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OBIPYHTYBAHHA BUKOPUCTAHHA HAITOBHIOBAYIB B CKJIAIOBUX
HECYYHUX KOHCTPYKIIN BAHTA’KHUX BAI'OHIB

Lna 3menwenns HaganmasiceHocmi pam GAHMAICHUX 6A20HI6 NPU eKCNAYAMAYIHUX PedCUMAax
3anponoHo8ano BUKOPUCIANHA HANOBHIOBAUI8 Y iX CKIA008UX. Bukopucmanus nanoenioeaya 0oyiibHo
300lCHIOBAMU 8 HAUOIIbU HABAHMANCEHUX eleMEeHMAax Hecyuoi KOHCMpYKYii, a came — xpebmosii
banyi. YV 36’A3Ky 3 yum HeoOXIOHOI0 YMOGOIO GUKOPUCMAHHS HANOGHIO8AHA 6 Xpebmosiu Oanyi €
cmeopennsi it 3amrkHenol konempyxyii. Ilposedeno susnauentss OUHAMIYHOL HABAHMANCEHOCMI 8A20HIE
3 Ypaxy8amHaMm 3anponoHo8aHux 3axodis. llpoeedeni pospaxynku noxasaiu, wo npu 6UKOPUCMAHHI
HAaNoGHI08AYA MAKCUMATILHI NPUCKOPEHHS, AKI Oil0mb HA Hecyyl KOHCMPYKYIL 6aconie na 4% nuoicui 3a
mi, Wo OMpPUMAHi 051 HeCy4UxX KOHCMPYKYiti 6e3 Han08HIEAUIs.

Haseoeno pe3ynomamu 6U3Ha4eHHs OCHOBHUX NOKA3HUKIE MIYHOCMI Hecyuux KOHCMPYKYill
BAHMAIICHUX 8A2OHIE 3 YPAXYBAHHAM GUKOPUCMAHHS HANOBHIOBAUIE 8 iX ckradosux. Bcmanoseneno, wo
MiyHicmb  pam  po32AAHYMUX MUNIE  BA2OHIE NPU  OCHOBHUX  eKCHAYAMAYIUHUX — PedCUMax
3abesneuyemocs. IIpu ybomy MaxcumanvHi eK@i6aneHmui HANPYHCEHHS 6 HeCyyux KOHCMPYKYIAX
6a2oni6 Hudcui Ha 4 — 9% 3a mi, WO GUHUKAIOMY Y MUNOBUX KOHCIPYKYIAX PAM.

Ilposedeni 0ocniodcents cnpusmumyms CMEOPEHHIO THHOBAYIUHUX KOHCIPYKYINL PYXOMO20 CKAAOY
Ma 3MEHWEHHIO UMPAM HA 1020 YMPUMAHHSI 8 eKCHIYamayii.

Kniouosi cnosa: sacon, necyua KoHcmpykyis, xpebmosa 6anka, OUHAMINHA HABAHMAMCEHICMb,
MIYHICb.

Beryn. TonoBHOO ymoOBOHO edekTHBHOI Ta Oe3mnepeliiHOi poOOTH TPaHCIOPTHOI raiysi €
371aTO/KEHA EKCIUTyaTalisi OKpeMHX ii CKJIQJZOBUX. 3aJi3HUYHHHA TPAHCIOPT BXKE TPHUBAJIMHA 4ac €
HalBaXUIMBIMIOI CKJIQJOBOIO TpaHCHOpTHOI ramy3i. [ma 3abe3medeHHs eQeKTUBHOCTI #HOro
(GYHKIIIOHYBaHHSI BKJIMBAM € BIPOBA/DKEHHS B EKCIUIYyaTaIlil0 PyXOMOTO CKJIaJy 3 IOKPalleHUMHU
TEXHIKO-€eKOHOMIYHUMHU MOKa3HUKaMHu. JlOCATTH LBbOT0 MOXJIMBO HUISIXOM BpaxyBaHHsS HMPUHIUIIOBO
HOBHX PIIIEHb TPH MPOEKTYBaHHI pyxoMoro cknaxy. Lli pimeHHs noBWMHHI OyTH cIpsIMOBaHi Ha

3o6iprux nayxoeux npauw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38
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3MEHIICHHS HAaBaHTaKEHOCTI PyXOMOTO CKJaly, MiABHILEHHS PECypcy eKcIUTyaTalii, MmiABHIICHHS
HIBUJKOCTEH PyXy B 3aBaHTa)XEHOMY Ta IOPOKHBOMY CTaHaX, 3MEHLICHHIO BUTPAT Ha YTPUMAaHHSI
TOLLO.

