJIETEJILCTB U nareHToB. B 1968 1. oH 3ammrui
KaHauaaTckyio, B 1982 r. — mokTopckyro muccep-
taruio, B 1985 r. emy mpucBoeHo 3BaHue mpodec-
copa, a B 2005 1. — 3acimyKeHHOTO AesATeNsl HayKH

U TeXHUKH YKpauHbl. M nogrorosieHo 6onee 20
KaHIUIATOB W { TOKTOpOB HayK. OH BeleT aKTHB-
HYI0 Hay4YHYIO OOLIECTBEHHYIO NEATENbHOCTb, SIB-
JISAACh YJIEHOM IPABICHUN YKPAaMHCKUX HAay4YHBIX
00IIIecTB TUTHEHUCTOB, TOKCHKOJIOTOB, Mpe/cena-
TEJeM acCOIUAIMd MHKPOAJIEMEHTOJIOrOB YKpau-
HBI, WwieHoM 3kcrnepTHoro cosera JAK MOH Vk-
pauHbl, UYJIEHOM CIEIHAJM3UPOBAHHOTO COBETA
npu Macturyte Meanmmabl Tpyna HAMH VYkpaun-
HBI, TIpeJIceiaTelleM KOMUCCHU TI0 TUTUEHE M TOK-
CHKOJIOTUM TOJUMEpHBIX MaTepuanoB Komutera
M0 BONPOCAM THUTMEHHYECKOTO perjaMeHTHpOBa-
HUsT Mun3apaBa YKpauHbl, BXOJUT B PEAAKIIUU
W pENaKIHOHHBIE COBETHl PSAAa OTEYECTBEHHBIX
U 3apyOCKHBIX HAYYHBIX IMEPUOAMYECKUX H3]Ia-
Huii. B 1967-1976 rr. oH SBISJICS SKCIEPTOM
MexyHapoJHOM MOPCKOM OpraHu3aluud Mpu
OOH (MMO), B 1975-1980 rr. — unenom Komn-
cynpTaTuBHOrO coeta BO3 mo oxpaHe 310pOBBs
MOPSIKOB, OBII TPHTJAIICHHBEIM Tpodeccopom
B bonrapuu, I'epmanun, Kaszaxcrane, Poccuu, sB-
JSIETCSL ICHCTBUTENILHBIM WICHOM (aKaJIeMHUKOM)
psina oOIIECTBEHHBIX MEXAYHAPOTHBIX aKaJeMHUH,
B TOM YHCIEe MEXIyHapOIHOW aKaJeMHUHu HayK
DKOJIOTUM U O€30MacHOCTH JKU3HEIEeSATeIbHOCTH
(MAHDB), MexayHapoIHOH akaIeMHH YeloBeKa
B aspokocmuueckux cucremax (MAYAKC), Cyno-
crpoeHns. OH SABJISETCS TMOYETHBIM Tpodeccopom
Bcepoccuiickoro HUU xene3Hoa0poXKHOU rurue-
HBI, OBUT IPUHST B WICHBI MEXITyHapOHOW acco-
Al MOPCKUX Bpadel, AMEPUKaHCKOTO XUMHU-
geckoro obmectBa, Poccuiickoro odmiecTsa Menu-
IIUHCKOM AJIEMEHTOJIOTHH.

3a MIOAOTBOPHYID HAY4YHYIO JAESITEIbHOCTh
JI. M. ladpan HarpaxkaeH opacHoM «3Hak [lode-
ta» u mepansmu CCCP, 5 wmemansmu BJIHX
CCCP, 3naukoM «OTIMYHUK 3APaBOOXPAHCHUSY,
menanbio uM. M.B. JlomonocoBa (MAHOB), me-
nanpto uM. bepHapnaa Hoxrta MHCTHTYTa MOpCKOi
MEIWIUHBI U TPOMYecKuX Oose3Heit B ['amOypre,
[TouetHpiM aunnomom MHCTUTYTa MOpPCKOUM Menu-
uuHbl B [’ nmaHcke, rpamoramu MuMHHCTEPCTBa
3/IpaBOOXpaHeHNs] 1 MUHUCTEPCTBA BHYTPEHHHX
Jien YKpauHbl.

Csoe 80-netue JI. M. Illadpan BcTpeuaeT B ax-
TUBHOU (hopMe, TOJIOH HAyUYHBIX IIJIAHOB, TBOpYE-
CKHUX WJIed U HAaUMHAHUH, YYaCTBYET B MOJATOTOBKE
HAyYHBIX  KaJpOB  BHICHIEH  KBaIM(UKALNU.
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IMPROVING THE POSITIONING ACCURACY OF TRAIN
ON THE APPROACH SECTION TO THE RAILWAY CROSSING

Purpose. In the paper it is necessary to analyze possibility of improving the positioning accuracy of train on the
approach section to crossing for traffic safety control at railway crossings. Methodology. Researches were per-
formed using developed mathematical model, describing dependence of the input impedance of the coded and audio
frequency track circuits on a train coordinate at various values of ballast isolation resistances and for all us-
able frequencies. Findings. The paper presents the developed mathematical model, describing dependence of the
input impedance of the coded and audio-frequency track circuits on the train coordinate at various values of ballast
isolation resistances and for all frequencies used in track circuits. The relative error determination of train coordinate
by input impedance caused by variation of the ballast isolation resistance for the coded track circuits was investi-
gated. The values of relative error determination of train coordinate can achieve up to 40-50 % and these facts do
not allow using this method directly for coded track circuits. For short audio frequency track circuits on frequencies
of continuous cab signaling (25, 50 Hz) the relative error does not exceed acceptable values, this allow using the
examined method for determination of train location on the approach section to railway crossing. Originality. The
developed mathematical model allowed determination of the error dependence of train coordinate by using input
impedance of the track circuit for coded and audio-frequency track circuits at various frequencies of the signal cur-
rent and at different ballast isolation resistances. Practical value. The authors propose the method for train location
determination on approach section to the crossing, equipped with audio-frequency track circuits, which is a combi-
nation of discrete and continuous monitoring of the train location.

Keywords: railway crossings; automatic crossing signaling; train coordinate control

Introduction accordance with the conducted analysis, the hum-
ber of road traffic accidents at railway crossings in
recent years has decreased significantly in Ukraine,
but is still quite large and is accompanied by sig-
nificant material and human losses (Fig. 1). Analy-
sis of accidents at railway crossings in different
categories (Fig. 2) showed that their considerable

Railway crossings as crossing places in the
same level of the railway roadbed and highway are
one of the most dangerous areas for the rail and
vehicular traffic. Safety control at railway cross-
ings is one of the most acute questions of the gen-
eral problem for traffic safety on the railways. In

doi 10.15802/stp2016/60936 © V. |. Havryliuk, O. M. Voznyak, V. V. Meleshko, 2016
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quantity (more than 60%) occurred at crossings
equipped with automatic crossing signaling (ACS)
without a crossing tender.

Fig. 1.The total number of road traffic accidents
at Ukrainian railway crossings (1) and the number
of victims (2) during 2007-2013 years

A similar situation is typical for other countries.
For example, in Europe more than 300 deaths oc-
cur per year due to accidents at railway crossings
[10], and most of them happen at open railway
crossings.

-
- N3
Fig. 2. Distribution of road traffic accidents
by types of railway crossings:
1 — unmanned, equipped with ACS; 2 — unmanned,
without ACS; 3 — with man on duty and signalling;

4 —with man on duty and without signslling;
5 — outside of a railway crossing

The main cause of road traffic accidents at rail-
way crossings is noncompliance with rules by
drivers of vehicles, namely, transit through the
crossing after the pre-alarm application before the
approaching train.

For the timely detection of obstacles before the
approaching train at railway crossings many meth-
ods were proposed, including ultrasonic detectors
usage [11], radars [9], satellite positioning [16] and
other sensor devices [8.17], as well as using video

surveillance the rail crossing zone [12,13,15] with
information transfer to the train driver.

Vehicles entry at the railway crossing after the
pre-alarm application in some cases is provoked
with unreasonably high latency time of train’s pas-
sage, which can be 12 minutes or more. This is due
to the fact that the actual motion speed of different
trains can vary greatly, while ACS switching oc-
curs at the train entry to the approaching area with
the fixed length, which is calculated on the maxi-
mum speed of the train.

Thus, in order to improve movement safety at
railway crossings it is necessary to use additional
means of control, allowing to inspect the zone va-
cancy of railway crossing, as well as the section of
approaching the train to the crossing with auto-
matic determination of train position and speed.

A great number of methods and devices of au-
tomatic crossing signaling based on the actual
speed of the trains and coordinates at the approach-
ing section, that are determined by the signals from
the point sensors of different design, placed on the
approaching section to the crossing are described
in the literature. However, none of these devices
was not widely used due to the lack of functional
safety. It is worth mentioning the measuring meth-
ods of train coordinates on the approach section to
the crossing, based on changes of parameters con-
trol of the rail line during the train movement on it.
The [2] proposed a method based on test signaling
supply in to the rail line, [6, 14] proposed to meas-
ure the distance up to cuts on the marshaling yard,
based on signal processing of track circuits using
the states classifier. The authors [4, 5] proposed to
determine the train coordinates by input resistance
of the track circuit (TC), on which there is a train.
Since the accuracy of these methods is signifi-
cantly affected by the ballast insulation resistance
of rail lines, the authors [4-6, 14] offered to ana-
lyze the measured signals and parameters of track
circuits using different state classifiers of track cir-
cuits. However, complete research for the changes
impact of ballast insulation resistance on the on
train positioning accuracy has not been studied
sufficiently.

Purpose

Purpose of this paper is improving the position-
ing accuracy of trains on the approach section to
the railway crossing that eventually will increase
traffic safety at them.

doi 10.15802/stp2016/60936
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Methodology

Research were conducted with the mathemati-
cal model method on the developed model that
describes the input impedance dependence of the
coded and audio-frequency track circuits on the
train coordinate at different values of the ballast
insulation resistance for all signal current frequen-
cies that are presently used in track circuits.

Mathematical model. Equivalent circuits of the
coded track circuit with signal circuit frequency of
25 and 50 Hz and jointless audio-frequency track
circuit with frequencies of 25, 50, 420, 480, 580,
720, 780 Hz in the presence of a train on it (i.e. in
shunt mode operation) are presented in Fig. 3.

I;
O
Uj B RL(x) | | Z,
[ _l
(a)
I
(o e — | _—
Ur ¢, lcr| | B [I[]za RL(x) [:]ZSHZ;-

Td ™ o

Fig. 3. Equivalent circuits of the coded (a)
and audio-frequency (b) track circuits in a shunt mode

In the figure, there are following designations:
- U,, I, —input voltage and current at the output,
supplying TC (transformer, frequency convertor or
track filter for AFTC); U,, I, — voltage and coded
current of automatic signalling for audio frequency
track circuits; C, — capacitor in the current supply
circuit of cab signaling; CL - four-pole network,
corresponding to the cable line for audio frequency
track circuits; B — four-pole network, including all
equipment of TC supply end, located in the track
box or the relay case near a rail line (transformer,
impedance-bond resistors, capacitors in accordance
with electric circuit of TC [3]); Z, — the input im-
pedance of the adjacent track circuit (for jointless
track circuits); RL(x) — four-pole network, corre-
sponding to the rail line with the movable unit
(train) at a distance x from the supply end; Z —

impedance of train shunt; Z, — impedance of the

rail line after the movable unit. Parameters of RC
elements and coefficients of for-pole network for

matrix in A — form are taken from [3]. The pri-
mary parameters of the cable and the rail lines at
the frequency of the current signal were converted
into the coefficients of four-pole network similarly
(as in) [1, 3, 7]. The general matrix accordingly to
the equivalent circuits (Fig. 1) was calculated as
the matrix product of all four-pole network, in-
cluded in it

Mo :HMi . 1)

The input impedance of the track circuit with
the movable shunt on it is found by formula:

, _M@HR +M(1,2)
= M@DR+M(2,2)

)

The above mentioned mathematical description
is implemented in MatLab. The selected variable
parameters included the following: signal current
frequency f equal to 25, 50, 420, 480, 580, 720 or
780 Hz; length of the rail line L and the current
coordinate of the movable unit x =0..L, and the

ballast insulation resistance ;.

Findings

The simulation resulted in obtained depend-
ences of the input impedance of track cicuit in
shunt mode Zinp(x, f,r;) on TC parameters.
Simulation was performed for the coded track cir-
cuits with signal current frequency of 25 Hz,
length of 2.5 km and 50 Hz, length of 2.6 km at
two values of ballast insulation resistancer;, equal
1 and 50 Ohm/km. For audio-frequency track cir-
cuits simulation was performed for signal current
frequency of 25, 50, 420, 480, 580, 720 and
780 Hz at a RC length of 0.3 km and ballast insula-
tion resistance r; 0.8 and 50 Ohm / km. Cable line
length is taken equal to 1 km.

The simulation obtained dependences of the in-
put impedance modulus abs(Zinp) from train
coordinate x =0..L are presented in Fig. 4. The
figure shows that at distance up to the train
X <1km resistance impact r on value

I

abs(Zinp) is not significant, but when Xis in-
creased this impact becomes essential that does not
allow determining the train coordinate X by input

doi 10.15802/stp2016/60936
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impedance of track circuits Zinp(x, f,r) with
sufficient accuracy for practical usage.

600

--- 25 Hz, 50 Ohnvkm

— 25 Hz, 1 Ohm/km

300 50 Hz, 50 Ohm'km p—-—"~ i
— 50 Hz, 1 Ohn/km )’,_—""'-—

400

300

abs(Zinp), Ohm

o

00

100 /——

0
0 0.5 J

1.5 g 25 3
x, km

Fig. 4. Dependences of the input impedance modulus
of the coded track circuits on the coordinate X
To study the impact of ballast insulation resis-
tance changes I, on the train coordinate accuracy

x accordingly value Zinp(X, f,r,) for each value

Zinp(x, f,r) atgiven frequency f the values of

the corresponding train coordinate were calculated
at two values of ballast insulation resistance T,

1
equal 50 and 1 Ohmm/km. Deference between
these values

deltax = x, (r, =50) — x, (r, =1)

characterizes the absolute error in determining the
coordinate X, due to the change of ballast insula-
tion resistance.

Dependence deltax on x is presented in Fig. 5.

1.4

- 25 H:
— 50 Hz

1.2¢

=
(=] ~
;

=
>

delta x, km

0 0.5 1 1.5 2 25 3
x, km

Fig. 5 The dependence of the absolute error
deltax on the coordinate X

The figure shows that absolute error in deter-
mining the coordinate deltax increases signifi-
cantly with raise x >0,5 km and at maximum val-

ue x =L the relative error is ~40-50 %.

Thus, it can be concluded that the direct use of
the method for determining the train coordinate
accordingly the input impedance of the coded track
circuits does not provide the necessary accuracy
for practical use due to the significant impact
change of ballast insulation resistance. To reduce
error of the coordinate measurement in [4, 5] pro-
posed the use of the additional measurement re-
sults processing using the classifier of track cir-
Cuits states.

For the coordinate x<0,5km error of meas-

urements x accordingly input impedance is not
significant one.

Based on research the paper proposed the
method of accuracy increase of determining the
train coordinate on approach section to the railway
crossing, equipped with audio-frequency track cir-
cuits. It comprises the simultaneous usage of dis-
crete and continuous monitoring of the train’s posi-
tion. Discrete monitoring is carried out by signals
from track relays of audio frequency track circuits
in accordance with the control scheme concerning
sequence of occupancy and clearing the track cir-
cuits. Continuous monitoring is based on the input
resistance dependence of audio frequency track
circuits on the train coordinate.

This method is implemented due to widespread
introduction of automatic block signalling with
audio frequency track circuits instead of the nu-
meric coded automatic block signalling, occurring
in recent times, supports implementation of this
method. According to typical materials for the
crossing signaling design for sections, equipped
with automatic block signaling with audio fre-
quency track circuits, for crossing signaling opera-
tion for each track near crossing, two track circuits,
usually with a common feed end and with a fre-
quency of 720 Hz for one track and 780 Hz for
a different one, length of at least 150 are provided.
The rest of approach section to the railway cross-
ing in the right and the wrong directions includes
several audio frequency track circuits. Prior to ap-
proaching section audio-frequency track circuit
also has a short length and frequency of 720 or
780 Hz, which allow reducing the area of the addi-
tional shunting, and, respectively, to record more
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precisely the entry of the train on the approach sec-
tion.

Fig. 6 presents the dependences of input im-
pedance modulus abs(Zinp) audio frequency track
circuits (TC) on coordinate x train for signal cur-
rent with frequencies of 420, 480, 580, 720, 780
Hz and for ACS current, frequency of 25 u 50 Hz
at , =0,8 Ohm/km are presented in Fig. 6.

2500

780 Hz —_ _
720 Hz

2000+ 580 Hz

1500} i
- === 480 Hz
T 420 Hz

Abs(Zinp), Ohm

25 Hz
" 50 Hz

1000

500 =
0 S50

100 150

X, m

200 250 300

Fig. 6. Dependencies of input impedance modulus
abs(Zinp) of audio-frequency track circuits on X

for different frequencies

As it can be seen from the figure monotone de-
pendence abs(Zinp) on x allow using it to de-
termine the train coordinates at all tested frequen-
cies. The resolution capability of the method de-
pends on change rate of the input impedance of
track circuit Zinp by variation X . To evaluate rate
of change Zinp from x at different frequencies

the derivative from Zinp upon x was calculated

dif (abs(Zinp)) = a[abs(Zinp%( .

Fig. 7 presents the dependence of derivative
dif (abs(Zinp)) onX. One can see that graph

dif (abs(Zinp)) takes fairly large values, which

increase with the frequency increase and decrease
of the distance to the train.
To study the impact of change of the ballast in-

sulation resistance Z; (x,ri) we bring into con-

=Inp
sideration value, equal to the difference between
the input impedance of the TC at the two extreme
values of ballast insulation  resistance
r,=0,8 u 500hm/km

Zg (x)=2

Zinp

(%,50)=Z;, (x.2).

100

80 780 Hz

7200z
5801z

e,

60~

40-

d(Zinp)/dx|), relative units

150 200 250

X, m

0 50 100 300

Fig. 7. Dependence of the derivative dif (abs(Zinp))
on X for the different frequencies

Fig. 8 presents the dependence Z 4 on the co-

ordinate x for frequencies f =25, 50 420, 480,
580, 720, 780 Hz is presented in Fig. 8. From this
Figure one can see, that value Abs(Z ) is signifi-

cantly increased by raising the coordinate x and
signal current frequency. It should be noted, that
obtained values are large enough Abs(Z,;) and

they do not fully characterize the error of meas-
urement. To characterize the relative measurement
error, let us consider the relative change of the TC

input impedance Z;,, (X.ri), caused by changes of
the ballast insulation resistance

;r (X) -

(Zinp (%,50) = Z,1, (x,0,8) )
;inp (018) .

Calculated dependence Z, onx is presented in
Figure 9. From the above dependence one can be
seen that relative values of change Z (x,ri) at

=Inp

variation of ballast insulation resistance have ac-
ceptable for practical use values, equal <1 %, only
for frequencies of 25 and 50 Hz. It may be con-
cluded that on the short track circuits is possible
direct determination of train coordinate by their
input impedance at operation frequencies of auto-
matic cab signalling, i.e. 25 and 50 Hz, since the
relative measurement error caused by the change
of ballast insulation resistance at these frequencies,
does not exceed the allowable values for practical
use.
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Measurement error of train coordinate upon the
input resistance of track circuits on tonal frequen-
cies is significant and these results application to
determine the position of the train is only possible
after the appropriate intellectual processing of
measurement results.

Since the input impedance of track circuits is
a complex quantity, the behavior of each of its
components is of interest, depending on the train
coordinate, frequency and the ballast insulation
resistance to select the most suitable complex im-
pedance component for the practical use. Fig. 10
presents the graphs of complex impedance compo-

600 )
— 25 Hz

— S0 Hz

e 42 H2

= 480 Hz

380 Hz
720 Hz
780 Hz

40

001

Lbs(Zedif}, Olrm
Lbs(Zdif), Ohin

- 200

[ 50 100 150 200 250 300
X, m

Fig. 8. Dependence of Abs(Z 4;) on X
for different frequencies

{a)

Re(Zr)

nents of the track circuit, namely, Abs(Z,)
modulus, Arg(Z,) argument, real Re(Z,) and

imaginary part Im(Z,) from frequency and train

coordinate. From the analysis of the mentioned
graphs one can conclude that the most appropriate
value for determining the coordinates x is consid-

ered above Abs(Z,) modulus, since the rest com-

ponents dependences of complex value of the input
impedance of track circuits on coordinates x has
more complex nature, which may lead to ambigu-
ity of measurement results interpretation.

0.2

0.15

780 Hz
720 Hz

01 580 Hz

AbsiZr)

480 Hz

20 Hz

(.05 420 1

30 Hz

25 Hz

o S0 1on 150 200 250 300
X, m

Fig. 9. Dependence of Abs(Z, ) on X
for different frequencies

{b)

Avrg(Zr), grad

Fig. 10. Dependence of Abs(Z, ) module, Arg(Z, ) argument, real Re(Z, )and imaginary Im(Z,)

part of the impedance Z, on the frequency f and coordinate X
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The results obtained at simulation for other
lengths of track circuits and of cable line have
shown that the above considered regularities are
performed for them too.

Originality and practical value

The developed mathematical model allowed
determination of the error dependence of the train
coordinate upon the input impedance of the track
circuit for coded and audio-frequency track circuits
at various frequencies of the signal current and
ballast insulation resistance.

The paper proposed the method for train loca-
tion determination on approach section to the
crossing, equipped with audio-frequency track cir-
cuits, which is a combination of discrete and con-
tinuous monitoring of the train location. Discrete
monitoring is carried out by signals from track re-
lays of audio-frequency track circuits in accor-
dance with the control scheme concerning se-
guence of occupancy and clearing the track cir-
cuits. Continuous monitoring of train position is
controlled with the input resistance of audio-
frequency track circuits.

Conclusions

1. A mathematical model was developed; it de-
scribes the dependence of the input impedance of
coded and audio-frequency track circuits on the
train coordinate at different values of the ballast
insulation resistance for all usable frequencies of
current signal in track circuits.

2. Relative error of detecting the coordinates of
the train by input impedance of the coded track
circuits due to the change of ballast insulation re-
sistance was determined. It can reach 40-50%,
which makes impossible a straight-forward adapta-
tion of a method for determining the coordinates of
the train by the input impedance of the coded track
circuits.

3. For the audio-frequency track circuits at fre-
guencies of automatic cab signaling the relative
error in determining the coordinate of the train by
the input impedance does not exceed the accept-
able values, it allows using this method to deter-
mine the train location on approach section to the
railway crossing.

10.

11.

LIST OF REFERENCE LINKS

T'aBpumok, B. 1. McnbiTaHus HOBBIX THUIIOB IIOA-
BIJKHOTO COCTaBa Ha IEKTPOMArHUTHYIO COBMEC-
THMOCTb C YCTPOWCTBAMHU CUTHATM3AIIMHU U CBsI3H /
B. U. T'aBpunrok, B. U. Illeka, B. B. Menemiko //
Hayka Ta mporpec tpancnopry. — 2015. — Ne 5
(59). — C. 7-15. doi: 10.15802/stp2015/55352.
I'paues, I'. H. [Ipumenenne MeTo1a UMITYJIbCHOTO
30HIUPOBAHMSA U1 OpraHM3alid  TIEepee3THOH
curnanmmsaiuu / I'. H. I'paues, M. B. T'ymenuxk. //
ABTOMAaTHKa, TeJlEeMEXaHWKa U CBsa3b. — 1997, —
Ne 11. - C. 28-30.

PenbcoBrbie nenr MaruCTpajbHBIX KCJIC3HBIX H0-
por : cnpaBounuk / B. C. Apkatos, 10. B. Apka-
toB, C. B. Kazees, 0. B. O6og0oBckuii. — MockBa
 Muccus-M. — 2006. — 496 c.

Tapacos, E. M. BeiOop npHu3HakoB M peliaromumx
NpaBWJI NPU PAcIO3HaBAHUH COCTOSHHUH Pebco-
BBIX JIMHUH cOpTHPOBOYHBIX ropok / E. M. Tapa-
coB, M. B. Tpommna // Bectn. YTATY. — 2012, -
T. 16, Ne 3 (48). — C. 194-197.

Tapacos, E. M. Onpeznenenne Buaa pemIaromei
GbyHKIMM KIaccupuKkaTopa KOOPAWHAT BaroHos //
W3B. akageMun ynpaBieHUs: TEOpUs, CTpaTeru,
unHoBanun. — 2013. — Ne 1 (14). — C. 54-57.
Gavriljuk, V. Investigation of correlation measur-
ing method accuracy for two types of test signals /
V. Gavriljuk, R. Rybalka, V. Bezrukov // Trans-
port problems. — 2008. — Vol. 3. — Iss. 4, pt. 1. —
P. 33-38.

Havryliuk, V. I. Electrical impedance of traction
rails at audio frequency range / V. I. Havryliuk,
V. V. Meleshko // Tadopm.-kepyroui cuctemn Ha
3ami3n. Tpanci. — 2015. — Ne 2. — P. 31-36.

Ku, B. Y. Grade-Crossing Safety / B. Y. Ku //
IEEE Vehicular Technology Magazine. — 2010. —

Vol. 5. — Iss. 3. — P. 75-81. doi: 10.1109
/MVT.2010.938274.
Lohmeier, S. P. Development of an ultra-

wideband radar system for vehicle detection at
railway crossings / S. P. Lohmeier, R. Rajaraman,
V. C. Ramasami // Proc. of IEEE Intern. Geo-
science and Remote Sensing Symposium (24.06—
28.06.2002). — 2002. — Vol. 6. — P. 3692-3694.
doi: 10.1109/IGARSS.2002.1027293.

Mekki, A. Validation of a new functional design
of automatic protection systems at level crossings
with model-checking techniques / A. Mekki,
M. Ghazel, A. Toguyeni // IEEE Transactions on
Intelligent Transportation Systems. — 2012. — Vol.
13. — Iss. 2. — P. 714-723. doi: 10.1109/TITS.
2011.2178238.

Obstruction detector using ultrasonic sensors for
upgrading the safety of a level crossing / S. Ka-
zutoshi, H. Arai, T. Shimizu, M. Takada // Proc. of

doi 10.15802/stp2016/60936

© V. |. Havryliuk, O. M. Voznyak, V. V. Meleshko, 2016

15



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

Hayxka Ta nporpec Tpancnopty. BicHuk J[HIIponeTpoBChKoro
HaLliOHAIIBHOTO YHIBEPCHTETY 3aili3HHYHOro TpaHcnopty, 2016, Ne 1 (61)

ABTOMATU30BAHI CUCTEMMU YIIPABJIIHHA HA TPAHCIIOPTI

the Intern. Conference on Developments in Mass Advances in Transport Systems Telematics. —
Transit Systems. — London, 1998. — P. 190-195. Warszawa : Wydawnictwa komunikacji i lac-
doi: 10.1049/cp:19980140. znosci, 2009. — P. 229-236.
12. Pu, Y.-R. Study of moving obstacle detection at 15. Rybalka, R. Method for pre-processing of level
railway crossing by machine vision / Y.-R. Pu, Li- crossing image / R. Rybalka, K. Honcharov //
W. Chen, S-H. Lee /I Informational Technology Transport problems. — 2015. — Vol. 10. - Iss.1. —
Journal. — 2014. — Vol. 13. — Iss 16. — P. 2611- P. 79-86.
2618. doi: 10.3923/itj.2014.2611.2618. 16. Sobolev, Yu. Principles of railway crossing signal-
13. Road sign recognition by single positioning ing control using satellite systems of navigation /
of space-variant sensor window / D. G. Sha- Yu. Sobolev, A. Bojnik // Eastern-European J. of
poshnikov, L. N. Podladchikova, A. V. Golovan, Enterprise Technologies. — 2003. — Ne 1. — P. 21—
N. A. Shevtsova // Proc. of the 15th Intern. 28.
Conference on Vision Interface. — Calgary, 2002. 17. Takeda, T. Improvement of railroad crossing sig-
—P.213-217. nals / T. Takeda // Proc. of 1999 IEEE/IEEJ/JSAI
14. Rybalka, R. Identification method of linear dy- Intern. Conference on Intelligent Transportation
namic systems with spectrum correction procedure Systems (05.10-08.10.1999). — Tokyo, 1999. -
used / R. Rybalka, V. Gavriljuk, V. Bezrukov // P. 139-141. doi: 10.1109/ITSC.1999.821042.

B. I. TABPWJIIOKY, 0. M. BO3HSK?", B. B. MEJIEILIKO*"

Kad. «ABromarika, TeneMexaHika Ta 38’130K», JIHIIPONETPOBCHKHIA HAIIOHAILHIN YHIBEPCUTET 3a/Ti3HHHOTO
TpaHCTOpTy iMeHi akazemika B. JlasapsiHa, By1. JlasapsiHa, 2, JninpornerpoBebk, Ykpaina, 49010,ren. +38 (056) 373 15 04,
en. omra diitats@mail.ru, ORCID 0000-0001-9954-44781

ZKad. «TpaHCTOpTHI TexHOIOTii», JIbBiBChKa (iis JIHITPOMETPOBCHKOr0 HAIIOHANBHOTO YHIBEPCHTETY 3ai3HIIHOTO
TpaHcropty imMeni akagemika B. JIazapsina, Byi. . Braxkkesud, 12a, JIsBiB, Ykpaina, 79052, Texn. +38 (032) 267 99 74,
es.miomrra ovozom@gmail.com, ORCID 0000-0002-7163-9026

¥Tonosme YIPaBIIiHHS aBTOMATHUKH, TeJleMeXaHiku Ta 3B 53Ky JI1 «Ykpaanizaums», Byn. Teepcska, 5, Kuis, Ykpaina,
03680,emn. nomra soyuz_at@mail.ru, ORCID 0000-0001-6833-964X

NIIBUINEHHSA TOYHOCTI BUSHAUEHHSA MMOJIOKEHHSA MOI31A
HA JILJISHIII HABJIMKEHHS 10 NEPEI3LY

Merta. VY craTTi He0OXiTHO IMPOaHai3yBaTH MOKIIMBICTh MiIBUIIEHHS TOYHOCTI BU3HAYCHHS MTOJIOKEHHS 1M0i3/1a
Ha NUISHII HaOMIKEHHA OO0 Tepei3ay A 3abe3nedeHHS OS3MeKd pyxy Ha 3alli3HHYHUX Iepeizmax. MeToguka.
JociikeH s TIpOBe/IeH] 3 BUKOPUCTAaHHSIM PO3pOOJICHOT MaTeMaTHYHOI MO, [0 OIUCY€E 3aJIeKHICTh BXiTHOTO
iMITeIaHCy KOJIOBHX i TOHANBHUX peiikoBux Kin (PK) Bim KoopauHaTH moi3aa Ipy pi3HUX 3HAYCHHSX OTOPY i30Tl
OanacTy AJsl BCiX BUKOPHCTOBYBaHHX 4acToT. Pe3yjbTaT. Po3pobiieHo MaTeMaTHuHy MOJENb, 10 ONUCYE 3allekK-
HICTB BXIZJHOTO IMIIEJJAHCY KOJIOBUX i TOHAJIBHUX PEHKOBUX K1 BiJ| KOOPIMUHATH I10i3/1a IPU Pi3HUX 3HAUCHHSX OIO-
py i3ouswii 6anacty Ta Bcix BukopucToByBaHHX B PK wactor curnansHoro crpymy. JlocimiixKeHO 3aIeXKHICTh BiJIHO-
CHOI OXMOKM BU3HAYCHHS KOOPJMHATH IMOI37a MO BXIAHOMY IMIICAHCY KOJOBHX PEHKOBHX KU, sika 00YMOBJICHA
3MIHOIO OIIOpY 130JmALii O6anacTy. 3HaueHHs BiTHOCHOI ITOXMOKM BU3HAYEHHsI KOOPAWHATH IOI31a MOKYTh JOCATAaTH
40-50 %, mo He 03BOJIsIE OE3MOCEPEIHRO 3aCTOCOBYBATH IIEH CITOCIO TS KOJOBUX PEHKOBHUX KUTL. J[Ist KOPOTKHIX
TOHAJBHUX PEWKOBUX KiJI HA YACTOTaX aBTOMATHYHOI JIOKOMOTHBHOI CHTHAIT3aii 6e3nepepsHoro tumy (25, 50 I')
BiZTHOCHA MOXHMOKa BU3HAYCHHS KOOPAMHATH TOI3/a 110 BXiTHOMY IMIIElaHCY HE MEPEBHIILY€E AOMYCTUMI 3HAUCHHS.
e mo3BoMsic BUKOPUCTOBYBATH PO3TISIHYTHH CIIOCIO IUTsi BU3HAYEHHS MICI PO3TAallyBaHHS MOi3/1a HA MUIHII Ha-
OommkenHs g0 mnepeizgy. HaykoBa HoBu3Ha. Ha ocHOBI po3poOieHoi MareMaTwdHOl MOZETi JOCIiIKeHa
3aJIEKHICTh MOXUOKM BU3HAUEHHS KOOPAMHATH TOI37a MO BXIOHOMY IMIIEJaHCy PEWKOBOTO Kojla Uil KOJOBHX
1 TOHAJIPHUX PEWKOBUX KUT MPH PI3HUX YaCTOTAaX CHUTHAIBHOTO CTPYMY Ta MPH PIi3HUX OMOpax i30JsAwii OamacTy.
IMpakTHyHa 3HAYMMicTh. ABTOpPaMH 3alpONOHOBAaHO METOJ| BH3HAYEHHs IIOJIOKECHHS T0134a Ha AUISHIN
HaOJNW)KEHHS IO nepei3my Ul MeperoHiB, 00JaJHaHMX TOHAJbHUMHM PEHKOBHMH KOJaMH, SKUH 3aCHOBaHWH Ha
BUKOPHCTAaHHI IMCKPETHOTO Ta Oe3MepepBHOTO KOHTPOJIIO KOOPIUHATH MOi3/1a.

Kniouosi crosa: 3anizHi4HI niepei3an; aBTOMaTHYHA Mepei3Ha CUrHaji3allis; KOHTPOJIb KOOPMHATH 1013712
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HOBBIINEHUE TOYHOCTHU OINPEJAEJEHHUA TOJIOKEHUA ITOE3 /1A
HA YYACTKE ITPUBJINKEHUA K ITEPEE3 1Y

Hean. B crathe HEOOXOIUMO MPOAHATM3UPOBATH BO3MOXKHOCThH MOBBIINICHHUS TOYHOCTH OMPEACICHHUS MOJIO-
JKCHUS M0€3/1a Ha YYaCTKe MPUOIMKEHUS K Mepee3ay Uit oOecrieueHus 0€30MacHOCTH JBUKCHUS Ha JKEJIC3HOMIO0-
POXKHBIX mepee3nax. Meroauka. VccienoBaHus MpOBEACHBI ¢ UCIOIB30BAHUEM pa3pabOTaHHONH MaTeMaTHYCCKON
MOJIEJIH, OMUCHIBAIOIICH 3aBUCMMOCTh BXOJHOTO UMITE/IaHCa KOJOBBIX M TOHAIBHBIX PeibcoBbix Hemnei (PL) ot ko-
OpJMHATHI TIOE3/1a TIPU Pa3IHUYHBIX 3HAUCHHUSX COMPOTHBICHHS MU30JIALIMU OaiiacTta JUisi BCEX HCIOIh3yEeMBIX 4Yac-
ToT. Pe3yabTaThl. Pa3zpaborana MaremaTnyeckas MO/, OMKCHIBAIONIAS 3aBICHMOCTh BXOJHOTO MMIIEIAaHCa KO-
JIOBBIX U TOHAJIBHBIX PENbCOBBIX LIETIEH OT KOOPJAMHATHI MO€3/1a MIPU PA3IMYHBIX 3HAYEHUSIX CONIPOTUBICHUS U30JIs-
uH OajutacTa M BceX MCHoib3yeMbiXx B PLI wactoT curnampHOro TOKa. MccnenoBaHa 3aBHCHMOCTh OTHOCHTEIBHOM
MIOTPEUTHOCTH OTIPEIeICeHUs] KOOPAMHATHI TI0e3/]a 10 BXOJHOMY MMIIEAHCY KOJOBBIX PEIhCOBBIX IIEMeH, 00yciIoB-
JICHHAs N3MEHEHHEM COTPOTHUBIICHUS M3OJIMH Oayutacta. 3HAUYEHHUS OTHOCHTEIBHON HMOTPEIITHOCTH OINpeeIeHUs]
KOOpJHHATHI oe3/ia MoryT jocturath 40-50 %, 4To He MO3BOJISIET HEMOCPEICTBEHHO IPUMEHSTD 3TOT CII0co0 st
KOJIOBBIX PEJIbCOBBIX Lieneil. [ KOpOTKHUX TOHAJIBHBIX PEJIbCOBBIX IENEN Ha YacTOTaX aBTOMATHYECKOUN JIOKOMO-
THUBHOM CHUrHaiamM3aiuu HenpepbiBHOTo Tuma (25, 50 ') oTHOCHTENbHAs MOTPEITHOCTD ONMpPEAEIeHUs] KOOPIUHATHI
moe3a IO BXOJAHOMY HMIIEAHCY HE TPEBHIIIAET JAOMYCTUMbIE 3HAYEHUs. OTO MO3BOJSET HCIOJIb30BAThH
PaCCMOTPEHHBIA CIIOCO0 JIsi OMPEACICHUS MECTOIMOJOXKCHUS IM0e3/la Ha YYacTKe MPHONMKCHUS K Tepees3iy.
Hayunas HoBu3Ha. Ha ocHOBe pa3paboTaHHO# MaTeMaTU4YeCKON MOJICIH UCCIICI0OBaHA 3aBHCUMOCTH IIOTPEITHOCTH
ONpEIENECHNs KOOPJIMHATHl IMOE€3[a MO BXOAHOMY HMIIENAHCY PpEIbCOBOM LENMU Ui KOJOBBIX M TOHAJIBHBIX
PENbCOBBIX LENEW MpU Pa3IMYHbIX YACTOTAX CUTHAJIBHOTO TOKA M MPH PA3JIMYHBIX COMPOTHUBIICHUSAX H3OJISLUU
O6amnacta. IlpakTHyeckast 3HAYMMOCTH. ABTOpPaMH TPEIUIOKEH METOJNl ONpPEACICHHS IOJOKEHHUS Ioe3da Ha
y4acTKe MPHOIIKEHHS K Tepee3ay Ui IeperoHoB, 000pyA0BaHHBIX TOHAIBEHBIMHU PETECOBBIMH IETSIMUA, KOTOPBIN
OCHOBAH Ha UCHOJIb30BaHUU JIUCKPETHOTO U HENPEPBIBHOIO KOHTPOJIL KOOPAUHATHI II0€3/1a.

Knrouesvie cnosa: xene3HonoOpOXKHbIE NEPEE3/bl; aBTOMAaTUUECKasl NEpee3iHas CUTHAJIM3alus; KOHTPOJb KO-
OpJIMHATHI T0E3a
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ABOUT TRACK CIRCUIT CALCULATION METHOD DEPENDENT
ON FERROMAGNET PROPERTIES IN CONDITIONS OF TRACTION
CURRENT NOISE INFLUENCE

Purpose. The work is intended to investigate the electromagnetic processes in impedance bond in order to im-
prove noise immunity of track circuits (TC) for safe railway operation. Methodology. To achieve this purpose the
methods of scientific analysis, mathematical modelling, experimental study, a large-scale simulation were used.
Findings. The work examined the interference affecting the normal performance of track circuits. To a large extent,
part of track circuit damages account for failures in track circuit equipment. Track circuit equipment is connected
directly to the track line susceptible to traction current interference, which causes changes in its electrical character-
istics and electromagnetic properties. Normal operability, performance of the main operating modes of the track
circuit is determined by previous calculation of its performance and compilation of regulatory tables. The classical
method for determination of track circuit parameters was analysed. The classical calculation method assumes repre-
sentation of individual sections of the electrical track circuit using the quadripole network with known coefficients,
usually in the A-form. Determining the coefficients of linear element circuit creates no metrological or mathematical
difficulties. However, in circuits containing nonlinear ferromagnets (FM), obtaining the coefficients on the entire
induction change range in the cores is quite a difficult task because the classical methods of idling (1) and short cir-
cuit (SC) are not acceptable. This leads to complicated methods for determining both the module and the arguments
of quadripole network coefficients. Instead of the classical method, the work proposed the method for calculating
the track circuit dependent on nonlinear properties of ferromagnets. Originality. The article examines a new ap-
proach to the calculation of TC taking into account the losses in ferromagnets (FM), without determination of equiv-
alent circuit quadripole network coefficients. When building the FM reversal model in parallel magnetic fields, the
most accurate methods are the approximation ones that take into account not only the changes in values and over
time, but also their derivatives. The development of computer hardware and software makes real the mathematical
methods for calculating TC with significant change in ferromagnetic inductance, including the saturation areas.
Herewith, it is important to search for approximating analytical expression that describes the dynamic limit hystere-
sis loop (HL). Practical value. The changes in the electrical parameters of the same TC were analysed using the
classical and the new calculation methods, the difference made less than 10%. The work introduced some measures
to increase operational noise immunity of TC.

Keywords: track circuit; impedance bond; quadripole network; ferromagnet; hysteresis; spectrum; vortical cur-
rents; magnetic viscosity; magnetizing curve; simulation

1) At a certain switching circuit of DC traction
network of splicing stations the level of permanent
traction current potentials «rail-to-earth» in the rail
network increases. It results in increased leakage
currents into the open-line track of AC electric
traction lines, causing magnetization of impedance
bonds and track transformers, and disruption of
short (less than 500 m) track circuits;

2) In the areas of AC electrified railroads the

Introduction

Experience has shown that certain conditions
and operating modes of the power network create a
powerful influence of the traction current noise on
the work of electric track circuits (TC). Such expo-
sure results in magnetization of nonlinear ferro-
magnets (transformers, impedance bonds and com-
ponents containing ferromagnetic core) in track

circuits and, consequently, in failure of TC and
signalling systems. Adverse conditions [11, 12, 13]
for TC operation are created in the following cases:

ice on the contact network collectors creates an
electric arc, accompanied by electrical transients in
the power circuit of an electric locomotive. Con-
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stant component of this current at the rail line
asymmetry also causes saturation of ferromagnets;

3) Switching on the locomotive main switch in
a certain voltage phase of the circuit power line
also leads to transition process with the conse-
guences given above;

4) When a laden electric locomotive enters the
neutral section on the current collectors there are
several electric arcs repeated aperiodically; this
leads, as mentioned above, to the occurrence of
transients and failures of TC. From the above it
follows that improvement of track circuit noise
immunity in the signalling systems in conditions of
permanent reverse traction current influence is an
actual scientific and technical problem.

Purpose

The purpose of this work is to examine the
causes of traction current harmful influence on TC
operation, to create the calculation method for TC

with nonlinear ferromagnets (FM) and to propose
technical solutions to improve the reliability of TC
and railway automation systems.

Methodology

Disruption of 7C operation. Let’s consider one
of the causes of TC operation disruption — longitu-
dinal asymmetry of track lines. Measurements
show that the asymmetry coefficient is higher in
winter than in summer due to increased insulation
resistance. It is established that the best way to ap-
proximate the conductive joint resistance distribu-
tion is asymmetric Weibull law, resistance varia-
tion reaches 1.8 ... 15 m.e.r. (meters of entire rail);
longitudinal asymmetry coefficient ranges from
10% to 12% — in summer, up to 18% — in winter
[1, 6].

Z,+1/2AZ 1/2(1, - AI)
T — ’? T
i I 1
]F.[. !F[-
Z,—1/2AZ 1/2(1, + Al '
= 5
F—Zs
il o |3 i
Ap
#
iB:
& ¢ P

Fig. 1. Equivalent circuit of track lines

The EMF equation for equivalent circuit con-

tour of the track (Figure 1) consisting of two rails,
equipment impedance Z‘igo, Z ;.. and choke cables,
for the difference in currents can result in the fol-
lowing expression:

AZ + 2(RCHC1 - RCHCZ)

Al = T I 1 (1)
Z+Zigo+Lige + =
+2(Reper + Rencz) + Zuwr

where 1 - electric locomotive current;

AZ =7, -Z, - difference in rail resistance, Ohm;
Z — rail loop resistance, Ohm/km; Z,,,x — main

winding resistance DT.1, Ohm; R.ycy, — choke

cable resistance, Ohm.
It follows from (1) thatZ

symmetric action, but their impedance for the sig-
nal current under the track integrity monitoring
conditions is small and can be neglected.

For DC the equation (1) can be written as:

_ ARec +2(Rym =Rz )
Ry +2(Rym + Ry )+ Ry

Z ;. perform the

igo ?

eV

or
Al =K, -1,,, (2)
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Thus, the longitudinal asymmetry coefficient of
track line is:

ARgc + 2(RCHC1 - RCHCZ)
Rp + Z(RCHCl + Renca ) + ARywr

©)

a:

where AR — difference in track resistance due to

resistance of connectors.

In short TC (less than 500 m) longitudinal
asymmetry is one of the main causes of traction
-1
current asymmetry K, =—4—%  where |, -

17 12
traction currents in the rails 1 and 2.

Measurements show that the resistance of the

steel DC rail connector is distributed among its

components, so [4, 3]:

+(RN+RWS)=ER 3

RC +ERRC'

— resistance of nipple — rope junction;

RRC = Rsc

where R,,

Ry — resistance of steel cable; R,; — resistance

of weld seam.
For steel connector with 100 mm? cross-section,
which is widely used in practice, it appears that

averages R, = 295 mcOhm; R, +R,s= 437

mcOhm; Rq. = 232 mcOhm; for the connector

with 90 mm? cross-section — R.. = 770 mcOhm
[8]. _ _

Rules for protection of metallic structures from
stray-current corrosion allow increasing rail resis-
tance through the joints by max 20%, while the DC

AR =0,12...0,13.
P

Approximate calculation of asymmetry for alter-

nate traction current is performed with the follow-

ing assumptions [3, 8]:

— Resistance of rails differ among themselves
by the amount of resistance of connectors;

— Connector losses do not depend on the fre-
quency;

— Resistance in points of welding and junctions
cable — nipple — plug — rail depends on the fre-
guency as much as the internal resistance of the
rails.

— Herewith, the minimum coefficient of longi-
tudinal asymmetry:

asymmetry coefficient is K, =

_ | R , (Ry+Rus)Z |
Z|_Ka
R-Z  R.-Z \
<0,008%, or 8.0%, (4)
where Z. — internal resistance of rails, 0.35¢/

Ohm/km:; rail loop resistance Rp =0.1 0hm; Z =
0.8¢"®® Ohm/km - rail resistance to 50 Hz current.

For higher frequency the coefficient |K,| is re-

duced to 1.608% for 420 Hz frequency and 1.376%
for 780 Hz.

Let’s assess the numerator of the fraction (3)
for TC that most often fail with length of 0.25 ...

0.5 km. We assume that Ry =770-10"° Ohm,
Repey =8000-107° ohm  (Leye =3.25m),
Repcs =3076-107° Ohm (/e =1.25m), rail link

25m, rail resistance 0.10hm/km, n. = fre _
0,025

It turned out that AR = 0.026...0.056 Q, and the
value K, is in the range of 30.2% ... 38.6%. We

should note here that the resistance of 300 m long
line to 50 Hz current does not exceed 0.1 Ohm/km
and is compared to the total impedance of contact
connectors «cable — plug — nipple -wing IB» (nor-
mative 60 ... 80).

Let us consider the proposed TC calculation
method for nonlinear FM modes of TC circuits,
based on the mathematical model of ferromagnet
reversal magnetization [2, 4].

Originality and practical value

Mathematical description of model. We assume
that ferromagnetic saturation leads to changes in
induction (intensity) of the magnetic field of
DT.1.150 core according to the complex law

m {bksm sin(kwt)ﬂ

b=b, + ,
° Z+b cos(kat)

k=1

(%)

k cos

where k =1, 2, ..., m, nd measuring of quadri-
pole network using the known methods of idling
and short circuit is too complicated [2].

It is known that when there is cyclical change
in the external magnetic field the ferromagnetic
induction retards in phase from the tension and
enables the cycle of dynamic hysteresis loop (HL)
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(Fig. 2 (a)). HL area defined the power losses
caused by reversal magnetization, vortical currents
and magnetic viscosity [3].

The mathematical model that accurately de-
scribes the research HL is as follows:

h= (Ae*ﬂbmz )al sinh (ﬂlb) +a, %COSI’] (ﬂzb),
b=b, +b,sin(ot) (b=b,sin(wt)), (6)

(Ae‘yzbmz — makes sense when building the spe-
cific loop exits and depends on constructive fea-
tures of the subject) and allows taking into account
the influence of harmonic spectrum for ferromag-
net reversal input current. The values A, vy, a,
B, a,, B, — approximation coefficients of the
function (6), are determined using numerical
methods by HL experimental end value and mag-
netization curve, taken at the maximum values of
induction and signal frequency. The first term (6)
describes the basic magnetization curve (BMC),
the second one describes dissipative processes both
for hysteresis and vortical currents, and depends on
the magnetic viscosity.

Coefficients o,and (3, of anhysteretic compo-
nent (6) are determined by the selected points on
the BMC curve, the values Aand vy are determined

by expressions [1]
In(A) = y°b2 max ;

2 In(holoc1 -sinh(BlbO))
b2 max— b,

Y '

Herewith, we take the points b,, h, close to the
maximum induction b, and induction b, max
corresponds to the maximum operating value. The
coefficientsa, u B, are calculated by the formu-

las:

h. 1
Q-bm'Bz_b'

0(2 =
m
where h, — coercive force, A/m.

Let us consider the ferromagnetic reversal
process affected by induction core created

b=b, +b,sin(Qt) by direct current field and sig-
nal current field of 25 Hz (Fig. 2 (b)). We substi-

tute this expression as an argument in the formula
(6) and turn it omitting the exponential factor

Ae“’zbmz, which does not affect the quantitative
result of the first term. As the argument b changes
according to the periodic law, then the functions

sinh(B;b) and cosh(B,b) are also periodic and

can be represented by Fourier series [10], in which
the coefficients in the trigonometric functions are
Bessel functions of different orders of imaginary
argument jx, . The result is:

h =y sinh (B;h, ) - cosh (B,b,, sin(wt)) +
+ay, cosh (B,by ) - sinh (B,b,, sin (wt)) +
+a, - @by, cos(wt)x
) cosh (B, ) - cosh(B,h, sin(wt))+
+sinh (B,b, )-sinh (B,by, sin(wt))

We present the hyperbolic functions in (7) by
rows:

sh(xpsin(wt))=2[ - jJ; (X, )]-sin (ot)-
~2[ j35(J%y)]-sin(3ot) -

)=[3o(i%n)]+

+2[ 3, (%, ) ]-cos (20t ) +

ch X, Sln (ot

and keeping harmonics no higher than the second
one, after transformations we obtain:

h=h, +msin(wt)+n,sin(2ot)+

+m, cos(ot)+n, cos(2mt),  (8)

)-[30(iBibn) ]
)-2[ -3 (iBiby) ]
)-2[ 3, (iBib,) ]

Jo (iBsby )+

)-[ =30 (Babr) ]

N, = o,0by, -sinh (B,hy ) [ =J; (iB,by ) ]

where
hy = a, -sinh (B;by

m, = a, - cosh (B,
n, = o, -sinh(B,b,
m, = a,0b;, - cosh(B,by, ) -

+a,0b;, -sinh (B,by
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We examine the term h, in the formula (8),

since this is the component of the magnetic field
strength that leads to the choke core saturation and,
ultimately, to failure of TC receiver.

When applying the numerical estimate for field
intensity dependence on induction in the formulas
(6) and (8), the following parameters are used:

al=2.1%, 51:4.5%, o, =0.26%, B, :0.77%,

yzo.gz% A=592 (steel grade 2412), cross-
sectional area of the DT.1.150 choke core is
29.2.10* m? average length of the magnetic power
line £ =0.58 m, number of operating winding turns
W, = 16. Maximum values of induction b, for dif-
ferent lengths of TC are calculated by the for-

Ch max

4.44 fWS '

the choke primary winding, taken according to the
reference data and the regulatory tables of phase-

mulab,, = where U — voltage on

Chmax

BT

a

sensitive TC as 25 Hz [10]. For TC of 250 ... 500
mlong U= 145 ... 25V b, =0.28 ... 0.42

T; marginal field voltage hy, is in the range of 240
... 280 A/m, bias current 1, =h,-0.036 =85 ...

9.5 A, and asymmetry current 17 ... 19 A.

TC bench tests showed that the limiting current
for choke magnetizing, in which the receiver tran-
sits to zero state, reaches 8.4 ... 9.25 A.

Figure 2 (b) shows the BMC curve, approxi-
mated by the expression (6), and the hysteresis
loop at constant field induction (displacement) b, =

1.1 T; it also represents reversible permeability

curve, p,(h,), calculated by the formula
Ab, m .

p, <tan(a)=—2-—", where Aby, Ah, — incre-
Ahy m,

mental induction and field intensity in i-th point
of the curve by(hy) ; m,, m, —axis scales.

150 300

Fig. 2. Dependence of field intensity on induction at 25 Hz frequency:
a — harmonic signal; b — harmonic signal with bias

Coercive force h, of HL is determined taking
into account the fact that anhysteretic component
(6) is zero, then 62.2 A/m, and maximum loop in-
duction corresponds to b, =b, +b,= 1.4 T. The
given value p, allows easy determination of in-
ductance L, and impedance Z, of the main wind-
ing, and BMC — magnetization current.

The impedance argument Z,can be determined

by the value of power losses for vortical currents
and hysteresis [5]:

2n

Por. =V, [ HdB, 9)
0

where V — core volume. Phase shift between first
EMF harmonics and winding current is determined
at the intensityu =U_ sinQt, if induction and in-
tensity are the given functions:

B(t) = ian sin(nQt—v,),
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it) :i I, Sin(NQt +v,). (10)

n=1

From (10) and the equation of magnetized
winding circuit of the choke DT.1 with the resis-
tancer :

ri+WOS?j—?:u (11)

we obtain EMF and phase for the first harmonic:

E,=QW,2; vy, =71, +g. Substituting intensity

HO=¥ and core volume V =S-1 into (9) we
determine that

Psr. =QWOS[|1Blsin(Y1_W1)]- (12)

If induction
by =by + by, Sin(Qt —v,) =
=1.1+0.38-~/2sin(157t —7,) ,

current i, = 2.6 A adopted by BMC for by=1.1T,
b, = 0.521 T, r=0.003 Ohm, then from (11) we
find that E, = 2.174 V; voltage losses for circuit
resistance 7.810° V, voltage u=2.7178 B, V, and
full power S =2.7178-2.6= 7.066 VA, where we
get that Py =7.0563 W.

The impedance argument Z, is

(pzarcsin%: 86°57 . The argument Z, can be

found in another way. Magnetic flow (11), passing
through the core sheet bands,

. 2ubh L d
@_—(1+ i) 5d tanh(,b’(1+ ) 2)’ (13)

where h, =¥, B=/nfuou,y, v — steel conduc-

tivity (7'103}6hm-mm)’ u, — magnetic perme-
ability of steel is taken 500, d = 0.055m, b=
0.18m —thickness and width of the package of core
plates [6].

Calculation of complex impedance growth of
DT.1.150 core winding due to vertical current ef-
fect is possible thanks to (13):

2j-u,S,QW? y
@+ j)p-1-d

0,2« AZ =
><tanh([3(1+ j)%)

. (14

where S, =a-b — flowed cross-section area of the

package; a=0.175m m — steel package height.
For low frequencies (below 900 Hz)

Holt, SW 2
LO _ 10 rI
tance; S =29.2-10~* m? — cross-sectional area of the
magnetic core covered with windings; 1= 0.58m —

average length of the magnetic line for flows. Then
(14) can be written as

, where L, — winding DC induc-

2j-0

oW ppd

AZ = d
xtanh[(1+ DE)

and decomposed into real and imaginary parts. As a
result we will get the formula for inductance evalua-
tion AL=L, EM and active resis-
x sh(x)+cos(x)

1 sh(x)—sin(x)
x sh(x)+cos(x)

Complete winding inductance L=L,+AL, and

tance of winding AR=ol,

S

n? n

impedance R=R, + AR, where R, = pi—“ ,
n
— wire length and cross section.
Let us consider the peculiarities of calculation of
the track circuit with nonlinear ferromagnets.

Findings

Calculation of TC operation modes are con-
ducted using the structural equivalent circuit (Fig. 3)
of impedance bond, presented by the circuit of L-
shaped quadripole network and ideal transformer.

Determination of quadripole network coeffi-
cients (usually in A-form) on the entire change
range in the induction cores, which exceeds the
saturation limit, is quite a difficult task because the
classical methods of idling and short circuit are not
acceptable. The proposed method of TC calculation
facilitates the solution of the above problem.
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The calculations require the FM hysteresis loop
(Fig. 2 (a)), taken at maximum induction, and the

magnet permeability dependence ur (o) on the
current (intensity) of magnetization. Then taking
into account (8) we determine the intensityhO,

z

impedance <0 of magnetization needles at a given

of the

induction and A-matrix coefficients

quadripole networks of DT.1.150 estimated
equivalent circuit (Fig. 3):

A =n(1+zr—1}, B, =nr,

0

1 1
Cr=—,Dr= (15)
nz, n
4, i x5
6) i r j
N i B :
e |1 —2¢ l {4 {
Ul | I i
= ;% |:| 7 W W,
A i .
adk ; jt
_'_| 2i 4

Fig. 3. Impedance bond equivalent circuit:
a — real; b —design

The design equivalent circuit of choke excludes
the leak inductance of windings and the given ad-
ditional winding resistance that affects the calcula-
tion accuracy to a small extent.

The calculation results for phase-sensitive twin
TC at 25 Hz using the coefficients (15) with choke
bias at the ends of TC showed coincidence with
those obtained by conventional methods.

Table 1 shows comparative design parameters
for the same TC, obtained by two calculation
methods — classic and new, using a mathematical

model of ferromagnet reversal magnetization.
Figure 4 shows the dependence of voltage at
the receiver input resistance on the impedance
module Z, . It can be seen that the end value of re-
sistance at saturation of both chokes reaches 0.44
Ohms, which is 1.6 times less than the nominal
value. Switch of the receiver to zero state is possi-
ble at saturation of one choke up to resistance Z,=

0.2 Ohm (Fig. 4).

Table 1
TC calculations results
i ) U I u S
Calculactllgsn meth 1B 1B sc Pe Notes
B A B BA grad
The difference in results is caused
Classic 375015 | 082ei® | 5101 | 458 | §°32' mainly by accounting resistances of
’ ' ' steel ChC.
Values are given without correction
o o o for angle B,
New 4.1 0.77e’% | 55e1"® | 4.23 6°
Difference in 9.3 9.3 78 | 764 | -
calculations, %
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UPE 2 B
20 :
Uep =15 7
2 /7 1 - both IB are saturated
10 / 7 2 - one IB is saturated
// / U, :
// N
Zﬂnom IZ() |! Ohm
0 0,2 0,4 0,6 0,8

Fig. 4. Dependencies of receiver voltage on impedance module Z,

Conclusions

To solve the problem of providing TC noise
immunity under the influence of powerful noise of
traction current, several solutions were proposed.

The first solution is to use DT.06.500S type,
used for splicing stations, at the stations of imped-
ance bonds with air gap [2, 3].

The second solution is to use switching units
[9], which excludes spreading of traction DC out
of the splicing station rail network towards the
range of electric traction AC that, beside IB satura-
tion, eliminates electric corrosion of supports and
metal elements at a distance of 30 km from the
source of noise. The device is tested in the labora-
tory of DNUZT and in the field of Pyatikhatky
splicing station of Prydniprovs’ka railway.

The third solution is to install symmetric resis-
tive (Repey OF Repep ) UNits [2, 8] in short TC at AC

electric traction. The impedance values of unit re-
sistors are designed to exceed substantially the sum
of all resistances in the rail line bridge circuit (Fig.
1). The unit resistors (Fig. 1) are switched on in
series with choke cables at one end of the rail line,
which is much cheaper than in the case of choke
replacement.

The conclusion should emphasize the follow-
ing: it is found that the cause of TC failures is fer-
romagnetic core saturation under conditions of rail
line asymmetry, herewith the asymmetry of direct
current magnetizing FM is 4 ... 5 times higher than
the asymmetry of alternating current.

The new method of TC calculation using the
mathematical model of ferromagnet reversal mag-
netization allowed obtaining the numerical evalua-
tion of maximum allowable asymmetry currents
and input impedances at the circuit ends, which
cause failure of signalling system devices.

The work formulated the technical measures for
improvement of noise immunity and TC protection
under conditions of powerful traction current
noise.
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PO METO/I PO3PAXYHKY PEMKOBHUX KL
I3 YPAXYBAHHSAM BJACTUBOCTEN ®EPOMATHETHUKIB
B YMOBAX BIIVIUBY 3ABA/l TATI'OBOI'O CTPYMY

Merta. YV po6oTi HEOOXiTHO MOCHIIWTH eNeKTPOMATHITHI MPOIECH B Ipocelb-TpaHchopMaTopi 3 METOIO
MiIBUIEHHS 3aBajocTiikocTi peiikoBux kinm (PK) Ta, sk HACHiIOK, MiIBHIIEHHS OE3MEKH PyXy Ha 3ayi3HMIL.
Mertonuka. s IOCATHEHHS IOCTAaBICHOI METH 3aCTOCOBAHO METOIM HAayKOBOTO aHali3y, MaTeMaTH4YHOIO
MOJCIIOBAHHS, EKCIHEPUMEHTAIBHOTO IOCTIPKeHHsS, MacIITaOHOro MozemoBaHHA. PesyabraTtu. PosrmsHyTo
MIEPEIIKOIH, 10 BIUTMBAIOTh HA HOPMAaJIbHY IpaIe3gaTHICTh peHKOBHX KiJl. 3HAYHOIO MIpOI0 YaCTHHA MOIIKOIKEHb
y peHKoBOMY KOJi JOBOIMTHCS Ha BIiIMOBY B Horo amapaTypi. AmapaTypa peHKOBOTO Kojia IiIKIIO4eHa
Oe3nocepeIHbO 10 PEUKOBOT JIiHIT, CXMIIBHOT IO BIUIMBY IIEPEIIKO]] TATOBOTO CTPYMY, SIKi BUKJIMKAIOTh Y HUX 3MIHY
CJIEKTPUYHHMX XapaKTEPHCTHK Ta eJIEKTPOMAarHiTHUX BiacThBOcTei. HopMmanpbHa mpare3aTHicTh NP BUKOHAHHI
OCHOBHHUX PEXHMIB POOOTH PEHKOBOIO KOJa BU3HAYAETHCS IIOTEPEIHIM PO3paxyHKOM ii XapaKTEpPHCTHK Ta
CKJIaJIaHHSIM PETYJIIOBaJIbHUX HOPMAaTUBHHUX TaOuuipb. [IpoaHanizoBaHO KIacMYHMN METOJ BHU3HAYEHHS IapaMeTpiB
peiikoBoro JyaHiora. KiacnuHuii MeTos po3paxyHKy nepeadadae NOAaHHS OKPEMHX JUITHOK €JIEKTPHYHOI CXeMHU
PEHKOBHAX KT YOTHPUIIONIOCHUKAMH 3 BIIOMHMH KoedimieHTamu, 3a3Budail B A-(opmi. BimmyxyBaHHS
KOC(IIi€HTIB cXeM i3 TiHIHHAMH eJIeMEHTaMH He IPEJCTABISE€ METPOJOTIYHHX Ta MATEeMAaTHYHUX TPYIHOIIIB.
Pasom i3 TuM, y JaHIfOrax, mo MicTATh HemiHiiHi GepomarneTukn (OM), oTpuMaHHS KOE)IMIEHTIB HA BCHOMY
Jiama3oHi 3MIHM {HIYKIIH y cepAeyHHKaxX — JOCUTHh BaXKKE 3aBJAHHS, OCKUTBKH KJIACHYHI METOAM XOJIOCTOTO XOIY
(XX) Ta xoporkoro 3ammkanus (K3) cratore HempuiiHsSTHEMEH. Lle MPU3BOANTE 10 YCKIATHEHHS METOJIB
BU3HAYCHHS, SK MOJIYJs, TaKk 1 apryMeHTiB KOe(il[i€eHTIB YOTHPHIIOIIOCHHUKIB. 3aMICTh KJIACHYHOTO METO/AY
3allpOIIOHOBAHUII  METOJA  PO3paxyHKy pEHWKOBOrO Kojla 3 ypaxyBaHHSIM HENIHIHHOI  XapaKTepUCTUKU
¢epomarHerukie. HaykoBa HOBH3HA. Y CTaTTi pO3MISHYTO HOBMH MiAXiJ /O PO3PaxyHKYy PEHKOBOro KoJja
3 ypaxyBaHH;IM BTpaT y ()epoMarHeTukax Oe3 Momyky KOoe(dilieHTIB YOTHPHITOIIOCHHUKIB cXeMH 3amimieHHs. [Ipu
no0OyoB1 Mozieni nepemarnidyBannss @M y napanenbHUX MarHiTHUX HOJISX HalOLIBII TOUHMMH € allpoKCUMaliiHi
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METO/IY, L0 BPaxOBYIOTh HE TINBKM 3MiHM BEJIMYMH 1 y 4Yaci, a mie W iX moxifHi. 3 po3BUTKOM OOYHCIIIOBAIBHOT
TEXHIKH Ta MPOrpaMHOro 3abe3ledyeHHss MaTeMaTHYHI MeToau po3paxyHKy PK mpu 3Ha4Hiil 3MiHI 1HIYKTHBHOCTI
(hepoMarHeTHKiB, BKIIOYAIOYM JUISHKHM HACHYEHHS, CTAlOTh peabHUMH. [IpM 1bOMY BaXIIUBHUM € TIOIIYK
AMPOKCHMYIOUOr0 aHANITAYHOrO BHpa3y, WI0 OINHCYE J[WHAMIYHY TrpaHuuHy mneriaro rictepesucy (I1D).
IMpakTnyna 3HauuMicTs. [IpoBeneHo aHaii3 3MiHM ENEKTPUYHMX MapamerpiB omHoro M toro » PK mpm pos-
paxXyHKy KJIaCHYHUAM 1 HOBUM METOJIOM: pi3HHUIlA ckiana He Ourbmie 10 %. HaBexeHo nesiki 3aX0oau 3 IiIBUIICHHS
eKcIuTyaTaIiitHoi 3aBagoctiikocti PK.

Kniouosi cnosa: peiikoBe KOIoO; Ipocenb-TpaHcOpMaTop, YOTUPUIIONIOCHHK; ()EpOMAarHeTHK; TiCTepeswc,
CIEKTp; BUXPOBI CTPYMH; MarHiTHa B'SI3KiCTh; KpHBa HAMarHi9eHHs; MOICITIOBAHHS

A. 10. )KYPABJIEB'

l*Ka(p. «ABTOMATHKa, TeIeMEXaHUKa U CBS3bY», J|HEMPONETPOBCKUIT HAIIMOHAIBHBIN YHUBEPCUTET YKEIE3HOIOPOKHOTO
TpaHCIopTa UMeHH akajeMuka B. JlazapsHa, yiu. JlasapsHa, 2, [{lHenponerposck, YkpauHna, 49010, ten. +38 (067) 990 76 51,
a11. moura anton.zhuravlev@gmail.com, ORCID 0000-0001-6885-5177

O METOJAX PACHETA PEJIbCOBbBIX ENENA
C YYETOM CBOUCTB ®EPPOMAT'HETUKOB
B YCJIOBUAX BJUAHHUA IIOMEX TAT'OBOI'O TOKA

Heas. B padore HEOOXOOMMO HCCIIENOBATH JIEKTPOMAarHUTHBIE POILIECCH B IPOCCENb-TpaHchopMaTope ¢ 11e-
JIBIO TIOBBIIICHHUS TIOMEXO0YCTOHYMBOCTH penbcoBbix Tieneit (PL]) u, kak cieacTBue, MOBBIMICHHS 0€30MACHOCTH
JIBUKEHUS Ha eJle3HoH fopore. Meroauka. i1 TOCTHKEHUS TOCTABJIEHHON L€ NPUMEHEHbBI METObl HAYYHOT'O
aHaJIM3a, MaTeMaTHYECKOI0 MOJICIIMPOBAHUS, SKCIEPUMEHTAIBHOTO UCCIIEOBAHMSI, MACIITAOHOTO MOJICITMPOBAHUSI.
PesyabTaThl. PaccMoTpeHbl moMexu, BIUSIONIME HA HOPMAIBHYIO Pab0OTOCIIOCOOHOCTh PENbCOBBIX Lienel. B 3Ha-
YUTENIbHON Mepe 4acTh MOBPEXIEHUI B PEIbCOBOM IENMH MPUXOAUTCS HAa OTKa3 B €ro ammapaTrype. Amnmaparypa
PENIbCOBOM LENH MOAKIIOYEHA HEMOCPEACTBEHHO K PEIbCOBOM JIMHHMHM, MOJBEPKEHHOM BIIMSHUIO MOMEX TSITOBOIO
TOKAa, YTO BBI3bIBAECT B HUX U3MEHEHHUE ANEKTPUUECKUX XapPAKTEPUCTUK U JNEKTPOMArHuTHBIX cBOiicTB. HopmanbHas
paboTOCIIOCOOHOCTH TPH BHINOJHEHNH OCHOBHBIX PEKUMOB paOO0THI PEIIbCOBOI LIENH ONpeIeNseTcs IpeIBapUTEb-
HBIM PAacYeTOM €€ XapaKTePHCTHK M COCTaBJICHHEM PEryTUPOBOYHBIX HOPMATHUBHBEIX TaOmui. [IpoaHanmmsupoBan
KJIACCUYECKHUM METOJ OIpeAeieHHs] NapaMeTpoB pesibcoBoil nenu. Kiaccuueckuil MeTop pacdera mpeanosiaraet
MPEACTABIEHUE OTHENIbHBIX YYACTKOB DJIEKTPUUYECKOH CXEMbI PENIbCOBBIX LIENEH YETHIPEXIOIIOCHUKAMU C H3BECT-
HeIMH KO3(unmentamu, o0biuHO B A-dopme. Ilouck KodQ(GUIMEHTOB cXeM C JHWHEWHBIMH JIIEMEHTaMH
HE MPEICTaBISIET METPOJOTMYECKMX M MaTeMaTHYECKUX 3aTpylHeHuil. Bmecte ¢ TeM, B LEIsX, COAEpXKaIIUX
HenuHelHble peppomardetikn (PM), monydeHue Ko3(hDHIMEHTOB Ha BCEM JAHANa30HE M3MCHCHHUS HHIYKIIHit
B CepJICYHMKAX — JOBOJILHO TPY/IHAS 33]1a4a, MOCKONbKY KIaCCHUECKUEe METOIBI X0I0CTOro Xoaa (XX) U KOpOoTKOro
3ampikanus (K3) cTraHOBSTCS HepHUEMIIEMbIME. DTO MPUBOIUT K YCIOKHCHHIO METOIOB OMPEICIICHNUS, KaK MOIYJIS,
TaKk ¥ apryMEHTOB KOA((HIMEHTOB YETHIPEXIOJIIOCHUKOB. BMECTO KIIacCHUECKOro MeToAa TPEIUIOKEH METON
pacyera perbCOBOM IIENH C YIeTOM HEIMHEWHOH XapakTepucTuku ¢peppomaraeTnkoB. Hayunasi HoBu3Ha. B crarbe
paccMOTpeH HOBBIH moaxon K pacuery PL] ¢ yderom moreps B (eppomarnernkax, 0e3 moucka Kod(QuireHToB
YETBIPEXIIOIIOCHUKOB CXeMbI 3amelleHusi. [Ipu moctpoenun monenu nepemarHuuuBanus @M B mapauieabHBIX
MarHUTHBIX MOJISIX HamOollee TOYHBIMH SIBIIAIOTCS ANNPOKCHMAIIMOHHBIE METOJNBI, YUYUTHIBAIOIIHAE HE TOJBKO
W3MEHCHHS BEIMYMH W BO BPEMEHH, HO W UX mpousBogHble. C pa3BUTHEM BBIYHCIUTEILHOW TEXHHUKH
U TPOTPaMMHOIO oOOECIedYeHnsT MaTeMaTHYecKhe MeToAasl pacdera PLl mpm 3HAYUTETHPHOM HM3MEHEHHH
MHIyKTUBHOCTH (DEPPOMArHETHKOB, BKJIFOUYasl YYaCTKH HACBIIICHHS, CTAHOBSITCS pealbHbIMH. [IpH 3TOM BaXKHBIM
SIBJIIETCS TIOMCK alllIPOKCUMHUPYIOIIErO aHAJTUTHUECKOTO BBIPAKEHU, OIUCHIBAIOIIETO IMHAMUYECKYIO IIPEACIIbHYIO
nerao rucrepesuca (IIN). TlpakTuyeckasi 3HAYMMOCTH. IIpoBeleH aHAIM3 HM3MEHEHHS DIIEKTPUUECKHX
napaMmeTpoB OfHOW U Toi xe PII mpu pacyere kiaccM4eckuM M HOBBIM METOJIOM: pa3HHIla cocTaBuia He 6osee 10
%. IIpuBeieHBI HEKOTOPBIC MEPOIIPHSI-THSI IO MOBBIIICHUIO SKCIUTyaTallMOHHOM ToMexoycTonunBocTr PLI.

Kniouegvie cnosa: penbcoBas Lienb; NpOCceib-TpaHc(GOpMaTOp; YETHIPEXIIONIOCHUK; (PeppOMAarHeTrK; THCTepe-
3UC, CHeKTp; BUXPEBLIC TOKH, MarouTHas BA3KOCTh, KpuBas HaMarHM4uBaHUs, MOAECJIMPOBAHUEC
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IKCIIPECC-METO/J OHEHKHA
HOTEHHUAJIBHOI'O TEPPUTOPHUAJIBHOI'O PUCKA
IIPU ABAPUAX HA TPAHCIIOPTE

Heas. /lanHoe uccnenoBaHne HapaBIeHO HAa pa3pabOTKy METO/A OLEHKH MOTEHIHAIBHOTO TEPPUTOPHATIBHOTO
pHCKa IpH aBapusiX Ha KEIE3HOJOPOKHOM TPAHCIIOPTE, YUUTHIBAIOIIETO CHEIU(PHUKY SMHUCCHH XUMHUYECKH OTTACHBIX
BEIECTB IPH YPE3BBIYANHBIX CHTYaIlMAX BO BPeMs MX TPaHCHOPTHPOBKH. Meroauka. OCHOBY NpEUIOKEHHOTO
METO/Ia COCTaBIISET YUCICHHOE MOAEIUPOBAHUE TIPOIiecca IIEPEHOCa XUMHYIECKH OITAaCHOTO BEIIeCTBa B aTMocdepe.
OCHOBOI1 YHCIEHHOI MOJENH SIBISIETCSl YPaBHEHHE MacCONEPEHOca XMMUYECKH OMACHBIX BellecTB. JaHHOe ypas-
HEHHE YYUTBHIBAaeT paccenBaHUe B aTMOc(epe OIacHOro BELIeCTBAa 3a cyeT BeTpa M arMocdepHoit audpdysun. s
YHCJIEHHOTO WHTErPUPOBAHUS YPAaBHEHUs MEPEHOCa XMMHYECKH OIACHOTO BEIIECTBAa B arMoc(epe NpUMEHSETCs
HesIBHas pa3HOCTHAsI cXxeMa pacuieruieHus. Ha oCHOBe OCTpOSHHOM YMCICHHON MOJIENN pa3paboTaH METO]] OLIEHKH
MOTEHIUAJIBHOTO TEPPUTOPUATIBHOTO PUCKA U CO3aH KOJ Ha alnropuTMuieckoM sizeike Doptpan. PaspaboranHbiit
METO]l MPOCTPAHCTBEHHO-BPEMEHHOM OLIEHKH TEPPUTOPHAIBLHOIO PHCKA YUHTHIBAET. BEPOSTHBIE METEOCHUTYalWH;
PEKHM SMHCCUHM XUMHUYECKH OIACHOTO BEIIECTBA; MOIIHOCTh YMHUCCHH, JBIKEHUE NCTOYHNKA dMHccHu. [IpoBeneH
BBIYHMCIINTENBHBIA 3KCIEPHMEHT I10 OLCHKE YPOBHS 3arpsi3HeHus aTMocepsl Haj noceakoM CHHEIBHUKOBO HPHU
aBapuiHON yTeuke ammuaka. Pe3yabTaThbl. [IpeanokeHHbIH METOZ MO3BOJSIET ONMEPAaTHBHO PACCUUTATh BO3MOXK-
HBII MOTEHINAIBHBIH PUCK YTEUKH XMMHYECKH ONACHBIX BEUIECTB HA OCHOBE pacdeTa ypOBHS 3arps3HEHHS aTMO-
cdepsl IpU Pa3INYHBIX METEOCUTYanusX. MeTo I MO3BOIAET ONPENEIUTh Pa3MEphbl 30HBI TOKCHYHOTO MOPAaYKCHUS
JIOZIEH ¥ OLICHUTh YPOBEHb ONACHOCTH aBapHil Ha JKEJIE3HOZOPOKHOM TpaHcrmopre. C MOMOIIBI0 pa3paboTaHHOMH
YHCIEHHON MOJIETM BBINIOJHEHA OLCHKA PUCKA MOPAXEHUs JIOJeH B celMTeOHON 30HE mocenka CHHEIbHHKOBO.
Hay4ynasi HoBU3HA. YYEHBIMH CO3]aH METO]I OIICHKH MOTEHLHAIBHOTO TEPPUTOPHATIBHOTO PUCKA, OCHOBAHHBIM Ha
YHCIIEHHOM MOJICIIMPOBAaHUM TpOIiecca 3arpsi3HeHHs arMocdepbl. BhINMONHEH pacueT MOTEHIMAIBHOIO pUCKa IS
cenuTeOHON 30HBI oceska CuHenbHUKOBO. [IpakTHyeckast 3HaYuMoOCTh. Pa3paboTaHHbI METOZ OLIEHKH MOTEH-
[IMAJBHOTO PUCKA MOXET OBITh MCIOJB30BaH HE TOJNBKO JUI PEIICHMs 3a/1ad JaHHOTO Kiacca Ui OOBEKTOB
JKEJIE3HOIOPOKHOTO TPAHCIOPTA, HO M /IS APYTMX XMMHUYECKH OMAacHbBIX 00beKTOB. C IMOMOILIBI0 pa3paboOTaHHOTO
METOJIa BBHINIOJHEHA OLCHKA ITOTEHIMAIBHOTO pHcKa Juisl mocesika CHHENPHUKOBO B Cllydae aBapHHHOM SMHCCHU
amMMuaxa.

Kniouegvie cnosa: aBapuitHOe 3arpsi3sHeHHE aTMoc]epbl; BHIOPOC XMMHUYECKH OITACHBIX BEIIECTB; YHCICHHOE MO-
JISTMPOBaHKE; OL[CHKa PUCKa
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BBenenue

OreHKa YpOBHSI 3arps3HEHUsI OKPY’KaroIIeH
CpeZbl B Cliyyae aBapHii TPH TPAaHCTIOPTHPOBKE
XMMHUYECKH OMACHBIX I'PY30B SBIsETCSA crenudu-
YeCKOW M 0c000 BaKHOW 3a/aveld, BOSHHUKAIOIIEH
B 00JaCTH Hay4YHbBIX MCCICIOBAHUMN, CBSI3aHHBIX
C JKCIUTyaTalMei Kele3HOJOPOKHOTO TPaHCIopTa
[1, 2]. B pamkax 3To#f mpoGieMsl ClieayeT BEHIIE-
JIUTh OJIHY, KpaiiHe Ba)XKHYIO 3aj1a4y — OLIEHKY Tep-
PUTOPHATLHOTO PUCKA TPH aBAPUIHBIX CHTYAIHIX
Ha JKeIe3HOJOpokHOM Tpancmopte [9, 14, 17].
Hcmosb3yeMble B HACTOSIIEE BPeMsi Ha MPAKTHKE
METOJJMKH PELICHUs TAKUX 3a]a4 He OTBEYAIOT CO-
BPEMCHHBIM TPEOOBAHUSAM H HE JAIOT BO3MOXHO-
CTH TIOJYYHUTh HAYYHO OOOCHOBAHHBIC JAHHBIC OT-
HOCHTEIIbHO YPOBHSI 3arpsi3HCHUSI OKpPY)Karouen
Cpe/lbl U OIICHKUM PHUCKA MPU YPE3BBIYAWHBIX CH-
tyamusx (puc. 1) [5, 6, 9-12].

Puc.1. Omuccus 3arps3HAIONINX BEIIECTB
IIpY aBapUU Ha XKEJIEe3HOM 1opore

Fig. 1. Emission of pollutants in the accident
on the railroad

BaxkHocTh pemieHus 3agad JaHHOTO Kiacca,
O0COOCHHO ceifuac, MpUBJIEKaeT K ceOe BHUMaHUC
B CBS3U C IOBBILICHHOW YIpO30H TeppOpUCTUYE-
CKHX aTaK M JUBEPCUH Ha JKEIEe3HOM Aopore, Korma
9MHCCHs ONACHBIX BELIECTB MOXKET OBITH 3HAYU-
TeJbHO OlIbIle, YeM Npu aBapusx. Takum oOpa-
30M, CO3[JaHHE METOJOB OLIEHKH YPOBHS 3arps3He-
HUSl OKPYXKAIOIIEH Cpelsl W PUCKA, IPU YpPE3BbI-
YalHbBIX CUTyalUsIX Ha KEJIE3HOW JIopore, ABJISET-
Csl aKTyalbHOW Hay4YHOU 3aJa4yei.

Hean

Ilenmsto maHHOW pabOTHI SBIAETCS pa3pabOTKa
METOJIa JIIS ONEPATUBHOM OICHKHU MOTCHIIMATIBHO-
r0 TEPPUTOPHATBHOTO PUCKA MPH aBAPHIHOW SMHU-

CCHHM XMMHYECKH OMACHBIX BEUIECTB Ha O0BEKTax
JKEJIE3HOAOPOKHOTO TPAHCIIOPTA.

Ananuz nybruxayuti. B Yxpaune B Hacrosiee
BpeMsl JIUIS OLEHKH PHUCKA NP Ype3BBIYANHBIX CH-
Tyalusax WCIONB3yeTCS HOPMAaTHBHAS METOIMKA
[9], xoTopas HOCHT IeKJIapaTHUBHBIA XapakTep
U HE COJEPKUT KOHKPETHBIX PaCUYETHBHIX 3aBHCH-
MOCTEH, TO3BOJISIONIMX MPOTHO3WPOBATH BEIHYH-
HY pHCKa JJIs KOHKPETHBIX aBapUUHBIX CHUTYAIIHH.
Kax u3BecTHO, BenTUYMHA pUCKa 3aBUCUT OT BEJH-
YUHBI TOpaKaomuX (aKTOpOB, KOTOPHIE BO3HU-
KaroT IPH TOM WINM MHOHM YpE3BBIYAHON CUTYyaIUH.
IIpyn aBapuiiHOM 3MHUCCUM XMMHYECKH OIACHBIX
BEIIECTB BO3HHUKAET MOPAXKAOMINN (HaKTOp — KOH-
LeHrtpaius. B ciyuae cutyaiuii, CBSI3aHHBIX SMHC-
CHEl XMMHUYECKH OIMACHBIX BEIIECTB, JUIS OLECHKHU
MOCTIEICTBUH aBapuii Ha XWMHUYECKH OIACHBIX
00BEKTaxX W TPAHCHOPTE HUCIOIB3YETCSI HOPMAaTHB-
Has meroauka [10], koTopas ocHOBaHa Ha psje
SMIIUPUYECKUX 3aBUCUMOCTEH. J[aHHas MeToIuKa
HE VYYHTHIBAET CKOPOCTh BETPa, aTMOCHEpHYIO
mahy3uro, peKuM SMUCCUN XUMHUIECKH OTTACHOTO
BEIIECTBa Ha Mpouecc (OPMUPOBAHMS 30HBI 3a-
TpSI3HEHUS, a 3HAYMUT, HA BEJIMYMHY DHUCKa. JTa
METOJIIKa HE TIO3BOJISET OIEHWUTH BEIMYMHY KOH-
LIEHTpallMM, TO €CTh OLEHUTh PUCK. Kpome 3Toi
METOJUKH, MPUMEHSIOTCS TaKXKe aHATUTHUYECKHE
MOJIENIH, B YaCTHOCTH MoJienb ['aycca s OneHKH
aBapuUIHOTO 3arpsi3HEHHsT aTMOC(epbl M OLCHKH
pucka nopaxkenus moneit [6, 14] . Kak usBectHo,
MOJIETM JTaHHOW TPYIIBI TIO3BOJISIFOT OBICTPO pac-
CUHMTaTh 30HY 3arps3HEHUs, HO TOJBKO ISl MO-
NETBHBIX CUTYyallid THIIA TOYCYHBINH MOCTOSHHO
JEUCTBYIOIIUN KCTOYHUK WM TOYCYHBIA MTHO-
BEHHBIN BEIOpOC. B psae ciydaeB HCHOIL3YIOTCS
CFD wmopenu [2, 3, 15, 16], HO OHU «CITOKHBI» IS
psAA0BOro Noab3oBarens. B HacTodiee Bpems ode-
BUJCH JehUIT MOJENEeH W METOJOB MPOTHO3a
TEPPUTOPHAIIFHOTO PHCKA, MO3BOJISIOUINX OIepa-
THUBHO MOJIy4aTh HEOOXOJMMBIC MPOTHO3HBIC JaH-
HBIE.

Ilocmanoska 3adauu. PaccmaTpuBaeTcs pac-
cerBaHME B aTrMocdepe TOKCHYHOTO BEIIECTBA,
TIOTIABIIIETO B HEEe TNPU YPE3BHIYAWHON CHTYyAIIHH.
W3BecTHa MHTEHCHUBHOCTH BBIOPOCA 3arps3HSIOIIE-
rO BeIIeCTBa U TPOJOJIKUTEIHLHOCTh 3MHUCCUU
ONACHOr0 BEIIECTBA MO BpPEMEHH, a TaKKe BO3-
MOJKHBIE MeTeocuTyanud. HeoOXoaumMo OIeHUTh
PUCK TOKCHYHOTO MOPaXKEHUS JIIO/IeH Ha OTKPBITOM
MIPOCTPAHCTBE BO3JIE MECTA aBapUH.
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MeTtoanka

[Mnardopmoii perieHus 3aa4u M0 OLEHKE I10-
TEHLUAIBLHOTO TEPPUTOPUAIBHOIO PUCKA B CIIydae
aBapuil IpU TPAHCIOPTUPOBKE XHMUYECKH OIac-
HBIX TPY30B SBISIETCA OCPENHEHHOE IO BBICOTE
nepeHoca H ypaBHeHHME MaccollepeHoca MPUMECH
I'. 1. Mapuyka [4, 7]

oC ouC ovC a( aCj o oC
vt t =\ W [t | &
ot ox oy ox\U*ox) oyl oy
1Q(0)-8(x- % (1) 8(y-%(1), @

rae C — KOHIIEHTpAIT|S OMTAcHOTO BemlecTsa; U, V —
KOMIIOHEHTBI BEKTOpPa CKOPOCTH BETPOBOTO MOTOKA;

L= ( My, uy) — k03 uIMeHTs aTMOChEpHOH TYp-
OynentHoit muddysum; t — Bpems; Q — MHTEHCHUB-
HOCTb SMHCCHH OIIACHOTO BEIECTBA; X, (t) Yo (t) -
KOOpJHMHATHl HWCTOYHHMKA 3MHCCHH, 3aBHUCAIINE OT
BpemeHn;  8(X— X, (t)) 3(y-Yo(t)) - nmemsra

¢ynkuus Jupaka.
3agaBasg 3aBUCHMOCTH OT BPEMEHH KOOpAWHAT

HCTOYHUKA DMHUCCHH X, ('[),-yO (t) , MBI MOKE€M MO-

JIeIMPOBaTh JBHKCHHE MCTOYHHMKA dMHUCCHU (pa3-
repMeTU3UpOBaHHas  nucrepHa).  [locTaHOBKa
KpaeBbIX YCIIOBHH IJIsi AaHHOTO YpaBHEHHS pac-
cMoTpeHa B paborax [2, 7, 13].

B manHOM paszene paccMOTpeHa HOBasl METO-
JOJIOTHSl OLIEHKH TEPPUTOPUATBHOTO PUCKA B CIY-
yae aBapuHHOW SMHCCHHM OINACHOrO BEILIeCTBAa Ha
’)kene3Hout gopore. Ilomaraercs, 4To BEpOATHOCTH
WHUIMUPYIOUIEro coObITHs (aBapuUiHbIA BBHIOPOC)
P=1.

ANropuTM OIIpENeNeHNs] BEIMYMHBI TEPPHUTO-
pHambHOTO pHcKa pa3OuBaercst Ha psp dTanoB. Ha
nepgom dTane peleHus 3agadn  (HOpMHPYETCs
OIOK [NaHHBIX OTHOCHUTENBHO WHHULMHUPYIOIIETO
coObITUST (MECTO IMHCCHH, MHTEHCUBHOCTb 3MHC-
cuH, pexuM smuccun). Ha émopom srane dpopmu-
pyercs OJOK IOaHHBIX OTHOCHTEIBHO BEPOATHBIX
Mereocutyanuii PW,;, xapakTepHBIX IS paccMmart-
puBaeMoro peruona. Ha mpemvem stane paccuu-
TBIBa€TCA YPOBEHb 3arpsi3HEHUS B PETHOHE IS
BEPOSITHBIX METCOCUTYalHil (YMCIICHHOE peleHHne
ypaBuenus (1)). Ha uemeepmom stane onpenens-
IOTCSl TIOA30HBI, TA€ KOHIEHTPAIHsA IPEBbIIIAET
noporoBoe 3Hadenue (ITIJK, cMepTenbHyo KOH-
[EHTPAIMIO ¥ T.IL) MPH TOH WIN WHOW METEOCH-

Tyarmd. Ha 3aKiIfOunTeNIbHOM, nsamoMm dTare, ocy-
IIECTBISIETCS TIOCTPOCHHE IO pUCKa UL pac-
CMaTpPUBaEMOT0 PETUOHA.

I[Ipu mocTpoeHNH TONS TEPPUTOPUATBHOTO
pHUCKa CJemyeT y4ecTh, YTO KaKIOMY IOTOIHOMY
cocrosiamio P(W;) oTBeyaeT KOHKpeTHass 30Ha 3a-
TPS3HEHWsS,  XapaKTepU3ywllascs  pa3MepamMu
M KOHIIEHTpallMel omacHoro BemiecTBa. BeposT-
HOCTh pEaTH3aIid KOHKPETHOT'O IMOTOAHOIO CO-
CTOSIHUS OTIPEICISACTCS MO 3aBUCHMOCTH

P(W;)=N,/T, @)

rae N, — 4ucno aHei (4acoB), COOTBETCTBYOIINX

OTIpENICTICHHOW METCOCHUTYAIluu; | — MepHoj Ha-
OnronieHuit (MPOrHO3 METEOCUTYAIHHN).

B naHHOM ciydae Mo OnpeeieHHONH MEeTeoCH-
Tyanuei OyJeM MOHUMATh KOHKPETHOE 3HAYCHHE
CKOpOCTH W HampaBieHus: Berpa. [Jannas uHbOp-
Malys MOXET OBITh MOJYYCHA HCXOJS M3 HMEIO-
mieiics 0a3bl HAOMIONMEHWUH 3a TOTOMHBIMH YCIIO-
BUAMU B KOHKPETHOM pPETHOHEC WM HAa OCHOBC
NPOTHO30B METEOCTAHIIH.

JIis OLIEHKU TOTECHIUAIBLHOTO TEePPUTOPUAIE-
HOI'0 pHCKa HeO6XOI[I/IMO OLICHUTH BEPOATHOCTH
JUI KQKJIOW TOYKH PAacCMAaTPUBAEMOIO PETHOHA,
MPUJIECTAIONIEr0 K KEJIe3HON Jopore, OKa3aThCs
moJ neiicTBreM Imietida (06aaKa) omacHOro Belle-
CTBa.

Hcxons U3 AaHHBIX PACCYKICHUN, MOXKEM YT-
BEPXK/IaTh, YTO BEPOSATHOCTH MOMAJaHUSI KaKOro-
0o perenTopa noj aeicTBre nuiekida onacHoro
BEILIECTBA OINPEICIUThCS, TAaKUM 00pa3oM, Mo 3a-
BHUCHMOCTH:

PW)y =2 P(W), (3),

n
-0

rae P(VV)Z — CyMMapHasi BEpOATHOCTh BCEX II0-

TOOHBIX COCTOSIHI/Iﬁ, OTB€YAKOIIUX JaHHOMY Ha-
NPaBJICHUIO BETPA, MPU KOTOPOM PELENTOP MOMa
B 30HY BJIMSIHUS HCTOYHHMKA SMHUCCHH.

Takum o06pasom, Ui pacdera BEpPOSTHOCTH
0Ka3aThCsl B 30HE MOpakeHHs (TO €CTh IS OLCHKH
BEJIMYHHBI TEPPUTOPUATBHOTO PUCKA) HEOOXOIMMO
BBITIOJIHATD PAcYEeThl JJIsi KOHKPETHOTO PEIENTopa
mo dopmyie (3). HeobxoauMo MOAYEPKHYTh, YTO
JUIsl pelIeHHs] TOCTaBJIEHHOM 3a/1aud HaJo 3HATh
KOHIIEHTPAIIMIO OMACHOTO BEIIECTBA B TOYKE pac-
HOJIOKEHUS. KOHKPETHOTO PEIENTOPA M Ha CKOJIBKO
3Ta BEJWYMHA TPEBOCXOIAUT HEKOTOPBIA MOPOro-
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BHIf ypoBens (Hampumep, ITJIK nin kakyro — muoo
npyryo BenuunnHy). CrenoBaTenbHO, MBI MTPHXO-
UM K TICPBOOYEPETHOW 3ajadye — OIpPE/ICICHUC
noJisi KOHIICHTPAIIMK OMACHOTO BEHIECTBA JUIs KOH-
KPETHOTO perrnoHa (TeppUTOpPHH) M KOHKPETHOM
METCOCUTYAIUH.

OTMeTHM, YTO JJIsl POTHO3a MOTEHIIMATBHOTO
TEPPUTOPUATILHOTO PHCKA HEOOXOJMMO 3HATH:

1. MOUIHOCTh SMHUCCHH OIIACHOTO BEIIECTBA,
PSKHUM 3MUCCUHM, CKOPOCTh M HANpPAaBICHHUE JIBH-
JKCHUS pa3repMETU3UPOBAHHON I[UCTEPHBI,

2. MECTO Haydajla DMUCCHH,

3.  MeTeoCUTYyaIuIo;

4. KOHIEHTPAIMOHHOE TOJIE OMACHOTO Bellle-
CTBa, KOTOpoe (hopMHUpyeTCsl Ui KOHKPETHOM Me-
TEOCHUTYAIIHH.

Ha 06ase mpennoxeHHOW Mojenu pa3paboTaH
ko «RISK — QUICK», xotopslii ocymiecTBisieT
pacyer BO3MOXKHOTO TOTCHIMAIBLHOTO pHCKa Ha
0a3e mpemsioKeHHOro moxaxona. [IporpamMmHas
peanm3anus  KoJa OCYIISCTBICHA Ha  s3BIKE
FORTRAN. Pa3paboranHbIii KO COCTOHT U3 He-
crkonmpkux noamporpamm  tuma SUBROUTINE,
KaX1ass U3 KOTOPBIX OCYIICCTBISIET PEIICHUE OIl-
pEIeNeHHOM 3a/1aun: pacueT TUHAMUKU (HOPMHPO-
BaHUsI 30HBI 3arps3HEHUs], pacyeT KOHIICHTpPAI[UH
XUMHYCCKH OTIACHOTO BEIECTBA B 33J]aHHON TOYKE
U T.0. JIns penieHus pa3iudHbIX 337a4d MO OICHKE
TEPPUTOPHATIBHOTO PHUCKA HET HEO0OXOJAUMOCTH
BHOCHTD KaKHe-T100 U3MEHEHUs B pa3pabOTaHHbII
KOJI, MI3MCHEHHUSI BHOCSTCS TOJbKO B (haiin mcxon-
HBIX JIAHHBIX.

Pe3yabTathl

Jlis  wumocTpanuMu  BO3MOXKHOCTEH  pa3pado-
TaHHOTO METO]Ia OIIEHKH TePPUTOPHAIIEHOTO PUCKa
HIDKE TIPEJICTABICHO pEIIeHNEe KOHKPETHOW MpH-
KJIaIHOW 3aiaun. PaccmarpuBaeTcss peruoH BO3Jie
cranin «CruHensHUKOBO» (puc. 2). Pasmepsr pe-
ruoHa 10x 10 km. ITomaraercs, 4ro B ciaydae upes-
BbIYAHHONW CHUTyallUM MOET IPOU30MTH yTeuKa
aMMHaKa — KPaTKOCPOYHBIH BHIOPOC XUMHYECKU
OIacHOTrO BemiecTBa (aMMHaK), B T€YEHHH 1MUH.
MecTo dMHCCHU YCIIOBHO M300pakeHO Ha puc. 4.
B BHUJIC «KpyXkKa». Macca BEIOPOIIICHHOTO BEIIECT-
Ba 1t. [lonmaraercs, 4To cocTaB cHavana JBUTAETCS
co  ckopocthio 4  KM/4ac B TeYEHHE
4 MuH, a 3aT€M OCTaHABINBAETCS.

Puc. 2. PacueTnas obnactsb
(cT. «CHHETBHIKOBOY):
KPYMHKOK» — MECTO aBapHITHOIN IMUCCHU

Fig. 2. Estimated area
(St. «Sinelnikovo») «circle» —
a place of emergency issue

IIpn omeHKe MOTEHIMATBHOTO TEPPHTOPHAIIB-
HOT'O pHCKa IPHHUMAJIOCh, YTO TIPH KOHIIEHTPAI[MN
paBHOI MK GonbIeil Bemmunner 0,2 Mr/m® peren-
TOp MONa aeT B 30Hy PHCKA.

[IpeAnonoXuM, YTO Ha CTAHIUH B TEPUOJ
¢ Houu 24.00 (12 nexabps) mo 18.00 (13 mexabpsi)
10 JaHHBIM METEONpPOTrHO3a, B TeUeHUe 42 4acoB
BO3MOXKHBI ~ TakW€ METEOCHUTyallH. CEBEpo—
BOCTOYHBII BETEP CO CKOPOCTBIO:

1. B mepuox c¢ 24.00 mo 6.00, (HOub—yTpO)
OXHUIaeTCcs CKOopocTh BeTpa 1 m/c;

2. B mepuox ¢ 6.00 mo 12.00, (yrpo—meHs)
CKOpOCTB BeTpa 2 M/c;

3. B mepuon ¢ 12.00 (12 nexabps) mo 18.00
(mennb 13 mexabpst) ckopocTh BeTpa 3 m/c.

Takum 00pazoM, Ha MPOTSHKEHUHU 42 4acoB Be-
POSITHOCTh peaTM3aliui KaXIOH METEOCHTYaIlH
COCTaBIISICT:

P(W1)=%x100=14.3%;

P(Wl):%x100:14.3%;

P(W,) :%x100:71.4%.

Tpebyercst OLIEHUTHh MOTEHIHATBHBIA TEPPHUTO-
pUANbHBIA PUCK JUISl paccMaTpUBaeMOW CUTyalluU
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aBapUTHOM yTE€UKH OMAacHOTO BEIIECTBA HA JKeJe3-
HOJOPOXKHOM cTaHuu «CHHETEHUKOBOY.

Ha nocneayromux pucyHKax MOKa3aHbl KapThl
BO3MOXKHOTO TIOTEHIIMAIILHOTO pHCKa IS pac-
cMarpuBaeMoi cutyanuu. HeoO0XomuMo OTMETHTD,
YTO TPEJCTABICHBI TAaHHBIC O BEIMYMHE TEPPUTO-
PHAILHOTO PUCKA JUIS Pa3IMYHBIX MOMEHTOB Bpe-
MEHH, TaKk KaK HCXOIHAas 3ajlaya — HecTalnoHap-
Has TI0 CBOCH IMOCTaHOBKE. IMHCCHS UIET TOJBKO
1 muH, a nanee B atMocdepe MUTPUpPYET cHOpMU-
POBaBIIAsCS 30HA 3aTPSI3HEHUS.

4

OODODDO0OODDODDOO0DODO0D00000

Puc. 3. Matpuna TeppuTOpHUaNIbEHOTO
pucka (t= 1mun)

Fig. 3. Matrix of territorial
risk (t =1 min)
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Puc. 4. Matpuna TeppUTOpHUATEHOTO
pucka (t = 8mun)

Fig. 4. Matrix of territorial
risk (t = 8 min)

Puc. 5. MaTpuiia TeppUTOpHAILHOTO PUCKA
(t =15 mun)
Fig. 5. Matrix of territorial risk
(t =15 min)

Puc. 6. MaTpuia TeppuTOpHATBEHOTO PUCKa
(Bpemst t = 22 muH)

Fig. 6. Matrix of territorial risk
(t=22min)

Kak BugHo u3 puc. 3—6, 30Ha BO3MOKHOTO Tep-
PUTOPHATIBHOTO pPHUCKA TOCTOSIHHO H3MEHseTCs
C TEYEHHEM BPEMEHH — OHA YBEIIMYMBACTCS B pas-
Mmepax. Tak s MoMmeHTa Bpemenu t = 1 muH mio-
a7b MOTEHIHUAIBHOTO TEPPUTOPHUANBHOTO PHCKA
cocraisier nopsiika 5 % paccmarpuBaemoro pe-
THOHA, TO K MOMEHTY BpeMeHu t = 22 muH, mjio-
a7pb MOTEHIHAIBHOTO TEPPUTOPHUATBHOTO PHCKA
MIPAKTHYECKH paBHA IMOJOBHHE TUIOMIAAN paccMar-
pHBAaEMOI0 PETHOHA U TOJIHOCTBIO MOKPHIBAET T0-
cenok «CHHENTbHUKOBO». DTO YKa3blBaeT Ha OrT-
POMHYIO OTAaCHOCTh aBapHii Ha OOBEKTaX >Kele3-
HOJIOPO’KHOr0 TpaHcnoprta. Kpome atoro BHIHO,
YTO BEJMYMHA MOTEHIHAIBLHOTO PUCKA U3MEHSACTCS
JUIS pa3IMYHbIX TOUYEK PErMOHA CO BpeMeHeM. Tak
JUTSI TOYEK PETHOHA, TJIe MePBOHAYAIBHO BETMYHNHA
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pricka cocrasisuia mopsaka 70 % (MomeHT BpeMe-
HU 8MUH MOCIIE aBapuH), TO /ISl MOMEHTA BPEMEHH
t = 22 MUH B 3THX TOYKaX 3HAYCHHE MOTCHIHAIIb-
HOTO pHUCKa yXe cocramisier mopsaka 84 %, T.e.
PHUCK BBIpOC. DTO 3HAYHUT, YTO B Cly4yae aBapuid
TaKOTO THUIA Pa3MENICHUE >XKUJION 3acTpOMKH Ha
OTIpEZICICHHOM PAaCCTOSHHUM, Jiaxe JIOCTaTOYHO
OOJIBIIIOM OT JKEJIE3HOJOPOKHONW MarkuCTpaly, emle
He TapaHTupyeT 0€301acHOCTb IS JTIOACH.

AHanmu3upyss MaTpUIlbl  TEPPHUTOPUATBHOTO
pUCKa, TIpE/CTaBICHHBIC Ha IPHUBEICHHBIX BBIIIC
pPHCYHKax, MOXKHO CIeNaTh BBIBOJ O TOM, YTO pa3-
pabOTaHHBIN METOJ| MO3BOJIICT OICHUBATh TEPPH-
TOPUANBHBIN PUCK U CUTYyalldd, KOTOpas Xapak-
TEpHA MPHU aBAPUIHBIX SMUCCHIX Ha 0OBEKTaxX Ke-
JIE3HOJIOPOKHOTO TPAHCIIOPTAa — TMOIYHEIPEPHIB-
HBIi BBIOPOC XUMHYECKH OMACHBIX BEIIECTB.
HeoOxoauMmo momguepKHYTh, YTO B YKpawHe HET
AQHAJIOTUYHOTO METOJla pEeIIeHUs 3aJad TaKoro
KJacca.

B 3axmrouenue oTMeTuM, IS pEIICHUs 3a1a4u
moTpeboBaiock okojio 10 ¢ KOMIBIOTEPHOTO Bpe-
MEHH.

Hayunasi HOBU3HA U MpaKTHYecKast
3HAYUMOCTh

Co3maHa 4YHCJICHHAs MOJIENb, IO3BOJIAIONIAs
ONEPATUBHO OLECHUTH BEJIUYUHY MOTEHIUATHHOTO
TEPPUTOPUAIIBHOTO PUCKA B Cilydyae aBapuUMHOU
OMHUCCUU XUMHUUYCCKHN OIIACHBIX BCIIICCTB HaA O6T>GK'
Tax >KeJIC3HOJJOPOKHOT'O TPAHCIIOPTA.

OCOOEHHOCTBIO TIOCTPOCHHON MOJEH SBISET-
Cd WCIOJb30BaHUE CTAaHJAPTHOM MCXOJHON WH-
¢dopmaruu, OBICTPOTAa B TOJYYCHHH PaCUETHBIX
JMAHHBIX W YIOOCTBO ISl aHaju3a IOJy4aeMbIX
pe3yIbTaToB.
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EKCIIPEC-METO/ OIIHKHA MMOTEHIIMHOI'O
TEPUTOPIAJIBHOI'O PU3UKY
ITPU ABAPISAX HA TPAHCIHIOPTI

Mera. JlaHe HOCIHIIKEHHS CTIPIMOBaHE Ha PO3pOOKY METOMYy OIIIHKH MOTEHIIHHOTO TEPUTOPIaIbHOTO PH3HUKY
MIPH aBapisX Ha 3aTI3HAYHOMY TPAHCIIOPTI, IO BpaxoByBaB OW crenuQiky emicii XiMiYHO HeOE3MEeUHNX PEUOBHH
NpY HAJ[3BUYaWHMX CUTYAIisX MMij vac ix TpaHcropryBanHs. MeTtoauka. OCHOBY 3alpOIIOHOBAHOTO METOAY CTaHO-
BUTb YHCENbHE MOJICIIOBAHHS MPOIIECY MEPEHOCY XIMIYHO HeOe3NeuHoi pedyoBUHM B atMocdepi. OCHOBOIO YHCelb-
HOI MOZETi € pIBHAHHS MAacOIEPEHOCY XIMIYHO HeOe3NmeyHWX pedoBUH. /laHe piBHSHHS BpaxoBYe PO3CIIOBAHHS
B atMocdepi HeOe3NeuHoi PeYOBUHU 33 PaxyHOK BiTpy Ta atMmocdeproi audysii. s ducensHOro iHTerpyBaHHs
PIBHSHHS TIepeHOCy XIMIi4HO HeOe3Ne4HOi pPevyoBMHH B aTMoc(epi 3aCTOCOBYETHCS HEsBHA DI3HMIEBA CXeMa
posmieruieHHs. Ha ocHOBI 1oOymoBaHOiI 4YHCENBHOI MOJETl pO3pOOJICHO METOJ OLIHKM ITOTEHIIIHHOTO
TEPUTOPIATLHOIO PU3HMKY Ta CTBOPEHUH KOJ alropuTMiuHO0 MoBot doptpaH. Po3zpobnenuii Meros mpocTopoBo-
94acoBOI OILIIHKM TEPUTOPIAIEHOTO PH3HMKY BpaxoBYye: HMOBIpHI METEOPOJIOTIHHI CHUTYyalii; pexuM emicii XiMidyHO
HeOe31eYHol PEeYOBHHH; TOTYXXHICTh eMicii; pyx Jukepena ewmicii. [IpoBeeHO 0OUMCITIOBAIBHUI €KCIIEPUMEHT 110
OLHIII piBHS 3a0pyAHEeHHs atMocdepu Hall cenuiieM CHHETBHUKOBE IIPU aBapiiHOMY BHTOKY aMiaky. Pe3yabTaTn.
3anponoHOBaHHN METOJ JO3BOJISIE ONEPATUBHO PO3PAaXyBAaTH MOJMIIMBHI TMOTEHUIHHUHA PH3MK BUTOKIB XIMi4HO
HeOe3NMeYHNX PeYOBHUH Ha OCHOBI pO3paxyHKY piBHS 3a0pyIHEHHS aTMOc(epH MpH pi3HUX METeOCHTyarlisx. MeTox
JIO3BOJISIE BH3HAYMTH PO3MIPH 30HM TOKCHYHOTO YpaKeHHs JIIOJEH Ta OLIHWUTH piBeHb HeOe3leku amBapid Ha
3aI3HUYHOMY TPAHCIOPTi. 3a JOMIOMOTOI0 PO3p0OICHOI YMCETBHOI MOZEi BUKOHAHA OIIHKA PH3UKY ypakKeHHS
mopen y cemiteOHiIA 30HI cenmma CuHenpHHKOBe. HaykoBa HOBH3HA. BYeHMMH CTBOpPEHO MeETOJ OIIIHKH
MOTEHLIITHOTO TEPUTOPIATbHOTO PH3MKY, 3aCHOBAaHMHA Ha 4YHCENFHOMY MOJENIIOBAHHI Ipolecy 3a0pyaHEeHHsS
atMochepu. BuKOHaHO pPO3paxyHOK MOTEHI[MHOTO PU3MKY Ui CeliTeOHOi 30HM cenuina CHHEIBHUKOBE.
IpakTHyna 3HaYuMicTh. Po3po0iieHuii MeTo1 OI[IHKM OTEHIIHHOTO PU3UKY MOXe OyTH BUKOPHUCTAHHI HE TIIBKU
JUId pO3B’SI3aHHS 3aJiad JIAaHOTO Kiacy Julsd 00 €KTIB 3alli3HMYHOTO TPAHCHOPTY, aje ¥ Il IHIIMX XIMIYHO
HeOe3neyHnx 00’ eKTiB. 3a TOOMOTOI0 PO3po0IEHOr0 METOAY BUKOHAHA OLIHKA MOTEHIIHOTO PU3HKY VIS CelUIa
CuHenbHUKOBE Y pa3i aBapiiiHOI eMicii amiaky.

Kniouosi crosa: aBapiiine 3a0pyAHEHHsI aTMOC(epH; BUKUAN XIMIYHO HEOE3NIEUHNX PEUOBHH; YHCEIBHE MOJIC-
JIFOBAaHHS; OLIHKA PU3HUKY
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EXPRESS METHOD OF ESTIMATION OF THE POTENTIAL
TERRITORIAL RISK IN CASE OF ACCIDENTS ON TRANSPORT

Purpose. The present research is aimed to the development of a method to assess the potential territorial risk in
accidents on the railways, which takes into account the specificity of the chemically hazardous substances emission
in emergency situations during their transportation. Methodology. The basis of the proposed method is numerical
modeling of the transfer process is chemically dangerous substances in the atmosphere. The basis of the numerical
model is the equation of convective-diffusion transfer of chemically hazardous substances. This equation takes into
account the dispersion in atmosphere of dangerous substances due to wind and atmospheric diffusion. For the nu-
merical integration of the equations of transfer of chemically hazardous substances in the atmosphere is applied an
implicit finite-difference scheme of splitting. Based on the constructed numerical model was developed method for
the assessment of potential territorial risk and generated code in algorithmic language Fortran. The developed
method of spatio-temporal risk assessment takes into account: the territorial probable weather situations; emission
mode of chemically hazardous substances; emission power; the movement of the source of emission.
A computational experiment to assess the level of air pollution above the village Sinelnikovo during the emergency
leak of ammonia was conducted. Findings. The proposed method allows calculating quickly the potential risk of the
leakage of chemically hazardous substances on the basis of the calculation of the level of pollution in different me-
teosituation. The method allows determining the size of the zone of toxic casualties and assessing the level of risk of
accidents in railway transport. Using the developed numerical model evaluated the assessment of risk of casualties
in the residential area of the village Sinelnikovo. Originality. The scientists established the method for the assess-
ment of potential territorial risk, based on the numerical modeling of air pollution. The calculation of potential risk
to residential areas of the village Sinelnikovo was executed. Practical value. The developed method of assessing
risk potential can be used not only for solving problems of this class to objects of railway transport but also for other
chemically dangerous objects. By using the developed method was evaluated potential risk to the village Sinelnik-
ovo in the event of accidental emission of ammonia.

Keywords: accidental pollution of the atmosphere; the emission of chemically hazardous substances; numerical
simulation; risk assessment
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CFD MOAEJIMPOBAHUE ADPOUOHHOI'O PEXKUMA
B PABOYHX 30HAX B YCJIOBHUSIX
UCKYCCTBEHHOU NOHU3ALIUA BO3IYXA

Iean. Pabora npennonaraer cosmanre CFD mMomenu pacdera adpOMOHHOIO PEXHMMa B IMOMEIICHUAX U B pabo-
YMX 30HaX IPU MCKYCCTBEHHOIN MOHHU3alMHU BO3AyXa IIyTEM YCTAHOBKM MOHHM3AaTOPa BHYTPH MOMEILICHUS C YUETOM
Hanbosee CyIEeCTBEHHBIX (U3NYECKUX (DaKTOPOB, OKa3bIBAIOLIMX BIMSHUE Ha (POPMUPOBAHUE KOHIIEHTPALIMOHHOTO
nosis aspouoHoB. Mertonuka. [Ipeanoxennas CFD Monens pacueTra adpoOMOHHOTO peXuMa B paboumx 30HaX MpPU
I/ICKyCCTBeHHOﬁ HOHU3AIlMKU BO3JyXa NYTEM YCTAHOBKHW MOHU3AaTOPA BHYTPU MOMCHICHUA OCHOBaHAa HAa MPUMCHCHUHU
YpaBHEHHH a’3pOAMHAMUKH, JJICKTPOCTATUKH W MaccollepeHoca. YpaBHEHHE MaccCOIepeHOCa YUHTHIBACT B3aHMO-
JIeicTBHE MOHOB PA3IMYHON TOJIIPHOCTH JPYT C APYTOM M C YacTHIAMHM ITbUIM. Pacdyer cKopocTH NBMKEHHUS BO3-
JYIIHBIX TIOTOKOB B ITOMEIIEHUH OCYIIECTBIISUICS HA OCHOBE MOJICIH NMOTEHINAIBLHOTO TEYEHHs, /ISl 4ero ObIIo Mc-
MoJb30BaHo ypaBHeHune Jlammaca st ¢yHKmy Toka. Jns pacdera apeiida 3apspkeHHBIX YacTHI] HOA JICHCTBHEM
3JIEKTPUYECKOTO OIS UCIIOJIb30BATIOCh ypaBHeHUe [lyaccoHa i aekTpudeckoro noteHnuana. [lpu mopennposa-
HHUHM YYHUTHIBAIKCH: 1) BIUSHHE T€OMETPHUYECKHX XapaKTEPHCTUK pabodeil 30HBI; 2) MECTOIOJIOKECHHE OTBEPCTHIA
NPUTOYHO-BBITSHKHON BEHTHILSIIAM; 3) pacCTaHOBKa Mebenn u 00opynoBanus; 4) pexknuM BO3IyX00OMeHa B TIOMe-
eHNH; 5) HaIMYMe OPEISITCTBHIM B MPOIIECCE PACCEHBAHMS a9POHOHOB; 6) KOHKPETHOE MECTO IMHCCHUH YACTHI] IIbI-
JIM ¥ HOHOB PA3JINYHON MOJIIPHOCTH U UX B3aMMOJIEHCTBHE B MIOMEIICHNH U B pabounx 30HaX. Pe3yabTaThl. Pa3spa-
6ortanHas CFD moenb no3BosIsieT OnpeeuTh KOHIIGHTPAIMIO OTPULATENIbHBIX HOHOB B TIOMELIEHHH U B 30HE pac-
TMMOJIOKCHU OPraHoOB JbIXaHUA Y€JIOBCKA. PacnpeueneHHe KOHIICHTpAalU OTPpULATCIIbHBIX a3pOUOHOB ITPEACTABIIC-
HO B BUJI€ M30JIMHMH KOHLEHTparuoHHoro moiyisi. Hayunast HoBu3Ha. ABropamu coznana 2D CFD monens ans
pacdera a3pOMOHHOTO peKMMa B paboYMX 30HaX, MPEJI0CTaBIISIONIAsi BO3MOXKHOCTD ONPEEISITh KOHIIEHTPAILIMOHHOE
TI0JIe a3POMOHOB B 33J]aHHOM MecTe B momenieHnu. [IpeanoxenHas MoJenb pa3paboTaHa ¢ y4eTOM: pa3MEIeHUs
MeOenu 1 000pyOBaHUS B TOMEIIEHUH; TE€OMETPUIECKUX XapaKTEPUCTHK IIOMEIIECHHS; MECTOIOJI0KEHHS HCTOYHH-
KOB MHCCHH TIBUTH ¥ HOHOB PA3IMYHON MOJISPHOCTH; (PH3MUECKUX MPOIIECCOB, BIUSIONNX Ha (OPMHPOBAHUE KOH-
HEHTPAIIMOHHOTO OIS a3poroHOB. IIpakTHyeckas 3HaunMocTh. [lomyuennas 2D CFD mopmens ans pacdera as-
POMOHHOTO PEXHUMa B pabOUYNX 30HAX MO3BOJMT PACCUUTHIBATH KOHLICHTPALHIO a3POMOHOB B MECTE PACIIOJIOKECHUS
JbIXaTeNbHBIX OPIaHOB YEJOBEKa C YYETOM OCHOBHBIX (U3HUECKHX (HaKTOPOB, ONpEASSIAIONIMX (HOPMUpOBaHUE
KOHIICHTPAIL[MOHHBIX TOJIEH a3pOMOHOB. DTO AAaCT BO3MOXKHOCTH PALMOHATIBHO PACHONOKUTh HOHU3ATOPHI B pabo-
KX MOMCIICHUSX [T CO3/IaHusI KOM(MOPTHBIX YCIOBUI pabOTHI mepcoHaa.

Knrouesvie crosa: CFD Monenp; adpOoMOHHBINA PeXHM; KOHLEHTPALMOHHOE II0JIE a3POMOHOB, MCKYCCTBEHHAS
MOHU3ALHUS

Beenenne Haunbonee wacto mnpuMeHAEMBIM AJsl CO3AaHUS
U TIOLAEP)KaHHUsI TpeOyeMOro a3poMOHHOIO PEXH-
Ma CcIIocoO0M Ha JaHHBIH MOMEHT SBJISIETCSI HCKYC-
CTBEHHas MOHHU3AIMs BO3AyXa B IIOMEIICHHUSX.
B nmanHoii pabote paccMaTpuBaeTCsl MCKYyCCTBEH-
Hasi MOHM3ALUS IIOMELICHHS IIyTE€M YCTaHOBKH
BHYTpPU HEro HOHM3aTopa Bo3ayxa. OgHako, BO3-

s co3nanuss KOM(OPTHBIX YCIOBHN PabOTHI
nmepcoHalia Kak B  TPOM3BOJCTBEHHBIX, TaK
1 B O(DHCHBIX TIOMEIIECHUAX, HEOOXOAUMO obecte-
YUTh B HUX ONpECIICHHbIE MUKPOKIUMATHUCCKUE
MapaMeTpbl, OJHUM U3 KOTOPBIX SIBIIICTCS a’po-
MOHHBIN COCTaB BO3MYIIHOHM cpensl [4—7, 13, 16].
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HUKaeT He0OXOIMMOCTh 3apaHee ONpeAessTh ypo-
BEHb OTPUIIATEIBHBIX MOHOB B MoMmelneHuu. [Ipu
3TOM MPUMEHSIEMbIe METOJbI pacyera IoJield KOH-
[EHTPAI MOHOB JOJKHBI YUYUTHIBATh Bee (pakTo-
pBI, KOTOPHIE OKa3bIBAIOT CYIICCTBCHHOE BIMSHUC
Ha pacceuBaHHE MOHOB B TIOMEIICHUH, — HaJIHIUE
Pa3TUYIHBIX TIPENATCTBUN, MeOea, 000pyI0BaHM
U T.JI.

B HacTosmmii MOMEHT B YKpauHe ISl pacuera
AQ3POMOHHOTO PEeXHMMa B TOMEUICHHUAX TpPUMEHS-
I0TCS B OCHOBHOM aHaJUTHYeckue Moaenu [4—12],
MO3BOJISIONINE PACCYMTHIBATH KOHICHTPAIMIO ad-
poroHoB. O/HaKO, CYIIECTBYIOIIHNE MOICITH paz-
paboTaHbl 0e3 ydeTa BIUSHUSA Ha adPOMOHHEIN pe-
JKUM TakuX (pusmueckux (akTopoB, KaK MCTOYHH-
KH BBIOpOCAa TBUIM B IMOMEIIEHUSIX, HATNYHE yCTa-
HOBJICHHOTO 00OpymoBaHusA M meOenu u T.4. s
cocTaBJeHHs O0ojiee TOYHOTO TPOTHO3a YPOBHS
WMOHM3AIMY B TIOMEIICHUU HEOOXOIMMO MPUMEHE-
uue CFD mopeneti [2, 3, 13, 16]. DTu Moaenu mo-
3BOJISIFOT YY€CTh adpPOJMHAMHKY BO3AYIIHBIX TIO-
TOKOB B MOMEIICHHH, YTO 10 MHEHHUIO mpodeccopa
Murakami S. [15], sBnsieTcst TaBHBIM (HaKTOPOM
TIPH UCCIIEOBAHUH MPOIIECCOB PACCEHBAHUS TPH-
Mecel B TOMEIICHUSIX.

Hean

Ilenpro maHHOW pabOTHI SBIAETCS CO3TAHUE
CFD mopmenu muist pacueta a’pOMOHHOTO PEKUMa
B pabouux 30HAX MOMEIICHUU Pa3IMYHOr0 Ha3Ha-
YeHHs, YUYUTHIBAIOIIEH IMPH MOJIEIUPOBAHUU pas-
MereHne MeOean U 000pyI0oBaHUS B IIOMEIICHIH,
MECTOIIOJIOKCHUEC HNCTOYHHKOB OMUCCHHU IIbLIH,
a Takke (PU3MYECKHEe IMPOIECCH, BIHUSIONUE Ha
(opMupOBaHNE KOHIIEHTPAMOHHOTO IO a’po-
HMOHOB.

MeTtoauka

Kak u3BecTHO, Ha (HOpPMHUPOBAHUE KOHIICHTpA-
IIMOHHOTO TIOJISI a3POMOHOB B MOMEIICHUM OKa3bl-
BacT BIUSHHUEC KOMIUIEKC (U3NYECKUX (PAKTOPOB:
MOTOK BO3/lyXa, BHI3BAHHBIN paOOTON BEHTUIISLINH,
muddy3usi, BO3MCHCTBHE DICKTPHUECKOTO ITOJIS.
Kpome 3T0oro nmpoucxoaut B3auMoOAEHCTBHE HOHOB
pa3MYHOW TOJSPHOCTH W B3aMMOJICHCTBUE WX
C YacTHIaMH ThUIH. J[J1s ydeTa 3THX MPOIEcCOoB,
MpH  MOJCIUPOBAHUM PACCCHBAHHUS a3POUOHOB,
OyJieM HCIONIb30BaTh YPaBHEHUE MEPEHOCA B BHJIC
[16]:

oC , au+bE)C o +bE)C _

OX oy
o( oC) o

= |+=|u = |-aCB-
ax(“*axJ+ay My )

—BCD+ > Q.(t)d(x-x.)d(y-v.), (1)

rae C, B, D — xoHIeHTpanusi OTpUIATeIBHBIX, I10-
JIOKUTEIBLHBIX a3POMOHOB M YaCTHI[ MBUIM COOT-
BETCTBEHHO; U, V, — KOMIIOHEHTHI BEKTOpa CKOPO-
CTH JIBMDKEHHS BO3AYIINHOI'O MOTOKA B IOMEIICHHH,
U= (U , Hy) — xodddummentsr qudpdysnu; t —
BpeMs; O — CKOPOCTb PEKOMOWHAIIMH WOHOB,
UMEIONINX Pa3IMYHYI0 MOJSPHOCTB; 3 — CKOPOCTh

PEKOMOMHAIIMK HOHOB C YacTUIamu mbelin; Qgi, —
HHTCHCUBHOCTh 3MHCCHH OTPHIATEIbHBIX HOHOB
B COOTBETCTBYIOIIMX TOYKAX C KOOpAWHATAMHU
Xe:Yer 8(X— X; )S(y— yi) — nenbTa-¢yHkuus [u-
paka; b — kos¢punmreHt MobunsHOCTH HOHOB; E —
HAINpPsSHKEHHOCTH JIEKTPUYECKOTO TOJIS.

OtMeTuM, 9TO OCh Y HaIlpaBjcHa BEPTHKAITLHO
BBEPX.

ITockoibKy a’pOMOHBI MMEIOT 3apsii, TO OHH
TEHEPUPYIOT JIIEKTpHYecKoe moie E, kortopoe
OIIMCHIBAETCS CIIEAYIOIINM ypaBHeHreM [16]:

oE
OB, %y
ox oy

rjae €, — IUIJIEKTPUYECKas MPOHUIAEMOCTb; O, —

:&, (2)

€9

IJIOTHOCTH OOBEMHOTO 3apsa.

Ot ypaBHeHust (2) MOXHO TIEPEHTH K CKasp-
HOMY TMOTEHIMANY, €CJIH YYeCTh TaKyH 3aBHCH-
MOCTb

.0
OX
5

E, = —%’. 3)

Torna nomyunm ypaBHeHue Ilyaccona cie-
nytoiero Buna [16]

2 2
a¢+%§=—§n @

e qez—eC(X,y), C(X,y) — KOHIIEHTpaIus

ox?

OTPHULATEIBHBIX a3POMOHOB; ¢ — CKaJISPHBIA TO-
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TEHIMAI, € — 3JeMeHTapHbIi 3apsa. Ha Gasze nan-
HOTO YpaBHEHUsI OCYIIECTBIISETCS MOJICITUPOBAHIE
3IIEKTPUYECKOTO OIS,

JInst onucaHusi MPOLECCOB pacCeMBaHMs MOJIO-
JKUTEJILHBIX MOHOB M TIBLUIH OYJEM HCIOJIb30BaTh
ypaBHeHHe nepenoca sumaa [16]:

B auB 6vB_8£ 8Bj

o ox oy oxlMax
0 oB
+—| pu,— |-aCB-BBD +
oy’ oy
+ZQB (t)B(X—xB)S(y— yB), (5)
oD ouD ovD
— e —+—=
ot ox oy
_ﬁ( 5_Dj+i oD
P e v E ey

+ 2 Qui (1)3(x=%p)8(Y - Yp)- (6)

O6o3HavyeHne PU3NISCKUX MAPaMETPOB B ITUX
YPaBHEHUSX COBIAJAET ¢ aHAJIOTUYHBIMH 0003HA-
YEeHHUSIMH, TIPUBEICHHBIMHU JUTs ypaBHEeHUS (1).

Jns pacueta a’poAMHAMHKH BO3IYIIHBIX TIO-
TOKOB B IIOMCIICHUU 6YI[CM IMPUMCHATb MOJCJIb
MOTCHIIUAILHOTO  Te4YeHHs.  MOoJeIupyrIuM
YpaBHEHHEM, B 3TOM Ciydae, OyJeT ypaBHEHHUE
Jlamnaca u1s moTeHIMaNa CKOPOCTH

o°P %P
A "

rae P — moTeHmnman CKopocTH.

KommnoHeHTbl BeKTOpa CKOPOCTH BO3YITHOM
Cpeasl CBS3aHBl C TIOTEHIIMAJIOM CKOpPOCTH Clle-
ITYFOIIIMMH 3aBUCUMOCTSIMU

oP
u=—o,
OX
oP
vV=—o. (8)
oy

TlocTaHoBKa KpaeBBIX YCJIOBUH i1 MOJENH-
PyIOIIMX ypaBHEeHUH paccMoTpena B [1, 13, 16].

JInsl 9MCIIEHHOTO MHTETPUPOBAHMsS YPaBHEHUI
meperoca [1, 12, 13, 16] ucnonb3yercs HesBHas
MONEPEMEHHO-TPEYTOIbHASL  Pa3HOCTHAs — CXeMa,

peanusyemas 1o Metoay oeryimero cuera [1]. Jlist
YHCICHHOTO  pelieHus  ypaBHeHus  Jlammaca
u ypaBHenus [lyaccona npumensiercs meto] JIuo-
MaHa. Pacuer BBINOJHAETCS Ha MNPAMOYTOJIbHOM
Pa3HOCTHOM CeTKe.

Ha ocHOBe maHHBIX Pa3HOCTHBIX CXEM pa3pado-
Ta makeT nporpamm (kox) «ION-2». JlanHbIi ma-
KET NOCTPOCH Ha MOAYJBHOM IPUHIMIIC, KaXAasd
MOJIporpaMMa peann3yeT YHCICHHOE UHTETPUPO-
BaHHE KOHKPETHOTO MOJEIUPYIOIIETO YpPaBHEHHS
" pean3alui0 COOTBETCTBYIONIUX I'PAHUYHBIX YyC-
JIOBUH.

OCOOEHHOCTHIO MOJICTUPYEMOTO TIpoIIecca SB-
JISIeTCSL HAJIMYKE B TOMEIIEHUN MeOenH, T.e. 00b-
€KTOB, BJIIMAIOIIHNX Ha (1)OpMI/IpOBaHI/Ie KOHICHTpa-
OUOHHOI'O IIOJII MOHOB. I[J'Dl «BOCIIPOU3BCICHUA»
3THX W JPYTHMX OOBEKTOB B YHCICHHOW MOJEIH
UCIIOJIb3YeTCSl TEXHOJOTUs «POorosity techniquey,
HaspIBaeMas TaKKe METOJ0M MapkupoBaHus [1].
CyTh JNaHHON TEXHOJOTHHU 3aKIOYaeTCs B KOJIH-
POBKE pAa3HOCTHBIX SYEEK, KOTOPBIC OTHOCSTCS
K TaKUM OOBEKTaM U peayin3anueii B HUX COOTBET-
CTBYIOIIMX IPAaHUYHBIX YCIOBUIL.

Pe3yabTathl

Pa3paborannas dnciaeHHas MOAenb OblIa Mpu-
MEHEHA JJIs PEIICHUS 3a/1a4i O MPOTHO3¢ KOHIICH-
TPALIMOHHOTO TMOJII OTPHIATENIBHBIX a3POUOHOB
B O()MICHOM MOMEIIEHUH U B €ro paboyuX 30Hax.

Ha puc. 1 npexncraBieHa cxeMa pacueTHOH 00-
JIACTH — MOMEIIEHHSI, B KOTOPOE MOCTYMAET BO3YX
4yepe3 JBa OTBEPCTHUSI CHCTEMbI BEHTHIIALUMHU. BbI-
XOJI BO3JyXa U3 IOMEIICHUS NPOUCXOIUT 4epe3
OTBEpCTHE HA MPOTHUBOIOJIOXKHOM cTeHKe. Pabouast
30Ha TIpeAcCTaBieHa pabdounMM MeCToM (CTyI
M CTOJ), CeBa ¥ CIpaBa PacIOI0KEHBI CTEIIAMKH.
Nonmzarop pacmnomnaraeTcss Ha JIGBOM CTEIUTaXKe
(puc. 1, a) u Ha moyiKe, KOTOpask pa3MeIacTcs Ha
JeBoii creHke nomenienus (puc. 1, 6).

M CTOYHNKOM DMUCCHM HOJOXKHUTEIBHEIX HOHOB
B TIOMCII[CHHUU SIBJIACTCS YETOBEK, MIO3TOMY B 30HE
PacIIoIOKEeHHsT €r0 OpPraHoB asIxanus (puc. 1, mo-
3urus 4) 3a1aeTCs TOYEUHBIH MCTOYHMK SMHCCHH
MOJIOXKUTEIBHBIX HOHOB ¢ MHTEHCHBHOCTBIO Qg =
8x10" wacruu/c. OcranbHbie mapamMeTpsl 3a7a4yu
TAKOBEL. pasmepsl pacyeTHOU o0JactTu
8,25Mx4,2M; MOJIOKEHUE BXOMHBIX M BBLIXOIHOTO
OTBEPCTHI BEHTWISALUK IIOKAa3aHO CTPEJIKAMH Ha

puc. 1; a = 1,5- 10" m¥c, p= 1-10 2 m/c [13, 17];
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ko3 dumeHTsr TYpOyJIeHTHOH muUQPy3uu 1o
BCCM  HANpaBJICHHSIM  OPUHATHL  PaBHBIMH
u, =, =kV (3nece k=0,1 — napamerp, V - me-

CTHasi CKOPOCTh B KOHKPETHOW pPacdYeTHOW TOUKe,
3Ta CKOPOCTH OIPENENSIeTCs U3 PEIeHUs a’dpOon-
HaMHUYECKOil 3amaun). B momeneHny mpoucxout
sMuccust neld, Qpi = 4- 10* yactun/c (momoxeHue
BBIOpOCa TIHUIM TIOKa3aHO Ha pHC. 1 BOJHHUCTOM
JIMHUEH).

a—a ¥ ]
5 ./4 i
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Puc. 1. Cxema pacueTHOl 0o0nacTu:
1 - crym; 2 — pabouwmii ctoi; 3 — cTeJIax;
4 — MeCTO HMHCCHH MOJIOKUTENBHBIX HOHOB
(mostokeHre OpraHoB JIbIXaHus); 5 — HOHU3ATOP
BO3/yXa; 6 — MECTO IMUCCHH ITBUTH

Fig.1. The computational domain:
1 - chair; 2 — work desk; 3 - rack;
4 — place of positive ions emission
(the position of the respiratory organs);
5 — air ionizer; 6 — place of dust emission

VIHTEHCUBHOCTh SMHCCHU OTPHUIIATEIBHBIX HO-
HOB OT HOHHM3aTOpa cocTapigeT Q¢ = 90- 10™ uac-
THL/C (epBBIit BapuaHT sMucenn) u Q¢ = 70- 10
yactur/C (BTOpO# BapHaHT 3MHUCCHM) UL CIIydast
PAcCIOIOKEHUs] MOHM3aTOpa Ha CTeJUIaXe, MOKa-
3aHHOrO Ha puc. 1, a. J{ng BapmaHTa pacroioxe-
HUS MOHHM3aTOpa Ha 3aKpeIIeHHOH Ha CTEHKE I10-

MenieHus noske (puc. 1, 6) HHTEHCUBHOCTH IMHC-
CHM OTpHUIIATENIBHBIX HMOHOB cocTaBisieT Q¢ =
70- 10" wacTuu/c.

Ilens 9HMCIEHHOTO MOJEIMPOBAHUS — OIpeEse-
JIUTh KOHICHTPAIIUIO OTPUIATEIILHBIX HOHOB B T10-
MELICHNH U B 30HE PACIOJIOKEHUS] OPTaHOB JbIXa-
HUS YeJIOBEKA.

Pe3ysbTaThl YMCICHHOTO MOJICIMPOBAHUS MO-
KazaHbl Ha puc. 2, 3.
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Puc. 2. PacnipeienicHre KOHIIEHTPAIMH
OTpI/ILIaTeJ'II)HbIX a3p01/IOHOB B ITIOMCIIICHUU
JUTSl pacriofIO>KEHUsI HOHU3ATOPa, COOTBETCTBYIOIIETO
puc. 1, a (Qc = 70x10* wacruu/c)

Fig. 2. Distribution of the negative air ions
concentration in the room for ionizer location
corresponding Fig. 1, a ((Qc = 70x10" particles/s)
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Puc. 3. Pacnipenenenne KOHIIEHTpAIIH
OTPHILATEFHBIX a9POMOHOB B IOMEIICHUH
JUTA PAcIIONIOKECHUSI HOHU3ATOPa, COOTBETCTBYIOIIETO

puc. 1, 6 (Qc = 70- 10* wacruny/c)

Fig. 3. Distribution of the negative air ions
concentration in the room for ionizer location
corresponding Fig. 1, b (Qc = 70- 10™ particles/s)

B pesynbrare MpOBEJCHHOTO BBIYHUCIHTEIBHO-
ro OKCIIEPUMEHTa YyCTAHOBJEHO, YTO KOH-
[EHTpAIHs OTPHIATEIFHBIX HOHOB B 30HE Pacro-
JIO’KCHHsI OPTAHOB JIBIXaHHsI YETIOBEKA COCTABIISET
C = 0,631- 0" wactun/p® (puc. 1, a, nepsslii Bapu-
ant smuccun), C = 0,48- 10" wactuu/m® (BrOpoit
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Bapuant smuccun), u C = 0,27 10" yactun/v® st
MOHM3aTOpPa, PAacHOIOKEHHOrO Ha moike (puc. 1,
6). Takum 00Opa3oMm, JIsl BCEX PACCMOTPEHHBIX Ba-
PUAHTOB MMEET MECTO MPEBBIIICHUE JOMYCTUMON
HOpMBI, KoTopast coctaBisier 0,05x10™ wacTum/m’.

Crenyer OTMETHUTh, YTO M3MEHHTH WHTCHCHUB-
HOCTh KOHIEHTPALMOHHOTO MOJsI MOHOB B IIOMe-
MICHWA MOXHO HE TOJBKO HW3MEHSS IOJIOKEHUE
WOHM3ATOpa WM €r0 WHTEHCHBHOCTH, HO U IyTEM
NPUMEHEHUs dKpaHa. DKpaH MOXKET OBITh pacro-
JIOKEH Pa3IuYHbIM 00pa3oM B MOMEUICHHU OTHO-
CHUTENFHO WOHW3aTopa W paboumx 30H. Parwo-
HaJIbHOE pa3MelIeHHe JKpaHa B MOMEIICHUH MO-
KeT OBbIThb OINpEeJeNICHO IMyTeM pacueTa pPa3ludHBbIX
BapHaHTOB €r0 Pa3MEIIeHUs C TIOMOIIBI0 pa3pado-
TaHHOW YHCIIeHHOW Moxeiu. Hampumep, BoiOepeM
BapuaHT pa3MEIICHUs dKpaHa IMepe] IMOJIKOH, Tae
pacrionoxeH wuoHu3atop (puc. 4) U BBINOIHUM
pacueT KOHIIEHTPAIIMOHHOTO TTOJISI OTPHUIIATENbHBIX
A’POUOHOB.

— ,
_}% 7

j‘ﬂ Y j\r

Puc. 4. Cxema pacdyeTHO# oOnacTy:

1 - cryn; 2 — pabouwuii ctox ; 3 — cTeruiax;
4 — MecTO YMHUCCHH MOJIOKUTEIIBHBIX HOHOB
(mMo10KeHNE OPraHOB JIBIXAHHS);

5 — noHM3aTOp BO3AYXA;

6 — MECTO SMHCCHH IBUTH; 7 — DKpaH

Fig.4. The computational domain:
1 — chair; 2 — work desk; 3 —rack;

4 — place of positive ions emission
(the position of the respiratory organs);
5 — air ionizer; 6 — place of dust emission;
7 —shield

Pacripenenenne KOHIEHTPAIIMOHHOTO MOJS ad-
POMOHOB B Cly4ae pa3MELIeHHs SKpaHa Iepen
MOJIKOW, HA KOTOPOH yCTaHOBJIEH MOHM3ATOP, MO-
Ka3aHo Ha pHC. 5.

8.418E+81

o
=fl. 1Z8E+88 0
B8.119E+88 r
=, 111E+88 d
8.183E+88 i
=f. 947E+87 1
@.865E+87 a
. ?7B2E+87 t
A.788E+87 e
m—f. G1BE+B7
B8.535E+87
=, 453E+87 y
B8.371E+87
= ZBBE+87
8. ZBBE+87
=, 124E+87
8. 41Z2E+86

.
8. 178E+88

8. 1PBE+88

coordinate x 8. 8A9E+A1

Puc. 5. Pacnipenenienre KOHIIEHTpaLUU
OTpHUIATCIBHBIX A9POUOHOB B TIOMCIICHNUU
JUTsL PACIIONIOKEHHUSI HOHU3ATOPA,
COOTBETCTBYIOIIETO pHc. 4

Fig. 5. Distribution of the negative air ions
concentration in the room for ionizer location
corresponding Fig. 4

Kak BugHO M3 pHc. 5, 9KpaH CyIIECTBEHHO TO-
BIIMSUT Ha ()OPMY KOHIICHTPAIMOHHOTO MOJIS B I10-
MEIEHUU. DTO BIMSHHUE MPOSBISIETCS U B H3MEHe-
HUM KOHIICHTpAllMM HMOHOB Ha paboyeM MecTe.
Tak, B 30He ABIXaHUS KOHLECHTPAIMS OTPUIIATEIb-
HBIX HOHOB coctasiser C = 0,14- 10" yactum/m®.
To ecTb, KOHUIEHTpanus B paboueil 30HE yMeHb-
IIMJIACh B JIBA pa3a MPH UCIIOIb30BaHNH YKpaHa.

B 3akiroueHre OTMETHM, YTO Ui peIleHHs 3a-
JIauu Ha 0aze paspaboranHoit CFD monenu motpe-
00BaJIOCh MOPSAAKA 2 MHHYT KOMIBIOTEPHOTO Bpe-
MEHH.

Haquaﬂ HOBHU3HA U MPaKTHYECCKas
3HAYUMOCTDH

Paspaborana wosas 2D CFD monens mas pac-
geTa a’pOMOHHOTO PEKUMa B MOMEIICHUSX C HC-
KYCCTBEHHOM HMOHM3alMeNl Bo3ayxa. Moaens, oc-
HOBaHHasi HA MPUMEHEHUH YpPaBHEHUN a’poiuHa-
MUKH, 3JEKTPOCTATUKH M MAacCONEPEHOCa, T03BO-
JIIET YYEeCTh OCHOBHBIC (hU3MYecKue (HaKTOPHI,
onpezaenstonye (OpMHUPOBAHUE KOHIEHTPAIMOH-
HBIX TIOJICH a9POMOHOB B TIOMEIIEHUH U B pa00UInX
3oHax. Jlannas CFD mozenp mo3BossieT paccuu-
THIBaTh KOHIICHTPALlMOHHOE TIOJIE€  a3pPOHOHOB
B paboYMx 30HAX MOMEIIECHUS B YCIOBHIX HCKYCC-
TBCHHOW HOHM3AIIMU BO3yXa C yU4E€TOM YCTaHOB-
JICHHOTO 00OpYZ0BaHUs U 3aJaHHOTO MECTOIOJIO-
>KEHUS1 HOHU3ATOPOB.
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BriBoabI

1. Paspaborannas 2D CFD mogens ans pac-
4yeTa adpOMOHHOTO PEXKMMa B MOMEIICHUSIX C HUC-
KYCCTBEHHOW MOHM3allUeN BO3/lyXa, OCYILECTB-
JIIEMOW TyTEM YCTAHOBKH HMOHH3aTOpa BO3JyXa
BHYTPH TMOMEIICHUS, JAaeT BO3MOXHOCTH OTpeje-
JISITh KOHICHTPAI[HOHHOE TI0JI€ adPOHOHOB B pabo-
YHX 30HaX.

2. TpennoxeHHas YUCIICHHAs MOJECIH MO3BO-
JSIeT Y4eCTh MpPU pacyere pasMmelieHue Mebemnu
1 000pY/I0BaHHUS B MOMEIICHUH, MECTOIOJIOKEHUE
WUCTOYHHMKOB SMUCCHH TIbLIH, a TaKXke (pusmueckue
MPOIIECCHI, BIMSIONINE Ha POPMUPOBAHUE KOHIICH-
TPAIMOHHOTO OIS aPOHOHOB.

3. [lanbHeiiimee pa3BUTHE MOJECIU CIEAYET
MPOBOAUTH B Hampasienuu co3nanus 3D CFD mo-
JICJIA TIPOTHO3a a’pPOMOHHOr0 PEKUMa B IOMEIIle-
HUSIX.
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CFD MOJEJIIOBAHHSA AEPOIOHHOTI' O PEXKUMY
B POBOYMX 30HAX B YMOBAX HITYYHOI IOHI3AIIIL TIOBITPS

Meta. Po6ota nepenbauae creopensss CFD mozeni po3paxyHKy aepoiOHHOTO PEeXHMMY B NPUMILIEHHSX 1 B po-
604nx 30HAX MpH IUTYYHIH 10HI3aIil MOBITPS IUIIXOM YCTaHOBKHM iOHiI3aTopa BCepenuHi NPUMILIEHHS 3 YpaxyBaH-
HSIM HaHOUTBII CYTTEBUX (Bi3UIHUX (aKTOPIB, IO BIUITMBAIOTH Ha (POPMYBaHHS KOHIEHTPAIIHHOTO MO aCpOiOHIB.
Metoaunka. 3anponioHoBana CFD monens po3paxyHKy aepoOiOHHOTO PEXHMY B poOOYMX 30HAX IMPH IITYYHIH 10HI-
3arii MOBITPs MIITXOM YCTAaHOBKH 10HI3aTOpa BCEPEIMHI MPUMIIIICHHS 3aCHOBaHA HA 3aCTOCYBaHHI PIBHSIHD aepon-
HaMiKH, eJIEKTPOCTATHKH Ta MacONepeHOCy. PIBHAHHS MacomepeHoCcy BpaxoBy€e B3a€EMOII0 10HIB Pi3HOI MOIAPHOCTI
OJIMH 13 OTHUM Ta 3 YaCTWHKaMH ITy. Po3paxyHOK IIBHAKOCTI PyXy MOBITPSHUX MOTOKIB y MPUMILICHHI 31HCHIO-
BaBCs HA OCHOBI MOJIeJTi MOTEHINIHHOI Tedii, [y doro Oyino BUKopucTaHo piBHAHHA Jlamtaca ans ¢yHKmii Toky. st
PO3paxyHKy apeidy 3apsmKeHUX YaCTHHOK ITif[ TI€H0 eJIEKTPHYHOTO MOJIsl BUKOPUCTOBYBAJIOCH piBHsHH: [TyaccoHa
JUTSL €JIEKTPHYHOTO ToTeHItiany. [Ipu MoIenoBaHHI BpaXOBYBAKCh. 1) BIUTHB FEOMETPUYHHIX XapaKTEePUCTUK Po6O-
401 30HH; 2) Miclle PO3TAlllyBaHHs OTBODIB MPUILTMBHO-BUTSKHOI BEHTUIIALIT; 3) pO3MileHHS] MEOITiB Ta yCTaTKY-
BaHHS; 4) PEXHUM MOBITPOOOMIHY B MPUMIIICHHI; 5) HAABHICTh MEPENIKOA Y MPOILECi PO3CIIOBAHHA aepOiOHIB;
6) KOHKpEeTHE MiClie eMiCil YaCTHHOK MUY Ta 10HiB Pi3HOI MOJAPHOCTI Ta IX B3aEMOJIs B MIPUMILICHHI i B poOOYHX
3oHax. PesyabTaT. Po3pobmena CFD monens mo3Boisic BU3HAYXATH KOHIICHTPALII0 HETATUBHUX 10HIB Y TMPHUMI-
IICHHI 1 B 30HI pO3TallyBaHHS OPTaHiB AWXaHHS JIOAWHHU. PO3MOin KOHIICHTpAIlii HETaTHBHUX acpOiOHIB IPE/ICTaB-
JICHO Y BUIJIAI 130JiHIA KOHIEHTpariitHoro momsa. HaykoBa HoBu3Ha. ABTOopamu ctBopeHa 2D CFD monens mns
PO3paxyHKy acpOiOHHOTO PEKUMY B POOOYHX 30HAX, SKa Ha/a€ MOXKIMBICTh BU3HAYATH KOHIICHTpAIliifHE TI0JIe ae-
POIOHIB y 3a7aHOMy MICIIi B IPHUMIIICHHI. 3aIpOIIOHOBAaHA MOJENb PO3pOoOJieHa 3 ypaxXyBaHHSAM: PO3MIIIEHHS
MeOmiB Ta 006JafHAHHS B MPHUMINICHH]; TEOMETPHYHHUX XapaKTEePUCTHK MPUMIIICHHS, MICI PO3TaIIyBaHHS JKEpPe
eMmicii nuiIy Ta i0HIB pi3HOI MONSPHOCTI; (Pi3MYHMX MPOLECIB, 110 BIUIMBAIOTH Ha (JOPMYBAaHHS KOHIIEHTPALIHHOTO
nons aepoioHiB. IIpakTuuna 3naummicts. Otpumana 2D CFD mozenp st po3paxyHKy aepoOiOHHOTO PEKHUMY
B po0OYMX 30HAX JIO3BOJIUTH PO3PaXOBYBaTH KOHIIEHTPALIIO aepoiOHIB y MICLi po3TalllyBaHHS JAWXaJIbHUX OpPTraHiB
JIOIMHM 3 YpaxyBaHHSIM OCHOBHUX (i3WuHHMX (akTopiB, SIKi BH3HA4alOTh (POPMyBaHHS KOHICHTpaiHHHUX IOJIB
aepoioHiB. Lle macTh MOXKJIMBICT palliOHAJILHO PO3TALIyBaTH 10HI3aTOPH B POOOUYMX MPUMIMICHHSX JUIS CTBOPEHHS
KOMQOPTHHX yMOB poOOTH IepcoHay.

Kniouosi crosa: CFD monens; aepoioHHHMH peXUM; KOHLICHTpALliiHE 110JIe aepOiOHIB; IITYYHA 10HI3aIlisA
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CFD SIMULATION OF AIR ION REGIME IN WORK AREAS
AT CONDITION OF ARTIFICIAL AIR IONIZATION

Purpose. The paper supposes creation of a CFD model for calculating the air ion regime in the premises and in
work areas at artificial ionization of the air by the ionizer installation indoors with considering the most important
physical factors that influence the formation of ions concentration field. Methodology. The proposed CFD model
for calculation of the air ion regime in work areas at artificial ionization of the air by installing ionizer indoors is
based on the application of aerodynamics, electrostatics and mass transfer equations. The mass transfer equation
takes into account the interaction of different polarities of ions with each other and with the dust particles. The cal-
culation of air flow rate in the room is realized on the basis of the potential flow model by using the Laplace equa-
tion for the stream function. Poisson equation for the electric potential is used for calculation of the charged particles
drift in an electric field. At the simulation to take into account: 1) influence of the working area geometric character-
istics; 2) location of the ventilation holes; 3) placement of furniture and equipment; 4) ventilation regime in the
room; 5) presence of obstacles on the ions dispersion process; 6) specific location of dust particles emission and ions
of different polarity, and their interaction in the room and in the working zones. Findings. The developed CFD
model allows determining the concentration of negative ions in the room and in the area of the human respiratory
organs. The distribution of the negative ions concentration is presented in the form of concentration field isolines.
Originality. The 2D CFD model for calculating the air ion regime in working areas, providing the ability to deter-
mine the ions concentration in a given place in the room was created. The proposed model is developed taking into
account: placement of furniture and equipment in the room; geometric characteristics of the room; location of dust
emissions sources and ions of different polarity; physical processes affecting the formation of ions concentration
field. Practical value. The obtained 2D CFD model for calculating the air ions regime in working areas allow to
calculate the concentration of ions at the location of the respiratory organs, taking into account the basic physical
factors determining the formation of ions concentration fields. It will allow rationally arranged the ionizers in the
working premises to create the comfortable working conditions for staff.

Keywords: CFD model; air ions regime; concentration field of air ions; artificial ionization
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ATMOSPHERE PROTECTION IN CASE OF EMERGENCY DURING
TRANSPORTATION OF DANGEROUS CARGO

Purpose. The paper highlights the development of numerical models for prediction of atmospheric pollution in
case of burning of the solid rocket propellant in a railway car, situated near the building on railway territory. These
models can be used in predicting the effectiveness of neutralization upon the atmosphere protection for this type of
accidents. Methodology. To solve this problem the numerical models based on the use of Navier-Stokes equations,
to determine the velocity field of the wind flow near cars and buildings, and contaminants-transfer equations in the
atmosphere were developed. For the numerical integration of pollutant transport equation was used implicit «change
— triangle» difference scheme. When constructing a difference scheme physical and geometric cleavage of the trans-
fer equation is carried out in four steps. Unknown value of pollutant concentration at each step of cleavage is deter-
mined by the explicit scheme — the method of «point-to-point computation». For the numerical integration of the
Navier-Stokes equations are used implicit difference schemes. When carrying out computing experiment also takes
into account: the velocity profile of wind flow; interaction between the building and the wind flow and flame jet of
solid rocket propellant; the presence of a railroad car; inside which there is a source of pollution; instability of pol-
lutant emissions. On the basis of constructed numerical models was performed the computer experiment for assess-
ing the level of air pollution at dangerous cargo rail transportation in case of emergency at railway territory.The ap-
plication calculations for the timely combustion products neutralization of solid rocket propellant were carried out.
Findings. The numerical models that let promptly calculate air contamination in case of emergency during solid
rocket propellant transportation, as well as calculate the rational parameters of pollutant neutralization process were
developed by the researcher. These models can be used for routine calculations of various accident scenarios simula-
tion. Originality. Numerical models were developed; they take into account significant factors, influencing the pol-
lutant dispersion process in the atmosphere. On their base a pollutant neutralization method was offered in emer-
gency situations on the railway transport. Practical value. Efficient numerical models, so called «diagnostic mod-
els» were considered for the rapid calculation of the air pollution level and air protection technology in emergency
situations, in particular, in the case of railway transportation the solid rocket propellant.

Keywords: train accidents; air pollution; pollutant neutralization; numerical simulation

Introduction

Accidents during transportation of toxic chemi-
cals, for example, solid rocket propellant (Fig.1)
can intensively impact on the environment [2-4, 9].

In the case of this propellant burning the great
amount of toxic chemicals are dispersed in atmos-
phere. So it is important to predict the atmosphere
pollution in the case of the possible accident and
develop methods to protect atmosphere from pollu-
tion (Fig. 2) [1, 11].

That is why the prediction of the atmosphere

pollution in the case of the mighty emissions dur- Fig. 1. Transport of solid rocket propellant
ing transportation is of great interest. in a railway wagon
doi 10.15802/5tp2016/60953 ©0. V. Berlov, 2016
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Fig. 2. General view of settlement areas:
1 — building on the territory
of station «Pavlohrad-1», 2 — train

Nowadays to predict the dimensions of the hit-
ting area in the case of outdoor toxic chemical re-
lease the special standard model is used in Ukraine
[10]. This model is formed on the basis of some
empirical models and it has a lot of lacks and is,
without doubt, unrealistic. The model does not take
into account the influence of the wind velocity and
the atmosphere diffusion on the concentration dis-
persion in the atmosphere. The main lack of this
model is that the standard model cannot calculate
the change of toxic chemical concentration in the
atmosphere after the accident. In some cases Gauss
model is used to predict atmosphere pollution level
[5-7, 13]. It is very important to develop CFD
(Computational Fluid Dynamics) models to solve
the problem discussed [1, 8, 14, 15].

Purpose

The purpose of this work is the development of
the numerical model to predict the atmosphere pol-
lution in micro scale level in the case of solid pro-
pellant burning which also can be used to predict
the effectiveness of neutralization for atmosphere
protection for this type of accident.

Methodology
When the solid propellant burns different toxic
chemicals are emitted in the atmosphere. To com-
pute the toxic chemical (product of propellant
burning) dispersion the Navier-Stokes equations
and equation of mass transfer are used [14]:

oo uo Vo 1 o 0o
—t—t— — -+ @
ot  ox oy " Rel ox® oy

2 2
TV, Y, @
ox? ay
where y — is flow function; m:@_a_u —is vor-
ox oy
ticity; u:a—\v, v:a—w.
oy OX

This model is used to predict the air pollution
near railway car with solid rocket propellant
(Fig.2).

To simulate the process of toxic chemical dis-
persion in the atmosphere (for the distance about
300m) the 2-D transport equation is used [8, 14]:

9 C N | e div(pgradC)+

6t6x oy

+ZQ. 3(x=x)8(y-v), @)

where C — is the concentration of toxic chemical;
u, v — are the velocity components in x, y direction

respectively; p=(p,, p, ) - are the coefficients of

turbulent diffusion in x, y direction respectively; o
— is the parameter taking into account the process
of toxic gas decay or rain wash out; x;,y; — are the
coordinates of point source of emission; Q; (t) —is
the intensity of pollutant emission;
8(x—x)8(y—y;) —is Dirac delta-function.

The boundary conditions for the governing
equations are discussed in [14].

In the developed numerical model, the follow-

ing profile of velocity component u and coefficient
of diffusion is used [5, 6]:

p m

where u, — is the velocity at heighty,; k =0,2;
k,=01;p=0,16; m=1.

Numerical integration. To solve the governing
equations the implicit difference schemes were

used [14, 15]. These are so called «change — trian-
gle» difference schemes.
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Findings

To minimize the extent of contamination and
the risk of toxic defeat people in case of emer-
gency during transportation of solid rocket propel-
lant it is proposed technology, aimed at localiza-
tion of the source of emission of products of com-
bustion solid rocket propellant. It is proposed to
include in the train which transports solid rocket
propellant, the car with the pump unit and tank
with a stock of neutralizing solution. It is also pro-
posed to include a buffer car between the rail car
where solid propellant is transported and the car
with the pump unit. This buffer truck will serve as
a «screen» for the protection of the car with the
pump unit from heat radiation of the combustion
solid rocket propellant. With this technology, was
organized rapid feed of neutralizing solution into
the plume of combustion products and thereby
minimizing time the free flow of products of com-
bustion solid rocket propellant in the atmosphere.
In addition, unlike the traditional scheme of feed-
ing catalyst in the form of streams offered feed
through the sprinkler, which is posted on pull-rod
(Fig.3). This is because the temperature of the
combustion solid rocket propellant in the atmos-
phere is high and if you use a traditional presenta-
tion in the form of a jet, there will be rapid evapo-
ration of droplets of reagent on the path of its
movement from the installation to the jet plume.

Fig. 3. Sketch of toxic chemical neutralization:
1 - vessel with the reagent, 2 — pipeline, 3 — pump,
4 — pop-arrow, 5 — buffer car, 6 — sprinkler

Problem setting— to evaluate the effectiveness
of the process of neutralization of various
intensities of reagent feed and placement of the
sprinkler to the source of emission of hazardous
substances.

The calculation is performed for the following
tasks:

Scenario 1 — no neutralization;

Scenario 2 — supply of reagent is performed at
a height of 13,5m and at a distance of 20 m from
the source of emission. This distance is constant in
all scenarios, catalyst feed rate of 1 kg/s;

Scenario 3 — the reagent feed is done at the
height of 13,5m, catalyst feed rate of 8 kg/s.
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Fig. 4. Concentration contours of HCI
(no reagent supply, t = 120 sec):
1 — car with solid rocket propellant,
2 — building near railway station

On the base of the developed numerical models
the special codes were developed. Some results of
their application are shown in Fig.4-6.

The subsequent figures illustrate the area of
atmospheric pollution in the case of the options
considered. The first figure (Fig. 4) corresponds to
the situation when there is no flow of reagent and
compares the efficiency of neutralization for each
option, comparing to the area of contamination
with this picture.
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Fig. 5. Concentration contours of HCI (reagent supply, t
=120 sec, Scenario 2: the height of the feed catalyst
13,5 m, flow rate 1 kg/s):

1 — sprinkler; 2 — building
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Fig. 6. Concentration contours of HCI (reagent supply, t
=120 sec, Scenario 3: the height of the feed catalyst
13,5 m, flow rate 8 kg/s):

1 - sprinkler; 2 — building

Results of neutralization effectiveness are
shown in Tabl.1, 2.

Table 1
The efficiency of neutralization (scenario 2)
t 45 cex 75 cex 120 cex
The efflc_lenc_:y of 6.8% 8.2% 8.9%
neutralization
Table 2

The efficiency of neutralization (scenario 3)

t 45 cex 75 cex 120 cex

The efficiency of

e 50%
neutralization

62% 69%

Results from Tabl.1, 2 show that the rate of re-
agent strongly influences the effectiveness of pro-
tection. Also it is clear from Fig.5, 6 that the height
of reagent supply is too high because the region
near the railway car and building is still in the
plume of toxic chemical.

Originality and practical value

A new numerical model to predict atmosphere
pollution and neutralization of toxic chemical after
accidents at railways was developed. The model is
based on the 2-D transport equation. The devel-
oped model takes into account wind profile, diffu-
sion, emission rate. This model allows evaluating

the level of atmosphere pollution and effectiveness
of neutralization. The model can be useful in the
field of transport routes safety prediction.

Conclusions

The article contains results of numerical simu-
lation of air pollution near «Pavlohrad-1» station
after the accident at railway. To simulate the proc-
ess of air pollution the 2-D developed numerical
model was used. The developed numerical model
takes into account the main physical processes
which influences the pollutant dispersion in atmos-
phere. The developed models allow simulating the
process of neutralization of toxic chemical in at-
mosphere. The future work in this field will be
connected with development of fluid dynamics
models to simulate the pollutant dispersion over
the complex terrain.
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SAIIUTA ATMOC®DEPHI B CJIYHAE ABAPUH
IHPU TPAHCIIOPTUPOBKE OITACHBIX I'PY30B

Hens. Pabora mocesmeHa pa3paboTKe YMCICHHBIX MOJEICH JUIS MPOTHO3a 3arps3HEHHs] atMocdepsl mpu
TOPCHHUU TBEPJOTO PAaKETHOTO TOIUIMBA B JKEIC3HOAOPOKHOM BaroHe, pACIONOKEHHOM BOJHM3M 3[MaHHUS Ha
MPUMAaruCTPaIbHON TeppuTOpUH. JlaHHBIE MOJENMM MOTYT OBITH HCIONB30BAaHBl IPH  POTHO3HPOBAHUH
3¢ GEKTUBHOCTH HEHTpaNM3aluy 10 3almTe atMocdepsl s 3Toro Tuma aBapuil. Mertoguka. [ pemeHus
MTOCTABJICHHON 3a/1a4d pa3paboTaHbl YUCIICHHBIC MOJICIIH, OCHOBAaHHBIC HAa TIpUMEHEHUN ypaBHeHnH HaBbe-CToKCa,
JUTS OIIPeAeTICHNS MOJIsi CKOPOCTH BETPOBOTO MOTOKA BOJIHM3HM BarOHOB M 3AaHUH, M YpaBHEHHUH IIEpEeHOCA TPUMECH B
arMoc(epe. s YMCICHHOrO MHTErPUPOBAHUS YpPaBHEHMsS TPAHCIIOPTA 3arpsi3HUTEINST HCIOJIb30BaJach HESIBHAS
MIOTIEPEMEHHO-TPEYTONIbHAS Pa3HOCTHAS cxeMa. [Ipu mocTpoeHnH pa3HOCTHOM CXEMBI OCYIIECTBIIICTCS (PH3UIECKOE
U FeOMETPUYECKOE PACLICIUICEHUE YPaBHEHMs IIEpeHOca Ha deTbipe liara. HenssecTHOe 3HaueHHE KOHLCHTpaLUU
3arpsiI3HUTENIST Ha KaXXIOM IIare paculeIUICHHsl ONpeNessieTcsl 1Mo SIBHOM cxeMe — MeTony «Oerymiero cuera». s
YUCIIEHHOTO MHTETpupoBaHusi ypaBHeHUl HaBbe-CTOokca NpUMEHSIOTCS HESBHBbIE PAa3HOCTHBIE cxeMbl. [lpu
MPOBEACHUN BBIYHCIUTEIBHOTO SKCIICPUMEHTA TAKXKE YUYUTHIBAIOTCS: NMPO(HIb CKOPOCTH BETPOBOIO IMOTOKA;
B3aUMO/ICHCTBUE BETPOBOrO0 MOTOKAa CO 3JaHMEM U CTpyed NPOAYKTOB TOPEHHUs TBEPJOrO0 PAKETHOr'O TOILIMBA,
HaJIMYUE JKEJIE3HOJOPOKHOTO BaroHa, BHYTPH KOTOPOIO HAXOJAWUTCS MCTOYHMK 3arpsA3HEHHUs; HECTAlMOHAPHOCTh
SMUCCHUM 3arps3HuTens. Ha ocHOBE MOCTPOEHHBIX YMCIEHHBIX MOJIEIEH MPOBEEH BBIYUCIUTENbHBINA 3KCIEPUMEHT
M0 OIIEHKE YPOBHS 3arps3HEHUs atMoc(hepbl MPH TPAHCIIOPTUPOBKE JKEIC3HOIOPOKHBIM TPAHCIIOPTOM OMACHOTO
rpy3a B Clly4yae aBapuu Ha NpUMarucTpaibHON TeppuTopuH. IIpoBeaeHbl pacyeThl 0 NPUMEHEHUIO CBOEBPEMEHHOM
HEUTpamu3aIiy MPOAYKTOB TOPEHHS TBEPAOTO pakeTHOro TorumBa. Pe3yiabTaThl. MccnenoBareneM pa3paboTaHbl
YHCIICHHBIE MOJENH, KOTOPbIe MO3BOJISIOT ONEPATUBHO PACCUUTATh 3arpsi3HEHHE aTMOc(ephl B Ciydae aBapHu IpH
TPAaHCIIOPTUPOBKE TBEPAOI0 PAKETHOI'O TOIUIMBA, a TAKXKE PAaLMOHAJIBHBIE MAapaMEeTphbl IpOLEcca HEUTpalu3aluu
3arpsiI3HUTENS. DTH MOJIENIM MOTYT HCIOJIBb30BAThCsl JJISi CEPUMHBIX PACUETOB MO MOJETHUPOBAHUIO Pa3IMUHBIX
CIICHApHEB aBapuilHbIX cutyanuii. Hayuynass HoBu3Ha. Pa3paOoTaHbl YMCIICHHBIC MOJICNHU, MO3BOJISIOIINE YUCCTh
CYIICCTBEHHBIC (DAKTOPhI, BIMSIONME HA TMPOIECC PACCCHBAHUS 3arps3HAIONIMX BEHIECTB B artMocdepe
W TpeUIOKEHAa Ha MX 0a3e METOAWKA HEHUTPaIHM3alMU 3arpsA3HUTENS IPH YPE3BBIYAWHBIX CHTYalUsX Ha
JKEIIE3HOTOPOKHOM TpaHcnopte. [IpakTudeckasi 3HAYMMOCTh. PaccMoTpeHbl 3 QeKTUBHBIC YUCIICHHBIC MOJICITU
«diagnostic models» s sxcmpecc-pacuera ypoBHs 3arpsi3HEHHST aTMOC(EPHI U pa3padoTaHa TEXHOJOTHS 3aIlUThI
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aTMochepbl TP aBapUHHBIX CHTYalUsAX, B YaCTHOCTH, B CIydae IEPEBO3KH KEJIE3HOTOPOKHBIM TPAaHCIOPTOM
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3AXUCT ATMOC®EPHU Y BUIIAJIKY ABAPII
ITPU TPAHCIIOPTYBAHHI HEBE3IIEYHUX BAHTAXKIB

Meta. PoGora npucBsiueHa po3poOili YHCEeTbHUX MOJIEIISH Il IPOTHO3Y 3a0pyJHEHHs aTMOC(EpH IpU TOpPiHHI
TBEPAOT0 PaKETHOro IMajvBa B 3aJi3HMYHOMY BaroHi, po3TalloBaHOMY IoOJM3y Oy[iBili Ha IpuUMaricTpaibHii
TepuTopii. Jlani Moaeni MOXXyTh OyTH BUKOPHCTaHI IIPU NPOTHO3YBaHHI €(eKTHBHOCTI HEHTpaiizawii Mo 3aXucTy
aTMoc(epu Uil 1boro THUIy aBapiid. Merogmka. J[is po3B’s3aHHS MoOCTaBiIeHOi 3aaadi po3poOieHi yucenbHi
MOJIeNTi, 3aCHOBaHI Ha 3acTocyBaHHI piBHsIHb Ha'e-CTokca, /Ui BU3HaYEHHS MOJIS IIBHIKOCTI BITPOBOTO IOTOKY
moOnm3y BaroHiB i OyniBenb, Ta pIBHAHHI MEpEeHOCY NOMIMKKA B atMocgepi. s 4gucenpHOTO iHTETrpyBaHHA
PIBHSIHHS TPaHCHOPTY 3a0pyAHIOBa4Ya BUKOPHCTOBYBAJACs HESBHA MOIEPEMiHHO-TPUKYTHA pi3HHULEBa cxema. [Ipu
moOy/IOB1 PI3HUIICBOI CXEMHU 3MIMCHIOEThCA (Di3MYHE i TEOMETPUYHE PO3MICIUICHHS PIBHAHHS IMEPEHOCY Ha YOTHPH
Kpoku. HeBimome 3Ha4eHHS KOHIIEHTpaIlii 3a0pyAHIOBaYa HAa KO)KHOMY KPOIIi PO3LICTIIICHHS! BU3HAYAETHCS 32 SIBHOIO
CXEMOI0 — METOy «OiKydoro paxyHKy». J[ist dncenmpHOTO iHTerpyBaHHs piBHAHb HaB'e-CTOKCa 3aCTOCOBYIOTBCS
HesiBHI pi3HMIEBI cxemMu. [Ipu mpoBeneHHI OOYHMCITIOBAIBHOTO EKCIIEPUMEHTY TaK0X BPaxOBYIOThCS: Mpodiib
HIBUJIKOCTI BITPOBOTO MOTOKY; B3a€MO/Iisl BITPOBOTO MOTOKY 3 OY/IIBJICIO i CTPYMEHEM MPOAYKTIB TOPIHHS TBEPIOTO
pPaKeTHOTO MaJMBa; HAsIBHICTh 3aJi3HUYHOTO BaroHa, YCEpPEIWHI SKOTO 3HAXOAMThCS JKEpeso 3a0pyAHEeHHS,
HecTallioHapHICTh emicii 3a0pynHioBada. Ha OCHOBI OOYZOBaHMX 4YHCENIBHHX MOJENeHl  MpOBEIeHO
00YNCITIOBAIBHUN EKCIIEPUMEHT 13 OI[HKM piBHSA 3a0pynHEHHs atMocdepd NpH TPAHCHOPTYBaHHI 3alli3HUYHUM
TPaHCIIOPTOM HEOE3NeYHOro BaHTaXy NpH aBapii Ha mpumarictpanbHiii Tepurtopii. IIpoBeneHo po3paxyHKH 1O
3aCTOCYBaHHIO CBO€YAcCHOi HeWTpamizalii NpOAYKTIB TOPIHHSA TBEPJAOro paKeTHOro TNajuBa. PesyabraTh.
JociimHuKoM po3poOIIeHO YHCeTbHI MOJIENI, SIKi TO3BOJISIOTH OMEPATHBHO PO3paxyBaTH 3a0pyIHEHHS aTMOC(epH B
pasi aBapii Ipu TPaHCIIOPTYBAaHHI TBEPIOTO PAKETHOTO MANMBA, a TAaKOX paIliOHANBHI MapaMeTpH HeWTpaiizarii
3a0pyanoBaya. L{i Momeni MOXXyTh BHKOPHCTOBYBATHCH UISI CEPIMHMX PO3PaXyHKIB PI3SHOMAHITHUX CIICHApPiiB
aBapiiHux cutyaniii. HaykoBa HoBM3Ha. Po3po0ieHO 9mcenbHI MOnenmi, M0 JO03BOJIIIOTH BPaxyBaTH ICTOTHI
(hakTOpH, IO BIUIMBAIOTH HA IPOIIEC PO3CIIOBAHHS 3a0pyAHIOIOUNX PEYOBHH y aTMOCdepi Ta 3aIporoHOBaHa Ha ixX
0a3i Merojuka HeWTpamizauii 3a0pyAHIOBaua NpW HAA3BUYAWHMX CHUTyallisIX Ha 3aJi3HUYHOMY TPaHCIOPTI.
IpakTHyHa 3HaYUMIicTh. Po3risiHyTo edextuBHi uncensHi Moaemi «diagnostic models» st ekcrpec-po3paxyHKy
piBHA 3a0pynHeHHs aTMoc(epu Ta pPO3pOOJICHO TEXHOJIOTII0 3aXUCTy arMocdepu NpU aBapiiiHUX CUTYyamisiX,
30KpeMa, Y pa3i MepeBe3eHHs 3a1i3HUYHUM TPAHCIIOPTOM TBEPOTO PAKETHOTO MaJIHBa.

Kiouosi cnosa: aBapii Ha 3aJ1i3HHYHOMY TPAHCIIOPTI; 3a0pyIHCHHS aTMochepu; HeWTpasi3allis 3a0pyIHIOBaYA;
YHCeNTbHE MOJEITIOBaHHS
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DIRECTIONS OF EXTREME TOURISM IN UKRAINE

Purpose. In the world market of tourist services the extreme tourism is very popular, as it does not require the
significant financial costs and enables year on year to increase the offers of holiday packages, associated with active
travel. Ukraine has significant potential for the development of extreme kinds of rest, but it is not developed enough.
Forms of extreme tourism are unknown for domestic tourists, and therefore, they formed a negative attitude. The
aim of the article is the analysis of extreme resort potential of Ukraine and promotion of the development of extreme
tourism destinations in the travel market. Theoretical and methodological basis of research is the system analysis of
the problems of ensuring the competitiveness of the tourism industry, theoretical principles of economic science in
the field of the effectiveness of extreme tourism and management of tourist flows. Methodology. The author offers
the directions of tourist flows control, which differ from the current expansion of services to tourists in Ukraine. The
development of extreme tourism with the help of co-operation of railways and sport federations was proposed.
Findings. During the research the author proved that the implementation of the tasks will be promote: 1) increase in
budget revenues at all levels of the inner extreme tourism; 2) raise the image of Ukraine and Ukrainian Railways;
3) increase the share of tourism and resorts in the gross domestic product to the level of developed countries;
4) bringing the number of employees in tourism and resorts to the level of developed countries; 5) the creation of an
effective system of monitoring the quality of tourist services; 6) the creation of an attractive investment climate for
attracting the investment in the broad development of tourism, engineering and transport and municipal infrastruc-
ture; 7) improvement the safety of tourists, ensure the effective protection of their rights and legitimate interests and
preservation of the property. Originality. The author shows the theoretical generalization and new solution of a sci-
entific problem. It manifests itself in the development of theoretical and methodological approaches to the develop-
ment of extreme tourism. Practical value. Rational use of measures proposed by the author of directional control of
tourist flows will significantly increase the country's revenues from domestic tourism.

Keywords: railway tourism; tourist flow; tourist route; extreme tourism; resort potential

Introduction preparation, and usually they are under the power of
any healthy active person. [3].

Mountain climbing, jeep tours, kayaking, diving,
paragliding, rafting, industrial and mountaineering
are the most popular forms of recreation.

Some travel companies offer to demanding
tourists the exotic tourism. This could be a fly on
the Earth's orbit, the descent from the mountains on
a motorcycle, hunting for sharks under the water,
traveling in the dungeon and descend from the sand
dunes on a snowboard and other [2].

doi 10.15802/stp2016/60960 © L. V. Martseniuk, 2016

Extreme tourism is a type of tourism that is as-
sociated with a certain degree of risk, or with pro-
hibitive physical or mental strain and stress in tough
conditions.

The main thing in extreme tourism is natural set-
tings for a selected type of holiday and experienced
managers. All routes of extreme tourism have dif-
ferent categories of complexity. The majority does
not require the years of experience and thorough
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If not to take into account that the exotic
tourism is expensive, we can say that an extreme
tourism refers to one of the most attractive tourist
recreation, because the most travelers want not
only to see but to feel it. People go on holiday for
emotions. They are willing to spend money for the
positive and sometimes unusual emotions [13].

Problems and prospects of the extreme tourism
development were studied by such scholars as
I. Svida, A. Romanov, Yu. Dmytriievskyi,
Ya. Arin, V. Huliaiev. Their works analyse the
foreign development of recreation extreme forms,
but as for Ukraine, this area still requires the
further research study.

Purpose

The article aim is to analyse the development of
extreme resort potential of Ukraine and
popularizing of extreme tourism destinations in the
travel market.

Methodology

Ukraine has the considerable potential for ex-
treme forms of recreation, but it is underdeveloped.
The forms of extreme tourism is largely unknown
to domestic tourists, so they formed inert or
negative attitude.

But the global tourism industry is constantly
developing and offering the new services to all
tourists [1]. In recent times the great demand for
not only the usual sightseeing trips and also
tourism associated with the recreational activities.
Ukraine has enough places where the extreme
tourism can be organized. The klondike of ideas
embodiment in this context can and should become
Zakarpattia, Lviv and Ivano-Frankivsk region.

Each year in the Zakarpattia region the extreme
competitions are hold. Among the popular places
of the organized extreme sport are Mukachevo,
Uzhgorod and surroundings of the Borzhava River.

Among the most popular forms of extreme
tourism in our country are: mountaineering and
mountain hiking; caving; skiing; white-water
rafting (rafting on mountain rivers); paragliding
and hang gliding.

In the Zakarpattia region the mountainous kinds
of extreme tourism are popular. The most extreme
form of recreation is considered the mountaineer-
ing; the tourists overcome various obstacles of
varying degrees of severity.

The Carpathian mountains, located on the
territory of Zakarpattia region, are relatively safe
and there is the possibility to organize the climbing
routes of varying difficulty. The Caucasus or the
Urals are famous for the sharp slopes and dips, so
to organize tours there is not the most profitable
business. In Zakarpattia, if exclude from the tourist
routes the most rugged mountains Gorgan, all other
mountains in the region can be considered as suit-
able for the development of mountaineering. To-
day the most visited mountains are located in Vo-
lovetsk, Mizhhirsk, Rakhivsk, Velykoberezniansk,
Svaliavsk and Mukachivsk districts [4].

The popularity of skiing and snhowboarding
increases from year to year. The highest ski base of
Ukrainian Carpathians is Drahobrat where the two
rope tows kilometer long lead from the height of
over 1,300 m near the Stig mountain (1704 m).

If to remember the climbing routes, the
hundreds of them are laid in the Smotrych canyon.
There the rock canyon was washed with the
Smotrych River, which forms the open loop around
the old city. The height of the cliffs in the canyon
reaches fifty meters.

The terrestrial kinds of extreme tourism include
caving, horse riding and hunting tourism,
pedestrian and combined bus-hiking, mountbiking,
X-racing, sport orienteering, avtotour, rally,
mototourism and survival in the wild.

As for caving, there are dozens of caves in the
Zakarpattia region. The most popular among
tourists are the caves near the settlements
Kniahynia, Mala Uholka and cave «Druzhba»,
located in Tiachivsk district.

As for equestrian, hunting and walking tourism,
they certainly can be developed throughout the
Ukraine, because in our country there is an
enought necessary resource potential. Tourists can
be offered the combined tours — the combination of
several kinds of active rest in one route, such as
tracking and equestrian tourism.

Findings

Today in the world market of tourist services
very popular is tourism on particularly dangerous
routes.

Here is a short list of the popular kinds of ex-
treme tourism in other countries.

Thus, Turkey is famous for diving. Places for
diving are incredibly much. The most popular is
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considered Bordum, Cargo and Kechek islands. On
the way to the islands are beautiful underwater reefs.
Catal Island is a favorite place for fans of underwater
archeology. Thus here is the world's only museum of
underwater treasure. Also in Turkey, there are many
proposals for travel on mountain river. The most
popular place for rafting fans is the mountain river
Dalaman [8].

Egypt also attracts tourists with diving and exotic
journey through the desert. Thailand is famous for
water tourism. Spain captures with Bullfighting.
Travel Agency in South America offering
acquaintance with the Indian tribes. Switzerland
develops the gliding and climbing actively. In Africa
the tourists are offered the safari in the national parks,
rafting the Nile or climbing peaks in African
mountains. The trips to wild places are very popular
[7]. In China, the tourists have the opportunity to
learn about the ancient Chinese culture, religion,
ancient monuments and exotic cuisine. Diving is
pretty developed. India will delight tourists with
windsurfing. More and more wishing to go to
extreme climatic conditions in cruises to the Arctic
and Antarctic and look at exotic animals, for example
Penguins. According to statistics, one third of
holidaymakers weekly go on safari or ride on a yacht,
or have other recreational activities in Europe [10].

If to go back to Ukraine, it can be emphasized
that in this country there are all opportunities for the
development of some types of extreme tourism, but
the public authorities are not given enough attention
on this problem. In addition, in Ukraine the lack of
objective information about the safety and
availability of extreme sports encourage the domestic
tourists to seek such services in other countries. Do
not forget about the worsening of social and
economic situation in the country, where the cost of
basic necessities need to be increased, and costs on
holidays are reduced accordingly. However, in
Ukraine there is the resource potential for the
organization of recreation available to the wider
population [5].

For example, mountain bike is the downhill from
the mountain on a bike, the overcoming obstacles
through stones, high-speed travel through dangerous
places, fast ride around the track with jumps and
other obstacles.

The sport orienteering with a map and
a compass can be interesting for Ukrainians. In Za-
karpattia the sport orienteering competitions can be
organized in the area of the Nevitskij castle.

In  Zakarpattia region are the ideal
preconditions for this extraordinary sport like
hang-gliding and paragliding. The most favorable
conditions are the territory of Rakhiv, Perechyn,
Velykobereznianskyi and partially in other areas
[7].

The water extreme tourism can be developed:
the descent on mountain rivers by canoe. In
Zakarpattia, the descent on mountain rivers by

canoe can be organized (Vynohradivsk,
Perechynsk, Velykoberezniansk and Uzhhorod
areas) [8].

Do not forget about such a romantic and
extreme kind of the rest as flying on balloons.
There are excellent natural conditions for the
development of aeronautics in Ukraine. The flights
over the megacities above the beautiful historical
places, which in our country are enough can be
organized. Today in Ukraine about twenty balloons
are only used that is in twenty times less than in
Russia and Holland and in the three hundred times
(1) in comparison with Germany.

Among the extreme kinds of sport is skydiving.
So far, this kind of extreme sports is at an early
stage of development in Ukraine.

Today in Ukraine there are only three large
dropzones: two in Kyiv and one near Dnipropet-
rovsk, which is in twenty times less than in the
UK.

The rafting is one of the popular kinds of sport
nowadays in other countries and perspective for
the development in Ukraine. Our lowland rivers
without rapids are suited very well for raftings of
ordinary people and not for athletes training. For
the adventure-seekers the Pivdennyi Buh with its
rapids and shallows will be a good variant, and for
the most experienced the mountain rivers of
Carpathians.

Safari is a fascinating experience. And if in the
last century, it meant the hunting wild African
animals, with the advent of modern photography
Safari can be a photo or video hunting that is not
harmful to living creatures.

Ukraine is also famous with its reserves. Today
there are 17 natures, 4 biosphere reserves and 12
national parks in which the wildlife is protected by
the State. Askania-Nova is one of the largest bio-
logical reserves in Europe, which collected the
animals-representatives of almost all continents of
the planet [6].
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Carpathians and Precarpathians are promising
areas for development of extreme tourism in the
Ukrainian. Places of the photo hunt development
can be: national nature parks Vyzhnytsk,
Hutsulshchyna and Carpathian biosphere reserve.
Aeronautics is promising to be developed in the
area of the canyon valley of the middle reaches of
the Dniester River with wonderful views of his-
toric places of Khotyn and Kamenets-Podilskyi
fortresses.

Originality and practical value

Ukraine with its resource potential is a country
of great opportunities for the organization of active
and extreme rest.

The tourist can be attracted with the element of
novelty, stress and release of energy excess and the
financially availability.

The railway tourist company together with the
sports federations can organize the extreme tours
[11].

The railway can arrange the delivery to the
place of extreme kinds of tourism and
accommodation in comfortable cars (among other
benefits: savings in hotels and restaurants, essential
travel can begin from the moment of boarding the
car, accessibility from a financial point of view),
and representatives of sports clubs will be
responsible for the proper conduct of specific
activities.

In the course of the study the list of factors that
is included in the economic category «the
attractiveness of the route of a tourist trip» was
further developed, these factors are: most
convenient time of the passenger trip, comfort of
rolling stock, the number of stops and attraction
sites of historical, natural and cultural heritage that
will be used to set the category of the route and
predict the economic efficiency of travel.

Conclusions

The world extreme tourism is growing rapidly,
but Ukraine is significantly far behind the
developed countries [12].

However, with well-organized approach the
development of extreme tourism of the domestic
tourism market is very promising.

The low level of development the tourism
infrastructure and social standards of the
population hinders the development of adventure

tourism in Ukraine. According to many domestic
experts, there is a great potential for the extreme
tourism, which can be opened with the general so-
cial and economic development of the State.

In Ukraine the development of such types of
extreme tourism, as ballooning, parachute jumping,
caving, rafting and safaris is considered promising.

Domestic tourism can be developed with the
help of extreme tourism, and with the competent
information policy and sufficient level of service
the rapid development of international tourism can
be expected. The proposed activities will
contribute to the increase of incomes of the
different levels budgets and the promotion of the
country on the world market of tourist services.
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HAITPABJIEHUA PA3SBUTHUA DKCTPEMAJIBHOI'O TYPU3MA
B YKPAUHE

Heas. Ha MUPOBOM pBIHKE TypHUCTHYECKHX YCIYT SKCTPEMAIbHBIA TypHU3M MOJB3YeTCsl OONBIION MOMyJIsp-
HOCTBIO, TaK KaK OH He TpeOyeT 3HaYMTEeNIbHBIX (PMHAHCOBBIX 3aTpaT M IO3BOJIIET M3 T0/la B I'OJ B HECKOJBKO pa3
YBCJINYNUTL IAKEThI npennon(eﬂnﬁ OTAbIXa, CBA3AHHOIO C AaKTHUBHBIMU MNYTCIICCTBUAMMU. B pral/IHe CCTh
3HAYUTEIILHBIN MOTCHIUAJI JId Pa3BUTUA SKCTPEMAJIbHBIX BUJIOB OT/IbIXa, OHAKO OH HEJOCTATOYHO pa3BUT. CDOpMI)I
SKCTPEMAIBHOIO TypHU3Ma SBISIOTCS MaJOU3BECTHBIMM JJISi OTEUECTBEHHBIX TYPHUCTOB, IMOITOMY K HHUM
c(OpMUPOBAHO HETaTUBHOE OTHOLIEHHE. L{enbio cTaThu SBISETCS aHAIN3 SKCTPEMAIbHO-KYPOPTHOTO MOTEHIIHATIA
YKpauHbl ¥ pa3pab0TKa HANPaBJICHUN NOMYIIAPU3ALIH SKCTPEMAIBHOTO TYpU3Ma Ha PBIHKE TYPUCTHYECKHX yCIYT.
TeopeTndeckylo W METOJOJIOTHYECKYI0 OCHOBY WCCIEJOBAaHHMSA COCTABISIOT CHCTEMHBIH aHaIN3 MpoOseM
obecrieueHns] KOHKYPEHTOCIIOCOOHOCTH TYPHCTHYECKOW OTpPACIM, TEOPETHYECKHE IOJOXKEHHS SKOHOMHYECKOH
Hayku B o0OmacTu 3((EKTUBHOCTH SKCTPEMAIbHOTO TypH3Ma U YIPABICHHS TYPUCTHYECKHMH MOTOKaMH.
MeToanka. ABTOPOM NPENIOKEHBI HAPABICHNUS YIPABJICHHUS TYPUCTUYECKHUMHU ITIOTOKaMHU, KOTOPBIE OTIMYAIOTCS
OT CYIIECTBYIOUINX PACIIUPEHHUEM Cepsl yCIyTr TypUCTaM Ha TEppUTOpuu YKpauHsbl. IIpeuioxkeHo pa3BuTHE IKC-
TPEMaJILHOTO TypHU3Ma C TOMOIIBIO KOOIEPALMH KEIEe3HOJOPOKHBIX KOMIIAaHWH M CIIOPTHBHBIX (bemeparuid.
PesyabTaThl. B X0/1€ mpoBeieHHs UCCiIeJ0BaHUsI aBTOPOM JIOKAa3aHO, YTO BBIMOJIHEHHE MIOCTABICHHBIX 3a/1a4 OyaeT
cozeiicTBOBaTh: 1) yBEIMYEHHIO TOXOMOB OIOKETOB BCEX YPOBHEH OT BHYTPEHHETO 3KCTPEMAIbHOTO TypH3MA;
2) TOBBILICHUIO HUMHUIXKA CTPAaHbl M YKPAMHCKUX JKENE3HBIX AOpOr; 3) MOBBILICHUIO TOJNH Ccdepbl Typu3Mma
U KYpPOPTOB B CTPYKTYpE BaJOBOTO BHYTPEHHETO MPOAYKTA A0 YPOBHS Pa3BUTHIX CTpaH; 4) TOBEICHUIO KOIHYECTBA
paboOTHUKOB chepbl Typu3Ma U KypopTOB 10 YPOBHS Pa3sBHUTHIX CTpaH; 5) co3maHHI0 3(h(EKTHBHON CHCTEMbI
MOHUTOPUHIa Ka4eCTBA TYPUCTHYECKUX YCIyT; 6) CO3MaHHUIO MPHBIEKATEIFHOTO MHBECTULHOHHOTO KIMMAra IS
IMIMPOKOTO TPHUBICYCHUSI WHBECTUINI B PAa3BUTHE TYPUCTHYECKOH, MH)KEHEPHO-TPAHCIIOPTHOW M KOMMYHAJIbHOH
UHOGPACTPYKTYpHI; 7) IOBBIICHHIO OE30MACHOCTH TYPHCTOB, OOCCIICUCHHIO ICHCTBEHHOM 3allUThl WX IIPaB,
3aKOHHBIX WHTEPECOB M COXpaHeHHs uMyliectBa. HayuyHasi HOBHU3HA. ABTOpOM IIPHBEICHBI TEOPETUYECKOE
00001IeHNEe U HOBOE pelieHne HaydHo! 3anaun. OHa MPOsBILETCS B pa3padoTKe TEOPETHUECKIX W METOIOJIOTHYe-
CKMX TMOAXOJOB K HEOOXOAMMOCTH pa3BUTHUSA OJKCTPEMambHOro Typu3ma. IIpakTHyeckasi 3HAYHMOCTD.
PaLIl/IOHaIl]:HO IMPUMEHCHHBIC MEPLI MO NPEAJIOKCHHBIM aBTOPOM HAIPABJICHUAM YIIPABJICHUSA TYPUCTUYCCKUMU
MMOTOKaMH IMO3BOJIAT CYHICCTBEHHO ITOBLICUTH MMOCTYIUICHUA B 6}0[{)KCT CTpaHbl OT BHYTPEHHETO TypHU3Ma.