AHaJji3 oCTaHHIX TOCJHiTKeHb i mocTaHOBKA MPoOJeMu. Pe3ylbTaT CTPYKTYpPHO-TUHAMIYHOTO
aHai3y BaHTAKHOTO BaroHa HaBeJeHi y poOorti [1]. Po3paxyHok 3mificHEHHA 32 METOAOM CKIHYEHUX
€JIeMEHTIB 3 BHKOPHUCTAaHHSAM CyYacHHX 3aco0iB #oro peamizamii. [lpum 1poMy po3TistHYTO
OaraTopiBHEBY CHCTEMY BUILHOCTI BaroHa.

Oco0auBOCTI BU3HAYEHHS AMHAMIYHOI HABAHTAXKCHOCTI HECY40i KOHCTPYKIIi HarliBBaroHa Mozemi
C70 3 ypaxyBaHHSIM Pi3HOI BHCOTH LEHTPY Baru MPOBOAUTHCA y poOoTi [2]. Po3paxyHKoBi cuiy, sKi
JiI0Th Ha HECy4y KOHCTPYKILiIO HalliBBaroHa BW3HAYEHI HAa MiJCTaBi HOPMATHBHUX CTaHAAPTIB, SIKi
BUKOPHUCTOBYIOTBECS Ha 3ai3HUIX Kurato. Pasom 3 muMm B poOOTi HEe 3a3HaYEHO MEPCHEKTHB LI0A0
YIOCKOHAJIEHHS HECYYNX KOHCTPYKITiH BaroHaiB sl 3a0e31eueHHs MIIHOCTI B €KCILTyaTaIlii.

3axonu MO0 yIOCKOHAJICHHS HECYUINX KOHCTPYKIIiH BaroHIB JJIsl 3MEHIIIEHHS iX HAaBAaHTaKEHOCTI
Ipy eKCIUTyaTalliiHUX peXHMax BHUCBITIIOIOTBCA y myoOmikamisix [3, 4]. HaBeaeHi pesynbTatu
PO3paxyHKy Ha MIIHICTh HECYYMX KOHCTPYKIIIM BaroHiB 3 ypaxyBaHHSM 3alpOIIOHOBAHUX 3aXO/IiB.
Opnak 3a3HaveHi pIMIeHHS O[O0 YIOCKOHAJEHHA CHPSIMOBaHI HAa 3MEHIICHHS JUHAMIYHOL
HABaHTA)KEHOCTI HECYYHMX KOHCTPYKIIiH BarOHIB Y BEPTHKAIBHIN IIIOIINHI.

Bubip KOHCTPYKTHBHUX pillleHb €JIEMEHTIB BaroHiB 3 MaJOl0 Macol TapH IPOBOAUTHCS Y
myOumikarii [5]. SIk MeToarKa BHKOpHCTaHA MOPIBHAJIBHA OIliHKA MTOKA3HUKIB MIITHOCTI, BUTPUBAIIOCTI
Ta CTIHKOCTI HECYy40i KOHCTPYKIIii MiHIMaIbHOT MacH, BUTOTOBJICHOI 3 PI3HUX MaTepiaiB.

OOrpyHTYBaHHS BUOOPY HOBOTO MPOdUTIO Jist XpeOTOBOT OaJIKK BAHTAXKHOTO BaroHa MPOBOIUTHCS
y crarTi [6]. B poboTi HaBeneHW# ps KOHCTPYKTUBHUX DIIIEHh paM BaHTaKHUX BaroHIB Pi3HOTO
tumny. HaBeneHi pe3ynbpraTé po3paxyHKy Ha MIIHICTh HECYYMX KOHCTPYKIIH BaroHiB 3 ypaxyBaHHSIM
3alPONIOHOBAHUX PillICHb.

Pazom 3 M B maHux poOoTax He 3alpOMOHOBAaHO 3aXOJiB IIOJO 3MEHIIEHHS HABaHTAKEHOCTI
HECY4YMX KOHCTPYKIIil BATOHIB IPH €KCIUTyaTaIliiHIX peXIMaXx.