Kniouesvie cnosa. Xene3HOAOPOXKHBIA TYpU3M; TYPUCTUYECKUH IOTOK; TYPUCTHUYECKMH MaplIpyT, SKCTpe-
MaJlbHbII TYpU3M; KYPOPTHBIN IIOTEHLUAI
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HAINPAMKH PO3BUTKY EKCTPEMAJIBHOI'O TYPU3MY B YKPAIHI

Mera. Ha cBiTOBOMY PHHKY TYpPHUCTHYHUX IOCIYT €KCTPEMAJIbHUI TYpHU3M KOPHCTYETHCS BEIMKHM IIOIUTOM,
TOMY WIO BiH HE MOTpedye 3HAUHUX (PIHAHCOBHUX BUTPAT Ta AO3BOJIIE 3 POKY B PIK y AEKiUIbKa pa3iB 30UIBIINTH ITa-
KETH MPONO3UIIH BIIIOYNHKY, OB S3aHOTO 3 aKTHBHUMH OJIOpokamMu. B YkpaiHi € 3HauHM moTeHmian Jyis po3-
BUTKY €KCTPEMaJIbHUX BHIIB BiAIOYMHKY, IIPOTE BiH HEJOCTaTHHO PO3BUHEHUH. DOPMHU €KCTPEMAaIbHOIO TypH3MY
€ MaJOBIJIOMUMH JUIsl BITUYM3HSHUX TYPHUCTIB, TOMY J0 HHMX c()OpMOBaHE HEraTMBHE CTaBJCHHS. MeToro crarti
€ aHaJI3 eKCTPEMaIbHO-KYPOPTHOTO MOTEHIITy YKpaiHu Ta po3po0Ka HANpsSMKIB MOMYJISIpH3aLlii eKCTPEeMaIbHOTO
TYpU3My Ha PUHKY TYPUCTHYHHX IOCIYI. Te€OpeTHdYHy Ta METOAOJIOTIYHY OCHOBY IOCIHI/KEHHS CTaHOBIATH
CHCTEeMHUI aHajli3 pobieM 3abe3nedeH s KOHKYPEeHTOCIPOMOXKHOCTI TYPUCTHYHOT rajly3i, TEOPETUYHI ITOJIOKECHHS
CKOHOMIYHOI HayKd B Taiy3i e(eKTHBHOCTI €KCTPEMaJbHOTO TYPU3My W YNPaBIiHHA TYPUCTHYHHMH MOTOKAMH.
MeTtonuka. ABTOPOM 3aIllpONOHOBAHO HANPSMKH YIPABIIHHA TYPUCTHYHMMH MOTOKAMH, SIKi BIAPI3HAIOTHCS Bij
ICHYIOUHX PO3LIMPEHHAM C(epu MOCIyT TypUCTaM Ha TEpUTOPii YKpaiHH. 3alpONOHOBAHO PO3BUTOK EKCTPEMallb-
HOTO TYPH3MY 3a JIOTIOMOTOI0 KOOTIepamii 3aIi3HIIHAX KOMIaHii Ta cropTHBHUX (exepaniid. PesyabTaTH. Y X071
TPOBEICHHSI JTOCHI/KEHh aBTOPOM JIOBEIICHO, 110 BMKOHAHHS IOCTaBJICHHUX 3aBIaHb cripusTuMme:. 1) 36iTbIICHHIO
JIOXOJIiB OIO/KETIB yCiX PIiBHIB Bill BHYTPINIHBOTO €KCTPEMAIBHOTO TYPH3MY; 2) MiIBHIIEHHIO IMIiIKY KpaiHu Ta
YKpalHCHKUX 3aJi3HUII; 3) MiJABUICHHIO YacTKH chepr TypH3My i KypopTiB Y CTPYKTYpi BAIOBOTO BHYTPILIHBOTO
OPOAYKTY JI0 PiBHS PO3BUHYTHX KpaiH; 4) MOBEJCHHIO KiFKOCTI MPAIiBHUKIB chepH TYpU3MY Ta KYPOPTIB 0 PiBHs
PO3BHHYTHX KpaiH; 5) CTBOPEHHIO €(peKTHBHOI CHCTEMH MOHITOPHHTY SIKOCTiI TYPUCTUYHHX TOCITYT; 6) CTBOPEHHIO
NpUBaOIMBOTO IHBECTULIHHOTO KIIIMaTy Ul IIMPOKOTO 3aJy4eHHS IHBECTHLIH Y PO3BUTOK TypPHCTHYHOI, iH)KEHEP-
HO-TPAHCHOPTHOI Ta KOMYHAIBHOI iHQPACTPYKTYpH; 7) MiABUILCHHIO OC3MEKH TYpPHCTIB, 3a0C€3MCUCHHIO Ji€BOTO
3aXHCTy IXHIX IpaB, 3aKOHHMX iHTepeciB i 30epexxeHHs MaiiHa. HaykoBa HOBH3HA. ABTOpPOM HaBEAEHO TEOPETHYHE
y3araJbHEHHS i HOBe BUPILICHHS HayKOBOI 3a/1a4i. BoHa BUSBISETHCS B pO3pOOII TEOPETHYHUX 1 METOIOJIOTIHHUX
MiAXO/IIB I0/I0 HEOOXITHOCTI PO3BUTKY eKCTpeMalbHOTO Typu3My. IlpakTuyHa 3HauynMicTh. PamioHansHO 3acTo-
COBaHI 3aXO0JH 32 3aPOINIOHOBAaHUMH ABTOPOM HANPSIMKAaMH YNPAaBIiHHSA TYPUCTUYHUMHM ITOTOKAMHU JO3BOJISATH CYT-
TE€BO MIABUIIUTH HAIXOMKEHHS 10 OI0/KETy KpaiH! BiJf BHYTPIIIIHEOTO TypU3MY.

Knrwouogi cnosa: 3ai3HUYHUNA TYpU3M; TYPUCTHYHHUI MOTIK; TYPUCTHYHHN MapLIPYT; eKCTPEMAIBLHHN TYpPH3M,;
KypOPTHHI MOTEHITiaJ
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COBEPHIEHCTBOBAHUME TEXHOJIOI'MX PEMOHTA
CHEIIUAJ/IN3NUPOBAHHBIX I'PY30BbIX BAI'OHOB

Hean. YBenuyeHne 00beMOB MEPEBO30K I'PY30B TpeOyeT BHEIPEHHsI BarOHOB HOBOTO MOKOJICHHS, KOTOPBIE OBl
CMOIJM oOecreuynTh BCE MOTPEOHOCTH IepeBO3YMKOB. Ho Takoe BHeApeHHWE HEBO3MOXXKHO 0Oe3 OOHOBIECHHUS
PEMOHTHOI 0a3bl C IPUMEHEHHEM HOBBIX TEXHOJOTHMH M MOJEpPHHM3AIMEll PEMOHTHOro mporecca. PemoHT
TIOJIBIDKHOTO COCTaBa SIBIISIETCSl KIJIFOUYEBBIM (PAKTOPOM, OT KOTOPOTO HEOOXOAMMO OTTAJIKHBATHCS NMPH CO3MAaHUU
HOBBIX BaroHOB, TaK KaKk HE BCE M300pPETEHHsT BO3MOXKHO BHEPSAThH B CETOHAIIHUX YCIOBHSX, KOTrJa OOJIBIIMHCTBO
BarOHOPEMOHTHBIX JEMO MOpaJIbHO Yycrapenu. Llenmp — mNpoaHaTM3MPOBaTh BO3MOXKHOCTH  IOBBIIICHUS
5Q(QEKTUBHOCTH pPEMOHTHOTO Tpollecca IyTEM BHEIAPEHHS HOBBIX  PEMOHTHBIX  TEXHOJIOTMH WU
COBEPIIEHCTBOBAHUSI CYIIECTBYIOIIUX, YTO TIO3BOJIMT MOBBICUTH HE TOJIBKO Ka4E€CTBO PEMOHTA, HO M €r0 CKOPOCTb.
Metoauka. PaboTsl 1O COBEPUICHCTBOBAHMIO KOHCTPYKIMI TPY30BBIX BaroHOB MPOBOASATCS MHOTHMH
KOHCTPYKTOPCKMMH OPTaHU3aIMsIMU MPAKTHYECKH BO BCEX IPOMBIIUIEHHO Pa3BUTBHIX CTpaHaX. JTO 3aCTaBIseT
PEMOHTHBIC OpraHM3alié (Jem0 W BarOHOPEMOHTHBIC 3aBOJbI) MOJEPHH3UPOBATh PEMOHTHBIH Mpolece.
JlocTiokeHHe IOCTaBICHHOW IIeTM BO3MOXKHO 3a CYET COBEPIICHCTBOBAHMS TEXHOJIOTMH pEMOHTAa M €ro
peopraHu3anyy IMyTeM NPUMEHEHUs! THOKMX TOTOYHBIX TEXHOJIOTMH, KOTOpBIE HA CErOMHSIIHMN JICHb SIBIISIOTCS
Haunbosee 3(h(HeKTHBHBIMY IPU PEMOHTE MOJIBIKHOTO cocTaBa. Pe3yabTarsl. [Ipy BeIoNHEHNH aHa3a MPoOIeMbl
OBUTO ONpeesIeHO, YTO CYIIECTBYIOT BarOHbI Pa3JIMUHbIX KOHCTPYKIHMHA. BOIBIIMHCTBO BarOHOB SIBJISIIOTCS YHHBEP-
CallbHBIMH, M MX PEMOHT HE BBI3BIBAET TPYAHOCTEH Yy BaroHOPEMOHTHBIX NpeanpuiaThHi. OIHAKO KOIWYECTBO
CHELHUAIN3UPOBAaHHBIX BAarOHOB SBJISETCA TaKKe 3HAYMTENBHBIM, M TEXHOJOTMH HMX PEMOHTa HEO0O0XOIUMO
COBepIICHCTBOBATh. ONHOM M3 IIPUYHH TAKOW HEOOXOAUMOCTH SIBISIETCS TO, YTO MHOTHE MOJEHU (HAIpUMeEp, BaroH-
[UCTepHA IS TMEPEBO3KH DACIUIABICHHOW Cepbl) MpEIHA3HAYCHBI Ul MEPEBO3KH ONACHBIX IPy30B, U COOif
B paboTe BaroHa B MOMEHT [BIDKEHMs HejomycTuM. HayuHasi HOBHM3HA. ABTOpaMH BIIEPBBIE OIPEIEICHO
HampapjeHue paboT TpU  COBEPIICHCTBOBAHMM TEXHOJIOTHMHA PEMOHTAa CHELMAIM3HPOBAHHBIX  BAaroHOB.
IIpakTnyeckasi 3HAYMMOCTbL. AKTyaJbHBIM TIIPH COBEPIICHCTBOBAHMM KOHCTPYKIMH BaroHOB SIBJISETCS
1 COBEPILIEHCTBOBAHHE CYIIECTBYIOLIEH peMOHTHOH 6a3bl. Kpome Toro, TeXHOJIOTMH PEMOHTA, IPUMEHSIOIINECS Ha
CerOJHALIHMI JIeHb INPH PEMOHTE BAaroHOB, MOpPAJbHO YycTapenud W TpeOyloT ynyumieHus. PaccmorpeHHas
OpraHM3alysi PEMOHTHOTO IpOIecca WMEET NPAKTHYECKYI0 HEHHOCTb M MOXET OBITh HCIOJb30BaHa Kak IpH
CO3/1aHUH HOBBIX PEMOHTHBIX MPEANPUATHUH, TaK U IPU MOJEPHU3ALMH CYLIECTBYIOIUX.

Kniouesvie cnosa: TexHOIOrUsl pEMOHTA; FPy30BOil BaroH; BaroH-IUCTEPHA; TEXHOJIOTMYECKHUI IIPOLIEcC
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BBenenue

JKene3HOOOPOXKHEIN TPAHCIIOPT SIBISIETCS OC-
HOBHBIM BHJIOM TPAHCIIOPTA, OCYIIECTBISIOINIUM
OONBIITYI0 YacTh TEPEeBO3KH TPY30B KaK yHHBEp-
CaJbHBIX, TaK W CHCIHAIN3UPOBAHHBIX. Hanbomn-
IIyI0 YaCTh YHUBEPCAIBHBIX BarOHOB COCTAaBIISIOT
MOJTyBaroHel, B TO BpeMs Kak HauOoJbIIee KOJH-
YECTBO CIEITHAIN3UPOBAHHBIX BaroHOB — 3TO Ba-
TOHBI-IIUCTEPHBI. PEMOHT TMOCHENHUX SBISECTCS
0osiee TPYJAOEMKUM, TaK KaK MHOTHE CICIHaTU3U-
POBaHHEIE BaroHsl 001a/1at0T OoJiee CII0KHOM KOH-
CTPYKIMEN 3a CUET YCTAaHOBKM 3allOPHOW apMary-
PBl, OMpPENENCHHBIX CIUBHBIX YCTPOWCTB, TEILIO-
M30JIAIMH, TOHOB U T.1. [loatomy s obecnede-
HUS OCTaTOYHBIX 00BEMOB PEMOHTa HEOOXOAMMa
MOJICpHU3AIMSI PEMOHTHOTO TpOIlecca TaKUX Ba-
TOHOB.

ean

OO0BeMBI TTEPEBO30K TPY30B TPeOYIOT BHEApE-
HUSl BAaroHOB HOBOTO TIOKOJICHHS, KOTOPBIC OBl
cMorIH 00€CTIeUnTh BCE MOTPEOHOCTH TEepPEeBO3YUH-
koB. Ho Takoe BHempeHHEe HEBO3MOXKHO 0e3 00-
HOBJICHUSI PEMOHTHO! 0a3bl C BHEAPECHUEM HOBBIX
TEXHOJIOTHA W MOJIEpHU3AlMEHd PEMOHTHOTO TIPO-
1ecca. PEMOHTONPUTOAHOCTD MOABIKHOTO COCTa-
Ba SIBJIACTCS KIIFOYCBBIM (PAKTOPOM, OT KOTOPOIO
HEOOXOMMO OTTAJIKUBATHLCS MPHU CO3JaHUU HOBBIX
BaroHOB, TaK KaK HE BCE y3JIbI U JIETAIH BO3MOKHO
PEMOHTHUPOBATE B YCJIOBHAX BarOHOPEMOHTHbLIX
JIeTio, OOJIBIIMHCTBO KOTOPBIX MOPAJILHO YCTapeH
1 TpeOyIOT COBEPIIICHCTBOBAHHS PEMOHTHOTO IIPO-
1ecca ¢ BHEAPEHUEM HOBBIX TexHojoruu. Mcxons
13 BBIIICU3JI0KEHHOIO, LIEIb UCCICIOBaHMSI — MPO-
BECTH aHalIM3 BO3MOXXHOCTH TOBBIIIEHUS 3 dek-
THBHOCTH PEMOHTHOTO TIpoIlecca IyTeM BHeIpe-
HUA HOBBIX PCMOHTHBIX TEXHOJIOTHH HJIHA COBEp-
IIICHCTBOBAHUS CYIICCTBYIOIIMX, YTO IO3BOJIUT
MOBBICUTH HE TOJBKO Ka4eCTBO PEMOHTA, HO M €ro
CKOPOCTb.

MeTtoauka

PaboTeI MO COBEPIIEHCTBOBAHUIO KOHCTPYKITHIA
IPY30BbIX BaroHOB MPOBOJATCS MHOTUMHU KOHCT-
PYKTOPCKUMH OpraHU3allMsIMU TPAKTUYECKH BO
BCEX IPOMBIILICHHO-PA3BUTBIX CTpaHax. JTO 3a-
CTaBJIIET PEMOHTHEBIE OpraHmM3aIvu (Iermo W Baro-
HOPEMOHTHBIE 3aBOJIBI) MOJICPHU3HPOBATH PEMOHT-
HbI mpouecc. JlocTuKeHHE NOCTaBIEHHOM IeNn

BO3MOYKHO 3a CYET COBEPIICHCTBOBAHHS TEXHOJIO-
Ml PEMOHTA M €ro PEeOopraHU3alliy MyTeM IpUMe-
HCHHS TUOKUX TOTOYHBIX TEXHOJOTHIA, KOTOPBIC Ha
CeTOMHSIIHUN JEHb SBILIIOTCS Hambonee S(dex-
TUBHBIMH [TPH PEMOHTE ITOIBHYKHOTO COCTaBa.

Pe3yabTaTthl

Haumnas ¢ 1998 r. BMecte ¢ yBemu4eHHUEM
00BbEMOB POMBIIIIIEHHOTO TPOU3BOJICTBA HAYAJICS
pOCT Tpy301epeBo30K. ['py30000poT Kele3HO0-
poxHOro TpaHcmopta B mepuon 1998—2008 rr.
yBeIHYWICS B 2 pa3a. B cBs3u ¢ TeM, 4TO B CTPYK-
Type TEepPEeBO30K JKEJIE3HOIOPOKHOTO TPaHCIIOpTa
3HAYUTENBHYIO YacTh COCTaBIISIIOT CHIPHEBHIC I'PY-
3Bl — YTOJIb, HEQTSHBIE TPY3BI, JKENE30pyAHAS MTPO-
JYKIHS, a TaKKe CTPOUTEIbHBIC MaTepHalbl, Hau-
OOJIIIMI HETOCTATOK OUIYINAJICS B TIONyBaroHax,
KaK YHHMBEPCAJbHOM BHJE MOIBHKHOTO COCTaBa,
U UCTEPHAX.

Ha puc. 1 npuBenena quarpamma, KOTopas I1o-
Ka3bIBaeT MPOIIEHTHOE COOTHOIIEHHE BCEX THIIOB
IPY30BBIX BaroHOB OT oOmiero mapka. Kaxmomy
THITy BarOHOB OTBEYAIOT MO TPH CTOJOIA: JIEBBIH —
MPOLIEHT OT OOMIEro KOJMYEeCTBa YHUBEPCABHBIX
BaroHOB; CPETHUI — Y4acTbh, YTO B HACTOSIIEE BpeE-
MsI HaXOAUTCSA B COOCTBEHHOCTH II€PATOPOB; Ipa-
BBl — 4acTh, HAXOIAIIASCS B COOCTBEHHOCTH TO-
cyaapctBa. Kak Mbl BUAMM W3 JUarpaMmbl, Hau-
OoJpITiee KOJIMYECTBO M3 OOINETo MapKa I'Py30BBIX
BaroHOB COCTAaBJISIFOT TIOJYBaroHbl W IIMCTEPHBI.
W3BecTHO, 4TO OONBIIMHCTBO BaroHOB HaXOAUTCS
HE B JIy4IIEM COCTOSIHUH, YTO YKa3bIBaeT HE TOJb-
KO Ha HEOOXOJMMOCThH pa3pabOTKU HOBBIX KOHCT-
PYKUIMIT BaroHOB, HO M Ha COBEPIICHCTBOBAHUEC
peMOHTHOW 0a3bl, KoTopas Hyxknmaercsi B pedop-
muposanuu [1].

%-0T-00IIEro-KOMHUeCTBa

Tnatdopmst

ITomxysaromm LlucTepHE! KperTeie

Puc. 1. Pacnpenenenne rpy30BBIX BarOHOB
Fig. 1. Distribution of freight cars

Ha ceromusamuuii neHs pa3paboTaHo 3HAYH-
TCJIBHOC KOJIMYCCTBO Pa3JIMYHBIX TUIIOB KaK IIOJIY-

doi 10.15802/stp2016/60976

© B. M. By6nos, U. 10. Ke6ax, H. b. Maukesu4, 2016

63



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

Hayka ta nporpec Tpancnopty. BicHux J{HinponeTpoBCEKOro

HaLiOHAIIBHOTO YHIBEPCHTETY 3aili3HHYHOro TpaHcnopty, 2016, Ne 1 (61)

EKCIUTYATANIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

BarOHOB C PAa3rpy304YHBIMHM JIIOKAMU B IOy
[14-16, 19], Tak M TIyXOJOHHBIX IIOJYBaroOHOB
[13, 17, 18, 20, 21]. [Ipu 3TOM pabOTHI MO UX CO-
BEPLICHCTBOBAHUIO BEAyTCS OONBLUIMHCTBOM Baro-
HOCTPOMTEJIBHBIX OPTraHU3alluii U KOHCTPYKTOp-
ckux Oropo [4, 11], Tak kKak MUPOBas MPOMBIIILICH-
HOCTh Pa3BHBAeTCA BCE MHTCHCHBHEH, TpeOys Bce
OONBIIMX IEPEBO30K PA3IUYHBIX THUIIOB TPY30B.
JKunkue Tpy3bl MepeBo3sATCS MPEUMYIICCTBEHHO
B BaroHax-mucTepHax. M cpean LUCTEpH, KaK H3-
BECTHO, MMEIOTCSl YHUBEpCAJIbHbIE KOHCTPYKLUH,
npeHa3HauYeHHbIE JUIS TEPEBO3KH ITUPOKOH HO-
MEHKJIATYpbl TpPy30B, HalpuMep, IHUCTEPHBI IS
NepEeBO3KH CBETIbIX HedTenpoaykros. Ho oraens-
HO CcJIeIyeT BBIACIHUThH CIEeIHUANIN3UPOBaHHbIC IPY-
30BBIC BAarOHBI-IIUCTEPHBI JUIS TPAHCIIOPTHPOBKH
OrPaHMYCHHOTO KOJIMYECTBA >KUAKHX IPy30B, Ta-
KM€ KaK LUCTEPHbI AJISI NEPEBO3KU CXKHMKEHHOIO
ras3a, IUCTEPHBI I IEPEBO3KH KenToro (ocdopa,
LUCTEPHBI JUIA TIEPEBO3KU PACIUIaBICHHOU CEpEbI
u npyrue. [Ipu 3TOM, ecnu ¢ TEXHOJIOTHEH H3ro-
TOBJICHUS W TEXHOJOTMEH SKCIUIyaTallud TaKUX
CHEIHAIN3UPOBAHHBIX BaroHOB HE BO3HHMKAeT HU-
KakuX OCOOCHHBIX IpoOJeM, TO C TEeXHOJIOTHEH
PEMOHTa HMEIOTCS OIPEICNICHHbIE CIIOXKHOCTH,
KOTOpBIC CBSI3aHBI HIMEHHO ¢ 0COOCHHOCTSIMU KOH-
CTPYKIMU 3TUX BarOHOB M C Kau€CTBOM BBITIOJIHE-
HUSI PEMOHTA, TaK KaK 3THMH BarOHaMH TPaHCIIOP-
TUPYIOTCS OmNacHble BemlecTBa. [lodTOMy coBep-
IIEHCTBOBAaHHE TEXHOJIOTHH PEMOHTA CIEIUATU3H-
POBaHHBIX I'PY30BBIX BATOHOB MIPEACTABIAET COO0it
aKTyaJbHYI0 HAayYHO-NPHKIAAHYIO NMPOOIeMy IS
KEJIE3HOAOPOKHOTO TpaHcmopTa. Benp oT ypoBHS
TEXHUYECKOTO COBEPILCHCTBA M COCTOSHHSA IOJ-
BIDKHOTO COCTaBa, YCJIOBHM €ro HCIOJIb30BaHUS,
CHCTEMBI PEMOHTa U OOCITYy)KUBaHHS, B KOHEYHOM
cueTe, 3aBHCUT DE3yJIbTaT JeSATEIbHOCTH TpPaHC-
MOPTa B 1IETIOM.

CucreMa TEXHHUUYECKOTO OOCITYKUBAaHHS W pe-
MOHTa TpPY30BBIX BaroHOB HMHBEHTAPHOTO MapKa
NpeaycMaTpyUBaeT KOMIUIEKC paloT, HpemHa3Ha-
YEeHHBIX I OOCCIEeYCHHsS CTAaOMIIBHOH paboThI
BaroHHOTO TapKa, MOJICPKAHUS er0 TEXHUIECKO-
IO COCTOSIHHS M TIOBBILICHUS! 3KCIUTyaTallHOHHOM
HaJeKHOCTH. MHOIrMe WHXCHEPHBIE M Hay4HbIE
OpraHu3alyy MMEIOT HapaOOTKU B HaIPaBICHUH
COBEpILECHCTBOBAHUS TEXHUYECKUX W TEXHOJIOTH-
YECKHX PEIHICHUH 10 PEMOHTY M TEXHHYECKOMY
00CITy>)KUBaHHIO IOABMKHOTO COCTaBa U I'PY30BBIX
BaroHOB B YAaCTHOCTH. Tak, OJXHUMH U3 TEPBBIX
cnenyer orMetuTh padboTel B. C. I'epacumosa [3],

b. B. Brikosa [2], B. E. ITurapesa [2], 1. I'. Mop-
qnnaaze [5], K. B. Morosuiosa [6], B. O. Illama-
ruHa [22], M. @. ApedreBa [22], B. H. Ilaceko
[22], B. M. Menanuna [12].

HexoTopsie aBTOpBI paccMaTpHUBAIOT Kiaccuye-
CKHE TEXHOJOTHH PEMOHTa, TaKhe KaK CTalroHap-
HBbIM ¥ NOTOYHBIA MeToAbl. CTallMOHAPHBIA METOA
3aKIF0YaeTcs B TOM, YTO BCE pabOThHI, CBS3aHHEIC
C PEMOHTOM BaroHa, BBITIOJHSIOTCS Ha HECKOJIbKUX
(nmu nmaxe Ha ogHOM) paboumx Mecrax. CooTBeT-
CTBEHHO 3TO BJICYET 3a COOO¥ OOINBIIYIO MPOIOII-
KHUTEJILHOCTh IMKJIA PEMOHTA M, COOTBETCTBEHHO,
HU3KYI0 TPOM3BOAWTENBHOCTh. Pasnuyaor 1Be
Pa3HOBUIHOCTH CTAIlMOHAPHOTO METOJIA:

1. CranmonapHO-OpUTagHBIA ~ METOJ, KOraa
orepaluy BCEro TEXHOJOTHYECKOTO IMpoliecca BbI-
MOJTHSFOTCSL HA OJTHOM paboveM MecTe OJHOM Opu-
rajoi pabouynx 0e3 perTaMeHTHPOBAHHOTO pase-
JeHusl TpyJa Mexay Humu. [lpu atom metone je-
TaJW W y37bl, CHUIMaeMbIe C BaroHa, 1mocje peMoH-
Ta YCTAHABJIMBAIOT HA TOT K€ BaroH.

2. CTanmoHapHO-y3JI0BOW METOH, Korjaa pas-
Oopka u cOopka BaroHa OCYyILECTBIISICTCS Ha OJHON
OCHOBHOM TMO3WIIUK, & PEMOHT OTJACIBHBIX Y3JIOB,
paz0opKy U COOPKY MX OCYIIECTBIITIOT Ha OTACIh-
HBIX CIICIMATU3UPOBAHHBIX MO3UIHSX. [12].

IToTOuHBIN k€ METOJl PEMOHTA 3aKIH0YAeTCA
B TOM, YTO BECh TEXHOJOTMYECKHH Mpolecc pe-
MOHTA TIOJIBHXKHOTO COCTaBa pa3OUBaeTCsl Ha paB-
HBIE TI0 MPOAOJKUTEIBHOCTH ONEPaliy, KOTOPHIE
pacrionararoTcs Ha CIieIMaIM3uPOBAHHBIX PA0OTHX
MecTax B MOCIIEJ0BATEILHOCTH, COOTBETCTBYOIIEH
TEXHOJIOTMUYECKOMY Tpolieccy. Baron e mepeme-
niaeTcs ¢ TpeAbIIyNield MO3HIUK Ha TOCIeayIo-
LIyl MpH MOMOIIM KOHBeiiepa. B BaronopemoH-
TOM TPOHM3BOJICTBE BIIEMEHTHl MOTOYHOTO METOJa
BIIEpBbIe B MHpe Obutn mpuMeHensl B 1911 r.
B OMckux BaroHsusix mactepckux. B 1912 r. mo-
TOYHBIN METOJ MPUMEHSIJICSI TIPU PEMOHTE TPY30-
BBIX BaroHOB B HW)KHEJHENPOBCKUX MAaCTEPCKHX.
B 1924 r. TaMOOBCKMM BaroHOPEMOHTHBIM Mac-
TEPCKUM YJAIOCh COKPAaTUTh MPOCTOW BaroHOB
B peMOHTE B 4 pasa 3a CueT NPUMEHECHHUS TOTOYHO-
ro merona [12]. Tauuslii MeTon obmamaeT 3HAYH-
TEJILHO OOJIbIICH MPOU3BOIUTEIBHOCTHIO, UM CTa-
nuoHapHbId. OJTHAKO M Y HETO €CTh ONpeAeiICHHBIS
HEJIOCTaTKH, OCHOBHBIM U3 KOTOPBIX SIBJISIETCS He-
BO3MOXKHOCTh PEMOHTa Pa3HbIX THIIOB BaroHOB Ha
OJIHOM TOTOYHOM JIMHUM OJHOBPEMEHHO. Takxke
TSDKEJO TOoAo0paTh OJMHAKOBBIE 1O 00BEMY pe-
MOHTa BaroHbI JJISi UCKJIIOYCHUS WX TPOCTOS Ha
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ompeneneHHoil nmo3unuu. Takxke B mpouecce pe-
MOHTa BO3MOXHO OOHapyXeHHe AcPeKTOB, HE 3a-
MEUEHHBIX TNpU MpeIBapUTENbHON JedeKTanun
BaroHa. JTO HETaTHBHO CKaXXETCSl Ha MPOIOJIKH-
TEJIHHOCTH PEMOHTA HE TOJIBKO KOHKPETHOI'O Baro-
Ha, HO M BCEX BaroHOB, pa3MEIIEHHBIX Ha 3TOH
HUTKE.

K nporpeccuBHBIM MeTO/IaM PEMOHTA MOJIBHXK-
HOT'O COCTaBa XeJIe3HbIX JOPOT U MPOMBILIICHHOTO
TPAaHCIIOPTa HEOOXOIUMO OTHECTH TMOKHE MOTOY-
HBIE TEXHOJIOTMH, NpEeACTaBIeHHbE B paboTax
Ceunsxo B. U., Mamimmua B. B., Mavwimuaa C. B.
[7-9, 23-24]. Taxxe ruOKue MOTOYHBIC TEXHOJIO-
I'M{ HALUTA CBOE MIPUMEHEHUE B BATOHOPEMOHTHBIX
npennpusitusix CHIA [25]. K ocoGeHHOCTSIM 3THX
TEXHOJIOTMHA OTHOCHUTCS BO3MOXHOCTh IMOCTPOEHHUS
JIOTUCTHKM PEMOHTa BaroHOB C MAaKCHUMAaJbHbBIM
WCIIOJIb30BAaHUEM IPOU3BOACTBEHHBIX MOIIHOCTEH
peMOHTHBIX nOpennpustuil. Y cozpanue ycinoBuit
PEMOHTa BaroHOB  PAa3IMYHBIX  KOHCTPYKLUI
U CIOXHOCTH PEMOHTAa B OJHOM IIOTOKE 3a CUET
¢dbopMHUpOBaHUS MapLIPyTa NPOXOXKIEHUS PEMOHT-
HBIX TO3WIMI BaroHaMH HE TOJIBKO 110 MEpe OCBO-
00XIEHMSI TOCIEAYIOINX PEMOHTHBIX MOJYJIEH,
a C BO3MOJKHOCTBIO BBIIIOJIHEHHUSI MaHEBPOB II0 Iie-
peMeIIeHUI0 00BbEKTOB PEMOHTA ITPH HEOOXOIUMO-
CTM MEXIY PEMOHTHBIMH MNO3UIMAMHU. To ecTb
MIPOCTON BAarOHOB HCKIIIOYAETCS 3a CYET WX MHIU-
BUAYAJILHOTO TEPEMEILEHUS MEXAY MO3HLUSIMH
pemonTa. [Ipu 3TOM BpeMs HaXOXKIEHUS BaroHOB
B PEMOHTE, 10 MHEHHIO UCCIIEA0BaTENeH ITUX TeX-
Honoruii [7-10], ompenenseTcs mMpakTHYECKH Bpe-
MEHEM HETIOCPEACTBEHHO PEMOHTa M TPAHCIOPTH-
POBKM 0€3 BpeMEHHU OXXHIAaHUS, KaK 3TO MPOHCXO-
JUT TIPH JKECTKOM IMOTOYHOM TEXHOJIOTHH, KOTIJa
uMeeTcs IpsMas 3aBUCUMOCTh MEXy IMpPOIBIKE-
HUEM BCEX BAarOHOB, HAXOAALIMXCS HA PEMOHTHOM
MOTOYHOM NMHUH. Takxke TMOKHE TOTOYHBIE TeX-
HOJIOTUM TIO3BOJISIIOT PEMOHTHPOBATH PA3JINYHbBIC
THUIIBI BaTOHOB OJTHOBPEMEHHO HE3aBHCHUMO OT pa3-
IM4YUi uX KOHCTpykuuu. Tak, Hampumep, BaroH-
LUCTEpHA AJsl TEPEBO3KU JKUAKOH Cepbl, MMEIo-
WA CIIOKHYIO KOHCTPYKIIMIO Ky30Ba 3a CYET ycC-
TAHOBKHM TOHOB JJIs MOAOTPEBa Ipy3a U TEIUIOM30-
JSIIMK, MOXKET PEMOHTHPOBATHCS OIHOBPEMEHHO
C BaroHOM-IIMCTEPHON JUIsl TIEPEBO3KH HETEnpo-
OYKTOB M JaK€ OJHOBPEMEHHO C IOJyBaroOHOM.
IIpu »ecTKOM MOTOYHOM METO/I€ ITO HEBO3MOXKHO,
TaK KaK BCE TPH THIAa BATOHOB UMEIOT Pa3IMYHbIHA
00BbEM pEMOHTa U, CJENOBATENBHO, PAa3JIMYHYIO
MPOAOKATEIBHOCTD  BBITIOJHEHUSI  PEMOHTHBIX
pabor.

I'nbkne mMOTOYHBIE TEXHOJOTHH TIO3BOJISIFOT
HauOosee 3(PPEKTUBHO HCIOJIL30BaTh COBPEMEH-
HYIO TEXHUKY, TPYJOBBIC PECYPChI, MATCPUAIIbHYIO
0a3y, O3BOJIsIsI TEM CaMbIM TOJTYYUTh HAaUOOJIbIIee
KOJIMYECTBO OTPEMOHTHUPOBAHHBIX BaroHOB C Hau-
MEHBIIIMMH 3aTpaTaMH TPyJla Ha PEMOHT BaroHa.

Bb100OpOM TEXHOJOTHM OpraHHW3alMs PEMOHTA
TPY30BBIX BaroHOB HE OTPAaHUYMBAECTCA W 3aBEp-
nraeTcst pa3paboTKON MPaKTHYECKOW peain3aluu
TEXHOJIOTHYECKUX  MPOIECCOB,  MAapIIPYTHBIX
Y OTEPaNMOHHBIX KapT Ui PEMOHTa KOHKPETHOTO
TUIIA TPY30BOTO BaroHa Ha PEMOHTHOM IIPEIITPH-
ATHW C Y4YETOM KOHCTPYKTHBHBIX OCOOCHHOCTEH
CTHCIMAIM3UPOBAHHBIX BaroHOB, a TaKXkKe MPOH3-
BOJICTBEHHBIX MOIIHOCTEH W TEXHOJOTHYECKOTO
obopymosanus. Tak, B [IKTb JlnenponeTpoBckoro
HAIIMOHAJIBHOTO YHHBEPCUTETA KEJIE3HOI0POIKHO-
ro TpaHCHOpTa UMeHH akajgemuka B. JlazapsHa
comectHo co crnenmanuctamu I'CKBB paszpabo-
TaHbl YHUKAIBHBIC TEXHOJIOTHUECKUE MPOIECCHI TI0
PEMOHTY CHENHaIN3UPOBAHHBIX BaroHOB, TaKHX
KakK BaroH-IIACTEpHA JUIS TIEPEBO3KU CXKIIKEHHOTO
ra3a, BaroH-IIUCTEPHA IS TIEPEBO3KH YKHUKOH Cce-
PBI ¥ IPYTHX C ITIOCTAHOBKOW Ha MPOHM3BOJICTBO HA
Hapuunikom  BaroHopemoHTHOM 3aBoje  [10].
B TexHomormveckux mporeccax OIpeneieH mepe-
YeHb HEOOXOJUMBIX PEMOHTHBIX PabOT Ui Kax-
JIOTO y37la BaroHa: KOTJa, pambl, TENeXKeK, YCT-
pOMCTB pasrpy3ku u T.4. [Ipu 3TOM ydTeHBI OCO-
OCHHOCTU KOHCTPYKIIMM KOHKPETHOT'O THIIa Baro-
HOB, YPOBEHb H3HOCa €T0 COCTABJISIFOIIUX W BHI
peMonTa (KamuTalbHBIi, IEMOBCKOM 1 T.1.). OTin-
YUTEIHHON YepTO pa3paOOTaHHBIX TEXHOJOTHYE-
CKHX TIPOIIECCOB SIBIIICTCS HAJMYHME yKa3aHUH IO
HAHECCHUIO 3AIUTHBIX TMOKPHITUH HA YYACTKU OT-
PEMOHTHUPOBAHHBIX U BHOBb U3TOTOBIIEHHBIX JIETa-
Jie MUCTEpH, HEJOCTYIHBIX IMOcie COOPKH Baro-
HOB, YTO J1ae€T BO3MOXHOCTH MPEIOTBPATUTh HX
KOPPO3UOHHBIA U3HOC U paspylieHue. Takxe pac-
CMOTpEHa MOJICpHU3alMs LHUCTEPH, KOTOpas 3a-
KIIOYAaeTCs B YCWJICHWH paMbl, YCTAaHOBKE AyT Ha
KOTEJT JIJISl 3al[UThl apMaTyphbl U 3aIUTHBIX [IUTOB
Ha paMy BaroHa-IUCTepHBL. Hamwuwme nyr maer
BO3MOKHOCTH 3alUTHTh apMarypy OT yZapa MIpu
MEPEBOPOTE BaroHa-IIUCTEpHBI. [Ipu 3TOM Iyru
CIOCOOHBI BBIJIEpXKaTh Ha ce0e MaccCy MOIHOCTHIO
3arpy’»KCHHOM I[MCTEPHBI, MPEAOTBPAIIAs TaKUM
o0pa3oM pa3repMeTH3anuio. YCTaHOBKA 3alllUT-
HBIX IIUTOB OOecredrBaeT 3allUTy IHUI KOTJIOB
[pY aBapUHHBIX CTOJKHOBCHHSX OT yJapOB aBTO-
CIEMHBIMH TTPUOOpaMH WIIA TPY30M JPYTHUX Baro-
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HOB. Takue MOAEpPHM3ALUH IPOBOAATCS NPU KaIlu-
TQJIBHOM pPEMOHTE BaroHOB-IMCTepH. Ecmm xe
B KalHUTaIbHBI PEMOHT TMOCTYHAlOT BaroHsl, Mpo-
HIeJye MOJCPHHU3ALMIO paHee, U BaroHbl, KOTO-
pble HEOOXOANMO MOJAEPHHU3HPOBATh BMECTE C pe-
MOHTOM, TO 3J€Chb 1e1eco00pa3HO NpHMEHEHHE
IMOKUX MOTOYHBIX TEXHOJOTHWH, TaK KaK Ha XeCT-
KAX TOTOYHBIX JHUHUSIX BaroHbl, MOAEPHU3UPO-
BaHHbIE paHee, OyIyT MMETb OOJIBIIME NPOCTOH.
To ectp ruOKHe MOTOYHBIE TEXHOJOTHUH YHAOOHBI
HE TOJIBKO MPH PEMOHTE Pa3HBIX TUIIOB BarOHOB Ha
OJIHOM PEMOHTHOM INPEANPUATHH, HO U TIPH pe-
MOHTE OJIHOTO THIIA BATOHOB.

[IpumeHenne THOKMX MOTOYHBIX TEXHOJOTHH
MOJIOXKHUTENILHO CKa3bIBaeTCs HE TOJBKO Ha BpeMe-
HU MPOCTOSI BarOHa B PEMOHTE, HO M Ha Ka4yeCTBE
caMoro peMoHTa. Benp ecnu Ha XECTKOM IOTOKE
BaroH OyJeT MpocTauBaTh, TO Ha JPYTUX PEMOHT-
HBIX TIO3HUIHAX paboure OymayT TOPOIHUTHCS, YTOOBI
KaKk MOXHO OOJbIl€ COKPaTUTh BPEMsI IPOCTOS
OTPEMOHTUPOBAHHOTO BaroHa. A 3TO, KaK M3BECT-
HO, HETaTUBHO CKAa3bIBAETCSI HA KAuyeCTBE BHINOJI-
HSIEMBIX PEMOHTHBIX PadoT.

Heo0xomumo Takke OTMETHUTb, YTO PEMOHT
CHELUATU3UPOBAHHBIX IHUCTEPH TpeOyeT IOBbI-
LIEHHOW OTBETCTBEHHOCTH, TaK KaK OHHW MpejaHa-
3HAYEHBI AT TPAHCTIIOPTUPOBKH OMACHBIX I'PY30B.

HayuyHast HOBU3HA ¥ paKTHYeCKas
3HAYHMOCTh

Co3maHne  COBPEMEHHOTO  YHHMBEPCAIBHOIO
U CHEeUHaIU3UPOBAHHOTO MOJBHUXHOTO COCTaBa
Y MOJICpHM3aLUs CYLIECTBYIOLIETO TpeOyeT peau-
3alMM HAyYHBIX M TEXHUYECKHX pEIICHHWH, Ha-
NPaBJICHHBIX HA COBEPLICHCTBOBAHHE PEMOHTHBIX
TEXHOJIOTMH M PEOpPraHU3al{i0 PEMOHTHBIX IPO-
1eccoB. PaccMoTpeHHas opraHu3aiisi peMOHTHOTO
nporecca UMEET MPAKTHYECKYI0 [IEHHOCTh M MOYKET
OBITH WCIIOJB30BaHA KaK MPH pa3paboTKax HOBBIX
PEMOHTHBIX MPEANPUSATHH, TaK U MPU MOJCpHH3a-
II1H CYIECTBYIOIINX.

BoiBoabI

TakuM 00pa3oM, pacCMOTPEHBI OCHOBHBIC BH-
Bl pealau3allid TEXHOJIOTHH PEMOHTA I'PY30BBIX
BaroHOB JKCJIC3HBIX JOPOr U MPOMBINUICHHOTO
TPAHCIIOPTa, ONPEICIICHBI IMPEHMYIIECTBA U HE-
JIOCTaTKH OIPEEIEHHBIX TEXHOJIOTUM pEMOHTA.

Crenad BBIBOJ O HEOOXOIWMOCTH ydeTa KOH-
CTPYKTUBHBIX OCOOCHHOCTEH CIEIHaTU3UPOBaH-
HBIX BaroHOB-IIUCTEPH MpH pa3paboTKe TEXHOJO-

THYECKUX ITPOLECCOB 110 JACIIOBCKOMY M KaIllUTallb-
HOMY PEMOHTY 3THUX BaroHoB.
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YIOCKOHAJIEHHSI TEXHOJIOT'TI PEMOHTA
CHELIAJII3OBAHUX BAHTAKHUX BAT'OHIB

Mera. [linBuieHHs: 00CATiB MepeBe3eHb BaHTAXKIB BUMAarae BIIPOBA/UKEHHsS BaroHiB HOBOT'O MOKOJIHHSA, SIKi
0 3MoriM 3a0e3NeunTy BCl MOTpeOH MepeBi3HUKIB. AJle Take BIPOBAIKEHHS HEMOXIIHBE O€3 OHOBJICHHSI PEMOHTHOI
0a3u 3 3acTOCYBaHHSM HOBITHIX TEXHOJIOTIH Ta MOJIEpHI3ali€l0 PEMOHTHOIO mporecy. PeMoHT pyxomoro ckiamy
€ KJIF0Y0BHM (DaKTOPOM, BiJI IKOTO HEOOXiTHO BiIITOBXYBATHUCS MPH CTBOPCHHI HOBHX BAaroHiB, 00 HE BCi BUHAXOIU
MOJKJIMBO BIIPOBA/KYBAaTH B CHOTOJHIIIHIX YMOBaX, KOJH OUTBIIICTh BATOHOPEMOHTHHX JETI0 MOPAJIEHO 3aCTapilu.
Mera — mpoaHani3yBaTd MOXKJIMBICTh MiJBUIICHHA €()EKTHBHOCTI PEMOHTHOTO HPOILECY LUISIXOM BHPOBAJDKCHHS
HOBHX PEMOHTHHUX TEXHOJIOTi a00 BIOCKOHAJICHHS iCHYIOUYHX, IO JO3BOJIUTH MiABHIIUTH HE TUTBKH SKICTh PEMOH-
Ty, aje i foro mBuAKiCTs. MeToanka. Po60oTH 3 yIOoCKOHANICHHS KOHCTPYKIIH BaHTa)XHUX BAarOHIB IPOBOJASATHCS
OaraTbMa KOHCTPYKTOPCHKMMH OpTaHi3alisIM{ MPAKTHYHO Y BCiX IIPOMHCIOBO PO3BHMHEHHUX KpaiHax. Lle 3myrmrye
PEMOHTHI opraHizarii (1ermo i BATOHOPEMOHTHI 3aBO/H) MOJCPHI3yBaTH PEMOHTHHH Tpoiiec. J{oCATHEHHS i€l MeTH
MOXIIMBO 32 PaXyHOK BJJOCKOHAJICHHS] TEXHOJIOTI PEMOHTY Ta HOro peopraHizaiil IUIIXOM 3aCTOCYBaHHS THYYKHX
MOTOYHUX TEXHOJIOTIH, SIKi Ha CHOTOMHINIHIA A€Hb € HaOUIbII e(EeKTHBHHUMHU NPU PEMOHTI PyXOMOTO CKIaiy.
PesyabraTu. [Ipn BukoHanHi aHaisy npoOiemu OyJ0 BU3HAYEHO, IO ICHYIOTh BarOHM Pi3HUX KOHCTPYKIiH. binb-
IIiCTh BaroHiB € YHIBEpCAJIbHUMH, Ta IX PEMOHT HE BHKJIMKA€E TPYAHOLIIB Y BATOHOPEMOHTHUX HifnpueMcTB. OHaK
OnHi€ro 3 MPUYKH Takoi HEOOXiMHOCTI € Te, 1m0 O6araTo Mojeiel (HampuKiIaa, BaroH-IIUCTEPHA IS MEpeBE3CHHS
PO3ILIABIIEHOT CipKH) TIpU3HAYEH] TS TIepeBe3eHHs HeOE3MEeYHNX BAHTAKIB, i 30iif y poOOTi BaroHa B MOMEHT PyXy
HenpunyctuMmuidi. HaykoBa HOBM3HA. ABTOpaMH BIEpIIE€ BH3HAYCHO HANPSMOK pPOOIT HpH BIOCKOHAJICHHI
TEXHOJIOTiI PEeMOHTY cremiani3oBaHuX BaroHiB. IlpakTH4yHa 3HAYMMIiCTh. AKTyaJbHHM IIPH BJIOCKOHAIEHHI
KOHCTPYKIIH BaroHiB € W YHZOCKOHAJCHHS iCHyr0uoi peMoHTHOi 0a3m. Kpim TOro, TexHomorii peMoHTy, sKi
3aCTOCOBYIOTHCSI HA ChOTO/HILITHIN JI€Hb MPU PEMOHTI BaroHiB, MOPaJbHO 3aCTapiyid Ta BUMAararoTh YA0CKOHAJICHHS.
Po3rnsiHyTa opranizaiisi peMOHTHOTO IPOLIECY Ma€ MPAaKTUYHY ILIHHICTh Ta MOXXe OyTH BUKOPHCTaHa SK NpPHU
PO3pOOKax HOBUX PEMOHTHUX ITiIPHUEMCTB, TaK 1 IPU MOJIepHi3alii iCHyOUYHX.

Kniouosi crosa: TEXHONOTIS PEMOHTY; BaHT2)KHUI1 BaroH; BaroH-IIMCTEPHA,; TEXHOJIOTIYHUI ITpoliec
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REPAIR TECHNOLOGY IMPROVEMENT
OF SPECIALIZED FREIGHT CARS

Purpose. The volume of cargo transportation demands the introduction of a new generation of cars that would
be able to provide all the needs of carriers. But this is impossible without the implementation of renovation repair
facilities with the introduction of new technologies and modernization of the repair process. Repair of rolling stock
is a key factor that must proceed with the establishment of new cars, as not all of the inventions may be repaired in
car-repair depots, most of which are obsolete. The purpose is to analyze the possibility of increasing the efficiency
of the repair process by introducing new repair technologies or improving the existing ones. It will improve not only
the quality of the repair, but also its rate. Methodology. Works on improving the designs of freight cars are held by
many design organizations in almost all industrialized countries. It makes repair organizations (depots and car-repair
plants) to upgrade the repair process. Achievements of-this goal is possible by improving the technology renovation
and reorganization through the use of flexible flow technologies, which to date are the most effective in the repair of
rolling stock. Findings. When performing the analysis it was determined that there are different designs of cars.
More of cars are all-purpose and their repair does not cause difficulties for car-repair business. However, the number
of specialized cars is also significant, and the technology of their repair should be improved. One of the reasons is
that many models, such as tank wagons for the carriage of sulfur, are intended for the carriage of dangerous goods
and their failure at the time of motion is not permitted. Originality. Firstly the authors have defined direction at im-
proving technologies of repair specialized cars. Practical value. Actual improvement in the construction of cars is
to improve the existing repair facilities. In addition, the repair technology using nowadays when repairing cars is
obsolete and requires improvement. Considered organization of the repair process is of practical value and can be
used both in-time development of new repair facilities and the modernization of existing ones.

Keywords: repair technology; freight car; tank-wagon; processing
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BU3HAYEHHS EHEPTO3AOLIA/IKYIOYMX PEKUMIB
BEJEHHS MOI3/1B

Merta. TsroBi po3paxyHKH 3 BU3HAYECHHSIM €HEPro3a0lIaKYI0UnX TPAEKTOPiH rmepeadayaroTh MOIIyK pamioHa-
JBHOI 3aJIeKHOCTI BUTpAT €HepropecypciB i3 yacoM xoxay moizna. [Ipm BuOOpi eHepro3aomamKyounx TpaeKTopiit
pyXy moizza Ta npu po3poOlli peXMMHHUX KapT BeICHHS 1013/1iB HE0OXiJTHO BpaXxOBYBaTH 3MiHHI TapaMeTpH, TaKi sIK:
npodib TUITHKA, Macy T0i3/a, cepiro JJokoMoTHBa Ta iH. [Ipu 3pocTaHHi BUAKOCTI pyXy BiOyBa€eThCs 301IbIICH-
HS ONOPY PYXY, SKMH TIPONOPUIHHMK KBaApaTy WIBHIKOCTI, IO NMPHU3BOAWTH 10 MiJBUILEHHS BUTPAT MaJIMBHO-
SHEpreTHYHUX pecypciB. HaBmakw, 3HIKEHHS BHTpAT 4epe3 3MEHIICHHS MIBUIKOCTI PyXy NPH3BOIATH A0 301b-
IICHHS Yacy XOJy 013713, IKHii Mae OyTH y3TrOJDKEHUM i3 rpadikoM pyxy Ta iHIIMMH TE€XHIKO-€KOHOMIYHMMHU T1apa-
MeTpaMH, 3aJIeKHUMH BiJl IIBUAKOCTI pyXy. B cTaTTi po3risHyTO OJUH i3 CIIOCOOIB 3MEHIIICHHS BUTPAT €HEpPrope-
CypciB Ha TAry noi3iiB. MeTol CTaTTi € 3MEHILIEHHS! BUTPAT EHEPropecypciB 3a paXyHOK BH3HAUEHHS €HEprosao-
MIa/DKYIOUAX PEKAMIB KepyBaHHs JIOKOMOTHBOM. Lle BimOyBaeThCs 32 yMOBHU onTuMi3arii PyHKIIT KepyIOUHX BILTH-
BiB 10 Yacy XOAy I0i37a Ta BHTpPaTi €HEpropecypciB IpH BEICHHI 101312 3 MOMEHTY 3aKiHYEHHsI pO3rOHY JI0
mepexony Ha pexkuM BuOiry. Meroamka. MeTtoanka BHOOPY €HEPro3aollaKyroUuoi TpaeKTopii pyxXy moizma Ta
YIOPaBJIiHHS TOTYXKHICTIO €JIEKTPOBO3IB Ta TEILIOBO3IB 13 EIEKTPUYHOIO Mepeaayco nepeadadae po3paxyHok Oara-
TOBapiaHTHUX TPAEKTOPiH i3 BapiaTHBHIMH BUXITHUMH JaHAMHU MapaMeTpiB CKIaLy Ta MOi3HOI cuTyarii. MeTomuka
BpPaxoOBY€ MaTeMaTH4YHI METOAM PIBHOMIPHOTO IMOLIYKY Ta MapaMmeTpu4Hoi ontumizauii. [{i1st piBHOMIpHOCTI pyXy
HEOOXiqHO, 00 MPUCKOPIOIOYI CHIIM BPIBHOBAXKYBAJM CIOBUIBbHIOWOYI. Pe3yabpTaTu. Ha migcrasi OaraToBapiaHT-
HHUX PO3paxyHKIiB YAOCKOHAJICHO aJrOPUTM BU3HAYCHHS €HEPro3aolla/KyIouuX TPAeKTOpid pyXy mnoizaa, modyno-
BaHO OararomapaMeTpU9Hy (YHKINIO YIPaBIiHHSI MOTYXKHICTIO JIOKOMOTHBA, SKa JO3BOJISE 3MEHIIUTH BUTPATH
enepropecypcis Bix 11 no 13 %, 3anexno Bix Macu moi3na Ta noizHoi cutyanii. HaykoBa HoBu3Ha. ABTOpOM
OTpPHMaHI €HePro3aona/LKy0di QYHKIIT yIIpaBIiHHSI TATOI JOKOMOTHBA IS BiAMIOBIMHUX PIBHOMIPHHX IIBHIKO-
CTeH, SIKi 3aJeaTh BiJl Macu noizna Ta yxuiy. [IpakTtuyna 3nayumicts. Ha BiaMiHy Bix icHyr09HX po3po0ok parii-
OHAJIBHOTO BEJICHHS IT0i3/1iB, 1aHa (QyHKLis noTpedye 3HaYHO MEHIE MAIIMHHOTO Yacy IpH BHUCOKIH TOYHOCTI po3-
paxyHkiB. Ile 1ae MOXnIHBICTH 11 BOPOBaXKEHHS B OOPTOBY CHCTEMY KEPYBaHHS JOKOMOTHBOM Ta €KOHOMIi eHepro-
pecypciB.

Kniouosi crosa: TAToBi po3paxyHKH; eHeproe()eKTUBHICTh BEJICHHS M013/1iB; KIHETUYHA €HEprisl; YIpaBIiHHS MO-
TYXKHICTIO; TTapaMeTpU4Ha ONTUMI3aLlis

Beryn Ilocmanoexa npobnemu. PiBeHb paiioHaTBHOCTI
pPEXHMIB BEIECHHS II0i37Ia MOXHA OITIHIOBATH pi3-
HUMU METOIMKAMU Ta IOKAa3HUKAMH, Cepel SKUX
€ BIHOILIECHHS BUTpPAT €HEPropecypciB 0 Yacy Xo-
Iy noi3zna (XBWIMHHA BHTpara manusa). MiHiMi3y-
BaTW L€l MOKAa3HUK MO>KHA 3HMKCHHSM CHUJIM TSTH
JIOKOMOTHBA, IO MPU3BOAUTE 10 30LIBIICHHS Yacy
Xonmy moizma. Ajie THM CaMHM CTBOPIOETHCSI YMOBa
3MEHIIEHHSI TeXHIUYHOI MBUAKOCTI. Ceper MHOKUHI
BapiaHTIB KepyIOUHMX BIUTMBIB HEOOXITHO oOpatn
TOH, AKkui Oyne 3abe3neuyBaTH CyTTEBE 3MEHILCHHS
BUTpaT EHEPropecypciB IMpu HE3HAYHOMY 30iib-
IICHHI Yacy X0y Ioi3/a.

Ananiz oocnioocens i nyonikayit. ONTAMI3AIIIO
KEpyBaHHs PyXOM I10i37a 3a JOIIOMOTO0 KJIaCUYHO-
ro BapiamiiiHoro wuymcnenHs Broepmie y CPCP

BapianTiB pexuMiB BEACHHs IOi37a IMiJa dac
eKcIuTyaTarmii Moxe OyTm 0e3iid, OCKUTHKH BOHH
BU3HaYarOThcs Oaratbma Qaxrtopamu. Lle mpodins
KOJIii, BTPaTH B TATOBUX JBUTYHAX, PO3TALIyBaHHS
CUTHAJIiB, CUTHANBHUX 3HaKiB Ta iH. barato ¢ak-
TOpIB MalOTh HECTIHKUHN XapakTep, sIKi BIUIMBAIOThH
Ha PeXHMM BEJICHHS M0i3]1a, a OTXKe, U Ha eHepre-
THYHI BUTpaTH. TOMY i7€albHOTO TIOBTOPEHHS OJI-
HOT'O ¥ TOTO % PEKUMY BEICHHS MOT3/1a IOMOTTUCS
NPaKTUYHO HEMOJIMBO. BuTpara eHepropecypcis
Ha TATY MO0i3/1a B OCHOBHOMY 3aJISKHUTh BiJI PEXKUMY
HWoro BeneHHs o augHni. Po3B’sa3aHHg 3amadi on-
TAMI3aIlii BHTpAT €Heprii Ha IMEpeMIIeHHS Ioi3aa
A€ MO>KJTUBICTH ITIBUIICHHS E€KOHOMIYHOI edek-
TUBHOCTI ITPH 3/IiICHEHH]I TIEPEBI3HOTO MPOIIECY.
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nociimpkysas FO. I1. Tlerpos [17]. YmoBH onTumMa-
JTBHOCTI HUM Oymu copMynnboBaHi y ¢opmi piB-
HsHb Efinepa. 3a yMOBH, IO CHIIA TSITH MOXE 3Mi-
HIOBaTHCs Oe3nepepBHO, a Koe(illieHT KOPUCHOI il
TSATOBOTO MPUBOJA JOKOMOTHBA MOCTIHHMH, Oyno
BCTAaHOBJICHO, [0 ONTUMAJIbHA TPAEKTOPIsl 3a3BHUUail
CKJIQIa€ThCSl 3 JAUITHOK PyXy IO eKcTpemaii, Ha
SIKif TITBUIKICTh TIOBHHHA OYTH CTaJIO0, Ta JUITHOK
pyxy mpu oOMexeHHsXx abo Ha KepyBaHHs, abo Ha
LIBUIKICTH

d ([ mv?
—| — [+ov=nP,
dtl 2

me m — maca cxiany; 1 — KKJI nepenadi Bix nep-
BHHHOTO JBUTYHA JI0 PYLIIMHUX KOJIC IOKOMOTHBA,
P — moTyxXHICTb.

[Ti3Hile BYEHUMH aKTUBHO PO3POOJSUIHUCS all-
TOPUTMH ONTHMIi3allii PeXUMiB KepyBaHHsI, 1€ Te-
OpETHYHE PIllIEHHS] BUKOHYBAJIOCS 32 JOMOMOTOK)
npuHIuny Makcumymy JI. C. Ilontpsrina a6o
METO/IOM JAWHaMiyHOro mporpamysanHs P. Bemn-
Mmana [3].

ITpuntun Makcumymy [loHTpsTiHA Ha BiIMIHY
BiJl KJIACUYHOTO BapialiiHOTO OOYMCIICHHS J03BO-
Jsie PO3B’SA3yBAaTH 3aAadl YNpPAaBIiHHS, B SIKUX Ha
Kepyrodi mapaMeTpu HakiaJeHi 0OMexXeHHs, Xo4a
3a3BUYall 3a3/jayerijb 00yMOBIIIOETHCSI HU3KA BJla-
CTHBOCTEH pilleHHs. 3aBISKH LBOMY IPHHIUII
MaKCUMyMy € OCHOBHUM MaTeMaTHYHHM TMpUiio-
MOM, M0 BUKOPHCTOBYETHCS MPU PO3PAXYHKY OII-
TUMAaJIbHOTO YTPaBIiHHS B 0araTboX BaKIMBUX
3aBJaHHAX TexHiku [16 , 18].

Meron bemnmana 06a3yeTbcsi Ha MPUHITATI
onTUMaJIbHOCTI «OnTUMaNbHA CTpATeris yIpaB-
JIHHS Ma€ BIACTUBICTB. SIKi O He OyJM MEPBUHHUM
CTaH Ta PIlICHHS B MOYATKOBUI MOMEHT, HACTYIIHI
pillieHHS  TOBMHHI  CKJIAJaTH  ONTHMAaIbHY
CTpaTerilo yHpaBiliHHS BiIHOCHO CTaHy, IIO OTpH-
MaHU Ha  TIOYATKOBIH  cramii  mporecy»
[4]. 3umKeHHs BUTPAT €EHEPTOPECYPCIB 3a UM Me-
TOJOM BHUKOHYEThCS  MIHIMI3alli€l0  ILIJIbOBOT
(GyHKLUIT yNpaBiiHHA MOTYXXHICTIO JIOKOMOTHBA.
3amaua MiHIMI3aIlli CIIPOIIYETHCS TIPH 301TBIICHH]
KUIBKOCTI OOMEXEHb Ha PIBHSAHHS PyXy Ioi3za 3a
PaxyHOK 3MEHIIEHHsI KITbKOCTi HaOJIMKEHb

f(v.t, p)=iAei (Vi.t, p;) — min,

Je V — IIBUAKICT PyXy, N — KIJIBKICTH €TaiB
PO3B’s13aHH PIBHAHHSA PyXy Ioi3za; A€, — BUTpaTa
EHEepPropecypciB Ha | -My KpOIIi pillleHHS.

B po6ori [7] 3anporoHOBaHO METOI ONTHMAJTb-
HOCTI 3a afUTUBHUM KpHTepieM. B piBHSIHHI pyxy
noi3/ia CKJIa0BOI0 YaCTHHOIO € TIeperpiB 0OMOTOK
TATOBHUX €NEKTPUYHUX MAIINH y BUTIISAL

dr —r-l—rw(v,u)
dt T(vu)

Iie T, — IeperpiB Mpy BCTAHOBICHOMY PEXHUMI,
T (v, u) — cTaja yacy.

B mpoMy MeTozi anropuTM 3HAXOIKEHHS OI-
TUMAJIBHOTO YTIPABIIHHS CKJIQA€THCS 3 €JIEMEH-
TapHUX omepauiii A, fKi CKIagalTh obimacTs B.
Jns obnacti B BH3HA4YaeThcs ONTHMAbHA TPAEK-
Topisi X , sika MepeBipsAEThCS Ha SKICTh YIpPaBIiH-

us | =1[X,u]. Omuc enemenraproi onepauii
A(B,) BHKOHaHO HHXYCHABEACHIMU METOAMH:!

— METOJI PI3HUIICBUX PiBHSHB;

— ONTUMAJIBHUH 10 MBUIKOMIT;

— KOB3aI04MH peKuM (THIONOAI0OHMH);

— KOB3aIOUMH PEKUM 3 OOMEKEHHIM aMIl-
JTYIH;

— METOJI JTIHeapHu3aIlii.

B [8] posrmsHyTO ONTHUMI3AI[IO TITOBHX
pO3paxyHKIB 3a MIiHIMAIBPHUMH  3HAYCHHIMH
JIBOX MOKa3HUKIB BUTpPATH qacy

Ha TepeMimeHHs moi3ga t Ta poboTH cui omopy
pyxy A
Sy
t= _[ds/v(s) — min;
e

Sy

A=_foo(v)ds—>min.

el
OCKibKM ~ TPW  yNpaBIiHHI ~ TIATOKO IO
MIBUIKOIT u, ( S) BUTpata vacy  Oyxae

MiHIMaJbHOIO, TO ICHY€ yNpaBIiHHSI UZ(S) i3
sarabHOi MHOXHHH U(S)eU , npu sikomy poGoTa
¢ minimManbHOWO A, [U, |=min A[u]. Iix yac pos-
TSy HETOPIiBHIOBAaHMX BapiaHTIB  PO3B’s3aHHS
PIBHSIHHS pyXy moi3na V, CKIafaeTbesi 3 MHOXH-
HU TPAEKTOPiH, cepea SKUX iCHYE ONTHMi30BaHA
kpusa V. Omke, mpu t, <t wmuoxuna V, (t,)
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oOMexeHa, omykyia Ta KommakTHa. [Ipu mpomy
ONTUMI3AIlisS 3BOJUTHCS IO PO3B’sI3aHHS JBOX 3a-
Jau:

— BHUKOHAHHS TSTOBHX PO3PaxyHKIB IpU Kepy-
BaHHI 110 MIBUIAKOMIIT;

— MiHiMi3alii cui onopy pyxy mHoizaa mpH 3a-
JTAHOMY 9acOBi XOJy.

3amady pamioHaizamii TATOBUX PO3pPaxyHKIB 3a
METO/IOM HETMOPiBHIOBaHMX BapiaHTIB TaKOX PO3T-
assHyTO B [6]. YMOBOIO pamioHambHOCTI peXHUMY
BHCTYTIA€ MiHIMI3aIlis Yacy Xoay Imoi3za Ta poooTH
CHJI OLIOPY PYXY

t{v(s)]
Alv(s)]

[lepmmM eTamoM BU3HAYAETHCS MAKCHMAIBHO
MOJKJIVBA IIBUIKICTh PYXY IO AUISHIN 3 BpaxyBaH-
HSIM BCiX oOMexeHb V., (S), s€[0,1], mo 3abe3-

—min.

nedye MiHIMaIBHUH 4ac xony mnoizna. HacrymHoro
PO3paxoBYETHCS MHOKHHA TPAEKTOPIH

V= {v(s):v(s) =0 Vp (S),S€ [O,I]} .
INogaTkoBa MBHAKICTB V, 3aa€ThCS Y BUIIIAAL

Vo = MaX Vyyyy (S)

Ta BUKOHY€THCS no0y/i0Ba IIBHAKOCTI
Va(savg )
Vinax (8),
Va(s|a,vy) = SIKIO Vi, (S) < Vo

Vo + & (Vipax = Vo )

SIKIIO oy (S) 2 V.

[Mapamerp o  3MiHIOETBCI B MeXKax
0<a<l. Xapaktep MHOXUHH TpPa€eKTOpiit
V*={v*(s|a,v0):0§asl;v0 E[M,V]} HaBeIeHO
Ha puc. 1.

Bubip pauioHanbHOi TpaekTopii 3 MHOXHUHH
HENOPIBHIOBAaHUX BapiaHTIB TPAEKTOPid BUKOHY-
€TBCSI PO3B’SA3aHHAM 3a/Jadi HA YMOBHHMM €KCTpe-
Mym [5]

%

0 Vmax/s/
T T T~
w SR wlsla ) D
v \
/ \)
g0 4 N
%

60

S S
40 I I I I I I I | I I I I

a a2z 04 06 a8 10 72 S

Puc. 1. Oqun 3 BapiaHTiB V. (S | a,vo)

npH (iKCOBAHOMY 3HAU€HHI O Ta V

Fig. 1. One of the variants V. (S|, V)
at a fixed value o. and v,

Ileit Meron J03BOJMB CTBOPUTH arapaTHO-
MPOrpaMHUM  KOMIUIEKC BH3HAYCHHS  1HUBI-
JIyalbHUX PAiOHATBHUX PEKUMIB BEICHHS.

B po6otax [12, 13] aBTOp 3aIpOIIOHyBaB METO
3HIWKCHHSI CHEProBUTpAT Ha TATY IOI3IiB, IO
0a3yeTbcs Ha aNrOpUTMax JAMHAMIYHOTO MPOrpa-
MYBaHHS 3 OOMEXKEHHSIM 4Yacy XOJy IMOi3fa, IO
3amaHnid TpadikoM pyXy 3 ypaxyBaHHSM HampyTH
KOHTaKTHOI MepexKi

Sy
A=| i-F—npkgR ds,

Sy m

e M, Mp — BignosimHo KKJI mokoMmoTuBa B pe-

XKuMiI TATM Ta pekynepauii; K, — koedimieHT
pO3CifoBaHHS €Heprii B peocTarax MpH BiJCYyTHOCTI
MpUITMAaYiB.

3 ypaxyBaHH]IM KEpyIOUMX BIUIMBIB OTPHMAaHO

3aJIeKHICTD

T us - fmax (V)_

A =
s, N -Up - Fax (V)

P+Q s
e ,

.
Je U;, U, — Kepyroui BIUIMBU BiIIOBIIHO.

B mopaneiomy B po6ori [15] aBTopu 3amporo-
HyBaJld CUCTEMY aBTOMATHUYHOTO BEIEHHS IMOI3ZiB
3 BUKopucTaHHIM EOM Ta IpHHIHITY MaKCUMyMy
B 3aj7ayax JMHAMIYHOIO MPOrpaMyBaHHs OITHU-
MaJIBHOTO PyXYy IOI3IiB.

Cucrema BifICIITKOBY€ 3a/IaHA TIPOTPAMHHIA 4ac
X0y TIoi31a B (DYHKIIii poiiaeHoro numsxy [25].

BusHaueHHs MO370BXKHIX CWJI TI0i3/1a BU3HA-
YaeThCA MUIAXOM PO3B’s3aHHS AHQEpeHIliIHOTO
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PIBHSHHSA PyXy Moi311a Ul HEHTPY Mac BBEICHHIM
KOC(IIIEHTIB TPU MHOKHHUKAX CHJIU TSrH | (v) Ta

raJbMyBaHHS b(v)

vgzuf £ (v)~uy -b(v)—(v)— g (s),

e g(S) - HOB,Z[OB)KHi CHJIM IIOi3Ia B Koopau-

HaTi S .

Jinst oTpuMaHHS 3HaYEeHHS MO3MLIT KOHTpoJiepa
MalllMHICTa BIAMOBIAHI KOEQII€EHTH anpoKCUMY-
IOTHCS 110 3HAYSHHIO TOTYKHOCTI JIOKOMOTHBA.

B po6ori [15] 3ampomoHOBaHO KOPHUIYBaHHS
Yyacy XOJlly Moi3fia Mo cepeiHiii MIBUIKOCTI 3 Bpa-
XyBaHHSIM TpaikoBOro pyxy MHOi3IiB, IO MpsMY-
I0Th TONEpeNy i Mo3aay NUIIXOM PEryJIOBaHHS
nepepBHOl cunu TArU (Mik BEmoueHHAMH TE]L).
Takox B [2] BpaxoBaHO KOE(]illiEHT MOBEPHEHHS
CIIEKTPUYHOI eHeprii T, SKUi BU3HAYEHO SIK Ma-

TeMaTUYHE OYiKyBaHHS JIJIS JTAHOI JIiHil.
B po6orti [19] po3risiHyTo MOIENb, sIKa OMUCYE
MIHIMYM y3arajibHeHO1 eHeprii
S+AS;

A = I H™(s,v,z)ds,
S

ne H — ysaranmpHeHa cwiia TATH; Z — MO3HAYCHHS
noxiggoi dv/ds .

Otpumana QyHKILs V(S) MpU TIepepaxyHKy
3 [PHCKOPIOIYO-CIIOBiIbHIOKUNX ¢t H € cry-

IEHEBOIO 3 iHTEpBalIOM AS, a OrMHAKYa € OITH-
MaJILHOIO TPAEKTOPIENO.

B wMarematuuHii Momeni — moi3ma, Ky
sanporionyBasii B [11], HaBOAWTBHCS pPIBHAHHS
pyxy moizga y BUDIAAI  QYHKOIl, sKa

HE BKJIOYaE Macy ckiany Q sk mapamerp, IIo
BIUIMBAE HA IUTOMY IPUCKOPIOIOYY CUILY
1000y, (v)-kp

1+kp

npy OOMEXEHHI 110

34CIJICHHIO,

[ v ]1000-y, (V)-kp
S —

Vp (1+ kP ) kF ' Bmin

npu 0OMEeKeHH1

Ky

T'PpaHUYHOIO CHUJIOKO TATH,

e Bin HaWOLIBIINI CTYNiHb pEryJIIOBAHHS
30y keHHs; Kp — KOedillieHT Macu JOKOMOTHUBA,
ke =P/Q; kg -
ke =F,/F,.

I[lpu  BukopucraHHi  Iiel  Momem  Jis
KOHKPETHO1 3alli3HMYHOI JIiHII 1pH BigoMOMY

Koe(imieHT CHUIM  TATH,

npodini xomii i(S), Tpaexropis pyxy moizga V(s)
BU3HAYAETHCS JIUINE PEKUMOM BEIICHHS Ta MPU-
HSTOIO BETMYMHOIO PO3PaXyHKOBOT MIBUIKOCTI.
Po3B’s13anHs PIBHSIHHS pyxXy noizaa
nependavae MeBHI BUMOTH: BCS Maca Moi3aa CKOH-
[IEHTPOBaHa B OMHIN Toumi (B IEHTpi moi3ma) Ta
Mpyu UBOMY NOi3J Mae NOBXKUHY. [lpu cranomy
pPeXUMI pyXy Ta Ha He3MiHHOMY mpodini Komii e
HE BHOCHUTH TTOXHOKY. OfHAK TIpH TMEepeXigHuX pe-
KHMax pyXy B TOi3[i BUHUKAIOTH BIIACHI CHIIH
iHepIii BiJl AMHAMIYHOTO TICPEMIIIICHHS BarOHiB.

Merta

Mertot0 cTaTTi € 3MEHIIEHHS BUTPAT €Heprope-
CypciB 3a paxyHOK BH3HAuU€HHS €HEpro3aolia-
JDKYIOUHX PEXHUMIB KepyBaHHS JIOKOMOTHBOM 3a
YMOBH ONTHMI3allii QYHKITIT KEpyIOUNX BIUIMBIB 110
Yyacy XOJy TOi3]a Ta BUTPATi €HEPropecypciB mpH
BEICHHI 10i37]a 3 MOMEHTY 3aKiHU€HHS PO3TOHY 110
Mepexo/y Ha peXHUM BHOITY.

MeTtoanka

Metoauka BUOOpPY €HEPro3aolaKyo4oi Tpa-
€KTOpIi pyXy Moi3Aa Ta yNpaBIiHHS MOTYXKHICTIO
€JICKTPOBO3iB Ta TEILIOBO3IB 3 CIIEKTPUIHOIO TTepe-
Jadero nepeadadae po3paxyHOK OararoBapiaHTHUX
TPAEKTOPii 3 BapiaTUBHUMH BHXIAHUMHU ITaHUMU
rmapaMeTpiB CKJIaay Ta MOI3HOI cuTyamii. Metoau-
Ka BpPaxoOBy€ MaTeMaTH4YHI METOIU PiBHOMIPHOTO
MOLIYKY Ta MapaMeTPUYHOI ONMTHMi3aLlii.

OcHosHuti mamepian. PexxuMm BeleHHs moi3aa
CKIIAJIAETHCS 3 TAKUX (as:

— IyCK JIOKOMOTHBA Ta PO3TiH Moi3aa A0 BUXO-
Iy Ha 00OpaHy XO/OBY XapaKTepHUCTUKY JTOKOMOTHU-
Ba [9];

— PYX IpH BKJIIOUEHHX TATOBUX JBHT'YHAX;

— PyX Ha BUOIry MpH BUMKHEHHX TATOBUX JIBU-
TYHax, PperyJioBalbHE TaJbMyBaHHS-IIPUraJIb-
MOBYBaHHS I013/1a Ha CITyCKax AJIsl MiATpUMYBaH-
HsI IBUIKOCTI Ha 3a1aHOMY piBHi [14 ];

— rajJbMyBaHHS U 3HWKCHHS LIBHIKOCTI Iie-
pell CUrHajJaMu 1 3ylUHKaMU.
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Koxna 3 mux (a3 poOuTs iCTOTHHI BIUIMB Ha
pe3yJIbTaT BUKOPUCTAHHS TMOTYXKHOCTI JIOKOMOTH-
BIB Ta BUTpPATH CHEPreTUYHUX PECYpPCIB Ha TATY
moizzis [25 ].

JonaTkoBi AMHAMIYHI HaBaHTa)KCHHS BHUHUKA-
I0Th SIK B TSATOBOMY PEXHMi, TaK i M 4ac pyxy
B peXuMi BUOITY, a TaKOX B TaIbMiBHOMY PEXUMI
Ta B TIpoIleci Biamyckanus ranbM. Cuid, 1o BUHHU-
KalOTh Ha IIUX PEeKUMAX, MOXKYTh JOCATaTA HaiOi-
JBIIOTO 3HAYEHHS B PI3HMX YaCTHHAX TOi3/1a 3a-
JIS)KHO BiJl OJHOPIIHOCTI BaroHiB Ta CTyIeEHS ix
3aBaHTaXXCHHS, a TAKOX BiJ TOTO, 310paHUi CKiIaj
a00 pO3TATHYTHH. Y BaHTQXHUX MOI3Jax I CHIU
MOXYTh MPHU3BOJIUTH 0 0OpHBY Toi3na abo Bua-
BITIOBAHHS BAaroHiB, B MAaCAKUPCHKAX Ta MPHUMIiCh-
KHX — JIO IOPYIICHHSI KOMQOPTY MacaKUpiB.

3HaYeHHsS JUHAMIYHUX CHII 3aJeKaTh BiJ MacH
Ta TOBKHUHH 101372, IPOQiI0 KOJIii, pSKUMIB TATH
Ta TajJbMyBaHHs, MIBUIKOCTI PyXy, 3a30piB B aBTO-
3YEMHHUX MPUCTPOSX, INIBHIKOCTI MOIIUPEHHS Ta-
JTBMIBHOI XBHIII TIO AOBXHHI MOI3/a, THITY i CTaHy
TIbBMiBHUX TIPHUCTPOIB.

ITix wac pyxy moi3ma JAOIIBHO TPUMATH CKJIAJ
abo B 3i0paHoMy, abo B po3TsarHyTOMY craHi. On-
HakK I He 3aBXIW MOXXJIMBO IIiJl 9ac PyXy peaiib-
HUM Tmpodinem kouii. s Toro mob mepeBecTH
PYXOMHH cKiaz i3 3i0paHOro CTaHy B PO3TSTHY-
THH, PYKOATKY KOHTpOJIEpa MAIMHICTa CTaBIATH
y noizHe mosiokeHHs. 11lo6 cTucHyTH ckiana, pa-
HIllIE PO3TATHYTUH, MOCTYIIOBO BUMHUKAIOTh TSTOBI
JIBUTYHU, TIEPEBOISIYN PYKOSATKY KOHTpojepa Ha
HIDKY1 TIO3UINIT 0 HyJIhOBOI. SIKIIO ITHOTO HENO-
CTaTHBO, TO MPHUBOJIATH B JiI0 €JICKTPUYHI rajibMa,
a Ha JIOKOMOTHBAX, HE O0JIaJTHAHUX EIIEKTPUIHUMHU
raJlbMaM¥ — THEBMATHYHI.

YMOBHU BEACHHS NOI3/1a, PETYJIIOBAHHS MOTYX-
HOCTI JIOKOMOTHBa Ta WIBHIKOCTI pPyXy 3HAYHO
BIJIPI3HSIOTHCS y BAHTAXHOTO W IMACaXHPCHKOTO
noi3niB. BoHH cyTTeBO BiAPI3HIIOTHCS 1 BCEPEIUHI
KOXKHOI 3 IUX TPy, HANPUKIAJA, BEIUKOBAroBUI
YU TOPOXKHIH, a IS MACaKUPChKUX — IIBHIKUAN
a00 MTPUMIiCHKHA.

Bucoki mBUAKOCTI pyXy Ha KOPOTKUX IEpero-
HaX BUKJIMKAIOTh HEOOXIMHICTh MOYATKY TalbMy-
BaHHS TIPU BEJUKINA MIBUIKOCTI.

Ha mepeBamucromy mpodini, Je 4YepryroThCs
MiOMHU, TOPU3OHTAIBHI JUISHKA Ta CITyCKH, JO-
[ITBHO BECTH TMOI3[ B PO3TATHYTOMY CTaHi INPHU
BKIIFOYEHOMY KOHTpOJepi. Y IbOMY BHIIAIKy pe-
TYJIOOTh MIBUJKICTh PYXY HUISXOM 3MiHU CHIIA
Tsaru. [Ipu mpoxomkeHHi migAOMIB CHITy TATH 30i-

JBIIYIOTH, HA TOPU3OHTAIFHUX MUISTHKaX Ta CITyC-
Kax — 3MCHINYIOTh. [limxoasun 10 migioMy, SIKUi
HE MOXXHa TPOMTH 3a PaxXyHOK BHUKOPUCTAHHS Ki-
HETUYHOI €Heprii, 30UIbIIYIOTh CHITy TSTH, Tepe-
BOASYM PYKOATKY KOHTpOJIEpa HA BUII ITO3HIIIL
a00 3aCTOCOBYIOYM CTYINEHI OcCna0yieHHs 30y-
JOKEHHSI.

[Tim gac pyXy mo miITHKaxX 3 PIBHUHHHUM IIPO-
¢ineM komii Ta BIIHOCHO HEYACTUMH 3yNUHKAMH
HEOOXITHUI PEeKUM BEIIEHHS, 110 3a0e3rneuye Hau-
MEHIIII KOJHMBAaHHSA MIBUAKOCTI NMPH BUKOPHCTaHHI
MMO3UILIM, IO BIANIOBIZAIOTH HAMOLIBII BUCOKUM
3nayeHHsIM KKJ[ noxkomoTHnBa. 3MEHILEHHST HEPiB-
HOMIPHOCTI pyXy Ja€ MOMITHHHA €(eKT BHACIHIIOK
HEJTIHINHOI 3aJeKHOCTI MK CHIJIOIO OIOPY PYyXy
1 IMBUIKICTIO PYXYy.

3a3Buyaii mpodise AUITHOK 3a]i3HUYHOI Mepe-
X1, HA IKUX € OOMEKEHHS Y BUKOPUCTAHHI TTOTYX-
HOCTI JIOKOMOTHUBIB 10 3YCIUICHHIO, XapaKTepHu3y-
€ThCsI HASIBHICTIO MiJHIOMIB BEJIMKOT KPyTH3HH, aJie
BiTHOCHO HEBEJIWKOi JTOBXHHU. TOMYy Tpu po3po0d-
i Ta peanizamii parioHATEHUX PEKUMIB BEICHHS
MOT3/IIB HAa TaKUX MIISHKAX JYKE BAKJIMBO MOPST
3 peaiizalli€ro HaOIIbIINX CHJI TATH 3a0e31medyyBa-
TH MaKCUMaJIbHE BUKOPHUCTaHHS KiHETHYHOI €Hep-
rii moizza.

OcCKinbKM KiHETHYHA EHepris MpomnopLiiiHa
KBaJpaTy MIBHAKOCTI, TO TPH MiAXOAI TMoi3ma o
Ba)XKHX €JIEMEHTIB MpOo(dijio MIBHIKICTH NOBUHHA
OyTH HaOLIBII JOITYCTUMOIO, 1110 Ja€ MOXKIIUBICTb
MPOUTH YacTHUHY MiAHOMY 3a paxyHOK HaKOIH4e-
HOI Ha IOTIEPEeIHIX elleMeHTaX NMpodiTo KiHeTHY-
HOI eHeprii noiza.

[Tig wac pyxy mo migifoMy IBHIKICTh MAAAE IO
Mipi BUKOPUCTAHHS KiHETUIHOI €HEeprii, CTpyM TH-
TOBUX JIBUTYHIB 3POCTa€, OJHAK NEPEXOIUTH Ha
HWOKYi TIO3MINT CITil TUTBKU MPH JIOCATHEHHI CTPY-
My TSTOBHX ABUTYHIB Ta CHJIM TATH JIOKOMOTHBA
IPaHUYHUX 3HAYCHb.

Sxmo micns nepexoay Ha HHKYI MO3ULIT ocia-
OyrleHHs1 30y/PKEHHS TATOBHUX JBUTYHIB IIBHUIKICTh
PyXy moi3fa MpoJOBKYy€E 3MEHIITYBaTHUCh, TO HEOO-
XIJIHO TIEpeHTH Ha TIOBHE 30y KeHHS. Y BHIIaJIKaX,
KOJIM TCIIsl TEpPexXoqy 31 CTYIMEHIB OCIa0IeHOTo
30y)KeHHS Ha TOBHE MBHUAKICTH PYXY HPOJOBKYE
3HWKYBAaTHCh, 4 HABAHTAXXCHHS 3HOBY JIOCSTAE
TPaHUYHUX 3HAUYEHb, 00 HE NOMYCTUTH CIPAIhO-
BYBaHHS 3aXHUCTY, MOKHa KOPOTKOYACHO TMEPEeUTH
Ha TIOCTIOBHO-TIApaJieNlbHe 3 €AHAHHSA TATOBUX
JIBUTYHIB JUIS €JIEKTPOBO3iB IMOCTIHHOTO CTPyMY
a00 Ha HIKYY MO3UINIO IS €IeKTPOBO3iB 3MiHHO-
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ro cTpymy. Jis TemIoBO3iB B MOAIOHUX BUIIAIKAX
JIOMTYyCKAEThCSl IIBUJKICTE HHUXKYE PO3PAXyHKOBOI,
ajie BiACTaHb, 10 MOXKE MPOiXaTH MOi3A, HOBUHHA
Oytu He Oinbme Hix 500 M.

YacTto emeMeHTH Tpodiaio KOJii 3 BaXKUMHU
miiioMaMi 4epryroThesl 3 elleMEeHTaMU MpoQiIro
MeHIoi KpyTusHu. OCTaHHI CNiJi BUKOPHCTOBYBA-
TH JJIsl TJBUINCHHS MIBUJIKOCTI PyXy Ta HAKOIHU-
YeHHsI KIHETHYHOI eHeprii. s I[bOro JOLIIBHO
nepexonuTH Ha Ounbln rauboke ocnabiaeHHs 30y-
JOKeHHST 200 BUCOKI MTO3UIIIT peryIroBaHHS.

[oni6bHi yMOBH pyXy HaNpHKIHII IMiIiioMy MO-
JKYTh BHUSIBUTHUCS palliOHATbHUMH BiJJHOCHO €KO-
HOMI eTleKTpoeHeprii abo MmanuBa B TOMY BUIIJIKY,
SKIIO TICHS TiTHOMY po3TalloBaHa CTaHIliSA, Ha
SKiil mepeadadyeHa 3yNnuMHKA I0137a, a00 IIKiIIH-
BUil cnyck. ToJi 3HMXKEHHS BTPAT SHEPril MpH 1o-
JANBIIIOMY TaJIbMyBaHHI JIO3BOJUTH OTPHUMATH
JesIKy E€KOHOMII0 TaJMBHO-CHEPreTHYHUX pecyp-
cis [10].

Metoauka, 0 NPONMOHYEThCS JIJIsl BU3HAUCHHS
S€HePro3a0IIaDKYI0YNX PEKUMIB BEIEHHS ITOI3/IiB
0aszyeTbcsi Ha piBHOMipHOMY pyci. s piBHOMIp-
HOTO PyXy HEOOXiZHO, m00 CHJIH, CTBOPEHI IITy4-
HO B pe3yibTaTi KepyBaHHS JIOKOMOTHBOM, BpiB-
HOBa)KyBaJIl CUJIH OIIOPY.

MaremaTtuuHa MOzeNb ISl TOCIiHKEHHS Onuca-
HaB[9].

Oco0JHBI YMOBH, SIKI HAKJIAJAKOTHCS HA MOJICIh:
JoxkuHa AutHkd | = 20 kM; mpu mboMy Maca Toi3aa
P +Q 3mintoerscs B Mexkax 1 000+ 6 000 T 3 inTEp-

BasioM 1 000 T; mMexi yXuimiB JUIst JUISTHOK CKIIaJar0Th
i=—4+7,5 %o.

Hosxwuna minsaka | =20 kM 3yMOBIEHA THM,
0 TIPH BUKOPHICTAHHI ITEpaIlifHOTO OOYMCIICHHS
3 KUTBKICTIO KpOKiB N =3 BKa3aHa TOBXHHA A€
HAWOGILIBIN JOCTOBIpHUH pe3yabTaT [21].

HwxkHs Mexa yXuiny 3yMOBJICHA THM, IO i
yac pyxXy Ha JUISHKaX 31 3HAYCHHSIM YXHIY
I <—2%o0 HampsMOK CHIIM BiJl YXWIy CIIBIaIa€e

3 HampsAMKOM PyXy U JIOIMyCTUMOTO JAiana3oHy
IIBUJIKOCTEH, TOMy BOHA OyJie PUCKOPIOBATH I10-
i30. BepxHs Mexa BHW3HadeHa aHAMITHYHO. I[lpm
3HAYCHHSIX YyXunay 1>7,5%0 pexum KepyBaHHS

BiJINIOBi/1a€ HAUOLITBIIIH MOTYKHOCTI JIOKOMOTHBA.

Ilicns po3B’s3aHHS PIBHAHHS PyXY TOi3da s
KOHKPETHUX BUXITHHX IaHUX PO3PAXOBYETHCS KO-
eQilieHT MUTOMOI BUTpATH HajHBa MiA 4ac pyxy
Ha pIBHOMIpHIN MIBUIKOCTI C

c=10°g/tQv?/2,

e § — BUTpaTa najiuBa, Kr; t — yac xomy moi3na,
rog; Q — maca cxmany, kr; V. — DIBUAKICTE py-
Xy, M/c. TakuM YHHOM PO3MIPHICTh KoedillieHTa C

KT
roxa - MTx

[Tpuxiiag BU3HAYCHHS 3HAYEHb KoedillieHTa C
mis  Macu  ckmany Q=2000 T Ta yxuiy
i =—0,5 %0 HaBomMMO y BurIsAAi Tab. 1, a rpadi-
YHY IHTEpIpeTalilo Ha puc. 2.

[licna inTepnoysiuii MOMIHOMOM YeTBEPTOTO
CTYTICHS OTPUMYEMO 3aJICXKHICTh

c = 2,29-10°-PKM* -
~ 6,98-10*-PKM® +
+8,63-10° - PKM?2 -
~4,69-107 - PKM +0,662.

3a 10MoMoror MarematuuHoro makety Maple
[1] BusHauaemo MiHiMaNbHE 3HaYeHHs (YHKII Ta
BIJIIIOBi/IHE 3HAYCHHS apTyMEHTY.

extrema(c,{},PKM | PKM i );
PKM, . :
{0.569815389}
{PKM =5.500811924}.

OcCKiIbKM 3HAUEHHS MO3MWIli KOHTpOJNepa Ma-
MIUHICTa MOXe OyTH JIUIIE IUTAM YHCIIOM, BHKO-
HYEMO OKPYTJICHHS JI0 HAWOJIMKIOTO IJIOT0 YUCIIa

PKM , =6.

Jnst meskux 3HaueHb YXWIy Ta Mach CKIIATy
MiHIMaJbHI 3HaueHHS KoedilieHTa mHUTOMOI BH-

TpaTH majausa C.;, BLANOBINAIOTH 3HAYECHHSM PiB-

HOMIPHOi IIBHAKOCTi, BHIIOi 3a IOIYCTUMY 3a
KOHCTPYKI[IHHMMU MapaMeTpaMyd PyXOMOro CKJia-
Iy, TOMY BBOJAMMO JOJATKOBHI OOMEXKYBaJIbHUN
napamerp

v piBH <\ on

3aranpHa
yIpaBIiHHS

yMOBa BHOOpY  pallioHaJbHOTO
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PKM e =

¢ = min;
VpiBH SV}IOI‘I'

ITicns oTprMaHHS apTyMEHTIB TTPH MiHIMATBHHX
3HaueHHsX (QyHKIIT koedillieHTa MUTOMOI BUTpaTH
najnuBa Mif 4ac pyxy 3 PiBHOMIpHOIO IIBUAKICTIO
st Q=1000;2000..6000 ta i=-4;-2,5..7,5

3BOJIUMO iX B Tabm. 2, a rpadiuHy iHTepHperariro
HaBOJMMO Ha pHC. 3.

0,70
0,62
0,66
0,64
0,62
0,60

0,58 4

1] 5 1 15

Puc. 2. 3anexHicTh KoedillieHTa TUTOMOT BUTPATH
MajMBa MiJ 4ac pyXy 3 piBHOMIPHOIO HIBUAKICTIO
BiJ] MMO3MIIIT KOHTPOJIEpa MaIlIUHICTa

Fig. 2. Dependence of the specific fuel consumption
while driving at constant speed from
the position controller driver

MACA CEIIATY,
1081

Puc. 3. 3nauenns PKM rr:;‘(\c/

min,
maxy

Fig. 3. Value PKM

Tabauns 1

3HaveHHs koedilicHTAa THTOMOI BUTPATH NMAJINBA
MiJ yac pyxy Ha piBHOMIpHiil mBUAKOCTI

Table 1

Value of the coefficient of specific fuel
consumption during movement at uniform speed

Tlo3umis xonTpoO- PiBHOMIpHA c,
nepa MamMHiCTa | UIBHKICTS, wfron - Tl
km/rofq
15 133,57 0,706051
14 128,91 0,660393
13 123,51 0,634046
12 117,18 0,613325
11 110,96 0,597601
10 104,91 0,584951
9 98,03 0,579838
8 91,84 0,575596
7 85,52 0,572810
6 78,09 0,569319
5 71,29 0,570869
4 63,91 0,574193
3 49,71 0,580659
2 48,90 0,582861
1 41,43 0,597916
0 31,31 0,663379
Tabnuns 2

3HaveHHs MO3MUII KOHTPOJIepa MalINHICTA,
BiINOBiHI MiHiMaJILHMM 3HAYeHHAM KoedilieHTa
NUTOMOI BUTPATH MAJIMBa

Table 2

Value of the position of controller of the driver
corresponding to the minimum value of the coeffi-
cient specific fuel consumption

i, %o TMosuwis KM 1o maci cknany [tuc. 1]

-1,0 0 0 0 0 0 0
-0,5 3 6 8 10 10 10
0,0 6 10 10 11 12 12
0,0 7 11 12 13 13 14
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3akiHyeHHs TabI. 2

End of table 2

i, %o osurtist KM o maci cxaay [tuc 1]

1,0 8 12 13 14 14 14
15 8 12 14 14 14 14
2,0 9 13 14 14 14 15
25 9 14 14 15 15 15
3,0 10 14 15 15 15 15
3,5 10 14 15 15 15 15
4,0 11 15 15 15 15 15
4,5 11 15 15 15 15 15
5,0 12 15 15 15 15 15
55 12 15 15 15 15 15
6,0 13 15 15 15 15 15
6,5 13 15 15 15 15 15
7,0 14 15 15 15 15 15
7,5 15 15 15 15 15 15

BimnoBifgHi 3HAa4YeHHS PIBHOMIPHHX IIBUIKO-
cTell HaBoaUMO B Tabn. 3, a rpadiuHy iHTEpIpeTa-
1it0 — Ha puc. 4.

LWBKMAOKICTD, km/rog

MACA CEIATY, 2
108 7 1

. . . .. . . min
Puc. 4. PisromipHi mBuakocri, Bignosizai PKM max\c,

Fig. 4. Uniform speed corresponding to PKM nmi

Tabnums 3
3HayeHHsI PIBHOMIPpHMX IIBUIKOCTEIA,
mo Bigmosinarote PKM rr:;;f/
Table 3

Uniform speed corresponding
to PKM ™"

max,
Vxu, PiBHoMipHa mBHAKicTs [kM/rox]
%o 1o Maci noiszaa [tuc. ]
-30 | 97,1 | 959 | 953 | 951 | 95,0 | 94,7
-25 | 86,6 | 84,1 | 83,0 | 82,3 | 82,0 | 81,6
-20 | 756 | 71,3 | 69,3 | 68,1 | 67,5 | 66,8
-1,5 64,2 | 57,8 | 54,4 | 52,4 | 51,1 | 50,0
-10 | 53,2 | 43,7 | 388 | 355 | 33,1 | 31,2
-0,5 64,7 | 78,1 | 78,7 | 80,7 | 73,6 | 68,1
0,0 92,9 | 98,2 | 828 | 77,8 | 750 | 68,6
0,5 96,1 | 983 | 87,6 | 816 | 72,7 | 70,0
1,0 98,6 | 990 | 87,3 | 79,8 | 70,3 | 63,0
1,5 931 | 933 | 86,7 | 735 | 639 | 57,4
2,0 96,3 | 950 | 81,0 | 67,7 | 58,5 | 55,7
2,5 91,4 | 96,1 | 75,7 | 67,0 | 58,0 | 50,5
3,0 96,2 | 91,2 | 75,8 | 62,1 | 53,2 | 45,9
3,5 91,7 | 86,5 | 71,1 | 58,4 | 48,9 | 42,5
4,0 95,9 | 87,9 | 66,7 | 54,3 | 451 | 39,0
4,5 91,8 | 83,7 | 62,7 | 50,6 | 42,3 | 359
50 96,6 | 79,6 | 58,9 | 47,2 | 39,3 | 33,2
55 92,8 | 758 | 56,5 | 44,2 | 36,6 | 30,8
6,0 98,0 | 72,3 | 53,3 | 420 | 342 | 28,7
6,5 945 | 68,9 | 50,4 | 39,5 | 320 | 26,8
7,0 98,7 | 658 | 47,7 | 37,2 | 30,1 | 25,1

Jis MOXNHBOCTI 3aCTOCYBaHHS THUCKPETHHUX

nanux matpuni PKM ™" Ta BiamoBigHMX piBHO-

maxy

MIpHHX IIBUAKOCTEH B MaTeMaTHYHIA MOZeIi He-
00XiTHO BHKOHATH IHTEPIONSAIi0. [HTepmomnsimiro
BUKOHY€EMO JIIHIHHUM CIUIAHHOM JUIsl 3HA4YEHb Ma-
CH TMOT37a BKa3aHOTO Jiama3oHy 3 apryMEHTOM
yxuny 1. Jlas mpukiagy HaBeAeMoO  CIUTaiiH

PKM M

maxy

s Mack noizga P+Q=6000 T
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0, i<-1

20+ 20i, i <-0,5;
12+41i, i<0;
12+ 4i, 1<0,5;
14, i<],

14, i<15;
11+2i, i<2;

15 otherwise.

PKM 6000 _

s MokiuBocTi pospaxyHky PKM rr:e:;i AT

MPOMIKHHMX 3HAY€Hb MacCH II0i3/1a 3aCTOCOBYEMO
IHTEPITOJISIII0 B MEXKaX KOHKPETHOTO YXHIY | JUIs
3HaYe€Hbh MacH moi3ga OUIBIIMX Ta MEHIINX, HIXK
JaHe

PKM 2 (i)- 1 279,
PKM 9599 — AQ
+PKM (i) 1-2-Q
AQ
Jlyis BU3HAUYCHHSI PIBHOMIPHOI IIBUIKOCTI, 110

Q<Q

. . < . .
BIJIITOBIIA€ PKM @ , BHUKOHYEMO aHAJOTI4HI

obuncieHHsl, ane 0e3 OKPYTIICHHS BEUYHH.
<Q<Q
M Q=Q<Q

ITicnsa oOumcnenus PK BHU3HAYAETLCSA
CcHIIa TIATH
Q<Q<Q
i 3,6-Ne(PKMf )-nc-njf1

: Vi, £AV

Ta PO3B’A3y€ThCA PIBHAHHA PyXY I013/a.
Taknm 4nHoM kpua V = f (S) mparse 10 pis-

HOMIpPHOT MIBUIKOCTI (pHc. 5).

85—y,
30 4 KM/TOI

S.M

T T T T T T T T T T T T T
63000 66000 67000 63000 69000 70000 71000 72000 73000 74000 75000 76000 77000

_VpieH. — f(S)

———-V=1(s)

Puc. 5. KpuBa mBuakocTi pyxy mnoizaa

Fig. 5. Curve of train speed movement

Kpupa V7" = f(S) OyayeThes Ha TiacTaBi
YCepeqHEeHHsT yXWIiB Mpodito Komii 1Mo TOBXKHHI
noizaga 3 iHTepBaioM AS =15 M (moBkuHa
YOTHPUBICHOTO BaroHa). J[is 1bOro BUKOHYETHCS
CIUIAH-1HTEPITOJIAIIS YXHUIIIB TI0 TOBXKWHI MITITHKH
Ta 0o0MpaeThes (Pa3oBa KOOPAWHATA BiAMPABICHHS
noizna (CTaHIis, cBITIOPOp, MKET Ta iH.).

0; s<2000;
0,5; s<5500;
-3; s< 7500;

-8,4; s<44000;
-3,2; s< 44 200;
-1; otherwise.

s gaHoi Macu 1moi3ga Ta JOBXKUHU IMOi3/1a BU-
3HAYAIOTHhCSI 3HAYCHHSI YXWJIIB IO OCSX KOXXHOTO
BaroHa i JJOKOMOTHBA Ta Ha ITiICTaBl Mac OCTaHHIX
BH3HAYAETHCA CEPENIHE 3HAUCHHS IS IIEHTPY Mac
noi3jaa.

] iQ(1))-ds.
Q4,,/2 ( )

[lo wmipi mepemimieHHS TOi34a 3 iHTEPBAIOM
AS BHM3HAUYAIOTHCS AMCKPETHI 3HAYCHHS JUIS BCi€i
IOUITHKY, SIKi  [epeOyAoBYIOTBCST B CIUIAHH
i=f(S). OcranHili BUKOPHCTOBYETbCS IIPU BH-

3HAYCHHI MPUCKOPIOI0YO-YIOBIIBHIOIOUNX
PIBHSIHHS pyXy HOi31a

ds-&-(1(v)-o(v)
_ 500

‘ L 8s-6-(-b,(v)-i(8))
500

CHUII

+

2
Vi +

3a BKa3aHOI METOJMKOI0 BHUKOHAaHO TSTO-
BO-CHEPreTHYHI PO3paxyHKH ISl TOI37]a Macoro
3000 T, Mo pyxaeThcs MO AUISHIN 3 MO3J0BKHIM
npodinem III ckmamHOCTI B mpsiMOMY Ta 3BOPOT-
HOMYy HampsMmKax. [ HOpiBHSHHSA pO3paxyHKH
BuKkoHaHO 3a Mertomaukoro IITP [20]. Busnaueno
y3arajJbHEHHH TOKa3HUK XBHJIMHHOI BUTPATH Iia-
nauBa @ , Kr/xB. Pe3ynbraTi HaBeseHO B Ta0II. 4.
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Tabmnms 4
Pe3yibTaT TArOBO-¢HEPreTHYHUX PO3PAXYHKIB
Table 4

Results of traction-energy calculations

Meromuka t,xs g, xr g, Kr/xB
- 120 1555 13
100 1063 10,7
pos . 131 1383 10,6
TJITHYT _— _— _—
Y 108 927 8.6
o y 9,4 111 ~18.8
IS, 70 8.3 “12.8 19,5

*TIpuMiTKa: B YHCENBHHUKY — B IIPSIMOMY HAIpPSMKY,
B 3HAMEHHHUKY — B 3B0OPOTHOMY HAIIPSMKY

Pesynbraru

Ha migcraBi OararoBapiaHTHHX pO3PaxyHKIB
YIOCKOHAJICHO aJrOPUTM BH3HAYCHHS EHEepro3ao-
MIADKYIOUNX TPAEKTOPIH PyXy MO0i3na, MoOya0BaHO
OararonapaMeTpruHy (QYHKIIO YHpaBIiHHS MOTY-
JKHICTIO JIOKOMOTHBA, SIKa O3BOJISIE 3MEHIIUTH BHU-
Tpary eHepropecypcis Big 11 mo 13 % 3anexxHo Bix
npodiyiro KoJjii, Macu moi3ga Ta MOI3HOI CHUTYyaIril
HOPIBHSAHO 3 MeToAnKOI0 [20].

HaykoBa HOBU3HA Ta NPAKTUYHA
3HAYHMICTDH

OTprMaHO  €Hepro3aomaKyoui  QYHKIIT
VIOpaBIiHHSA TATOK JIOKOMOTHBA JUIS BiAIOBITHUX
PIBHOMIpHUX MIBHIKOCTEH, SKi 3aJIeXaTh BiJl Macu
noizaa ta yxury. Ha BinMiHy BiJ iCHYIOUHX pO3pO-
00K paLiOHATBHOTO BEICHHS MOi3IB I (YHKIs
noTpedye 3HAYHO MEHINE MAIIMHHOTO 4Yacy IpH
BHCOKIfi TOYHOCTI pPO3paxyHKIB, IO Ja€ MOXKITHU-
BICTh 1i BIPOBaJXKCHHS B OOPTOBY CHUCTEMY Kepy-
BaHHS Ta €KOHOMIi CHEPropecypciB.

BucunoBku

Y I0CKOHAJIEHO aJITOPUTM BH3HAYCHHS CHEPro3a-
OLIAIKYIOUOi TPAaeKTOpii pyXy MOi3Aa 3 MOMEHTY
3aKIHYCHHS PO3TOHY JI0 TIEPEX0Iy Ha PEKUM BHOITY:

— BH3HAYCHO KOEQIli€HT MATOMOI BUTPATH Iia-
JUBA T 9ac PyXy Ha PIBHOMIpHIN IIBHIKOCTI C,
(bI3UYHUE 3MICT SIKOTO — TOJMHHA BUTpPATa IMajKBa,
mo npuxomutbes Ha 1 MJ[xk kiHeTHuHOI eHepril
noiz3zaa,

— PO3paxyHKOM TPAEKTOPIA TPH BapiaTHUBHHUX
BUXIJIHUX JNaHUX MOOyA0BaHO (PYyHKIIIT 3MiHH KOe-
¢imienTa C ;

— BU3HAYCHO palliOHAJIbHI MO3MIII KOHTpOIepa
MalllHicTa A7 MiATPUMYBaHHSA KIHETHYHOI eHep-
ril Ta BiINOBIiIHI IM PIBHOMIpHI IIIBUKOCTI;

— 1o0OyI0BaHO aHANITHYHI 3aJIeXKHOCTI parfio-
HaJIbHUX TMO3MLIHA KOHTpoJiepa MalluHicTa Ajsl pi-
BHOMIPDHHX IIBUJKOCTEH, IO 3aJieKaTh Bil Macu
CKIIay Ta YXWIY, IEPEBIPEHO iX TOUHICTH Ta a/leK-
BaTHICTE;

— aHAIITUYHO BU3HAYCHO EKOHOMIID EHeprope-

cypciB, ska cknanae 11-13 % mopiBHSAHO 3 MeTOAH-
koto [20].
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OIIPEAEJIEHUE SHEPT'OCBEPEI' AIOIIINX PEXKUMOB
BEJIEHUA ITOE3/10B

Hean. TsroBele pacyeTsl ¢ ONpeNeICHHEM YHEProcOeperaIux TpaeKTOpril MPeayCMaTPHBAIOT MOUCK PALHO-

HaJIbHOM 3aBHCHUMOCTH Pacxojia SHEPropecypcoB OT BpeMeHH xoaa moe3za. I[Ipu Beibope sHeprocoeperaromumx Tpa-
eKTOpUil IBW)KEHMS MOEe37[a U NPHU pa3pabdOTKe PEKMMHBIX KapT BEJACHUS 1OE3/10B HEOOXOAMMO YUHUTHIBATH TIEpe-
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MEHHBIE TTAPaMETPhl, TAKUE KaK: MPOPHIIb yUacTKa, MacCy I0e3/1a, CEPUI0 JIOKOMOTHBA U Jip. [Ipu yBennueHun cko-
POCTH JBIDKEHHUS] MPOUCXOIUT POCT COMPOTHBICHUS JBMIKEHHIO, KOTOPBIH MPOMOPIMOHANEH KBAJIPATy CKOPOCTH,
YTO MPUBOJIMT K MOBBIIICHUIO PACXOJIOB TOINTMBHO-IHEPIreTUUECKUX pecypcoB. HampoTus, cHIDKeHHE 3aTpaT n3-3a
YMEHBIICHNS CKOPOCTH JIBUKEHUS NMPUBOASIT K YBEIMUYEHUIO BPEMEHHU XOJia Moe3/1a, KOTOPBIH TOJDKEH OBITh COTJia-
COBaH C Fpa(l)I/IKOM JABWKCHUA U APYT'MMU TEXHUKO-OKOHOMHWYCCKHMMU IapaME€TpaMH, 3aBUCAIIMMU OT CKOPOCTHU
JIBWKEHUs. B cTarhe paccMOTpPEeH OMUH M3 CIOCOOOB YMCHBIICHHS PACXOIOB JHEPrOPECYpCOB Ha TATY IMOC3JIO0B.
[enbto cTaThU ABISIETCS YMEHBIIICHUE PACcX0Ja YJHEPrOPECYPCOB 3a CUCT OIMPEICIICHIS YJHEProCOCPETatoINX PEKU-
MOB YIIPABJICHUSI TOKOMOTHBOM. DTO MPOUCXOJUT MPH YCIOBUH ONTHMH3AIUU (DYHKIMH YIIPABISIONIAX BO3ICHUCT-
BUH 10 BPEMEHH X0J1a MOE3/1a U Pacxo/ia YHEPropecypcoB MPH BEJCHUN MOe3/1a OT MOMEHTA OKOHYAHHS Pa3roHa 10
nepexoja Ha pexum BbiOera. Meroauka. Mertoauka BeiOOpa sHEprocoeperarolieii TpaeKTOpUH JBIKCHUS [10€3/1a
¥ YIPaBICHUS MOIHOCTHIO AJIEKTPOBO30B M TEIJIOBO30B C JJIEKTPUYECKON IMepeiaveii mpeaycMaTpUBaeT pacder
MHOTOBAPHAHTHBIX TPACKTOPUI C BapUATHBHBIMH KCXOJHBIMH JaHHBIMH [ApaMETPOB COCTaBa W IOE3JHOMN
cuTyaiu. MeToquKa YYHUTHIBAET MaTeMaTHYeCKHe METOAbl pPAaBHOMEPHOTO TIOMCKAa W MapaMeTpUYECKON
ontuMuzaiuu. Jljisi paBHOMEPHOCTH JBMXKEHHST HEOOXOAMMO, YTOObI YCKOPSIOIIME CHIIBI yPaBHOBEIIMBAIN
samemisitoniie.  Pesynbrarpl. Ha OCHOBaHMM MHOTOBapHaHTHBIX pAcueTOB YCOBEPIICHCTBOBAH aJTOPHTM
OTIPENICIICHUS SHEPrOCOepEraroIuX TPACKTOPHUIA JBHKCHHUS MOE37a, MOCTPOSCHA MHOTronapameTpuueckas (QyHKIHs
YIOPAaBJICHUS MOIIHOCTHIO JIOKOMOTHBA, KOTOpasi MO3BOJIIET YMEHBIIIUTL pacxo] 3Hepropecypcor ot 11 mo 13 %,
B 3aBHCUMOCTH OT MAacChl TOe3[la H TMoe3[HOW cuTyarmu. HaydHas HOBH3HA. ABTOPOM TOJYYCHEI
sHeprocoOeperarmIue QyHKIUN YIPABICHUS TArOW JOKOMOTHBA JUIS COOTBETCTBYIOIINX PAaBHOMEPHBIX CKOPOCTEH,
KOTOPBIC 3aBHCAT OT MAacChl moe3fa W ykioHa. IIpakTmdeckasi 3HAYAMOCTH. B OTIIMYHE OT CYNIECTBYIOIIUX
pa3paboTOK pAIMOHAIBLHOTO BEACHHS IOE3/0B, JaHHAs (QYHKIUSA TPeOyeT 3HAYUTEIHHO MEHBIIE MAIIHHHOTO
BPEMEHHU MPU BBICOKOH TOYHOCTH PACUETOB. DTO MO3BOJSIET UCIOIH30BATh MOJYYCHHBIC aJrOPUTMBI B OOPTOBBIX
CHCTEMaXx yMpaBJICHHsI TOKOMOTHBOM M 3KOHOMHHU SHEPrOPECYPCOB.

Kniouegvle cnosa: TATOBbIE pacyueThl; d3HEProd(GHeKTHBHOCTh BEICHHS MOE3/10B; KHHETHIECKAsi YJHEPIHS; YIpPaB-
JICHUE MOIIHOCTBIO; TApaMeTPUIECKast ONTUMHU3AIIHS

D. M. KYSLYIY

Dep. «Locomotives», Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan, Lazaryan St. 2, Dnipropetrovsk, Ukraine, 49010, tel. +38 (066) 625 18 59,
e-mail dmitriykisliy@gmail.com, ORCID 0000-0002-4427-894X

ENERGY SAVING MODES DEFINITION OF TRAINS HANDLING

Purpose. Traction calculations with the definition of energy-efficient trajectories provide search for rational en-
ergy consumption depending on the time course of the train. When selecting energy-efficient trajectory of the train
and the development of regime charts conducting trains must take into account variables such as: the profile of the
site, weight train, locomotive series, etc. When increasing the speed of the growth it occurs the resistance move-
ment, which is proportional to the square of the speed, which leads to higher costs of fuel and energy resources. In
contrast, the reduction of costs due to the decrease in speed leads to an increase in travel time of the train, which
should be consistent with the timetable and other technical and economic parameters, depending on the speed. The
article describes one way to reduce the cost of energy for traction. The aim of the article is to reduce energy con-
sumption by identifying energy-saving control modes. It occurs with the locomotive optimization function of control
actions on the running time of the train and the flow of energy in the management of the train from the end of the
acceleration to go to the coasts. Methodology. The technique of choice of energy saving path of the train and power
control and electric locomotives with electric transmission provides the calculation of multiple paths with variable
input data and parameters of the composition of the train situation. The methodology takes into account the uniform
mathematical methods of search and parametric optimization. For uniformity of motion needed to slow down the
accelerating forces are balanced. Findings. On the basis of calculations of multiple advanced algorithms determine
the trajectories of energy-saving trains, built multiparametric locomotive power control function, which can reduce
energy consumption by 11 to 13% depending on the weight of the train and the train situation. Originality. The au-
thor obtained the energy-saving function of traction control of locomotive for the corresponding uniform velocity,
which depends on the weight of the train and bias. Practical value. In contrast to existing development of rational
management of trains, this function requires much less computing time with a high accuracy of calculations. It al-
lows using the algorithms in the onboard control systems, locomotive and energy savings.
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STUDY OF CAR TRAFFIC FLOW STRUCTURE ON ARRIVAL
AND DEPARTURE AT THE MARSHALLING YARD X

Purpose. The paper is aimed to analyse the existing car traffic organization at the marshalling yard aimed to re-
duce downtime of cars. Methodology. The methods of mathematical statistics allowed building the histogram of car
traffic flow distribution at the marshalling yard and assessment of their parameters. The key quantitative and qualita-
tive indicators of the station operation were analyzed. In order to analyze the effect of rehandling volume on the
rehandled transit car downtime elements at the station we plotted the dependence graph of the car downtime ele-
ments on the rehandling volume. The curve variation on the graph clearly shows the effect of rehandling volume on
two downtime elements: during formation and in expectation of operations. Findings. The question of reducing the
average downtime of all car categories at the station should be solved by reducing unproductive downtime was
proved. The correct determination of the average time spent by a rehandled transit car at the station is essential, es-
pecially in the conditions of new system of economic incentives. But still there is no separate methodology for de-
termining the car downtime, which would allow to objectively consider the equipment and operation technology and
exclude the possibility for subjective decisions. Originality. One of the main kinds of unproductive downtime dur-
ing the carriage of goods by rail is a downtime on the marshalling yards in expectation of technological operations
because of the system congestion. Reduction of this indicator is possible due to rational use of the marshalling yard
capacity provided the rational distribution and car — and train flows between the major marshalling yards of Ukrzal-
iznytsia. Practical value. The analysis of changes in downtime elements, depending on the rehandling volume al-
lows not only to identify the car downtime reduction methods, but also to make a correct assessment of station staff
work, as well as to adjust the rate of idle wagons.

Keywords: car traffic flow; marshalling yard; rehandling volume; downtime of cars; formation parameter

Introduction Behavior of incoming and outgoing flows is
one of the most important requirements for the
components taken into account when describing
the performance of any queuing system.

Train arrival analysis was investigated by
the scientists V. M. Akulinichev, T. V. Butko,
N. N. Shabalin, I. B. Sotnikov, K. K. Tal,
P. S. Hruntovy, A. M. Makarochkin and others [1-
14]. The studies have shown that the distribution of
intervals between them with a sufficient degree of
accuracy can be approximated by the exponential
law or generalized Erlang law and in rare cases —
by Erlang law of a higher order.

The marshalling yard is a complex set of
technologically interrelated elements intended for
car flow rehandling.

Marshalling yards of Ukrainian railway
network are usually located at the junctions. They
rehandle the flows coming from different
directions. These stations were always the busiest
and the capacity of the entire line is dependent on
them as 70% of all car traffic flows are rehandled
at the junctions. That is why, the question of
improvement of marshalling yard operation at the
junctions is of high importance.
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Purpose

Analysis of the existing car traffic organization
at the marshalling yard aimed to reduce downtime
of cars.

Methodology

Using the methods of mathematical statistics
we build the histograms of car traffic flow distribu-
tion at X marshalling yard and assess their parame-
ters (mathematical expectation, standard devia-
tion, variation coefficient, irregularity coefficient)
[1, 2, 14].

Of the total car traffic flow of the station we
should distinguish the car flows in unpaired and
paired directions. The general car traffic flow in-
cludes the cars of working and non-working fleet.
The working cars in their turn depending on the
destination station are divided into transit (with
and without rehandling) and local ones [3-6].

For transit car traffic flow without rehandling,
given the negligible downtime at the station and a
small amount of coupled and uncoupled cars, it is
possible to assume that the ingoing flow equals the
outgoing one for the selected period. To determine
the average value, variance and standard deviation
the month car flow must be divided into intervals.
Calculation of average values of the intervals in
ranges, their share of the total interval weight and
variances of daily transit car flow without rehan-
dling is shown in the text. Daily transit car traffic
flow without rehandling is broken into 100 car.
intervals.

Average daily transit car traffic flow without
rehandling in unpaired direction N,,= 537 car. The
variance describes the deviation of the actual num-
ber of car traffic flow from the average value and
equals 28 809 car’. For ease of comparison of the
car traffic flow average value and the deviation of
actual car traffic flow from this average value one
uses the standard deviation that equals
o =170 wag. Histogram of daily transit car traffic
flow volume without rehandling in unpaired direc-
tion is shown in Fig. 1.

Average daily transit car traffic flow without
rehandling in paired direction Ng= 620 car. The
variance is 65108 car’. Standard deviation is
o =255 car. Histogram of daily transit car traffic
flow volume without rehandling in paired direction
is shown in Fig. 2.

Average total daily transit car traffic flow
without rehandling N,, = 1151 car. The variance is
106881 car’®. Standard deviation is o=327 car.
Histogram of total daily transit car traffic flow
volume without rehandling is shown in Fig. 3.
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Fig. 1. Histogram of daily transit car traffic flow
volume without rehandling in unpaired direction
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Fig. 2. Histogram of daily transit car traffic flow
volume without rehandling in paired direction
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Fig. 3. Histogram of total daily transit car traffic
flow volume without rehandling
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Fig. 4. Histogram of daily rehandled transit
and local car traffic flow volume

Transit flow with rehandling can be combined
with local one due to the fact that both car catego-
ries arrive in trains rehandled at X station. The in-
going flow does not equal to the outgoing one for
a certain period because of the considerable time of
car stay at the station and the corner flow.

Average rehandled transit and local car traffic
flow on arrival from unpaired direction is N, =
1154 car. The variance is 31291 car®. Standard
deviation is ¢ =177 car. Histogram of daily re-
handled transit and local car traffic flow volume on
arrival is shown in Fig. 4.

Average daily rehandled transit and local
car traffic on arrival from paired direction N,,= 808
car. The variance is 17251 car’. Standard deviation
IS 0=131 car. Histogram of daily rehandled tran-
sit and local car traffic flow volume on arrival
from paired direction is shown in Fig. 5.
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Fig. 5. Histogram of daily rehandled transit and local
car traffic flow volume on arrival from paired direction

Average total daily rehandled transit and local
car traffic flow on arrival Ng,= 1970 car. The vari-
ance is 42056 car®. Standard deviation is ¢ =205
car. Histogram of total daily rehandled transit and
local car traffic flow volume on arrival is shown in
Fig. 6.

Average daily rehandled transit and local car
traffic flow on departure to unpaired direction N,,=
1018 car. The variance is 38843 car’. Standard
deviation is ¢ =197 car. Histogram of daily re-
handled transit and local car traffic flow on depar-
ture to unpaired direction is shown in Fig. 7.

Average daily rehandled transit and local car
traffic on departure to paired direction N, = 931
car. Nsr = 931 wt. The variance is 22 145 car®.
Standard deviation is o =149 car®. Histogram of
daily rehandled transit and local car traffic flow on
departure to paired direction is shown in Fig. 8.
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Fig. 6. Histogram of total daily rehandled transit
and local car traffic flow volume on arrival
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Fig. 7. Histogram of daily rehandled transit and local
car traffic flow on departure to unpaired direction
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Average total daily rehandled transit and local  car traffic flow on departure is shown in Fig. 9.
car traffic on arrival N,, = 1971 car. The variance is Average daily car traffic flows on arrival and
85322 car’. Standard deviation is o=292 car. departure in unpaired and paired directions for
Histogram of total daily rehandled transit and local ~May 2015 are shown in Fig. 10, 11.
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Fig. 8. Histogram of daily rehandled transit and local Fig. 9. Histogram of total daily rehandled transit
car traffic flow on departure to paired direction and local car traffic flow on departure
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Fig. 10. Histogram of average daily car traffic flow volume on arrival for May 2015
Transit without rehandling from unpaired direction Transit rehandled and local from unpaired direction
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Fig. 11. Histogram of average daily car traffic flow volume on departure for May 2015
Transit without rehandling to unpaired direction Transit rehandled and local to unpaired direction
Transit without rehandling to paired direction Transit rehandled and local to paired direction
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Table 1
The annual analysis of total daily transit car traffic flow
volume without rehandling at X marshaling yard
Number of
Range limits Range observa- )
Ne of range centre, tions BJ NJBJ N] BJ hJ
min
left right K;
1 679 862 771 65 0.1781 11.575 752.397 0.000973
2 862 | 1045 954 86 0.2356 20.263 1742.619 0.001288
3 1045 | 1228 1137 75 0.2055 15.411 1155.822 0.001123
4 1228 | 1411 1320 41 0.1123 4.605 188.825 0.000614
5 1411 | 1594 1503 33 0.0904 2.984 98.458 0.000494
6 1594 | 1777 1686 28 0.0767 2.148 60.142 0.000419
7 1777 | 1960 1869 13 0.0356 0.463 6.019 0.000195
8 1960 | 2143 2052 12 0.0329 0.395 4,734 0.000180
9 2143 | 2326 2235 7 0.0192 0.134 0.940 0.000105
10 2326 | 2509 2418 5 0.0137 0.068 0.342 0.000075
Total 365 0.9123 45.866 2 638.677
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Fig. 12. Histogram of distribution of the total daily
transit car traffic flow without rehandling
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Table 2
The annual analysis of total daily rehandled transit and local car traffic flow
volume on arrival at X marshaling yard
Number of
Range limits Range observa-
Ne of ranges centre, tions B; N;B; N;B; h;
min
left right Kj
1 1280 | 1423 1352 5 0.1613 0.806 4.032 0.001128
2 1423 | 1566 1495 17 0.5484 9.323 158.484 0.003835
3 1566 | 1709 1638 27 0.8710 23.516 634.935 0.006091
4 1709 | 1852 1781 36 1.1613 41.806 1505.032 0.008121
5 1852 | 1995 1924 91 2.9355 267.129 24 308.742 0.020528
6 1995 | 2138 2 067 71 2.2903 162.613 11 545.516 0.016016
7 2138 | 2281 2210 63 2.0323 128.032 8 066.032 0.014212
8 2281 | 2424 2353 24 0.7742 18.581 445.935 0.005414
9 2424 | 2567 2496 19 0.6129 11.645 221.258 0.004286
10 2567 | 2710 2639 12 0.3871 4.645 55.742 0.002707
Total 365 9.0323 592.645 44 643.226
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Fig. 13. Histogram of distribution of total daily
transit rehandled and local car traffic flow on arrival
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Table 3
The annual analysis of total daily rehandled transit and local car traffic flow
volume on departure at O marshaling yard
Number of
Range limits Range observa-
NeNe of ranges centre, tions B N;B; N;?B; h;
min
left rights Kj
1 1247 | 1419 1333 12 0.0329 0.395 4.734 0.000191
2 1419 | 1591 1505 33 0.0904 2.984 98.458 0.000526
3 1591 | 1763 1677 35 0.0959 3.356 117.466 0.000558
4 1763 | 1935 1849 39 0.1068 4.167 162.518 0.000621
5 1935 | 2107 2021 79 0.2164 17.099 1350.792 0.001258
6 2107 | 2279 2193 56 0.1534 8.592 481.140 0.000892
7 2279 | 2451 2365 51 0.1397 7.126 363.427 0.000812
8 2451 | 2623 2537 28 0.0767 2.148 60.142 0.000446
9 2623 | 2795 2709 20 0.0548 1.096 21.918 0.000319
10 2795 | 2967 2881 12 0.0329 0.395 4734 0.000191
Total 365 0.9123 45.866 2638.677
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Fig. 14. Histogram of distribution of total daily transit rehandled
and local car traffic flow on departure

The law of train arrival distribution is Poisson,
and the intervals between them have exponential
distribution (see Table 1-3, Fig. 12-14). Irre-gularity
of train arrivals affects the station operation and
must be taken into account both when developing
the procedure and when solving the problems of the
station technical equipment. [7-8].

The main indicator of the marshalling yard
operation is the average downtime of rehandled
transit cars. Station-time of cars consists of the
time taken to perform successive operations on

individual elements of the rehandling process and
downtime in expectation of operations. The correct
determination of the average time spent by
a rehandled transit car at the station is essential,
especially in the conditions of new system of
economic incentives. But still there is no separate
methodology for determining the wagon
downtime, which would allow to objectively
consider the equipment and operation technology
and exclude the possibility for subjective
decisions.
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Total station-time of rehandled transit car
consists of the following elements [9-12]:

t :tha +tgu +th +tacc +t;u +tcc +thd +td

reh qu ?

where t,, — time for train handling on arrival, t,,
= 0.35 h; tgu — average breaking-up queue time,
hours; t, — hump train breaking-up interval, t, =
0.37 h; t,.— average downtime of cars during

formation, hours; tfw— average composition

queue time, hours; t, — time for composition

completion and train launching to departure yard
excluding locomotive return time, t,= 0.44 h;

t,y — time for train pre-departure handling,t,, =
0.5h; tdqu — departure queue time, hours.

Some downtime elements are the values,
determined by the operation procedure and not
dependent on the volume of work, which can be
expressed as time to complete the operations.

Increase in workload leads to reduced
downtime during formation but extends the queue
downtime on the subsequent service element.
Depending on the operation volume effect on the
downtime elements, the latest can be divided into
three groups
+(t2 +t2 410

tnepz(to6+tr+tq)+t )+t ’ o

o0p HaK

Given Pollaczek-Khinchin formula [12], the
last three downtime elements can be written as

b = NG +vp).

“T 482Nt

o _ Ntg(I+v),
M 48M-2Nt,

d _ NI§(1+1)§).

' 48-2NI,

Average downtime formation s

determined by the formula
ck
L =—,
acc N
where N — number of trains rehandled at the station
per day; k — number of appointments of the trains
composed at the station; ¢ — formation parameter.

during

In order to analyze the effect of rehandling
volume on the rehandled transit car downtime
elements at the station we plot the dependence
graph of the car downtime elements on the
rehandling volume. The dependence graph is
shown in Fig. 15.
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Fig. 15. Dependence of car downtime
on rehandling volume

The curve variation on the graph clearly shows
the effect of rehandling volume on two downtime
elements: during formation and in expectation of
operations.

In case of small rehandling volumes the car
downtime decrease should be achieved mainly by
reducing the car formation costs organizing the
approach of locking groups, replacement of one-
group minor purpoe trains with the group ones, etc.
In case of large rehandling volumes the focus
should be given to reducing the time of breaking-
up, composition and departure processes, in order
to shorten the queue downtime.

The analysis of changes in downtime elements,
depending on the rehandling volume allows not
only to identify the car downtime reduction
methods, but also to make a correct assessment of
station staff work, as well as to adjust the rate of
idle cars. The station car downtime rate is set for a
specified amount of work. But the actual
rehandling is different from the scheduled one. In
this regard for objective evaluation of station staff
work it is necessary to adjust the rate on the
amount of work performed.

One of the important elements of the time spent
by the cars at technical stations that affects the car
traffic management system is car downtime during
formation. This downtime may be determined both
by total car flow, that is from the moment of
arrival at the station of these specific cars and to
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the moment of their departure from the station, and
only by the flow at the marshalling track. To plan
the composition for a specified period the car
downtime during formation is determined with
sufficient accuracy by analytical calculations.
Analysis of the formation process in different
conditions of car approach to the station and its
operation makes it possible to determine more
precisely the formation parameter ¢, and hence the
formation car-hours for individual destinations or
total value for the station.

The uncoordinated car approach to the station
results in continuous formation process, with some
cars queueing for the next train composition. In
practice, there is uneven arrival of car groups and
in different amounts, thus the formation parameter
¢ may differ for certain destinations, and for
certain categories of trains with the same
destination that depart during the day. The
formation parameter ¢ is always averaged during
the analytical calculations, that is its fluctuations
are ignired.

One can conclude that the formation parameter
is dependent on uneven approach of car groups to
the station, but besdides it is dependent on a
significant number of factors that affect the train
formation process. The average number of car
groups e, forming the trains m,, , depend on the

number of car groups of a specific destination
arriving during a certain period (day or T, ).

But we need to pay attention to the fact that
continuous and uniform flow to the station of car
groups with the same volume does not affect the
formation parameter. Thus, the formation
parameter is dependent on the interval between the
car group arrivals, frequency and duration of
interruptions in the train formation, the value of
completing group, the number of cars in the first
and other groups.

Analysis of execution of the main indicators at
X station was conducted for the 1% half of 2015
and is presented in Table 13.

Table 4

Analysis of execution of major quantitative and qualitative indicators

Blan for 1 Execution
Description of indicator half year of | 1 halfyear | 1 halfyearof | Till 2014, | I°
2015 of 2014 2015 % p!j()”’
Total daily departure, incl., car 3099 5036 3002 60 97
— transit with rehandling, car 1987 2 401 1940 81 98
— transit without rehandling, car 1092 2540 1002 39 92
— local, car 20 46 17 37 85
Average arrival per day, train 62 95 63 66 102
Average departure per day, incl., train 60 91 57 63 95
— own composition, train - 47 39 83 -
Operating fleet, car 1218 1144 1165 102 96
Average loading per day, car - 6 3 50 -
Average unloading per day, car - 36 7 19 -
Downtime of relandled transit cars, h 10.50 10.28 13.05 79 80
Downtime of transit cars without relandling, h 1.40 1.37 1.50 91 93
Downtime during 1 load operation, h 95.0 154.73 133.02 116 71
Static loading, ton/car 48.09 50.19 59.02 118 123
Wagon turnover, car 6 199 10071 5996 60 97
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Downtime of transit car without rehandling for
the I half of 2015 is not executed and makes 1.50
hours, that is overvalued compared to the planned
target by 0.10 hours. Total losses in car -hours due
to non-execution of downtime for transit car
without rehandling make 18,127 car -h and
occured for the following reasons:

— The target «Locomotive supply queue time»
exceeds by 0.08 h (losses of 15,436 car -h) due to
lack of train locomotives and foot-plate staff;

— «Departure queue time» by 0.02 h (losses of
2,691 car -h) due to occurence of non-productive
element:

— Making way for passenger and suburban
trains (losses of 217 car -h);

— Regulation by train dispatcher (losses of
2,474 car -h).

Compared to last year fact, the downtime of
transit cars without rehandling exceeded by 0.13 h.
Total losses in car-hours due to non-execution of
downtime for transit car without rehandling make
23,565 car -h and occured for the following
reasons:

— The target «Locomotive supply queue time»
exceeds by 0.11 h (losses of 20,874 wag-h) due to
lack of train locomotives and foot-plate staff;

— By 0.02 h (losses of 2,691 car -h) due to
occurence non-productive element «Departure
queue time» through waiting for departure after
delivery trains.

Downtime of rehandled transit car for the | half
of 2015 is not executed and makes 13. 05 h, that is
overvalued compared to the planned target by 2.55
h. Total losses in car -hours due to non-execution
of downtime for rehandled transit car make
887,586 car -h.

The element «For breaking-up» is overvalued
by 0.12 h (losses of 41,769 car -h), for the
following reasons:

— The target of unproductive element
«Breaking-up queue time» is overvalued because
of:

— The lack of free tracks at yards «B», «D» for
formation of a new train on the free track (losses
weights 4,993 car-h);

— Inability to transfer corner wagon traffic flow
(losses of 27,744 car-h);

— Work with long trains (losses of 8,220 car-
h);

— Work with nomenclature cargo (losses of 812
car-h).

The element «Formation» is overvalued by
2.35 h (total losses of 817,972 car-h) for the
following reasons:

— Long-term formation of certain destinations
(losses of 709,205 car -h);

— Expectation for formation completion and
supply of formed trains to the departure yard due
to lack of shunting locomotives (losses of 14 045
car -h);

— Downtime of wagons with guard, with
destination to Volnovakha station due to lack of
suitable covered cars for guard travel (losses of
10,378 car -h);

— Downtime of formed trains with destination
of Donetsk railways station (total losses of 84,344
car -h)

The element «Departure» is overvalued by 0.08
h (total losses of 27 845 car-h) for the following
reasons:

— the target of unproductive element
«Locomotive supply queue time» is exceeded by
0.06 h (losses of 21 784 car-h) due to lack of train
locomotives and foot-plate staff;

— The target of unproductive element
«Departure queue time is overvalued by 0.02 h
(total losses of 6,061 wag-h) because of:

— Regulation by train dispatcher (losses of
2,656 car-h);

— Closure of the station O at the section from
the point No. 344 to 203 km pk.3, closure at the
line H -1 (losses of 2,395 car-h);

— Making way for passenger and suburban
trains (losses of 714 car-h);

— Car accounting of 20.05.2015 (losses of 296
car-h).

Compared to last year fact, the downtime of
transit rehandled cars exceeded by 2.77 h. Total
losses in car-hours due to non-execution of
downtime for transit rehandled car make 964,162
car-h.

The element «Formation» is overvalued by
2.88 h through expectation of sending the finished
trains to the destination yard.

Process operation queue downtime amounted to
elements:

— «from arrival to supply» — 50.36 h;

— «from cleaning to departure» — 30.41 h.
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Table 5
Analysis of the local car during 1 loading operation
Execution 1 half )
Description of indicator P;Zgrfg; ;Ohla;f of 2015 Exe;lu; rllon /
Downtime during 1 load operation, incl., h 95.00 133.02 +38.02
— from arrival to supply, h 29.34 60.97 +31.63
— during loading operations, h 38.02 28.71 -9.31
— from cleaning to departure, h 27.64 43.34 +15.70
Table 6
Analysis of hump operation
Execution
Description of indicator P;zgrfg][ ;Ohli:f 1 half year 1 halff Till 2014, | To plan,
of2014 | Y5O % %
2015
Relandling of cars per day, incl., car 2776 3211 2 845 88.60 102.48
— unpaired system, car 1442 1582 1521 96.14 105.48
paired system, car 1334 1629 1324 81.28 99.25
Repeated rehandling - 766 942 122.98 -
Corner flow per day, incl., car - 345 415 120.29 -
— unpaired system, car - 176 182 103.41 -
— paired system, car - 169 233 137.87 -
Local wagons per day, incl., car - 421 527 125,18 -
— unpaired system, car - 208 258 124.04 -
— paired system, car - 213 269 126.29 -

Repeated rehandling is required for 942 car,
incl.:

— Corner flow wagons — 415 car;

— Cars from ap/tracks — 10 car;

— Cars of productive rehandling — 294 car,
incl.:

— Buffer cars for dangerous goods — 48 car;

— Cars of separating track after repair, cars
without documents — 56 car;

— Rebuilding of trains because of the cars trav-
eling by the 1% freight document — 51 car;

— Composition of pickup trains — 48 car;

— Rebuilding of trains of extra-length and
weight — 48 car;

— For composition of cars with metal products,
setting of covered wagon for MSS escorting — 43 car;

— Cars to be placed into train main part — 223
car, incl.:

— Cars, requiring MSS escorting — 92 car;

— Cars loaded with metal and metal products —
131 car.

Total car downtime at the station consists of
productive and unproductive downtime. Productive
downtime includes time for process operations,
time for car formation, while unproductive down-
time includes the process operation queue time.

The question of reducing the average downtime
of all car categories (transit without rehandling,
rehandled, local) at the station should be solved by
reducing unproductive downtime.
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Findings

The methods of mathematical statistics allowed
building the histogram of car traffic flow distribu-
tion at the marshalling yard and assessment of their
parameters. The key quantitative and qualitative
indicators of the station operation were analyzed.
In order to analyze the effect of rehandling volume
on the rehandled transit car downtime elements at
the station we plotted the dependence graph of the
car downtime elements on the rehandling volume.
The curve variation on the graph clearly shows the
effect of rehandling volume on two downtime ele-
ments: during formation and in expectation of op-
erations.

In case of small rehandling volumes the car
downtime decrease should be achieved mainly by
reducing the car formation costs organizing the
approach of locking groups, replacement of one-
group minor purpoe trains with the group ones, etc.
In case of large rehandling volumes the focus
should be given to reducing the time of breaking-
up, composition and departure processes, in order
to shorten the queue downtime.

Originality and practical value

One of the main kinds of unproductive
downtime during the carriage of goods by rail is
a downtime on the marshalling vyards in
expectation of technological operations because of
the system congestion. Reduction of this indicator
is possible due to rational use of the marshalling
yard capacity provided the rational distribution and
car- and train flows between the major marshalling
yards of Ukrzaliznytsia. The analysis of changes in
downtime elements, depending on the rehandling
volume allows not only to identify the car
downtime reduction methods, but also to make
a correct assessment of station staff work, as well
as to adjust the rate of idle cars. The rate of car
downtime at the station is set for a specified
amount of work. But the actual rehandling is
different from the target one. In this regard the
objective evaluation of station staff work requires
adjustment of the rate on the amount of work
performed.

Conclusions

The question of reducing the average downtime
of all car categories at the station should be solved
by reducing unproductive downtime. The correct

determination of the average time spent by
a rehandled transit car at the station is essential,
especially in the conditions of new system of
economic incentives. But still there is no separate
methodology for determining the car downtime,
which would allow to objectively consider the
equipment and operation technology and exclude
the possibility for subjective decisions.
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NCCIEJOBAHUE CTPYKTYPbBI BAT'OHOIIOTOKOB
ITO NPUBLITUIO U OTITPABJIEHUIO
COPTUPOBOYHOM CTAHIIUU X

Hens. Hayunas paborta cBoel LENbI0 MMET aHAIIN3 UMEIOMICHCS OpPraHU3alii BarTOHOMIOTOKOB TI0 COPTHPOBOY-
HOM CTaHIIMU C LENbI0 YMEHBIICHUS IpocTOosl BaroHoB. Meroauka. Mcrmons3ys METOIbl MaTeMaTHYecKOW CTa-
THUCTHUKH, OBUIM ITOCTPOECHBI THCTOTPAMMBI PacIpe/ICICHUs] BATOHONOTOKOB COPTUPOBOYHON CTAaHIIMU M MPOBECHA
OLIEHKa HX mapamMeTpoB. [IpoaHanmn3MpOBAaHO BBHIIOJHEHHE OCHOBHBIX KOJMYECTBEHHBIX M KauCCTBEHHBIX
nokasarenei paboTel craHumu. [l aHanm3a BIMSAHUS 00beMa NepepaOOTKM Ha JIEMEHTHI MPOCTOSI HA CTAHIUU
TPaH3UTHOTO BaroHa C HepepabOTKOH MOCTpOeH IpaduK 3aBUCUMOCTH 3JIEMEHTOB IIPOCTOS BarOHOB OT 00beMa
nepepaboTku. Xapakrep U3MEHEHHsI KPUBBIX Ha rpadyKe HarisaHO oToOpaxxaeT BiusHUE o0beMa nepepaboTKu Ha
JIBA 3JIEMEHTa MPOCTOA: MOJ HAKOIUIEHHEM U B OXHJIAaHWM BBINOJIHEHUS onepanuil. PesyabTatel. IloarsepxaeHo,
YTO BOMNPOC COKPALIEHUSI CPETHETO BPEMEHH NMPOCTOS BATOHOB BCEX KATErOPUil HA CTAHLUH HYXKHO pelaTh 3a CUET
YMEHBIIEHNsT BPEMEHU HENPOU3BOIUTEIBHOIO MPOCTOs. BepHoe omnpeenenne cpeJHEro BpeMEHU HaXO0XIACHHUs Ha
CTAaHIIMM TPAH3UTHBIX BarOHOB C NEpepabOTKOM MMEeT BaXXKHOE 3HAUCHHE, TeM OoJiee B yCIOBHSIX HOBOI CHCTEMBI
9KOHOMHYECKOT0 CTUMYJMpoBaHus. Ho 70 CHX TOp Tak W HE CYIIECTBYET OTAENBbHONH METOJWKH OIpEIeTICHUS
MIPOCTOS BaroHOB, KOTOpasi MO3BOJISIA Obl OOBEKTHBHO YYHTHIBATh TEXHHUYECKYIO OCHAICHHOCTh W TEXHOJOTHIO
paboThl M HE [aBajga MecTa Uil CyOBeKTHUBHbIX pemieHui. Hayunasi HoBM3Ha. OJHMM M3 OCHOBHBIX BHIIOB
HETIPOU3BOAMTEIBHOTO MPOCTOS TPH MEPEBO3KE TPY30B KEIE3HOJOPOKHBIM TPAHCIIOPTOM SIBISETCA IPOCTOH Ha
COPTUPOBOYHBIX CTAHLUIX B O’KUIAHWU BBIIOIHEHHS TEXHOJIOTHYECKHX OIEpalMii U3-3a 3arpy>KCHHOCTH CHCTEMBI.
YMeHbllIeHHE 3TOr0 IMoKas3aTeds BO3MOXKHO IpH palMOHAJBFHOM MCIIOJB30BAHMM IIPONYCKHON CIIOCOOHOCTH
COPTHPOBOYHBIX CTaHIMN MpPH YCIOBUM PAlMOHAIBHOTO pACHpeeNieHHs BaroHO- M IOE3I0MOTOKOB MEXIy
OCHOBHBIMH COPTHUPOBOYHBIMH CTAaHIMSAMM YKp3anu3Heild. IIpakTudeckasi 3HAYMMOCTh. AHAJIN3 HW3MEHEHMS
3JIEMEHTOB ITPOCTOS B 3aBUCHMOCTH OT 00beMa MepepaboTKU MO3BOJISET HE TOJIBKO IEJICHANPABICHHO OIPEACIIATh
METOJIBI 110 COKPAIIEHHIO TPOCTOSI BarOHOB, HO M OCYLIECTBIISITh TOYHYIO OLIEHKY pabOThl KOJJIEKTHBA CTaHIIWH,
a TaKk)Ke KOPPEKTUPOBATH HOPMY IPOCTOSI BarOHOB.
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AOCTIIKEHHS CTPYKTYPU BAI'OHOIIOTOKIB 110 TIPUBYTTI TA
BIAITPABJIEHHI COPTYBAJIBHOI CTAHIIII X

Meta. HaykoBa poboTa Mae 3a MeTy aHaii3 HasBHOI OpraHi3alii BArOHOMOTOKIB IO COPTYBaNbHIN CTaHMIi i3
METOI0 3MEHIIEeHHS NPOCTOI0 BaroHiB. Metoauka. BukopucToByroun MeToqM MaTeMaTHYHOI CTaTHCTHKH, OyJH
no0yI0BaHi TiCTOrpaMy PoO3MO/Iiy BArOHOIIOTOKIB COPTYBAIBHOI CTaHIIii Ta MPOBEJCHO OLIIHIOBAHHS X MapaMeTpiB.
[TpoananizoBaHO BUKOHAHHS OCHOBHHMX KUJIbKICHHX Ta SIKICHUX MOKa3HUKIB poOoTH craHumii. /s aHamizy BIUIMBY
00’eMy mepepoOKH Ha €JIeMEHTH MPOCTOI0 Ha CTaHIi TPAaH3MTHOTO BaroHy i3 nepepoOkolo moOyayBaHO rpadik
3aJIXKHOCT] €JIEMEHTIB IPOCTOIO BAroHiB BiJ 00’e€My nepepoOKH. XapakTep 3MiHM KPHBHX Ha rpadiky HarisgHo
BiZIoOpaX<ye BIUIMB 00’ €My IepepoOKH Ha JBa €IEMEHTH IPOCTOIO: i)l HAKONMYEHHSIM Ta B O4iKyBaHHI BUKOHAHHS
orepariii. PesyabTarn. [linTBepmkeHo, IO MUTAaHHA CKOPOYEHHS CEPEJHBOTO 4Yacy IPOCTOI0 BAaroHIiB YycCix
KaTeropii Ha CTaHIii MOTPIOHO BHPINIyBaTH 3a paXyHOK 3MEHIICHHA Yacy HEMPOAYKTHBHOTO IPOCTOI0. BipHe
BU3HAYCHHS CEPEIHBOr0 4Yacy 3HAXO/DKCHHS Ha CTaHIii TPaH3UTHHX BaroHIiB i3 INEpepOOKOI Ma€e BaKIUBE
3HAYCHHS, TUM I1a4e B YMOBaX HOBOI CHCTEMH SKOHOMIYHOTO CTHMYJIIOBAaHHS. AJie IO IIbOTO 4acy Tak i Hemae
OKpeMoi METOIWKM BH3HAYEHHS IIPOCTOI0 BaroHiB, fka O J03BOIsIa OO’€KTMBHO BpaxOBYBaTH TEXHIUHY
OCHAIIICHICTh Ta TEXHOJIOTiI0 poOOTH 1 He AaBaja MicIs i ¢y’ ekTHBHUX pimeHs. HaykoBa HoBu3HA. OHUM i3
OCHOBHHX BH[iB HEIIPOAYKTUBHOI'O IPOCTOIO MIPH MEPEBE3CHHI BAaHTAXKIB 3aJII3HUYHUM TPAHCIIOPTOM € MPOCTiH Ha
COPTYBJIBHUX CTAHIISX B OYIKYBaHHI BHKOHaHHS TEXHOJIOTIYHMX Omepalid 4epe3 3aBaHTaKEHICTh CHCTEMH.
3MEHILICHHSI 1[LOTO TOKa3HMKA MOJXJIMBE TpU PpaIiOHAJIBHOMY BHKOPUCTaHHI IPOIYCKHOI CIIPOMOYKHOCTI
COPTYBAJIBHUX CTaHIl 3a yMOBH palliOHAJHHOIO PO3MOJALIY BaroHO- Ta IMOI3JOMOTOKIB MK OCHOBHHUMH
COPTYBAJBHUMH CTaHIiAMH YKp3aimizHuui. IlpakTuuHa 3HauYMMicTh. AHami3 3MiHH €JIEMEHTIB IIPOCTOIO
B 3QJIC)KHOCTI Bif 00’eMy mepepoOKu J103BOJISIE HE TUIBKU HIJTECHPSMOBAaHO BH3HAYaTH METOAM IO CKOPOYECHHIO
NPOCTOIO0 BAaroHiB, aje W 3IIMCHIOBaTH BipHY OLIHKY POOOTH KOJISKTMBY CTaHIii, a TaKOX KOPEryBaTd HOPMY
MPOCTOIO BaroHiB.

Kniouosi cnosa: BaroHONOTIK; COpTyBalbHAa CTaHLis; 00’eéM mepepoOKH; NPOCTiH BaroHiB, mapaMmeTp
HaKOIUYCHHS.
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MODELING OF DEVELOPMENT VERTICAL DEFORMATION
OF RAILWAY TRACK

Purpose. State of railway track must meet the conditions of safety, comfort and smooth ride. The presence of ir-
regularities deteriorates the dynamics of interaction of track and rolling stock, causes speed limiting, creates the pos-
sibility of movement safety violation. This brings up the question concerning the study of the factors leading to the
possibility of track irregularities and the process of their development. The purpose of this paper is to analyse the
processes of emergence and development of irregularities in the area of unequal vertical elasticity of railway track
using mathematical modelling. Methodology. Railroad under the trains works as the system of elastic bodies, so the
emergence and development of irregularities can be represented as the transition from elastic to permanent strain.
Irregularity development will affect the dynamics of interaction between track and rolling stock not only at the
wheel location directly in the area of irregularity, but also at a certain distance beyond. Therefore, to study the de-
velopment of irregularities, including those along the track, it is necessary to model the process of wheel load
movement along the area. The adopted model consists of a wheel set moving on inertia-free beam and resting on
individual supports. It is described by Lagrange differential equations. The work introduced the hypothesis that the
level of permanent strain is distributed in proportion to the dynamic deflection derivative. Findings. Location of
vertical longwise irregularity does not necessarily reproduce the location of the problem area. While in operation the
vertical irregularity extends not only in depth but also along the track, herewith the increase in length is accompa-
nied by the displacement of local maxima and the emergence of new ones. This leads to the development of so-
called «pits» when approaching unequal-elastic areas. Originality. The work provides further development of tasks
for track and rolling stock interaction modelling, in particular aimed to take into account the unequal elasticity areas
and their influence on the formation of the track irregularities. The paper proposes new approaches to modelling the
transition from elastic to permanent strain that allows predicting the development of track irregularity sizes depend-
ing on the area characteristics. Practical value. The results obtained by the author can be used to determine the
schedule for track equal elasticity renovation works, as well as to analyse the measures aimed at the prevention of
irregularities in areas with variable elasticity of railway track.

Keywords: track; track irregularity; rail deflection; unequal elasticity of track; interaction of track and rolling
stock; railroad crossing

During the track operation, even if it is in full
compliance with the standards, various geometric
During the whole period of operation the rail- irregularities are gradually emerging and develop-
way track must meet the desired conditions, espe- ing. Their elimination and prevention are reputed
cially the possibility to implement the set speeds. It  to be the main task of interim track repairs and its
is the practice to assess the track state by the indi-  current maintenance [11].
ces of its geometric position.
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The presence of significant irregularities dete-
riorates the dynamics of interaction of track and
rolling stock, prevents from comfort riding and
even creates the possibility of movement safety
violation. When reaching a certain size the irregu-
larities cause speed limiting [14]. This issue is of
particular relevance in terms of modern trends of
increasing velocity [7, 15], whereas the track main-
tenance rules in this case are more demanding.

Many modern scientific papers are devoted to
problems related to the study of track irregularities.
They cover the question of their influence on the
train dynamic performance [8, 10, 17, 20], as well
as the means and methods of their measurement
and evaluation [12, 16], and the design of measures
to strengthen the rail support layers to avoid the
emergence of irregularities [18, 19, 21], etc.

This brings up the question concerning the
study of the factors leading to the possibility of
track irregularities and the process of their devel-
opment. Given that railway track under the trains
works as the system of elastic bodies, the emer-
gence and development of irregularities can be rep-
resented as the transition from elastic to permanent
strain And that is emphasized in many scientific
studies, the cause of this is usually the areas of lo-
cal unequal elasticity.

Unequal elasticity of rail support can occur in
different cases. This may be a result of railway
track state violations — presence of track depres-
sion, unsuitable fastenings, ballast pollution, etc.
[1, 20]. The most prone to the unequal elasticity
development areas are those with heavy traffic or
leaning on weak soils. Besides the track unequal
elasticity can be caused by structural features, such
as adjacency to non-ballast bridges [13], presence
of crossings [6, 22], etc.

Purpose

The purpose of this paper is to analyse the pro-
cesses of emergence and development of irregu-
larities in the area of unequal vertical elasticity of
railway track using mathematical modelling.

Methodology

Today there are many different methods of
physical and mathematical modelling for interac-
tion of railway track and rolling stock. Depending
on the problem to be solved, one can use both rela-
tively simple two-dimensional design models and

developed models, which include the systems with
dozens of equations. Despite the fact that this re-
fers to the interaction of track and rolling stock,
still the problems focused on the rolling stock
study, and those focused on the railway track study
have fundamental differences. Rolling stock mod-
els are, in most cases, the systems of motion (vi-
brations) of the interconnected solids. Typically for
the mathematical description of these models use
the rail track more appropriate to describe not
move through solids, and because of their deform-
ity. Typically such models are mathematically de-
scribed by D'Alembert's principle. Railway track
operation is more naturally described not as motion
of solids, but the strains thereof. Therefore, the
railway track is more often mathematically de-
scribed by the models based directly on elasticity
or its numerical representations, such as FEM (fi-
nite element method) and others. Thus, using FEM,
the authors of the works [9, 10] examined the ac-
cumulation process of track vertical strain in the
experimental section caused by polycyclic applica-
tion of force. The essence of modelling process
described in these works was as follows. The first
calculation resulted in sleeper displacement in
a vertical plane due to the applied load. The calcu-
lation is repeated for subsequent iterations, but
each sleeper displacement acquired in the previous
calculation is retained in the form of air gap.

The calculation results of iterative simulation
for track settlement are shown in Fig. 1. So the
work [10] presents the conclusion that the increas-
ing number of iterations (tonnage pass) leads to the
development of track settlement, but the speed of
this process over time decreases.

Increasing irregularity affects the dynamics of
interaction between track and rolling stock. Here-
with this effect will be significant not only at the
wheel location directly in the area of irregularity,
but also at a certain distance beyond (due to the
gradual stabilization of vibrations and force redis-
tribution among the bogie wheels). Therefore, to
study the development of irregularities (including
those along the track) it is necessary to model the
process of wheel load movement along the area.

Given that all factors except vertical dynamics
are irrelevant for this problem, we adopted a sim-
plified model consisting of a wheel set moving on
inertia-free beam (rail), resting on individual sup-
ports (sleepers). The modelling took into account
the load transmitted from the wheel set, hard and
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dissipative connections between bodies of the
model, the possibility to set different hardness for
each support and geometric outline of the rail in
the vertical plane, Fig. 2.

Fig. 1. Calculations results of iterative FEM
modelling of track settlement [10]:
P —external load; Y - settlement; X — distance from
the force application point; N —iteration number
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Fig. 2. Design model of interaction between track
and rolling stock:
1 — wheel; 2 —rail; 3 — sleepers; 4 — sleeper support

The mathematical description of the model con-
sists of a system of Lagrange differential equations
of second kind and has no fundamental differences
from similar works [2, 4].

Separation of permanent strains from total ones
is a complex scientific problem, especially for mul-
tilayer systems such as railway track.

Establishing direct linear dependence of the
permanent strains values on the total ones violates
the adequacy of the model, especially under condi-

tions of stress, which is much lower than the level
of strength (which is more typical for passenger
traffic). In this case, the cause of permanent strains
will be not the track deflections, but their longwise
unevenness. Therefore the hypothesis was adopted
that increase in permanent strains for the next step
of iteration (Az . (x)), determined by passed

perm

tonnage (T ), is distributed along the area (x) in

proportion to dynamic deflection derivative
Zdyn(x)
dz,,, (X)
Az perm (X) - dé:( )
Ay ()< F(T), . (1)

3x, AZperm (X) =f (T)

Findings

The proposed approach allows exploring the
process of irregularity emergence caused by the
track unequal elasticity and its subsequent devel-
opment while in service.

Let’s consider the calculation procedure based
on the example with actual numerical output data.
We assume the railway area with the place of local
unequal elasticity, described by linear change of
rail support elasticity modulus from 40 to 30 MPa
in the middle of the area over 5 m length [5]. This
corresponds to the following sequence performed
to supports (sleepers):

U ={40, ..., 40,37, 33,30, 33,37, 40, .., 40} . (2)

The first calculation is performed for the track
without irregularities. Figure 3 shows the model-
ling results in the form of the area dynamic long-
wise deflection caused by passing rolling stock.
The deflection in the zone of constant modulus of
rail support elasticity corresponds to the analytical
calculations by the known formula [2, 3]

2(x) =%, @)

where P — wheel vertical force acting on the rail;
k — relative rigidity factor.

doi 10.15802/stp2016/60998

102

© D. M. Kurhan, 2016



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

Hayka ta nporpec Tpancnopty. BicHux J{HinponeTpoBCEKOro

HaLliOHAIIBHOTO YHIBEPCHTETY 3aili3HHYHOro TpaHcnopty, 2016, Ne 1 (61)

3AJIIBHUYHA KOJIIA
-1
€ C—

S

~-15
c
9
=}
o

9 2
-
[
[a]

-2,5

45 50 55 60

Area length coordinate, m

)

Fig. 3. Dynamic rail deflection for irregularity-free
areas with local unequal elasticity:
1 — unequal elasticity zone; 2 — rail deflection

The algorithm (1) allowed determining the per-
manent strains and transferring them to the model
as initial geometric track irregularity for the next
iteration. Thus, the process of gradual development
of irregularities is modelled — Fig. 4. For visual
separation of results the iteration sequence in Fig.
4 is shown with omitted intermediate steps.
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Fig. 4. Modelling of track irregularity development
in the area of local unequal elasticity:
1 ... 6 —sequence of calculation iterations

Similar to the considered numerical example
there were performed variant calculations for vari-
ous input data. The study results allow us to estab-
lish certain tendencies. The irregularity outline,
which is formed by permanent strains, reproduces
neither the outline of dynamic rail deflection nor
the outline of initial unequal elasticity. The perma-
nent strains acquire a maximum at the entrance and
exit of the dynamic irregularity (first it is unequal
elasticity zone, which disturbs the trajectory of the
wheel passing over it, and then — its merge with
geometric (static) irregularity). While in operation

the vertical irregularity extends not only in depth
but also along the track, herewith the increase in
length is accompanied by the displacement of local
maxima and the emergence of new ones. Devel-
opment of irregularities with a gradual shift of
peaks leads to the fact that it itself becomes more
significant factor of additional force interaction
compared to the original one — local unequal elas-
ticity, causing further expansion and shift of ir-
regularity. The result is that the geometric irregu-
larity does not always strictly coincide with the
location of cause of its formation.

In the above example (Fig. 4) the cause of ir-
regularity formation was unequal elasticity zone.
But once irregularity reaches a certain size, it is the
one that defines the dynamics of interaction be-
tween track and rolling stock and, consequently,
further development of the process. To demon-
strate this observation the iterations in the previous
example were stopped at formation of Il-degree
deflection [14] - the line «3» in Fig. 4. Further cal-
culations include the constant modulus of rail sup-
port elasticity along the whole area. The resulted
outline of the irregularity is shown in Fig. 5. For
comparison, this figure also imposed irregularity
from the previous example (line «6» in Fig. 4).
Figure 5 shows that local irregularity area had al-
ready no significant effect on the development of
irregularities.
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Fig. 5. Modelling of track irregularity development
for different variants of area state:

1 —initial irregularity; 2 — irregularity formed in view
of effect of initial unequal elasticity zone; 3 — irregularity,
formed by the output of the conditions of area
equal elasticity restoration
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Fig. 6. Modelling of track irregularity
in the crossing area:
1 ... 6 —sequence of calculation iterations

In some cases, the formation of track unequal
elasticity zone might arise not from maintenance
errors, but from design peculiarities, for example,
transition area from ballast track to the bridge [13]
or crossing zone [5, 6]. Based on the proposed
method the development of vertical irregularities in
the crossing zone was modelled. The crossing zone
in the output data is a track area with high increase
in modulus of rail support elasticity [6]:

U ={40,...,40,120, ...,120, 40, ..., 40} . ~ (4)

The above example shows that the presence of
the crossing, having formed a zone of increased
modulus of rail support elasticity, provokes the
emergence of track irregularity. The maximum
amplitude of such irregularity will be located at the
beginning and at the end of the formation. Over
time of area operation, the irregularity will de-
velop, along the track as well, that will lead to the
emergence of «gaps» outside the structure. These
findings correlate with the results of statistical
processing of field measurements of irregularities
ahead of non-ballast bridges and in the crossing
area, that are given in the works [5, 6, 13] and oth-
ers.

Originality and practical value

The work provides further development of
tasks for track and rolling stock interaction model-
ling, in particular aimed to take into account the
unequal elasticity areas and their influence on the
formation of the track irregularities.

The paper proposes new approaches to model-
ling the transition from elastic to permanent strain
that allows predicting the development of track

irregularity sizes depending on the area character-
istics.

The obtained results can be used to determine
the schedule for track equal elasticity renovation
works (current maintenance, complex repairs, in-
termediate overhaul), as well as to analyse the
measures aimed at the prevention of irregularities
in areas with variable elasticity of railway track.

Conclusions

One of the main causes of geometric irregulari-
ties should be considered track unequal elasticity.

Location of vertical longwise irregularity does
not necessarily reproduce the location of the prob-
lem area.

While in operation the vertical irregularity ex-
tends not only in depth but also along the track,
herewith the increase in length is accompanied by
the displacement of local maxima and the emer-
gence of new ones.

The irregularity amplitude increase intensity in
place of its original formation is reduced over op-
erating time, but the process evolves in other plac-
es, resulting in development of so-called «pits»
when approaching unequal-elastic areas.
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MOJEJIOBAHHS ITPOIIECY PO3BUTKY
BEPTUKAJBHUX JE®OPMALIN 3AJTI3BHUYHOI KOJIII

Merta. CraH 3ami3HHYHOI KOJIii MOBIHHEH BiINOBIiTaTH YMOBaM Oe3IeKH PyXy, IUIAaBHOCTI i KOM(pOpPTaOeIbHOCTI
i3mu. HasiBHICTE HepiBHOCTEH MOTipIIye TUHAMIKY B3a€MOJII1 KOJII Ta pyXOMOTO CKIIAAy, CTAE IMPUINHOI0 OOMEKEH-
Hsl IIBUAKOCTI pyXy, CTBOPIOE MOKJIUBICTH IOPYLIEHHA yMOB Oe3neku pyxy. [locrae mutanHs nociiukeHHs BakTo-
piB, 110 PU3BOASTE 10 MOKIIMBOCTI YTBOPEHHS HEpIBHOCTEH KOJIii Ta mporecy ix po3BUTKy. MeToro maHoi podoTn
€ aHa;i3 MPOIECiB BUHUKHEHHS Ta PO3BUTKY HEPIBHOCTEH y 30HI BEpTHKAIBHOI HEPIBHONPYKHOCTI 3alli3HUYHOL
KOJIii i3 3aCTOCYBaHHSIM MAaTEMAaTUYHOTO MOJC/IOBaHHS. MeToauka. 3ai3HUYHA KOs IMiJ MOI3AaMHu MPAaIoe K
cUcTeMa MpPY)XHUX TUI, TOMY IOSiBA& Ta PO3BUTOK HEPIBHOCTEH MOXKHA NPEICTaBUTH SIK NPOLEC HEPEeXOAy Bif
NPY>KHHUX JI0 3aJTMIIKOBUX Aedopmaltiil. 301IbIeHHsT po3MipiB HEPIBHOCTI Oy/e BIUIMBATH Ha JMHAMIKY B3a€MOJIl
KOJIIT Ta PyXOMOTO CKJIaJly HE TUIBKH IIiJl Yac po3TallyBaHHs Kojieca Oe3locepeJHbO B 30HI HEpIBHOCTI, a i Ha
neBHil Bifcrani 3a ii Mexamu. ToMmy U1 JOCHIKEHHS PO3BUTKY HEPIBHOCTI, B TOMY YHCJII O JOBXHHI KOJIii,
HEOOXiTHO MOJIENIOBAaTH caMe IIpolec pPyXy KOJICHOrO HaBaHTaXeHHA no austHui. [lpuitHata Monens, sika
CKJIAJIA€TBCA 13 KONICHOI MapH, IO PyXaeThes MO Oe3iHepIiiHil Oamnii Ta omupaeThcsi Ha OKpeMi omopu. Bona
OMHCYETBCS CHCTEeMOI0 maudepeHUifHNX piBHAHD Jlarpamka. BBemeHa rimore3a, MO piBeHb 3aNHIIKOBHX
nedopMamii  pO3NOAUIAETHCS MPOMOPIIHHO TMOXiAHIH AWHAMIYHOTO TporuHy. Pe3yasTtaTH. Po3ramyBanHs
BEPTUKAJIBHOI HEPIBHOCTI IO JTOBKMHI HE 000B’SI3KOBO IMOBTOPIOE MiCIIE TIOI0KEHHS MPOOIEMHOT AIITHKH. 3 9acoM
eKCIuTyaTarii BepTHKaJbHAa HEPIBHICTh IOIIMPIOETHCS HE TIMBKM B TAHOMHY, a W Y3IOBX KOJii, MpHYOMY
30UIBIIEHHST JOBXWHH CYIIPOBOKYETHCS 3MIILIEHHSM ITOJIOXKEHHS JIOKaIbHIUX MaKCUMyMIB Ta MOsBOIO HOBHX. Lle
NIPU3BOJIUTH JI0 PO3BUTKY TaK 3BaHMX «sIM» Ha MiJXOJi O HepiBHONPYKHOI ainsHky. HaykoBa HoBu3na. HaOynu
MOJATBLIOT0 PO3BUTKY 3a/1aui MOJICJIIOBAHHS B3aEMO/IIT KOJIIT 1 pyXOMOTO CKJIajy, 30KpeMa JJisi BpaxyBaHHs JAIISTHOK
HEepiBHONPYXXHOCTI Ta IX BIUIMBY Ha YTBOPEHHS HEpIBHOCTEH KoJjii. 3amporoHOBaHI HOBI MiIXOAW MO0
MOJICTIFOBaHHS TIPOLIECY IMEepeXoqy BiJ NMPYKHHUX 10 3aJHMIIKOBUX aedopMariid, sSKi Jal0Th 3MOTY IMPOTHO3YBAaTH
PO3BHUTOK pPO3MIpiB HepiBHOCTEH Koiii B 3aJIeKHOCTI BiJ XapakTepHCTHK IUITHKH. IIpakTHyHa 3HAYMMICTB.
OTpHuMaHi aBTOPOM pE3YJBTATH MOXYTh OyTH BHKOPHCTaHI JJIS BH3HAYCHHS TEPMIHIB NMPU3HAYCHHS PEMOHTHHX
pOOIT i3 OHOBIICHHS PiBHOIIPYXKHOCTI KOJIi, a TAKOX JJIS aHANI3Y 3aX0/iB, CIPSIMOBAHHAX Ha 3aM00IraHHS PO3BHTKY
HEpIiBHOCTEH Y 30HAX 13 3MIHHOIO MPYXKHICTIO 3aTi3HHYHOI KOJIii.

Kniouosi cnosa: 3ani3HNYHA KOs, HEPIBHICTH KOMii; AedopMariis Kouii; HepiBHOMPYKHICTh KOIIii; B3a€EMOJIis
KOJIii 1 pyXOMOTO CKIIa/y; 3aJIi3HNYHUHN 1epei3

JI. H. KYPTAHY

l*Ka(p. «]IyTp 1 myTE€BOE XO35HUCTBOY», JIHETPONIETPOBCKUI HALIMOHAJILHBIN YHUBEPCUTET JKEJIE€3HOA0POKHOTO TpaHCIopTa
uMmeHH akagemuka B. Jlasapsiaa, yi. Jlasapsina, 2, JuenponerpoBck, Ykpaunua, 49010, ten./dakc +38 (056) 373 15 42,
a11. moura kurgan@brailsys.com, ORCID 0000-0002-9448-5269

MOJEJUMPOBAHHUE NPOLHECCA PAZBUTHSI
BEPTUKAJIBHBIX JTE®OPMAIIUU KEJIE3HOAOPOKHOI'O ITYTH

Heas. CocTosiHNE KENE3HOJOPOKHOTO MyTH JIOJKHO COOTBETCTBOBATH OE30MAaCHOCTH ABUKEHHUSI, MIIABHOCTH U
koMmdopTadenbHOCTH NBMKeHHs. Haanyue HepoBHOCTEH yXyALIaeT TMHAMHUKY B3aUMO/ICHCTBUS IyTH U ITOJBUYKHO-
IO COCTaBa, SABJIACTCSA NPUYMHON OIPAHUYEHUS CKOPOCTH JBMIKEHUS, CO3[A€T BO3MOXKHOCTb HapyLICHMs yCIOBUI
Oe3omnacHoCTH JBIKeHUs. Bo3HMKaeT Bonpoc ucciieioBanust (akTopoB, KOTOPbIE IPUBOJASAT K BO3MOXKHOCTH 00pa-
30BaHUsl HEPOBHOCTEH IyTH, M Ipolecca X pa3BuThs. Llenbio naHHO# paboThI SBISETCS aHAIM3 MTPOLIECCOB BO3-
HUKHOBEHUS U Pa3BUTUS HEPOBHOCTEH B 30HE BEPTUKAIBHOW HEPABHOXKECTKOCTH KEIE3HOAOPOKHOTO ITyTH C UC-
MOJIb30BaHUEM MaTeMaTHYecKoro mMozaenuposanus. Meroauka. JKene3HOIOpOXKHBIN ITyTh MOJ] OE31aMH padoTaeT
KaK CHUCTE€MA YNPYTUX Tel, HOITOMY MOSBICHUE U Pa3BUTHE HEPOBHOCTEH MOXKHO IPEACTAaBUTh KaK IPOLECC Mepe-
XO/1a OT YNPYTHX K OCTaTOYHBIM Ae(hOopMaIisM. YBEIWYEeHHE Pa3MEpOB HEPOBHOCTH OYAET BIUSTH Ha JTUHAMHKY
B3aMMOJEUCTBHS IIyTH U MOABMKHOTO COCTaBa HE TOJILKO BO BPEMsI HAXOXKACHUS KOJeca HEMOCPEACTBEHHO B 30HE
HEPOBHOCTH, a U Ha ONPEACICHHOM PACCTOSIHHM 3a ee npenenamu. [1oaToMy 1 uccneqoBaHus Pa3BUTUS HEPOBHO-
CTH, B TOM YHCJIE 1O JUTMHE ITyTH, HEOOXOJMMO MOJEINPOBATh MIMEHHO IPOLECC JBIKEHUS KOJIECHON HArpy3KH 110
yuacTky. IIpunsaTa Monens, cocTosmas U3 KOJECHON maphl, KOTopasl ABHXKETCS M0 Oe3MHEpLUOHHON Oalike, Omu-
parolelicst Ha oTaenbHbIe onopbl. OHa onuckiBaeTcs cucteMoit nuddepenHunansHpIx ypaBHenui Jlarpamka. Beene-
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Ha TUIIOTE3a, YTO yPOBEHb OCTATOUHBIX Aeopmanuii pacrpenessieTcs NponopLIHOHaIbHO POU3BOAHON JUHAMUIE-
ckoro mporu6a. Pe3yabTatsl. PacrionoxeHne BEpTHKaIbHONW HEPOBHOCTH IO AJHMHE HE 00SA3aTEIBHO MOBTOPSET
MECTO TIOJIOKEHUS IPoOJIeMHOr0 y4acTka. Co BpeMEHEM HKCILTyaTalluy BEpPTHUKaJIbHAs HEPOBHOCTh PACHPOCTPAHS-
€TCsl He TOJIBKO B TIyOMHY, HO M BJOJb ITyTH, IPUYEM yBEJIHUEHHE AJIUHBI COMPOBOXKIACTCS CMEIICHUEM IOJIOXKe-
HUS JIOKQJIbHBIX MaKCUMYMOB U TTOSIBIICHHEM HOBBIX. JTO IPUBOAUT K Pa3BUTHIO TaK HA3bIBAEMBIX «SIM» Ha MOJXO0JIE
K HepaBHOXKeCTKOMY y4acTky. Hayunast HoBu3Ha. [IpuoOpenu nanpHeliiiee pa3BuUTHE 33/1a4d MOZICIMPOBAHUS
B3aUMO/ICHCTBUSI ITyTH U TIOIBU)KHOT'O COCTaBa, B YaCTHOCTH, JUISl ydeTa y4aCTKOB HEPAaBHOXKECTKOCTH M MX BIIMSIHUS
Ha oOpa3oBanue HepoBHOCTeH myTH. [IpakTnyeckast 3HaYMMOCTh. [lomydeHHBIE aBTOPOM pe3yIbTAThl MOTYT OBITH
WCIIOJIB30BaHBI IS OIIPEEIICHIsI CPOKOB MPOBEACHHS PEMOHTHBIX Pa0OT 10 BO30OHOBJICHUIO PaBHOXKECTKOCTH ITy-
TH, a TaKKe IJIs aHAIN3a MEPONPHUATHH, HAlPaBJICHHBIX HA MPEAOTBPALICHIE Pa3BUTHS HEPOBHOCTEH B 30HAX C Ie-
PEMEHHOM KECTKOCTBIO JKEJIE3HOAOPOKHOTO Iy TH.

Kniouesvle crosa: ene3HOIOPOKHBIA MyTh, HEPOBHOCTH IMyTH; AedOpMalys MyTH, HEPAaBHOKECTKOCTh IIyTH,
B3aUMO/ICHCTBHE MyTH U MOJIBIKHOTO COCTABA; JKEJIC3HOAOPOKHBIA TIepees
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KOHCTPYKTHBHAS MOJEJIb AJAIITALIUN
CTPYKTYP JAHHBIX B OIIEPATUBHOMU ITAMSATH:
YACTD |. KOHCTPYUPOBAHUE TEKCTOB ITPOI'PAMM

Heab. CtpemMurenbHO pactyiiye 00beMbl 00padaThIBAEMBbIX JaHHBIX WH()OPMALMOHHBIX CHCTEM CYILECTBEHHO
CHI)KAIOT BPEMEHHYIO 3P (PEKTHBHOCTh aJITOPUTMOB UX 00paboTku. OHUM U3 HAIIpaBJICHUH pelIeHHs JaHHOW po-
6aembl sBisieTcs 3P QeKTUBHOE pasMelieHue JaHHbIX B onepatuBHoi mamsatu (OIT). Heo6xomiumo pa3pabotaTts Mo-
JIeIIH, TT03BOJISIIOLIME aBTOMAaTU3UPOBAHO pelllaTh 3a/lauu palMoHalIbHOro padMmenieHus nanHbix B OIl. MeTtoauka.
Jnst MonenupoBaHus mpoleccoB aaantauuu ctpyktyp nanubix (C/I) B OIl nprMeHeHa METOI0IOTUsl MaTeMaTHKO-
ITOPUTMUYECKOTO KOHCTPYKTHBHM3MA. JIaHHBIH MOAXO0J TpexycMaTpuBaeT pa3pabOTKy KOHCTPYKTHBHO-
npoaykunoHHeiX  cTpykTyp (KIIC) ¢ mnpeobpasoBaHUsIMH CHELHANTH3ALNM, HHTEPIPETALMH, KOHKPETH3AlUH
n peammsanuu. Paspaborka KIIC mnpemycMmaTpuBaeT OINpeneicHHE pacuIMpsieMOro HOCHUTENS, CHTHATYPHI
OTHOIICHWH, Omepanuii ¥ KOHCTPYKTHBHOW aKCHOMAaTWKH. Hawmbonee CIOKHOW H CYIICCTBEHHOH YacTbIO
AKCOMATHKH SIBISIETCSI MHOXECTBO (DOPMHPYEMBIX NpaBHI IIOACTAHOBKH, OIPEACIAIONINX IPOIECC BBIBOJA
COOTBETCTBYIOIIMX KOHCTpPyKuuil. Pe3dyabrarhl. ABTOopamm paspaborana cucrema KIIC, cocrtosmas u3
KOHCTPYKTOpa JIOTHYECKOW CTPYKTYpbl TaHHBIX, NpeoOpa3oBaTenell JIOTHYECKOH CTPYKTYpHl B IPOrPaMMHBINA
uHTepdeiic ¥ UMILIEMEHTAIMIO Ha S3bIKEe POrPAMMHPOBAHHs, KOHCTPYKTOPOB CLICHAPHEB U IIPOLIECCOB aJalTalliu.
Pe3ynbpraToM peanu3anuy KOHCTPYKTOpa IMpoOILlecca ajanTaldH SIBISIOTCS T'€Hepalldd HpOrPaMMHOTO TEKCTa
OMONMOTEKN KJIAaCCOB, pealiM3yIoleil 3alaHHYI0 JIOTMYECKYI0 CTPYKTYpPY AaHHBIX C COOTBETCTBYIOIIUMHM OIepa-
oUsiIMA MX 00paboTKM, M ee KOMNWsiuus B OuHapHbli kon. Hayunasi HoBm3Ha. Bnepsble mpeanoxeHa
KOHCTPYKTHUBHAsE MOJIENb IIPOLECCOB pa3pabOTKM M aJaNlTallid CTPYKTYp HJaHHBIX K PaslIMuHBIM MPOTrpPaMMHO-
anmapaTHbIM cpepaMm. [lpm sToM amantupyercss pasmemieHue JaHHbIX B OIl m anropurMel mx o0paboTKH.
[IpumeHneHne KOHCTPYKTHMBM3MAa B MOJEIMPOBAHWM IO3BOJIJIO B pPaMKax EIMHOTO IOAXOAAa W HPUMEHSIEMBIX
CPEZCTB CBSI3aTh MOJIETH JITAaHHBIX M aJITOPUTMBI MX 00pabOTKN ¢ KpUTEpUsIMU 3(P(PEKTUBHOCTH. Y COBEpPIIEHCTBOBA-
Ha MeToauka opmupoBanus cucteMsl KIIC, MexaHn3MBI, CBA3M MEXAY B3auMoIonoiHsomumMy apyr apyra KIIC.
Mopudukanus KOHCTpYKTOpa M HpeoOpa3zoBaTeneil MO3BOJSET KOPEHHBIM 00pa3oM M3MEHSATh M HCCIEIOBAaTh
npouecc aganranuyu. IlpakTudeckasi 3HauMMocTb. Pa3paboTaHHass MOJEnb IO3BOJSET ABTOMAaTHU3UPOBATH
MPOLIECCHl  PAlMOHANBHOTO pa3MemieHns AaHHelx B OII, 4To, B CBOI0O O4Yepenp, MOBHILAET BPEMEHHYIO
3¢ (GEKTUBHOCTH MPOTPaAMM CO 3HAYMTEIBHOM 7016l 00pabOTKH OOJBIINX U OYCHB OOJBIITHNX 00BEMOB JAHHBIX.

Kniouegvie cnosa. cTpyKTypa AaHHBIX; KOHCTPYKTHBHO-NIPOIYKIMOHHASL CTPYKTYpa; aJanTanus; KOHCTPYKTOp;
nmpeobpa3oBareb
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BBenenue

CymiecTByeT HECKOJIBKO TOAXO0J0B (opMaiu-
3aimu cTpykTyp AaHHbix (C/I). B GonbpiumHCcTBE M3
HUX MOJIENIM AAaHHBIX HE CBA3aHBI C aJrOPUTMaMH
00paboTku. Takast CBS3b MPOCIEKUBAETCS B pabdo-
tax [1, 2, 5], B KOTOPBIX 3aJI0’KEHbI OCHOBBI aJre0-
paMyeckoro ammapaTa, IZe B OIHCAHHE YIpaB-
JSIIOIUX ~ CTPYKTYp  @ITOPUTMOB  OPraHUYHO
«BCTpOCHBI» naHHble. B [1] peamu3oBan KoM-
TUIEKCHBIA TOJXO0J Ha OCHOBE TPEXOCHOBHOH ai-
reOpanydeckoi cucTeMsl. [Ipu onucaHuu KOMIO3u-
UOHHBIX CXEM aJITOPUTMBI COTJIACYIOTCS C YIpaB-
narommMu  crpyktypamu u CII. Ommcanue CJ]
B BHJIE CXEM JAaHHBIX MO3BOJISET X AETAIU30BaTh,
obecrieunBasi crenM(UKALMIO AAaHHBIX Ha BXOJE
Y BBIXO0JIe MPOM3BOAHBIX J[-omeparopos. CJl moryT
OBITH PEeKOH(UTYPUPOBAHBI B COOTBETCTBUH C H3-
MEHEHHEM JITOpPUTMa pelaeMon 3a1adH.

OnHako, B 3TOM W JAPYTHX MOAXO0JAaX OTCYTCT-
BYET CBSI3b MEXKIY JIOTHYECKHM IIpeJCTaBICHUEM
JAHHBIX U TIPEACTaBICHUEM IAaHHBIX B OIEpaTHB-
HOHM MaMsITH B TPOIIECCE BBITIONHEHUS 00pabOTKH
JAHHBIX, YTO HE TO3BOJISIET PElIaTh 33Ja4d ONTHU-
MHU3alMU U agantauuu pasmemeHus Cl B omepa-
tusHOM mamsTu (OIl) Ha OCHOBaHMH KPUTEPHEB
BpPEMEHHOH () (HEKTUBHOCTH.

[Mpobnemsr popmanuzanuu CJl Ha JOrUIecKoOM,
(U3MUECKOM M NPOMEXYTOUHBIX YPOBHSX Opra-
HUYHO pemratotes cpenctBamu KIIC [12].

Hean

CrpemMuTeNnbHO pacTylnue oO0beMbl 00padaThI-
BAa€MbIX JAHHBIX MH(GOPMALMOHHBIX CUCTEM CyIle-
CTBEHHO CHIDKAIOT BpeMeHHYI 3(dekTuBHOCTD
AITOPUTMOB UX 00paboTku. OZHUM U3 Hampasiie-
HUAW peIIeHUs NaHHOH MpoOJeMBI SABIAETCA -
(eKTHBHOE pa3MelIeHUE AaHHBIX B ONEpPaTUBHOU
namsitu (OI1).

UHncTpyMeHTanbHBIE CPEACTBA ONTHMU3ALUH
nporpaMM  HE TPeayCMaTpHBAalOT W3MEHEHUH
B pa3MeIleHNH U COOTBETCTBYIOLIEH 00paboTKe
nmaanbix B OIl. HekoTtopsle mpuemMsl ux 3¢ QexTus-
Horo mpoektupoBanus [8-11, 14] tpebyror BBICO-
KOTO YpoBHS TIpodecCHOHAaNbHON TOATOTOBKH
CHELUAINUCTOB U SBJSIFOTCS TMO0 YHUBEPCATbHBIMU
(He yuYMTHIBAIOIIMMHU OCOOCHHOCTEH MPOrPaMMHO-
anmapaTHOW CpPeJbl MX UCITIOIb30BaHM), JIHOO Y3KO
CHeNUaIN3UPOBAHHBIMU.

Heo0xoauMbl MoJeny, TO3BOJISIOMINE aBTOMA-
TU3UPOBAHO peEIlaTh 3aadd PalOHAJBHOIO pa3-

memienus: JaHubix B OIl ¢ yueroM mporpammHoO-
anmnapaTtHod cpenbl uMX skcIuryarauuu. IIpu stom
JOJDKHBI BBITTOJHATHCS JIMIIB JOMYCTHUMBIE MTpeod-
pasoBaHus [6] CTPYKTYp JAHHBIX.

MeTtoanka

0O06001eHHON KOHCTPYKTHUBHO-TIPOTYKIIMOHHOM
ctpykrypoii (OKIIC) Ha3biBaetcs Tpotika [12]:

Cs =<M,Z,A >,

rae M — HeOTHOPOAHBIM HOCUTEIh CTPYKTYPHI;, X
— CHUTHATYpa, COCTOsAIIas U3 MHOXKECTB ONepaunuit
CBSI3bIBaHMS, IOJICTAHOBKM M BBIBOJA, OINEPALMIA
HaJ aTpuOyTaM¥u ¥ OTHOLICHHUS MOJICTAHOBKH; A —
KOHCTPYKTHBHasl akCMOMaTuka. AKcHMoMaTHka A
MOJHOCTBIO TpesicTaBneHa B [12].

HasnaueHne  KOHCTPYKLMOHHO-IPOILYKIMOH-
Ho#t cTpykTypbl (KIIC) cocrout B (hopMUPOBAHHH
MHOXXECTB KOHCTPYKUUN C IMOMOILIBIO ONEpaLuii
CBSI3bIBaHMS, IOJICTAHOBKH, BBIBOAA W ZIp. Olepa-
1K, 3a/1aBa€MBbIX IPAaBUIIAMU aKCHOMATHKU.

B nmanHO# paboTe moa KOHCTPYKIMSMH ITOHU-
MaroTcst (OpMUpPYyEMbIe KOHCTPYKITUH JTIOTHIECKIX
crpykryp ganseix (JICH), TekcTbl mporpamm
B OIKCATENILHOW M UCHOJHUTEIBHON (popme, ciie-
Hapuu 00paOOTKH JNaHHBIX, KOHCTPYKTUBHBIE TPO-
LECChI aJanTal1u.

s GpopMupoBaHMs KOHCTPYKIMH HEOOXOIH-
MO BBITIONHSATH PSJT yTOYHSIOIINX TPE0Opa3oBaHUi
OKIIC [4, 12]:

— CIeNUaANN3alysg OIpelesieT MPeAMETHYIO
001acTh: CEMaHTUYECKYIO MPUPOLY HOCUTENS, KO-
HEYHOE MHOXECTBO OIEpaluil U UX CEMaHTHKY,
aTpuOyTUKY OTepanuii, MOPSIOK MX BBITOJHEHUS
Y OTpaHUYEHHUS Ha MpaBWJIa MOJCTAHOBKH;

— MHTEpIIpeTaIus 3aKI0YaeTCsl B CBSI3bIBAHUU
ONepaldidi CUTHATYphl C aJrOPUTMAaMH BBINOJIHE-
HUS HEKOTOPOM aJIrOPUTMUYECKON CTPYKTYpBI
[13]. IIpu uHTEpHIpeTalliK BBHINOIHSACTCS CBSA3bIBA-
HUe WH()OPMAITMOHHON MOJENH Crocoda MmocTpoe-
HUS KOHCTPYKIUN ¥ MOJAEIH UCIIOTHUTES,

— koHkpetuzanus KIIC 3akmowaercs B pac-
LUIMPEHUH aKCUOMATUKU MHOXECTBOM IIPABHII MPO-
JIyKUWH, 33JaHUM KOHKPETHBIX MHOXECTB HETEp-
MUHAQJIBHBIX U TEPMHHAJIBHBIX CHMBOJIOB C HX arT-
pubyTamMu W, Ipu HEOOXOAWMOCTH, 3HAYCHUH at-
puOyTOB;

— peamuzanus KIIC 3axmrogaercst B ¢popMupo-
BaHUHU KOHCTPYKIMHU U3 31eMeHToB HocuTens KIIC
IyTEM BBIIOJHEHUS aJrOPUTMOB, CBSI3aHHBIX
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C omnepanusMu CUTHAaTyphl. Peanm3anms Bo3MoxHA
TOJIKO JUISl MPEIBAPUTEIBHO CICIUATU3UPOBAH-
HOW, WHTEPIPETUPOBAHHOW M KOHKPETU3WPOBAaH-
noit KIIC [12].

Cornacuo axcuomaruke OKIIC ¢opmoit |
¢ arpubyToM W Ha3bIBaeTCsS HaOOp TEPMUHAJIOB
U HETEPMUHAIIOB, OOBEIUHIEMBIX ONEpPalUIMHU
cBs3biBaHus. KoHcTpyknued HasbiBaeTcs (opma,
coJiepKaliias TONbKO TepMUHAIBI [12].

IIpaBumna MOJICTAHOBKH HAMEIOT BHU]
W, :<Sr, g,>e‘}’, rae S, — OTHOILICHHA IOACTa-
HOBKHM;, (, — HaOop omepauuii HaJ aTpuOyTaMH.