3axonu 100 YAOCKOHAJIECHHS HECydol KOHCTPYKIIi BaroHa HapeneHi y poOoti [7]. B skocti
po3paxyHkoBoro Bukopuctanuii meron OIIK. KoncTpykTuBHa cxema Ky30Ba, IO MPOEKTYEThCH,
JTIO3BOJIMJIA 3HMW3WTH Macy BaroHa 1 INIBUIIMTA HOTO BaHTAKOMIIHOMHICTH 13 3a0e3MeueHHSIM
HEOoOXiTHOT MIITHOCTI 1 HAAIHHOCTI KOHCTPYKIII.

OpHaK JOCTi/DKCHHSI TPOBEJICHI CTOCOBHO BaroHa-xomepa. [Ipu 1boMy He TpPUAUICHO yBaru
YIOCKOHAJIEHHIO HECYYNX KOHCTPYKIIIH 1HIIMX THIIIB BaroHiB.

Meta i 3aBgaHHs JocJifKeHHs1. MeTOO CTaTTi € BUCBITJIEHHS pe3yJbTaTiB OOIPYHTYBaHHS
BUKOPUCTAHHS HAIOBHIOBAYiB B CKJIAJOBUX HECYYHMX KOHCTPYKIIH BaHTOKHUX BaroHiB. Jlis
JIOCATHEHHS 3a3HAYEHOT METH BU3HAYEH] TaKl 3aBIAaHHS:

MIPOBECTH BU3HAYEHHS JIWHAMIYHOI HABaHTa)XEHOCTI BAaroHiB 3 YpaxyBaHHSIM BHKOPHCTaHHS
HAIOBHIOBAYiB B XpeOTOBUX OajKax;

BU3HAYUTH OCHOBHI TOKAa3HWKM MIIIHOCTI HECY4YMX KOHCTPYKIiH BAHTQXHUX BaroHiB 3
ypaxyBaHHSIM BUKOPHUCTaHHS HAlIOBHIOBAYiB B XpeOTOBUX Oankax.

Marepiaau Ta Meroau AociimxenHsi. OQHUM 3 HaWOIMBII HaBaHTA)KEHUX €JIEMEHTIB HECYYHX
KOHCTPYKI[IH BaroHiB € XpeOToBa Oajika paMu, sKa IIOCTIHHO 3HAXOJWUTHCSA IIiJ] BILUIUBOM
BEPTUKAIBHUX Ta IOB3IOBXKHIX HaBaHTAXEHb. Y 3B 53Ky 3 MM MalOTh Micle Taki IMOIIKOKECHHS
XpeOTOBOI OAKH SIK TPIIIMHK, 0OPUB 3BapIOBAIBHUX IIBIB, Aedopmaliii, mepekic Tomio (puc. 1).

Jisl 3MEHIIIEHHS! HABAaHTA)KEHOCTI HECYYHX KOHCTPYKIII BaroHiB MPH eKCIUTyaTaliiHUX pekuMax
MOJKJIMBUM € BHKOPHCTAHHSI HAIOBHIOBAYIB y iX CKIaJoBHX. BUKOpHCTaHHS HANlOBHIOBaYa JOIUIBEHO
3IIHCHIOBATH B HAWO1IBII HABAHTA)KEHUX €JIEMEHTaX Hecyuoi KOHCTPYKLIi, a came — XpeOToBil OaJi.
BaxnuBo ckazatu, 1m0 THUTOBI XpeOTOBI OalKM BaHTa)XXHUX BaroHIB 37€OiNBIIOTO MPEACTaBICHI Z-
nogioHumMu  npodinsmu  abo mBenepamu (puc. 2). Y 3B’A3Ky 3 UM HEOOXiHOW YMOBOKO
BUKOPUCTaHH: HAIIOBHIOBaua B XpeOTOBiH Oasili € CTBOpEHHS ii 3aMKHEHOT KOHCTPYKIIi.
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Puc. 1. IlomikoaxeHHs1 paM BaroHiB
a), 8) mpiwuna 6 xpedmosgiti banyi; 06) 0opuUs 36apPHBATLHOLO WIBA,
2) 8i0pus weopHegoi banKu

a) _ 0)

i | i ?