OTHollIeHNE NOCTAHOBKH — JJBYMECTHOE OTHOIIIE-

uue ¢ arpubyramu I\ — , |; [12]. Jns dop-
i i

+w ) 1 mocryn-

OTHOIIICHUS HOJCTaHOBKH

=, |, raxoro, uro , I, <, 1, (,, I, sBos-

MBL b= Oy by lorees o
HOTO

whlh w,
ercs 4acTeio , l|), pesynbTaToM TpexMecTHOH

olepalyu IMoJCTAHOBKH Wp:>(Whlh,Wq lgsw 1) 6y~

ner  Qopma WI*II:w0®(w1|1’w2|2""'wq|q""’wk|k)

[12], rne @© — nmroGast omeparys CBS3bIBAaHHA U3 X .
Oneparnus 4aCTUYHOTO BBIBOJIA

"= (= (¥

- BI>I60pe OAHOI'0 U3 NOCTYIIHBIX IMpaBWJI MOACTA-

[)) 3akmogaercs B:

maxn,d,m ! maxn,q,m

HOBKU ;V/, :<sr, gr> eV, ¢ oTHOIWIEHNAMH TIOZICTa-

HOBKH Sr M BBIIIOJIHCHHWHU Ha €ro0 OCHOBC onepaunﬁ

TIO/ICTAHOBKH, T7i¢  — BEKTOP JOCTYITHOCTH TPABHIL
JocTtynHocTh nipaBuiia 4V, OIpenensercs: 3HaYCHH-

eM BekTtopa joctynHoctH: eciu d, =1 mpasmio goc-
tynHo, ec d, =0 — npaBuIIO HENOCTYIHO;
— BBINOJIHCHUH OIepaLuii HaJl aTpubyTamMu g, .
ITopsiioKk MpUMEHEHHUsT ONEpaIii Haj aTpuoy-
TaMH B TPOIIECCE BHIMOJHEHUS ONEPAIMH YaCTHY-
HOTO BBIBOJIA 3a/1aeTCst aTpubyToMm 1T, rae T; €,

I ={t5, 7}, | ©Myuc, T, — OHepanus Haj aTpu-
OyTOM BBINONHACTCA MEpei Oneparuel MojacTa-
HOBKH, T, — IIOCJIE OIIePAINH TTOACTAHOBKH.

Omepariysi OJHOTO BbIBOJAA (MM MPOCTO BbI-
BOJIA) 3aKJIFOYACTCS B TOCIEIOBATEIBHOM BBIMOJ-
HEHUU OMNEpaluyd YacTHUYHOTO BBIBOJA, HAYMHAS
C HayaJbHOTO0 HETEpPMHHAJA U 3aKaHYMBas KOHCT-
PYKLMEH, yAOBIETBOPAIOUIEH YCIOBHUIO OKOHYAHUSA
BBIBOJIA.

VYcnoBueM OKOHYaHHUS BBIBOJA SIBIIAECTCS OT-
CyTCTBHE HETEPMHUHAJIOB B (hopme.

Pe3yabTaTthl

B nepBoit wactu paboThI MpeCTaBIeHBl BCIIO-
MoraTellbHbIe KOHCTPYKTOPHI, TIO3BOJISIFOIINE KOH-
CTPYHpPOBaTh MHOXKECTBO pAa3IMYHBIX BapHAHTOB
pasmenienust ganHeix B OIl u nmopoxnatommue co-
OTBETCTBYIOIIME MM TPOTPaMMbl 00pabOTKH JaH-
HBIX, TAKHX KaK JI00aBIICHHUE, TIOUCK U T.JI.

Koncmpyxkmop noeuueckoii cmpykmypuvl OaH-
Hoix. DOpMaTIBbHOU CTPYKTYpPOU NJIs1 MPOEKTUPOBa-
Husa CJI ma mormyeckom ypoBHe HazoBeM KIIC
Ch:

C=<MZA>>Cp=<Mp.ZpAp>.02)

rae ¢b> — omepaius clelnuanu3auud hopmab-
HBIX CTPYKTYp (Omepariysi BBIOJHACTCS BHEIITHHM
UCIIOJIHUTETIEM),

Zip =<Eip: O, Po {}>, Elp ={+.0. 5},
A=A UA, A=A UA,.
Al :{MLD = (T U N)YT :{Axi 5Si Xi}’N :{Si ai}}!

rae {X} — MHOXECTBO NpPOCTEHIINX DIEMEHTOB
JAHHBIX ¢ aTpuOyTaMu: TUIOM type, ompenensto-
I[MM MHOXECTBO MOIYCTHMbBIX 3HAa4eHWi X,
MHOJKECTBOM J0IycTUMBbIX omepauuii Op ={0,},
cemaHTukoi ¢, ; {0;} — MHOXXECTBOM HETEpPMHHA-

JIOB.

MHOXECTBO  JTOMYCTHMBIX  omeparuii ~ Op
BKIIFOYAET OMepalui MOWCKa, yIaleHus, qo0asie-
HUS W OTIepaIiy, IIOCTPOSHHbIe Ha MX ocHoBe. Ha-
MPUMEDP, MOMUCK 110 KJIIOYY, yAaJeHHe HECKOJILKUX
AJIEMEHTOB.

YactuuHas akcuoMaTHKa A, BKIIOYAaeT Clle-

AYHOIHE aKCUOMBI 1 MHCTPYKTUBHBIC JOIIOJTHCHH.
Omnepanyst CBSI3bIBAHMS TEPMUHAIIOB X; * X; 00-

JjagacTt CBOWCTBOM CI/IMMeTpI/I‘lHOCTI/IZ
vsl Xi s X & s, ES; = XioX; = XK.

Onepanysi mnpenHa3Hau€Ha [JIsl CBA3BIBAHUS
HEOJHOPOHBIX AJIIEMEHTOB.
Omnepanust CBS3BIBaHHSL TEPMHHANOB X O X;

o6naz[aeT CBOMCTBOM AHTUCUMMETPUYHOCTHU!
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VX O Xj& s =8 =X0X #X; OX.

Omnepaunsi npenHa3HaueHa A CBA3BIBAHUSA
OJTHOPOJHBIX 3JIEMEHTOB B NPUMHTHUBHYIO KOHCT-
PYKLHIO.

3HavueHHE TPEXMECTHOW OIepanusi yCJIOBHOTO
BeIOOpa +(C,a,b) sBusercs a, ecnu c=true u b
B IPOTUBHOM CllyYae.

Omnepaunu CBS3bIBaHUS MMEIOT WACHTH(HUIN-
pytommit atpubyt p, € P={p,,p,,....p}, TAe N —
oO1Iee KOJIMYECTBO TPYMI ONEpaluid CBSI3bIBAHUS
B KOHKPETU3UPOBAaHHOM rpaMmaTuke. ATpuOyT p,
IPUMEHSAETCS IJIs1 WACHTU(UKALUYN ONEePaLuH CBSI-
3bIBaHMS B pa3nyHbIX yacTsax JIC/.

Jns watepnperanmu C ; MOCTPOUM MOJETb

WCITOJTHUTETIST B BHAE 0a30BOH alTOPUTMHYECKOM
crpykrypsl (BAC) [13]:

Cao =<Ma 10 Vap:Za o Aao >

rne M, p — HEOMHOPOAHBIA HOCUTEND, Vj p

MHOKECTBO 00pa3yIOIIUX aJIOPUTMOB 0a30BBIX
(371eMEHTapHBIX) 11 HEKOTOPOTO HCIIONHUTEIS,
2\p — curHarypa u A, — akcuomaruka. Ho-

Mpp 2TUNUQ(C, ) UW,

Q(Cpp) Bce cHOPMHUPOBAHHBIE ANTOPUTMAMH

CHUTCJIIb rae

ANTOPUTMHUYECKON CTPYKTYpPbl KOHCTpyKuuu, W —
MHOXECTBO JONMYCTHUMBIX 3HauYeHUH aTpUOyTOB.

0a30BbIX Vi oA |,:"':j‘ :

0
AL
itj

fj
A | s

MHOkeCTBO
0 A 0
ALz A Al

f.
BaHHBIX {A |f: ot

cQ(Cy |p) aNropUTMOB:

Il I ol

} u ckoHcTpympo-

f.
A |fij,\y}UVw

I
ik

— BBITIOJIHCHUST OTEPAIdK KOMITO3MIIUH aJIro-
0 |AA Y
put™MOB A |: o (Aly — amroput™ HaJ TaHHEIMH
i
U3 BXOJHOIO MHOKECTBa X CO 3HAYEHHUSMH U3

muoxectBa Y, A’ — obpasyrommii anropur),
ALA €Q(Chus) A A -

BBIIIOJIHEHHE aroputma A; mocie anropurMa A ;

OCJICa0OBATCIIHPHOC

— YCJIIOBHOT'O BBITIOJTHCHU L aJIropurMa

0 o
A2 |Ai , KOTOPBIM 3aKJIFOYA€TCsA B BBIITOJTHEHUU
2,25, A

anropurma A mpu ycnosuu Z, D Z,;

— CBS3bIBAHUA HEOOHOPOOHBIX 3JICMCHTOB
|l
0 it *.
AL eFT
il
— CBS3bIBAHUSA OIHOPOAHBIX 3JIEMEHTOB
li ol *
A2|' lilialeF;
I
— BBIIIOJIHCHUS OHepaHI/II/I IIOACTAaHOBKHU

f.
; .
A |Ih!|q'fi , ffieR Ll €S
— BBINIOJIHEHUS OMEPaldii YaCTHYHOTO W TIOJI-
. .
J J .
HOTO BbIBOZIa Ay |fiv\{l’ A, |fi,‘1’ fi, fj eF;

— BBINIOJIHEHMSI OIEPAIlUU YCJIOBHOTO BBIOOpA

AS |\cl,a,b ;

— MHOJKECTBO aJITOPHUTMOB, PEATN3YIOLIHUX OTle-
pauuu Haj aTpuOyTamu V,, .

Untepnperarust popManbHONW CTPYKTYPHI MPoO-
extupoBanus CJl Ha JIOTHYECKOM ypOBHE:

<Clp=<Mp,Zp,Ap >,
Cao =<Ma1p.Zap:Anrp >>
= 1 Clp =M, 5.2 1p:A b >,

rle > — Omepalys HHTEPIPETAIHH;
Y )
Ao =Ap UAG A, ={(A ||i Y|jj Je);
I =1l . f. . f .
(AL HO) (Al =) (Al )

Ay JI=) (Bl ) Vo ed®:3

(ALY, "™, Al eQChwo)}
Paccmotpum oxny u3 koHkpern3ammii | C,, Ha
pHUMepE JTOTHYeCKoi cTpyKTypsl BMP ¢aiina [7]

1Clo =<M, 5.2 10 Ay 1o >

K CLBMP =<M

Leve " “Levp ' * " Lawp

TOe (> — omepanusd KOHKPETHU3alluH,
M, 2T UNp UN;

z =2 1p Y Zgwp ;

LBMP

ZBMP :{IISII’IIZII’II<ll,ll>ll,ll::",ll+ ll};
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ALBMP =A|,LDUA4UA5' A4 =< TLD :{a, b! C,
e, f, 0, 0 z x v}, Np={apB3mn,¢,0} >.

YacTuuHasg akCHOMaTHKa A5 BKJIIOYAET B ce0s

CIIEAYIOIINE TPABHJIA MOICTAHOBKH.
OTHomeHNe S; ONpeAesieT OOLIYI0 CTPYKTYPY
¢aiina

S =<0 g > 4B, 0>
e O =<0y ==true >,
CokparieHHbIi MHGOOPMALMOHHBIA 3ar0JIOBOK

BMP-aiina npencrasieH S,. 3arojJoBOK COCTOUT
W3 BBICOTHI, IMUPUHBI, KOJINYECTBA OUT HA ITUKCEIh

$7< B 0, ypes@p, * e 4, typesC >
9y =<d, i=true>.

Crenyroliee OTHOIICHHE OMPENENIseT TaHHBIC
H300paKeHUS B BHJIE MOCIIEA0BATEILHOCTH I[BETOB
B RGB-mopnenm.

83740 4,7 4pes® O 4N>;
rye 93 =<0y = +(zJa> 256, true,false) > .

Jlanee mpencTaBiIseTcs HM300pakKEHHE B BHIE
monenu Index Color

S4 =< ¢28 d4_> ¢(P ps * ¢9>;
w0 =<d, i=+(zJa < 256, true false) > .

OtHouleHMEe S; ONpENENAET CTPYKTYpy HajuT-

pel. [lanurpa mpezacraBiaeHa B BUIE IMOCIEI0BA-
TenpHOCTH 11BETOB B RGB-Monenu

S5 =< 4P 6, wpeo I 5, O 9N >
e s =< dg i=true>.

Jlannaple n300pakeHUs1 B BHUJE WHAEKCOB, yKa-
3BIBAIONIMX Ha 3JIEMEHTHI IAJUTPHI, OMpPEAcIICHbI
B CIEAYIOIIEM OTHOILIEHUU

s6=<¢6 4~ p, 0O q>,

type,¢ type ¢

e s =< dg i=true>.

OtHouleHue S; oOmImpeAeNnseT LBET B MOJICIH
RGB

S7=<0M ¢, typedZ 5y typeds X py* typepV s

e 97 =<d; =true>.

3HadyeHHUs aTpUOYTOB CEMAHTHKH TIPHUBEICHBI
B Tabn. 1. Unentudukaropsl, ykasaHHsie B Ta0I. 1,
UCTIONB3YI0TCA Al uMenoBanus nosiedt CJ] B mpe-
o0Opa3oBaresx, MPUBEACHHBIX Jajee.

Tabnuma 1
Table 1
ATpubyt 3HayeHne Wnentuduxatop
oJa BMP daiin 6e3 daii- BMPFile
JIOBOTO 3ar0JIOBKa
0B WHpopManOHHbI#H InfoHeader
3arosioBok BMP
0,18 Jlannbie n3o0paxe- ImageDataRGB
1 uus B moneiin RGB
oa KosunuecTBo OUTOB Ha BitsPerPixel
ITUKCEIIb
¢.lb [upuna n3obpaxe- Width
HUS
oc BsicoTa m300pake- Height
HUS
of Maccus namuTpel Palette
usera RGB
d-le Lisera RGB RGBMatrix
JNannsie n3obpaxe- | ImageDatalndex
¢, 10 HUS B MOJIEJH MHJIEK-
CHPOBAHHOTO IIBETA
018 JlanHble n3obpaxe- ImageData
HUS
oJp Marpuiia HHICKCOB IndexMatrix
IIBETa NTUKCEJICH
0.Jq Wnpekc nBeTa nukce- Index
e
dIn IIser RGB RGB
¢z Kommonenra R R
¢V Kommonenra B B

B pesynbrate peanmuzanuu MoryT OBITE cdop-
MupoBaHbl KoHCTpYKIuH JIC/], cooTBeTCTBYIOIIHE
BMP oaiiny, c Mmogensio upera:

— Index Color

(type,¢a /’2. type,¢b P2 * type,¢C) /’1. ((type,¢ f Ps ©
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Ciype 92 ps® typed X py° tyeoV)) pet twea P 0, © a):
— True Color
Cype.62 1, pesD ,* types©) 4, °
Ciype.6€ 5 © (ipesZ 1, ® typedX 1y ® typepV))
Tlpeobpasosameny  n102uveckoti  CMpyKmypol

OQHHBIX 8 NPOSPAMMHBLL UHMep@elic Ha s3biKke
npoepammuposanusi. [locae NpoeKTUpOBaHUS Ha
a0CTPaKTHOM U JIOTUYECKOM YPOBHSX CIIEAYET
atan npoektupoBanus CJI Ha ypoBHE mpezacTaBiie-
HuA (13bIKe IporpamMmupoBanus) [7, 15].
Crienanu3upoBaHHON (OPMaNbHON CTPYKTY-
poit st ipeoOpazoBanus morndeckoit CJI B mpen-
CTaBJIEHHE Ha s3blke MNporpammupoBanus, Cp

Oyner:
C=<M,ZA> > Cp, =
=<Mjs pi1+Zs puiAs pu >

rie

Zs pry =<EppOpyy, Py {}>,

Epu ={°, Q}U‘El'
Qp =,
Asp =AU AgUA,
Ag ={Mp, > (I-S,PLI U NS,PLI)’

Tspu ={C:} Ngp, ={'a 1},

raie {C,} — ximoueBble CIOBa, 3HAKH OIEPALUI
¥ pa3/ienTeNH s3blka nporpammupoBanus C#, =,

— BKIIIOYACT C€AWHCTBCHHYKO OIICpAllMK0 KOHKATC-
Halyu JIEKCEM sA3bIKa IIPpOrpaMMHUPOBAHUA, 3HAK
Orepalnuu BE€3/1€ OIyCKacTCA, !ai I - HCTCPMUHAJIbL

MIPaBHJI TIOJCTAHOBKHU.
YactuyHas akcuoMaTuka A, OIpenesser co-

Wi ! <Si > eV,
S; =<S;1,Si2 >, DA€ S;; — NPABUJIO TOJACTAHOBKU

CTaB ImpaBUJI IIOJACTAHOBKMU:

JIOTUYECKOM CTPYKTYPbI JaHHBIX, Si o> — COOTBCTCT-

ByIOIIee MPAaBWIO MOJCTAHOBKH s (popMHpOBa-
HUS TEKCTa IPOrpamMMBl.

Wnrepnperamuio Cp| |, BBIIOJIHUM, HCHONB3YS
paHee OIPENCNICHHY aJITOPUTMUUYECKYIO CTPYyK-
ypy

Cao =My 0. Zap:Anp >
<Cs puy =<Mg p: 25 pisAs pui >
Cato =My 0. Za10:App >>
1 1 Coyp =<M o 2y pu i Ay >

e Ay py =Apy YA, D

Konkperuzupyem CTpyKTYpy
ImpaBuJIaM1 MOACTAHOBKHU

CIIEIYIOIITUMHU

1Cott =<M o1 Zy o Ay >

k> Cpu =<Mp |, Zp ), Apyy >,
rie
Mp DTpy U Npy ;

Ty =2 pu s

Aoy = Ay oy W Ag U A

Ag=< Tp, = Tp U Tgp, U{ IBMPFile, linfo-
Header, IImageData, BitsPerPixel, Width, Height,
IMatrixRGB, IRGB, IImageDatalndex, IPalette,
IIndexMatrix, IMatrixindex, R, G, B}, Ny, =

N, p U{ !BMPFILEDECL!,

IINFOHEADERDECL!, 'IMAGEDATADECL],
IINFOHEADERTYPE!, IMAGEDATATYPE!,
IINFOHEADEREDECL!, 'IMAGEDATATYPE!,
IIMAGEDATADECL!, 'RGBDECL/,
IRGBTYPE!} >.

Yactuynas akcuoMatuka Ay BKIIOYAcT cle-

JYIOIIME PaBHiIa TOJACTAHOBKH.
Untepdeiic ¢aitna BMP, cocrout u3 undop-
MaIMOHHOTO 3arojoBka W jAaHHbIX. Oba mons
UMEIOT COOTBETCTBYIOIIMI THII, JeKJIapanus KOTo-
POTO MPE/ICTABICHO CIIETYIOINMHI IPaBUIIAMH.

Sp=<811y35, >

Slvl:< %(X pVO—> ¢BBPU.¢56>;

Sy =<

IBMPFILEDECL! ->
IINFOHEADERDECL! 'IMAGEDATADECL!
interface IBMPFile {
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IINFOHEADERTYPE! InfoHeader {get;set;}
IIMAGEDATATYPE! ImageData {get;set;}} >,

Untepdeiic nHHOPMALIMOHHOTO 3arojioBKa Co-
CTOUT U3 TPEX MOJEN.

S, =< 5211,5212 >,

Szvl =< ¢[}B - ta(I)ama\ apl * thq)hmb bpl ¢ Ic(')v:mc c> ’
S, , =<

IINFOHEADERTYPE! -> lInfoHeader
IINFOHEADEREDECL ->
interface linfoHeader {
int BitsPerPixel {get;set;}
int Width {get;set;}
int Height {get;set;} }>,

CTpyKTypa MaHHBIX H300paXKEHHsI B BHIE MO-
nmemn  True Color. Hcmome3yercss BCTPOEHHBIH
B .NET Framework unrepdeiic IList.

S3 =<831,83, >
S31 =< %8 — d)evee@ n>;
S35 =<

IIMAGEDATATYPE! -> IMatixRGB
IIMAGEDATADECL! ->
IRGBDECL!
interface IMatrixRGB : IList< IList< IRGBTYPE!
>>{}>.

CtpyKkTypa JaHHBIX H300paXKeHHS B BHUAEC MO-
nemu Index Color cocrout w3 mosei MaIUTPBI
1 MaTpulibl UHICKCOB

S =< 41,84, >
S417<4,,0 = 4, @), *4,0>5
S4, =<

IIMAGEDATATYPE! -> lImageDatalndex
IIMAGEDATADECL! ->
IINDEXMATRIXDECL!

IPALETTEDECL!

interface llmageDatalndex {

IPALETTETYPE! Palette {get;set;}
IINDEXMATRIXTYPE! IndexMatrix {get;set;}
}>.

Wurepdeiic mamutpsl Ha ocHoBe IList mHTeEp-
Gerico

Sg =<S51:56.2 > ;
S61=<4,9 = vy0, foOn>;
Sg., =<

IPALETTETYPE! -> IPalette
IPALETTEDECL! ->
IRGBDECL!
interface IPalette : ILiSt<!RGBTYPE!> { }>.
HHaTtepdetic MaTpuIll WHISKCHPOBAHHBIX IBE-
TOB.
S; =<S;1,87, >,

$71=<4,0 = q>;

Vpbp P Vabg
5712 =<

IINDEXMATRIXTYPE! -> MatrixIndex
IINDEXTYPE! -> byte
IINDEXMATRIXDECL! ->
interface  IMatrixIndex
IINDEXTYPE! > > {}>,

IList< IList<

Sg =<Sg11552 >
S81 =<0, 7 4 2 g0 X g, V20
Sg o =<

IRGBTYPE! -> IRGB
IRGBDECL! ->
inteface IRGB {

int R{get;set;}

int G{get;set;}

int B{get;set;} }>.

B pesynprare peanmsanuu mpeoOpasoBaress
dopmupyeTrcs uHTEpdeiic KiIaccoB 00pabOTKH
CTPYKTYPBI JAHHBIX Ha S3bIKE MPOTPaMMUPOBAHUS
C#. OnHa 13 Takux peajin3aluil IPUBECHa HUXKE.
interface lInfoHeader {
int BitsPerPixel { get; set; }
int Width { get; set; }
int Height { get; set; } }
interface IRGB {
int R { get; set; }
int G { get; set; }
int B { get; set; } }
interface IMatrixRGB : IList<IList<IRGB>> { }
interface IBMPFile {
lInfoHeader InfoHeader { get; set; }

IMatrixRGB ImageData {get;set;} }
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Ilpeobpazosamens abcmpakmuou a02U¥ecKol
CmMpyKmypsl OGHHBIX 8 Npeocmasienue Uumnie-
Menmayuu Ha sA3vlKe npocpammuposanus. Coe-
[IUAM3UPOBAHHON (POpPMAaTbHON CTPYKTYpPOH ISt
npeoOpazoBanus JICJ| B mpencraBieHue s3bIKa
nporpammupoBanus HazoseM KIIC Cp :

C=<MZA> ¢ Csp =<Mgp ,Zgp,Agp >,

rle ¢> —oInepauus clenuaiu3anuyl GopMalbHbIX

cTpyKTyp (OIeparust BBIIOIHIETCS BHEITHAM HC-
TIOJTHUTEIIEM),

Zg pL =<Ep,Op, O {0} >,

1]

PL:{°’®}’

AspL =M WA VA,
Ay ={Mp. D (T5p. UNgp),
TS,PL Z{C# 2
Ngp ={'a'}.}.

YacTnyHasg akCMOMAaTWUKa A;; COIEPKUT Cie-

AYHOINHUE KOHCTPYKTHUBHBIC TOIIOJIHCHU.
HpaBHna IOJCTaHOBKH r[peo6pa3OBaTen${ nMe-

0T BUA. Y, ! <Sr, gr>e‘P, S, =<8§1,8,>. I'ne
S;; — TPAaBWJIO BBIBOJAA JIOTHYECKOH CTPYKTYPHI
JAHHBIX, S, — COOTBETCTBYIOILEE IPABUIIO BHIBO-

Jla TeKcTa Iporpammsl, §, — aTpuOyTsl mpeobpa-
30BaHus npasui BeiBoaa JIC/I.
YacTtuuHasg akcMOMaTHKa A;, COAEPKHT clie-

JYIOIIUE KOHCTPYKTHBHBIC TONOIHEHUSI.

KoncTpykiust npeoOpa3zoBaTesisi IMEET BUJI Ta-
pet: < fc ,R>,rme f. - peanmsaums npeoGpa-
30BaTeNsl — TEKCT MPOrpaMMbl HMIUIEMEHTAI[HH
onepauuii obpaborku CI; R=<rn,r,,.. I >  —
KOJIMYECTBO JIOMYCTHMBIX MPOTPaMMHBIX Ia0Io-
HOB 1714 | -0i1 cocTasisronieiit CII; k —xonmnyecTtBo
MPUMUTUBHBIX KOHCTpYKIMit B JIC/I.

Herepmunaist coziepxat aTpudyT
Q=<q,,0,,....0; >, rae g, — HOMEp KOHKPETHOTO
HpOrpaMMHOTO IIa0JIOHA JUIl TE€HEepaluHu TEeKCTa
nporpamm, 0<q; <, .

Wurepnperanmio Cp,  BBIOIHUM, HCIOIB3YS
paHee OINpeeCHHYIO aITOPUTMHYECKYIO CTPYK-

TYpY Carp =<Mpip:ZaipsAaip >

IIpeobOpazoBarens  JIOTHYECKOH  CTPYKTYpPHI
JAHHBIX TIPEJICTABISIET COOOM MOJENb MPOTrpaMM-
Horo mHTepdeiica. OH ABIseTCSs MHTEpHpeTannei
dopmanbHOi cTpYKTYpbl Cp  anropuTMHYecKoi

cTpykTypoit C,p !
<CspL =<Mgp,Zs p1 As pL >
Cao =<Mup:Zaip:Aarp >>
1P 1 Csc =<M ¢, %) scr Ay s >

IIporpammMubIM 11a07I0OHOM OyZeM Ha3bIBaTh
koj Ha si3bike C#, KOTOpBIH pean3yeT MPUMUTHUB-
HYIO KOHCTPYKIIMIO TEM MM HHBIM criocoboM (Ha-
NpUMep, UCMONb3Yysl (PU3HMUECKOE MpPECTaBICHUE
JaHHBbIX B BUJIC MAaCCHBA, CIIMCKA, U T.H.).

KonkperusupyeM CTpyKTypy CICAYIOIIUMU
MPaBUIIAMH MOJICTAHOBKH

1CoL =<M 5, Z) o Ay p >

k> Cp =<Mp_ ,Zp ,Ap >,
rae
MpL D Np U5

oo =X pL;
Apyy =Ny p YA UA,.

Ay ={ Tp =T, U{ BMPFile, InfoHeader, Im-
ageData, MatrixRGB, RGB, ImageDatalndex, Pal-
ette, IndexMatrix, Matrixindex},

Np_ = Npy,

R=<12110112>}.

YacTtnuHas akcHOMaTHKa Al4 BKIIKHOYAaCTCsA B
cebs CJICOYIOIHNE ITpaBUjia MOACTAHOBKH.

S =882 >

o>

127 G0, % ™ 6.0,Pr0 * G0,

Q.
Sp2 =<

IBMPFILEDECL! ->
IINFOHEADERDECL! 'IMAGEDATADECL!
class BMPFile {
IINFOHEADERTYPE! InfoHeader {get;set;}
IIMAGEDATATYPE! ImageData {get;set;} }
BMPFile root = new BMPFile(); >,
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0, =<d, =+(q, =0,true,false) > ;

S, =< 5211,5212 >,

Szvl =< Q,SBB _> taq’ama apl ° tb¢bmb bpl ° th)cmcC > ’

52’2 =<

IINFOHEADERTYPE! -> InfoHeader
IINFOHEADEREDECL! ->

class InfoHeader {

int BitsPerPixel {get;set;}

int Width {get;set;}

int Height {get;set;}} >,

g, =<d, =+(q, =0, true,false) >
S3 =< 5511532 >

53‘2 =<

IINFOHEADEREDECL!->
class InfoHeader {
LinkedList<int>
<int>();
LinkedListNode<int> GetNthNode(int index) {
var first = internal.First;

inti=0;

while(i < index) {

first = first.Next;

++l;

}

return first;

}

public InfoHeader() {

internal. AddLast(0); // BPP

internal. AddLast (0); // W

internal. AddLast(0); // H

¥

int BitsPerPixel {

get { return internal.Skip(0).First(); }

set { this.GetNthNode(0).Value = value; }
}

int Width

get { return internal.Skip(1).First(); }

set { this.GetNthNode(1).Value = value; }
}

int Height {

get { return internal.Skip(2).First(); }

set { this.GetNthNode(2).Value = value; } } } >,

g; =<d; =+(q, =1 true,false) > ;

internal = new LinkedList

Sy =<S41,54, >}

841 =< Q,(A,{;d - %Vee@ Q,¢,777>;
Sy =<

IIMAGEDATATYPE! -> MatixRGB
IIMAGEDATADECL! ->
IRGBDECL!
class MatrixRGB :
List<List<IRGBTYPE!>>{} >,

g, =<d, =+(q; =0, true,false) > ;

S5 =<S51,55, >,

S50 =< 5,4 O 0>

0ib2s O 7 G0, Pr2 * Gt
85,2 =<

IIMAGEDATATYPE! -> ImageDatalndex
IIMAGEDATADECL! ->
IINDEXMATRIXDECL!

IPALETTEDECL!

class ImageDatalndex {

IPALETTETYPE! Palette {get;set;}
IINDEXMATRIXTYPE! IndexMatrix {get;set;} }
>,

gs =<d; =+(q, =0, true,false) > ;
Se =< S61:56.2 > ;
Sg1 =< 64, ™ v, fo Q,¢nn>;
S0 =<

IPALETTETYPE! -> Palette
IPALETTEDECL! ->

IRGBDECL!

class Palette : Vector<!RGBTYPE!>{} >,

05 =<ds =+(0, =0, true,false) >;
S7=<S71:572 >
707 64,0 = v,0, PO v,
S;, =<

IHINDEXMATRIXTYPE! -> MatrixIndex
IINDEXTYPE! -> int

IINDEXMATRIXDECL! ->

class MatrixIndex : Matrix<!INDEXTYPE!> { }
>,
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g; =<d; =+(q, =0,true,false) > ;

Sg =< 58,1158,2 >,

5817 6,0, M 7 v.6, 2 ° w0, X" w0,V >

58,2 =<

IRGBTYPE! -> RGB
IRGBDECL! ->
class RGB {
int R{get;set;}
int G{get;set;}
int B{get;set;} }
0g =<dg =+(qgg =0, true,false) >;

Sy =< 58,1139,2 >,

5912 =<

ILISTIMPL DECLARE_INT_LIST! -> List<int>
internalList = new List<int>();
ILISTIMPL_FIELD_BEG! -> public int
ILISTIMPL_FIELD_MI1! ->{
get{return internalL.ist [
ILISTIMPL_FIELD_MI2! ->1;}
set { internalList [
ILISTIMPL_FIELD_END! ->] = value; }}
IRGBDECL! ->
class RGB
{
ILISTIMPL_DECLARE_INT_LIST!
public RGB() { }
ILISTIMPL_FIELD_BEG! R
ILISTIMPL_FIELD_MI1! 0
ILISTIMPL_FIELD_MI2! 0
ILISTIMPL_FIELD END!
ILISTIMPL_FIELD_BEG! G
ILISTIMPL_FIELD_MI1!1
ILISTIMPL_FIELD MI2!1
ILISTIMPL_FIELD_END!
ILISTIMPL_FIELD_BEG! B
ILISTIMPL_FIELD_MI1! 2
ILISTIMPL_FIELD MI2! 2
ILISTIMPL_FIELD_END!

gy =<dg =+(0g =1 true,false) > .

HyCTb BHCIITHUM HUCIIOJIHUTCIIEM 3adaH BEKTOPD

Q=<12110,112>, toraa npu peaiusanuu Oy-
JCT C(I)OpMI/IpOBaHa ciaeayroniasd UMIUICMCHTA A
MPOrpaMMHOTro KoJia Ha si3bike CH#:

class InfoHeader {

LinkedList<int> internalList =
LinkedList<int>();

LinkedListNode<int> GetNthNode(int index) {
var first = internalList.First;

inti=0;

while (i < index) {

first = first.Next;

++i;

}

return first;

new

}

public InfoHeader() {

internalList. AddLast(0); // BPP
internalList. AddLast(0); // W
internalList.AddLast(0); // H }

int BitsPerPixel {

get { return internalList.Skip(0).First(); }
set { this.GetNthNode(0).Value = value; } }
int Width {

get { return internalList.Skip(1).First(); }
set { this.GetNthNode(1).Value = value; } }
}

int Height {

get { return internalList.Skip(2).First(); }
set { this.GetNthNode(2).Value = value; } } }
class RGB {

List<int> internalList = new List<int>();
public RGB() {

internalList.Capacity = 3;

}

intR {

get { return internalList[0]; }

set { internalList[0] = value; } }

intG {

get { return internalList[1]; }

set { internalList[1] = value; } }

intB{

get { return internalList[1]; }

set { internalList[1] = value; } } }

class MatrixRGB : List<List<RGB>> { }
class BMPFile {

InfoHeader InfoHeader { get; set; }
MatrixRGB ImageData {get;set;} }

BoIBOaBI

IIpencraBneHHble KOHCTPYKTOP JIOTHUECKOU
CTPYKTYpHl JaHHBIX, MpeoOpa3oBaTedd JOTHYe-
CKOH CTPYKTYyphl B TPOTPaMMHBIM HHTepdeiic
Y UMILTIEMEHTAIUS Ha SI3bIKE POTrPaMMHUPOBAHUS —
SIBJISIIOTCSL HEOThemiieMol uyacTeio cuctembl KIIC.
OcHOBHas 4acCTh CHCTEMBI B BUAE KOHCTPYKTOPOB
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KOHCTPYKTUBHA MOJEJIb AJAIITALIT
CTPYKTYP IAHUX B OITIEPATUBHIN ITAM’SITI:
YACTHHA |. KOHCTPYIOBAHHS TEKCTIB ITPOTPAM

Merta. CtpiMKO 3pocTarodi 00CSITH 00pOOTIOBAaHAX NAaHWX IHPOPMALIHHIX CHCTEM ICTOTHO 3HIDKYIOTH YaCOBY
e(eKTUBHICTH AITOPUTMIB iX 00poOKH. OTHNM i3 HANIPSIMKIB BHPIIIEHHS TaHOI MpobieMu € eheKTUBHE PO3MILCHHS
nanux B oneparusHii mam’sti (OIT). HeoOxigHO po3poOHTH MOIEN, 10 J03BOJISIOTH aBTOMATH30BAHO BHPILITyBaTH
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3aBIaHHS panioHaTbHOTO po3MimeHHs qaHux B OI1. Metonuka. /[ MofentoBaHHS MPOLIECIB afanTarlii CTPYKTYp TaHHUX
(CI) B OII 3actocoBaHa METOMOJIOTISI MATEMATHKO-AITOPUTMIYHOTO KOHCTPYKTHBI3My. Jlauwit miaxix mepemdadae
PO3poOKy  KOHCTPYKTHBHO-TipoxayKiiitaux crpyktyp (KIIC) i3 mepeTBOpeHHAMH cCrieriamizanii, iHTeprperartii,
KOHKpeTH3allii Ta peanmizaiiii. Po3podka KIIC mependavae BH3HAUCHHS PO3IIUPIOBAHOIO HOCIsl, CHTHATYPH BiJHOCHH Ta
orepariiii i KOHCTPYKTHBHOI akcioMaTwku. HaWOinbIn CKIaqHOK Ta ICTOTHOK YaCTHHOKO AKCIOMATHKH € Oe3miy
(hopMOBaHMX TIPaBHJI MiJICTAHOBKHY, 1110 BU3HAYAIOTH MPOLIEC BUBOJY BIANOBIHUX KOHCTPYKIIii. Pe3ynabTaTn. ABTOpamu
pospobitero cucremy KIIC, mo ckimagaeTbest 3 KOHCTPYKTOpa JIOTIYHOI CTPYKTYpH JIaHHX, MEpPEeTBOPIOBAYIB JIOTUYHOL
CTPYKTYpPH B IPOTpaMHHMI iHTepdeiic i iMIIeMeHTallil0 Ha MOBI IIpOrpaMyBaHHsI, KOHCTPYKTOpIB CIIEHapiiB Ta mpomeciB
anmanTarii. Pe3gynprarom peamizaiii KOHCTpyKTOpa TpolLiecy ajanTailii € reHepaiii MporpaMHOro TEKCTy Oi0mioTeKku
KJIaciB, IO peaii3ye 3aJaHy JIOTIYHY CTPYKTYPY JAHWX i3 BIIIOBIAHIMH OTEpAIlisAMH iX OOpOOKH, Ta Ti KOMITUISIISA
B OiHapHHil koa. HaykoBa HoBH3HA. Briepiue 3anpornoHoBaHa KOHCTPYKTHBHA MOJIEIb MIPOLIECIB PO3POOKH Ta afarnTaiil
CTPYKTYp JaHHX JIO Pi3HUX MPOrpaMHO-arapaTHUX cepenoBuil. [Ipu oMy agantyerbes pomimieHHs qanux B OIl ta
ITOPUTMH 1X 0OpOOKH. 3acTOCyBaHHS KOHCTPYKTHBI3MY B MOJIENIOBAHHI JO3BOJIJIO B PaMKaxX €JMHOTO MiIXOy Ta
3aCTOCOBYBAaHHX 3acO0IB 3B’A3aTH MOJENTI JaHMX 1 aJITOPUTMH iX 0OpOOKH 3 KpUTEPisIMU €(EeKTHBHOCTI. Y TOCKOHAIEHO
Meroquky ¢opmyBaaHs cuctemMu KIIC, mexaHismu, 3B’S3KM MDK B3a€MOJONOBHIOIOYMMH onuH oxHoro KIIC.
Monudikariiss KOHCTPYKTOpa Ta MEPETBOPIOBAYIB I03BOJISIE JOKOPIHHO 3MIHFOBATH 1 JIOCIIDKYBaTH IMPOLIEC aarTartii.
IpaxkTnyna 3HaunMicTh. Po3pobiiena Mok J03BOJISE ABTOMATH3YBATH IIPOLIECH PALIIOHATIBHOTO PO3MILIEHHS IAHUX
B OIl, mo, y cBOIO dUepry, MiIBHUIIYE 4YacOBY €(CKTUBHICTh IMPOrpaM 3i 3HAYHOK YACTKOI OOPOOKH BEIHKHX
1 Ty’Ke BEIMKUX OOCATIB TaHUX.

Kmouosi cnosa. cTpyKTypa NOaHHMX; KOHCTPYKTHBHO-IIDOAYKIIHHA CTPYKTYpa; ajanTallis; KOHCTPYKTOp; mepe-
TBOPIOBAY
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CONSTRUCTIVE MODEL OF DATA STRUCTURES ADAPTATION
IN RAM: PART |. PROGRAM TEXT CONSTRUCTING

Purpose. Rapidly growing volumes of information systems data being manipulated significantly reduce the temporary
algorithms effeciency of their processing . Effective data layout in RAM is one of the directions of solving this problem. It
is necessary to develop the model to solve problems of efficient automated data layout in RAM. Methodology. For proc-
esses simulation of data structures (DS) adaptation in RAM, the methodology of mathematical and algorithmic construc-
tivism was applied. This approach involves the development of constructive and productive structures (CPS) with trans-
formations of specialization, interpretation, specification and implementation. CPS development provides definition of
expandable vector, signature of relations, transactions and constructive axioms. The most complex and essential part of the
set of axioms is generated substitution rules that determine the output process of respective structures. Findings. CPS sys-
tem was developed by the authors, consisting of the logical structure constructor of data, converters of logical structure in
to a software interface and implementation in a programming language, constructors of scenarios and adaptation proc-
esses. The result of the adaptation process constructor is software text generations of the class library that implements the
specified logical data structure with appropriate processing operations and its compilation in binary code. Originality.
Structural model of development processes and data structures adaptation to different software and hardware environ-
ments was first proposed. It adapts date layout in the RAM and data processing algorithms. Application of constructivism
in simulation allowed within a single approach and applied tools linking the data models and algorithms of their process-
ing with performance criteria. Formation methodology of CPS system, mechanisms, and links between complementary
CPS were improved. Modification of the constructor and converters allows changing and exploring the process of adapta-
tion. Practical value. The developed model allows automating the data layout in RAM, which in turn increases the time
efficiency of programs with significant processing of large and very large volumes of data.

Keywords: data structure; constructive and productive structure; adaptation; constructor; converter
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BJINAHUE XUMHNYECKOI'O COCTABA BBICOKOXPOMUCTBIX
YYI'YHOB HA OBPABATBIBAEMOCTbB PESAHUEM

Lenas. [JaHHOE HCCIen0BaHKE HAPABICHO HA ITONYYCHHE PErPECCHOHHOM 3aBUCUMOCTH 00padaThIBAEMOCTH pe-
3aHMeM OT XxuMHudeckoro cocrasa uyryna (C, Cr, Mn u Ni) B stutom cocrostiun. Metoauka. JIist TIOCTPOCHHUS Ma-
TEeMaTHYECKOH MOJENH HCIONB30BAIN METOJ aKTUBHOTO IIAHUPOBAaHMA 3KcIepuMeHTa. MccnenoBany 4yryHsl co-
crasa: 1,09-3,91 % C; 11,43-25,57 % Cr; 0,6-5,4 % Mn; 0,19-3,01 % Ni. J[ns TOUCHHUs HCTIOIB30BATH PE3IIbI
¢ ruiactuHamu 10x10 mm 13 BK8 mo 'OCT 19051-80. Pexumsbl pe3anust: riryouna pesanust — 0,8 mm, mponoibHas
noxada — 0,15 mm/06, gacrora Bparenuns mmunaens 200—630 06/mun. COXK (cMa304HO-0XITaX TAOIIHE YKUIKOCTH)
He npuMeHsutd. OleHka 00pabaThlBAGMOCTH YyryHOB MPOW3BOAMIIACH MyTEM OINpPECICHHs JHHEWHOTO H3HOCA
3a/IHeW TIOBEPXHOCTH pe3lia Ha eUHUIY AJIUHBI MyTH pe3anus. Pe3yabrarel. [lonydeHO MaTeMaTHYECKH BEPOSTHO-
CTHOC YPaBHCHHE PETPECCHOHHOM 3aBHCHMOCTH M3HOCA pe3lia OT cojepxaHus B oOpabaTteiBaemoM uyryne C, Cr,
Mn u Ni. YcranosieHo, uto ¢ poctoM comepskanus Cr B8 uyryne mo 14,8 % wusHOC pesna CHWXKAICS B pe3ylibTaTe
o0pa3oBaHus KapOMIHOW SBTEKTHKH, KOTOpas paspyllajia CIUIOLIHOW KapKac JITHpOBaHHOTrO jeneOypura. [lainb-
Helilllee MOBBIIICHHE COACPIKAHUS XpOMa CIOCOOCTBOBANIO MOSBICHUIO XPOMHCTBIX KapOUIOB C BBICOKOH MHKpPO-
TBEPIOCTBIO, YTO 3HAYMTENBHO YBEJIMYMBAIO W3HOC MHCTPYMEHTa. [IpoBeneHHBIC HCCIENOBAHMS IOKa3ald, 4YTO
MHUHUMAaITBHBIA u3HOC pesna 0,18 mxm/M Habmronascs npu obpaboTke uyryHa cocrasa: 1,09 % C, 14,8 % Cr, 2,3 %
Mn u 1,2 % Ni, a makcumanbHbIif — 48,96 Mmxm/M nipu conepxannn: 3,91 % C, 11,43 % Cr, 5,4 % Mn u 0,19 % Ni.
W3Hoc pesna, npu oOpabotke yyryHa cogepsxkaiiero 3,91 % C, 25,57 % Cr, 5,4 % Mn u 0,19 % Ni, cocramn
47,61 mxm/m. Hayunasi HOBH3HA. ABTOPOM paspaboTaHa MaTEMATHYCCKH BEPOSTHOCTHAS. MOJIENb 3aBUCHMOCTH H3-
HOCa peslia oT cozeprkanus B oopabarsiBaemom uyryne C, Cr, Mn u Ni. IIpakTuveckas 3Ha4uMocTh. Mogenb mo-
3BOJIAIET ONTHMHU3UPOBATH COCTABBI H3HOCOCTOMKUX YYTYHOB /IS OTJIMBOK, TPEOYIOLIMX 3HAYMTEILHOTO 00beMa Mexa-
HHYECKON 00paboTKH pe3aHreM. PeKOMEHIOBaHbI COCTaBbI YYTYHOB ISl PA3IMYHBIX YCIOBHI SKCILTyaTALUH.

Knouesvie crosa: N3HOCOCTOWKHUI UyT'yH; JIETHPOBAHUE; CTPYKTYPa; pe3aHue; U3HOC pe3ia

Bcerynienue W3HAIIMBAHUS. BCIIECTBUEC BBICOKOW TBEPIOCTH
U M3HOCOCTOMKOCTH 3TH MaTephallbl UMEIOT He-
V/IOBJIETBOPHUTENIbHYI0 00pabaTbiBaeMoCTh pe3a-
HUEM. JTO JeNacT He BO3MOXKHBIM TOJIYYCHHE W3
HUX (DaCOHHBIX IeTayiel, TPeOyIONNX 3HAYUTEIh-
HOU MexaHn4ecKoi obpabotku [6, 8].

[Ipu mexanuveckoit 00paboTKe MaTepuan Je-
TaJM TOABEPTacTCs CHUIOBOMY W TEIUIOBOMY BO3-
doi 10.15802/stp2016/61015 © B. B. HetpeGro, 2016

BricokOXpoMHUCTBIE H3HOCOCTOMKHE YYTYHBI
(MYX) sBAsIFOTCS MHOTOKOMITOHEHTHBIMHU CILIaBa-
MH C Pa3HOOOpa3HBIMH CTPYKTypaMH H IIUPOKHM
JIUana3oHoM (PU3NYECKUX U XUMHYECKUX CBOMCTB.
OHU TpHUMEHAIOTCA Ui JeTajel, paboTarommx
B YCJIOBHAX aOpasuBHOTO U THUAPOaOPa3HBHOTO
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NEHCTBUIO B pe3yJbTaTe TPEHUS MEXIY Pe3oM
u geransio [3]. TIpu cuaoBOM BO3IEHCTBUE B 00-
pabaTbiBaeMOM Marepuayne BO3HUKAIOT BHYTpPEH-
HUC HANpsDKCHUsS, NPOTEKaeT IUIacTUYecKas Jie-
dopmanus, ynpounenue (Hakiem). [loBbleHue
TEMIEepaTypsl B 30HE PE3aHHA MOXXET BBI3BIBATH
M3MEHEHUS B 00pabaThIBacMOM MaTepuaie, Npu-
BOJIAIINE K CHI)KEHHIO TBepocTH [9].

O06pabaTeIBaEMOCTh pPE3aHUEM SBIISECTCS KOM-
TUIEKCHBIM TTOKa3aTelieM, 3aBUCAIINM OT UCXOIHOM
CTPYKTYPBI U CBOHCTB Marepuaia JeTalld, COCTOs-
HUSI JTUTON TMOBEPXHOCTU, HAIUYMS JIUTEUHBIX Jie-
¢dexkroB (pakoBWH), Marepuana peslia, PEKUMOB
pe3aHusi, TPOLIECCOB, BBHI3BIBAIOLINX HW3MEHEHUE
CTPYKTYpBI I CBOHMCTB BO BpeMsi OOpaOOTKH H JIpY-
rux (akTopoB. YiydmieHne o0pabaTEIBAEMOCTH
BBICOKOXPOMHUCTBIX YYT'YHOB JIOCTHUTajOCh 3a CUET
cMsIrJaroIiel TepMuyeckoit oopadorku [4, 6, 8, 11,
12]. Jyis BOCCTaHOBIIEHHS H3HOCOCTOUKHX CBOMCTB
3THX MAaTepUaIOB TPOU3BOAMIACH JOTOIHUTEINb-
Has Tepmuyeckas obpabotka [4,8,13]. Takas Tex-
HOJIOTHUSl SIBJISIETCS JOPOTOCTOAIIEH W DHeprosa-
TPaTHOM.

B paborax [4, 6, 8, 11, 12] onenka obpabaThi-
Baemoctu MYX mpousBoauiack MyTeM CBEPIICHUS
WIM METOJOM TOPIIEBOTO TOodeHHus. B pesyiprare
ATUX HUCCIEIOBaHUN OBUTH pa3paboTaHbl PEKOMEH-
JAIMA TI0 BBIOOPY PEXHMMOB pe3aHUsl JUIs KOH-
KPETHBIX MapOK YyTYHOB H JleTaJeH.

Cucremarn3upoBaHHbIE JaHHBIE 00 00pabaThI-
BaeMocTH pe3aHueM HNYX B JUTOM COCTOSHUU
JIE3BUHHBIM WHCTPYMEHTOM IIPH TPOJOIBLHOM TO-
YEHHUH MTPAKTHIECKH OTCYTCTBYIOT.

Brusaue xpoMa Ha (U3NYECKHE U TEXHOJIOTH-
YecKHe CBOWCTBAa CIUIABOB OOYCIABIIMBAETCS €ro
CITOCOOHOCTHIO: OTPAaHUIMBATEL Y — 00JIACTh JKeje-
3a; 00pa3oBBIBATH PSJ HENPEPBIBHBIX TBEPJIBIX
pacTBOPOB 3aMEIICHUS C O — >KEJIE30M; CHIKATh
PacTBOPUMOCTH YTIIEpO/ia B METAJUINIECKONW OCHO-
Be 1 00pa3oBBIBaTH CIElHANbHBIC KapOuasl. [Ipu
coJep)KaHUM B TBEPAOM pactBope Ao 7 % xpom
MOBBINIACT MPOKATUBAEMOCTh [7], a mpu coaepka-
Hun Oomee 12,5 % craB cTaHOBUTCS KOPPO3HUOH-
HocTtoiikum [1,7].

Brusaue yriepoga Ha 00pabaThiBaéMOCTh BBI-
COKOXPOMHUCTHIX IyTYHOB O0YCIIOBJIEHO KOJINYECT-
BOM KapOMAHOH (ha3bl, €e TUIIOM, pacIpeeleHueM
u ¢dopmoii kapOumoB. B 3aBucMMOCTH OT COOTHO-

IICHHsl YTJIepoJa U XpoMa B YyryHax 0Opa3oBbI-
BaroTcs kapounsr MesC, Me;C u Mey;Cs. Conep-
KaHUe yTIiIepoAa M XpoMa OomnpeaessieT H3HOCO-
CToiKOCTh uyryHa [6, 14, 15].

BiusHue MapraHma ompezeiseTcs ero aycre-
HATO- M KapOMI00OpasyromUMHA CBOWCTBAMH.
B BBICOKOXPOMHUCTBIX YyTyHax, COICpKaLIUX IO
0,6 % Mn, kapbunooOpa3yromue CBOHCTBa Map-
raHlla He TPOSBIAIOTCS, OH HAXOJUTCS B TBEPIOM
pactBope [10]. Tlpu yBenuueHUH conepKaHHs
MapraHia B 4yryHe, €ro CoAepkaHue B IEepBHY-
HBIX XPOMHCTBIX KapOWaax yBEIMYMBACTCS, JOC-
TUTasi PABHOMEPHOTO paclpelielieHHsT MEXIy Kap-
ounamu u marpunei npu 3—3,5 % Mn. [Ipu nans-
HEWIIeM YBEIMYEHHH COJCp)KaHUS MapraHia
B UyTyHE, €r0 KOHIICHTpalus B KapOHWIax IpeBbI-
[IaeT KOHLEHTPALMWI0 B METaJUIMYEeCKOW OCHOBE.
B kapOumpax, B mporecce OXJaXICHUS OTIHBOK
WM TPH TEPMHUUYECKOH 00pabOTKe, MPOTEKAIOT
MpOIIeCChl 3aMENICHUs] aToOMaMH XpOMa aTOMOB
JKene3a ¥ MapraHia, B pe3ysibTaTe KOTOPBIX co3/a-
eTcsi XMMHYECKass HEOJHOPOJHOCTh MeTaJIHye-
CKOW OCHOBBI 110 XpoMy. OOeTHEHHE XPOMOM OKO-
JIOKapOUAHBIX 30H MOXET MPUBOJIUTH K CHH)KCHHIO
KOPPO3UOHHOU cToikocTH [5, 15].

Hukens, sSBIssCH ayCTEHHTOOOPA3yIOMNM dJIe-
MEHTOM, IOBBIIAET MPOKATHUBAEMOCTH, CIIOCOOCT-
BYET TBEPIOPACTBOPHOMY YHNPOYHEHHIO METAJUIH-
YeCKOH OCHOBBI M TOBBIIICHHIO BS3KOCTH paspy-
IICHUS CTUTABOB.

Hean

I{enb paboThI 3aKi0Yanach B MOJYUYCHUH PEr-
PECCHOHHOW  3aBUCHMOCTH  00pabaThIBaeMOCTH
pe3aHMeM 4YyryHa OT €ro XUMHYECKOTO COCTaBa
(C, Cr, Mn u Ni) B INTOM COCTOSIHHH.

MeTtoanka

Hcnonb3oBanyn MeToJ]] aKTUBHOTO IUIAHHPOBA-
HUSI DKCIIEPUMEHTa Ui MMOCTPOCHUsI MaTeMaTHue-
ckoii mogenu (Tabm. 1).

UyryH BBHIIIIABISUICS B WHAYKIMOHHOW Medn
eMKOCThIO 60 KI' ¢ OCHOBHOI (yTEpPOBKOH.

Temnepatypa XHIKOro 4YyryHa TpH 3ajHBKE
cocrapmsia 1 380—1 410 °C. OtnuBamu B CcyXwue
GOpMBI  IMIHHAPUYECKHE 00pa3lbl JHAMETPOM
30 mm u mpmusOM 400 Mm. Mertammorpaduueckuit
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aHaJM3 U UCTBITAHUS MPOBOIIN B IUTOM COCTOS-
HUU 0e3 TepMHIECKOH 00pabOTKH.

Ta6nunma 1

MaTtpuua niaHupoBaHust
PoGHOTO paKTOpPHOTO IKCcTepumenTa 2+

Table 1
Matrix of fractional factor
experiment 2** planning
YpoBHH BapbUPOBAHUS DaxTopsl
axropos C% | cr% | Mn, | Ni%
%
OcHOBHOI 0 2,5 18,5 3,0 1,6
WurepBan A 1,0 5,0 1,7 1,0
3Be3mnoe | 1,414A | 1,41 | 7,07 2,4 141
I1J1€40
Bepxuue +1 3,5 23,5 4,7 2,6
YPOBHI | 11414 | 391 | 2557 | 54 | 3,01
Hwxuane -1 15 13,5 1,3 0,6
YPOBHH | 1414 | 1,09 | 11,43 | 06 | 0,19

Iepen ucnbITaHUSIMU OOpa3ibl OOTAYUBAIUCH
1o auametpa 25 mM. JIJish 9MCTOBOTO TOYCHUS HC-
nmoyip30Bad pesnbl ¢ ruractuHamu 10x10 MM u3
craBa BK8 mo I'OCT 19051-80. Pexumsl pesa-
HUA. TryOmHa pe3anus — 0,8 MM; mpomonsHas 1mo-
mada — 0,15 Mm/06, yacToTa BpalleHus IIMHHAEIS
200-630 o6/mMun. COX ne npumensutu. OreHka
00pabaThIBAEMOCTH YYTYHOB IPOW3BOAMIACH ITY-
TEM OIpeJIeJIEHNs JIMHEMHOro M3HOca 3aJHed Mo-
BEPXHOCTH pe3lla Ha eAWHUILY JUIMHBI MyTH pe3a-
HUSI. AHATU3 CTPYKTYPHI BBIOJIHSIIA HA ONTHYC-
ckux MUKpockonax MUM-8 u Sigeta MM-700 mpu
yeenmuuennn 100—600, ¢ ucmons3oBaHHEM MeETO-
JIUK KOJMYECTBEHHOI MeTayuorpaduu [2].

Pe3yabTathl

B 3aBucuMOCTH OT coOAepXaHHs Yriiepoja
W XpoMa B 4yryHe (OPMHUPOBAIUCH CTPYKTYPHI
C Pa3TUYHBIM KOJIMYECTBOM U THIIOM KapOHIOB
(puc. 1). Tlpu HHM3KOM COJCp)KAHUH yTIiEepola
M BBICOKOM COJICpP)KaHUU XpoMa 0Opa3OBHIBATUCH
kapounet (Cr, Fe, Mn),3Cq. YBenuuenue coaepika-
HUS yIiIepoja MPH CHI)KEHHH KOJHYECTBa XpoMa

criocobcTBoBaio (opmupoBanuto kapoumos (Cr,
Fe, Mn);C;. TIpx BBEICOKOM COIEPKaHUH YTIIEPOIa
W HU3KOM XpoMe o0pa3oBwiBaNnChH Kapouasl (Fe,
Cr, Mn);C. CtpyKTypa 1 CBOICTBAa METAIUIMYECKOM
OCHOBBI 3aBHCEJIM OT COJEp)KaHUsI XpOMa, HUKEIS
u Maprania. C yeenmnuenreM konnaectBa Mn u Ni
MeTaJITuecKasi OCHOBa U3MEHSUIACh OT (peppUTHOM
(MapTEeHCUTHOI) 10 ayCTEHUTHOM.

6—b

e—d

Puc. 1. Tunsl kapOunoB B uyryHax, x 600:
a — xkap6uznst (Cr, Fe, Mn),3Cs; 6 — kapOuapt
(Fe, Cr, Mn)3C u (Cr, Fe, Mn),C;

6 — sBrexTryeckue kapoums (Cr, Fe, Mn);Cs;
2 — DBTEKTHYECKUE U 3aDBTEKTUUECKHE KApOUIBI
(Cr, Fe, Mn);C3

Fig. 1. Carbide types in the cast irons, x 600:
a — carbides (Cr, Fe, Mn)»Cg; b — carbides
(Fe, Cr, Mn);C and (Cr, Fe, Mn),C;
¢ — eutectic carbides (Cr, Fe, Mn);C3; d — eutectic
and hypereutectic carbides (Cr,Fe,Mn),C;

doi 10.15802/stp2016/61015
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B pesymbrate Maremaruuyeckoir 00pabOTKH
SKCMEPUMEHTANFHBIX JTaHHBIX TIOJTy4deHa perpec-
CHOHHA$s 3aBHCHMOCTh M3HOCA pe3lla OT Conepika-
HUg B oOpabarsiBaeMoM uyryHe C, Cr, Mn, Ni
CIIeYFOINEro BUAA:

I, mxm/m = 24,313 C - 3,408 Mn - 6,993 Cr +
0,948 CMn - 0,514 CCr — 1,755 CNi + 4,943
(Cr/C) + 0,514 Mn® + 0,216 Cr® + 0,797Ni* -
0,136(Cr/C)%

JaHHble ypaBHEHUsI SIBISIOTCS MaTEMaTHUECKH
BEPOSITHOCTHBIMH B COOTBETCTBUH C KPHUTEPUSMH
Crerogenra, @umepa u Koxpena.

DU3NYECKUI CMBICI 3TOTO YPaBHEHUSI COCTOUT
B TOM, 4TO 00pabaThIBAEMOCTh YyTyHa 3aBHCUT OT
o0miero conep>kaHus JIETUPYIOUINX 3JEMEHTOB
Y UX B3aMMHOTO BJIFSIHHS U OTIPEAETSeTCsS KOJde-
CTBOM U TUIOM KapOWAOB, a TaKke CTPYKTYpoii
METAIUTHYECKON OCHOBEI.

I'padraeckoe oToOpakeHne
NpeICTaBICHO Ha puc. 2—5.
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Puc. 2. Biustaue C, Cr, Mn u Ni Ha u3HOC pe3iia:
1-06% Mn;2-2,0% Mn; 3-4,0% Mn; 4-5,4% Mn

Fig. 2. Influence of C, Cr, Mn and Ni
on the cutting tool’s wear:
1-0.6% Mn; 2-2.0% Mn; 3-4.0% Mn; 4-5.4% Mn

IIpu conepxxanuu yraepona ao 1,6 % BiusHue
Cr, Mn u Ni ObUTO OZHO3HAYHBEIM ¥ MPAKTHYECKH
HE 3aBHCENI0 OT KOJNHMYECTBA JPYTHX DJIIEMEHTOB.

YBenmunuenue yrieposaa ceime 1,6 % noenusuio Ha
mporecchl 00pa3oBaHmsl KapOHUIOB W COOTBETCT-
BEHHO Ha MHTEHCHBHOCTH M3HOCA pe3lia, KoTopas
M3MEHsIIach B 3aBUCUMOCTH OT KonmuectBa Cr, Mn
u Ni. MakcumanbHBIil M3HOC pesna HaOmomancs
npu 3,91 % C (puc. 2).
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Puc. 3. Biustaue C, Cr, Mn u Ni Ha u3HOC pe3ia:
1-1,1%C; 2-2,0%C; 3-3,0%C; 4-3,9%C
Fig. 3. Influence of C, Cr, Mn and Ni

on the cutting tool’s wear:
1-11%C; 2-2.0%C; 3-3.0%C; 4-3.9%C

IIpu comepxannn B uyryne mo 2,0 % Mn
1 MakcuManbHoM KonmmaecTBe Cr u Ni yBennuenue
conepkaHus yrieposaa cBeiiie 1,6 % He okasbiBa-
JI0 3HAYUTENTBHOTO BIHUSHUA Ha oOpabarhiBae-
MocTh. [IpakTH4ecKkn TpU BCEBO3MOXKHBIX COYETa-
ausx C, Cr u Ni yBemuueHwe comepkaHusi map-
ranna ceeime 2,3 % yBETMUMBATIO W3HOC pesla
U yXyamano o0pabaTeiBaeMOCTh YyTyHa 3a CUeT
o0pa3oBaHHsl ayCTCHUTA, CKJIOHHOTO K HaKJIEMy
(puc. 3).

VYeenuuenue copepxkanus Ni ymeHbmamo us-
HOC pe3la 3a cyeT (HOPMHUPOBAHUS AYCTCHHUTA,
HECKIJIOHHOTO K HaKJIeNy B 3HAYMTEIBHOW CTEIICHH.
[lpy MUHUMATBLHOM  COJCpXAHMU  YTJIepoja
B uyryHne yBenmdenne Ni ceimre 2,5 % moBbImano
M3HOC pe3lia 3a CUeT TBEPJOPAacTBOPHOTO YIpPOU-
HEHUs OCHOBHI (puc. 4).
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Puc. 5. Bmustrne C, Cr, Mn u Ni Ha u3HOC pe3ia:
1-0,6 % Mn; 2—-2,0 % Mn:; 3-4,0 % Mn; 4-5,4 % Mn

Fig. 5. Influence of C, Cr, Mn and Ni
on the cutting tool’s wear:
1-06%Mn;2-2.0% Mn; 3-4.0% Mn; 4-5.4% Mn

BrnusiHue KoJM4yecTBa XpoMma B UyTryHE Ha H3-
HOC pe3la ONpeIeNsioch €ro BO3JeHCTBHEM Ha
mporeccsl  KapoumoobpaszoBanus (hopmMupoBaHUe
kapounoB (Cr,Fe,Mn);C;) u TBepmopacTBOpHOE
ynpouneHue Matpunsl. [lpu cogepxannn 1,1 % C
n 11,4 % Cr xapOumgHas ¢asa mpeacraBiicHa B OC-
HOBHOM KapOumamu rementutHoro tuma (Fe, Cr,
Mn);C, obpasyromMy CeTKy IIeMEHTUTA. YBeNu-
genue xpoma 10 14,8 % camwkamo u3HOC pe3ia, 3a
cdeT oOpa3oBaHMs KapOUIHOM 3BTEKTUKH, KOTOpas
paspymiana CeTky IieMeHTuTa. JlanbHeliee ro-
BBHIINICHUE COJICPIKAHUS XPOMa BBI3BIBAIO (OPMU-
poBanwme 6osbimoro koiudectsa kapoumos (Cr, Fe,
Mn);Cs, obnamaromux BBICOKO# TBepaocThio. TTo-
BBINICHUE COJEPXKAHUSA yriepoaa B UYyTyHE JI0
3,91 % yBenmuumBaNIO M3HOC pe3lla U CMEMIAo 00-
JIacTh MUHUMaIbHOro u3noca ¢ 14,8 % mo 20 % Cr
(puc. 5). Cmemenne 006JaCTH MUHHUMAIBHOTO W3-
HOCA CBS32HO C TEM, YTO TOBBIINICHUE COJICPIKAHUSI
yriepoaa yBEJIMYMBACT KOJIMYECTBO KapOWTHOU
($a3bl B UyryHe W COOTBETCTBEHHO YBEIMYUBACT
KOJIMYECTBO XPOMa, PACTBOPEHHOTO (CBA3aHHOTO)
B KapOuaax EMEHTUTHOTO THIIA, a TaKXKe TpeOyeT
oOpa3oBaHHe OOJBIIETO KOJIMYECTBA KapOWIHOMN
OBTEKTUKH JIJIsl pa3pylICHUs CETKHU JieAeOypuTa.

AHamu3 SKCTPEMYMOB TOJNYICHHOH (QYHKITHH
MoKa3aj, uYTO MHUHHMAaJIbHBIA M3HOC pesla
(0,18 mMxm/M) mpoucXOTUT MPH 00pabOTKE pe3aHu-
eM uyryHa, coxepxkamero 1,09 % C, 14,8 % Cr,
23 % Mn u 1,2 % Ni, a MakcuMaiabHBIA
(48,96 mxm/m) tipu 3,91 % C, 11,43 % Cr 5,4 %
Mn u 0,19 % Ni. Crneayer OTMETUTh, YTO MOBBI-
meHue cojepkanus xpoma ao 25,57 % Cr mpu
391 % C, 54 % Mn u 0,19 % Ni yBenuuusaio
usHoc pesna no 47,61 MkM/M, 9TO TPAKTHUSCKH
IOCTHTAJIO YPOBHS M3HOCA pe3lia Mpu 00paboTKe
pe3anuem uyryna ¢ 11,43 % Cr.

Hcnonp30BaHUE MOMYUYSHHOTO YPAaBHEHUS per-
peccuu TI03BOJSIET TIPOTHO3MPOBATH 00padaThHI-
BacMOCTh pE€3aHUEM JIC3BUUHBIM HMHCTPYMEHTOM
BBICOKOXPOMHUCTBIX UyTYHOB B JINTOM COCTOSIHHU.
ITpu 3TOM ONTHMAaNbHBIC 1 KOHKPETHBIX YCJIO-
BUH JKCIUTyaTalll CTPYKTYPbI 00pa3yroTcsl mocie
TEPMHUYECKOH 00pabOTKH.

Jlns auThIX jAeTtanel, TpeOYIONHMX OOJBIIOro
obbeMa MeXaHH4YeCKOH 0OpaOOTKH B JIMTOM CO-
CTOSIHUH, PEKOMEHAYIOTCS COCTaBbl H3HOCOCTOM-
KHX 9YTYHOB:

doi 10.15802/stp2016/61015

126

© B. B. Hetpe6ko, 2016



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

Hayka ta nporpec TpaHcnopty. Bicauk J{HInpomneTpoBCbKOro
HAI[IOHAIIBHOTO YHIBEPCHTETY 3ali3HUYHOTO0 Tpancnopty, 2016, Ne 1 (61)

MATEPIAJIO3HABCTBO

— JUIS 3KCIUTyaTaliH B HEUTPaJIbHBIX cpelax:

25-35 % C, 17-19 % Cr,1,5-2,0 % Mn
u 1,0-1,5 % Ni;

— JUISI DKCIUTyaTallid B KOPPO3HOHHBIX Cpellax:
1,1-15 % C, 24-256 % Cr, 1,5-23 % Mn
u 1,5-2,0 % Ni.

Haquaﬂ HOBHU3HA U MPaKTHYECCKas
S3HAYUMOCTDb

Pa3zpaborana maremaruueckass MOJENb 3aBU-
CUMOCTH W3HOCA PEXKYIIEro MHCTPYMEHTa OT CO-
nepkanus B oopabateiBaemom uyryne C, Cr, Mn
u Ni mpu 006paboTke pe3aHreM JIe3BUIAHBIM HHCT-
PYMEHTOM.

Pazpaborannass MoJenb MO3BOJNUT ONTHMHU3H-
pOBaTh COCTAaBbI HM3HOCOCTOWKHUX YYT'YHOB, Tpe-
OyIOIMHUX 3HAYUTEILHOTO O0BheMa MEXaHHIECKOH
00paboTKH pe3aHneM JIC3BUHHBIM HHCTPYMEHTOM.

BriBoabI

1. lns netameld M3 BBICOKOXPOMHCTHIX UYTy-
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B. B. HETPEBKOY

Kad. «O6nagHaHHs Ta TEXHOJIOris 3BapIOBATLHOrO BUPOOHHLTBAY, 3aropi3bKHii HALIOHAIBHMA TeXHIYHHH yHIBEpCHTET,
Bya. XKykoBcbkoro, 64, 3anopixoks, Yipaina, 69063, ten. +38 (061) 27 09 520, ex. momrra olgavvn@mail.ru,
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BIIJIMB XIMIYHOTI'O CKJIAY BUCOKOXPOMUCTHUX YABYHIB
HA OBPOBJIIOBAHICTD PI3AHHAM

Merta. JlaHe ociipKeHHS CIIPSIMOBAaHE HAa BU3HAUEHHS PErpeciiiHOl 3aJIe)KHOCTI 0OpOOIIOBAHOCTI pi3aHHSIM Bij
ximiuHoro cknany daByHy (C, Cr, Mn ta Ni) B crani mutBa. Meroauka. [Ijist moOy10BH MaTeMaTHIHOT MOJIeli OyI10
3aCTOCOBAHO METOJI AaKTHBHOIO IUIAHYBaHHS eKcliepuMeHTy. JlocnmijpkyBaiy 4YaByHM HACTYITHOTO —CKJauy:
1,09...3,91 % C; 11,43...25,57 % Cr; 0,6...5,4 % Mn; 0,19...3,01 % Ni. ITpu 06po0I11i pi3aHHAM BUKOPHUCTOBYBAIU
pisui 3 mractuHamMu 10x10 mwm 31 crutaBy BK8 mo I'OCT 19051-80. IMTapamerpu oOpoOku: rimOuHa pi3aHHS —
0,8 MM, omaua — 0,15 Mmm/06, yactora obepranns mmuagea0 — 200...630 06/x8. MOP (MacTUIIEHO-0XO0JIOKYIOU1
pimuau) He 3actocoByBamu. OIIHIOBaHHS OOPOOIIFOBAHOCTI pi3aHHAM BU3HAYAIM 3a PO3MIPOM 3HOCY pi3lsd Ha
OJMHUIIIO TOBXHUHH pi3aHHsA. Pe3yabTraTn. OTpUMaHO MaTeMaTHYHO BIPOTiJHE PErpEeCHBHE PIBHSHHS 3HOCY Pi3Ls
B 3QJIEKHOCTI BiZ BMicTy B 06poGmoBanomy uaByni C, Cr, Mn ta Ni . Bcranosneno, mo 36insimenss Bmicty Cr
B uaByHi 10 14,8 % 3MeHIye 3HOC pi3lisi BHACIIIOK YTBOPEHHS KapOiHOT eBTEKTHUKH, KA PyHHYyBana CyLIbHUNA
Kapkac JieroBaHoro sexeOypury. [lomanpine 30i7dbpIIeHHS BMICTY XpOMY CHIPHSUIO IOSIBI KapOimiB i3 BHCOKOIO
MIKpPOTBEPIICTIO, III0 3HAYHO 301TBITYBaI0 3HOC iHCTPYMEHTY. IIpoBeneHi HOCHiKEeHHS BUSBIIIN, [0 HAWMEHIITHIA
3noc pisig 0,18 mxm/M OyB mpu 06pobui yaByHy, skiii mictus: 1,09 % C, 14,8 % Cr, 2,3 % Mn ta 1,2 % Ni,
a Haibinemuit 3H0c — 48,96 Mmxm/M npu Bmicty: 3,91 % C, 11,43 % Cr, 5,4 % Mn Ta 0,19 % Ni. 3noc pi3us npu
BMmicty B uaByni 3,91 % C, 25,57 % Cr, 5,4 % Mn, 0,19 % Ni cknas 47,61 mxm/M. HaykoBa HoBH3HA. ABTOPOM
po3pobiIeHa MaTeMaTHYHO BipOTiJjHa MOJIENb 3aJISKHOCTI 3HOCY i3l Bix BMicTy B 00pobmoBaHomy 4aByHi C, Cr,
Mn Ta Ni. IlpakTuna 3HaYUMiCcTh. PeKOMEHI0BaHA MOJIENb TO3BOJISE ONTHMI3YBAaTH CKJIaJX 3HOCOCTIHKHUX YaBYHIB
JUTSL BUITMBOK, IO TMTOTPEOYIOTh 3HAYHOTO 00’ €My MeXaHIqHOI 00poOKH pizaHHIM. PeKOMEHIOBaHI CKIaqy YaBYHIB JUIS
PI3HHX YMOB EKCILTyaTarlil.

Kniouosi crosa: 3H0COCTIMKMI YaBYH; JIETYBaHHS, CTPYKTYpa,; pi3aHHs; 3HOC Pi3Ls

V. V. NETREBKO'

Dep. «Equipment and Technology of Welding Production», Zaporizhzhya National Technical University, Zhukovskyi St., 64,
Zaporizhzhia, Ukraine, 69063, tel. +38 (061) 270 95 20, e-mail olgavvn@mail.ru, ORCID 0000-0003-3283-0116

THE INFLUENCE OF CHEMICAL COMPOSITION
OF HIGH-CHROMIUM CAST IRONS ON THE MACHINABILITY

Purpose. This research is aimed to obtain the regression dependence of the machinability on the chemical com-
position of pig iron (C, Cr, Mn and Ni) in cast state. Methodology. The method of active experiment planning was
used to build a mathematical model. Cast irons of composition 1.09...3.91 % C; 11.43...25.57 % Cr; 0.6...5.4 %
Mn; 0.19...3.01 % Ni were studied. Cutting tools with plates 10x10 mm out of BK8 according to State Standard
19051-80 were used for turning. Cutting modes: cutting depth — 0.8 mm, longitudinal feed — 0.15 mm/rot., spindle’s
rotation frequency during turning — 200...360 rot./min. Lubricating and cooling liquids were not applied. Evaluation
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of iron workability was produced by determining the linear tool flank wear per unit length of the cutting path.
Findings. Mathematically probabilistic equation of the regression dependence of the cutting tool’s wear on the C,
Cr, Mn and Ni content in the machined cast iron were obtained. It was established that with the increase of Cr con-
tent in the cast iron to 14.8 % the cutting tool’s wear decreased as a result of formation of carbide eutectic which
destroyed the doped ledeburite continuous frame. Further increase of chromium content promoted appearing of
chromic carbides with high microhardness which considerably increased the tool’s wear. The conducted research
shown that the minimum cutting tool’s wear 0,18 mkm/m was observed during the machining of cast iron contain-
ing: 1.09 % C, 14.8 % Cr, 2.3 % Mn and 1.2 % Ni; and the maximum wear is 48,96 mkm/m — when the content was:
3.91% C, 11.43 % Cr, 5.4 % Mn and 0.19 % Ni. The tool’s wear reached 47.61 mkm/m during the treatment of cast
iron containing 3.91 % C, 25.57 % Cr, 5.4 % Mn and 0.19 % Ni. Originality. Mathematically probabilistic model of
the dependence of the cutting tool’s wear on the C, Cr, Mn and Ni content in the machined cast iron has been elabo-
rated by the author. Practical value. The model allows optimizing the compositions of wear-resistant cast irons for
castings which require the significant mechanical machining. Cast irons compositions were recommended for differ-
ent exploitation conditions.
Keywords: wear-resistant cast iron; alloying; structure; cutting; cutting tool’s wear
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RESEARCH OF DEPENDENCE OF BELT CONVEYER
DRIVE POWER ON ITS DESIGN PARAMETERS

Purpose. A drive is one of the basic elements of belt conveyers. To determine the drive power it is necessary to
conduct calculations by standard methodologies expounded in modern technical literature. Such calculations de-
mand a fair amount of time. The basic design parameters of a belt conveyer include type of load, design efficiency,
geometrical dimensions and path configuration, operation conditions. The article aims to build the parametric de-
pendence of belt conveyer drive power on its design parameters, that takes into account standard dimensions and
parameters of belts, idlers and pulleys. Methodology. The work examines a belt conveyer with two areas: sloping
and horizontal. Using the methodology for pulling calculation by means of belt conveyer encirclement, there are
built parametric dependences of pull forces in the characteristic conveyer path points on the type of load, design
efficiency, geometrical dimensions and path configuration, operation conditions. Findings. For the belt conveyers of
the considered type there are built parametric dependences of drive power on type of load, design efficiency, geo-
metrical dimensions and path configuration, operation conditions, taking into account the belt standard dimensions
and corresponding assumptions in relation to idler and pulley types. Originality. This is the first developed paramet-
ric dependence of two-area (sloping and horizontal) belt conveyer drive power on type of load, design efficiency,
geometrical dimensions and path configuration, operation conditions that takes into account standard dimensions
and parameters of belts, idlers and pulleys. Practical value. Use of the built drive power dependences on design
parameters for the belt conveyers with sloping and horizontal areas gives an opportunity of relatively rapid determi-
nation of drive power approximate value at the design stage. Also it allows quality selection of its basic elements at
specific design characteristics and requirements. The offered dependences can be used for determination of general
character of drive power dependence on the project efficiency.

Keywords: conveyer; belt; drive; power; efficiency; load

ment of which is vertically closed rubber belt that
encircles the end pulleys, one of which is usually
the drive one, the other — the idler one. Belt con-
veyors are widely used in the chemical, metallurgi-
cal, machine-building industry, for production of
building materials, transport and industrial con-
struction, at the coal preparation plants.

The main publications that describe the struc-
ture, design features, operational and design pa-

Introduction

Transporting machines are important elements
of transport and industrial construction sector.
Continuous-transport machines are the foundation
of the comprehensive mechanization of cargo han-
dling, industrial processes, they increase productiv-
ity and efficiency. The most common type of con-
tinuous transport is belt conveyors. Belt conveyors

are the continuous-type machines, the main ele-

rameters of the conveyors are [4, 5, 6, 7, 8, 9, 10].
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The analysis of publications shows that for deter-
mining the conveyor drive parameters, particularly
its power, it is necessary to conduct calculation for
its pulleys, pulling element (belt), pulling calcula-
tion and to select the basic drive elements. The
procedure of these calculations is described in de-
tail in [7, 8]. But the use of traditional conveyor
drive calculation methods takes some time. Today,
the constant development of almost all industries
demands more rapid decision-making in the design
of continuous-transport machines, which are ele-
ments of the production lines. Therefore, to im-
prove the belt conveyor drive design process it is
desirable to determine a scheme that allows using
the more simple and quick calculations to deter-
mine the necessary value of the drive power de-
pending on the design parameters. Such a scheme
is proposed for elevators in [2, 3].

Purpose

The work aims to build the parametric depend-
ence for drive power of the belt conveyor with
sloping and horizontal areas on type of load, de-
sign efficiency, geometrical dimensions and path
configuration, operation conditions.

Methodology

The value of belt conveyor drive power de-
pends on many factors. The main parameters af-
fecting its value are: type of load, design effi-
ciency, load lifting height and conveying distance,
required load transportation path configuration,
conveyor operation conditions. The design diagram

of the conveyor under study and its approximate
belt tension chart are shown in Figure 1.

Initial data for design calculations of the exam-
ined belt conveyor are as follows:

— Transported material;

— Conveyor efficiency;

— Height or angle of the conveyor sloping area,
H or Brespectively;

— Lengths of conveyor sections and radius:

Lias Laas Lses Lises Lezs Lygs Ry M.

Fig. 1. Belt conveyer:
a — design diagram; b — belt tension chart

For further study we determine that the con-
veyor has grooved three-roller idlers with 20° an-
gle on the loaded belt and row straight idlers — on
the return belt.

Taking into account the data of the tables 8.1
and 8.2 of [8] we present in Table 1 the basic prop-
erties of the load that are needed for further calcu-
lations:

Table 1
Belt speed and load properties
material density - Belt speed, m/s, at the width, mm

Bulk load P Um’ COBTCIem 400 500 800...1200 | 1200... | 1800...

® and 650 1600 2000
sand 1.4-1.65 470 13 15 2.6 3.3 55
peat 0.33-0.4 550 13 15 2.6 3.3 55
soil 11-16 470 13 15 2.6 3.3 55
gravel 15-1.9 470 1.1 1.3 1.8 2.6 3.6
stones 18-22 550 - 1.3 1.3 18 2.6
coal 0.8-1.0 470 1.1 13 14 1.8 -
cement 10-1.8 470 - 11 1.0 - -
crushed stone 13-18 550 11 1.3 1.8 2.6 3.6
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The belt speed values in Table 1 are counted as
the mean in a given range of possible values for the
set load.

The belt width required for the set efficiency E
is calculated by the formula

B, 21,1[ E

+0,05 |, )
KesKspV J

where k, — cross-section coefficient of the mate-
rial on belt (Table 1); k; — coefficient for cross-

section decrease of the material on belt due to its
partial bulking into the side opposite to the travel
direction (p. 403, [8]); p — bulk density of trans-

ported material (Table 1), t/m®.

The determined belt width value is rounded up
to the nearest biggest number of a standard row of
belt width: 400; 500; 650; 800; 1 000, 1 200 mm.

For convenience of further research, we will do
some algebraic transformation in the expression
(1). The result is as follows:

kespV(0,91B, —0,05)" > )

E
K

For unambiguous determination of the required
width to achieve the conveyor design efficiency
the ratio E/kﬁ must appertain to some range of

values. These ranges are shown in Table 2. The
value E/kﬁ depends on the belt width, type of load

and accepted load material density. The limit val-
ues of the ranges in Table 2 are calculated for the
corresponding limit values of material density. For
example, for sand and belt width B =400 mm the
range of variation is E/kB =84.3-99.4, herewith

84.3 corresponds to the sand density 1.4 t/m? and

99.4 — to the sand density 1.65 t/m°.

Example of usage of Table 1: let the load be
with the density p=1.6 t/m° the

angle pB=22"and the required efficiency
E =64t/h. With the help of (p. 403 [8]) we
get:  k;=0.76. We calculate the ratio
E/kB =64/0.76 =84.2 <99.4, thus, this value cor-

responds to the width of the belt B=400 mm.
This width is taken for further calculations.

It should also be noted that the inequality sign
must be considered in the ratio (2) as follows: the

soil

soil density p=1.6 t/m® and belt width B =400
mm go with the range of values E/kB [0...96.4],
B=500 mm - the range E/k, [96.4...185],
B=650 mm - the range E/k, [185...330.7],
B=800 mm - the range E/k[3 [330.7...898.8],
B=1000 mm - the range E/kB [898.8...1446.1],
B =1200 mm - the range E/k[3 [1446.1...2 694.4].
Accordingly, the soil density p=1.1 t/m® and belt
width B =400 mm go with the range of values E/ K
[0...66.3], B=500mm - the E/ks
[66.3...127.2], B=650mm - the range E/k,
[127.2...227.4], B=800mm - the range E/k,
[227.4...617.9], B=1000 mm - the range E/k,
[617.9...994.2], B=1200mm - the range E/k,

[994.2...1852.4]

For further calculation the conveyor pulling el-
ement circuit is divided into straight and curved
sections (see Fig. 1a). To determine the belt ten-
sion we use the method of pulling calculation by
circuit.

We adopt the conveyor drive with one driving
pulley, the wrap angle of which isy=180°. The

pulley surface is lined with rubber.
The efforts in the belt entering the drive pulley
are determined by Euler’s formula:

Sip =S5 <S8, 3)

range

where p — friction factor between the belt and the
pulley surface; y — belt wrap angle of drive pulley,

radian; e — pulling factor (Table 3).
There are two unknown terms S,and Sgin the

equation (3). To formulate the second equation it is
necessary to encircle the pulling circuit from point
1 to point 8, expressing the tension at all points
through the tension at point 1. The specific weight
of the material on belt is determined by the for-
mula

Eg

qm:E:BEi (4)

where B:% — coefficient that depends on the
.6v

belt speed, N-s/kg-m.
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The specific weight of moving parts of upper Using the data from tables 8.3 — 8.5 [8] and the
and lower idlers is determined by formulas: formulas (5) — (6) we calculate the specific weight
. of moving parts of upper and lower idlers. The fol-
Qui = Gi/li , ®) lowing table shows the values of the specific
weight of moving parts of upper and lower idlers

O = G./'. , (6) depending on the belt width and load density.

Using the data in table 1 and the formula (4),

where G, G — weight of rotating parts of upper ~ We built dependence of the loaded material specific
and lower idlers respectively weight on the belt width and the conveyor effi-

The spacing of upper and lower idlers I, on the ciency. The resulted data are shown in Table 5.

path is taken according to the table 8.3 [8]. The
lower row idlers are arranged with the double

I, spacing.
Table 2
Ranges of ratio values E/kB corresponding to type of load and belt width
Bulk | Material density p, Ranges of ratio values E/k, , t/h, with the belt width, mm
load t/m?
400 500 650 800 1000 1200
sand 1.4-1.65 84,3- 161,9- 786,5- 1265,3- 2357,6-
99,4 190,8 289,4-341,1 926,9 1491,3 2778,6
peat 0.33-04 23.3- ) ] 216.9- _ .
8. 44.6-54.1 79.8-96.7 262.9 349-423 650.3-788.3
soil 11-16 66.3- 617.9- 1852.4-
96 4 127.2-185 | 227.4-330.7 898 8 994.2-1446.1 2694.4
grave 15-19 76.5- 150.3- i 583.3- i 1990.2-
| 96.9 1004 | 208733041 9359 | 9385-11888 | o509
stone 1.8-22 591.6- 1934.8-

s - 211.1-258 | 377.3-461.2 7931 951.9-1163.4 23648
coal 0.8-1.0 40.8-51 | 80.2-100.2 | 143.3-179.1 | 242-302.5 | 389.4-486.7 | 734.88-918.6
ce- 1.0-18 - 84.8-152.6 | 151.6-272.8 216.1- 347.6-625.7 -

ment 388.9
crush 13-18
77.6- 152.5- 591.6- 2018.5-
ed 107.4 211.1 2126-3717.4 | g1g5 9519-1318 2794.8
stone
Table 3
Value of pulling factor e"”
" v, grad (radian)
180 (3.14) 190 (3.22) 200 (3.50) 210 (3.67) 240 (4.19)
0.2 (without lining) 1.88 1.94 2.01 2.08 2.31
0.3 (with wood lining) 2.57 2.71 2.85 3.01 3.52
0.4 (with rubber lining) 3.52 3.78 4.05 4.34 5.35
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Table 4
Specific weight of moving parts of upper and lower idlers
Belt width, mm g, atload density p, N/m g, atload density p, N/m
up to 1 t/m® 1..2t/m® above 2 t/m? up to 1 t/m° 1..2t/m? above 2 t/m°
400 66.7 71.4 76.9 20 215 23.1
500 76.7 82.1 88.5 25 26.8 28.9
650 89.3 96.2 104.2 37.5 40.4 43.8
800 157.1 169.2 183.3 61.1 71.2 77.1
1000 192.3 208.3 227.3 84.6 91.7 100
1200 223.1 241.7 263.6 96.2 104.2 113.7
Table 5
Dependence of loaded material specific weight q,, on belt width and conveyor efficiency
Bulk load Belt width, mm
400 500 Ta 650 800...1200 1200...21600 1800...2000
sand 2.14E 1.85E 1.07E 0.84E 0.51E
peat 2.14E 1.85E 1.07E 0.84E 0.51E
soil 2.14E 1.85E 1.07E 0.84E 0.51E
gravel 2.53E 2.14E 1.54E 1.07E 0.77E
stones - 2.14E 2.14E 1.54E 1.07E
coal 2.53E 2.14E 1.98E 1.54E -
cement - 2.53E 2.78E - -
crushed stone 2.53E 2.14E 1.54E 1.07E 0.77E

For clarity in subsequent calculations we adopt
as a working element the conveyor fabric-ply belt
by GOST 20-85 BKNL-150, whose gasket tensile
strength S, =150 N/mm. In addition, further on
we will assume that the conveyor operation condi-

tions are heavy or very heavy.
The belt thickness is determined by the formula

8, =8, +i5, +5,, 7)

where §,, 8, — thickness of rubber gaskets from
operating and non- operating belt sides; &, -
thickness of one fabric gasket; 89 =1.6 mm for

BKNL-150-type belts.

The gasket thickness is selected subject to
heavy operation conditions of the conveyor, so
8, =6 mm, 5, =2 mm, while

O, =6+i-1.6+2=8+i-1.6 mm.

The belt running meter weight is calculated by
the formula

q, =0.01B3, , (8)

where B and §, should be substituted in millime-

tres.

Using the formulas (7) — (8) we obtained the
dependence of the belt linear weight value on the
number of gaskets and the belt width (Table 6).

The basic principle of the encirclement method
is to identify the specific points of the path, where
there are changes of belt tension. Herewith the ten-
sion in the following (i+1) point equals the sum
of the belt tension in this (i) point and the belt
transport resistance at the section between these
points:
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Sig =S +W, iy 9)

Belt tension at point 2 is calculated by the for-
mula
Sy =S5+ Wy, (10)

where W,, — belt transport resistance at the section
between the points 1 and 2;

Wi, =wL, (g, + 0 ) - (11)

where w — belt transport resistance (Table 7),
which depends on the type of bearing, lubrication,
sealing, dustiness of atmosphere and other condi-
tions.

For further research it is assumed that w=0.03
(operation conditions are heavy, lower idlers are
straight, upper idlers are grooved). Using the tables
5 and 6, we obtained the expressions for tension
force values at point 2, depending on the belt width
and load density (Table 8).

Belt tension at point 3 is calculated by the for-
mula

S; =kS,, (12)

where k — coefficient for increase in belt tension
due to idler pulley rotating resistance (Table 9).

Table 6
Belt linear weight
Belt width B, Belt linear weight at Belt linear weight at Belt linear weight at Belt linear weight at
mm i=3,N/m i=4,N/m i=5,N/m i=6,N/m
400 51.2 57.6 64 70.4
500 64 72 80 88
650 83.2 93.6 104 114.4
800 102.4 115.2 128 140.8
1000 128 144 160 176
1200 153.6 172.8 192 211.2
Table 7
Value of coefficient w
. . Idlers
Conveyor operation conditions -
straight grooved
Light 0.018 0.020
Average 0.022 0.025
Heavy, very heavy 0.030 0.030
Table 8

Belt tension at point 2

S, at load density p, N/m

Belt width, mm

up to 1t/m® 1..2t/m? above 2 t/m?
400 5,+0.03L,(q+20) $,+0.03L,(q+21.5) $,+0.03L,(qy+23.1)
500 $,+0.03L,(q+25) $,+0.03L,(q+26.8) $,+0.03L,(q+28.9)
650 $,+0.03L,(q,+37.5) S,+0.03L,(q+40.4) S,+0.03L(q+43.8)
800 $,+0.03L,(qy+61.1) S,+0.03L,(qu+71.2) $,+0.03L,(qu+77.1)
1000 $,+0.03L,(q,+84.6) $,+0.03L,(q+91.7) $,+0.03L,(q,+100)
1200 $,+0.03L,(qy+96.2) $,+0.03L,(qy+104.2) $,+0.03L,(qy+113.7)
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In the considered conveyor design the belt wrap
angle of pulley is less than 90° (Fig. 1), thus
k=1.03.

Dependencies for tension force values at point
5 by belt width and load density are shown in Ta-
ble 12.

Table 9 Belt tension at point 6 is calculated by the for-
Value of coefficient k mula
Belt wrap angle of pulley, degrees k Se =S5 +Wes (16)
<90 1.03 where Wy, — belt transport resistance at the section
90 1.04 between the points 5 and 6,
180 1.05 Wis = (G + 0y ) Lsg (W- COSB +SinB) + 0y LW, (17)

Dependencies to determine the tension force
value at point 3 by belt width and load density are
shown in Table 10.

Belt tension at point 4 is calculated by the for-
mula

S, =S;+W,,, (13)

where W,, — belt transport resistance at the section
between the points 3 and 4;

Wy = Gy Ly (W-cOSB —sinB)+ gy Ly,w, (14)

where w — belt transport resistance coefficient
(Table 7).

If w=0.03 (operation conditions are heavy,
lower idlers are straight), then the dependences for
tension force values at point 4 by belt width and
load density are shown in Table 11.

Belt tension at point 5 is calculated by the for-
mula

S; =kS,, (15)

where k — coefficient for increase in belt tension
due to idler pulley rotating resistance (Table 9).

In the considered conveyor design the belt wrap
angle of pulley is 180° (Fig. 1), therefore, we as-
sume that k =1.05.

where w — belt transport resistance coefficient
(Table 7).

If w=0.03(operation conditions are heavy,
upper idlers are grooved), then the dependences for
tension force values at point 6 by belt width and
load density are shown in Table 13.

Belt tension at point 7 is calculated by Euler’s
formula:

S, =Sge", (18)

where w — friction factor between the belt and the
idler surface; o — belt wrap angle of battery of
idlers, radian.

Belt wrap angle of battery of idlers:

o= L . (19)
Rl

Dependencies for tension force values at point
7 by belt width and load density are shown in Ta-
ble 14.

Table 10
Belt tension at point 3
Belt width, mm S, at load density p, N/m
up to 1 t/m? 1...2t/m? above 2 t/m?

400 1.03 S;+0.031L,(g,+20) 1.03 S;+0.031L,(gy+21.5) 1.03 S;+0.031L,(gy+23.1)
500 1.03 S;+0.031L,(gy+25) 1.03 S;+0.031L,(g,+26.8) 1.03 S;+0.031L,(g,+28.9)
650 1.03 S;+0.031L,(g,+37.5) 1.03 S;+0.031L,(g,+40.4) 1.03 S;+0.031L,(q,+43.8)
800 1.03 S;+0.031L,(g,+61.1) 1.03 S;+0.031L,(gp+71.2) 1.03 S;+0.031L,(gy+77.1)
1000 1.03 S;+0.031L,(q,+84.6) 1.03 S;+0.031L,(gy+91.7) 1.03 S;+0.031L,(q,+100)
1200 1.03 S;+0.031L,(g,+96.2) 1.03 S;+0.031L,(g,+104.2) 1.03 S,+0.031L(q,+113.7)
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Table 11
Belt tension at point 4
Belt width, S, atload density p, N/m
mm up to 1 t/m® 1..2t/m? above 2 t/m°
1.03S,+0.031 qy(L+ 1.03S,+0.031 qy(L+ 1.03S,+0.031 qy(L+
400 +L34C08B-32.3L3,8inp)+ +L34C08B-32.3L3,8inp)+ +L.34C08P-32.3L34SiNP)+
+0.62(L+L3g) +0.66(L,+L3q) +0.72(L+L3g)
1.03S,+0.031 qy(L+ 1.03S,+0.031 qy(L+ 1.03S,+0.031 qy(L+
500 +L34C08B-32.3L3,4SiNP)+ +L34C08B-32.3L3,4SiNP)+ +L 34C08B-32.3L3,4SiNP)+
+0.77(L+L3g) +0.83(L+L3s) +0.9(L+Ls4)
1.03S;+0.031 gp(L+ 1.03S;+0.031 gp(L+ 1.03S;+0.031 gp(L+
650 +L34C05B-32.3L345INP)+ +L34C05B-32.3L34SINP)+ +L34C05B-32.3L34SINP)+
+1.16(L+L3s) +1.25(L+Lag) +1.35(L+Lag)
1.03S;+0.031 qy(L+ 1.03S,+0.031 qy(L+ 1.03S;+0.031 qy(L+
800 +L34C0SB-32.3L34SINP)+ +L34C0SB-32.3L34SINP)+ +L34C0SB-32.3L34SINP)+
+2.1(L+Ls4) +2.2(L+Ls4) +2.39(L+Lag)
1.03S,+0.031 qy(L+ 1.03S,+0.031 qy(L+ 1.03S,+0.031 qy(L+
1000 +L34C08B-32.3L3,8inp)+ +L34C08B-32.3L3,8inp)+ +L.34C08P-32.3L34SiNP)+
+2.6(L+L3q) +2.84(L+L3q) +3.1(Li+L3g)
1.03S5,+0.031 qy(L+ 1.03S,+0.031 qy(L+ 1.03S,+0.031 qy(L+
1200 +L34C08B-32.3L3,4SiNP)+ +L34C08B-32.3L3,4SiNP)+ +L 34C08B-32.3L3,4SiNP)+
+2.98(L+L3s) +3.23(L*+Las) +3.5(L+L34)
Table 12
Belt tension at point 5
Belt width, S, at load density p, N/m
mm up to 1 t/m® 1..2tm* above 2 t/m°
1.08S;+0.033 qp(L+ 1.08S;+0.033 qp(L+ 1.08S;+0.033 qp(L+
400 +L34C05B-32.3L345INP)+ +L34C05B-32.3L34SINP)+ +L34C0SB-32.3L345INP)+
+0.65(L+L34) +0.7(Li+L3s) +0.75(L+L3g)
1.08S,+0.033 qy(L+ 1.08S,+0.033 qy(L+ 1.085,+0.033 qy(L+
500 +L34C0SB-32.3L34SINP)+ +L34C0SB-32.3L34SINP)+ +L34C0SB-32.3L34SINP)+
+0.81(L+L3g) +0.87(L+L3g) +0.94(L+L34)
1.085,+0.033 qy(L+ 1.08S,+0.033 qy(L+ 1.085,+0.033 qy(L+
650 +L34,C08B-32.3L34SinP)+ +L34C083-32.3L3,4SinB)+ +L34C08[3-32.3L3,4SinB)+
+1.23(L+L3g) +1.31(L+L3q) +1.42(L+Lgg)
1.085,+0.033 qy(L+ 1.085,+0.033 qy(L+ 1.085,+0.033 qy(L+
800 +L34C08B-32.3L3,4SiNP)+ +L 34C08B-32.3L3,4SiNP)+ +L 34C08B-32.3L3,4SiNP)+
+2.15(L+L3s) +2.31(L+Lag) +2.5(L+L34)
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End of table 12

Belt width, S at load density p, N/m
mm up to 1 t/m® 1...2tm? above 2 t/m?
1.085;+0.033 qp(L+ 1.085;+0.033 g(L+ 1.085;+0.033 gp(L+
1000 +L34C05B-32.3L345INP)+ +L34C08B-32.3L3,45iNp)+ +L34C08B-32.3L3,45iNp)+
+2.75(L+L3s) +2.98(L+L3s) +3.25(L+L3g)
1.085;+0.033 gL+ 1.08S;+0.033 g (L+ 1.085;+0.033 gy (L+
1200 +L34,C08B-32.3L34SiNP)+ +L34C08-32.3L3,45inB)+ +L34C08-32.3L3,45inB)+
+3.13(L+L3s) +3.39(L+L34) +3.7(L+L3s)
Table 13
Belt tension at point 6
S, at load densit , N/
Belt width, mm o & Toad demTy b, T
up to 1 t/m® 1...2tm? above 2 t/m°
1.08S;+0.033 gy (L+ 1.08S;+0.033 gy(L+ 1.08S;+0.033 gy (L+
+(Las + Lsg)COSP+32.3(Lgg- | +(Las + Los)COSP+32.3(Lse- - +(Las + Leg)COsP+32.3(Leg- -
400 Las)sinB)+ Laq)sinp)+ Lag)sinp)+
+0.65(L+L34+3.08 Lsg)+ +0.7(L+L34+3.06 Lsg)+ +0.75(L+L34+3.08 Lsg)+
+ (mLse (0.03cosp+sinp) + (mLse (0.03cosP+sinp) + QmLse (0.03cosp+sinp)
1.08S,+0.033 qy(L+ 1.08S,+0.033 qy(L+ 1.08S;+0.033 qy(L+
+(Las+ Lsg)COSP+32.3(Lsg- | +(Las+ Lsg)COSP+32.3(Lss- - +(Las + Lss)c0sP+32.3(Lse- -
500 Las)sinp)+ Las)sing)+ Las)sinp)+
+0.81(L+L34+2.82 Lsg)+ +0.87(L+L34+2.84 Lsg)+ +0.94(L+L34+2.82 Lsg)+
+ (mLss (0.03cosPp+sinp) + (mLse (0.03cosP+sinp) + (mLss (0.03cosPp+sinp)
1.08S,+0.033 qy(L+ 1.08S,+0.033 qy(L+ 1.08S,+0.033 qy(L+
+(Lss + Lss)COSP+32.3(Lss- |  +(Las+ Lss)cOSP+32.3(Lss- - +(Laa + Lsg)cosP+32.3(Lse- -
650 Las)sinp)+ Las)sing)+ Las)sinp)+
+1.23(L+L34+2.18 Lsg)+ +1.41(L+L34+2.2 Lsg)+ +1.43(L+L34+2.2 Lgg)+
+ (mLss (0.03cosp+sinp) + (mLse (0.03cosP+sinp) + (mLss (0.03cosPp+sinp)
1.085;+0.033 qp(L+ 1.085;+0.033 gp(L+ 1.085;+0.033 qp(L+
+(Las + Log)COSP+32.3(Lss- | +(Las+ Lsg)COSP+32.3(Lss- - +(Las + Leg)COSP+32.3(Leg- -
800 Las)sinp)+ Las)sing)+ Las)sinp)+
+2.15(L+L34+2.2 Lgg)+ +2.31(L+L34+2.2 Lsg)+ +2.5(L+L34+2.2 Lsg)+
+ (mLss (0.03cosp+sinp) + (mLse (0.03cosP+sinp) + (mLss (0.03cosp+sinp)
1.085;+0.033 gp(L+ 1.085;+0.033 gu(L+ 1.08S;+0.033 gL+
+(Las + Loo)COSP+32.3(Lss- | +(Las+ Lsg)COSP+32.3(Lss- - +(Las + Leg)COSP+32.3(Leg- -
1 000 La4)sing)+ Las)sinB)+ La4)sinB)+
+2.75(L+L34+2.1 Lgg)+ +2.98(L+L34+2.1 Lsg)+ +3.25(L+L34+2.1 Lgg)+
+ (mLss (0.03cosp+sinp) + (mLss (0.03cosP+sinp) + (mLss (0.03cosp+sinp)
1.085;+0.033 gp(L+ 1.085;+0.033 gp(L+ 1.08S;+0.033 gL+
+(Las + Lsg)COSP+32.3(Lsg-- +(Las + Lsg)COSP+32.3(Lss- - +(Las + Lsg)cOSB+32.3(Lsg- -
1200 Las)sinp)+ Las)sing)+ Las)sinp)+
+3.13(L+L34+2.14 Lsg)+ +3.39(L+L34+2.14 Lsg)+ +3.7(Li+L34+2.14 Lgg)+
+ (mLs6 (0.03cosp+sinp) + (mLss (0.03cosP+sinp) + (mLss (0.03cosp+sinp)
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Table 14
Belt tension at point 7
Belt width, S, at load density p, N/m
mm up to 1 t/m° 1..2t/m° above 2 t/m°
£"“[1.085;+0.033 qy(L+ e"*[1.085,+0.033 gy(L+ £"“[1.085;+0.033 qy(L+
+(Las + Lsg)cOSP+32.3(Lsg- - +(Las + Lss)COSP+32.3(Lss- - +(Las + Lsg)cOsP+32.3(Lsg- -
400 Las)sinB)+ Las)sinB)+ Las)sinB)+
+0.65(L+L34+3.08 Lsg)+ +0.7(L+L34+3.06 Lgg)+ +0.75(L+L34+3.08 Lsg)+
+ (mLss (0.03cosp+sinB)] + (mLss (0.03cosp+sinp)] + (mLss (0.03cosp+sinB)]
e"*[1.085,+0.033 qy(L+ e"*[1.085,+0.033 gy(L+ e"*[1.085,+0.033 qy(L+
+(Las + Lsg)cOSP+32.3(Lsg- - +(Las + Lss)COSP+32.3(Lss- - +(Las + Lsg)cOsP+32.3(Lsg- -
500 Las)sinB)+ Las)sinB)+ Las)sinB)+
+0.81(L+L34+2.82 Lsg)+ +0.87(L+L34+2.84 Lsg)+ +0.94(L+L34+2.82 Lsg)+
+ (mLss (0.03cosp+sinB)] + (mLss (0.03cosp+sinp)] + (mLss (0.03cosp+sinB)]
e"*[1.085,+0.033 qy(L+ e"*[1.085,+0.033 gy(L+ e"“[1.085,+0.033 qy(L+
+(Las + Lss)c0osP+32.3(Lse- - +(Las + Lss)cosP+32.3(Lse- - +(Las + Lss)cosP+32.3(Lse- -
650 Las)sinB)+ Las)sinB)+ Las)sinB)+
+1.23(L+L34+2.18 Lsg)+ +1.41(L+L34+2.2 Lsg)+ +1.43(L+L34+2.2 Lsg)+
+ (mLss (0.03cosp+sinB)] + (mLss (0.03cosp+sinp)] + (mLs6 (0.03cosp+sinpB)]
e"“[1.085,+0.033 qy(L+ e"*[1.085,+0.033 gy(L+ e"“[1.085,+0.033 qy(L+
+(Las + Lsg)coSP+32.3(Lse- - +(Las + Lsg)COSP+32.3(Lse- - +(Las + Lsg)coSP+32.3(Lse- -
800 Las)sinB)+ Lag)sinB)+ Lag)sinp)+
+2.15(L+L34+2.2 Lsg)+ +2.31(L+L34+2.2 Lsg)+ +2.5(L+L34+2.2 Lsg)+
+ (mLs6 (0.03cosp+sinpB)] + (mLss (0.03cosp+sinp)] + (mLss (0.03cosp+sinpB)]
e"*[1.085,+0.033 qgp(L+ e"* [1.085,+0.033 qgp(L+ e"*[1.085,+0.033 qgp(L+
+(Las + Lsg)coSP+32.3(Lse- - +(Las + Lsg)cOSP+32.3(Lse- - +(Las + Lsg)coSP+32.3(Lse- -
1000 Lag)sinp)+ Ls)sinB)+ Las)sinB)+
+2.75(L+L34+2.1 Lsg)+ +2.98(L+L34+2.1 Lsg)+ +3.25(L+L34+2.1 Lsg)+
+ (mLss (0.03cosp+sinB)] + (mLss (0.03cosp+sinp)] + (mLss (0.03cosp+sinpB)]
e"*[1.085,+0.033 qgp(L+ e"* [1.085,+0.033 qgp(L+ e"*[1.085,+0.033 qgp(L+
+(Las + Lsg)coSP+32.3(Lse- - +(Las + Lsg)COSP+32.3(Lse- - +(Las + Lsg)coSP+32.3(Lse- -
1200 Lag)sinp)+ Lss)sinB)+ Las)sinB)+
+3.13(L+L34+2.14 Lsg)+ +3.39(L+L34+2.14 Lsg)+ +3.7(L+L3g+2.14 Lsg)+
+ OmLse (0.03cosp+sinp)] + OmLss (0.03cosp+sing)] + QmLse (0.03cosp+sinp)]

Belt tension at point 8 is calculated by the for-

mula
Sg =S, +Wpg, (20)

where W,, — belt transport resistance at the section
between the points 7 and 8;

Wog = (qm + 0y + 0, ) LzgW, (21)

where w — belt transport resistance coefficient
(Table 7).

If w=0.03 (operation conditions are heavy,
upper idlers are grooved), then the dependences for
tension force values at point 8 by belt width and
load density are shown in Table 15.
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Belt tension at point 8

Table 15

Belt width, S; at load density p, N/m
mm up to 1 t/m® 1..2t/m? above 2 t/m?
6"[1.085,+0.033 gp(L+ 6"[1.085,+0.033 gp(L+ 6"[1.085,+0.033 gp(L+
+(Las + Lss)COSP+32.3(Lss- +(Las + Lss)COSP+32.3(Lss- +(Las + Lss)COSP+32.3(Lss-
400 -L34)SinB+L78/eW“)+O.65(L|+ -L34)SinB+L78/eW“)+O.7(L| + -L34)SinB+L78/eW“)+O.75(L| +
+L3,4+3.08 (LsgtLsg/ €))+ +L34+3.06 (LsgtLsg/ €))+ +L3,4+3.08 (LsgtLsg/ €))+
+ (m (Ls6 (0.03cosp+sinp) + (m (Ls6 (0.03cosp+sinp) + (m (Ls6 (0.03cosp+sinp)
+0.03L54/ €"%)] +0.03L4/ €"%)] +0.03Lyg/ €"%)]
6"[1.085,+0.033 gp(L+ 6"[1.085,+0.033 gp(L+ 6"[1.085,+0.033 gp(L+
+(Las + Lss)COSP+32.3(Lss- +(Las + Lss)COSP+32.3(Lss- +(Las + Lss)COSP+32.3(Lss-
500 -L34)SinB+L78/eW“)+O.81(L|+ -L34)SinB+L78/eW“)+O.87(L| + -L34)SinB+L78/eW“)+O.94(L| +
+L3,+2.82 (LsgtLsg/ €))+ +L3,+2.84 (LsgtLsg/ €))+ +L3,4+2.82 (LsgtLsg/ €))+
+ (m (Ls6 (0.03cosp+sinp) + (m (Ls6 (0.03cosp+sinp) + (m (Ls6 (0.03cosp+sinp)
+0.03L78/ ew")] +0.03L78/ ew")] +0.03L78/ ew")]
6"[1.085,+0.033 gp(L+ 6"[1.085,+0.033 gp(L+ £"[1.085,+0.033 gy (L+
+(Las + Lsg)COSP+32.3(Lss- +(Las + Lsg)COSP+32.3(Lse- +(Las + Lsg)COSP+32.3(Lsg- -
650 -L34)SinB+L78/eW“)+1.23(L|+ -L34)SinB+L78/eW“)+1.31(L| + L34)SinB+L78/eW“)+1.43(L|+
+L3,4+2.18 (LsgtLsg/ €))+ +L34+2.2 (LsstLzg/ €"))+ +L34+2.2(Lsgt Lyg/ €"))+
+ O (Lsg (0.03cosp+sinp) + O (Lsg (0.03cosp+sinp) * O (Lss (0.03cosp+sin)
+0.03L ¢/ €"9)] +0.03L g/ €"9)] +0.03L7¢/ €™)]
6"[1.085,+0.033 gp(L+ 6"[1.085,+0.033 gp(L+ 6"[1.085,+0.033 gp(L+
+(Las + Lsg)COSP+32.3(Lss- +(Las + Lsg)COSP+32.3(Lss- +(Las + Lss)COSP+32.3(Lss-
800 -L34)SinB+L78/eW“)+2.15(L|+ -L34)SinB+L78/eW“)+2.31(L| + -L34)SinB+L78/eW“)+2.51(L| +
+L34+2.2 (LsstL7g/ €"))+ +L34+2.2 (LsstLrg/ €"))+ +L34+2.2 (LsstLzg/ €"))+
+ (m (Ls6 (0.03cosp+sinp) + (m (L6 (0.03cosp+sinp) + (m (Ls6 (0.03cosp+sinp)
+0.03L78/ ew")] +0.03L78/ ew")] +0.03L78/ ew")]
6"[1.085,+0.033 gp(L+ €"[1.085,+0.033 gp(L+ €"[1.085,+0.033 gp(L+
+(Las + Lsg)COSP+32.3(Lss- +(Las + Lss)COSP+32.3(Lss- +(Las + Lss)COSP+32.3(Lss-
1 000 -L34)SinB+L78/eW“)+2.75(L|+ -L34)Sin[3+L7g/eW“)+2.98(L| + -L34)SinB+L7g/eW“)+3.25(L| +
+L34+2.1 (LsstLrg/ €"))+ +L34+2.1 (LsstLrg/ €"))+ +L34+2.1 (LsstLrg/ €"))+
+ (m (Ls6 (0.03cosp+sinp) + (m (Ls6 (0.03cosp+sinp) + (m (Ls6 (0.03cosp+sinp)
+0.03L54/ €"%)] +0.03L4/ €"%)] +0.03Lg/ €"%)]
6"[1.085,+0.033 gp(L+ 6"[1.085,+0.033 gp(L+ 6"[1.085,+0.033 gp(L+
+(Las + Lsg)COSP+32.3(Lss- +(Las + Lss)COSP+32.3(Lss- +(Las + Lsg)COSP+32.3(Lss-
1200 -L34)SinB+L78/eW“)+3.13(L|+ -L34)SinB+L7g/eW“)+3.39(L| + -L34)SinB+L78/eW“)+3.7(L| +

For convenience of further research we depict
the dependencies of the table 15 in the following

form:

+L3+2.14 (LsgtLsg/ €))+

+ Om (Lsg (0.03cosB+sinp)
+0.03L7¢/ €"%)]

Findings

+L34+2.14 (LsgtLsg/ €))+

+ Om (Lsg (0.03cosB+sinp)
+0.03L7¢/ €"%)]

+L34+2.14 (LsgtLsg/ €))+

+ Om (Lsg (0.03cosB+sinp)
+0.03L7¢/ €"%)]

Sg =1.08e""S, + Fy (G, Ly, Lag, Log, Lygs B, 0 (E)) -

Solving the system of equations for the limiting

state, in which there is no pulley slipping, we get:
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Sg =€"S;;
Sy =1.08e™S, +

+Fg, (va Ly, Lay Lsg, L78'B!qm(E))'

Now equating the right parts of expressions
(22), we get:

(22)

e'’S,; =1.08e"S, +
+Fg, (qb’ Ly, Lsy, Leg, Log, B Oy (E)) .
Using algebraic manipulations we obtain:

_ Fop (G Ly Loas Lo Lo B G (B)) |

> (" -~1.08e™) » (@)

Fop (b L1+ Lags Lsgr Lyg B, G (E))

S =e” (e“y —1.08eW°‘)

.(24)

The pulling effort considering the drive pulley
rotation resistance is determined by the formula

F, =S-S5 +(K'-1)(S4+S,), (25)
where k'=1.08 — drive pulley rotation resistance
coefficient.

Substituting the expressions (23) and (24) into
the formula (25) we get:

F, =(1.08¢" —0.92)x

o Fa, (qb Lo Lass Lsgy Lyg, By O (E))
(e“V —1.08e‘”°‘)

The belt conveyor drive is more often designed
with cylindrical double reduction gear. The kine-
matic diagram of the drive is shown in Fig. 2.

Rated motor power is calculated by the formula

P, = F,v/1000n, (26)

where F, should be substituted in Newton; v — in
meters per second; n — drive efficiency factor.

The drive efficiency factor is determined by the
formula:

n=nMe, (27)

where n, =0.96 - reduction gear efficiency fac-
tor; n, =0.98 — coupling efficiency factor.
Thus
n=nm, =0.96-0.98=0.94.

7

{ \ o
| 7 6

—r__: =

Fig. 2. Belt conveyer drive diagram:
1 — motor; 2 — elastic coupling; 3 — brakes;
4 — reduction gear; 5 — gear coupling;

6 — drive pulley; 7 — belt

The installed motor power (kW) is calculated
by the formula

R, =nP, (28)

where n; =1.1...1.2 — power reserve factor.
Choosing n; =1.2 we determine the installed
motor power by the formula:
F.v

P= . 29
' 833.3n (29)

Dependencies for the motor power value by
belt width and load density are shown in Table 16.

Table 16
Calculated drive power
. P at load density p, N/m
Belt width, mm
up to 1 t/m® 1..2tm* above 2 t/m*
[v(1.08e"-

0.92)e"“/833.3n(e"- -1.08
€")] [0.033 g(Ls+

+(Las + Lsg)cOSB+32.3(Lss-
-L34)SinB+L78/eW“)+O.65(L|+
+L34+3.08 (LsgtLsg/ €))+
+ Om (Lsg (0.03cosp+sinp)
+0.03L78/ eW“)]

400

[v(1.08¢"-0.92)"*/833.3n ("
--1.08 )] [0.033 g(L+

+(Las + Lsg)cOsB+32.3(Lss-

-L34)SinB+L7g/eW“)+O.7(L| +
+L34+3.06 (LsgtLsg/ €"))+

+ O (Lsg (0.03cosp+sinp)

[v(1.08¢"-0.92)e"*/833.3n(e"
--1.08 €"*)] [0.033 qgyu(Li+
+(Las + Lsg)cOSP+32.3(Lss-
-L34)SinB+L78/eW“)+O.75(L| +
+L3,+3.08 (L56+L78/ eW“))+
+ Om (Lsg (0.03cosp+sinp)

+0.03L75/ eW”)] +0.03L7g/ ew“)]
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End of table 16

Belt width, mm

P at load density p, N/m

up to 1t/m® 1...2tm? above 2 t/m?
[v(1.08e"-0.92)e"*/833.3n(e" | [v(1.08¢"-0.92)e"*/833.3n(e"” | [v(1.08e"-0.92)e"*/833.3n(e"
~-1.08 €"*)] [0.033 gu(L+ --1.08 €"%)] [0.033 gL+ --1.08 €"*)] [0.033 gy(Li+
+(Las + Lsg)cOSP+32.3(Lse- +(Las + Lsg)cOSP+32.3(Lse- +(Las + Lsg)COSP+32.3(Lse-
500 -L34)SinB+L78/eW”)+O.81(L|+ —L34)SinB+L78/eW")+O.87(L| + -L34)SinB+L78/eW“)+O.94(L| +
+Lag+2.82 (LsstLrs/ €"))+ +L34+2.84 (Lsg+Lzs/ €™))+ +L34+2.82 (LsgtLrg/ "))+
+ Om (Lsg (0.03cosp+sinp) + Om (Lsg (0.03cosp+sinp) + Om (Lsg (0.03cosp+sinp)
+0.03L78/ eW“)] +0.03L78/ eW“)] +0.03L78/ eW“)]
[V(1.086W—W0a.92)ewa/833.3T](e”7 [V(l.086”3’-\181.92)eW“/833.3n(ew [v(1.08¢"-0.92)e"*/833.3n(e"
--1.08 €")] [0.033 qgu(L+ --1.08 €")] [0.033 qgu(L+ --1.08 €"“)] [0.033 qp(Li+
+(Lssa + Lsg)cosp+32.3(Lsg- +(Lssa + Lsg)cosp+32.3(Lss- +(Las + Lsg)cosp+32.3(Lse- -
650 -L34)SinB+L78/eW”)+l.23(L|+ —L34)SinB+L78/eW")+1.31(L| + L34)SinB+L7g/eW“)+1.43(L|+
+La4+2.18 (LsgtLs/ €"))+ +L34+2.2 (Lsg+Lrs/ "))+ +L3+2.2(Lsgt Lzg/ ew?))"'
+ O (Lsg (0.03cosp+sinp) + O (Ls (0.03cosp+sinp) + O (Lss (0-03C°§§+5'“B)
+0.03L7g/ €"9)] +0.03L7g/ €"9)] +0.03L7/ €™)]
[v(1.08e"-0.92)e"*/833.3n(e" | [v(1.08¢e"-0.92)e"*/833.3n(e" | [v(1.08e"-0.92)e"*/833.3n(e"
--1.08 €"*)] [0.033 gu(L+ --1.08 €"*)] [0.033 gu(L+ --1.08 €"*)] [0.033 gy (Li+
+(Las + Lsg)cOSP+32.3(Lse- +(Las + Lsg)cOSP+32.3(Lse- +(Las + Lsg)cOSP+32.3(Lse-
800 -Lag)sinB+L7g/e")+2.15(L+ -Lga)sinB+Lzgle")+2.31(L, + -Lg)sinB+L7g/e")+2.51(L, +
+Lgs+2.2 (LsstL7s/ €"))+ +Lgs+2.2 (LsstL7s/ €"))+ +Lgs+2.2 (LsstL7g/ €"))+
+ Om (Lsg (0.03cosp+sinp) + Om (Lsg (0.03cosp+sinp) + Om (Lsg (0.03cosp+sinp)
+0.03L78/ ew”)] +0.03L78/ ew”)] +0.03L78/ eW“)]
[v(1.08e"-0.92)e"*/833.3n(e" | [v(1.08e"-0.92)e"*/833.3n(e" | [v(1.08e"-0.92)e"*/833.3n(e"
--1.08 €"%)] [0.033 gu(L+ --1.08 €"%)] [0.033 gu(L+ --1.08 €"*)] [0.033 qgy(Li+
+(L34 + L56)COSB+32.3(L56' +(L34 + L56)COSB+32.3(L56' +(L34 + L56)COSB+32.3(L56'
1000 -Lag)sinB+L7g/e")+2.75(L+ -Lgs)sinB+L7g/e")+2.98(L, + -Lg)sinB+L7g/e")+3.25(L, +
+Lgs+2.1 (LsstLzg/ €"))+ +Lgs+2.1 (LsstLzg/ €"))+ +Lgs+2.1 (LsstL7s/ €))+
+ (m (Ls6 (0.03cosp+sinp) + (i (Ls6 (0.03cosp+sinp) + Qm (Lsg (0.03cosp+sinp)
+0.03L78/ ew”)] +0.03L78/ ew”)] +0.03L78/ eW“)]
1 2 3 4
[v(1.08e"-0.92)e"*/833.3n(e" | [v(1.08e"-0.92)e"*/833.3n(e" | [v(1.08e"-0.92)e"*/833.3n(e"
--1.08 €"%)] [0.033 gu(Li+ --1.08 €"%)] [0.033 gu(L+ --1.08 €"*)] [0.033 qgy(Li+
+(Las + Lsg)cOSB+32.3(Lss- +(Las + Lsg)cOSB+32.3(Lss- +(Las + Lsg)COSP+32.3(Lss-
1200 -L34)SinB+L78/eW“)+3.13(L|+ -L34)SinB+L78/ewa)+3.39(L| + -L34)SinB+L7g/eW“)+3.7(L| +
+L34+2.14 (Lsg+Lyg/ €"))+ +L34+2.14 (Lsg+Lyg/ €"))+ +L3s+2.14 (LsstLys/ €"))+
+ (m (Ls6 (0.03cosp+sinp) + (m (L6 (0.03cosp+sinp) + Qm (Lse (0.03cosp+sinp)
+0.03L73/ eW”)] +0.03L73/ eW”)] +0.03L78/ ew“)]

Originality and practical value

We developed parametric dependence of drive
power of the belt conveyer with sloping and hori-
zontal areas on type of load, design efficiency, ge-
ometrical dimensions and path configuration, op-
eration conditions that takes into account standard

dimensions and parameters of belts, idlers and pul-
leys.

Use of the built dependences gives an opportu-
nity of relatively rapid determination of approxi-
mate value of the drive power for the belt convey-
ers of considered design, as well as it allows qual-
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ity selection of its basic elements at specific design
characteristics and requirements.

The proposed dependences can be used for de-
termination of general impact of the design effi-
ciency and other parameters on the conveyor drive
power.

Conclusions

For belt conveyors with sloping and horizontal
areas we built parametric dependence of drive
power on the design parameters: type of load, de-
sign efficiency, geometrical dimensions and path
configuration, operation conditions. Such depend-
ences allow calculating the required drive power
value, taking into account the type and the physical
and mechanical properties of load, the lifting
height value, the transport length and design effi-
ciency, using only one formula, chosen depending
on design characteristics.

LIST OF REFERENCE LINKS

1.  Anexcanmpo, M. II. IlogbemHO-TpaHCIIOPTHBIE
ManiuHbl | yyeOnuk / M. I1. Anekcanapos. — Moc-
kBa . Bercmr. mk., 2000. — 522 c.

2. Bboromas, B. M. AHaui3 BIDIMBY IPOCKTHHUX Xapa-
KTEpUCTHUK €JIeBaTOpy Ha MapaMeTpH HOTo MPHBO-
ay / B. M. Boromas // Hayxka Ta mporpec TpaHcmo-
pry. — 2015. — Ne 3 (57). — C. 162-175. doi:
10.15802/stp2015/46076.

3. boromas, B. M. JlocnifkeHHs! BILIMBY MPOEKTHOL
MPOXYKTUBHOCTI €lIeBaToOpy Ha IOTYXXHICTh HOTO
npuBoxy / B. M. Boromas, K. II. I'naBanbkuii,
O. A. Masyp // Hayka Ta mporpec TpaHCIIOPTY. —
2015. - Ne 2 (56). - C. 189-206. doi:
10.15802/stp2015/42178.

4.  3enkos, P. JI. MamuHbl HETIPEPHIBHOTO TPAHCIIOP-
ta : yuebnuk / P. JI. 3enko, U. U. MBamikos,
JI. H. Komob6oB. — MockBa : MammHOCTpOeHHE,
1987. - 432 c.

B. M. FOTOMA3Y

5.

10.

11.

12.

13.

IBaruenxo, @. K. IliniioMHO-TpaHCHIOPTHI MaIlm-
uu : migpyunnk / ®@. K. IBanuenko. — Kuis : Burma
wk., 1993. - 413 c.

Karprok, 1. C. MammHsl HeNpephIBHOTO TpaHC-
nopra. KOHCTpyKIMH, TPOEKTHPOBAaHHME W JKC-
miyatanus: yue6. mocobue / U. C. Karpiok,
E. B. Mycusuenko. — Kpacnosipck : UITL KT'TY,
2006. — 266 c.

Ky3pmun, A. B. CnpaBouHHK 1O pacdyeTaM Mexa-
HU3MOB  IIOJBEMHO-TPAHCIIOPTHBIX  MAIINH
yuebH. ocobue / A. B. Ky3pmun. — MuHck : Bbi-
umiimas mxosna, 1983. — 350 c.
[ligiioMHO-TpaHCTIOPTHI MAIIWHHU. PO3PAXYHKH
MigiMaTbHAX 1 TPAHCIOPTYBAIBHUX MAIlIWH |
migpyanuk / B. C. Boumapes, O. 1. JlyOuwrerp,
M. II. Komicauk [ra in.]. — KuiB : Buma mik.,
2009. - 734 c.

Pacuer n npoekTHpoOBaHNE TPAHCIIOPTHUX CPENICTB
HETIPEPBIBHOTO JIEHCTBHA | HaydHOE Iocodue Juis
By3oB / A. W. bapsiues, B. A. ByaumeBckuii,
A. A. Cynuma, A. M. Tkauyk. — Honenx : Hopa-
Ipecc, 2005. — 689 c.

Pomakun, H. E. Mamusbsl HEIPEpbIBHOTO TpaHC-
mopra : yuebn. mocobue / H. E. Pomakun. — Moc-
kBa ;. Akagemus, 2008. — 432 c.

Jamaludin, J. Development of a self-tuning fuzzy
logic controller for intelligent control of elevator
systems / J. Jamaludin, N. A. Rahim, W. P. Hew //
Engineering Applications of Artificia Intelligence.
—2009. - Vol. 22. - Iss. 8. — P. 1167-1178. doi:
10.1016/j.engappai.2009.04.006.

Kim, C. S. Nonlinear robust control of a hydraulic
elevator: experiment-based modeling and two-
stage Lyapunov redesign / C. S. Kim, K. S. Hong,
M. K. Kim // Control Engineering Practice. —
2005. — Vol. 13. — Iss. 6. — P. 789-803. doi:
10.1016/j.conengprac.2004.09.003.

Strakosch, G. R. The Vertical Transportation
Handbook / G. R. Strakosch, R. S. Caporale. —
New York : John Wiley&Sons, 2010. — 610 p. doi:
10.1002/9780470949818.

YKad. «BiitcbkoBa miarotoBka crermiamictis JlepkaBHOT CIewianbHOT CITyyKGH TPAHCIOPTY», JHIMPONeTPOBCHKHIA HAL[OHATEHHIA
YHIBEPCHTET 3aIi3HHYHOTO TPAHCIIOPTY iMeHi akaaeMika B. Jlazapsna, Byi. Jlasapsnaa, 2, [IHinponerpoBcbk, Ykpaina, 49010,
ten. +38 (056) 793 19 09, en. morura whogomas@i.ua, ORCID 0000-0001-5913-2671

AOCTKEHHS 3AJEKHOCTI HHOTY?KHOCTI IIPUBOAY
CTPIYKOBOI'O KOHBEE€PY BI/l UOI'O ITIPOEKTHUX ITAPAMETPIB

Mera. [IpuBig € OTHUM 13 OCHOBHUX €JIEMEHTIB CTPIYKOBHX KOHBeepiB. {11 BU3HAUEHHS MOTY>KHOCTI MIPUBOIY
HEOOXI1THO MPOBECTH PO3PaxXyHKH 3a CTAaHIAPTHUMH METOAMKaMH, SKi BUKJIaJCeHI B Cy4acHiil TEeXHIYHIH JiTepaTypi.
Jnst Takux po3paxyHKIB MOTPIOHO BUTPATUTH JNOCTaTHHO Oarato uacy. OCHOBHHUMH NPOEKTHHMH IapaMeTpaMu
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CTPIYKOBOTO TPAHCIIOPTEPA €. THI BaHTaXy, HPOEKTHA MPOJYKTHBHICTb, T€OMETPUYHI PO3MIpH Ta KOHQIryparis
Tpacu, yMOBH poOoTH. B cTarTi HeoOXinHO MOOyAyBaTH MapaMeTpUUHy 3aJeKHICTh HOTY>KHOCTI MIPUBOAY CTPIUKO-
BOTO KOHBEEPY BiJl IPOCKTHUX ITapaMeTpiB, sIKa BpaxoByBajia O CTaHAAPTHI PO3MIpH 1 MapaMeTpH CTPIYOK, POIHUKO-
omnop Ta 6apabaniB. MeToanka. Po3risigaeTbest CTpiuKOBHH KOHBEEp 13 ABOMA JUISTHKAMU: TIOXUIIOKO Ta TOPU30HTA-
JHHOI. BUKOPUCTOBYIOUN METOANKY TSATOBOTO PO3paxyHKy CIIOCOOOM 00XOjy MO KOHTYpPY CTPIYKOBHUX KOHBEEPIB,
no0y0BaHO NapaMeTpPHYHi 3aJIe)KHOCTI CHJI HATATY B XapaKTEpHHX TOYKAaX TPAacH KOHBEEPY BiJ TUIy BaHTaXYy,
MPOEKTHOI IIPOJYKTHUBHOCTI, FT€OMETPUYHUX PO3MIpiB Ta KOHQIryparii Tpacu KOHBeepy, yMOB podoTH. Pe3yabTaTh.
Jlnist CTpiuKOBHX KOHBEEPIB PO3IIISIHYTOTO THITYy 3 BpaxyBaHHAM CTaHJAPTHHX PO3MIpPIB CTPIYKM Ta BiJIOBIAHUMHU
MPUIYIIEHHSMH 00 TUILY POJIMKOOMOp Ta OapabaHiB MoOyJ0BaHO ITapaMeTPUYHI 3aI€KHOCTI IIOTY>KHOCTI ITPUBO-
Iy BiJl THITy BaHTaXy, MPOEKTHOI MPOXYKTHBHOCTI, TEOMETPUIHHUX PO3MIpiB i KOH(DIrypamii Tpacu KOHBEEpY, yMOB
pobotu. HaykoBa HoBM3HaA. Briepiie noOynoBaHa mapaMeTpHyHa 3aJICKHICTh IOTYKHOCTI NPHBOJY CTPIYKOBHX
KOHBEEPIB 13 JBOMa MULSIHKAMH (IIOXHMJIOI0 Ta TOPH30HTAIBHOIO) Bijl THIY BAaHTaXy, MPOEKTHOI IPOIYKTHBHOCTI,
TeOMETPUYHHUX PO3MIpIB Ta KOHQIrypauii Tpacu KOHBeepy, yMOB poboTu. BoHa BpaxoBye craHgapTHI po3MmipH Ta
mapaMeTpH CTPiYoK, poiukoonop i 6apadanis. IlpakTuyHa 3HaYMMicTh. Bukopuctanus moOyIoBaHHX 3a1I€KHOC-
Tel MOTY>KHOCTI IPUBOLy CTPIYKOBUX KOHBEEPIB 13 MOXMUIIOIO Ta TOPU3OHTAIBHOIO AUISTHKAMH BiJ MPOEKTHUX Mapa-
METpIB J]a€ MOKJIMBICTh BIZIHOCHO IIBHJIKOTO BH3HAYE€HHS MPUOJIM3HOTO 3HAYCHHS MOTYXXHOCTI MPHBOMY HA CTafil
NPOEKTyBaHHs. Tako)X MOMIIMBHM € BUKOHAHHs SIKICHOTO MiOOpY HOrO OCHOBHHX EJIEMEHTIB IPH KOHKPETHHX
MPOEKTHHUX XapaKTePHCTHKaX Ta BUMOTaxX. 3allpOIIOHOBaHI 3aJIe)KHOCTI MOXKYTb OyTH BUKOpPHCTaHi JUIsl BU3HAYCHHS
3arajbHOI0 XapaKkTepy 3aJIe)KHOCTI HOTY KHOCTI IPUBOJTY BiJl IPOEKTHOT ITPOTyKTUBHOCTI.
Kniouosi crosa: KoHBeep; CTpiyuKa; MPUBIA; NOTYXHICTh, IPOAYKTHBHICTh; BAHTaX

B. H. BOTOMA3Y

1*Ka(b. «BoeHHast TOATOTOBKA CHEHANINCTOB ['0CyIapcTBEHHON CIIenMaIbHON CITy>KOBI TpaHCTIOPTa», JIHETIPOIIeTPOBCKHI
HaLMOHAIBHUI YHUBEPCHUTET JKEJIe3HOOPOKHOI0 TpaHCHIOpTa UMeHH akanemuka B. Jlasapsina, yo. Jlazapsna, 2,
Nuenponerposck, Ykpauna, 49010, Texn. +38 (056) 793 19 09, 1. noura whogomas@i.ua, ORCID 0000-0001-5913-2671

NCCIEAJOBAHUE 3ABUCUMOCTHU MOIIIHOCTH ITPUBOJIA
JEHTOYHOI'O KOHBEMEPA OT EI'O IPOEKTHBIX IAPAMETPOB

Hens. IIpuBon ABAsSeTCS OJHUM M3 OCHOBHBIX AJIEMEHTOB JICHTOUHBIX KOHBEHepoB. [l onpeaeneHus MOIIHO-
CTH MPUBOJA HEOOXOAMMO MPOBECTH PACUETHI IO CTAHIAPTHBIM METOJMKaM, KOTOPBIE M3JI0KEHBI B COBPEMEHHOM
TEXHHUYECKOH uTeparype. sl TAKMX PacueToB HYXKHO IOTPATUTh J0CTATOYHO MHOTO BpeMeHH. OCHOBHBIMH HPO-
eKTHBIMU TIapaMeTpaMy JIEHTOYHBIX TPAaHCIIOPTEPOB SIBISIOTCA. THI IPy3a, IPOEKTHAS IMPOU3BOIUTEIBHOCTD, I'€0-
METPHYECKUE Pa3Mepbl M KOH(QUTypanus Tpacchl, ycioBus paboTsl. B craThe HEOOXOIMMO MOCTPOUTH ITAPAMETPH-
YECKYIO 3aBUCHMOCTh MOIITHOCTH IIPHUBO/IA JICHTOYHOI'O KOHBEHEpa OT ero MPOEKTHBIX apaMeTPOB, KOTOPast yUHThI-
Baya O cTaHIapTHBIE pa3Mepbl M NapaMeTpsl JICHT, poJHKoomnop u OapabaHoB. Meroauka. PaccmarpuBaercs JieH-
TOYHBIN KOHBCﬁep C AByMs y’{aCTKaMI/l: HaKJIOHHBIM W TOPHU30HTAJIbHBIM. I/ICHOJ’II)Syﬂ METOAMKY TATI'OBOI'O pacucTa
crocobom 00Xo0/1a 1Mo KOHTYPY JEHTOYHBIX KOHBEHEPOB, MOCTPOEHBI MapaMeTpUYECKUe 3aBUCUMOCTH CHJI HaTSKe-
HUS B XapaKTEePHBIX TOUKAX TPACcChl KOHBeHepa OT THUMA Ipy3a, IPOEKTHOH MPOU3BOIUTEIBHOCTH, T€OMETPUUECKUX
pa3MepoB 1 KOH(UTypaluu Tpacchl, ycinoBuil paboTsl. PesyabTaTsl. [Jis1 ICHTOUHBIX KOHBEHEPOB pacCMOTPEHHOTO
TUNA C yY4ETOM CTaHAAPTHBIX Pa3MEPOB JIEHTHl M COOTBETCTBYIOIIUMH IMPEANOIOKEHUSIMU OTHOCUTEIbHO THUIIOB
ponmkoornop u OapabaHOB ITOCTPOECHBI HapaMeTPHUYECKHE 3aBHCHMOCTH MOIIHOCTH TIPHBOJAA OT THIA Tpy3a,
MPOEKTHON TIPOM3BOAMTENBHOCTH, TEOMETPUYECKHX pasMepoB M KOH(HUIYpalMu Tpacchl, YCIOBHH paOOTHI
Hayuynasi HoBu3Ha. BrmepBble mOCTpoeHa mapameTpHdeckas 3aBHCHMOCTh MOIIHOCTH TIPHBOJA JICHTOYHBIX
KOHBEHEPOB C ABYMs ydacTKamu (HAKIIOHHOW M TOPHU30HTAIBHON) OT THIIA TPy3a, MPOEKTHOMN MPOU3BOUTEIBHOCTH,
TEOMETPHUYECKUX PAa3MEpOB M KOH(UIypamuu Tpacchl, ycioBuil paboTel. OHA YUHTHIBAET CTaHJAPTHBIC pa3MEpbI
U TapaMeTpsl JICHTHI, poJUKoonop U OapabaHoB. IIpakTHyeckas 3HAYMMOCTb. Vcronp30BaHHE MOCTPOSHHBIX
3aBUCUMOCTEH MOMIIHOCTH MpHUBOAA JICHTOYHBIX KOHBeﬁepOB C HAKJIOHHBIM W TOPHU3OHTAJIbHBIM YYaCTKaMW IacT
BO3MOXHOCTb OTHOCHUTCIIBHO 6bICTpOFO OIPCACIICHUA l'[pI/l6J'lI/l3I/ITeJ'l]>HOF0 3HAYCHUA MOIIHOCTHU IMPUBOJIa HA CTalUN
NPOEKTUPOBaHMs. TakKe BOZMOXKHBIM SIBJISIETCSI BBIIIOJIHEHHWE KAaueCTBEHHOT'O 1OJ00pa €ro OCHOBHBIX DJIEMEHTOB
MIPU KOHKPETHBIX TPOEKTHBIX XapaKTEpUCTUKaX M TpeboBaHusX. IlpemokeHHbIE 3aBHCHMOCTH MOTYT OBITh
WCIIOJNIb30BaHbl TSI ONpeseeHust OOIIero XapakTepa 3aBUCUMOCTH MOILIHOCTH IPUBOAA OT IPOEKTHOU
MPON3BOANTEIBEHOCTH.

Kniouesvie cnosa: xoHBeliep; IEHTa; IPUBOA; MOLUIHOCTb; IPOU3BOUTEILHOCT; IPY3
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OCOBJIUBOCTI KOJIMBAHB IIPUBO/THUX MEXAHI3MIB POTOPIB

Merta. HaykoBa poOoTa mnpucBsdeHa BUBUEHHIO BIUIMBY JUHAMIYHMX KOE(ili€HTIB CETMEHTHUX IiALNIMITHHUKIB
(xoeditieHTiB OnOPY 1 UMPKYJSILIIHOT CHJIM) HA CTIHKICTh i cyOrapMOHiiiHI aBTOKOJIMBHI CKJIaJI0Bi KOJIMBaHb POTO-
pa y Hecrilikiit obnacti 4acToT obepranns. Meroanka. [lociipkeHHs 0a3yeThesi Ha METOax: Teopii KOJIMBaHb Me-
XaHIYHUX CHCTEM i3 30CepeKCHUMU mapaMeTpamu; GpyHkii Jlarpamka; miHiftHOI anreOpu. PesyabraTu. docmia-
HHKaM¥ 3pO0JIEHO: a) OOTPYHTYBAHHS THUCKPETHOI JBOMAcOBOI MOIENi He30aIaHCOBAHOTO POTOPA, B sAKiif BpaxoBaHi
BIUTHBH Ha HOro 00epTaHHs AMHAMIYHUX Koe}imieHTiB; 6) aHasi3 Ta BJOCKOHAIECHHS METOIB iHKEHEPHUX PO3paxy-
HKIB CTIHKOCTi Ta mapameTpiB CyOTapMOHIYHMX aBTOKOJMBaHb y HECTiHKill 00yacTi 9acTOT oOepTaHHSA POTOpa;
B) BCTAaHOBIICHHsI Ta Kiacu(ikaiisi OCHOBHHX MPHYMH POTOPHHX BiOpaIliii, KOHCTPYKTUBHUAX YH THX, 10 BHHUKIH
NPY BUTOTOBJICHHI, CKJIaJaHHI Ta €KCIUTyaTallii MallKH, a 3 1HIIOI CTOPOHH, CrielU(IYHUX UISi POTOPHUX CHUCTEM
HEKOHCEPBATHBHUX CHUJI, SIKi MPU3BOJSTH TPH MEBHUX YMOBAx /IO aBTOKOJNMBAHb; I') Bu3Ha4YeHHs (imeHTHGiKarris)
XapaKTePHUX OCOOIHUBOCTEH/BIIMIHHOCTI POTOPHUX BiOpalliil, KOTPi MOJATAI0Th y TOMY, IO Y MEPEBaXKHIH OiIbIIO-
CTi BUNAJIKIB BOHM TIOB’SI3aH1 3 ONEPEYHUMHU KOJIMBaHHAMH POTOPIB, Y TOH Yac K KPYTHI YU ITO3/I0BXKHI KOJIMBaHHS
BIZIIrpaloTh HE3pIBHAHHO MEHIIy pOJb, 1 TOMY OCTAaHHIMH Yy JaHOMY JOCHIDKCHHI 3HEXTYBaHO;
1) TIOKa3aHo, 1[0 XapaKTepHOK OCOOJMBICTIO (DYHKI[IOHYBaHHS POTOPHUX CHCTEM CYYaCHHX MAIIWH i arperatis
€ BIICYTHICTB TIPSIMOTO 3B’ 3Ky PiBHA BiOpaIlii i3 BEIHMIHMHOIO TOTYXHOCTI, KA MePeaaeThC Yepe3 HUX YU BUPOOIIs-
eTbest nBuryHoM. HaykoBa HoBH3HA. Y po0OOTi aBTOpaMu BIIEpIe BpaxOBaHI HENiHIMHI peakiii MpormapKy 3Ma-
IICHHS MiAIAITHUKIB, a caMe: Koe(illieHTH OTopy Ta MUPKYIAIHHOT CHIIH, SKi BU3HAYAIOTh JHHAMIYHI KOCQIi€HTH
CerMeHTHHX MiamuNHUKIB. [IpakTHyHa 3HAYUMICTh. YTOYHIOIOTBECS Ta CYTTEBO BIOCKOHAIIOIOTHCA IHXKEHEPHI
PO3paxyHKH CTIHKOCTI Ta CyOrapMOHIYHHX aBTOKOJIMBAaHb poTopa (He30aIaHCOBAHOTO) y HECTIHKii 00macTi yactoT
fforo obepranHs. Pe3ynpTati 1aHOi pOOOTH MOXYTh OyTH BUKOPUCTAHI Ul aHANI3y THX POTOPHUX CHUCTEM, Y SKHX
NPY NIEBHUX YMOBaX MOXYTh BHHUKATH BiOpallii, KOTpi HE BUKJIHKaHI SKHMHCh 30BHILIHIMHU NIEPIOANYHUMU HABaH-
TakeHHAMH  (a00  HEJOCKOHAIIOCTAMH  CaMOTO0  pOTOpa) ¥ yMOBM 1X BHHHKHEHHS He  3B’s3aHi
3 sIkUMHCH (Oy/Ib TKUMH) PE30HAHCHUMHU CITiBBIJHOMICHHAMH (TOOTO CHCTEMH, B SIKUX BUHHKAIOTH CaMO30yKCHHSI
abo aBrokonuBaHHs;). OCTaHHI BUKJIMKAHI Ji€F0 HEKOHCEPBATHBHUX CUJT IUPKYJIALIHHOrO THIY (LUPKYIALIHHI CHITH
OB’ 513aHi 3 BEKTOPOM IEPEMIIIIEHHS POTOPA, a HE 3 BEKTOPOM LIBHJKOCTI, SIK 1I€ Ma€ Miclie B CHCTEMaXx i3 «HeraTH-
BHUM» TepTsM). OCKIIbKH BEKTOP LMPKYJIALIHHUX CHI MEPHECHIUKYISPHUA 0 BEKTOpa MepeMillieHb pOoTopa, TO
BHACIIIOK [[bOTO TaKi CHIIM MOXKYTh MPOSIBILITH cebe NHIle Y MEXaHi9HuX (POTOPHHUX) CHCTEMAaX i3 YHCIIOM CTyIIe-
HIB BUTBHOCTI pyXy Oinbire omHOT0. OKPiM TOTO, BaXKIMBOIO OCOOIHMBICTIO MUPKYISAIIMHAX CHII € 1X HEKOHCEpBATHU-
BHICTB, TOMY Pe3yJIbTaTH POOOTH MOXKHA BUKOPUCTATH YISl TOCIIKEHHSI HEKOHCEPBATUBHUX POTOPHUX CHUCTEM, SIKi
MarOTh HECHMETPHUIHY (KOCOCHMETPHUYHY) MATPHIIO KOehilli€HTIB.

Kniouosi crosa: poTop; KONWBaHHS; IPHUBII; 0COOIMBOCTI; TBOMacOBa MOJIEINb

Beryn TOTOIO, SIKA JOPIBHIOE TIEPITii KPUTHIHIN 9acTOTI.
L5 cknamoBa BUHMKAE MPH BTpaTi CTIKKOCTI 00ep-
TaHHS poTopa [12]. OxHak y neskiii 30HI 4acToT
obepTaHHs, sKa MEPEBHUIIYE TPAaHUIHY 3a CTiHKic-
TIO, aMILTITYTH CyOrapMOHIKH MMOPiBHSIHO HEBEJIHKI
W MPaKTUYHO 3HAXOIATHCS Y MPUITYCTUMUX TPaHU-

YucreHHi eKCrepuMEeHTATbHI TOCIiKeHHS [5]
KOJINBAaHb TPUBOJIIB POTOPIB MOKa3YIOTh, IO Y JIe-
SAKUX BUMAIKaX TOPSA] 3 CHHXPOHHOIO IPOIIECI€I0
3’ABJISIOTBCS HECHHXPOHHI CKJIAJ0BI KOJUBaHb
poTopa, 30KpeMa cyOrapMoHiliHa CKJIaJoBa 3 Jac-
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sax. Tomy cam ¢axT BTpaTu CTIMKOCTI y HU3LI BU-
MaJKiB e He 03HAYa€ HACTAHHS aBapiHOTO cTa-
HY, ajJie¢ MOXe€ CIyTyBaTH JIarHOCTHYHHUM TIOTepe-
JDKEHHSIM TIPO MOKJIMBUH HeOakaHUH Horo po3Bu-
ToK. ToMy mpakTH4YHHUN iHTEpeC CTaHOBUTH BH-
BUCHHS 3aKOHOMIPHOCTEH PO3BUTKY aMILTITY
CcyOrapMoHIMHUX CKJIaJI0BUX.

Haiibinpir cyTTeBHII BHECOK Y JOCHIIKEHHI
HETHIHHOT AMHAMIKA POTOPHUX CHCTEM Y ITiIIIH-
MMHUKaX KoB3aHHA 3poomimu M. Apamc, €. I'. T'o-
70ckokoB, B. A. I'pobos, A. . I'ypin, @. M. Hdime-
utoepr, [. b. Kapianes, O. C. Kens3on, f. Kiciac-
ki, M. B. KopoBuuacekuii, M. S, Kymyms, E. JL. Ilo-
3usk, B. L. Cimonoscekuii, A. Towumn, C. Iloy,
M. T". Illymekenko [3, 4, 13, 23]. [IpoTte aBTOKOJIHBHI
CKIJT7IOBi KOJIMIBAaHbL POTOPA BUBYCHI HEJIOCTATHEO.

Merta

Mertoro wi€i poOOTH € BUBUECHHS BIUIMBY JHHA-
MIigHHUX KOCQIMi€HTIB CETMEHTHHX ITiIITHUITHHUKIB
(koedirieHTiB OMOpY 1 HMUPKYJALIAHOI CHIM) Ha
CTIMKICTh ¥ cyOrapMOHIUHI aBTOKOJIMBHI CKJIaI0Bi
KOJINBaHb POTOpa y HECTilKii 061acTi 9acTot o0e-
pranss. Jlocnmi/pkeHHS BHKOHAHO 3a IOTIOMOTOIO
JIBOMAcOBOI MOJIEN, sika BPaxOBY€ HEINiHINHI pea-
KIIii TpoIapKy 3MaIieHHs i IIHITHAKIB.

MeTtoanka

Y poboTi BHKOPHCTaHI METOIU TeOpii KOJIHU-
BaHb MEXaHIYHHUX CHUCTEM i3 30CEepeKeHUMH IIa-
pamerpamu. MaremMaTnyHa MOAENb KOJIMBaHb PO-
Topa 0a3yeTbcs Ha 3acTocyBaHHI audepeH-
ialbHUX PIBHSIHB, SIKIi OTpUMaHi Ha OCHOBI BCTa-
HoBiieHoi QyHkmii Jlarpamxka. Jns oOumcieHHS
BJIACHUX YacTOT KOJIMBaHb POTOPAa BUKOPHCTaHI
KJIaCHYH1 METOHM JiHIIHOT anreOpu.

Pesysabrarn

Luckpemna o0eomacosa modenv pomopa. Ha
puc. 1 HaBeJeHa PO3paxyHKOBa cXeMa poTopa.

JluckperHa jJBOoMacoBa MOJCNb OyIyBallach
BiJITIOBIJTHO JTO CX€MH, HaBEJIEHOO Ha pHC. 2.

Ha puc. 2 nosnaueno: m, =m, — eKkBiBaJleHTHa
Maca poropa; M, =M, +M, — eKkBiBaJeHTHa Maca
HIIMNIHAKIB, =28®d, — eKBiBaICHTHHII Koe-
dinient mupkymniitaoi cum; d =2d, — exsiBa-
JICHTHUH T IIIHUITHAKIB,

koedimieHT  omopy

f =2f, — exBiBaJieHTHUI Koe(ilieHT HENiHIHHOT
JaCTHHHU peaxiii PIIUHHOTO MIPOIIAPKY;
C=C,+C, — exBiBaJleHTHa KOPCTKICTh Ii{IIHII-
HUKIB; ® — yactora obepTanHs poropa. JianazoHu
BeNMYMH KoedimieHTiB omopy d , kxoedimieHTiB
TUPKYJIAIMIMHEAX cuil O, HelliHiHOTO KoedimieHTa

xoperkocti  f, sxoperkocred migmmnaukie C,,

o’

C, BapilolOTbCS IpU KOMII'IOTEPHOMY JOCIIi-

JOKCHHI Y MeXaX 3HAueHb, SKi BUMIPIOIOThCS Ha
EKCIIEpUMEHTAILHOMY CTEHJII 32 JIOMOMOTOI Me-
TomiB imenTrdikartii, Bukmamerux y [13].

-
m
m; 2 m;
c,g
; 7

Puc. 1. PozpaxyHKoBa cxemMa MOJEIBEHOIO POTOpa

Fig. 1. Analytical model of rotor

2
m, e “cosmt

Puc. 2. Crpoiiena g1BomMacoBa cxema
MOJIEJIBHOTO pOTOpa

Fig. 2. The simplified two-mass
model of rotor
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KoedinieaTn m;, m, m; MOXXHa BU3HAYUTH

Ha OCHOBI METOJIy pO3paxyHKy €KBiBaJCHTHHX Mac
TPUMAcOBOi MOJIEN 3a JaHUMH PO3paxyHKy Biac-
HUX YacToT Ta (OpM KOJHMBaHb PO3PaXyHKOBOI
Mozei poTopHoi cuctemu [3].

3HaYeHHS MEPUIMX TPHhOX KPUTUYHUX YACTOT,
BU3HAYEHHX 3a JOIOMOTOI0 JAWUCKPETHOI TpUMaco-
BOI MOJIENi, BiJPI3HSAIOTBCS BiJ OOYHCICHHUX
Ha [TEOM (Mozenb i3 3aCTOCYBaHHSIM METOMY CKi-
HYEHHMX eJeMeHTiB) Biamoriamo 1,3; 24,1; 2,4 %.

[Mpunyckaroun npHOIM3HY CHUMETpil0 pPO3Mi-
HICHHA Mac Ha Bajy, NMPUIAMAaEeMO €KBiBaJICHTHY
CXeMy, HaBeJleHy Ha puc. 2 Buie. CIiij 3a3HaYuTH,
10 BUKOPHUCTaHHS TPHOX i OLIBIIOI KiIBKOCTI Ma-
COBHUX CXEM CYTTEBO YCKIAJHIOE MATEMAaTHUHY
MO/IeJb, IO MPU3BOIUTH 10 30UTBIICHHS Yacy YHC-
soBoro interpyBanHs (10 8—10 roaun s mpopa-
XYHKY OJIHOTO BapiaHTa) i y HM3LI BUMAJKIB — JI0
HAKOTIMYEHHS HETIPUITYCTUMHX TTOXUOOK. Y TOil ke
Jac, K MOKa3yITh HapajeibHi po3paxyHku (s
CITIBCTABJICHHSI), TBOMACOBa MOJICNb JIA€ MPAKTHY-
HO Ti ) pe3yJIbTaTH.

PiBHSHHS TWHAMIKH POTOpA, K BiIMOBIAAIOTH
cxeMi puc. 3, 3aUCYIOTHCS Y BUIIISL

m,¥%, +Ce (X, — X, ) =m e’ cos(wt),

m, ¥, +Ce (Y, — ¥, ) =mew’sin(wt),

M, %, + Cg (X — X, ) +CX, + A%, +Qy, +

(1)
+ fr’x, =0,
mny1+CE(y1_Y2)+Cy2+dy2_qxz+
+ frey, =0,

Jie I — pajiiyc ONMOpHHX IIHHOK pOTOpa.

VY (1) no3HaueHHs: X, Y; — KOOPANHATHU IICHT-
py Mac potopa; X,, Y, — KOOpAUHATH LIEHTPIB Iie-
pepi3iB mix MiAMHUITHUKAMH.

Jis 3pydHOCTI OOYHMCIIEHb JOIIBHO TEPEeUTH

0 0e3pO3MIpHOTO Yacy 3TiTHO 3 CITiBBiTHOIICH-
HIAMU:

T=0t, X(t)—x(1),

dx dx  d?x  ,d%x

gt g g2 g2

dt dr dt dt
Je oy — 0OasoBa uyacrora oOepraHHs. Sk 0a3oBy
4acToTy ; OepeMo Meplly KPUTUYHY YacTOTy
JIUCKPETHOT MOJIEIT.

[3 BpaxyBaHHSM IMX CIIiBBiIHOLICHb CHCTEMA
(1) nabyBae BUTIISLY:

mpo‘)éx.ln + CE (Xl - XZ) = mpemé 62 COS((T)t),
M5 ¥y +Ce (Y1 — ¥, ) =M ew: @ sin(a@t),

2 5
M, 0g ¥y +Cg (X, — X, ) +CX, + doog Xy, +

T
+qy, + fr'x, =0,
mnméyl‘r‘c + CE (yl - y2)+ Cy2 + d(’o6y21: -
—qgx, + fr’y, =0.
Y (2) ®=o/w, - BigHOCHAa YacTOTA;

C, =1/8,, — xopcrkicth Bamy, ne 8,, — migmar-
JUBICTH Bally, SIKa JOPIBHIOE TPOTHHY Y TOYII
PO3MILIEHHS. Macu M, BiJl OAMHUYHOI CHJIH, MPH-
KIIQJIeHO1 y Tii camiil Toii.

Ananiz ouxmamiku pomopa: aHALIMUYHUL Nio-
xi0. Buxoasuu 3 cucremu (1), BU3HAYMMO crioyar-
Ky BJAacCHI 4aCTOTH KOJHMBaHb POTOPHOI CHCTEMH.
Ix Mo>xHa 3HaifTH, pO3B’A3aBIIN PiBHAHHS:

. Gy 3 Gy
Ay, Qpy Ayy
2 G2 Gn du) g 3)
a3 A3 dzz Ay
Ay Qgp dyz Ay
2 . . _0N-
Ae a; =—Myo +Cy; ay=a,=0;
2 . _n- _ .
ay =—-mo" -C¢; a, =0; a, =—C;;
. 2. ) .
a3, =C,+C+iod + fr*; a, =—q; a5,=0;
2 . _n- _ 2 .
ay3 =—My0" +Cp; a3 =0; a3 =—M, 0" —C¢;
ay =05 ayy =—Cp; a3 =0;
: 2.:2
a,=Cy+C+iod+ fr7; i =-1.
JIy1st 3HAXOMKEHHS KOpeHiB (3) BBakaeMo, 110 BCi
KoeilieHTH a, , (k, |)= (l, 4) nerepminanTa (3),
OTpUMaHi 32 YMOBH, KOJH (Xlz; ylz) ~ exp(icot),

® — TIyKaHa 9acToTa. Y PO3rOpHYTOMY BHTJISIII Mae-
MO 3aMiCTh (3) piBHSHHS 171 BU3HAYECHHS (O:

(-, +Ce ){(—mpco2 +Ce )%

x[(CE +C +imd + fr2)2+q2}+cE x
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<[ (~m,0® +C¢ )(Ce +C+iod + frz)]} +
+Ce (m,o° +Ce ) x
x[(mnm2 ~C)(Cp +Crimd + fr?) +
+Cp (M, 0" +CE)]:0.
TTic/15 HECKNAMIHNX EPETBOPEHb MATHMEMO:
(~my0?+Ce ) [(cE +Criod + fr?) + qz} T
c2(mo? +C;) +2(myw? - C; ) Cp x
x(m,o® +C, )(Cp +C+ind + fr?)=0. (4)
Pibmsmms (4) MOYKHA TIOZIATH TaK:
[(mpof ~C;)(Cp + Crind + fr2) +
+Cy (o2 +C; )| + 02 (myo? ~C,)=0.(5)

PiBusuns (5) Mae 1Ba CIiBMHOXKHUKH, KOKHUIA
3 IKMX BU3HAYA€ XapPaKTEPHI YaCTOTU CUCTEMHU:

(mp(o2 —CE)(CE +C+iod + fr2)+
+CE(mnm2 +CE)+iq(mpc02 —CE)=O;
(mpo)2 —CE)(CE +C+iod + fr2)+

+CE(mnco2 +CE)+(—i)q(mpoo2 —CE)=0;

abo
(CE+C+ioad+fr2)+CE(mnw2+CE)+iq1=0:
(mpooz—CE)
_ o Ce(moe’+C)
(CE+C+|ood+fr )+ (mpcoz—CE) —igl=0;

abo
Cp(mo® +C; )

2
(Co+C+fr?)+ (me? =)

+i(od +0)=0;

Cp (Mo +Cy)

(CE+C+fr2)+ (mp(oz—CE) —i(-od +0q)=0;
abo
o Ce(mo®+C)
(CE+C+fr )+—(mpco2—CE) +
+i(g+o0d)=0; ©)
(C +C+fr2)+m+
£ (mpmz—CE)
+i(od -q)=0.

3 apyroro piBHsHHS cuctemH (6) BUILIMBAE, 1110
Y POTOPHIii CUCTEMI MOKJIMBI TP THUITH KOJIUBAHb!
a) 3aryxaroui y 4aci, koma od >(;

0) He3aryxaroui y uaci, konmu od =(Q;
B) HApPOCTaKO4i y yaci, ko od <(.
3 mepiioro piBHsAHHA cuctemu (6) BUILIHBAE,

0 y POTOpPHIA CUCTEMi MOXKIIHMBI 3aTyXardi KO-
TMBaHHS, IHTEHCHBHICTh 3aTUXaHHS SKAX Y daci

MPOTIOPITIOHANBHA +/( + ®d .

Cama wyacToTa KOJHMBaHb CHCTEMU BH3Ha-
yaeTbCs (38 YMOBH, IO AMCHIIATHBHI IPOLIECH
CTIPaBJISAIOTH HE3HAYHUI BIUIMB HA KOJMBHHUU Mpo-
1ec) 3 BUpasy:

o Ce(moe®+C,) .
(CE+C+fr )+ (mpmz—CE) ~0.
3HaiinemMo 11 4aCTOTH KOJIMBAHb.
o | ce(mot+ce) -
v mp(CE+C+fr2)+mHCE ’
O Ce (m,0” +Ce ) v
o) =—

m, (Ce +C+ fr®)+m,C,

doi 10.15802/stp2016/61032

150

© B. C. Jloseiikin, 0. B. Hosniok, A. I1. JIsmxo, 2016



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

Hayka ta nporpec Tpancnopty. Bicuuk J{HinponeTpoBchKkoro

HALiOHAIBHOTO YHIBEPCHTETY 3ali3HHIHOr0 TpaHcnopty, 2016, No 1 (61)

HETPAJIALIIIHI BUJIA TPAHCIIOPTY. MAILLIMHU TA MEXAHI3MU

3Haku (+) i (—) BU3HAYAIOTH HANPSIM O0epTaH-
Hs Bany (IIpsIMUiA Ta 3BOPOTHHUH BiJIIIOBITHO).

Yactorn o) i o7 susnauators KPUTHUYHI
3HAYEHHS 4acTOT 00epTaHHS POTOPA, 3a SIKHX Y PO-
TOPHIN CHUCTEMI MOKJIMBI 3HAYCHHS KOJTMBAHHSI.

Tenep AOCHIAMMO BUMYIIIEHI KOJUBaHHS POTO-
PHOT CHCTEMH aHATITHYHUMH METOIAMH.

BHKOpUCTOBYIOUH PIBHSIHHS cHCTeMH (2), MOX-
Ha i1 aHaIITHYHO PO3B’A3aTH 1 3aIMCaTh PO3B’SA3KH,
SIKi BIAMOBIIAIOTh MPaBii YaCTUHI MEPIIUX JBOX
PIBHSIHb BKa3aHOI CHCTEMHU.

Tak, sminai ¥ (1), X,(t) obupaemo y Bu-
s X (1) = 4,os(@71); X, (t)=4,c08(®1).

Jst sminnnx Y, (1), Y,(t) oGupaemo poss’s-
sok Tak: Y, (1) =B;sin(®1); y,(t)=B,sin(®1).

Toxi meprri fBa piBHsHHSA cucTemu (2) HaOy-
BAIOTh BUTIIAY:

M, (+0) A +Ce (A - A) =Myewt ’;

2

, ) , ()
—myw; (+®)° B, +C¢ (B, - B,) =mew; o°.

Jnst 1BOX OCTaHHIX piBHsHBb cuctemu (2) ma-
TUMEMO:

m, w2 (-®)° A cos(@t)+Ce (A, — A)x
x c0s(@1)+ A, cos(@t) + freA, x
xc0s(®1) - dws®A, sin(®1) +
+qB,sin(wt)=0; (8)
[mncog (-®)° B,+Ce (B, - B,)+

+(C+ fr?)B, [sin (1) - dog@B, x

x cos(@t)+ gA, cos(mt) =0.
CkiazmeMo piBHAHHS cucteMu (8), oTpuMaemo:

| M0 (-8)° A+ Ce (A~ A) +CA, + T, |

xc0s(o1) + (dw;0B, — A, )cos(at) =0;

[mnwé (-®)*B,+Ce (B, ~By)+(C+ frz)Bz}x

xsin(ot) +(dws®B, —gA, )sin(ot) =0.

(9)

Ockinbku (pyHKIIT COS((T)T) Ta Sin((T)T) THIN-
HO He3anexHi, 3 (9) MmatuMemo:
m, o (-®)° A +Ce (A, —A)+
+CA, + fr’A, + (doyoB, —gA, )2=0;
m, w2 (-®)° B, +Cg (B, - B,) +
+(C+ frZ)B2 =0.

(10)

Tenep cniBcraBumo (7) i (10). Moxna anaii-
THYHO 3HAWTH iX PO3’BSI3KM 3 TAKUX CHUCTEM piB-
HSIHb:

[mpmé (-m)° +C¢ ]Al ~Cc A =menid’;
[m02(-0)" ~Ce |4+
+(CE +C+ fr* - 2q)A2 +2dw,08, =0;
(11)
[mpmé (-m)* +C¢ ]Bl ~CeB, =mewid’;

[m,0}(-®)* -C¢ | B, +

+(CE +C+ frz)B2 =0.

3 mBOX ocTaHHIX piBHsAHBb cucTemu (11) merko
3HaiiTn B, 1 B,:

m e ;e (CE +C+ frz)
B, = . :

22 22
(CE + M o;® )mpemﬁm
BZ = ’
A

e

A=(m, +m,)o?(-®) Ce +

+(c + frz)[CE +myo; (—c_o)z} :
3 nepmmx JBOX piBHSIHB cucTeMu (11) Mmaemo:
[ m,f (<®)” +C |4 +(-Ce ) A, =
=mewin’;

[m,f(-®)* ~Ce |4+ “

+(CE +C+ fr? —Zq)A2 =-2dw;0B,.
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Beenemo nmo3HaueHHS.

[mpmé (~®)° +CEJ(CE +C+ fre— 2q)+
+Ce [ M, (-®)° ~C¢ |=A". (13)

Tomi A, A, BusHaunmo 3 (12), BpaxoByroun
(13), 3a momomoroto npasuiia Kpamapa:

m wi»” +Cg (CE +C + fr? —2q)+

+Cg (—2d ) 0,08,

4 = A" ;
[ my0? (-®)° - Ce |(-2do®B, ) -
- [mnm§ (-®)° -C¢ } m emz°
% —

A*

TakuM YHMHOM, OCTaTOYHO «BHUMYIICHI» pO3-
B’s3ku cucrtemu (2) (sKi, 1o pedi, 3 TUIMHOM dYacy
i 3anuIaioThes, 00 BIACHI KOJIMBaHHS CHCTEMH 3a

pPaxyHOK JMCHIATUBHUX MPOLECIB 3aTyXarTh)
MaroTh BUTJISIL

y, = Bisin(@1); Yy, = B,sin(o1);

B mpecoéc_oz(CE +C+ frz)_

Bl_ A b
Ce +M 020’ |m ewin’
BZZ(E 6A) i )

A=(m, +m, )l (-®)*Ce +

+ (C + fr? )[CE +m o (—(73)2].

¥ = A cos(@t); X, =A,cos(ot);
m wim” +Cg (CE +C+ fr? —2q)+

+C¢ (-2d) 0B, |

Al = A* ’
[ m,o?(-a)° ~Ce |(-2do,@8,)
A = X -
[mnmg (-®)° -Cq } m emz

A
A= [mpwg (—(Ta)2 +CE}(CE +C+ fre - 2q)+

+C, [mnmg (-o) —CEJ.

Ha ocuoBi ¢popmynu (14) moGynoBano rpadiku
3aJISKHOCTI KOJIMBAaHb KOOPJIMHAT LIEHTPY Mac Po-
TOpa 3a TAaKUX BUXIIHUX IaHHX: m, = 200 «xr;

e=0,002 m; o, =465; Cp =5-10°; C=12-10°;
f =2000; r=0,026; m, =10.

y1

=
i

Puc. 3. I'padik KoMBaHHA KOOpAMHATH Y,

2010 7

4010 7

Fig. 3. Oscillation graph of Y, -coordinate

X1,M
3010 7

2010 7
1010 7
1010 7

2010 7

30w 7

Puc. 4. I'padik KonMBaHHS KOOPAUHATH Y,

Fig. 4. Oscillation graph of X, -coordinate
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HaykoBa HOBU3HA Ta MPAKTUYHA
3HAYNMICTDL

HaykoBa HOBU3HA MOJIsITae y TOMY, IO BIIEpIIE
BpaxoBaHi HEMiHIHHI peakiii MpoIapKy 3MalleHHs
MIANIUITHUKIB, a caMme: KoedilienTu (omopy i 1up-
KYJIAIAHOI CHIIK), SIKi BU3HAYAIOTh JUHAMIYHI KO-
e(dimieHTn CerMEeHTHUX ITiIITUITHUKIB.

[IpakTyHa 3HAYMMICTH POOOTH MOJATAE Y TO-
MY, IO YTOYHIOIOTBCS 1 CyTTEBO BAOCKOHAIIOIOTh-
csl iHKeHepH1 pOo3paxyHKH CTIMKOCTI Ta cyOrapmo-
HIYHUX aBTOKOJHUBAaHb poTOpa (He30aIaHCOBAHOTO)
y HECTIHKil 00J1acTi 4acTOT HOro oOepTaHHS.

BucHoBku

1. Orpumani aHamiTH4YHI PO3B’S3KHM 3ajadi
KOJIUBaHb JABOMAcOBOi MOJENI POTOpa, y SKil Bpa-
XOBaHI HENIHINHI peakIlii PiIAMHHOTO MPOIIAPKY
MAITATHAKIB KOB3aHHS.
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OyTH y IOJANIBIIOMY BUKOPHUCTaHI AJIS1 YTOYHEHHS
W BIOCKOHAJICHHS 1H)XKEHEPHHUX METOJIB pO3paxyH-
Ky TOJIOHMX CHCTEM SIK Ha CTajii iX MpOEeKTyBaH-
HsI/KOHCTPYIOBaHHS, TaK 1 y pEeKHMax peanbHOl
eKCIUTyaTarii.
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OCOBEHHOCTH KOJEBAHUM TPUBOJHBIX
MEXAHMU3MOB POTOPOB

Henab. Hayunas pa®ora mocBsieHa M3YYEHHIO BIHMSHUS JTUHAMHYECKUX KOI(P(UIMEHTOB CErMEHTHBIX IMOJI-
MIUTHUKOB (K03 (GHIIMEHTOB COMPOTHBICHHS U IIUPKYJSIIIHOHHON CHJIBI) HA YCTOHYHBOCTh M CyOTapMOHHYHbIC aB-
TOKOJICOJTIONIMECS] COCTABIISIONINE KOJe0aHUi poTopa B HEYCTOWYMBOW 0OJIACTH 4YacTOT BpamieHus. MeToamka.
HccnenoBanue G6asupyeTcss Ha METO/aX: TEOPHH KOJIEeOaHMH MEXaHHMYECKHX CHCTEM C COCPEIOTOYCHHBIMH IT1apa-
Mmerpamu; GyHkimil Jlarpamka; nuHeiHON anreOpol. PesyabraThl. VccnenoBaTtensmu caenaHo: a) 000CHOBaHHUE
JIMCKPETHOHN JBYXMacCOBOM MOJENN HecOaTaHCHPOBAaHHOTO POTOPA, B KOTOPOH YUTCHBI BIMSHUS Ha €TO BPAILCHUS
JIMHAMAYECKHX KO3 (QUIHEHTOB; 6) aHAIIM3 U COBEPIICHCTBOBAHUE METOIOB HHXKCHEPHBIX PACUYCTOB YCTONYHBOCTH
U [IapaMeTPOB CyOrapMOHMYHBIX aBTOKOJICOAHMU B HEYCTONYMBON 0OJIACTH YaCTOT BPAIICHHs POTOPA; B) YCTAHOBKA
U KIacCU(UKAIUs OCHOBHBIX IPHYMH POTOPHBIX BHOpALMi, KOHCTPYKTHUBHBIX WIHM T€X, KOTOPbIE BO3HUKIM IPH
M3rOTOBIICHUH, COOpKE M SKCIUTyaTallid MAllWH, a ¢ APYrOd CTOPOHBI, CIEHU(PUIECKUX AT POTOPHBIX CHUCTEM
HEKOHCEPBATHBHBIX CHJI, KOTOPBIC HPHBOMST IPU ONPEACICHHBIX YCIOBUSX K ABTOKOJICOAHHSIM; T) ONpEaeICHHE
(unentuduKanust) XxapaKTepHbIX 0COOCHHOCTEH/pa3nuynili pOTOPHBIX BHOpAIHiA, KOTOPBIC 3aKIFOYAIOTCS B TOM, YTO
B TIOIaBJISIONIEM OOJIBIIMHCTBE CIIy4acB OHU CBSI3aHBI C MONEPEYHBIMH KOJIEOAHUSIMU POTOPOB, B TO BPEMsI Kak Kpy-
TSIINE WM NTPOJIOJIbHBIC KOJICOAHHsI UTPAIOT HECPABHUMO MEHBILYIO POJIb, M MI0O3TOMY MOCJIEAHUE B JAHHOM HCCIIe-
JOBaHUM OTBEPTHYTHI; J) MOKA3aHO, YTO XapaKTEePHOH OCOOCHHOCTHIO (DYHKIMOHHPOBAHHS POTOPHBIX CHCTEM CO-
BPEMEHHBIX MalllMH M arperaTtoB €CTh OTCYTCTBHE MPSMOM CBSI3M YPOBHS BUOPAIMHK C BEJIMUMHON MOIHOCTH, KOTO-
past epenaeTcsl uepe3 HUX WM BblpabaTeiBaercs jaBurareneM. Hayunasi HoBu3Ha. B paGoTe aBTOpamu BriepBble
YYTeHbl HEIMHEHHbIE pEaKIWW CJO0S CMa3Kd IOJIIUITHUKOB, a HMMEHHO. KO3((UIMEHTHI CONMpPOTHUBICHUS
W OUPKYJSLUOHHOW CHIIBI, KOTOpPBIE ONPENENSAIOT IUHAMHYECKHE KOI(QUIIMEHTH CErMEHTHBIX MOALIMITHUKOB.
IIpakTHYyeckass 3HAYMMOCTDb. YTOYHSIOTCSI U CYIIECTBEHHO COBEPILICHCTBYIOTCSI HHKEHEPHBIE PACUETHl YCTOWUIH-
BOCTH M CyOrapMOHHMYHBIX aBTOKOJIcOaHuii poTopa (HecOalaHCHPOBAHHOTO) B HEYCTONYHMBOM 00JACTH YacTOT €ro
BpalleHus. Pe3ynpTaTel JaHHOM paboThl MOTYT OBITh HCIIOJIB30BAHBI TSI AHATIHN3a TEX POTOPHBIX CHCTEM, B KOTOPBIX
IIPU OIIPEAEICHHBIX YCIOBHIX MOTYT BO3HHKATh BUOpPAIMU, KOTOPHIE HE BbI3BaHbI KAKUMH-TO BHELUIHUMH IIEPUOIH-
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YEeCKMMH Harpy3kamud (WM HECOBEPLICHCTBAMH CaMOro pOTOpa) U YCJOBHS BO3HUKHOBEHHS KOTOPBIX
HE CBSI3aHBI C KaKUMHU-TO (IFOOBIME) PE30HAHCHBIMU COOTHOIICHHUSAMH (T.€. CHCTEMBI, B KOTOPBIX BO3HUKAIOT CaMO-
BO30YyXKIeHHs WK aBTOKoneOanust). [lociueaHre BbI3BaHBI JACHCTBHEM HEKOHCEPBATHBHBIX CHJI LUPKYJISLHOHHOTO
tuna (UAPKYISIHOHHBIE CHIIBI CBS3aHBI C BEKTOPOM IMEPEMEIICHHS POTOpPA, 4 HE C BEKTOPOM CKOPOCTH, Kak 3TO
MMEET MECTO B CHCTEMaxX C OTPHLATENbHBIM» TpeHHeM). [I0CKOIbKY BEKTOp LUPKYJSILUOHHBIX CHJI IEPICHIUKY-
JSIPeH BEKTOPY NepeMeleHI poTopa, TO B Pe3yjIbTaTe 3TOr0 TaKUE CHIIBI MOTYT HPOSBIATH ceOs TONBKO B MeXa-
HUYeCKUX (POTOPHBIX) CHCTEMAaxX C YHCIOM CTeleHel cBOOOIBI MBIKeHHs 0ojpiue oguoro. Kpome Toro, BaHOI
0COOEHHOCTBIO IUPKYJISIIMOHHBIX CHJI €CTh MX HEKOHCEPBATUBHOCTD, II03TOMY PE3YJIbTaThl PA0OTHI MOYKHO HCIOJb-
30BaTh JJIS UCCICOBAHUS HEKOHCEPBATUBHBIX POTOPHBIX CHCTEM, HMEIOIIUX HECHMMETPUUHYIO (KOCOCHMMETpHY-
HYI0) MaTpHIly KO3()(HIHESHTOB.
Kniouesvie crosa: potop; KoiaedaHus; IPUBOJ, 0COOCHHOCTH; ABYXMAaccOBasi MOJIENb
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SPECIALTY OF ROTOR’S DRIVE MECHANISM OSCILLATIONS

Purpose. Scientific work is devoted to study the influence of dynamic coefficients of bearings segment (coeffi-
cients of resistance and recirculating power) on stability and subharmonics self-oscillating components of the rotor
vibration in unstable region of rotational speeds. Methodology. The study is based on the methods: the theory of
vibrations of mechanical systems with lumped parameters; Lagrange functions; linear algebra. Findings. The re-
searchers made: a) justification of the discrete two-mass model of an unbalanced rotor, which takes into account the
influence of rotation on dynamic coefficients; b) analysis and improvement of methods for engineering analysis of
stability and parameter subharmonic self-oscillations in the unstable range of frequencies of rotation of the rotor;
c) installation and classification of the main rotor causes of vibrations constructive or those arising in the manufac-
ture, assembly and operation of the machine, and on the other hand, rotary systems specific for non-conservative
forces, that lead under certain conditions to the self-oscillation; d) determination (identification) the characteris-
tics/differences of rotor vibration, which lies in the fact that in most cases they are associated with the transverse
vibrations of the rotors, while torsional or longitudinal oscillations play the incomparably smaller role, and therefore
the last in this study were rejected; e)it is shown that the characteristic feature of the functioning of rotor systems of
modern machines and units have no direct relationship with the level of vibration with amount of power that is
transmitted through them or produced engine. Originality. In this paper the authors first considered the nonlinear
response bearing lubrication layer, namely the coefficients of resistance and circulating forces that determine the
dynamic coefficient of segment bearings. Practical value. The engineering calculations subharmonic stability and
self-oscillations of the rotor (unbalanced) in unstable frequency of rotation are adjusted and significantly improved.
The results of this work can be used to analyze rotary systems which under certain conditions can cause vibration
that is not caused by some external periodic loads (or imperfections of the rotor) and the conditions of occurrence of
which is not associated with some (any) resonant ratio (i.e., the system with self-excitation or self-oscillations). The
latter are caused by the action of nonconservative forces of circulation type (circulation strength associated with the
displacement vector of the rotor, not the velocity vector, as in systems with «negative» friction). As the circulating
force vector is perpendicular to the vector displacement of the rotor, resulting in such a force can manifest them-
selves only in mechanical (rotary) systems with many degrees of freedom of movement greater than one. In addi-
tion, an important feature of the circulation of forces there should not be conservative, so the results can be used to
study non-conservative rotor systems with asymmetric (skew-symmetric) matrix of coefficients.

Keywords: rotor; oscillations; actuator; characteristics; two-mass model
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OBOCHOBAHUE IIEHTPUPYIOIENA CIOCOBHOCTHA
HOBOM KOHCTPYKIIMU BAPABAHOB JIEHTOUHOI'O KOHBEVEPA

Heaw. B uccnenosannu HeoO6xoaumo: 1) 060CHOBATH IIEHTPUPYIOILYIO CIOCOOHOCTE 6apabaHOB HOBOM KOHCT-
PYKLIUHU JICHTOYHBIX KOHBEHEPOB; 2) pa3paboTaTh METOMMKY PAacyeTa U ONPEASICHHS PAlOHAIBHBIX KOHCTPYKTHB-
HBIX IMapamMeTpoB 6apabaHOB B 3aBHCHMOCTH OT TEXHHYECKHX [1APAMETPOB JIEHTOYHOrO KOHBeHepa ([UTHHBI KOHBEH-
epa, UIMPHUHBI JCHTHI, IPOM3BOUTEIFHOCTH KOHBEHEPa, JUAMETPOB IPUBOIHOTO M HATSHKHOTO GapabaHOB U Ip.);
3) mpoBecTH IKCIEPUMEHTAIBHBIC HCCIIEIOBAHMS PabOTOCHOCOOHOCTH JICHTOYHOTO KOHBEHepa B IPOM3BOACTBCH-
HbIX YCJIOBHUAX, C LCIIbIO ONPEACTICHUA BEJIMYMHBI JUHAMUYCCKUX HArpy3oK U IPOBCIACHUSA CpaBHI/ITeJ'H)HOI‘/II OLICHKHN
3¢ GEKTUBHOCTH [ICHTPUPYIOIICH CIIOCOOHOCTH OOIIEIPUHATHIX U HOBOM KOHCTpYKIMi 6apabaHoB. MeTonuka. J{ist
o0ocHOBaHMs 3P (PEeKTUBHOCTH LIEHTPHUPYIOIIEH crocoOHOCTH OapabaHOB HOBOW KOHCTPYKIMH aBTOpamu pa3pabo-
TaHa MaTeMaTH4YecKas MOJETb B3aUMOJCHCTBHS JICHTHI ¢ OapabaHOM. MaTeMaTH4ecKkoe MOJCIMPOBAHHE B3aHMO-
JICUCTBUS JICHTBI C HOBOI KOHCTpYKIMell 0apabaHOB CBOJHUTCS K COCTaBICHHIO NU(PHEPEHIHATBLHOTO ypaBHEHUS
JBIDKCHHS JICHTBI C YY4ETOM JHHAMHYECKOW COCTABIIOIICH M BOCCTaHABIMBAIOLICH cHibl. JlaHHAas Molenb MO3BO-
JIMJIa OLCHUTH JIBH)KCHHUE JICHTHI B TIOIIEPEYHOM HAIPaBJICHHHU C YYETOM PACCUMTAHHBIX JOMOJHUTEIBHBIX JUHAMH-
YEeCKHX Harpy30K M LIEHTPUPYIOIICH CHJIBI Ha MCCICAYeMOM JICHTOYHOM KOHBeiepe ¢ 3aJaHHBIMH TeXHHYCCKHMH
napamerpamu. BriepBple npeioxkeHa METOAMKA pacdeTa M ONPEAeNICHUs PAallOHANIBHBIX MTapaMeTpoB 0apabaHoB,
KOTOpasi MO3BOJISIET OIPENeNATh KOHCTPYKTHBHbIE MapaMeTphl LEHTPUPYIOMIMX YYaCTKOB B 3aBHCUMOCTH OT MeXa-
HUYECKHX CBOMCTB M T€OMETPHUYECKUX IapaMeTpoB JICHTHl. Pe3yabTaThl. C MOMOIIBI0 MaTEMaTHIECKOTO MOJEIH-
poOBaHMsI HAYYHO 000CHOBaH 3((eKT NEeHTPUpYOLIel CIOCOOHOCTH HOBOW KOHCTPYKIMU Oapabana, KoTopas obec-
MIEYNBACT yCTOWYMBOE JIBMKEHHUE JICHTHI BAOJb IPOIOJIBHON OCH KOHBEHepa. ABTOpaMH cleflaHbl CIIeTyIONUe BbI-
BOJIBI: 1) paspaboTaHa MaTeMaTHYECKash MOJIENTb B3aMMOICHCTBHS JIEHTHI C HOBOM KOHCTpYKIIHE# OapabaHa, KOTopas
MO3BOJIMNIA ONKCATh JABMKCHHUE JICHTHI B ONEPEYHOM HAIPABJICHUU C YYETOM JCHCTBHS IOMOIHUTENbHBIX THHAMHU-
YECKHX Harpy30K W BOCCTAHABIMBAIOLICH CHIIBI; 2) IPEIIOKEHA METOIMKA pacyeTa U ONpPeeNICHUs palliOHAIBHBIX
napaMeTpoB HOBOW KOHCTPYKIMH OapabaHOB, KOTOpas MO3BOJISAET OMPEACTUTh KOHCTPYKTHBHBIC MapaMeTphl LCH-
TPUPYIOIIUX YYaCTKOB; 3) MPOBEICHBI IKCIIEPHMEHTAIBHBIC UCCICIOBAHUS JICHTOYHOTO KOHBeHepa C 3aJIaHHBIMU
TEeXHUYECKUMH IapaMeTpaMHd B MPOU3BOJCTBEHHBIX YCIOBHSX, KOTOPBIC [TO3BOJMIN ONPENCIUTh BEJMYMHY AWHA-
MHYECKHX Harpy3oK BO BpeMs pa3roHa KOHBeifepa, a TakKe ONTUMU3UPOBATH BPeMs IIyCKa ¢ YYETOM 3THX Harpy-
30K. Tax, /Uisi CTallMOHAPHBIX KOHBEHEPOB IIPpU yBeJMUeHHH BpeMeHH pasroHa ot 10-15 ¢ no 24 ¢ nmuHamuyeckue
Harpy3Kd MOTyT ObITh CHIOKEHBI ¢ ypoBHs 20-35 % mo ypoBHs 9-10 % ot HoMuHanbHbIX. CpaBHUTENIbHAS OLICHKA
OKCIICPUMCHTAJIBHBIX W PACYCTHBIX 3HAYEHUIN BEJIMYMHBI JAHAMHUYCCKUX HArpys3okK Ja€T pacXOoXIACHHUC 10 4 %.
Hayunasi HoBu3HA. BriepBbie Mpe/ioKeHBI TEOPETHIECKHE HHCTPYMEHTBI, KOTOPbIE 0O0CHOBBIBAIOT 3P ()EKTUBHYIO
PpaboTOCIOCOOHOCTh HOBOI KOHCTPYKI[MK 0apabaHOB JICHTOUHBIX KOHBEHEPOB, a TAKXKE MO3BOJISIIOT OMPEACTUTh X
paloHANbHbIE KOHCTPYKTHBHbIC Mapamerpsl. IIpakTuyeckasi 3HauymmMocTh. HoBble KOHCTpyKIMu OapabaHOB,
a TaK)Ke METOJIMKA pacyeTa UX KOHCTPYKTHBHBIX MapaMETPOB MOTYT HCIOIb30BAThCS MPH MPOCKTHPOBAHUH HOBBIX
Y MOJICPHU3ALMU CYLICCTBYIOUINX JICHTOYHBIX KOHBEHEPOB, YTO TMO3BOJUT MUHHMH3UPOBATh BPEMs BHEIUIAHOBBIX
IPOCTOEB 00OPYIOBAHMUS U IMOBBICHTH JOJITOBEYHOCTH KOHBEHEPHOH JICHTHI.

Knrouesvle cro6a: NeHTOUHBIA KOHBelep; 6apabaHbl; JICHTa; CAMOLICHTPUPOBAHUE JICHThI; KOHCTPYKTUBHBIC Ma-
paMeTphl; MaTeMaTH4YecKast MOJICIb
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BBenenue

MaiuuHel HENPEPBIBHOIO TPAHCIIOPTA, & B TOM
YHCiIe U JICHTOYHBIE KOHBEHEpH! BBIIONHAIOT 3HA-
YUMBIE TPAHCHOPTHUPYIOMKE (YHKIMHA B MeTaj-
JypTrUYECKOM MPOU3BOICTBE M TopTax. OT ux Oec-
nepeOoHOM paboThl 3aBUCAT TEXHOJIOTMYECKUE
HPOLIECCH U KaK CIEICTBUE YIKOHOMHYECKHE TTOKa-
3atenn. [losToMy, mccnenoBaHMs, HarpaBICHHBIE
Ha ITOBBIIIICHUEC HAACKHOCTU O60pyI[OBaHI/I$I, KOTO-
poe obecnieunBaeT OecriepeOOHbIE TPAaHCTIOPTHEIE
MOTOKH, UTPAIOT B JAHHOM CJTydae 3HAaYUMYIO POJIb
U TpeOyIT TOCTOSHHOTO COBEPIICHCTBOBAHHS
[7, 11, 13].

Bo BpeMsi JBMKEHHS TO POJIMKOONOPAaM KOH-
BeiiepHass JICHTA WMeeT TEHACHIUIO YXOIUTb
B CTOPOHY OT CBOETO IEHTPAIHLHOTO TOJIOKEHHUSI.
BOKOBOI C€XOIl JIGHTHI HPOUCXOJHUT BCIICACTBHE
psiia NMPUYMH, TJABHBIMH M3 KOTOPBIX SIBIISIOTCS:
MEPEeKOChl TeOMETPUYECKHX ocell  OapabaHOB
1 OINOPHBIX POJIMKOB, CBA3AHHBIC C HETOUYHOCTAMU
U3TOTOBJICHUS U MOHTAXa.

HenenrpanbHoe ABMKEHHE JIEHTHI SBISIETCS
OJTHOW W3 MPUYMH MPOCTOsI KOHBEHEpHOTro 000py-
JIOBaHUS, MPOCHITAHNI TPAHCIIOPTUPYEMOTO TPy3a,
YMEHBIIECHUsI CPOKOB CITyKOBI JIeHTH. Ha mpaktu-
ke Ooylee  TpeTH  MPOCTOEB  KOHBEHepoOB
BBI3BAHO HMMEHHO OOKOBBIM CXOJOM JICHTHI
[9, 10, 12-14, 17, 18].

st obecrieueHuss ICHTPATBLHOTO JIBUKCHUS
JIeHTHI pa3paboTaHa HOBas KOHCTPYKUuUs OGapabaHa
(puc. 1). [laHHas KOHCTPYKUHMS 3allWIICHA
NaTeHTOM YKpaWHbl Ha TIOJIC3HYI0 MOJEINb
Ne UA45062 [5, 8].