Puc. 2. Tlepepi3 xpedTOBOI 0aJIKH
a) THIIOBA KOHCTPYKIIisl; 0) yJOCKOHANIEHa KOHCTPYKILisI

bnokoBo-iepapxiuHy cxeMy BaroHa 3 HalOBHIOBaueM B XpeOTOBil Oaiii HaBelleHO Ha pHC. 3.
Cxema npejicTaBjeHa Ha MPUKJIal HalliBBaroHa.
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Puc. 3. BiokoBa-iepapxiyHa cxeMa HA NiBBaroHa

Jlns BU3HaYeHHS HAaBaHTaKCHOCTI HECYYMX KOHCTPYKIIN BaroHiB 3 ypaxyBaHHIM 3aXO0/iB L1010
yIIOCKOHAJICHHS 3/liliCHEHe MaTeMaTHYHE MOJICITIOBAHHS.

J1ns bOTO BUKOPHCTAHO MaTeMaTHYHy MOJIeJb, HaBe/IeHy y po0oTi [8], ska onucye quHaMidHe
HaBaHTA)XEHHs HECY40l KOHCTPYKIii BaroHa-miuaropMu 3 KOHTEHHEpaMH-IIUCTepHAMH. ToMy aHy
MoJieIb OyJI0 JOOIPaIlbOBaHO HIJISIXOM ypaxyBaHHsI [TepeMillleHb HeCy40i KOHCTPYKIIii BaroHy y
MMOB3IOBYKHIN IUIOIIMHI.

BpaxoBaHo, 1110 HarmoBHIOBaY B XpeOTOBIH Oallli Ma€ Mpy>KHI BIACTHBOCTI.

M, -5+(M,-h)-$=P—(2P, +c-x), (1)

op

|, -¢+(M,-h)-%-g-@-(M,-h)=1-F,(signA, —signA, )+ 1(k,-A, ~k, - A,), 2)

3o6ipruk nayxoeux npauyw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38



TEXHIKA I TEXHO.JIOI'I

M, 2=k A +k,-A,—F,(signA, —signA, ), ®3)
e A=z2-1-¢; A, =2+I-9,

M, — Maca OpyTTO BaroHa; Mz — Maca HeCy4oi KOHCTPYKLIii BaroHa; /; — MOMEHT iHepIii BaroHa;
P, — BenuuuHa NMOB3JI0BKHBOI CHJIM Ha 3a[Hii ynop aBTo3uemny; P,, — CHIM TepTs, sKi BUHUKAIOTh
MDK TI’ATHUKaMHd paM{ Ta MiAN ITHUKAMH Bi3KiB, ¢ — JKOPCTKICTh MaTepiaiy, SKAM 3allOBHEHi
€JIEMEHTH HEeCyuoi KOHCTpYKIii Barona; | — monoBuna 6a3u Barona; Frp — abcomoTHE 3HAUCHHS CHIIH
CYXOTO TepTs y peCOpHOMY KOMIUTEKTI; K;, K; — KOpPCTKICTh MPYKMH PECOPHOTO i BIlIyBaHHS Bi3KiB
BaroHa; X, ¢, Z — KOOpIWHATH, 110 BiATOBIJAIOTH, BiAMOBIIHO, MTOB3JOBKHBOMY, KyTOBOMY HAaBKOJIIO
MOTIEPEYHOT OCi Ta BEPTHKAILHOMY IIEPEMIIIICHHIO BaroHa.

IIpn moomparroBaHHI MOJENi TaKOXK BPAaxOBaHO CHITYy TEPTS, SKa BUHUKAE MK IT'SITHUKAMH Ta
i ATHUKaMHU Ta 3yMOBIIEHY JI€0 MOB3I0BKHBOI CHIIM Ha 3aHiil yHIOp aBTO3Yey.

Po3p’s130k  mudepenumianpuux piBHsHb (1) — (3) 3miiicHenunii 3a meromom Pynre-Kyrtra B
nporpamuoMy kKomriuiekci MathCad [9, 10].

ITovyatkoBi ymMoBH mpuitHaTI piBHUMHE HYT0 [11 — 13]. TIpoBeneHi po3paxyHKH IMOKa3aaM, 0 IpU
BUKOPUCTAaHHI HAITOBHIOBaYa MaKCUMaJlbHI MPUCKOPEHHS, K1 IIIOTh Ha HECY4l KOHCTPYKIii BaroHiB
Ha 4% HIKYI 32 Ti, 0 OTPUMaHi JJIsl HeCYYHX KOHCTPYKIiH 0e3 HaloBHIOBAYiB.