Puc. 1. bapaban
JIEHTOYHOT'O KOHBelepa

Fig. 1. Drum belt

Henn

Lenbto maHHBIX UCCIEOBaHUS SIBIIETCS 000C-
HOBaHUE LIEHTPUPYIOLIEH criocoOHOCTH OapabaHa
HOBOM KOHCTPYKIIMH W OMPENENICHHE €ro paruo-

HQJIBHBIX TapaMeTpoB. I IOCTHXKEHHUS ILeH
npenycMoTpeno: 1) pazpaborarh MaTeMaTH4eCcKyo
MOJIeTIb B3aWMOZICUCTBHS JICHTHI C HOBOW KOHCT-
pykumelr 6apabaHOB, 00OCHOBBHIBAIOILYIO YCIOBHUS
[EHTPUPOBAHUS JICHTHI; 2) pa3paboTaTh METOIUKY
pacdera U onpeeNeHNs] PAllMOHAIBHBIX KOHCTPYK-
TUBHBIX MapaMeTpoB OapabaHOB HOBOH KOHCTPYK-
UM B 3aBUCHUMOCTH OT TEXHMUYECKUX XapaKTepu-
CTHK JIEHTOYHOTO KOHBeWepa (IHHBI KOHBelepa,
LIMPHHBI JIEHTHI, TPOU3BOJUTENBHOCTH KOHBElepa,
JUaMEeTPOB NMPHUBOAHOTO M HATSKHOrO OapabaHOB
U 11p.); 3) NPOBECTH IKCICPUMEHTATIbHBIC HCCIIe-
JIOBaHHS B TIPOU3BOJICTBEHHBIX yCIIOBHUSX.

MeTtoauka

1. Paspabomxa mamemamuueckol mooenu
83aUMOO€CMBUsL TeHMbl C HOBOU KOHCMpYKyuell
bapabana. Jlns obocHoBanms 3(deKTUBHOCTH
IIEHTpHUpYIOMEeH crnocoOHOCTH Oapabana HOBOM
KOHCTPYKIIMK pa3paboTaHa MareMaTHyecKas Mo-
JeTTb B3aMMOJICHCTBHSI JICHTHI ¢ OapabaHoM.

Matematndeckoe MOJETHPOBaHHUE B3aUMO/ICH-
CTBUS JIGHTHI C HOBOW KOHCTpYKIMeH OapabaHOB
(puc. 2) cBoauTCs K COCTaBIICHUIO aU(depeHIn-
ANBHOTO YPaBHEHUS ABIIKEHUS JIEHTHI C YYETOM
JUHAMHYECKOW COCTABIIOIEH M BOCCTaHABIIH-
Baromeit cuiel [2—4, 6, 15].

a—a —
el o X
lI_I L J
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Puc. 2. Cxema momepeyHoro JBHKCHHS
KOHBEWEepHO# JIeHTHI ()
Y BOCCTAHABJIMBAIOIINX CUJI, ICHCTBYIOIINX

Ha JieHTy (6)
Fig. 2. Diagram of lateral movement

of the conveyor belt (a) and restoring forces
acting on the tape (b)
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Beenem cneapyrone 0003Ha4eHHSA: P, , P, —
TUIOTHOCTB JIEHTHI ¥ Tpy3a, Kr/M°; V, — IPOOIb-

Hasl CKOPOCTh JIeHThI, M/c; G(X) — HaTsHKEHHE,
HPUXO/ISIIICECs] Ha SIUHUILY TUIONAIH MOIePEIHO-
ro ceuenus, MIla; 4 , A, - momepe4yHoe cede-
HHE JICHTHI U Tpy3a, M°; () — momepedHoe cmMe-

mieHue JeHThl, M; | — anuHa koHBeitepa, M. Ock X
HalpaBJieHa OT HaTsDKHOTO OapabaHa K MPUBOIHO-
MY BJIOJIb KOHBeEHeEpa, OCh O MEPIEHIUKYJIISIpHA ei
(puc. 2, a).

B nepBoM mnpuOnMMXeHWd MNPUHUMAEM, 4TO
B OOKOBOM HaIpaBJICHUM JICHTA JIBHXKETCS 10 PO-
JUKOOMopaM 0e3 cHil compoTuBieHus. Cuuraem
Tak)Ke, 4TO HaTsDKHOW OapabaH oOecrieunBaeT yc-
TOWYHMBOE IIEHTPAILHOE TIOJ0KEHHE JICHTBI Ha PO-
JUKOOMOpax, T.€. B 3TUX TOYKAaX KOHTypa JIEHTa
Kak ObI 3akperuieHa, u torma 6(0)=0, 8(1)=0.

BelaenuM Ha JIEHTE 3JIEMEHT JIMHOW A, ; Mac-
ca 3TOro 3JeMeHTa OyAeT paBHa:

Am = (p,zAn +p2A2)AX =

=4,(p, +vp)A =pAA,, (1)
e y=A4,/A; p=p,+yp,; A=4,.
WHepunoHHas cuiia B HAPaBICHUU O
d%s
a2
CHpOeKTHpOBaB BCE CHJIbI HA OChb 8, " YUUTBI-
Bas (2), momy4nm:

d?s
—=A(o, +Ac, ) x
"= Ao, +A0,)

2
N

un mF_

)

p-A-A

X

xsin(a, + Aa)— A-o,sina,.  (3)

Hepexoz[ﬁ K MAaTCMaTH4YCCKHUM npeneﬂaM, 6y-
JHET UMETDH.
d% 1 d )
=—-—J|o,Slha,|. 4
i o 0|X[ «Sina,] (4)

YUHUTBIBas, 9TO IIPH MaJbIX YIJIaxX CIPABEIUBO
cooTHowmenue: Sina, =tga, =dd/dx , momyuum:

2
e 17,8 -
dt® p dx| “dx

PaccMoTpuM COOTHOIIIEHHE CKOPOCTEH B Ha-
npasiennn ocu X w O (puc. 2, a). Tak kak

8(t) = x(t)% 0

2 2
L8 S8
dt dxdt dt?\ dx

VuureBas, yro dd/dt=v

d?s d2x ds
dt? dt®> dx

u3 (6) momyunm

n

YCKOpPEHHE B HATIPABICHHH O
2
d<o

, d%8
\'
" dxdt

! dx?

d’ d%

+2
dt? dt?

(8)

Toraa ypaBuenue (5) mpUMET CIIAY IO BT

d’6 1 d . dd d?s  ,d?%8
—==—[o,—1]- +Vi——.
dt= p dx ~dx

2V 9
dx " dxdt ©

Harsxenne nentel S(X) BOIB cTaBa Mo ocH

X MeHseTcsl HEMMHEHO.
B stom ciiyuae:

d dd 1 d dd
a{%a}x'&[(s(x))&]

2
E.%GX@}:LE+ SO A8 )
p dx| “dx] pA dx pA ) dx

IMoncrasiss (10) B (9) u yuuThBas BIIHSHHE
JIOTIOJTHUTENILHBIX JUHAMUYECKHX HArpy30K, MOJy-
YUM:

d’s S(x)+Wd(x)_v2 d?s
dt? pA " ) dx?

4%k ds
Tdxdt  pA dx’

(11)

e k:(qﬂ+q2+qp)-y, H/m; W, (x), H — no-

MOJIHUTEIIbHbBIE JIMHAMUYECKHE Harpys3KH,
0,,0,,0, — IMHCHHbIC CHIIbI THKECTU JICHTBI, IPY-

3a U POJIMKOB COOTBEeTCTBeHHO, H/M; ¥ — k03 du-
IIMEHT CONPOTHBJIECHHS [BIDKCHUS Ha TPy30BOU
BCTBH.

JlaHHOE ypaBHEHHE TOIYYEHO B IMPEIIONI0XKe-
HUM, 4YTO CHJIBI, BBI3BIBAIONINE OOKOBOH CXOX
B HAMpaBJCHHH O , MEPEMEIIAIOT JICHTY MPH OT-
CYTCTBHH BOCCTAQHABIINBAIOIIECH CHIIBI.
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Omnako, HOBas KOHCTpyKIus OapabaHOB
BBITIOJIHEHA C TOPLECBLIMU KpHBOJ’IHHeﬁHBIMH ICH-
TPUPYIOIIMMHU yYACTKaMK, UMEIOIINX (HOpMy KpH-
BO BTOPOrO TMOPSJKA, HAa KOTOPBIX BO3HUKACT

BOCCTaHaBJIMBaromiass cCujia S HalpaBJICHHasA

t
o ocu O (puc. 2, @) B CTOPOHY TPOIOIBHOM OCH
Gapabana [8].

Cuma S, mpomopuuOHAIbHA CHHYCY yria o
MEXIy KacaTeIbHOU K paguycy oOpasyromei Kpu-
BOJIMHEHHOI'0 ydacTKa OapabaHa M TOPU3OHTAJIb-
HBIM yd4acTkoM Oapabana (puc. 2, 6). ITostomy,
npu Manbix @ Sinaxtg a=dd/dx
u
. dd

Si=—. 12
= (12)

Torna, nmoacTaBIss LEHTPUPYIOIIYIO CHITy S, B
(11), monmyuum:

d®s [ S(x)+W,(x) 2 d?s

dt? pA " ) dx?
g OB ks gy
Tdxdt pA dx

B BBeneHHBIX kKoopauHaTax (puc. 2, 6) cuina S,

SIBIISICTCSl [ICHTPUPYIOIIEH, YTO YYTEHO B 3HAKE
cuisl B ypaBaenun (13).

2. Memoouxa pacuema u onpedenerue payuo-
HanvbHblX napamempos bapabana. HoBas KoHCT-
pykIius 6apabaHa JEHTOYHOTO KOHBEWepa COCTOUT
W3 TOPU3OHTAIBFHOTO y4acTka 1, KOTOpeIi compsi-
JKeH ¢ KPUBOJIMHEHHBIMU LCHTPUPYIOIIUMHE JICHTY
TOPUEBBIMH yYacTKaMH 2, puc. 3.

2

Puc. 3. HoBas koHCTpYyKTIHs OapabaHa

Fig. 3. New design of the drum

HemocpencrBeHHO pabouelf  TOBEPXHOCTHIO
CIly’)KUT TOPU3OHTAIBHBIA ydyacToKk OapabaHna.
B sToM ciydae Ha JEeHTYy HE NEHCTBYET pacTSTH-
BaloIas CHUIIa, YTO MOJOXKHUTEIHHO CKa3bIBaeTCs Ha
€€ AKCIUTYaTallMOHHOM CTOMKOCTH.

Pacyer HOBOI KOHCTpyKIMM OapabaHa BKJIIO-
4aet B ce0s:

— oIpeaeNieHHe TOJIIIMHBI CTCHKH OapadaHa,

— ompeJeNieHHe JUTMHBI TOPU30HTAIBHOTO yua-
cTka Oapabana;

— ompefieNieHNe ONTUMAIBHOTO paguyca KpH-
BOJIMHEHHBIX [IEHTPUPYIOIIUX YYACTKOB,;

— MPOBEpPKa MPOYHOCTHBIX XapaKTEPUCTHK Oa-
pabaHa.

I'eomeTpuueckne pacueTHbIE TapaMeTphl HO-
BOI KOHCTpPYKIUU OapabaHa 1moka3aHsl Ha puc. 4.

\Vy
A B¢ I
I al K ‘-
A\ 2
Q il 1
1 Q
! .
3

— -—

Puc. 4. 'eomeTpuueckue mapameTpbl
HOBOM KOHCTpYKLIMH OapabaHa:

L, — nnmna GapaGana; L — juiMHa rOpH3OHTaNBHOTO y4acTKa;
L, — nnuna yuyactka 6apabaHa OT Ha4asla KPUBOJIMHEHHOTO
ydacTka 1o Topuesoii yacty; D; — numamerp 6apaGara mo

TopueBbIM yuactkaM; D — nuamerp Gapabana no ropusos-
TalbHOMY yuacTky; R — pamnyc o6pasyromueii KpuBoIuHeN-
HbII yuacTok; D — 1uiMHa nyru KpUBOIMHENHHBIX TOPIEBBIX
y4acTKoB (4 — ToYKa Havana Ayr, B — ToYKa OKOHYaHHS [Iy-
ru); B — LeHTpaIbHbIM yroi ayru

Fig. 4. The geometrical parameters of the new
design of the drum:
L, - length of the drum; L - length of the horizontal section;
L, — length of the drum from the beginning of the curved por-
tion to the end portion; D, — diameter of the drum over end

portions; D — drum diameter of the horizontal section;
R - radius forming the curved area;
b — arc length of the curved end portions
(A — starting point of the arc, B — end point of the arc);
B - Central angle of the arc
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Tommuua cTeHKH OapabaHa oOmpenesIeTCs
0 SMIUpPUYECKOH (opMysie M JODKHA OBITh
He MeHee [1]:

§=0,005D + (4...6) M, (14)

rae D — nuametp GapabaHa, MM.

Jmuna ropusoHTanpHOro yuactka L (puc. 4)
OIIpEIENSIETC UCXO/Is U3 IIHPHHBI B BHIOPAHHOTO
TUIIOpa3Mepa JIEHTHL:

L=B+10mu. (15)

OrnpesienieHre onTUMaabHOro paauyca R kpu-
BOJIMHEWHBIX YJacCTKOB OapabaHa 3aBHCHT OT Me-
XaHMYECKHUX CBOMCTB Marcpuajia JICHTBI W Ilapa-
METPOB €€ TMONepe4YHoro ceveHus. [loatomy,
C Y4YeTOM MWIHHAPHUYECKONW >KECTKOCTH JICHTHI,
OIIPpEACIACTCA ONTUMAaIbHBIN paanyCc KpUBOJIM-
HEHHBIX y4acTKOB OapabaHa U3 yCIOBUS:

R>R,, (16)

rie R, - pammyc nmmmuHIpHueckol KECTKOCTH
aeHTsl, MM; R — pamuyc 6apabana, Mm.
Jnst pe3auHOTKaHeBoO# aeHTsI [11]:
(92
E, 10,

:—2.12(1_\/2) MM , 17)

1

rae E, — Momyns ynpyroctu 1 cM mupuHbI 01HO#M

npokiaanku, H/mM; , — tommuHa kapkaca TkaHe-

BOM JIEHTBI, MM; | — 9MCIIO IPOKJIAOK JIEHTHI; V —
ko3¢ punment [lyaccona (v =0,42...0,5).
JIst pe3uHOTPOCOBOIA JieHThI [12]:

Eymedfoz;-8°
t 2-42t

MM (18)

rae d,, — muamerp npososnoku, mM; d, — Komn-

4YeCTBO MPOBOJOK B TPOCE, O — TOIIIWHA PE3U-
HOTPOCOBO JIGHTBI, MM;  — I1ar TpocoB, MM.

Ilpennaraercs cineayroumuid aaroputM ompeze-
JIeHUs! JJTUHBI AYTH KPUBOJIMHEHHOro yvacTka Oa-
pabana:

1. Ompenenstorcsi AOMOJHATEILHBIC JTHHAMU-
YECKHUE Harpy3KH, JEHCTBYIOIIME Ha JIEHTY BO
BpeMsl pabOThI KOHBEHEpa.

2. OnpenensoTcss CyMMapHbIe YCHITUS B JICHTE
C YYETOM JIOMOJHUTEIHHBIX TUHAMUYCCKUX HaArpy-
30K.

3. Mcxoas u3 cyMMapHOTO yCHIIHS B JICHTE, OI-
penensercst yrojl o MeXay KacaTellbHOW K pajuy-
Cy, 00pa3yIouiero KpUBOJIMHEHHBIH y4acToK Oapa-
0aHa, ¥ TOPU3OHTAJIBHBIM y4acTKOM Oapabana (U3
ycmosus 19).

4. Jlnvua nyru D meHTpHpyromero KpuBosm-
HEWHOTr0 ydyacTKa paBHA PACCTOSHHIO OT TOYKH
COIPMKOCHOBEHHsI KacaTelbHOW K paauycy obOpa-
3yIOIIEr0 KPUBOJMHEHHBINA ydacTok B 10 Toukm
Havajia TOPU30HTAJILHOIO yuacTka Oapabana A.

VYroa a Mexay KacaTelbHOW K pamuycy oOpa-
3yIOIIET0 KPHBOJHMHEHHBIH ydacTOok Oapabana
W TOPHU3OHTAIBLHBEIM yYJacTKOM OapabaHa ompeje-
nsiercst u3 ycnosust (19):

St :S.tga' H (19)

YcaoBue obecnedeHHs TpeOyeMoro YpOBHS
LIEHTPUPYIOLIEH CHUJIBIL:

S 2 (S +Wy) -, (20)

rae S — ycunue B nente, H; S, — tanrennuansHas
ueHtpupyromas cuiaa, H; W, — nononHurensHble
IUHAMWYecKne Harpy3kd, H; pu — xoaddumment
TPEHUS MEXITY JICHTOH 1 OapabaHOM.

JlnvHa qyru b mponopiuoHaibHa €€ paanycy
Y BENIMYUHE IICHTPAIBHOTO YIJIa, KOTOpas ompejie-
nsietcst o popmyie:

b TP
180
rae I — paauyc oOpa3yromell KpUBOJIWHEHHBIN

yuacToK ©Oapabana (ompenensieTcss M3 YCIOBHUS
(16), mm; B— uentpambHbId yroa ayru (B=a),

(21)

rpan, onpezaensercs u3 ycaosus (19).

JlomomHUTEeNFHBIE TMHAMUYECKNE YCHIINS pac-
CUMUTBHIBAIOTCS HCXOZS M3 IMapaMeTPOB IPOEKTH-
PyEMOTo JICHTOYHOTO KOHBEWepa W YCJIOBUH ero
JKCIUTyaTanud. PaccCUHTHIBAIOT TaKke Te€OMETpPH-
YEeCKHUEe MmapamMeTpsl OapadaHa, KOTOPBIA 00ECIeUUT
YCTOHYHMBOE JIBHXKECHHE JICHTHI BJIOJIb OCH.

3. Oxcnepumenmanvhvle UCcre008aHust 8 npo-
u3go0cmeenHwix ycnogusx. llempro sKcmepuMeH-
TaJIbHBIX HKCCJICIOBAHUM JIEHTOYHBIX KOHBEWEpPOB
B NIPOU3BOJICTBEHHBIX YCIIOBUSX, SBJISUIACH OI[CHKA
YacTOTHl CXOJIa JIEHTHl M OTNpE/eTIeHHE BETHINHBI
JUHAMUYCCKUX HArpy30K Ha JICHCTBYIOIIEM KOH-
Beliepe, a TaKkKe WX OTKIOHEHHE OT PacUYeTHBIX
3HAYCHUH.
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JlaHHbIe WCCIEMOBAaHUS TOKA3ajM, 4YTO HECTa-
IIMOHAPHBIC YCJIOBUS PaOOThl KOHBEHEPOB IMPHBO-
IIAT K CXO/AY JICHTHI C OCH KOHBElepa U ee pa3iud-
HBIM TOBpEXAeHUsIM. YacToTa cX0JI0B ¢ OCH JOC-
TATOYHO BBICOKas (3—5 3a CyTkH), a OOBIYHO HC-
MOJIb3yeMasl PEeryJUPOBKa C IMMOMOIIBIO IEHTPUPY-
IOIIMX POJHMKOB JOCTATOYHO TPYJOEMKa U HE BCe-
IJla OCYIIECTBUMA IPH HEKOTOPBIX BHIAaX TpPaHC-
MOPTUPYIOIIET0 MaTepraa.

Jlyist i3yYeHus: BIUSHUAS THHAMAYECKUX Harpy-
30K Ha XapakTep paboThl JICHTOUYHBIX KOHBEHEPOB
ObUIM TIPOBEJCHBI KCIICPUMEHTAIbHBIC HCCIICIO0-
BaHUs JICHTOYHOTO KOHBEWepa OJHOTO U3 Mpel-
OpUATHA T. Mapuynons, TpaHCIOPTUPYIOIIETO
yroib. TeXHHYECKash XapaKTEPUCTUKA JaHHOIO
KOHBeliepa npejcTaBieHa B Taoi. 1.

HccnenoBarncs Myck KOHBedepa, Mpy KOTOPOM
OmpeAessIach BEIMYMHA TUHAMHUYECKUX Harpy30K
Ha TIPUBOJIHOM JBHUTraTeNb. J[7Is1 3TOr0 OBLT UCIIOJIb-
30BaH AaHAJIU3aTOP [apaMeTPOB AJICKTPUUCCKOM
nenu Fluke 454 (Hunepiatabl), BMOHTHPOBaHHBIH
B IpeoOpa3oBaTelib YacTOThl, KOTOPBIA MHTAET
nBurarenb. J[aHHBIM aHATU3aTOP BJICKTPUYECCKON
nenu O0OECIEeYrBACT HEMPEPHIBHOE CUUTHIBAHHE
TaKUX IapaMeTpOB pabOThl IBUIaTessl, KaKk CHia
TOKa, A; 4acToTa BpaIeHus, 00/MHUH; BpalarOu{rii
MOMEHT, B % OT HOMUHAJILHOTO 3HAYCHUS; HAIps-
JKeHHe, B Ha BBIXOje IMpeoOpa3oBaTesisi 4acTOTHI,
HaIpsyKeHUE CeTH, B.

B Tabn. 2. mpuBeneHbl pacyeTHBIC U IKCIECPHU-
MEHTAJIbHBIE 3HAYEHMS BEJIMYMHBI THHAMHYECKHX
HArpy3oK MpH IIyCKEe TaHHOI'O JICHTOYHOTO KOH-
Beliepa.

DKCIEpPUMEHTAIBHBIE HCCIICOBAHMS  JICHTOY-
HOrO0 KOHBE#epa B MPOM3BOJACTBEHHBIX YCIOBUSIX
MO3BOJIMJIM OIPEICIIUTh BEIHUMHY JUHAMUYCCKUX
Harpy3oK BO BpeMs pa3roHa KOHBeHepa, a TakkKe
ONTUMH3UPOBATH BPEMsI MMyCKa ¢ YUETOM DTHUX Ha-
rpy3ok. Tak, mpu yBeJIMUYECHUM BPEMEHHU pa3roHa
o 24 c, ypoBeHb IMHAMHYECKHX HArpy30K CO-
craBiaster 9-10 % oT HOMHHAJIBHOIO 3HAYEHHS.
[Ipu cHIKEHUH BpEeMEHH pas3roHa 10 4 ¢, BeJIu4u-
HAa JMHAMUYECKMX HArpy30K YBEJIUYHUBACTCS
mo ypoHs 50-55 % or HOMHHATBHOTO 3HaAYe-
aus [16].

[TocTpoeHb! rpaduky 3aBUCUMOCTH PaCUETHBIX
U DKCIIEPUMEHTAIILHBIX 3HAYEHU MOMEHTOB TpH-
BOJHOTO aBuratens M, kouseiiepa (B % oT Ho-

MHHAJIBHOTO 3HAYEHHs) OT BPEMEHU pa3roHa JIBU-
ratens t, ¢ (puc. 5) u rpaduK 3aBUCHMOCTH TATO-

BOTO YCHJIMSI ¢ BETMYMHOM TMHAMHYECKHX HATpPY-
30k F, H or BpeMeHH pasroHa JBUraress
KOHBeliepa t, ¢ (puc. 6).

M, (% oT HOMUH. 3HAUY.)

160

150 *-___‘\\\

140

—PacyeTHoe t,c
3Ha4YeHMa

JKCnepumMeH-
TaNbHOE 3Ha4eHue

130
120
110

100
4 6 10 15 19 24

Puc. 5. I'paduik 3aBUCHMOCTH PacUETHBIX
W DKCIIEPUMEHTAILHBIX 3HAYCHUH MOMECHTOB IPHUBOHO-

ro spurarens M, xouseiepa

(B % OT HOM. 3HaYEHMS) OT BPEMEHHU pasroHa
nsurarens t, €)

Fig. 5. A graph of the calculated and experimental
values of moments of the drive motor M

of the conveyor (in % of nominal value)
from the acceleration time of the engine t, ¢

F,H
45000 t,

43000 c
41000
39000
37000
35000
33000
31000
29000
27000

3 4 5 7 10 15 24 25 26 27

Puc. 6. ['paduk 3aBUCHIMOCTH TATOBOTO YCHIIAS
C BEJIMYMHOU IMHaMu4Yeckux Harpys3ok F, H ot Bpeme-
HU pa3roHa JBuratens konseiepa t, C

Fig. 6. Graph of the traction with the values
of dyn-x loads F, H from the conveyor motor
acceleration time t, ¢
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Tabmnuma 1

TexHnuyeckasi XapaKTepuCTHKA HCCIeLyeMOoro
JIEHTOYHOT'0 KOHBeliepa
B HECTAIMOHAPHBIX YCJIOBHUSAX

Table 1

Technical characteristics of the test conveyor
belt under unsteady conditions

Tpancnopru- IIpoussoau- Juna, CkopocTb
pyeMBIi TEJILHOCTB, M JIBHKECHHS
MartepHal T/a JeHTBI, M/c
Vrons 1100 602 25
Tabnuna 2

PacyeTHbIe M DKCIepUMeEHTAIbHbIE 3HAYEHUS
BeJIMYMHBI IHHAMUYECKUX HATPY30K
JIEHTOYHOT0 KOHBeliepa

Table 2

The calculated and experimental values
of dynamic belt loads

Bpemsa MowmeHT aBuraTesns, OTxJI0HE-
pasrona % OT HOMHHAJIBHOI'O 3HAYCHMS aue, %
KOH-
. Pacuetnoe Okcnepu-
Beuepa, ¢ 3HaYEHHUE MEHTAIbHOE
3HAUCHHE
4 151 154 2,0
6 147 149 1,3
10 138 136 14
15 126 121 3,9
19 115 113 1,7
24 110 109 1,0
Pe3yabTaTthl
C IIOMOIIBIO MAaTEMAaTHYCCKOI'O MOACIIN-

pOBaHHUSA HAyYHO 00OCHOBaH 3P (HEKT IEHTPHUPYIO-
el cmocoOHOCTH OGapabaHa HOBOW KOHCTPYKIIWH,
KOTOPBI oOecreynBaeT CaMOLIEHTPUPOBAHUE JICH-
ThI 0€3 MCIIONIb30BaHMs aBTOMATU3NPOBAHHBIX IICH-
TPUPYIOIMIUX yCTPOHCTB. PazpaboTanHas MeTonnka
pacuera KOHCTPYKTHBHBIX TapaMeTpoB OapabaHa
MTO3BOJIMIA YUYECTh BIHAMONINE (PaKTOpHI Ha TOIIe-
PEUHBIC CMCUICHUA JICHTHI U, TEM CaMbIM, OIITUMMH-
3UPOBATh KOHCTPYKIHIO OapabaHa.

HayuHasi HOBU3HA U IPAKTHYeCKasi
3HAYNMOCTh

Brepeeie paspaboTana W mpeiokeHa HOBas
KOHCTpYKIHs OapabaHOB JICHTOYHBIX KOHBEHEPOB
1 TIPEUIOKEHBI TEOPETHIECKNE WHCTPYMEHTHI, KO-
TOpbIe O00OCHOBBIBAIOT €€ I(P(PEKTUBHYIO pabOTO-
CIIOCOOHOCTh ¥ TIO3BOJIAIOT OMPEAETUTh palyo-
HaJbHBIE KOHCTPYKTHUBHBIE TTapaMeTPHI.

HoBast koHCTpyKuMsi GapabaHOB, a Takke Me-
TOJMKA pacueTa KOHCTPYKTUBHBIX HapaMeTpOB
MOJKET HMCIIONB30BaThCs MPH MTPOSKTUPOBAHUH HO-
BBIX W MOJICPHU3AIMH CYIICCTBYIOIIUX JICH-
TOYHBIX KOHBEHEPOB, YTO MO3BOJIUT MUHUMH3HPO-
BaTh BpEMs BHEIUIAHOBBIX IMPOCTOEB 00OpyIOBa-
HHAS U TIOBBICUTH [JOJITOBEYHOCTh KOHBEHEPHOU
JICHTHI.

BriBoabI

1. Pa3paborana maremMaTtudeckass MOJIEIb B3aW-
MOJICHCTBHUS JICHTH ¢ HOBOM KOHCTPYKITHEH Oapa-
0aHa, KOTopas MO3BOJIWJIA ONHUCATh ABUKECHHUE JICH-
Thl B TIIONEPEYHOM HAIIPABICHUHU C yYETOM JeicT-
BUSL JIOTIOJHUTEJIBHBIX JUHAMHUYECKUX Harpy3ok
Y BOCCTAHABJINBAIOILCH CHIIBL.

2.IlpennoxxeHa MeTOIMKa pacyera M Ompene-
JIEHUS PallMOHAJIBHBIX [1apaMETPOB HOBOI KOHCT-
pykuuu OapabaHOB, KOTOpas MO3BOJISIET OMpee-
JUTh KOHCTPYKTHBHBIE IapaMeTpbl LEHTPHUPYIO-
IIUX YYaCTKOB.

3.IlpoBeneHbl JKCIIEPUMEHTANBHBIE HCCIIEIO0-
BaHMsI JICHTOYHOTO KOHBeWepa ¢ 3aJaHHBIMH TeX-
HUYECKUMH IMapaMeTpaMy B IPOM3BOICTBEHHBIX
YCIIOBHUSIX, KOTOpPbIE MO3BOJIMJIN OIPEAEIUTh BEIU-
YHHY AMHAMHYECKHX HArpy30K BO BpeMs pasroHa
KOHBeiiepa, a Takke ONTUMU3UPOBATh BpEMs ITyCKa
C y4eTOM 3THX Harpy3ok. Tak, Ui cTaliOHapHbIX
KOHBEHEpOB MpH YBEIUYCHUH BPEMEHH Pa3roHa OT
10-15 no 24 ¢ nuHaAMHYECKHME HArpy3KH MOTYT
ObITh cHIKeHBI ¢ ypoBHA 20—-35 % mo ypoBHS
9-10 % ot HoMHHANBHBIX. CpaBHUTENbHAS OICHKA
9KCIIEPUMEHTANBHBIX M PAcYETHBIX 3HAYCHUH Be-
JIMYUHBI JUHAMUYECKUX Harpy30K JaeT pacxoxie-
Hue 10 4 %.
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OBIPYHTYBAHHS LHEHTPYIOUOI 3IATHOCTI
HOBOI KOHCTPYKIIII BAPABAHIB CTPIYKOBUX KOHBEEPIB

Merta. Y pocimkenHi HeoOXinHO: 1) 0GTpYHTYBATH IIEHTPYIOTY 3MaTHICTh OapabaHiB HOBOI KOHCTPYKITT cTpiy-
KOBHX KOHBEEPIB; 2) po3poOHTH METOAUKY PO3PaxXyHKY Ta BU3HAYCHHSI PAlliOHATPHUX KOHCTPYKTHBHHX ITApaMeTpiB
OapabaHiB 3aIe)KHO BiJl TEXHIYHUX MapaMeTPiB CTPIYKOBOTO KOHBEEpa (IOBKMHHM KOHBEEPA, IIMPHHK CTPIUKH, MPO-
JQyKTHBHOCTI KOHBEEPA, JiaMeTpiB MPHUBOJHOTO i HATSHKHOTO OapabaHiB Ta iH.); 3) MPOBECTH CKCIICPUMEHTANbHI
JIOCTIKCHHS TIpaIe31aTHOCTI CTPIYKOBOIO KOHBEEPA Y BUPOOHHYMX YMOBAX i3 METOI0 BH3HAUCHHS BEIWYHHHU JIH-
HaMiYHUX HaBaHTa)XEHb Ta INPOBEICHHS MOPIBHAJIBHOI OLIHKM €()EeKTHMBHOCTI LEHTPYIOUOi 3JaTHOCTI 3arajibHO-
NPUIHATHX Ta HOBOT KOHCTPYKUii GapabaniB. MeToauka. [y oOrpyHTyBaHHS €EKTUBHOCTI LIEHTPYIOUO] 3/IaTHO-
cTi OapabaHiB HOBOi KOHCTpYKIIii, aBTOpaM# po3po0JieHa MareMaTuiHa MOJIENb B3aeMOJIi CTpiuku 3 OGapabaHoM.
MaremaTiuuHe MOJIEITIOBaHHS B3a€EMOJII] CTPIYKM 3 HOBOIO KOHCTPYKIi€r0 OGapabaHiB 3BOANTHCS 0 CKIaJaHHs ude-
PEHLIAILHOTO PIBHSHHS PYXy CTPIYKM 3 ypaxyBaHHSM JAMHAMIYHOI CKJIAJOBOi Ta BiJHOBIIIOBAILHOI cwid. Ll Mo-
JIeTb JI03BOJISIE OL[IHUTH PyX CTPIUKH B IOIEPEYHOMY HANpsIMKY 3 YpaxyBaHHSIM PO3PaxOBaHUX JIOJATKOBHX JWHA-
MIYHHX HAaBaHTaXXCHb Ta LEHTPYIOUOi CHIIM HA JIOCIIHKYBaHOMY CTPIYKOBOMY KOHBEEpI i3 3aIaHHMH TEXHIYHHUMH
napaMeTpamu. Briepie 3anpornoHoBaHa METOJMKa PO3paxyHKy Ta BU3HAYCHHs palliOHaJbHHX MapamerpiB Oapaba-
HIB, sIKa JJO3BOJISIE BU3HAYATH KOHCTPYKTHUBHI MMapaMeTpy MEHTPYIOUNX AUISTHOK, 3aJIE)KHO BiJl MEXaHIYHHUX BIIACTH-
BOCTEH Ta reOMETPUYHUX IapaMeTpiB cTpiuku. Pe3yabTaTu. 3a 101IOMOro0 MaTeMaTHYHOTO MOAENIOBAHHS HayKO-
BO OOIPYHTOBaHO e()eKT LEHTPYIOUOi 37aTHOCTI HOBOT KOHCTPYKIIii OapabaHna, sika 3a0e3neuye CTIHKUN pyX CTPiuKH
Y3IOBXK MO3I0BKHBOI 0Ci KOHBeEpa. ABTOpaMu 3p0o0JIeHI HACTYMHI BUCHOBKHU: 1) po3p0o0iieHO MaTeMaTHYHY MOJIEITh
B3a€EMO/Iii CTPIUKU 3 HOBOIO KOHCTPYKIli€to OapabaHa, sika J03BOJIMIIA OMUCATH PyX CTPIYKU B NONEPEYHOMY Harps-
MKY 3 ypaxyBaHHIM Jii J0JaTKOBHX AMHAMIYHUX HaBAHTA)KEHb Ta BiJHOBIIOBAIBHOI CHJIM; 2) 3alPOIIOHOBAaHA Me-
TOJIMIKa PO3paxyHKy Ta BU3HAYCHHS PalliOHAJIbHUX ITapaMeTpiB HOBOT KOHCTPYKIII OapabaHiB, sika J03BOJISE BU3HA-
YUTH KOHCTPYKTHBHI MapaMeTpH LIEHTPYIOUUX IMSHOK; 3) MPOBEACHI SKCIIEPUMEHTANbHI TOCTIKEHHS CTPIYKOBO-
ro KOHBEEpa 13 33laHMMHU TEXHIYHUMH NTapaMeTpaMM Y BUPOOHMYMX YMOBaX, SIKi JJO3BOJIMJIM BU3HAYUTH BEJINYNHY
JMHAMIYHUX HAaBaHTa)XEHb MiJ] Yac pO3roHy KOHBEEpa, a TAKOXK ONTHMI3yBaTH 4ac IyCKy 3 ypaxyBaHHIM IHX HaBa-
HTaXeHb. Tak, Ui cTallioHapHUX KOHBEEPIB MPH 301IbIICHH] Yacy po3roHy Bin 10-15 ¢ mo 24 ¢ quHamivHI HaBaH-
Ta)KeHHS MOXKYTh OyTH 3HWXKeHi 3 piBHA 20-35 % no piBast 9-10 % Big HOMiHambHUX. [TopiBHAIBHA OIIHKA €KCITe-
pPUMEHTAIBHUX Ta PO3PaXyHKOBMX 3HAUYCHb BEIUYMHM [UHAMIYHMX HaBaHTaXEHb Jae po30ibkHicTe 1m0 4 %.
HaykoBa HoBU3HA. Briepiiie 3anporoHOBaHO TEOPETHYHI IHCTPYMEHTH, SIKi OOTPYHTOBYIOTh €(DeKTHBHY Mpare3ia-
THICTh HOBOI KOHCTPYKIii OapabaHiB CTPIYKOBHX KOHBEEPIB, a TAKOXK JO3BOJIIIOTH BU3HAYHTH iX paIioHaTbHI KOHC-
TpykTHBHI napamerpu. IlpakTnyna 3HauuMicTs. HoBi KOHCTpyKIil OapabaHiB, a TaKOX METOJHMKA PO3PaxyHKY iX
KOHCTPYKTUBHHMX NapaMeTpiB MOXKYTh BUKOPHCTOBYBATHCS IPH MPOEKTYBaHHI HOBHX Ta MOJEpHi3auii iCHyr0Unx
CTPIYKOBHX KOHBEEPIB, IO JO3BOJUTH MiHIMI3yBaTH 4ac MO3aIIAHOBHUX MPOCTOIB yCTaTKyBaHHS Ta MiABUIIUTH JI0-
BrOBIYHICTH KOHBEEPHOI CTPIUKH.

Kniouosi cnosa: cTpiukoBuil KOHBeep; OapabdaHu; CTpiuka, CaMOIIGHTPYBAHHS CTPIYKH; KOHCTPYKTHBHI Mapame-
TpH; MaTeMaTHYHA MOJIENb
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RATIONALE FOR CENTERING CAPACITY
OF REDISIGNED BELT CONVEYOR DRUMS

Purpose. In the study it is necessary: 1) to justify aligning drums of a new design of belt conveyors; 2) to develop
a method for calculating and determining the rational design parameters of drums depending on the technical pa-
rameters of the conveyor belt (the length of the conveyor, belt width, the performance of the conveyor, the diameter

doi 10.15802/stp2016/61039 © B. B. Cyrno6os, C. B. Pakuia, I1. A. I'punbko, 2016

166



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

Hayxka Ta nporpec Tpancnopty. BicHuk J[HIIponeTpoBChKoro
HaLiOHAIIBHOTO YHIBEPCHTETY 3aili3HHYHOro TpaHcnopty, 2016, Ne 1 (61)

HETPAMLIIMHI BUJA TPAHCITOPTY. MAILIMHUA TA MEXAHI3MH

of the drive and tension drums, etc.); 3) to carry out pilot studies of efficiency conveyor belt in a production envi-
ronment in order to determine the magnitude of dynamic loads and a comparative evaluation of the effectiveness of
the centering ability of conventional and new designs of drums. Methodology. To substantiate the effectiveness of
the centering ability of the drums of a new design by the authors developed a mathematical model of interaction of
the tape with the drum. Mathematical simulation of tape reels with new design comes to drawing up a differential
equation of the belt based on the dynamic component and restoring force. This model allowed us to estimate the
movement of the tape in the transverse direction based on the calculated additional dynamic loads and forces on the
investigated centering a conveyor belt with given specifications. For the first time the technique of calculating and
determining the rational parameters of the drums, which allows determining the design parameters of the centering
portions, depending on the mechanical properties and geometric parameters of the tape. Findings. With the help of
mathematical modeling the scientifically substantiated effect of centering the ability of the new design of the drum,
which ensures stable tape running along the longitudinal axis of the conveyor. The authors made the following con-
clusions: 1) the mathematical model of interaction with the new belt design of the drum, which allowed to describe
the belt in the transverse direction in view of additional dynamic loads and renewable power was developed; 2) the
method of calculation and determination of parameters of rational design of new barrels, which allows to determine
the design parameters of centering areas was proposed ; 3) the experimental studies of conveyor belt with given
technical parameters in a production environment, which allowed to determine the dynamic loads during the accel-
eration conveyor, as well as optimize the start time to reflect these pressures was conducted. Thus, stationary con-
veyors with increasing acceleration of time from 10-15 to 24 with dynamic loads can be reduced from the level of
20-35% to 9-10% of the nominal. Comparative evaluation of experimental and calculated values of the magnitude of
dynamic loads makes the difference to 4%. Originality. For the first time offered the theoretical tools that justify the
effective performance of a new design of the drums of belt conveyors, as well as allow us to determine their rational
design parameters. Practical value. New designs of drums, their method of calculation and constructive parameters
can be used in the design of new and modernization of existing belt conveyors that will minimize unplanned down-
time and improve the durability of the belt.
Keywords: conveyor belt; drums; tape; self-centering of the tape; design parameters; mathematical model
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METOAOJOI'MYECKHUE OCHOBBI OITPEAEJEHUA
IKCIINTYATAIHMOHHBIX XAPAKTEPUCTHUK
HECAMOXOJIHOTI'O ITOABUKHOT'O COCTABA

Heaw. Hayunas pabora mpemycmarpuBaer: 1) MOATBEpXKICHHE KaK 3asBJICHHBIX TEXHHYECKUX XapaKTEPUCTHK
BaroHoOB M UX Moau(UKauui, Tak U NokazaTeield 0e30Tka3HOW paboThl B TEUEHHWE MEKPEMOHTHOTO BPEMEHH WIIU
HapabOTKH, 2) YCOBEPIIEHCTBOBAHHE METOJOJIOTUYECKHMX ITOIXO0B OIEHKH JKCIUTyaTAllHOHHBIX XapaKTEPHCTHK
HOBOH M MOJIEPHU3UPYEMOM TEXHUKHU KEIE3HOJIOPOKHOIO TPAHCIIOPTa Ha MPUMEPE HECAMOXOIHOIO MOABUKHOIO
COCTaBa, a UMEHHO — EJE3HOJOPOXKHBIX TPY30BBIX BAroHOB; 3) pelIcHHE HAYyYHO-NPHUKIATHON MPOOIEMbI 1O
OIICHKE JKCIUTYaTallMOHHBIX XapaKTEPUCTHK HOBOH W MOACPHHU3HPYEMOH KEIC3HOIOPOKHON TeXHUKH. MeToauKa.
PaccMoOTpeHBI OCHOBHBIE METOAOJIOTHIECKHAE TOJXOABI K OIEHKE IKCIDTYyaTallMOHHBIX XapaKTePHCTUK Ha IpuUMepe
HECaMOXOJHOTO TOABIDKHOTO COCTaBa, a MMEHHO — JKEJIIE3HOIOPOXKHBIX TPY30BHIX BAaroHOB. [IpoBomuTcs aHANH3
0e30TKa3HOCTH BaroHa, KOTOPHIA pacCMAaTPHBAETCS KaK CIOXKHAs MEXaHWYeCKas CHCTeMa, TZIe BCE DIIEMEHTHI
CHUCTEMBI COEAWHEHBI IIOCIEIOBATEeIbHO, MPH 3TOM KaKIBIH M3 JIEMEHTOB BKIIOYAeT M MOCIEI0BATEIBHO
coeqMHEHHBIX aeraneil. OTKa3 KaXXHOH pacueTHOH YacTH NpHBENeT K OTKa3y BaroHa. TakuMm oOpa3oM, BaroH
SBIIICTCS ~ CHUCTEMO#l  0e3  pe3epBupoBaHus. Pe3yJbTaThbl.  YCOBEPIICHCTBOBAHA  METOJHKA  OILCHKHU
IKCIUTYyaTaI[HOHHBIX XapPAKTEPUCTHK IPY30BBIX BArOHOB B MOJKOHTPOJIBHOM 3KCILIyaTallld C yU4EeTOM OCOOCHHOCTEH
BAaroHoOB HOBOI'O ITOKOJICHUS. yTO'—IHeHLI: JJINTCIIBHOCTH HpOBelleHI/IH I/ICHI)IT&HI/IIZ, HepI/IOI[I/ILIHOCTI) OCMOTpa
KOHTPOJBHON TPYIIbl BaroHOB, KOHTPOJHMPYEMbIE IMapaMeTphl BaroHa, MNPUYMUHBI JOCPOYHOTO MPEKPALEHUS
MOJAKOHTPOJILHOM dKCIUTyaTauuy. BrisBlIeHHBIE B Mpoliecce MOAKOHTPOJIBHOM 3KCIUTyaTallud OTKAa3bl pa3/ieieHbl 10
ux xapakrepy. HayuyHasi HoBU3HA. ABTOpaMu MpeAsioKeHa METOAUKA OLEHKU JKCILTYyaTallMOHHBIX XapaKTEPUCTHK
JKEIIE3HOTOPOKHOH TEXHHWKHA B ONBITHOM SKCIUTyaTallid Ha MpPUMEpPE TPY30BBIX BaroHOB HOBOTO ITOKOJICHHS.
IpakTHyeckasi 3HAYUMOCTB. Pe3ynbraTel pabOTH MO3BOJSIOT OLEHHUTH JKCIDTyaTallMOHHBIC XapaKTCPHCTHKU
HOBOH W MOJIEPHU3UPYEMON TEXHHUKH KEJE3HOJOPOKHOTO TPAHCIIOPTa IMPH MPOBEACHUH AKCILUTYaTAI[HOHHBIX
HWCIBITAaHIHA

Kurouegvie cnosa: HageKHOCTh; OTKa3; BEPOSATHOCTh OE30TKA3HOW pabOTHI, IKCIDTyaTallMOHHBIC HCIIBITAHUS;
MTOIKOHTPOJIBbHAS IKCIUTyaTallHsl; BATOHBI HOBOTO MTOKOJICHUS
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BBenenue

[Iponecc cozmaHus HOBOM TEXHUKH, Kak Ipa-
BUJIO, COMPOBOKAAETCS BBIOJHEHHEM KOMILIEKCA
TEOPETHUECKUX M IKCIIEPHUMEHTANbHBIX HCCIEN0-
BaHUH cO37aBaeMoro ooOpasia, U3Aeius IO OIpe-
JENeHNI0 ero (PyHKIMOHAJIBHBIX XapaKTEPHCTHK.
B nepByro ouepenp pa3pabOTUMKOB U MOJIb30BATE-
JIe HMHTepecyloT JKCIUTyaTallMOHHBIE KadecTBa,
TaK Kak MIMEHHO 3TU Ka4ecTBa ONpPEIeI 0T OCHOB-
HbI€ CBOWCTBA M3/enMs B 3KcIuTyatanuu. [loatomy
HE TOJBKO MPEICTaBIsAET MHTEpEC, a MMEET OCo-
Oyr0 aKTyaJahbHOCTh HayYHO-TIPUKIIaAHAS TIpodiemMa
[0 OLEHKE JKCIUIyaTallMOHHBIX XapaKTepUCTUK
HOBOM M MOJIEPHHU3MPYEMOM TEXHHKH, a U Ke-
JIE3HOJIOPOKHOM TEXHHMKH, OT KOTOPOH 3aBHCUT
HE TOJBKO O€30IacCHOCTh NBIDKEHMS, HO >KU3Hb
U 30pOBbE JIIOAEH, OLIEHKA IOKa3aTeled B IKC-
IUTyaTalii MMeeT 0co00 BakHOe 3HaueHue. [lo-
3TOMY Jjajieeé pacCMOTPUM OCHOBHBIE METO/I0JIOTH-
YECKHe MOJXOIbl K OIIEHKE 3KCIUIyaTalluOHHBIX
XapaKTePUCTUK Ha IMpUMEpPe HECaMOXOAHOTO IMOJ-
BHYKHOTO COCTaBa, a MMEHHO KEJIE3HOJIOPOKHBIX
IPy30BBIX BarOHOB.

ITapk Tpy30BBIX BaroHOB YKpawWHBI TpeOyeT
MIONIOJTHEHUSI €r0 BAaroHaMH HOBOTO IOKOJICHHS
C OCEeBBIMH Harpy3kamu 1o 25 ToHH. [IponsBoacT-
BO TaKMX BaroHOB OCBOCHO B YKpaWHE Ha Iepeno-
BBIX NpeanpuAtuax, Takux kak [TAO «Kprokos-
cKkuii BaroHocTpouTenbHbIi 3aBon» (KBB3), [TAO
«AzopMmam», [TAO «JlnenpoBaronmarr» (JIBM)
u np. PazpaboTaHo MHOXXECTBO MOJIEIeH BaroHOB
U UX MoauduKanuii, KOTopsle TpeOYIOT MOATBEP-
JKIACHHSA KaK 3asBICHHBIX TEXHUYECKHX XapakTe-
PUCTHK, TaKk M TMOKazaTenel 6e30TKa3HON paboThI
B TEUCHHE MEXPEMOHTHOTO BPEMEHHU WJIM Hapa-
0OTKH.

Hean

Y coBepIIeHCTBOBAHNE METOIOJIOTUYECKUX MO~
XOZIOB OLICHKH 3KCIUTYyaTallMOHHBIX XapaKTEPUCTHK
HOBOW M MOJEPHHU3MPYEMOM TEXHHKH KEJIe3HOIO-
pPOXHOTO  TpaHcmopTa.  PemieHne — HaydHo-
NPUKJIAJIHON MPOOIEMBI MO OIEHKE JKCILTyaTallu-
OHHBIX XapaKTEPUCTUK HOBOH M MOAEPHU3UPYEMOii
JKEJIE3HOJOPOKHON TEXHUKH.

MeTtoanka

Baron otHOCHTCA K 0OCITYyXHBaeMbIM, PEMOH-
THPYEMBIM, BOCCTaHaBIIMBaeMBbIM OOBEKTaM, pac-
XOIyIOUIUM B JKCIUTyaTallkd CBOM TEXHUYECKUMA

pecypc [1]. HagesxHOCTh BaroHa xXapakTepH3yETCs
MOKa3aTeNiIMU  O€30TKAa3HOCTH, JIOJNTOBEYHOCTH
U pemoHTonpuroguoctu [6, 14]. Bonpocam ouen-
KM HaJCKHOCTH TEXHUKH H IKEIIE3HOJIOPOKHOTO
MOJIBIDKHOTO COCTaBa TMOCBSIIEHO OOJBIIOE KOJIU-
YeCTBO KaK HAYYHO-TEXHHUUYECKOW JIUTEpPaTyphl
[6-8, 11, 14, 23 u gap], Tak ¥ HOPMATHBHBIX
mokymenTtoB [4, 5, 15]. lamee paccMOTpHUM OCHOB-
HBIC TMOKa3aTesH, XapakTepusyrlue O0e30TKa3-
HOCTb paOOTHI.

[pu ananmze 0E30TKA3HOCTH BAroOH paccMaT-
pUBacTCS KaK CJIOXKHAs MEXaHWYecKas CUCTEeMa,
cocTosIIas u3 N 3JIEMEHTOB. ByaeM cuuTath, 4To
BCE DJIEMEHTHI CHUCTEMbl COCJHMHEHBI MOCIE0Ba-
TEJIBHO, IPU 3TOM KaXKJIbI M3 JICMEHTOB BKJIIOYA-
€T M TOCIeN0BAaTEeIbHO COCIUHCHHBIX JIeTallCH.
OTka3 KaXKIoi pacyeTHON YacTu MPHUBEHET K OTKa-
3y BaroHa. TakuMm 00pa3oM, BaroH SIBJISICTCS CHC-
TEeMOii 0e3 pe3epBUPOBaHUS.

B kadecTBe pacueTHBIX 4acTeil 1enecoobpa3Ho
paccMatpuBath OTACTbHBIC (DYHKIIMOHAJIBHBIC y3-
JIBI. KYy30B, TEJEKKa, aBTOTOPMO3HOE 000py-
JIOBaHHE, YAApPHO-TATOBOE YCTPOHCTBO U p.
C y4yeTroM B3aMMHOW HE3aBHCUMOCTH OTKAa30B pac-
YETHBIX YaCTeH M OT/AENbHBIX JeTajel (27IeMEHTOR)
BEPOSATHOCTh 0E€30TKAa3HON pabOThl BaroHa B Teue-
HUe cpoka (Hapabotku) T ompenensercs mo ¢op-
myae (1) [10, 15]:

PO =TIPM=TII[AT. O
1 1 1

rae P(T) — BepositHOCTH 0€30TKa3HOM padoOTHI 3a
cpok T i-ii pacuernoil wactu; P;(T) — Beposr-

HOCTE 6€30TKa3HOM paboTsI 3a cpok T j-it meranw i-
1 pacUeTHOU 4acTu.

Jus  ymnpomieHust BBENEM  IPEAIIONIOKEHUE
O HE3aBUCHMMOCTH pPa3HBIX BHA0B OTKa30B, TOrJa
CyMMapHasl BEpOSATHOCTh O€30TKa3HOH padOThI
3JIEMEHTA OMNpelesIeTCs] KaK MPOU3BEACHHUE YacT-
HBIX BEPOSITHOCTEHN

k
RM=[TP M, (2)

rae K — 4ucimo yunThIBaEMbIX BHIOB OTKA30B; P__f
ij

— BEPOSTHOCTH OTKa3a Bua f JaHHOTO dIIeMeHTa.
Otka3 BaroHa 3aKJIFOYAeTCs B HAPYIICHUH €O
pabotocmnoco6HocTH (puc. 1).
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B HepaboOTOCIOCOOHOM — COCTOSIHUH — BaroH
(a11eMeEHT) HE MOJKET HCIIONB30BAThCS IS BBITION-
HEHUsI TIEePEeBO3HON paboThl M BpeMeHHO (Wiu
OKOHYATENIbHO — B ClIydae MPEAEIbHOIO COCTOS-
HHSI) UCKITFOYACTCsl U3 pabodero mapka Juis Mpou3-
BOJICTBA PeMOHTA (MJIM CITUCAHHS).

OreHka nokKa3aTesnedl HaJeKHOCTH, OIpeels-
eTcsl N0 pe3yJibTaTaM HCIBITAaHWH Ha OCHOBAaHHHU
CTaTHCTHYECKOTO ydeTa IO KOJMYECTBY BBISBIICH-
HBIX HeHclpaBHOCTEHR. I10 yclioBUsSM U MecTy mIpo-
BeJleHUsT PaboT, WCIBITAHUS JENATCSA Ha THIIBI,
MpeCTaBICHHBIC HAa PHUC. 2.

OTRKA3 BAI'OHA
H3MEHEHHE TEXHHUSCKHX XapakTepHCTHK BaroHa, €ro
JeTaneli WM V37I0B. IPHBOIAIIEE K HAPVIICHHIO €T
pPaboToCocobHOIO COCTOAHHA
ABHBII 0TKa3 CKPBITBIIT 0TKA3

BHISIBISISTCS  INTATHBIMH | BBISIRTIEHHE  INTATHBIMH
METOJAMH B TIpoIecce | cpe/icTRAMH B Tpollecce
TEXHHYUCCKOLD coJcpiKa= TCXHHYUCCRKOI'O cojcpaa-
HHA BaroHoOB B paMKax | HHA BATOHOB HEBO3MOKHO
JICHCTBVIONICH — TCXHONMO- | HIIM 3aTpVJHEHO O¢3 H3-
THH MEHEHHSA  JICHCTBYIOMICH
TEXHOIIOTHH TeXHHYECKO-
ro o0CIy:KHBAHHSA

Puc. 1. [IposiBenne oTKa3a Barona

Fig. 1. Display of car refusal

THIIbI UCIIBITAHUI ‘

|
——a v S,

Jla6o | Cren |Ilonu | Haty & DKCIy-
patop A0=- MoH- PHEIC HCITONB- dTaruoH-
Hble | Bble | Hble 30BaHHEM HbIE
Mosenei

Puc. 2. Tunsl ucmbITaHUA B 3aBUCUMOCTH OT yCIIOBHH
W MecTa IPOBEJCHUS PadoT

Fig. 2. Test types depending on conditions
and test place

Jns onpeneneHuss U OLIEHKUA JE€HCTBUTEIBHBIX
SKCILUTyaTallMOHHBIX  TOKa3aTenled  HaJaeKHOCTH
BaroHOB M WX Y3JIOB Npu paboTe B pealbHBIX

YCIOBUSIX  MPEAYyCMOTPEHBI  IKCILTyaTal[MOHHbIC
ucneitanus (puc. 3).
OCHOBHBIMH ~ BHJIaMH  JKCIUTyaTallMOHHBIX

UCTBITAaHHUH, KOTOPHIM TIOABEPTrarOTCs 00pa3iibl
JleTalied, y3JI0B U B 1I€JIOM €JUHUILIbI [TOJBUKHOIO

COCTaBa JKEJIC3HBIX JIOPOT, SIBISIOTCS OIBITHAS
U TOAKOHTpOJbHAs sKciutyararms [19, 20]. Tlpu
9TOM pEIIAIOTCS CIEAYIOIINEe OCHOBHBIC 3a7adn
[21]:

— BBIBIICHHE  3aKOHOMEPHOCTEH  BO3HHK-
HOBEHHS OTKa30B B 3aBUCHMOCTH OT HapaOOTKH;

— ompeneneHne Kod(pPUIMEHTOB TOTOBHOCTH
Y HUCIIOJIb30BAaHMS B YCIOBUSX SKCILTYaTaIHH,

— onpeneneane  (YTOYHEHHE) — KPHUTEPHEB
NPEIEeTBHOTO COCTOSHUS U PECYpCa;
— pacyer  JEHCTBUTENLHOH  MOTPEeOHOCTH

B 3aMaCHBIX YaCTSIX, PACXO/I0B Ha IKCILTYaTAIHIO;

— YCTaHOBJICHHE PEMOHTOIPHUTOTHOCTH;

— BBISABJICHHE  THIMYHBIX  TOBPEXKICHHH,
Pa3IUYHBIX BUIOB OTKA30B, OTHOCHTEIBHOW IOJH
Ka)KJIOr0 BUJ1a B O0IIEM UX YHCIIC;

— CTaTHCTHYECKas OLICHKA CTOUMOCTH
PEMOHTOB M 3aTpaT Ha MOJJepKaHue B pado-
TOCIIOCOOHOM COCTOSTHHU OT HavdaJia SKCIUTyaTaI[iH
U 0 WCTEYCHUS] TapaHTUWHOTO MEpHoaa, [0
ucyepnanus 00BSIBICHHOIO pecypcea, 10 CIIUCAHUS;

— MOATBEP)KIAETCS COOTBETCTBHE YCIIOBUSIM
¥ TpeGOBAHUSIM KCIUTYaTaIlHH;

— OIpEeCNSACTCS PEecCypC MEXAY ILIaHOBBIMH
BUJIAMH PEMOHTA,;

— HAKAIUIMBAIOTCS U
JIAHHBIC O HAJICKHOCTH.

B mepron MOAKOHTPOIBHOW —AKCILTyaTaluH
HPOBOIATCS TIEPHOIHUYECKUAE OCMOTPBI (OCMOTPBI
BaroHOB IMOJAKOHTPOJBHOM TPYIIIBI, C HEIbIO BbI-
SIBJICHUSI CKPBITBIX OTKA30B M OTKAa30B BCIICICTBHE
W3HAIIUBAHNSA) W BHEIUIAHOBBIE OCMOTPHI (OCMOT-
PBI C [ETIBIO TOATBEPKACHUS (DAaKTa 0TKA3a).

IIpoBeneHre KOHTPOJIST TEXHHYECKHX —Mapa-
METpPOB TPOM3BOIUTCS B YCIOBHSX BarOHHOTO Jie-
[0 WM MyHKTa TEKYIIEro PEMOHTa IOJIMTOHA 00-
pAIlleHHUS] BATOHOB, KOTOPbIE OCYIIECTBIISIOT OB~
€MKY BaroHOB, BBIKATKy W pa3bOpKy TeJIexkeK, OC-
BHUJICTEIIbCTBOBAHNE KOJIECHBIX Map U OYKCOBBIX
y310B. BHEIU1aHOBBIE OCMOTPBI M KOHTPOJIb Tapa-
METPOB HEHCIPABHBIX BArOHOB M TEJIEKEK MPOBO-
JSTCS HA MECTE BBISBICHUS HEUCIPABHOCTH
(MyHKTE TEXHHYECKOro 00CITY)KUBAHUS) WK B Ba-
TOHHOM JIETIO.

BeisiBIICHHBIE B MOpOIECCE  MOJKOHTPOJIBHOM
9KCIUTyaTallii OTKa3bl Pa3IHYarOTCs 10 XapakTepy
Y TIPUBEACHBI Ha pucC. 4.

CUCTEMaTHU3UPYIOTCS
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DRCILTYATAIITOHHBIE TICTIBITAHIIA

/ Y

\

OnBITHAA YKCITYATALHSA
(nposadumca
CHENUATHIUPOBAHNBIMU HAVYHO-
UCCNEDOGAMETLCKIMU
AabopamopusAn)

OcymecTBIACTCA peryIApHBIi
KOHTPOIE 1 YUET HapaOOTKII B
PASTIMHBIN YCIIOBITAX, 00BEMORB
BBITIOTHEHHBIX TPAHCHOPTHBIX,

PETHCTPALINA 11 aHATIN3 OTKA30B.

NOTPY3I0THO-PATPYI0THEIX paéo"r,

1oaKoHTpoILHAS IKCILTYATALIS
(nposodumea ¢ npusieyentem
CHEYUATUCIOE HAVIHO-
Heenedosamenb ek aasopamopuil ¢
HWETBM) NOGHIMIEHTIA fj!JL‘HT()ﬂG‘!JH(?(.'PJJJI
unghopyayuu)

YUNTLEIBAKTCA 0DIIIE VCIORHA
(hyHKIMORNPOBAHIA 1T
KOHTPOIIPYETCH COCTOAHIE o0BeKTa
¢ TOKYMCHTATEHBIM O(OPMICHIIEM
HeoOXOMIMEIX TEKYIIIX MapaMeTpoB

Pagosan skenayatauns
(dawnnsie nocmynaiom om
nompebumeneil)

Bo3MOMKHRI OTKIIOHCHIA OT
MPasill HCMOMBI0OBAHILT 11
OOCTYRHBAHIL, TIPIT 3TOM
CHCHNATICTRI-IICTIBITATETI 118
MOBCEHEBHOI'0 HaOIIOeHIA He
NPHEICKAKTCH

HEIICIIpHHI—IUC'I't‘ﬁ 1T [epetncieHmne
Mt‘[){l]lpll}{'ll[ﬁ 1O HX YCTPAHEHHE

I OTKJIOHEH I B HIIX

Puc. 3. Bunsl akcIuTyaTaliMOHHBIX UCTTBITAHUI

Fig. 3. Kinds of the maintenance testing

NAPAKRTEP OTRA30B

A4

nponseoi- KOHCTPYKTHBHBIII IRCILIYATA-
CTBEHHBIII | BOIHHK B pe3VIbTaTE IO HLII
BOSHHE B HeCOBEPIICHCTEA BO3HHK B pe-
pesvikTaTe AMOHCHHEBIY KOH- IVILTATE
HAPYVILICHHA | CTPVETHEHBIX apa- HAPYILICHHA
TEXHOIMOTHH | METPOR BATOHA HIIH VCITOBHIT HKe-
H3TOTOBIE- HAPVILICHHA VeTa- TV TalHH
HHH BAI'OHA HOBIICHHEIX H(}pl\l H BATOHA
NpaBHII IPOCKTHPO-
BaHHA

Puc. 4. Tuns! xapakrepa 0TKa30B
Fig. 4. Types of refusal nature

[enbo MOAKOHTPOIBHOM IKCILTyaTAIIH TAKKE
SIBIISIETCSl TOJATBEPXK/ICHHE OE30MacHOCTH BaroHa
B MIEPUOJI €r0 IKCIUTyaTalluu:

— OT MOCTPOHKM IO MEPBOTO JAEMOBCKOTO pe-
MOHTA;

— MEXY ACINOBCKUMU PEMOHTAMU,;

— OT MOCTPOMKH JI0 KAlIMTAIBHOTO PEMOHTA,

3amayaMu MOJKOHTPOJIBHONM 3KCILTyaTallly SIB-
TISTFOTCA:

— ompeJeNieHHe IoKa3areneld 0e30TKa3HOCTH
BaroHa (OCpeJHEHHBIN MapaMeTp MOTOKa OTKA30B
M raMMma-TIpoOICHTHas HapaboTKa Ha OTKa3)
W CpaBHEHHUE MMOJYYCHHBIX IOKa3areled co cpen-
HECETECBBIMU 3HAUCHUSMH;

— ompenenenne Hapabotku BaroHa (mpobOera
W CpPOKa CIIY>KObI) OT TIOCTPOMKH 0 TJIaHOBOTO
pEMOHTa WM MEXIy IUIAHOBBIMH PEMOHTAMH,
o0ecneunBaroOMMK  TOKa3aTend 0e30TKa3HOCTH
BaroHa.

B npornecce ocMoTpa B KOHTPOJISI TEXHUYECKUX
apaMeTpoB:

— BBIIBIISIIOT HAJTMYME MEXaHHYECKHX U KOPPO-
3MOHHBIX MTOBPEXKJCHUH Ha BaroHe,

— MPOBEPSIOT HATMYME BCEX IEMEHTOB KOHCT-
PyKIHH;

— MPOU3BOJAT 3aMePhI 3a30pPOB U U3HOCOB;

— TPOBEPSIOT MapaMeTPbl TOPMO3HON CHUCTEMBI
Y aBTOCIICTIKH.

IIponomKUTENPHOCTh NOJKOHTPOJIBHOM  JKC-
IUlyaTald, Ha TpUMEpe I[OJyBaroHa HOBOTO
MOKOJICHUsI, COCTABHUT — JIO IOCTIDKEHHMS Tpodera
500 ThIC. KM TOCTEe MOCTPONKU WM 4 TonIa JKC-
ryaraquu. [1eproIudHOCTh MPOBEASHHS IUIAHO-
BBIX OCMOTPOB ¥ KOHTpOJIs mapameTpos [9, 13]:

— MepBbI — 10 AOCTKeHUH mpodera 50—70
TBIC. KM IIOCJIE TIOCTPOMKH HIIM Yepe3 TOJl IKCILTya-
Taluw;

— BTOpOH — o mocTxkeHuu mpodera 140—160
TBIC. KM IIOCJIE TIOCTPOWKHM WIIM J[Ba TO/a IOCTe
MPOBEJICHHS IEPBOTO OCMOTA,

— TpeTHi — 10 JocTHKeHuu mpodera 250—270
TBIC. KM TIOCJIE TOCTPOMKH WJIM 4Yepe3 TPU roja
9KCIUTyaTalluHy,

— YETBEPTHIM U Jajree — €XKEromgHo N0 JIOCTH-
skeHus pobera 500 ThIC. KM WM CpoOKa DKCILTya-
tanuu 4 rozia (10 MepBoOro IIaHOBOIO PEMOHTA).

[Ipy KOHTpOJIE TEXHHYECKUX IapaMeTpOB He-
CaMOXOJHBIX €IMHUII TTOJBIKHOTO COCTaBa HEO0O-
XOJMMO TIPOKOHTPOJIUPOBATH CJCAYIONINE Mapa-
MeTpbl, iprBeAeHHbIe B Ta0n.1 [3, 16—18].
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Tabonuma 1
Table 1
KoHTposupyemble mapaMeTpbl BAroHOB (Ha MpuUMepe NMOJyBaroHa HOBOro nokosenus [8, 22])

Checking wagon parameters (new generation gondola model) [8, 22])

Bun Vien
poBep- IO BIXK-
K HOT'O
cocTaBa

KonTtponupyemsie napameTpsl

Ky30B | — cocTosiHMe Ky30Ba B IIEJIOM U €0 OCHOBHBIX HECYIIIMX AJIEMEHTOB, B TOM YHCJIE HAa HaJIH-
Yre MEXaHUUYECKUX U KOPPO3UOHHBIX TIOBPEXKICHUI, TPoruOoB u aedopmarmii (xpedTo-
Basi, IIKBOPHEBbIC, KOHIEBBIC U TPOMEKYTOUHBIE OalTKK), OOKOBBIX U TOPIIEBBIX CTEH (CTO-
€K ¥ OOIIUBKH), KPBIIIEK JIIOKOB, HATHYKE JeopMaIinii 60KOBBIX U TOPLEBBIX CTE€H OT
PACTIOPHBIX HArpy30K, TPEIIMH B JINCTAX, OaJIkaX W CBAPHBIX COCTUHCHUSIX;

— COCTOSTHUE MOPYYHEH U MOJIHOKEK COCTaBUTENs, JIECTHUI, KPOHIITEHHOB JJIs1 KPETUICHUS
000pyI0BaHus, OOLIMBKY, METEb KPBIIICK JIFOKOB U JICTAJICH UX KPCIUICHHUS;

— COCTOSTHHE BCETO TIepUMeTpa BEpXHEil OOBSI3KH M 3JIEMEHTOB KPEIUICHHS TPY30B BHYTPH
Ky30Ba (YBSI30YHBIX KOJICI M CKOO);

— HAJIMYUE OCTATKOB Ir'py3a U MECTa €T0 CKOIUICHUSA, ONIPEACIIACTCA HCO6XOIII/IMOCTB po-
BCICHUA ,HOHOHHI/ITCHBHOﬁ 3a4YUCTKH

Tenex- | Jo nogbeMku Ky30Ba:
Ka — HaJIMYWe TPEIIUH JUTHIX AeTael (DOKOBBIX paM U HaJAPECCOPHBIX 0aloK);

— COCTOSIHHE PECCOPHOTO TOIBEIMBAHMUS (HATHYHNE Y IPY>KHH H3JI0MOB, OTKOJIOB, TPEIIHH,
CJIe/TIOB CMBIKAHHUSI BATKOB, HAMHUHOB, TIOTEPTOCTEH);

— LOCJIOCTHOCTD aJlanTepa u p€3I/IHOMCTaHHI/I‘l€CKOﬁ IIPOKJIaAKM a1anTepa,

— HAJTMYKE MPOCAIKHU CKONB3yHA (MIPU MOSBICHUH 3a30pa MEX1y H3HOCOCTOMKO# acTu-
HO#1 CKOJIb3yHA U OTBETHOI! IIIACTHHOI Ha CKOJIb3YHE KY30Ba);

— TOJIOKEHHUE KITMHA OTHOCHUTEIIFHO HA/IPECCOPHON OAJIKH 110 HIKHEH METKe MHANKATOPa,
KOTOpast He T0JKHA OBITH BBIIIE YPOBHS BEpXHEH MOBEPXHOCTH HAIPECCOPHOH OanKH;

— ocabiieHne rack KpCIUICHUA (1)pI/IKIII/IOHHLIX IUIaHOK;,

BusyanpHas nposepka

— COCTOSIHHE COSIMHHUTEIBHBIX AUArOHATIBHBIX CTEPIKHEH 1 UX KPEeIieH!i Ha OOKOBOM
pame (TpelinHsl, CIBUT, AedopMarius);

— 3aKpEIUICHHE TOPMO3HBIX 6AlIMaKOB Ha Handax TpHaHrene

Ilocne noabEMKU Ky30Ba!

— HaJTMYKE U3HOCOB HA BEPXHEH M3HOCOCTOMKO# MTAHKE CKOMb3yHa (110 TIyOHHEe WHIHKA-
TOPOB);

— HaJIMYUE TPEIIUH, PACCIOCHUS U T.II. Je(PEKTOB H3HOCOCTOWKOTO IMOJIMMEPHOTO BKJIa-
JIBIIIA TTOIIISTHUKA,

— COCTOSIHHE IPEIOXPAaHUTEIBHBIX TPOCOB TPUAHTEIIS
Konec- | —ocnabnenue 601TOB TOPLEBOIO KPEILIEHHs KACCETHOr'O IO IIMITHUKA HA OCU KOJIECHOH
Has na- | mapsl;

pa — HaJIM4Ke MOATEKOB U BEIOPOCOB CMA3KM B 30HaX YIJIOTHEHHs U HA KOJIECaX;

— HaJIn4ue TPEIINH, CKOJIOB M AehopMaIiii Hapy>KHBIX KOJIEI TTOAINITHUKOB U YTUIOTHE-
HEH (IOCIIE BRIKATKH KOJICCHBIX T1ap);

— HaJIM4Me TPEUIMH B MPUOOOIHOMN 30HE JMCKOB KOJIEC, a TAK)KE HEHCIPAaBHOCTEH Ha I10-
BEPXHOCTSIX KaTaHHs
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[Ipomonxenne Tabdbm. 1

Continuation of table 1

Bupn npo- Vi3en
BEPKU TIOABMIXK-
KoHnTponupyembie mapameTpbl
HOTO
cocTaBa
Busy- | Ajanrep | — HanMuKe TPEIMH U CKOJIOB aJIallTepoB;
anbHast
poBep-
Ka
Top- B otnynieHHoM cocTosHUM
Mgmoe — HAJIMYME BCEX JIEMEHTOB TOPMO3HON CHCTEMBL
obopy-
24 a) IpUOOPOB TOPMOKEHHSI M OTITYCKa TOPMO30B;
JIOBaHHE
< 0) BCEX 3JIEMEHTOB BO3/IyXOIMPOBO/IA ITHEBMATHIECKON YaCTH TOPMO3HOM CHCTEMBI U apMaTy-
§ PbI COEIMHUTEIBHOI;
Eé B) 3JIEMEHTOB MEXaHUYECKOM YacTH TOPMO3HOM CUCTEMBI (TATH, PhIYard, 3aTsHKKH, OCH, BTYII-
= KH, IITUIMHTBI, IPEI0XPAHUTENBHBIE YCTPOUCTBA;
% T') M3/IeMUi KPEnexKHbIX (OOITOB, Taek, Mait0, CTOMOPHBIX IUIAHOK [IMUTUHTOB | T.X.);
§ — OTCYTCTBHE MOBPEXKICHHH (TPELIUH, U3JI0MOB, CKOJIOB, H3HOCOB, BMSTHUH H T.]I.):
<]
& a) IpUOOPOB TOPMOIKEHHSI M OTITYCKa TOPMO30B;
6) apMaTypbl COEIMHUTEIBHOI;
B) 3JIEMEHTOB MEXaHUYECKOM YacTH TOPMO3a;
— HaJIMYKE 3aBaPOB TOPMO3HBIX OAIIMAKOB, TIOBBIIICHHBIX M3HOCOB TOPMO3HBIX KOJIOIOK
1 BTYJIOK pbryaros TPII mexaHnueckoi yacty TopMosa
Top- B otnynieHHOM cOCTOSHUU:
MO3HOC | _ 3330p MEM/LY YIIOPOM BUJIKH ABTOPEKMMA M KOHTAKTHOM [UIAHKOM, KOTOPBIN HE JIOJHKEH
o0opy- HPEBBILATH 3 MM;
JIOBaHKE
—3a30p MEX/y KOJIOJKAMHU ¥ MIOBEPXHOCTAMH KAaTaHUsI KOJIEC — JOJDKEH COCTABIISTh OT
5 10 8 mwm;
— M3HOC TOPMO3HBIX KOJIOJIOK, M3MEPEHHEM TOJIIMHBI KOJIOAOK Ha paccTossHun 50 MM OT TOp-
= I0B KOJIOZIOK;
é — KOHTPOJIbHBIE pa3Mephbl aBTOPETYISITOpa M €ro IPUBOJIA;
o v
S — 3a30pa MEXJly HAKOHEUHUKOM TPHAHTEIIS M 3aKJIenKoi (0e3pe3p00Boe KPEIUICHHH TOPMO3-
<o)
= HOTO GarlMaKa Ha TPUAHTelE).
=
2 B 3aTOpMOKEHHOM COCTOSIHHUH:
[_4
% — BBIXOJI LIITOKA ITOPIIHS TOPMO3HOTO LWJINH/IPA,;
§ — OTCYTCTBHE YTEUeK CKATOr0 BO3/LyXa
=
g Komec- | — mpokar (u3HOC 060/12);
§ HBIE — TOJIIIMHA TPEOHST;
) aphbl .
= — TOJIIMHA 000713,
— IIPOBEPSICTCS] HAIMYKE HEUCTIPABHOCTEH Ha MOBEPXHOCTSIX KATAHHS KOJIEC
AgToO- — MPOBEPKY BBICOTHI TOPH30HTAIBHOM OCH aBTOCLICTIKU OT YPOBHS TOJIOBOK PEJIBCOB;
CHEMHOC | — npoBepKy OTKIIOHEHHUSI ABTOCIENKU Ha IEHTPUPYIOLIEi Gaiouke;
CTpoii-
ZTEE — POBEPKY U3HOCOB KOHTYPa 3aLCIUICHMsI, @ TAKKE Pab0TOCIIOCOOHOCTH MEXaHH3Ma CLIeTLIe-

HYST;

— Ha KopITyce ajanrepa
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OxonyaHue tabm. 1

End of table 1

Bun Vien
poBep- TOABHXK- K
OHTPOJIMPYEMBIC TApaMETPhI
KU HOT'O POIHpPY P p
cocraBa
Tenex- ITocne BBIKATKH TENEKKH, 0 € Pa30OpKH:
Ka

CTBIO POJIMKA CKOJIB3YHa,

rIyouHe;

IIpoBepka nocpeaCcTBOM U3MEPEHUI

VYcioBueM 3aBeplIEHUs] UCHBITAHUM SIBISETCA
MOJy4YEeHHE TOJHOro o0beMa HEeOOXOAMMBIX AaH-
HbIX. JlocpouHOe TpeKpalleHne MOAKOHTPOJbHOM
AKCIUTyaTaldy TPOUCXOJUT IO CIEAYIOUIMM TpH-
ypHawm [2, 12]):

— BBISIBJICHHE B IIPOLECCe SKCIUTyaTallMyd HIIH
IpY IPOBEICHUH NEPHUOAMYECKOI0 OCMOTpa Orac-
HOT'O OTKa3a MPOU3BOACTBEHHOTO WU KOHCTPYK-
IIMOHHOT'O XapakTepa,

— BBl 32 CPOK MOJKOHTPOJIBHOM 3KCIIIya-
Tallud BBIABICHHOE HPEBBILIICHUE OCPEAHEHHOTO
napaMeTpa MmoTokKa OTKa30B BaroHa W/WiHM €ro ys3-
JIOB, IOJYYEHHOTO IO pe3yibTaTaM IepHOANYe-
CKOTO OCMOTpa, CPEeTHECETEBhIX 3HAUCHHUN JUTS Ba-
TOHa JaHHOTO THIIA,

— BBUIBJICHHE TIO pe3yJbTaTaM NEepUOIMYECKO-
ro OCMOTpa y J000ro BaroHa MOAKOHTPOJIBHOM
IPYNIbl  TaMMa-TPOIEHTHOW HapaboTku (cpoka
ciykObl u/mm mpodera) MeHbIIEH, YeM CpoK
ciyx0bl u/niu poder BaroHa coraacHo TY.

[To oKOHYaHWHM TOJKOHTPOJBHON DKCIUTyaTa-
UK COCTABIISIOTCSI PEKOMEHJAINHU 110 BHEAPEHHIO
B CEpHITHOE MPOU3BOACTBO.

Pe3yabTathl

YcoBepIIeHCTBOBAHA METOJMKA OLIEHKH JKC-
TUTyaTallMOHHBIX XapaKTePUCTUK T'PY30BBIX Baro-
HOB B TMOJKOHTPOJIGHOW 3KCILTyaTalliil C YYEeTOM

— IIPOBEPsIETCs] yPOBEHB BO3BBIIICHHSI KOHTAKTHOI MOBEPXHOCTH JeMIipepa HaJl BEpXHEH Ja-

Ilocne BEIKaTKH TCIICKKH, IMOCIIC pa360p1<n:
— MPOU3BOIAATCA 3aMEPBI BBICOT IPYKHUH PECCOPHOTO IMOABEIINBAHNS U CKOJIB3YHOB,
— U3HOC OTBEPCTHS 110/ IIKBOPEHB,

— [I0CJIE CHATUS IIOJUMEPHOTO BKIIABIIIA U OLIEHKH €r0 TEXHUYECKOI'0 COCTOSIHUS Olpe-
JIEIISIETCS] U3HOC ONIOPHOM MOBEPXHOCTH MOAISTHUKA HAJIPECCOPHOM Oallku 110 W3MEPEHHON

— OTIpeneNsieTcs] HaJYue H3HOCOB MKy HAKIIOHHBIMHU TUTOCKOCTSIMH Ha/IPECCOpHON 6a-
KU U Ha TIOBEPXHOCTH U3HOCOCTOMKOM IJIAHKH;

— IPOBEPACTCA COCTOAHUE q)pI/IK].[I/IOHHLIX KIIMHBEB, IPHU HAJTMYUH HOBpC)KHeHPIﬁ, TpEIINH
1 U3HOCOB BepTHKaﬂBHOﬁ MMOBCPXHOCTHU

0coOEHHOCTEH BaroHOB HOBOT'O TOKOJICHUsI. YTOY-
HEHBI JUINTEIbHOCTh IPOBEJACHUS UCIBITAHUM, IIe-
PHOJUYHOCTE OCMOTPa KOHTPOJIBHOM TPYIIEI Ba-
TOHOB, KOHTPOJIUPYEMBIE ITapaMETPhI BaroHa, Ipu-
YUHBI JJOCPOYHOIO NIPEKPAIICHUS] IIOJKOHTPOIbHOU
JKCILTYaTalUH.

Hayuynasi HOBH3HA M IpaKTHYecKast
3HAYUMOCTh

Pesynbrarel paboTHI MO3BOIISIOT OLIEHUTH JKC-
ITyaTallMOHHBIC XapaKTePUCTUKA HOBOW U MOJIEP-
HU3UPYEMOUN TEXHHUKH >KEJIC3HOJIOPOKHOTO TPaHC-
MopTa OpU NPOBEIACHUHU SKCILTyaTallMOHHBIX HC-
MIBITAHWH.

[IpennmoskeHa METOAMKA OIICHKH JKCIUTyaTalld-
OHHBIX XapPaKTEPUCTUK >KEJIE3HOJOPOKHON TEXHH-
KU B ONBITHOM AKCIUTyaTallud Ha MpUMEpPE IPy30-
BBIX BArOHOB HOBOI'O IOKOJICHHMS.

BriBoabI

Takum o6pa30M, pacCMOTPECHBI METOJ0JIOTNYC-
CKHE OCHOBBI IO OICHKE JKCIINTyaTalMOHHBIX Xa-
PAKTEPUCTUK MNOABHUKXHOI'O COCTaBa XKCJIC3HBIX H0-
por Ha MpUMEPE I'py30BbIX BArOHOB HOBOT'O IMOKO-
JICHHUs, YTO OJa€T OCHOBAHHEC AJIA HCIIOJIB30BaHHA
IMOJIYYEHHBIX PE3YJIbTAaTOB B HpaKTH‘IeCKOﬁ JacAa-
TCIBHOCTH.
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METOAOJIOI'TYHI OCHOBH BUSHAYEHHSI
EKCINIYATAHIMHUX XAPAKTEPUCTHUK
HECAMOXIJHOI'O PYXOMOI'O CKJIAQY

Meta. HaykoBa po6ora nependauae: 1) miaTBepKEHHS K 3asBJI€HUX TEXHIYHUX XapaKTEPUCTHK BAaroHiB Ta ixX
Moaudikarid, Tak i MOKa3HUKIB Oe€3BiIMOBHOI POOOTH MPOTATOM MiNKPEMOHTHOTO dYacy abo HampamroBaHHS,
2) YAOCKOHAJEHHS METOMOJOTYHHMX IMiAXOiB OI[IHKH €KCIUTyaTaIlliiHNX XapaKTEPHUCTHK HOBOI Ta MOIEPHI30BaHOL
TEXHIKH 3aJi3HUYHOTO TPAHCIOPTY HA NPHUKIANI HECAMOXIIHOTO PYXOMOTO CKJIaay, a caMe — 3ali3HHYHHX
BaHTa)KHUX BAroHiB; 3) pillleHHsS HAYKOBO-MPUKJIAIHOT MPOOIEMH 3 OLIHKH €KCIUTyaTalliiHUX XapaKTePUCTHK HOBOT
Ta MOAEPHI30BaHOI 3aTi3HUYHOI TeXHIKH. MeToauka. PO3riIsHyTO OCHOBHI METOMOJIOTIUHI MIXOIH IIOA0 OI[iHKU
SKCIUTyaTallifHiX XapaKTePHCTHK Ha MPHUKIAAI HECAMOXIJHOTO PYXOMOTO CKJIamy, a caMe — 3alli3HHYHUX
BaHTOKHUX BaroHiB. [IpoBoAMTHCS aHali3 OC3BIIMOBHOCTI BaroHa, SIKMH PO3LIIIAETHCS SK CKIagHA MEXaHidyHA
CUCTEMa, JIe BCi CIIEMEHTH CHCTEMH 3’ €IHAaHI MMOCIIOBHO, IIPH IIbOMY KOXCH i3 €JIEeMEHTIB BKIIFOYA€ M IMOCIiJOBHO
CIIOJIYyYEHUX Jerajecii. BigMoBa KOXKHOI pO3paxyHKOBOI YAaCTHHM IIPU3BEAE OO BiJIMOBHM BaroHa. TakvMM YHHOM,
BArOH € CHUCTEMOI0 0e3 pesepByBaHHs. Pe3yjbraTH. YJIOCKOHAJICHO METOAMKY OIIHKH eKCIUTyaTaliiHuX
XapaKTePUCTUK BaHTAKHUX BAaroHiB y MIJAKOHTPOJBHIN eKCIuTyaTamii i3 ypaxyBaHHSIM OCOOJIHMBOCTEH BaroHiB
HOBOTO TOKOJIHHS. Y TOYHEHO: TPUBAIICTh MPOBEACHHS BUIPOOYBaHb, MEPIOJTUIHICT OTJISAAY KOHTPOJIBHOI IpyIH
BaroHiB, KOHTPOJIbOBaHI MapamMeTpy BaroHa, MPUYMHHU JTOCTPOKOBOI'O HMPHUIIMHEHHS IMiJKOHTPOJBHOI eKCIuTyaTarii.
BusiBiieni B mporieci migKOHTPOJIBHOI eKcIulyaTanii BiJMOBHM po3liieHi 3a iXx xapakrepom. HaykoBa HoBH3HA.
ABTOpaMH 3ampoONOHOBAHO METOAUKY OI[IHKH €KCILTyaTaliiHUX XapaKTCPUCTUK 3aTI3HUYHOI TEXHIKH y TOCHIIHIN
eKCIUTyaTallil Ha MPHKJIai BAaHTAXKHUX BaroHiB HOBOro NokoiiHHA. IIpakTHuHa 3HauMMicTh. PesynbraTi podotn
JTO3BOJISIOTh OLIHUTH CKCIUTyaTalliifHi XapaKTePUCTHUKH HOBOI Ta MOJCPHI30BAHOI TEXHIKH 3aTi3HHYHOTO
TPAHCIOPTY IPH MPOBEICHHI CKCILTyaTaI[IfHAX BUIIPOOYBaHb.

Kniouosi cnosa: HapiiHICTh; BiAMOBA; NMOBIPHICTb 0€3BIIMOBHOI POOOTH; eKCILTyaTaliifHi BUPOOYBaHHs; Mil-
KOHTPOJIbHA EKCILTyaTallisi; BATOHA HOBOTO ITOKOJIIHHS
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METHODOLOGICAL FUNDAMENTALS OF DETERMINATION
OF UNPOWERED ROLLING STOCK MAINTENANCE
CHARACTERISTICS

Purpose. The paper involves: 1) confirmation of the technical characteristics of cars and their modifications, as
well as indicators of unfailing work probability during the time between overhauls or service hours; 2) improving
the methodological approaches to assess the maintenance characteristics of new and modernized equipment of rail
transport on the example of not self-propelled rolling stock, namely, railway freight cars; 3) solution of scientific
and applied problems in assessment the maintenance characteristics of the new and modernized railway equipment.
Methodology. The basic methodological approaches to the assessment of the maintenance characteristics on the
example of not self-propelled rolling stock, namely, railway freight cars were considered. The analysis of the reli-
ability of the car, which is considered as a complex mechanical system, where all system elements are connected in
series, wherein each element includes m is serially connected parts. The failure of each part of the calculation will
result in refusal of the car. Thus, the car is a system without redundancy. Findings. The evaluation technic of the
maintenance characteristics of freight cars in controlled operation with taking into account the features of the new
generation of cars was improved. Specified: the duration of the tests, the frequency of inspection of the control
group of cars controlled by the parameters of the car, the reasons for the early termination of controlled operation.
Identified failures in the process of controlled operation are divided according to their nature. Originality. The au-
thors proposed a method of assessing the maintenance characteristics of railway equipment in trial operation as an
example of a new generation of freight cars. Practical value. The results allow assessing the maintenance character-
istics of new and modernized rail transport equipment during the maintenance test.

Keywords: reliability; refusal; unfailing work probability; maintenance testing; control maintenance; new car
generation
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OINPEAEJEHUE JOIIYCTUMBbLIX CUJI
PU OLIEHKE YCTOMYMUBOCTU I'PY30BBbIX BAI'OHOB
OT BBI’KMMAHMUA B ITIOE31AX

Heawb. B aHanmuTHuecKOM HCCIIETOBAHUH PAacCMaTPHBAIOTCS: 1) CBA3L MEKIY TPOMOIBHON CHITOHN, MeHCTBYIO-
el Ha BaroH B COCTaBe I0e34a; 2) OOKOBBIC M BEPTHKAIBHBIC CHIIBI B3aUMOJCIHCTBUS B 30HE KOHTAaKTa KoOJeca
U peinbca; 3) NUHAMHYECKHE I[OKA3aTelld BaroHOB C BEIMYMHOM KOI((HIMeHTa 3amaca yCTOWYMBOCTH OT
BBDKHMaHMS; 4) mosTydeHue 3aBHCHMOCTel Mexay HuMu. Metoauka. VccinenoBanne IpOBOAMIOCH aHATUTHYSCKUM
METOJZIOM OILICHKH YCTOMYMBOCTH TpPY30BOTO BaroHa IPH JABHXKEHHH C Pa3lMYHBIMH CKOPOCTSMH II0 MPSIMBIM
U KPHUBBIM ydacTKaMm ITyTH. PesyabraTel. B mponecce uccinenoBaHus ABWKEHHSA IO€3]a, IIPH PACCIENOBAHUH
TPaHCIIOPTHBIX COOBITHH, 8 TAKXKE BO BPEMsI BBIIIOJIHEHHUS YUeOHOTO 3a/laHus Ha TPEHAXKepe MaIlIMHUCTA ISl OLICHKH
€ro JCHUCTBHUI MCIOIB3YIOTCA BEIMYUHBI IPOJOJIBHBIX CUJ B MEXBAaroHHBIX coeluHEHUAX. [lomyueHo BeIpaskeHHe
N7 BBIUMCIICHUS 3HAUEHHUs MPOJOJIBHOM CKUMAIOIIEH CUiIbl, JEUCTBYIOLIEH HAa BaroH, MpU KOTOPOW BEIWYMHA
ko3¢ duIMeHTa 3anaca yCTOHYMBOCTH OT BBDKMMAHUs PaBHA JOMYCTHMOMY 3HA4eHHIO (KpUTHuecKas cuia). s
OLICHKM BIMSHHUS Ha BEJIMYMHY HPOJOJIBEHONH CHIJIBI CKOPOCTH JIBMDKCHHS, KOI(QHUIMECHTOB BEPTUKAIBLHON
Y TOPU3OHTAIFHOM JUHAMMKH, a TAKXKE BETPOBOW HArpy3KH Ha OOKOBYIO NMOBEPXHOCTh Ky30Ba BaroHa IPHUBEICHBI
pe3yNbTaThl pacueTOB MABIDKCHHS MOPOXKHEro moiyBaroHa Mmomenn Ne 12-532 mo kpwBoit pammycom 250 M
¢ Bo3BbimeHneM 150 MM 1 monepedHsIM pa30eroM paMbl Ky30Ba BaroHa OTHOCHTENIFHO OCH ITyTH B HAIIPABIIAIOLIEM
ceuernd B 50 mM. Hayunasi HoBu3Ha. B 1aHHOM HCClieoBaHMM NPHUBEAECHA METOJMKA ONPEACICHHS POAOJILHOM
C)KMMAIOMIEH CHJIBI, HECKOJIBKO OTIMYAONIasics OT o0menpuHITol. Takxke oeHUBaeTCs BIUSHUE Ha HEE CKOPOCTH
JBIDKCHUS IOJBIKHOTO COCTaBa, KO3((HIMEHTOB BEPTUKAILHOW W TOPU30HTAIBHON IWHAMUKHA WM BETPOBOM
Harpy3kd Ha OOKOBYIO TOBEpXHOCTh Ky30Ba BaroHa. IlpakTmyeckasi 3HAYMMOCTb. ABTOpamMH pa3pabOTaHbI
MPEUIOKEHHS 110 YTOYHEHHIO CYIIECTBYIOIINX METOJIUK ONpeNeNeHuUs] 3HaUeHHs MPOJOIbHON CKUMArOIIEH CHIIH,
JICWCTBYIOIIEH Ha BaroH, Npu KOTOPOM BelMuMHA KO3((HIMEHTa 3amaca YCTOHYMBOCTH OT BBDKMMaHHs Oyaer
paBHa JONYCTUMOMY 3HaU€HHIO. DTO MO3BOJIMT OLEHMBATh YCTONUMBOCTh KaXKJJOIO BaroHa Moe3Aa OT BBDKMMAaHUS
HETOCPEJICTBEHHO BO BPEMS MOJICTMPOBaHMS ero aABmkeHus. Hanbonee 3(h(eKTHBHO MCIOIB30BaTh 3Ty METOJHUKY
MOJKHO B TpeHa)kepax, NpeJHa3HaYeHHbIX /Uil 00y4YEeHHUs] MalllMHUCTOB O€30IaCHBIM CIIOCO0AaM BOKAEHHS I10E3]I0B,
U TIPYU pacciel0BAHNU IIPUYMH CX0Ja BaTOHOB.

Kniouesvle cnosa: 0e30macHOCTb JIBIDKCHHWS, BETpPOBas HAarpy3ka, OOKOBas IOBEPXHOCTh Ky30Ba, HOPMBI
pacdéra; yCTOHYMBOCTh BaroHOB OT BBEDKMMAHHMS; CKOPOCTh JBIDKCHUS; KO3()(HUIMEHT YCTOHYMBOCTH; MPOIOIbHASL
CKMMAIOIIas CUiia
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BBenenue

CyliecTByIOIIME B HACTOSLIEE BpeMs MOIETH
MNPOJOJBHON  AUHAMHUKU  IOE3J0B  MO3BOJSIOT
C JI0CTATOYHOU TOYHOCTBIO ONPEEIATh BEIUUUHBI
MPOAOJBHBIX YCUJIUHM, JNEWCTBYIOLUIMX Ha BaroHbI
IpU Pa3IUYHBIX PEXUMAX YIPABICHUSA IMOE3OM.
OTH MOJeN YCIENTHO UCIOMB3YIOTCS MPHU OIEHKE
BIIUSIHUAS HOBBIX DJIEMEHTOB IOJIBIDKHOTO COCTaBa
(morTonIaroIUX anmapaToB, BO3AYXOpacIpeaeu-
Tenelt W T.J1.) Ha TPOJOJbHYIO HATPYKEHHOCTh TO-
€3[I0B, TIPU PaACCICIOBAHUU CIIy4acB CEPhE3HBIX
TPAHCIIOPTHBIX COOBITUH W MOJACITUPOBAHHUH JIBH-
JKEHHs TI0e3/1a TPY BBIMTONHEHWH Y4YeOHBIX 3aia-
HUM Ha TpeHakepax MalllMHHUCTa. J[Ba mocieaHux
ciaydasi OTJIMYAloTCS OT OCTalIbHBIX TEM, YTO HC-
MOJIb3yeMble MOJIETU MOE370B, HAPSAY C KOPPEKT-
HOM OLIEHKOM CKOPOCTH JABUXKEHHUS, MPOUIEHHOTO
MyTH ¥ TPONOJBHBIX CHJI, JOJDKHBI TIO3BOJISTH
OIICHMBATh YCTONYHMBOCTh BarOHOB OT BBDKUMAHMS
UX NPOAOJIbHBIMU CUJIAMHU.

B Hacrosiiee BpeMs IpH  pacciiefOBaHUHU
TPAHCIIOPTHBIX COOBITHIA, CBS3aHHBIX CO CXOJAaMHU
BAarOHOB, OLIEHKA MPaBWJIBHOCTU AECUCTBUM MaIlM-
HUCTOB MPOU3BOAUTCS B OCHOBHOM 110 KOCBEHHBIM
mokazarensaM. K TakuM mokazatensM, B TEPBYIO
odepeqb, OTHOCITCS MaKCHUMAalbHOE CHKMMAIOIIee
ycuiive, JIeUCTBYIOIIEE Ha CONISAIINA BaroH,
U BpeMs ero jaeiictBus. B TpeHaxkepax, mpenHa-
3HAYCHHBIX JJI1 O0y4YeHHsI MaIllMHUCTOB Oe3orac-
HBIM CIIOCO0aM BOXKIIEHHUS IT0€3110B, OBUIO OBI Iie-
JIeCO00pa3HO OICHUBATH MPABMIIBHOCTH JACHCTBHI
MAaITTHUCTA «HA JIETY», TO €CTh HETOCPEACTBEHHO
BO BpeMs yIpaBlIeHUs Moe3a0M. i 3TUX uenew,
B IEPEUMCIEHHBIX BBINIE CIy4yasx, MNPaBUIbHBIM
ObUIO OBI OIICHMBATH YCTOWYMBOCTH Ka)JIOTO Ba-
TOHA Moe3/1a OT BBDKMMAHUS HEMOCPEICTBEHHO BO
BpeMs1 MOJACIIUPOBAHUS €r0 ABMXKCHHUS.

Ha puc. 1 npuBeneHsl 1aHHBIE O CXOJaxX Baro-
HOB, CJIYYUBLIUXCS IpPU IPUMCHCHUM MAIIHHU-
cTamu pexxuma TopmokeHus [10] Ha mpsMbIX yua-
CTKax W B KpuBBIX pammycom 350-650 m. U3 puc.
1, a BUAHO, YTO HaUOOJbIIEE KOIMYECTBO CXOJOB
MIPOU3OIILIO MPU MAJIBIX CKOPOCTSIX JBHXKEHUS, IPU
CPEIHHUX CKOPOCTSIX KOJIMYECTBO CXOAOB CHUXKAET-
cs, a MPU CKOPOCTAX, ONM3KUX K MPENEIBbHO J0-
MyCTUMBIM 3HAYEHUSIM — B KPUBBIX BHOBB PaCTET.
DTO MOXET OBITh OOBSICHEHO CIEAYIOUIMMH COO00-
PaXEHUSIMU: IPU MAaJbIX CKOPOCTAX JABUKCHUS
TOPMO3Hasl cuja, ACHCTBYIOIIAst HA BaroH, BEIUKA;
MIPH CKOPOCTAX, ONU3KHUX K IPENeTbHBIM BEINYH-

HaM, TOPMO3Has CUJIa CYIIECTBEHHO YMEHBIIIACTCS,
HO Benu4yMHA KOd(D(UIHEHTA BEPTHKAIBHON IH-
HAMHKH TPUOIKACTCS K HAUOObIIEMY JOMYCTH-
MoMy 3Hadenuto (puc. 1, 6). M3-3a HECHHXPOHHOTO
cpabaThiBaHUS BO3AyXOpacIpeleuTeNed coce-
HUX BaroHOB TMPH MAJBIX CKOPOCTSIX JIBHYKCHHSI
BO3HHUKAIOT OOJIBbIIKE IPOAOJBHBIC KBa3HCTAI[HO-
HaprIe CHJIBI, I[eflCTByIOH.[He Ha BaroH, KOTOpI)Ie
Opyd  TPOYUX OJArOMPHUATCTBYIOMIMX — (haKTOpax
CMOCOOHBI MPUBECTH K €ro BbDKUMaHHIO. [IpH
6OJII)HII/IX CKOpOCTHX JOBHXKCHUSA TOpMO3HBIe CHUJIbI
CHIDKAIOTCS TTOYUTH B 2 pasa, MOITOMY PHUCK BBDKH-
MaHHs BaroHOB OT JCUCTBHUS MPOAOJBHBIX CHII
camxkaeTcs. OTHOBPEMEHHO ¢ 3THM, OOJBIINE Be-
JIMYMHBI KO3 (QUIIMEHTa BEPTUKAIBHON JMHAMUKA
MOTYT MPUBECTH K 3HAYUTEIHLHOMY 00€3rpyKHBa-
HUIO HaOerarImero Kojieca M CXOAY JaXe INpHU
He6OJH>HH/IX BCIIMYHNHAX HpOIIOJ'II)HI)IX CHUJI.
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Puc. 1. Beibopka nnpopmanuu
0 CXO/IaX BaroHOB:
ad — KOJIMYCCTBO CXOO0B IMOABUXKHOI'O COCTaBa
IpU TOPMOKEHUHN noe3ja, 6 — 3aBHCHUMOCTb
TOPMO3HOH CHIIBI M KOA(PUIIMEHTa BEPTUKAIBLHON
JMHAMHMKH OT CKOPOCTH JBHXKEHUS 10€3/1a

Fig. 1. Information retrieval about
cars derailment:

a — the number of rolling stock derailment
during braking of the train; b — dependence of the
brake force and the coefficient of vertical dynamics
of train speed
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W3 aToro criemyer, 4To MpU ONMpEIeiIeHHH yC-
JIOBHI yCTOMYHMBOCTH BArOHOB OT BBIKUMAaHHS HX
NPOIOJIBHBIMU CHJIAMH CIIEAYET YYMTHIBATH JHHA-
MUKy BaroHa, Kak cucteMnl Macc [11, 12, 15].

ean

7151 OLEHKHM YyCTOMYMBOCTU BaroHOB OT BBIKHU-
MaHUs MPOJOJNBHBIMU CHJIAMU HCHOJB3YIOTCS KO-
3G GUIUCHTBI YCTOMYUBOCTH. BeIMUUHBI 3THX KO-
3¢ (UIMCHTOB 3aBUCAT OT COOTHOIICHUS OOKOBBIX
U BEPTUKAJIBHBIX CHJ, JEUCTBYIOLIUX Ha KOJECO.
OmHAaKO BBIXOJ BBIMICTICPEUNCICHHBIX IOKa3aTe-
Jiel 3a JOMyCTUMbIE 3HAYEHHUS HE O3HAYAeT, 4TO
00s13aTeIbHO TPOHM3OUIET CXOA. DTO HEoOXOoau-
MO€, HO HE JOCTATOYHOE yCIIOBUE JUIsl CX0Ja KoJje-
ca ¢ penbca [7].

Ilenpt0 aHATUTUYECKOTO HCCIEAOBAHUS CBSI3U
MEX]ly MPOJOJIbHOM CUJION, JeHCTBYIOIIEH Ha Ba-
rOH, OOKOBBIMU M BEPTHKAJILHBIMUA CHJIAMH B3au-
MOJICHCTBUS B 30HE KOHTaKTa TpeOHS Koiieca
U peibca, BeIMYUHaMH KOd((UIIMEHTOB BEPTHU-
KaJIbHON W TOPHW3OHTAILHON TWHAMUKH HeoOpec-
COpPEHHBIX YacTeil BaroHa ¢ BeIUYMHOW Kod(Ddu-
LMEHTa 3amaca yCTOWYUBOCTH OT BBDKUMAHMUS SIB-
JISI€TCS NOJyYEHHUE 3aBUCUMOCTEH MEKy HUMH.

MeToanka

B [5, 6] noka3aHno, Kak MOYKHO OLICHUTb yCTOM-
YUBOCTh BaroHa OT BBDKMMAHUS MPOJOJIbHBIMU
CHJIaMH, JCHCTBYIOIMMH B IOE3/e. DTO JienaeTcs
nyTeM pacyera 3HaueHus Kodd¢uumenra 3amaca
yeroiuusoctn (K ). [pusesennsie TaM BbIpae-

HUS TOCTATOYHO TPOMO3JKH, a MX HCIOJIh30BAHUEC
MOXET OKa3aThCs 3aTPYAHUTEIHHBIM H3-32 0O0Jb-
III0T0 KOJIMYECTBA MmapamMeTpoB. Bmecre ¢ Tem, npu
OlICHKE  JICWCTBUI  MAIIMHUCTA,  CBS3aHHBIX
C ympaBlieHHEM I0e3]la, TOYTH HUKOT/Ia HEBO3-
MOXXHO C aOCONIOTHOWH YBEPEHHOCTBIO ClIENaTh
BBIBOJI 00 WX MPaBHIILHOCTH WJIH OIIMOOYHOCTH
[8, 9, 13]. 13-3a GoMBIIOro KOJMYECTBA Mapamer-
POB NyTH M BaroHa, HEOOXOIMMBIX JIs pacuera
BENMYMHBl K, HEBO3MOXXHOCTH TOYHOTO OMpEAe-

JieHus1 abCOJIOTHO BCEX MX 3HAYCHUI M HEKOTOPBIX
JOIYILICHNH, CIENaHHBIX B PacdeTHOH cXeMe INpH
nonyveHnn (opmyinsl pacyera K, Mbl Bceraa

UMEEM JIENI0 C OLEHOYHBIMH (BEPOSTHOCTHBIMU)
pesynbTaramu. IlosToMy, AJI1 OLEHKH YCTOMUYUBO-
CTH BaroHOB JOCTAaTOYHO OINpPEICIUTh BO3MOXK-

HOCTh UX BBDKMMAaHHS B HAaMXY[IINX BO3MOXKHBIX
ycnoBusX. M, ecnum mpu 3TOM BO3MOKHOCTH BBI-
KUMaHUSI HE MOATBEPXKIAETCS, TO MOXKHO OTOpO-
CHUTBH THIIOTE3y O TOM, YTO NEHCTBHS MAIIMHUCTA
CTaJi IPUYMHON Cephe3HBIX TPAHCIOPTHBIX COOBI-
tiid. Ecnm ke B HaMXyANIMX YCIOBUSX BO3MOXK-
HOCTh BBDKHMAHHS BaroHa IOATBEp)KAAeTCs, TO,
NpexIe 4YeM JellaTh OKOHYATENbHBI BBIBOJA 00
omnOOYHOCTH JEHCTBUH MAIIWHKCTA, CIIEAYeT
OLICHUTHh YCTOWYMBOCTH MOJYYEHHOTO pe3yjbTara
K Bapuallly MapaMeTpoB, 3HAYCHHSI KOTOPBIX MpPH-
HATBl C HEKOTOPBIMH JomyluieHusMu. W Tombko
eciy B OOJBIIMHCTBE CIIy4yaeB Bapualuii mapamer-
POB BO3MOXKHOCTH BBDKHMAaHHS OyleT IOATBEp-
KIeHa, CIeNyeT CUUTATh NEHCTBUS MAIIMHHCTOB
OINOOYHBIMH.

B ocHoBe pacuera yCTOMYMBOCTH BaroHOB OT
BbDKUMaHUs [5—7] nexut craTudeckasl pacyeTHas
cxema. OTHaKO BaroH mpeacTasisieT co0oii mpocra-
TOYHO CIIOKHYIO MEXaHHYECKYI0 CHCTEMY CO MHO-
THMH CTETICHIMH CBOOOIBI M BO BPEeMs JBHKEHHS
B3aMMOJICHCTBIE MEXY €r0 OTAEIbHBIMH YacTIMH
U MEXIy BAaroHOM M JKEJEC3HOJOPOKHBIM IyTeM
HOCUT JAWMHAMUYECKui Xxapaktep. JluHamuueckuid
XapakTep BEPTHUKAIBHBIX CHJ B3aUMOJICHCTBHS
OPUBOIUT K  IEPUOJUYECKOMY  YBEIHUEHHIO
¥ YMCHBIICHHIO BEPTHKAIBHBIX HAIPy30K Ha KOJIe-
€O, YTO HANPSMYIO BIMSET HAa BO3MOXHOCTH BKa-
TBIBaHUS KoJieca Ha penbe. CieayeT OTMETHTh JBa
TJIaBHBIX MCTOYHMKA IMEPUOANYCCKUX H3MEHEHHH
BEPTHKAIBHON HAarpy3KH KoJeca Ha PelbC — 3TO
OokoBasi Kauka Ky3oBa (mepeBajika Ha ISITe U KO-
nebaHusl Ha TPYXKHWHAX LEHTPAIFHOTO MOBEIIU-
BaHUs) U BEPTHKAIbHbIE HEPOBHOCTH PEIbCOBBIX
Huteit. [leprnon 6OKOBOH Kauku Ky30Ba MOPOKHUX
TPy30BBIX BaroHOB KoJeOJeTCs B Mpenenax oT
200 mo 300 mc. To ecTh B TeUEHHUE ITOJIOBUHBI IT€-
puona konebanuii (100-150 mc) BepTuKanbHas
Harpyska Ha HaOeraromiee Kojieco OyleT MeHbIIE
cTaTH4YecKol, a Ha HeHaOeraromee — OoJbIIE.
Bpems mpocienoBaHUs KOJIECOM TPOCAIKH ITyTH
NP CpeiHel CKOPOCTH IBIKeHUs BaroHa 50 km/4
W JUIMHE Mpocaiku 3 M cocTaBuUT mpumepHo 220
Mmc. ITo omuenke, npuBeaenHoii B [1], myTs, KOTO-
pBIi AODKHO MPOMTH KOJECO BaroHa JUisi TOTO,
4yT0OBI TpeOeHb BKATHICS Ha TOJOBKY pPenbCca, Co-
craBnsietr npumepro 0,64 m. B [14] nnst xonec pas-
JUYHOTO TPOGHIS 3TOT IyTh  COCTaBISET
0,46-0,73 m. [Ipu sTOM Bpemsi, HEOOXOUMOE IS
BKaTBIBaHHs Kojieca Ha peibe mpu ckopoctu 50
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km/4, cocraBut 33—53 mc. B [2] Bpems, B Teuenue
KOTOPOT0 HapylIEHHE YCIOBHS yCTOWYMBOCTU OT
BKaTHIBaHMs KOJieca Ha PelbC CTaHOBHUTCS OIlac-
HBIM, coctaBisieT 50 mc. Takum 06pazoM, Bpems, B
TEUYEeHHE KOTOPOTO NUHAMHYECKHE CHJIBI B3aUMO-
NIEHCTBHS KOJleca U pellbca MEHbINE CBOMX CTaTH-
YeCKMX 3HaueHWi, B 3—4 pasa 0oJjbllle BPEMEHH,
HEOOXOMMOTO JUIsl BKATHIBAHHS KOJIECa Ha PEIlbC.
W3 sTOro crmeayeT, YTO BEpTUKAIbHAs AMHAMHKA
B3aMMO/ICICTBUS BaroHa M MyTH JOJKHA OBITH yU-
TEHa TPU OIICHKE YCTOHYMBOCTH BaroHa OT BBIKU-
MaHUs MPOJOIbHBIMU cuiamMu. To ke caMoe MOX-
HO CKa3aTh O MUHAMHYECKUX T00aBKax TOPH30H-
TaJbHBIX MOMEPEYHBIX CHJI B3aUMOJIEHCTBHS KOJIe-
ca M peJbca.

BenuunHbI BepTUKATBHBIX JOTPY30K U Pa3rpy-
30K KOJIECHBIX IMap XapaKTepusyroTcs Kodddum-
€HTOM BEpPTUKaNIbHOM nuHamMuku (K, ), KOTopbIit

MOKET NMPUHUMATh KaK OTpHULATeNbHbIe (P pa3-
Tpy3Ke), TaK W TOJIOKHUTEIbHbIC (TPU OTPYy3KE)
3HaueHus. J{mHamm4deckne NOOAaBKM PAaMHBIX CHII
NPUHATO YYUTHIBATh KOI(DOUIIMEHTOM TOPHU30H-
TanbHOM JunHamuku (K. ), KoTopeli mpu yBemu-

YeHUU OOKOBOIO [NAaBIIEHUs HAOEraroliero Koseca
Ha peNbC TPUHUMAET ITONOKUTEIbHBIE 3HAUEHUS,
a HpI/I yMeHBH_[eHI/II/I 3TOI>1 CUJIBbI — OTpI/I]_[aTeJ]LHBIe.
C y4eToM BBINIECKA3aHHOTO JMHAMHYECKHE
CHJIBI, JEMCTBYIOIIME Ha TEPBYIO KOJECHYIO Tapy
CO CTOPOHBI HA0ETrarolero U HeHaOerawIero Ko-
Jieca, B PaCUeTHOM cxeme MpeJCTaBIeHBI CIEAyIO-
[IUMH BBIPAKECHHSIMH:
Pyo =P, '(1"'[{

al,

J]BH,HH) (1)
H,=H, '(1+Kurl)’

rne P.,, — BEpTHKaIbHas CTaTHYECKAs HArpysKa

Ha Haberaromee 1 u HeHaOeraromee 2 koieco, kH;
K K — BEITUYHUHBI KOA(PQPHUIIMECHTOB BEPTH-

JIBH ! JIBHH
KaJbHOW TUHAMUKU HEOOPECCOPCHHOM YacTH Baro-
Ha I T€X K€ KOJIecC, Hp — BEJIMYMHA PaMHOU CHU-

nel Oe3 ydera momepedHoi auHamukd, kKH; K wl

KOX(PGUITMEHT TOPU30HTAIHLHOW TWHAMHKH HEO0O-
PECCOPEHHOM YacTy BaroHa.

Kpome 3Toro B TpaauIMOHHBIX PACUETHBIX CXE-
Max HE yYUTHIBACTCS BIIMSIHHE BETPOBOM Harpy3Kd
Ha OOKOBYIO TIOBEPXHOCTh Ky30Ba. JTa CHIA IpU-
KJIQJILIBACTCS K TEOMETPUYECKOMY LICHTPY OOKOBO¥
TIOBEPXHOCTH Y ONPEAEIISIETCS BRIPAKEHUEM:

V2
F=S.p.—2, 2
s P 2)

rae S — 1iomaas OOKOBOW MOBEPXHOCTH KY30Ba,
M%, p — IUIOTHOCTB Bo3myxa, Ila; V. — ckopocTh
BeTpa, M/c.

3nech BBIpaKEHUE O,5p-VB2 — 3TO JaBJICHHE
BeTpa Ha OOKOBYIO MOBEPXHOCTh Ky30Ba. B [7]
NPUHATO pacyeTHOE JaBIICHHE BETpa paBHOC
500 ITa, mromaas 60KOBOI MOBEPXHOCTH KPBITOTO
BAroHa KOJeOIeTcs B mpenenax ot 38 m? (Mozenb
11-217) o 49 m* (mozens 11-260), pu sTom cua
OT BeTpoBOil Harpy3ku cocraBisier 19-25 kH. Ec-
JIM TIPH 3TOM BETEP HANPaBJICH BHYTPb KPUBOH, TO
CWJIa BETPOBOW Harpy3ku OyJleT CIIOCOOCTBOBATh
JIOTIOJTHUTENILHON pa3rpy3Ke HaberaroIero kojeca,
YTO CyIIECTBEHHO IMOBIUSET HA YCIOBHS BhDKHMA-
HUS BaroHa.

C yd4eToM BCero CKa3aHHOTO BBIIIE, COCTABIIE-
HBl PacyeTHBIC CXEMbl B3aMMOJICHCTBUS BaroHOB
MEXIy coboit u ¢ mytem [5, 6]. DTn cxembI mpen-
CTaBJICHBI Ha pucC. 2 U 3.

Ha puc. 2 Bce cuibl, ISHCTBYIOIIME HA BaroH,
CIIPOCKTUPOBAHbl Ha IUIOCKOCTh IIYTH, a TaKkKe
TUIOCKOCTHU €H MePIeHIUKYIIIPHbIE — TPOI0JIbHYIO
OTHOCHTEIILHO OCH ITyTH U MOMEPEUHYIO.

I'ne G, — Bec ky3oBa Barosa, kH; G, — Bec He-
obpeccopeHHOl uacTu Tenexxku, kKH; o — yron
HAKJIOHA IyTH K ropusoHraimd, pag, N, u N, —
MPOOJBHBIC YCUIIHS, JICHCTBYIOIINE B aBTOCIICI-
Kax BaroHa, kH; Z, u Z, — BepTUKaJbHbIE CO-
CTaBJIAIOIIUE IPOIOJIBHOTO yewus, kH; 2a — pac-
CTOSTHHE MEXIY IIEHTPAMH KJIMHOBBIX OTBEPCTHt
CLIEIUICHHBIX aBTOCIIEIIOK, M; A; — Pa3HOCTb YPOB-
HEW ocell aBTOCLENOK BIEPEAM BaroHa, M; A, —
PasHOCTh yPOBHEH OCei aBTOCIENOK C3a/I1 BaroHa,
M; Y; u Y, — ropu3OHTalIbHbIE TONEPEYHBIE CO-
craBisromue npojonsHoro ycwnus, kH; X, u X,
— TOPHU30HTAIIBHBIC MPOAOJIEHBIE COCTABIISIFONIUEC
MpOAOJbHOro ycunus, kH; th — BbIcoTa oT YI'P

JI0 BEpXHEH TIOCKOCTH [EHTPAILHOTO PECCOPHOTO
KOMIIIEKTa, M, h, — BBICOTa IIEHTpa TSKECTH Ba-

rOHa HaJl YPOBHEM TOJIOBOK pelbcoB, M; . — BbI-
cota ot YI'P no menrtpa Tsbkectn OOKOBOHM IIO-
BEPXHOCTH Ky30Ba BaroHa Haj IJIOCKOCTBIO OIHU-
paHus HaJpecCcopHBIX O0anok, M; G, — Bec konec-
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HOil mapsl, kH; Hp — paMHas cuia, AEUCTBYIOIIAS

Ha KoJIeCHY10 napy, kH.
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Puc. 2. PacuetHas cxema cocTaBa IIo€371a U NMEPEKOCHI €€ DJIEMEHTOB
B IUTaHE IIPHU JIEUCTBUH TMPOAOJBHBIX CXKUMAKOMINX CUJI C YIETOM CHUJIBI BETpA

Fig. 2. The analytical model of train set and distortions of its elements
in plan view under action of longitudinal compressive forces, taking into account wind strength
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Puc. 3. Pacuernas cxema cui, IEHCTBYIONINX HA TEICKKY
B pe3yJIbTaTe MPOJIOJIBHOTO CHKATHUS

Fig. 3. The analytical model of forces acting
on the bogie as a result of longitudinal compression
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3aBUCUMOCTD ISl ONpeAeIeHus: Ko puireHTa
3araca YCTOMYMBOCTH OT BBDKHMAaHHUSI MPOJIOJIb-
HBIMH CHJIAMH C YYETOM CHJI HHEPIIMH B KPHBOIA [5,

6] u cocraBisoIIeil OT IEWCTBHS BETPOBOH Ha-
rpy3Kd Ha OOKOBYIO NMOBEPXHOCTh Ky30Ba BaroHa
UMEET CIEXYIOINN BUA:

(2)

K = tgp—p y
" l+p-tgp
2 |y2-h L h -
P°T+N— Vol | Yo E+g-E +N- |2y 2+y, - —2|+P -2 FB-h—“
C | 25,-S at\S ¢S g S
X
2 2 h L
pBZTrJrNi. Va o .o Vo =5 [144 - h | ah Ay
C. | 25, S ) a ¢ S S

Bp

+N- ZWKP-(Z—M-E’}%'

B mporiecce MoaenupoBaHus JIBUKEHUS T0O€3-
Jla, TO JIU NP paccieOBaHUU TPAHCIOPTHBIX CO-
OBITHII, TO T BO BpEeMs BBHINOIHEHUS y4eOHOTO
3a/laHusl Ha TPEHa)Kepe MAIIMHUCTA, IJi OLICHKU
JIEUCTBUM MAaIMHHUCTA WCHOJB3YIOTCS BEIUYHHBI
MPOAOJBHBIX CHJI B MEXBAarOHHBIX COEAUHEHUSIX.
[Tosromy ynmoOHee OymeT B KadecTBE KPUTEPHUS
OIIEHKM YCTOWYMBOCTH BaroHa OT BBDKUMAaHUA

BMECTO BCIIMYHHBI Ky HCIIOJIB30BaTh BEIMYUHY

IPOJIOJILHON CUIIBI, MPU KOTOPOH K MEHbIIEe 10-

MNyCTUMOTrO 3HauyeHusi (Ui TPY30BBIX BaroHOB
[K,,]=1,2 [7]). Ora kpuTHyeckas BenM4MHA IPO-

JOJBHOM CHJIBI MOXKET OBITh IOJIyUeHA U3 BBIpaXKe-
Hus s K, (2), myTeM BBIP@KEHHMS BETMYMHbI
npozonbHoi cunbt (N =S, ) uepes napameTpbl

BaroHa, nyTH n A0IyCTUMYTIO BCJIIMYUHY

K, = [Kyﬂ] . Beruncnenust 3HaueHus: NMpoJOJIbHON

CXKMMarolen Cuilbl, ACMCTBYIONIEH Ha BaroH, mpu

KOTOpO# BemMuMHa KO3 PUIMEHTa 3amaca yCTou-
YHBOCTH OT BDKUMaHHMsI OYJIET paBHA JIOIYCTHUMO-
My 3HauCHHIO (KpUTHYECKAas CHJIA) OCYIIECTRIISCT-
C4 10 TIPOCTOM M IIMPOKO U3BECTHOM 3aBUCHMOCTHU
KaK JUCKPUMHUHAHT KBAJPATHOT'O YPaBHECHHUS:

s _—pxyp’-4-k-q @)

® 2k

TlepBriit KOpEHBb ATOrO PEIIeHUsS MPEACTABISAET
€000 UCKOMYIO COKUMAIOIIYIO TIPOJIOJIBHYIO CHITY,
(U3NYECKUA CMBICT BTOPOTO — PaCTATHUBAIOIIAS
MIPOAOJIBbHASA CHJIA, CTIOCOOHAsI MPUBECTH K BKAaTHI-
BaHUIO KoJieca Ha PelibC.

BBenenne nuHamMuueckux — Kod(QQUIUEHTOB

K'-KZ (4)—(8), xortopbie OymyT BBIYHUCIATHCS
HENOCPEICTBEHHO BO BPEMSI BBIMIOJIHEHHS yUEOHON
MOE3KM Ha TPEHaXkepe, CYMIECTBEHHO YIPOCTHT
BBIP@XKEHHS [UIs  ONpejesieHus Kod3()(HIUEHTOB
kBajipatHoro ypasuenus (9)—(11):

Bk, |2y OB R | @)
- ) S
h
§=2_Kﬂr.ﬂ. +M , (5)
S 9B -,
K b, K
§l=1+u1th_(KHBl_KﬂBz)+ “2+1+Mltg[3 bl ):[Bl+ 2"\ B2 , (6)
9B -y tgp — 25
b,K_,—bK
Kj} =1+ Hlth '(KHBl+ KHBZ)-’- l,lz _1+M1th . 2" B2 bl nBl , (7)
-y 9B — 1, 25
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b,K ,-bK

Kél :_1+“1th'(KHBl+KHBz)+ “2+1+U1tg[3 . 2" B2 bl nsl , (8)

9B -1y 9B -y 28

2
k:L-K5+L- (1+EJ.K§_£K§ , 9)
2-5,-C, C.-at l b
e

D= K 20,y KK |k (10

1+wtgp h,
q=(G, +2G,)-K; +4G,, - Hz—m +FB'[ f—g'Kf 1 (11)

rae 2¢ — 6a3a BaroHa, M; 28, — CyMMapHBIH HO- L L

MEepPEeYHbI pa3der pampl Ky30Ba BaroHa OTHOCH- Poes =(P1'(?+1j+([)z ‘(z—lj, (14)

TETHLHO OCH ITyTH B HAPABIISIONIEM CEUeHUH, M; L
— paccTosHKUE MO TOPU3OHTAIM OT OCH BaroHa 10
[IEHTpa KIIMHOBOT'O OTBEPCTHS aBTOCIENKH, M; @ —
JUTHHA KOPITyca aBTOCHENKH (OT OCH CLIEIUICHHUS J10
KOHIIa XBOCTOBHKA), M; C. — rOpHU30HTAJIbHAS Ke-
CTKOCTh PECCOPHOTO TOJABEIIMBAHUS OJHON Te-
nexku, KH/M, 2b — paccrosiHre MeXIy TOYKaMH
MPWIOKEHUS BEPTUKAIBHBIX CHJI, JEHCTBYIOIIUX
Ha OYKCBHI KOJIECHOM Mapbl COOTBETCTBEHHO Ha Ha-
OeraromieM M HeHaOeraromeMm Kojece, KH; th -

BBICOTA BEPXa PECCOPHBIX KOMIIJIEKTOB Hal YpOB-
HEM TOJIOBOK PENIbCOB, M; ¢ — BEPTHKAIBHOE pac-
CTOSHHE OT BEpPXHEH INIOCKOCTH LEHTPaIbHOTO
PECCOPHOT0 KOMILIEKTA JO YPOBHS OCH aBTOCLEII-
KH, M; N, — BBICOTA OCH aBTOCLCIIKH HaJ yPOBHEM
rOJIOBOK PeNbcoB, M; N, — BBICOTA LEHTPA TSHKECTH
OOKOBOH TOBEPXHOCTH Ky30Ba BaroHa Haj ILJIOC-
KOCTBIO OIMPAHHUS HAAPECCOPHBIX OalloK, M; 2S5 —
paccTosiHHE MEXAy KpyraMmu KaTtaHus Kojec, M; [
— yroi, oO0pa3oBaHHBII NPSIMOJIMHEHHONW YacThIO
KOHTypa mpoduias rpedHA Kojeca K IUIOCKOCTH
IyTH; Y, — yroji [I0BOpOTa, pax,

&L L
= A 1+—=1, 12
Vo= ( aj (12)
V,, — YTOJI HOBOPOTa OT KpUBOH, paf;
L
\VKp = EC ' (13)

@, — YIOJI IIOBOPOTA B BepTHKaﬂLHOﬁ IIJIOCKOCTH,
pan;

2L, — nnuHa BaroHa 1o OCsIM CIeIUIeHus, M; R —
paguyc KpuBOH, M; L; — KO3(DGHULUUEHT TpeHHs
rpeOHsI O BBIKPYXKKY T'OJOBKHM pelbca Ha Hale-
rapomeM konece; M, — KO3GGHULNUEHT TpeHUs

rpeOHS O BBIKPYXKY TOJIOBKH pejhca Ha HeHale-
raromieM KoJece.

W3yunM BIHMSIHHE TAPaMETPOB ITOTO BBIPAXKE-
HUS Ha BCJIMYHHY KPUTHYECKON CHiibl. OCHOBHBIE
mapaMeTphl 9To — paguyc kpuBoii (R ), BeTHUMHBL
K03 PUIIMEHTOB BEepTHKAIBHOMN AUHAMHUKH CO CTO-
pousl mHaberaromero (K, ) W HeHaOeraromero

JIBH
(K

JIBHH

) Koneca, BeqMuYMHA KOA(MPHUIUEHTA TOPH-
30HTaNbHOU auHamuku (K ) ¥ BeTpoBas Harpys-

Ka Ha OOKOBYIO moBepxHOcTh Ky3oBa (F,). IIpo-

BEepKa BIMSIHHS 3TUX TapaMETPOB Ha BEIMYUHBI
KPUTHYECKUX CHJI BBITIOJIHEHA JJIsi IOPOXKHETO T0-
JyBaroHa IUPOKO pacripocTpaHeHHoN Monenu 12-
532.

Jlnist TOro 4TOOBI MOXKHO OBLIO OJJHOBPEMEHHO
OIICHUTH BIIMSHUE BCEX MEPEUMCIICHHBIX BBIIIE Ma-
paMeTpoB, AMaNa3oH U3MEHEHUs BCEX MapaMeTpOB
nmpuBeNieHbl K auana3zony 1. PaccMoTtpum m3me-
HEHHE ITapaMeTPOB B CIICAYIONINX JHANa30HaX:

— K03 QUIIMEHTHl BEPTHKAILHOW JUHAMHUKU
(K K ) — 0,8 = +0,8;

— paauyc kpusoi (R) 300 + 900m;

— KO3 GUIIUCHT TOPU3OHTAIBHONH IWHAMHKA
( Iziurl ) - ()yzl - *'(),Zl;

— ckopocts Betpa V, — 20 + +20 m/c.

JIBHH
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Pe3yabTaTthl

[Mocnie BbIMOMHEHHS >JEMEHTapHBIX Mpeodpa-
30BaHUM ISl IPUBE/ICHHS JIMAIa30HOB BCEX Iapa-
METpPOB K WMHTEpBaTy +1 MoNydeHBI TpapuKd W3-
MEHEHHUS BEJTMYMHBI KPUTUYIECKOH critbl (pHc. 4).

Kak crnenyer u3 puc. 4, HauMeHbIIIee BIUSHUC
Ha BEIMYMHY KPUTHUYECKOW CHITBI OKa3bIBACT BEIIH-
4yuHa paauyca kpuBoil (R), a Hambosbiiee — Be-
maannHa K, . OcTanbHbIE PacCMOTPEHHBIE Mapa-

METPBI UIMEIOT HE ONpPEJEINAIoIIee, HO CYIECTBEH-
HO€ BIWMSHUE Ha BEIUYUHY KPHUTUYECKOW CHIIBI.
Takum 006pa3oM, MOKHO HUCKIIOUUTH 3aBUCUMOCTD
BEIMYMHBI KPUTUICCKOM CUITBI OT pajiyca KPHBOH,
YTO MO3BOJMT YIpocTuTh Bhipaxkenus (9) u (10).
Wrak, HEOOXOIMMO YHUCIIEHHO OIEHUTH «IIEHY»
Takoro ympoineHus. J[ns cpaBHenus B Tabm. 1
MPUBEICHBI BETMYMHBI KPUTUICCKUAX CHJI, PACCUU-
TaHHBIE C YYETOM paauyca KpuBoii (S, ) u Ge3 ero

yuera (S:p). B Ttabnuiie moMenieHsl pe3yibTaThl

1000
900

800

TONIBKO JUISi TEX MOJENEH BaroHOB, IJIsi KOTOPBIX
BEJIMYMHA KPUTHYECKOW CHJIBI HE MpEeBBIILACT
800 kH, T.x. Takue CHIIBI BIIOJIHE MOTYT BO3HHK-
HYTh B yCIOBHAX dKcruryarammu [3, 4]. Pesynbra-
THI PACYETOB CBE/ICHBI B Ta0M. 1.

N3 conepxuMoro TaOIHIBI CIEAyeT, YTO 3Ha-
YEeHUS] KPUTHYECKHX CWJI M3MEHUJIMCH NPHUMEPHO
Ha 5-8,4 %, uTO B YCIIOBHSX HEMOJHOH ompene-
JEHHOCTH  BEIMYMH  [apaMeTpoB  BaroHa
U MyTH HE NPHUBEIET K CYNIECTBEHHOMY HCKa)Ke-
HUIO pe3yNbTaToB. M3 BCero 3TOro ciemyer BhIBOJ:
IPU ONPE/ICIICHUN BETMYMHBI KPUTUYECKOM CHITHI,
CIIOCOOHOI TpHBECTH K BBDKMMAHHUIO BaroHa,
MOXHO IpeHeOpeyYb BIMSHUEM paJnyca KPUBBIX.
OKOHYATENbHO BBIPAXKEHHsI Ul pacdera BeJHyu-
HBI KDUTUYECKOM CHITBI HIMEIOT BHL

2

v
k=— Yo Ka, 15
2:8,-C, =

p:Wa'Kf_(Paxn'KéI' (16)

—_ - —=p*

- -y

700

600
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400

Kagl
— — HKpgs2
- - - 'H,D,I'.
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-20
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Puc. 4. I'padvkn n3MEHEHHSI BETUIMHBI KPUTHYECKOHN CHUTBI

Fig. 4. The chart of change of the critical force value
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Ta6nunma 1

BeanunHbl KPUTHYECKOH CHJIBI
NpPHU BBIKHMAHUHM BarOHOB

Table 1
The critical force value when
car lift resistance
Moyens Barona S, [xH] S,, [xH] %
12-532 639 684 6,6
12-2123 710 761 6,7
12-11-153 624 670 6,9
12-1303 668 719 7,1
12-1505 606 652 7,1
11-K255 585 637 8,2
11-066 707 772 8,4
13-4012-09 578 629 81
13-198 686 730 6,0
13-H004 677 733 7,6
13-192 602 649 7,2
13-3103-01 642 699 8,2
15-1727 596 631 55
15-1404 663 711 6,8
19-758 616 660 6,7
19-1217 651 699 6,9
20-4078 663 698 5,0
20-480 623 656 5,0
55-320 634 676 6,2
20-793 642 683 6,0

3aBucumocts (11) ocraercst B 3TOM ciydae 0e3
u3MeHeHni. PacdeT BO3MOKHOCTH BbDKHMAaHHS
BaroHa, BBINOJHSACMBI NPU PACCIICIOBAHUH CEPb-
€3HBIX TPAHCIOPTHBIX COOBITHH, CIIEIYET MPOBO-
IIUTH ISl HAUXYJIIero codeTaHus BenuunH K

JIBH !
K

JIBHH !
eM TIapaMeTpoB OyaeT pasrpy3ka HaOeraromero
KoJieca, Jorpy3Ka HeHaOeraromero, JONOTHUTENb-
Has JUHAMHWYECKas IIOTIEpEYHas CUJa, YBEIUYH-
BaloIasl CHJIy TPWXKATAS KojJeca K Peibcy
W BETpOBas Harpyska, HalpaBjCHHAs B CTOPOHY
HeHaberaromero koseca (BHyTpb KpuBOi). B aTom

K, nV,. TakuM HauXyaUuM COYETaHHU-

ClIydac BCIIMYHHBI K 1BH JOJIKHBI OBITh oTpuLa-

TENbHBbIMM, @ Benuuunbl K, K, n V, — mo-
JIOKUTENBHBIMH. BOIIpoc 0 ToM, Kakue YMCIIEHHbIE
3HAYEHHs JIOJDKHBI INPUHMMATh OTH IapaMeTpsbl
OCTaeTcs OTKPBITEIM. Hanpumep, BeIHYMHEI TMHA-

Mudeckux nokasareneit (K, , K., K,q) MoryT

OBITH CBSI3aHBI C TEXHUYECKUM COCTOSHHEM IIyTH
Ha MOMEHT BO3HMKHOBEHHS TPAHCIIOPTHOI'O COOBI-
THSl, @ CKOPOCTh M HaIlPaBJICHUE BETPa MOTYT OBITh
B3STHl U3 METEOCBOJOK. M ecnu monmydyeHue WH-
¢dopMalui O HaNpaBICHUH U CKOPOCTH BETpa HE
JOJDKHO BBI3BIBaTh OCOOBIX 3aTPYIHEHMH, TO Ha-
XOXKJCHUE CBSI3M MEXKIY COCTOSHHEM IMYTH M Be-
TUYUHAMH  KO3(QQUIIMEHTOB IWHAMHUKH TpedyeT
JIOTIOJIHATENBHBIX HccaenoBanuid. Iloka MoOxHO
MOPEKOMEH/IOBATh BBIYHCIICHHE BETMYHH K03 hu-
UCHTOB TUHAMHUKH B 3aBUCHMOCTH OT CKOPOCTH
JBIDKEHUsI, KaK yKa3aHo B [7].

BenmnunHa KpHUTHYECKOM CWIBI I OLCHKH
JEeHCTBUI MAaLIMHUCTA MIPH BBIIOIHEHHH YY€OHOTO
3aJaHMsl Ha TPEHAXEpPEe MAIIMHUCTA MOXET OBITH
nojy4yeHa 0e3 THIATeNFHOrO BBIOOPA BHIMIEYOMSI-
HYTHIX MapameTpoB. B 3amaum oOydaromied mpo-
rpaMMbl, Kakod SIBJISIETCSl TpeHaXKep MAaIlWHHCTA,
B 3TOM CIllydae BXOJHUT JEMOHCTpAamHs TOTO, YTO
MOTJIO OBl MPOM3OUTH MPH KTAKHX-TO» JEHCTBUAX
MallMHUCTAa M0 ympaBieHHuo moe3faoM. [lostomy
B 3TOM CJIy4ae MOXHO 33a/1aTh CPEIHHE BEIMYHHBI
apaMeTpoB IPU HAUXYIIEM UX COUYCTAHUM.

Haquaﬂ HOBHU3HA U MPAKTHYECCKasA
3HAYUMOCTDH

B nanHOM HccnenoBaHnyM MpUBeIeHA METOANKA
onpexaencHus ko3 (UIMEHTa 3amaca yCTOWYHBO-
CTU OT BBDKMMAHHS IPOJOJBHBIMU CHJIaMH, He-
CKOJIBKO OTJIMYAONIAsiCs OT MpHUBeAeHHOM B [1, 8],
a TaKkXKe OICHUBAETCS BIUSHHE Ha 3TOT K03du-
LIUEHT CKOPOCTU JIBUXKEHUS MOJBUXKHOTO COCTaBa,
KOX(PGUIIMEHTOB BEPTHKAILHOW ¥ TOPH30HTAIb-
HOM JMHAMUKH, a TaKXe€ BETPOBON Harpy3Kd Ha
OOKOBYIO TIOBEPXHOCTh Ky30Ba BaroHa. Pa3zpabo-
TaHHBIE TPEIOKEHUS IO YTOYHEHHIO CYIIECT-
BYIOIIMX METOJIWK OTpEAeNeHHUs 3HAYCHHs IMpo-
JIOJIBHOM C)KUMAIOILIEW CHUJIbl, JEHCTBYIOUIEH Ha
BaroH, NpU KOTOPOH BeIWYHMHA KOI(PQPHUIMEHTA
3armaca yCTOMYMBOCTH OT BBDKHMAHUS OyJIeT paBHA
JIOTTyCTIMOMY 3HA4eHHIO, TIO3BOJIST OIICHHWBATH
YCTOMUMBOCTh Ka)JOr0 BaroHa IMoe3fa OT BBIKU-
MaHUS HETOCPEICTBEHHO BO BpEeMsI MOJEIMpPOBa-
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Husl ero ABrkeHusi. Haubosee 3dQexTHBHO wc-
MOJI30BaTh 3Ty METOAMKY B TpEHa)xkepax, MpeaHa-
3HAYEHHBIX I O0ydYeHHUs MAalIMHHCTOB Oe3omac-
HBIM CIIOCO0aM BOXKICHHMS IT0€3/10B.

Pe3ynbpTaThl HMccneqoBaHU HalIM CBOE Hay4-
HOE€ WCIIOJIb30BaHNE B Ps/ie MyOIMKaIMii aBTOPOB
B CIEIHAJIbHBIX U HAYUYHBIX W3JaHUSX, BBICTYILIE-
HUSAX Ha HAYYHBIX KOH(PEPCHIIUAX.

BoiBoabI

B pesynprare aHAMUTHUYECKUX WCCIEAOBaHUI
MOJIYYCHBI 3aBUCUMOCTH TIPOJOIBHOM CIKHUMAIO-
men CHUJIBI, JENCTBYIOLIEH Ha BaroH
C y4eTOM CKOPOCTH €ro ABIKEHUS, KO3 uimeH-
TOB BEPTUKAJIHLHON M TOPU3OHTAIBHON JTUHAMUKH,
BETPOBOM HArpy3Kku Ha OOKOBYIO IMOBEPXHOCTh Ky-
30Ba.

Takum o00pa3oM, TMOIYYCHHBIE PE3yJIBTATHI
pacyeToB IMO3BOJIAIOT OOBEKTHBHO OLCHUTH BIIHS-
HUE MEPEUYHUCIICHHBIX BBIIIC TapaMeTPOB Ha BEJH-
YUHY NPOAOIBHON CKUMAIOIIEH CUIIBI.
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BU3HAYEHHS 1OIIY CTUMHUX CHI
TP OHIHIOBAHHI CTIMKOCTI BAHTA’)KHUX BAI'OHIB
BII BUMAB/JIIOBAHHA B ITOI3TAX

Mera. B aHaniTHYHOMY TOCIIKEHHI PO3TIIAAAIOTHCS: 1) 3B’SI30K MiX MO3I0BKHBOIO CHJIOO, IO [i€ HA BaroH
y ckimami moizaa; 2) OivuHi Ta BepTUKAIbHI CHIIM B3a€MOJii y 30HI KOHTaKTy Kojieca W peiku; 3) AuHaMiuHi
MOKA3HUKH BAaroHiB i3 BEIMYHHOK KoedillieHTa 3amacy CTIHKOCTI BiJi BHYAaBIIOBaHHS; 4) OTpUMAaHHS 3aJI€KHOCTEH
Mik HUMH. MeToauka. J[ociixKeHHS TIPOBOIIIOCS aHATITHIYHAM METOJIOM OIIHKH CTIHKOCTI BaHTa)XXKHOTO BaroHa
TIPH pyci 3 pi3HUMHU IIBUAKOCTSMH I10 NMPSIMHUX Ta KPUBHX JIUITHKaX Koiii. PesyabTaTm. Y mporeci nociimkeHH]
pyXy moi3na, mpu po3cilijyBaHHI TPAHCIIOPTHUX IIO/IH, a TAKOX Il YaC BUKOHAHHS HaBYAIBLHOI'O 3aBJIaHHS Ha
TpeHaXepi MaIIuHIiCTa IS OIIHKH HOTO Mdif BUKOPHUCTOBYIOTHCS BEIWYMHM MO3IOBXKHIX CHJI Y MiKBarOHHHX
3’enHaHHAX. OTpUMaHO BUpa3 JUIsl OOYMCIICHHS 3HAYCHHS MO3IOBKHBOI CTUCKAIOYOi CHIIM, JIFOYOi Ha BAaroH, HpH
SKi BemMYMHA KoeQillieHTa 3amacy CTIHKOCTI Bil BHUYABIIOBaHHA JOPIBHIOBATHME JOIYCTHMOMY 3HAYCHHIO
(kputiuna cwuma). JIIs OIIHKK BIUIMBY HAa BEIMYHMHY IIO3MOBXKHBOT CHJIM IMBHIKOCTI pyXy, KoedirieHTiB
BEPTUKAJIBHOI Ta TOPU3OHTAIBHOI TUHAMIKH, a TAKOK BITPOBOTO HaBaHTAXKEHHS Ha O1UHY IMOBEPXHIO Ky30Ba BaroHa
HaBEJICHO PE3yJIbTaTH PO3PaxyHKIB PyXy MOPOKHBOro miBBarona mogeini Ne 12-532 no kpusiit pagiycom 250 M i3
nigHeceHHsaM 150 MM i monepeyHrM po30iroM pamMu Ky30Ba BaroHa IIOA0 OCI HIISIXY B CHPSMOBYIOYOMY IEpeTHHI
B 50 MM. HaykoBa HOBH3HA. Y JaHOMY JOCIIDKCHHI HaBEJCHO METOIUKY BH3HAUCHHS MMO3JI0BXKHBOI CTHCKAIOUOT
CHWJIH, sIKa JIEIIO PI3HUTHCS BiJl 3arajlbHOMPHUIHATOI. TaKoXK OIIHIOETHCS BIUIMB HA HEi IMIBHIKOCTI PyXy PYyXOMOTO
CKJIaay, KoedilieHTiB BEpTUKAIBHOT Ta TOPU30HTAILHOT AMHAMIKY i BITPOBOTO HaBAaHTA)KEHHS Ha OIYHY ITOBEPXHIO
Ky3oBa BaroHa. IIpakTM4Ha 3HA4YMMicTb. ABTOpPaMH pO3pOOJICHO NPOMO3MIII II0J0 YTOYHEHHS i1CHYIOUHX
METOJIMK BU3HAYEHHs 3HAYEHHS IT03JI0BXXHBOI CTHCKAIO4Ol CHIIH, JIiF04O01 Ha BaroH, NMpH AKil BeJIMUMHA KoedilieHTa
3amacy CTIHKOCTI BiJl BHYAaBIIOBaHHS JOPIBHIOBaTHME JONYCTUMOMY 3HaueHHI0. Lle 103BONHTH OLHIOBATH
CTIMKICTDH KOXKHOTO BaroHa I0i3/a BiJl BUYaBIIOBAaHHS Oe3MocepeIHbO IIij] 9ac MOJEIOBaHHS Horo pyxy. HaiOimem
e(eKTHBHO BHKOPHCTOBYBATH LI0 METOJWKY MOXKHA B TPEHaXKepax, NPHU3HAYCHHX I HaBYaHHS MAIINHICTIB
6e3neyHrM crioco0aM BOIIHHS HOi3/IiB, Ta IPU PO3CIIiAyBaHHI IPHYUH CXOAY BaroHiB.

Kniouosi cnosa: 6e3mneka pyxy; BITpoBe HaBaHTKEHHS; OiYHA TIOBEPXHs Ky30Ba; HOPMH PO3PaxXyHKY,; CTIHKICTh
BaroHiB BiJl BUYAaBIIOBAaHHS; MIBUAKICTh PyXy; KOS(IIIEHT CTIHKOCTI; MO3/IOBXHS CTHCKAl04a CHiIa
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DETERMINATION THE PERMISSIBLE FORCES IN ASSESSING
THE LIFT RESISTANT FACTOR OF FREIGHT CARS IN TRAINS

Purpose. In the analytical research are considered: 1) relationships between the longitudinal force acting on the
car in the train; 2) lateral and vertical forces of interaction in the contact zone «wheel — rail»; 3) dynamic indicators
of cars with the magnitude of the car lift resistance factor; 4) obtaining of the dependencies between them. Method-
ology. The study was conducted by an analytical method assessing the sustainability of the freight car when driving
at different speeds on the straight and curved track sections. Findings. In the process of studying the motion of the
train, in the investigation of transport events, as well as during the training on the simulator operator, to assess the
actions of the driver, the values of the longitudinal forces in the inter car connections are used. To calculate the lon-
gitudinal compressive forces, acting on the car, in which car lift resistance factor will be equal to the allowable value
(critical force). To assess the impact on the value of the longitudinal force speed, coefficients of the vertical and
horizontal dynamics, as well as the wind load on the side surface of the car body are the results of calculations of
motion of the empty gondola car, model Ne 12-532 curve radius of 250 m with a rise of 150 mm and a transverse run
of body of car frame relative to the track axis of the guide section 50 mm. Originality. In this study, the technique
of determining the longitudinal compressive force was shown, that is somewhat different from the standard. So, as
well as assessing the impact on it the speed of rolling coefficients of vertical and horizontal dynamics and wind load
on the side surface of the car body. Practical value. The authors developed proposals on the enhancement of exist-
ing methods for determining the value of the longitudinal compressive forces acting on the car in which the safety
value of the car lift resistance factor will be equal to the allowable value. It will evaluate the stability of each train
car lift resistance factor directly during the simulation of its movement. The most effective use of this technique in
the simulator designed to teach the drivers a safe way of driving trains and in the investigation of the causes of cars
derailment.

Keywords: safety; wind loading; lateral surface of the body; rules for calculation; car lift resistance factor;
speed; stability factor; longitudinal compressive force
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B3AUMOCBA3b MEXAY TEXHOJTOT'HYECKUMU ®PAKTOPAMUAU
1 OCHOBHBIMHM CBOMCTBAMU MEXAHOAKTUBUPOBAHHBIX
MEJIKO3EPHUCTBIX BETOHOB

Leab. B cratbe HEOOXOAMMO MPOBECTH YCTAHOBJIEHHE 3aKOHOMEPHOCTEH BIIMSHHS COCTAaBA MEJIKO3EPHHCTHIX
0eTOHOB, MOJIyYaeMbIX Ha OCHOBE JIOMEHHBIX I'DaHYJIMPOBAHHBIX LUIAKOB, M MPOJOJDKUTEILHOCTH 00paboTku Oe-
TOHHOH CMECH B CMECHTeJIe-aKTHBAaTOPE Ha OCHOBHBIE CBOIcTBa Marepuana. Meroauka. /[y JOCTH)KEHHS ITOCTaB-
JICHHOI 1e/TH B Pab0Te UCIIOIB30BAH MOMHO(DAKTOPHBII SKCIIePUMEHT ThMa 2°. B KauecTBe MepeMEeHHBIX ObUIH TpH-
HSTHI: COOTHOIICHHE MEXy LEMEHTOM U JOMCHHBIM IPaHyJIMPOBaHHBIM HUTaKoM (X;) M IPOIOIDKHTEIBHOCTD 00-
paboTku OETOHHOM cMecH B cMecuTene-aktuarope (X;). BerxomHbiMu (akTopamu, T.e. KOHTPOJIUPYEMBIMH CBOIA-
CTBaMH, OBUIM: PaHHSSA HPOYHOCTh B 7-cyTounoM Bospacre (Y;=f7 .y,), cTaHIapTHAs NIPOYHOCTH B 28-CYyTOUHOM
Bo3pacte (Y,=fog cyr) M cpemHss mnoTHOCTH GeToHa (Y3=p), TBEPACIOIET0 B HOPMAIbHBIX YCIOBHSX. Pe3yabTaThl.
AHanu3 NOJIy4eHHBIX MOJIENEH perpecCHy CBUICTEILCTBYET O TOM, YTO C YMEHBIICHUEM COJIEPKaHUs 3all0OTHHUTEIL
B cocTaBe 0ETOHAa M IOBBIICHUEM IMPOJODKUTEIBHOCTH OOpabOTKH CMECH B CMECHTENe-aKTUBATOPE MPOYHOCTh
B pa3HbIe CPOKU TBEPJAEHMS U IUIOTHOCTh OeTOHa Bo3pacTatoT. [Ipu aToM Ooubliiee BIUSHUME HAa CBOMCTBa OETOHA
UMeeT U3MEHEHHEe COCTaBa cMecH. Tak, IpH 0AMHAKOBOM BpEMEHHU 00pabOTKH cMecH IPOYHOCTh OETOHA B BO3pacTe
28 cytok nonmxkaetcs npumepro Ha 30 % mexmy cocraBom 1:3 u 1:4; Ha 22 % — mexnay cocraBom 1:4 u 1:5; Ha
13 % — mexny cocraBoMm 1:5 n 1:6. Ta e 3aKOHOMEPHOCTH NPOCIECKUBACTCS U JJISl paHHEH NMPOYHOCTH OeTOoHa.
[TnoTHOCTH OETOHA MaJI0 U3MEHSIETCS], €€ KpUBasl paclojIokeHa NPAaKTHYECKH B OJHOM rutockocT. Tak, mpy paBHOM
MPOJIOJDKUTEIBPHOCTA 00pa0OTKU CMECH pa3jindie 3HAaYeHWH MmoTHOCTH Juist coctaBa 1:3 u 1:9 cocrasmser 7,6 %.
YBenuueHrne BpeMeHH 00pabOTKH cMecH Ha 6 C BO BCEM HCCIIEAyeMOM IHara3oHe AaeT MPUPOCT MPOYHOCTH B 28-
CYTOYHOM BO3pacTe mpuMepHO Ha 7/—8 % 11t BceX cocTaBoB. 3HaUCHHE paHHEH MPOYHOCTH m3MeHseTes Ha 12—-14 %
MeXay cMechto, oopaborannoii 3a 30 u 36 c. 3aTeM Ha KakJ0e MOCIeIYIOlIee YBEIUUSHUE MPOAOJIKUTEILHOCTH
00paboTku Ha 6 ¢ 3T0 pasnuuue cHuxaercs Ha 1 % s Bcex cocTaBoB. M3MeHeHHWe IUIOTHOCTH OETOHA NpHU
BapbUPOBAHUM BpEeMEHHU 00pabOTKK cMecH (akTUUeCKH He M3MeHsieTcsl u coctaBisier 1-2 % npu uHTepBaje B 6 ¢
BO BCEM HCCIEIyeMOM JAMara3oHe Juisi Bcex cocraBoB. HayuHasi HoBu3Ha. BriepBbie ompesenieHbl ypaBHEHUS
perpeccuy, CBS3BIBAIOIINE TMPOAOJIKUTEILHOCT AKTHBAIlMM MEJIKO3EPHUCTOH OETOHHOW CMECH M €€ COCTaB
C OCHOBHBIMH cBoilicTBamMu OertoHa. IIpakTnyeckass 3HaumMocThb. [loilydeHBl ypaBHEHHsS perpeccuu
u rpaduueckre MoBepxXHOCTH, 10 KOTOPBIM MOXKHO OIIPENEIUTh NOKa3aTeIN TEXHOIOTHUECKHX (haKTOpOB, KOTOPBIE
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o0ecrieyMBarOT  IOJNlydYeHWE 3aJaHHOW  paHHEH,
MEXaHOAKTHBHPOBAHHOTO MEJIKO3EPHICTOrO OETOHA.

CTaHJIapTHOM

NPOYHOCTH M CpPeIHEH  IUIOTHOCTH

Kniouesvle cnosa. MeXaHOAKTUBHPOBAHHBIE MEJIKO3EPHHUCTHIC OCTOHBI, JOMEHHBIC I'DaHYJIHPOBAHHbIC IIJIAKH,
TEXHOJIOTHYeCcKue (HaKTOPbI; PaHHSS IPOYHOCTh OETOHA; CTAHAApTHAs NIPOYHOCTH OSTOHA; CPeqHss IIOTHOCTH Oe-

TOHAa

BBenenue

C KaxabIM TOJIOM BOMIPOCHI pecypcocOepexe-
HUSl ¥ CHIKCHUS MAaTepUAIOEMKOCTH B OTpaciH
NpPOU3BOJICTBA OETOHOB CTAHOBSTCS BCE OCTpee
M akTyajbHee. DTOr0 MOXHO JOCTHTHYThH MyTeM
BOBJICUCHHSI BTOPUYHBIX MATEPUATBLHBIX PECYPCOB
B KayecTBE OCHOBHOTO CBHIPhS, M3TOTABIMBACMBIX
CTPOUTEIHHBIX MaTEPUAIOB W M3JCIHH, a TakxKe
MPOBECHHS CIEIUATBHBIX TEXHOIOTHYECKUX OTle-
panui, CrocoOCTBYIONIMX MOJHOMY PaCKPBITHIO
U TPOSIBJICHUIO MOTCHIHAIBHBIX BO3MOXHOCTEH
MCTIOJIb3YIOIIUXCSI KCXOIHBIX BEIIECTB, YTO MO3BO-
JIUT COKPATHTh UX pacxoi. Tak, Mo Hamiemy MHe-
HHIO, TIPU MPOU3BOJCTBE MEJIKO3EPHHCTHIX OETO-
HOB B Ka4eCTBE OCHOBHOT'O CBIPbs I€J€CO00pa3HO
MPUMEHSTh JTOMEHHbIC TPaHYJIMPOBAHHBIC IIIAKH,
obpasyromuecss B pe3ysIbTaTe OXJIaKICHUs M000Y-
HBIX MPOJYKTOB METAJUTyPTrHYSCKOW MPOMBIILICH-
HOCTH — OTHEHHO-)KHJKHX IUIAKOB. A JJisi MOBBI-
HICHUS €M0 XUMHUYECKOW aKTUBHOCTH U YITyUIICHHSI
psiia IpyruX CBOWCTB, @ TAK)KE MOJHOTO HCIIOJb-
30BaHHMs PEAKIUOHHOW BO3MOXKHOCTH LIEMEHTA
W UCKJIFOUCHHS B COCTaBE HOBOOOpa3oBaHMii OeTO-
Ha 3CPCH HEMPOTUAPATUPOBABIINX KIMHKEPHBIX
MHUHEPaJIOB MPOBOJUTH MEXaHOAKTHUBAIIMIO KOM-
MOHEHTOB  MEJKO3CPHHUCTON OCTOHHOW CMeCH
B CMECHTENIe-aKTHBATOPE POTOPHOTrO THMA. TeXHu-
YeCKHEe XapaKTePUCTHKM W TPUHIMIT JCHCTBHS
JTAHHOW YCTAHOBKM PACKPBITHI HAMH B padboTax
[2; 10]. DTo mo3BOISLET OTKA3ATHCS OT IPHPOIHOTO
MCKOITaeMOro TeCKa W CHHU3HTh PacXoj LEeMEHTa
B cocTaBe OCTOHA MPU COXPAHEHHH €ro JKCILTya-
TAI[MOHHBIX XapaKTEPUCTHUK.

IIpobneme 3¢ GhHEeKTHBHOTO HCIIONH30BAHUS J0-
MEHHBIX TPaHyJIMPOBAHHBIX MUIAKOB C YYETOM
CTPYKTYPHBIX M TMPOYUX OCOOCHHOCTEH TAHHOTO
CBIPbSI TIOCBSIIIEHO MHOXECTBO Pa0OT M YKpauwH-
CKHUX, poccuiickux yuensix [4; 5; 6; 7; 9; 11; 12],
U aBTOpOB JanbHero 3apyOexbs [13—16]. Nmes
CXOJIHBIA XUMHUECKHIA cOCcTaB (OCHOBHBIC OKHCIIBI
Ca0, SiO,, Al,0;, MgO) ¢ TpagUIMOHHBIMK
CTPOUTENILHBIMH MaTepHaiaMd — TECKOM, I[eMEeH-
TOM W Jp. MOMCHHBIH TpaHyIMPOBAHHBIA IIITaK
SIBIISICTCSL JICMICBBIM U 3(G(GEKTUBHBIM WX 3aMCHU-
teneM. Tak, B pabotax [5; 6; 7] ydeHble yacTh

MEJIKOTO 3aIlOJIHUTEINISl MEecKa B COCTaBe JICTKUX
0OCTOHOB sl TIOJICTHJIAIOLIETO CJIOSl MOJOB PEKO-
MEHIYIOT 3aMEHHUTh Ha JIOMCHHBIN TpaHyJIUpPOBaH-
HBI [UIaK B OMNpPEICIICHHOM HUX COOTHOUICHUH,
o0ecreunBaionieM palroHaJbHBIA 3epHOBOH CO-
CTaB KOMITOHEHTOB OeToHa. B [14] aBTOpmI mpen-
JaraloT COCTaBbl OCTOHOB, COAEPXKAIIMX IPUPOJI-
HBIE ¥ MPOMBIIIJICHHBIE MHHEpaJbHbIE JOOABKH
(Ty®d, nOMeHHBIH TpaHYJIMPOBAHHBIN IIIAK, 30JIy-
YHOC), KOTOpbIE 3aMEHSIOT YacTh [IEMEHTA.

Hean

YcraHoBNeHNE 3aKOHOMEPHOCTEH BIMSHUS CO-
CTaBa MEJKO3EPHUCTHIX OETOHOB, MOTYYaeMBIX Ha
OCHOBE JIOMECHHBIX TPaHYJHMPOBAHHBIX IIJIAKOB
U MPOJOJKUTEIILHOCTH 00paboTKH OETOHHOU cMe-
CH B CMECHTEJIe-aKTHBATOpE, Ha OCHOBHBIC CBOIi-
CTBa MaTepHaa.

MeTtoanka

JInst OCTH KEHHs TIOCTABICHHOM 11en B paboTe
HCIIOIB30BaH TOJHO(PAKTOPHBIA SKCIEPUMEHT TH-
na 2°. B KauecTBe MepeMEHHBIX OBLIH MPHHSTHL:
COOTHOILICHHE MEXIY LEMEHTOM U JOMEHHBIM
IpaHyJIMPOBaHHBIM HUTaKOM (X1) W MPOIOIIKH-
TEJNLHOCTh 00pabOTKN OETOHHOW CMECH B CMECH-
tene-akTuBaTope (X;). BrixomnbiMu (akropamu,
TO €CTh KOHTPOJUPYEMBIMH CBOWCTBAaMH, OBLIH
NPUHATHl PAHHSA TPOYHOCTH B 7-CyTOYHOM BO3-
pacre  (Yi=fryr),  cTaHmapTHast  IPOYHOCTH
B 28-cyrounom Bozpacte (Yo=frgyr) M cpemmss
miotHocTs OeroHa (Y3=p), TBEpAEBIIEr0 B HOp-
MaJIbHBIX yCIOBHSIX.

Pe3yabTaTthl

[Ipu pa3zpaboTke HOBBIX COCTaBOB OETOHOB,
TEXHOJIOTMH H3IOTOBJIEHUS KOTOPBIX OTJIMYAIOTCS
OT OOLIETIPHHATHIX TPAAULIMOHHBIX, BaXHO ycCTa-
HOBHUTH B3aWMOCBSI3b MEXKIY TEXHOJIOTHYECKUMHU
(haxTOpaMu U OCHOBHBIMHU CBOMCTBAMH H3IOTABIIH-
BaeMOro marepuajga. JTO MO3BOJHUT MOJy4arh Oe-
TOH HEO0OXOJWMOI0 KayecTBa C 3aJaHHBIMU paH-
HEH, CTaHIapTHOW MPOYHOCTHIO M CpPEAHEH MIOT-
HOCTBIO TIPM MUHHUMAaJIBHOW €ro ce0ecTOMMOCTH
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yepe3 peryjJupoBaHUE OIPEACIICHHbIX 3HAaYCHUI
TEXHOJIOTHYECKUX (DAaKTOPOB.

JIns 3TOrO MCHOJB30BANCSA MOJHOMAKTOPHBIH
sKcrepuMenT Trma 22, TIpy MpOBECHHH HCCIe0-
BaHUN TNPHUMEHSINCh JINTEPATYPHBbIC JIaHHbIC
ciaenyromux aBTopoB. B. A. BosHeceHckoro,
T. B. JIsmenxko, b. JI. Orapkosa, }0. M. baxeHosa
n H. M. Epmosoii [1; 3; 8].

B kauecTBe TEXHOJIOTHUECKHUX (DAKTOPOB OBLIH
TPUHATHl COOTHONICHUS MEXIY IIEMEHTOM H JIO-
MEHHBIM TPaHyJIMPOBaHHBIM muIakoMm (X;) U mpo-
JOJDKUTENBHOCTh  00paboTKM OeTOHHOH cMecH
B cMmecuTene-aktuBatope (X). BeixomHeiMu dak-
TOpaMH, TO €CTh KOHTPOIHPYEMBIMH CBOWCTBAaMH,
ObUTH: paHHSS NMPOYHOCTH B 7/-CyTOYHOM BO3pacTe
(Y1=f7¢yr), cTaHmApTHAS TPOYHOCTH B 28-CyTOYHOM
Bo3pacte (Y2=fzs cyr) U CpeqHSAS IWIOTHOCTH OeTOHA
(Ys=p), TBepaeBIIEr0 B HOPMAJIbHBIX YCIOBHUSIX.
VCnoBUs TUTAHUPOBAHUS IKCIIEPUMEHTA TPUBE/IE-
HBI B Ta01. 1.

Tabnuma 1

YcnoBus IUIAHHPOBAHMS IKCIIEPHMEHTA

Table 1
Terms of experiment design
YpoBHU BappUpoBa-
DaxTopsl s Unrep-
Ball Ba-
Hary- Konupo- pbH-
payIbHBII BaHHBIN -1 0 +1 poBaHust
BUJL BUJL
CocraB

GeToHa X1 1:3 1:6 1:9 1:3
11

IIpo-
JIOJDKH-
TCJIb-
HOCTB X, 30 45 60 15
o0pa-
00TKH,
c

Marpuna IUIaHHpOBaHUS DKCIEPUMEHTA U pe-
3yJbTaThl HMCHBITAHUNA OOpas3IOB MPEACTABICHBI
B Ta0m. 2.

Ha ocHOBaHMH 3KCIEPUMEHTAIBHBIX JTaHHBIX,
mo popmynam pabot [3; 8], paccunTaHbl 3HAUEHMS
k03 HUIIHEHTOB ypaBHEHUH perpeccur. Pe3yiib-
TaThl CBEIEHLI B Ta0II. 3.

BBI'-II/ICJ'IGHHBIC 3HAYCHUA IlOBepI/ITeJ'H)HOFO HH-
TepBana st K03(h(HUIIMEHTOB YpaBHEHUN perpec-

cn f7 oyr, fog oy 11 p paBHbI 0,8682; 1,991 u 128 co-
oTBeTcTBEHHO. KO3 huIiMenTsl ypaBHEHUN per-
peccur, aOCONIOTHBIC 3HAYCHUS KOTOPBIX OBLIH
MEHBIIIe 3HAYCHWs JIOBEPUTEIBHOTO HWHTEPBAIA,
MPU3HABAINCH HE3HAYMMBIMHU U BMECTE C COOTBET-
CTBYIOIIUMU MM YJICHAMH YpaBHEHHUS HCKIIOYa-
JIUCH U3 Hero cornacHo [1; 3; 8].

Ilocme yTOYHEHHS TONYYEHBI CIEAYIONINE
YpaBHEHUSI PErPecCUU, KOTOPHIC XapaKTepU3YIOT
B3aMMOCBSI3b MEXKJy MapamMeTpamMy ONTUMU3AIUU
Y TEXHOJIOTHYECKUMU (haKTOpaMH:

— paHHSIS TPOYHOCTH OETOHa B 7-CYTOYHOM
BO3pacTe

f, ., =11,42-8,33- X, +2,93- X, -1,82- X, - X,;

7 cyr

— CTaHJapTHas TPOYHOCTE OeToHa B 28-

CYTOYHOM BO3pacTe

f =20,1075-12,2175- X, +3,4925- X,;

28 cyt
— CpenHss IIOTHOCTh OeTOHA
p=1919,5-105,5- X, +61,5- X,.

PacuerHbie 3HaueHus kputepus duiiepa A
freyrs Toseyr 1 p paBHBL 0; 2,5036 1 0,732 cooTBeTCT-
BEHHO, YTO MECHBIIEe TaOMUYHBIX AaHHBIX (6,39;
6,59 u 6,59), a 3HAYMT, ypaBHEHHS PETPECCUH ajle-
KBAaTHO ONHCHIBAIOT Pe3yJbTaThl JKCIEPUMEHTA.
AHanu3 MOJyYeHHBIX MOJAEIel perpeccuu CBUje-
TEJILCTBYET O TOM, YTO HaumOoJIbllIee BIMSHHUE Ha
UCCIIeyeMble XapaKTePUCTUKH OETOHAa MMEET CO-
OTHOIIICHUE BSDKYIETO W 3AIOJIHUTENSI B COCTaBE
OETOHHOW CMecH.

Ha ocHOBe noy4eHHBIX ypaBHEHUH perpeccuu
MOCTPOCHBI Tpaduyeckrue MOBEPXHOCTH BIHUSHUS
cocTtaBa 0ETOHA U MPOJOKUTEIBHOCTH 00paOOTKH
OCTOHHOW CMECH B CMECHTEIIe-aKTHBATOPE Ha paH-
HIOIO INIPOYHOCTH B /-CyTOYHOM BO3pacTe, CTaH-
JApTHYI TIPOYHOCTh B 28-CyTOYHOM BO3pacTe
W CPEIHIOI0 MIOTHOCTH OeToHa (puc. 1).

Pe3ynbraTel TUIaHWPOBAHUS CBUACTEIHCTBYIOT
0 TOM, 4TO C YMEHBIIICHHEM COJICPIKaHHsI 3aIOJIHH-
TeJsl B cocTaBe OETOHA M TMOBBIIICHHEM IMPOIOI-
KUTETBHOCTH OOpa0OTKH CMECH B CMECHTelle-
aKTHUBATOpE, MPOYHOCTh B Pa3HbIE CPOKU TBEpIie-
HUS ¥ IUIOTHOCTH OeToHa Bo3pactatoT. [Ipu stom
Oospllice BIMSHHUE Ha CBOMCTBA OETOHA MMEET H3-
MEHEHHE COCTaBa CMeCH. TaK, MpPH OJUHAKOBOM
BpeMeHH o0paboTKH CMecH, NMPOYHOCTh OeTOHA
B 28 cyTok moHmxkaerca npumepHo Ha 30 % mex-
ny coctaBoM 1:3 u 1:4, Ha 22 % Mexmy cocTaBoM
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1:4 u 1:5, na 13 % mexnay cocraBom 1.5 u 1:6. Kak
BUIHO, CYIICCTBCHHAsA pasHHULA B INPOYHOCTU HaA-
Omonaercs y KUpHbIX cMeceil. C yMeHbIIEHHEM
CoJiepyKaHUs [IEMEHTA B COCTaBe OCTOHA 3HAUCHUS
MMPOYHOCTH BBIPABHUBAIOTCS, a KpUBas Ha puc. 1, 6

CTAHOBHUTCH 00JIEE TTOJIOI 0.
Tabnuna 2

MaTpuua NJIAHUPOBAHMS IKCIIEPUMEHTA
H pe3yJIbTaThl HCNILITAHUN 00pa3oB
Table 2

Matrix of experiment design and the results
of samples tests

o [ reremons s | g e
/i CyTO4HOM Bo3pacte, MIla
X4 X2 fy f fep.
1 +1 -1 2,07 1,89 1,98
2 -1 +1 25,4 23,6 24,5
3 -1 -1 15,8 14,2 15
4 +1 +1 44 4,0 4,2
OxoHyaHue tabn. 2
End of table 2
fag cyr — CTAHmAPTHAS
MIPOYHOCTH 00Pa3IIOB p — INIOTHOCTH 00Pa3IoB
Ne | Getona B 28-cyTounom 6etona, kr/m®
n/n Bospacte, MITa
fy f, fcp. p1 P2 Pep.
1] 669 | 603 | 636 | 1825|1745 | 1785
2 139,83 3573|3778 2132|2106 | 2119
3 12854 | 252 | 26,87 | 1963 | 1899 | 1931
4 1991 | 893 | 942 | 1907|1779 | 1843
Tabnuma 3

Kos¢punnentnl ypasHennii perpeccun
Table 3

Coefficients of regression equations

[Tapamerp onTuMu3anuu Koaddunuents! ypaBHeHuH
perpeccun
bo by
f7 cyr 11,42 -8,33
28 cyr 20,1075 -12,2175
p 1919,5 -105,5
7 eyr 2,93 -1,82

7 25,00-30,00
£920,00-25,00
£115,00-20,00
= 10,00-15,00
5,00-10,00
£10,00-5,00

=35,00-40,00
£330,00-35,00
£125,00-30,00
20,00-25,00
£115,00-20,00
I 10,00-15,00
£5,00-10,00
010.00-5.00

Puc. 1. Bimusaue coctaBa 6eToHa

U IPOIOJKUTEIBHOCTH 00paOOTKH OCTOHHOM
CMECH B CMECHTEIIE-aKTUBATOPE HAa:
@ — PaHIOIO MIPOYHOCTh B 7-CYyTOYHOM BO3pAcTe;
6 — CTaHAAPTHYIO IPOYHOCTh
B 28-CyTOYHOM BO3pacTe;
6 — CPeIIHIOK [UIOTHOCTh OeTOHA

Fig. 1. Effect of concrete mix and the processing
time of concrete mix in the agitator mixer for:
a — early strength in 7-days of age; b — standard
strength in 28 days of age;
¢ — the average density of concrete

Ta >xe 3aKOHOMEpPHOCTh MTPOCIEKUBAETCS M IS
panHel mpouHOoCTH OeToHa. IlmoTHOCTH OeTOHA
MaJl0o M3MEHSIETCs, €€ KpUBasi PaclojokeHa Tpak-
TUYECKU B OJHOM MuIOoCKOCTH. Tak, mpu paBHOMU
NPOIOJKUTENFHOCTH 00pabOTKM CMECH, pa3iudne
3HAUYEeHUH II0THOCTH 11 coctaBa 1:3 u 1:9 co-
crasisier 7,6 %. YBenudueHue BpeMeHH 00pabOTKH
cMecn Ha 6 C BO BCeM HCCIIEIyeMOM TUaria3oHe
JIaeT MPUPOCT MPOYHOCTHU B 28-CYyTOUYHOM BO3pacTe
npumepHo Ha 7—8 % ans Bcex cocTaBoB. 3HAYCHUE
panHell npouHOCTH U3MeHseTcs Ha 12—14 % mex-
ny cMmecklo, obpaborannoit 30 u 36 c. 3aTtem Ha
KKI0€ TOCIeNyIoNiee YBEIMYSHHE ITPOJIOIIKH-
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TEJIBHOCTH 00pabOTKH HA 6 C 3TO pas3jiuyue CHH-
skaetcs Ha 1 % mig Bcex coctaBoB. M3meHeHue
IUIOTHOCTH O€TOHA TpPU BaphUPOBAHUH BPEMEHU
00paboTku cMecH (QaKTUYECKH HE W3MEHSETCS
u coctaBiseT 1—2 % mpu uHTEpBaie B 6 ¢ BO BceM
HCCIICyeMOM JIHara3oHe JJIsi BCEX COCTABOB.

Hayunasi HOBU3HA U PpaKTHYecKast
3HAYUMOCTh

BrnepBeie omnpeneneHsl ypaBHEHHS PETPecCHH,
CBA3BIBAIOLINE TMPOJOJIKUTENBHOCTh AKTHUBALMU
MEJIKO3EpPHUCTOM OCTOHHOW CMECH U €€ COCTaB
C OCHOBHBIMH CBOMCTBaMH OETOHA.

IIpakTnueckas 3HauuMMocCTh. [lomyudeHsl ypas-
HEHHSI PErpeccHd U TpaduyecKue MOBEPXHOCTH,
[0 KOTOPHIM MOXXHO ONPEAENUTh MTOKAa3aTeNnn TeX-
HOJIOTHYECKHUX (PaKTOPOB, KOTOPHIE OOECTIEYNBAIOT
MOJTyYeHHUE 3aJJaHHOM paHHEW, CTaHJapTHOW MpoY-
HOCTH U CpeIHEeH IUIOTHOCTH MEXaHOAKTHBUPO-
BaHHOI'O MEJIKO3EPHUCTOI0 OETOHA.

BoiBoabI

B xoze npoBeneHHBIX uccie10BaHuil ObUIO On-
peliesieHO BIMSHUE cOCTaBa OCTOHA M IPOMOJIKHU-
TeNIbHOCTH 00paldOTKM OETOHHOHM CMecH B cMecH-
TeJle-aKTHBAaTOpE Ha PaHIOI, CTaHAAPTHYIO MpOY-
HOCTh U CPEIHIOI IIOTHOCTH OETOHA; IMOJIYYCHBI
YPAaBHEHUS PErPECCUM, aNE€KBATHO OIIMCHIBAIOLIME
pe3ybTaThl SKCIIEPUMEHTA; ITOCTPOEHBI rpaduye-
CKHE TIOBEPXHOCTU BIMSIHUS TEXHOJIOTMYECKUX
(baxTOpOB Ha HCCIEAyeMbIe CBOWCTBA MaTepHala.
AHanmu3 MONy4YeHHBIX MOJIEIeH perpeccuu CBUE-
TEJILCTBYET O TOM, YTO HauOoOJIbIlIee BIMSHHUE Ha
uccielyeMble XapaKTepUCTHKH OeTOHa HMEET Co-
OTHOIICHUE BSDKYIETO W 3AIOJIHUTENS] B COCTaBe
OeroHHOW cMmecH. B 3aBUCHMMOCTH OT KOHLEHTpa-
UM JOMEHHOIO I'paHyJIMPOBAaHHOTO ILUIAKA B CO-
cTaBe 0ETOHA MOXKHO IONYYUTh U3ZEHS C KJac-
com npounoctd or C5 mo C25 mpu cpenneit
mwiotHocTH oT 1 818 10 2 033 kr/v’.
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B3AE€EMO3B’A30K MI’K TEXHOJIOT'TYHUMU ®AKTOPAMHA
TA OCHOBHUMH BJACTUBOCTAMUN MEXAHOAKTUBOBAHUX
JAPIBHO3EPHUCTUX BETOHIB

Merta. B craTTi He0OXiZHO MPOBECTH BCTAHOBJIECHHS 3aKOHOMIPHOCTEH BIUTUBY CKIIAAy ApiOHO3EpHHCTHX OeTo-
HiB, OZCpP)KyBaHUX Ha OCHOBI JOMEHHHX I'pPaHyJhOBAHMX MUIAKiB, Ta TPUBAIOCTI 00pOOKH OETOHHOI cyMmimIi B 3Mi-
IyBayi-aKTHBAaTOPl HA OCHOBHI BJacTHBOCTI Marepiany. Meroauka. J{Jsi JOCSTHEHHs OCTABJICHOI METH B poOOTI
BHKOPUCTAHHi MOBHO(DAKTOPHUH ekcriepuMeHT Turmy 2°. B SKOCTi nepeMiHHHX GyIu TPHIHSTI: CITiBBiXHOIICHHS
MiK [IEMEHTOM i TOMEHHHUM TPaHyJIbOBAHUM IILTAKOM (X;) Ta TPHBANICTh 0OpPOOKH OETOHHOI CyMilli B 3MilTyBadi-
aktuBaropi (X,). Buximnumu dakTopamy, TOOTO KOHTPOJHOBAHMMH BJIACTUBOCTAMHM, OYNH: paHHS MiLHICTh
B 7-no6oBomy Biui (Y1=f7 46), cTanmapTHa MilHicTh B 28-1060BoMy Billi (Y,=f,g 4is) Ta cepenHs WUIBHICTE OSTOHY
(Y3=p), skuit TBEpAHYB Y HOpMAIBLHHX yMOBax. Pe3yJbTaTu. AHani3 OTpUMAHHUX MOJeNel perpecii CBITYUTh PO
Te, IO 31 3MEHIIEHHIM BMICTY 3allOBHIOBAaYa B CKJIAJi OCTOHY W MiJBUINECHHIM TPHUBAIOCTI OOPOOKH CyMmimli B 3Mi-
[IyBavi-aKTUBATOPi, MIIHICTh Y Pi3HUIA TEpMiH TBEpAIHHS Ta MIUIEHICTh OCTOHY 3pOCTarOTh. [IpW 1ibOMy OiNBIITHIA
BIUIMB Ha BIACTUBOCTI OCTOHY Mae 3MiHEHHS CKJIany cywmimi. Tak, Ipyu oIHAKOBOMY TEpPMiHI 00pOOKH CyMillli Mill-
HiCTh OeToHy y Billi 28 i 3umkyethes npubausno Ha 30 % mixk ckiagom 1:3 ta 1:4; Ha 22 % — Mix ckinanom 1:4
ta 1:5; Ha 13 % — mix ckiagom 1:5 Ta 1:6. Ta sk 3aKOHOMIpPHICTh MPOCTEIKYETHCS 1 Il PAHHBOT MIIIHOCTI OETOHY.
HlinpHicTh OETOHY Majlo 3MIHIOETHCS, 1 KpHBa pO3TAIllOBaHA MPAKTHMYHO B OAHIM IUIOMMHI. Tak, MpH piBHIA
TpUBAJIOCTI OOpPOOKM CyMillli PO3XO/PKEHHS! 3Ha4yeHb IMUIbHOCTI i ckiaxy 1:3 ta 1:9 cranoButh 7,6 %.
30inblIeHHs Yacy 0OpoOKM cyMmimi Ha 6 ¢ Ha BChOMY JOCHIDKyBaHOMY Jiana3oHi Jae mpupicT MilHOCTI B 28-
Jo0oBoMYy Billi mpuOIM3HO Ha 7—8 % JuTst BCiX CKIafiB. 3HAYCHHS PAaHHBOI MIITHOCTI 3MiHIOEThCS Ha 12-14 % mix
cymimmno, o6po6neHoro 3a 30 ta 36 c. [ToTiM mpy KO)KHOMY HacTyITHOMY 301JIbIICHHI TPUBAJIOCTI 00poOKH Ha 6 ¢
1€ PO3XO/KEHHSI 3HIKY€eThes Ha 1 % jurs Beix ckianiB. 3MiHa MIUTBHOCTI OETOHY IPH BapilOBaHHI TEPMiHY 0OpOOKH
cymimri (aKTHIHO HE 3MIHIOETHCS Ta CTaHOBHUTH 1-2 % mpw iHTepBaii B 6 ¢ Ha BCHOMY JTOCTIKYBaHOMY Jiala3oHi
JUIs Beix ckazis. HaykoBa HoBH3HA. Briepie BU3HaueHi piBHAHHS perpecii, 110 MOB'S3YI0Th TPUBATICTh aKTHUBAITi1
NpiOHO3EepHUCTOI OCTOHHOI CyMimmi Ta ii CKJIag i3 OCHOBHHMH BJIAaCTUBOCTSAMH OeToHy. IIpakTH4YHA 3HAYMMICTD.
OTpuMaHO piBHSHHS perpecii Ta rpadiyHi MOBEpXHi, 38 SKMMH MOXJIMBO BU3HAYMTH MOKA3HUKH TEXHOJIOTIYHHX
(hakTopiB, sAKi 3a0e3MeUyrOTh OJEpKAaHHSA 3aJaHOl PAaHHBOI, CTAHJAPTHOI MIIHOCTI Ta CEepPeAHBOI IMiITBHOCTI
MEXaHOAKTHBOBAHOTO JIPiOHO3EPHHUCTOTO OETOHY.

Kniouosi crnosa: MexanoakTHBOBaHi IpiOHO3EPHICTI OETOHM,; JOMEHHI IPaHyJIHOBaHI IIJIAKH; TEXHOIOTiYHI (ak-
TOPH; paHHs MIITHICT OETOHY; CTaHAApPTHA MIIHICTh OETOHY; CepeaHs MIIIBHICT OETOHY
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CORRELATION BETWEEN TECHNOLOGICAL FACTORS
AND BASIC PROPERTIES OF MECHANICALLY
ACTIVATED FINE CONCRETES

Purpose. The article highlights research of the influence of fine concrete composition based on blast-furnace
slag on general material properties. Time of the concrete treatment in the mixer activator is included to the influence
research. Methodology. There was realized full factor experiment of 22 type with following variables: cement versus
blast-furnace granulose slag ratio (X;) and time of the treatment in the mixer-activator (X;). Controlled properties
are: early concrete strength (Y;,=f; 4ay), normal concrete strength (Y,=f 4ay) and average density of the concrete
(Ys=p), hardened in normal conditions. Findings. Regress model analysis showed that decrease of the aggregate
volume in concrete and increase of the mixing time grows up the strength and density of concrete. Different compo-
sition of the concrete also significantly affects concrete properties. Thus, for the same treatment time normal con-
crete strength at 28-day-old reduces by about 30% for compositions proportions 1:3 and 1:4, by 22% between a 1:4
and 1:5 and by 13% for 1:5 and 1:6 cases. The same behavior is obtained for early concrete strength. Density of
concrete is not influenced and influence curve is almost flat. The difference between density values for different
composition proportions 1:3 and 1:9 is 7.6% at equal mixture time. The increment of mixture processing time of 6 s
increase normal concrete strength at 28-day-old about 7-8 % for all compositions in the studied range. Early strength
values differ by 12-14 % between treatment time 30 and 36 seconds respectively. Every next six second increase
step in treatment time reduce this difference by 1% for every mix compositions. There is practically no change of
concrete density during the mixture time varying. Total change is 1-2% for 6 s in the entire research range for all
compositions. Originality. For the first time the regression equations were determined, linking the duration of the
activation of fine-grained concrete mix and its composition with the basic properties of concrete. Practical value.
Regression equations and graphical surface can provide required concrete composition for the established early and
normal concrete strength as well as concrete density.

Keywords: mechanically activated fine concretes; granulated blast-furnace slags; technological factors; early
concrete strength; normal concrete strength; the average density of the concrete
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IHIAHOBHI KOJIETH!

B xypHani poano4aro nybnikauito crareif, pe-
KOMEHIOBaHHX N0 APYKY HayKOBHMH KOMIiTETaMH
MDKHApPOAHHUX HAYKOBHX KOH(EpeHLi 3a TakuMH
HanpAMKaMH:

— Tlpobnemu Ta nepcnekTHBH POIBUTKY 3a-
Ni3HHYHOTO TPAHCNOPTY.

— [TpobnemMH MexaHiky 3ani3HHYHOrO TpaHC-
nopry.

— [lpobnemy eKOHOMIKH TpaHCTIOpTY.

- Exonoriunui inTenexr.

— besneka pyxy i HaykoBi 3acaaM eKCNEpT-
HHX JOCNiIiEHb TPAHCTMOPTHHX MPHrof Ta iHxke-
HEPHUX CTopyA.

3anpouyemMo OpraHisaTopis MiXHApOIHHX Ha-
YKOBHX 3aX0AiB A0 CiBnpaui 3 METOI OTpPHIIOA-
HeHHA Halibinblu BaroMHX HaYKOBHX Pe3y/bTaTiB.

LA N

Tak, 9—11 sepecus 2015 p. y micti JisBoBi Bia-
Oynaca MixHapoaHa HayKOBO-NpakTH4Ha KOH¢e-
penuin «besneka pyxy i HaykoBi 3acanu ekcnepr-
HHX HOCHiIKeHb TPaHCMOPTHMX MPHUrod Ta itke-
HEPHHX CMOpYA», MPHCBAYEHA JOKTOPY TEXHIMHHX
nayk Cokxony Enyapny MukonaHoBu4uy i opra-
HiloBaHa JJHinponeTpoBCLKKM HALIOHANBHUM YHI-
BEPCHTETOM 3a/li3HHYHOTO TPAHCNOPTY iMeHi aka-
Aemika B. Jlasapawa, Yxpsanisuuueio, JibBis-
cekoto Qinicto [Ty ta JIbBiBCBKMM HaykoBO-
AOCNITHUM IHCTHTYTOM CYAOBHX €KCMEpTHI.

Y xoHdepeHUil B3AN0 y4acTs 125 HaykoBuiB Ta
cneuianictie 3 26 opraHizauif, y ToMy 4Hchi:
18 nokropis Hayk, npeactaBHukn MiHicTepcTsa
indpacTpyktypn, Miuictepcra ioctuuil, Ykp-
3a0i3HKLI, BHLUMX HaBYanbHUX 3aKNaldiB, HayKo-
BHX Ta HAayKOBO-JOCHiZHHUX YCTaHoB i mia-
npHeMcTB YkpaiHH, HiMeyuunu, Jluteu, BipMmeHii
Ta [Monbuui.

Ha nneHapHux Ta cekuifiHMX jaciflaHHAX 3a-
cnyxano 70 pomnosiael 3 NHTaHb NiABHLUEHHA Ge3-
NEKH pyXy, METOAMKH Ta METONONONT eKCNEePTHHUX
AOCHiKEHb PYXOMOro CKlaly 3ai3HHUb, aBTO-
TPAHCNOPTHHX 3acobip, iHXEHEPHHX cnopya, nia-

208

BHILEHHA X eKkcruTyaTauifiHoi HagifiHocTi Ta 6e3-
NeYHOCTi, OUIHKH eKOHOMiYHOI edeKTHBHOCTI 3a-
NPONOHOBAHHX 3aXO0MiB.

Ha kondepeHuii BiaMiueHo, O NPiOPUTETHHM
HanpAMOM pPO3IBMTKY TPaHCMOPTHOI ranysi € 3a-
Oesneuennn Geaneku. Y NaHoMy acnekTi Baxiu-
BHM € npodinakTHyHa poNb EKCMEPTHUX AOCHi-
DXEHb BHMAAKIB TPaHCMOPTHHX mpurod. Perene-
HHP HayKOBHH aHanis NpHYMH, WO MPHIBOAATL A0
TPAHCMIOPTHUX NPHroA, A03BONAE pPO3poOHTH pe-
KOMeHalil 3 HeAOmyLUeHHA TX Yy MailbyTHuoMy,
BHOCMTH 3MiHH Yy HOpPMATHMBHI AOKYMEHTH, YHo-
CKOHANIOBATH KOHCTPYKLUiIO TPAHCTIOPTHHUX 3aco-
6iB Ta iHXeHepHHX cnopy..

'R

25-27 tpasus 2016 p. y lHinponerpobchkoMy
HaliOHANBHOMY YHIBEPCHTETI 3ali3HHYHOrO TpaH-
cnopTy imMeHi akanemika B. JlasapsHa Binbyaetscn
XIV MixHapoaHa HayKOBO-TeXHiiHa KoH{epeH-
uig «ITpodneMH MeXaHIKH 3alli3HHYHOrO TPAHCMO-
pTy. Besneka pyxy, IMHaMika, MilHICTb PyXOMOTO
cknagy Ta eHeproibepexeHHs». Kondepenuis
NPOBOAMTLCA KOXHI 4 POKM 3a y4acTio NMpeacTaB-
HHKIB BHLIMX HaBYaNbHUX 3aKIafiB i HayKoBO-
BOCTIAHMX IHCTHTYTIB, 3aNnidHHUb, JIOKOMOTHBO-
i BaroHoOyAibHUX 3aBoAiB GaraTboX KpaiH CBITY.
Lle niaTeepKye 3aUtixaBneHiCTh BHPOOHHYHHKIB Y
HOBHX TEXHONOTiAX i HayKoBMX po3pofkax, no-
B'A3aHHX 3 poboTOI0 3ani3HMYHOrO TPAHCNOPTY.
OGMiH 3HaHMAMH i AOCBIAOM BUEHHX Ta iHXeHe-
piB, AKi NPeICTAaBNAIOTE HAYKOBI WKONH Pi3HHMX
KpaiH, 0co0NNMBO BAMUTMBI B YMOBAX iHTeponepa-
GenbHocTi, robanilallii exkoHOMiKkH t nornubneHus
iHTerpauifHHX npouecis.

Ha xondepenuii 6yayTh npawropaty cexuii:

— besnexa pyxy noi3ais, NepexiaHi PeXHMH,
eneproibepexxeHns;

—  B3aEMOIA PyXOMOro cknajay Ta Konif, 3Hoc
Konic i pefiok;

- MiUHICTb, HadiHHICT.

* k%
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