Takoxk B pamMKax IOCTIDKEHHsS 3IIHCHEHO pPO3PaxXyHOK OCHOBHHX ITOKa3HHWKIB MIIIHOCTI pam
JIETKUX BaHTOKHUX BaroHiB. [IpocTopoBi Mozeni BaroHiB moOy[oOBaHI B MPOTPAMHOMY KOMILIEKCI
SolidWorks (puc. 4). JI7st po3paxyHKy Ha MIIHICTh BHKOpPHCTaHO mporpaMumii komrieke SolidWorks
Simulation, sikuit peanizye MeTo CKiHUCHHX eleMeHTiB. ONTHMaIbHA KiJTbKICTh €ICMEHTIB CKiHYCHO-
€JIeMEeHTHUX MOJIeNiell BU3Ha4YeHa 3a rpadoaHamiTHIHUM MeTooM [ 14, 15].

a)

Puc. 4. IlpocToposi Moe1i paM 0CHOBHHX THIIB BAHTAKHHUX BATOHIB 3 3aMKHEHUMH KOHCTPYKIisIMH
XpedTOBHX 0AJIOK
a) HaliBBAaroH; a) KpUTHH BaroH; 0) BaroH-uiaTgopMa; B) BaroH-xXoIep; I') BaroH-IUCTEPHA

3o6ipruk nayxoeux npauyw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38



TEXHIKA I TEXHO.JIOI'I

PesynpTatn po3paxyHKiB Ha MIIHICTh HECYYMX KOHCTPYKIH BaroHiB 3 3aMKHEHHUMHU
XpeOTOBUMH OaikaMH, 3aIIOBHEHUMH HaIlOBHIOBaueM, HaBeeHi B Tab. 1.

Tabauys 1. OcHOBHI MOKA3HUKH MIITHOCTi paM BaHTa:KHUX BaroHa

Pexxum HaBaHTa)XKEHHS

TToxa3sHHUK MIITHOCTI

I pexum 111 pexxum
ymap CTHCHEHHS PHBOK- ynmap- PHUBOK-
PO3TATHEHHS | CTUCHEHHS | PO3TATHEHHS

HaniBBaron
Hanpyxenns, MIla 298,5 287,3 276,5 274,3 2715
[epemimeHHs B By371aX, MM 7,6 7,5 7,5 7,2 7,3
KpuTnii Baron
Hanpyxenns, MIla 329,3 306,2 298,3 276,4 248,7
[epeMireHHs B By37aX, MM 12,6 12,1 10,5 11,3 10,4
Baron-nuardgopma
Hanpyxenns, MIla 321,3 290,2 276,5 273,4 268,5
[epemimmeHHs B By371aX, MM 13,5 13,4 12,6 12,7 12,6
Baron-xomnep
Hanpyxenns, MIla 325,8 292,3 284.,6 278,5 306,4
[epemimmeHHs B By371aX, MM 15,3 15,2 14,6 14,7 14,7
Baron-uucrepna
Hanpyxenns, MIla 232,6 218,2 203,5 206,5 232,6
[epeMireHHs B By37aX, MM 52 48 4.7 51 5,2

3a maHuUMHM, HaBeJEHUMH Yy Tabi. 1, MOXKHA 3pOOMTH BHCHOBOK, LIO MILHICTh paM PO3IIISTHYTHX
THUIIB BaroHiB MPH OCHOBHUX EKCILTyaTalilHUX pexuMax 3abesneuyeTbes. [Ipu ibOMy MakCHMalbHi
SKBIBAJICHTHI HANPYXKCHHs B HECYYMX KOHCTPYKIIISIX BaroHiB He MEPEeBHIIYIOTh qonyctumux [16, 17]
Ta HIK4i Ha 4 — 9% 3a Ti, 110 BUHUKAIOTh Y TUIIOBUX KOHCTPYKIISIX paMm.

BucHoBkn

1. ITpoBeieHo BHU3HAYEHHS TUHAMIYHOT HABaHTAXXCHOCTI BAroOHIB 3 YpaxyBaHHSM BHUKOPHCTAHHS
HAIOBHIOBAaUiB B XpeOTOBHX Oajkax. Pe3ynbraTH po3paxyHKH IOKa3aid, MO MPHU BHUKOPUCTaHHI
HaIlOBHIOBaYa MaKCHMAaJIbHI PUCKOPEHHS, SIKi Ail0Th Ha HECY4i KOHCTPYKLii BaroHiB Ha 4% HIDKYI 3a
Ti, [0 OTPUMaHI JJIsl HECyYHX KOHCTPYKIIii 0e3 HallOBHIOBAYiB.

2. Bu3HaueHO OCHOBHI TIOKa3HWKM MIITHOCTI HECYYHMX KOHCTPYKIIH BaHTOKHUX BaroHiB 3
ypaxyBaHHSIM BHKOPHCTAaHHS HAllOBHIOBadiB B XpeOToBHMX Oankax. BcraHOBiIEHO, IO MILHICTH paMm
PO3MIIIHYTUX THIIIB BaroHiB IpU OCHOBHHUX EKCIUTyaTaliHHUX pexnMmax 3adesneuyerses. 1lpu npomy
MaKCHUMaJIbHi €KBIBaJICHTHI HANIPYKEHHS B HECYYUX KOHCTPYKIIisIX BaroHiB Hxk4i Ha 4 — 9% 3a Ti, mo
BUHHKAIOTh y TUIIOBUX KOHCTPYKILIAX paMm.

[IpoBeneHi nocmiHKEHHs CIPUATUMYTh CTBOPEHHIO 1HHOBALIMHUX KOHCTPYKILIH PyXOMOTO CKJIaay
Ta 3MEHIIICHHIO BUTPAT Ha Or0 YTPUMaHHS B eKCILTyararlii.

Iopsika
Jani nocmipkeHHs MPOBEJCHI B paMKaX HayKOBOI TeMH MOJIOAMX BUeHUX «IHHOBAIliiiHI 3acaau
CTBOPEHHS pecypco30epiralounx KOHCTPYKTHMBIB BaroHiB IUIAXOM YpaxyBaHHS yTOYHEHHUX
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JIMHAMIYHUX HAaBaHTAXCHb Ta (DYHKI[IOHAIHHO-aIalITUBHUX (DJICII-KOHIICTITIB», KA BUKOHYETHCS 3a
paxyHOK KOIITIB JiepkaBHOTO OromkeTy Ykpaiau 3 2020 p.
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JUSTIFICATION OF FILLERS USING IN THE BEARING STRUCTURES COMPONENTS
OF FREIGHT CARS

To reduce the load on the freight cars frames under operational conditions, it has been suggested
that to use fillers in their components. Fillers using is advisable in the most loaded elements of the
bearing structure, namely, the spine beam. Therefore, a necessary condition for filler using in the
spine beam is the creation of its closed structure. The dynamic load of railcars was carried out, taking
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into account the proposed provisions. Calculations have shown with filler using, the maximum
accelerations acting on the bearing structures of wagons are 4% lower than those accelerations
obtained for bearing structures without fillers.

The results of determining the main strength indicators of bearing structures of freight cars are
presented, taking into account the fillers using in their components. It has been established that the
strength of the frames of the considered types of wagons under the main operating conditions is
ensured. At the same time, the maximum equivalent stresses in the bearing structures of wagons are 4-
9% lower than those in typical frame structures.

The conducted research will contribute to the creation of innovative structures of rolling stock and
reduce the cost of its maintenance work in operation.

Keywords: wagon, bearing structure, spine beam, dynamic loading, strength.
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BUBIP CTPATEI'Il YTPUMAHHS JIOKOMOTHUBHOI'O ITAPKY
ITPU 3AITPOBA/I’KEHHI CEPBICY

B excnayamayii wacom sumuxaroms cumyayii yo00 He8UHAUEHOCMI OYIHKU MEXHIYHO20 CMAHY
00AOHAHHS TOKOMOMUBIB | 0OHOUACHO 8UOOPY ONMUMANLHOI cmpamezii 1020 YMPUMAHHSA, 8 MOMY
YUCTT 3 MOJICIUBICMIO 3ACNOCYBAHHSA CePBicy. 3acmocysanus Kouyenyii cepsicy 0ae MOdHCIUBICID
cmumynosamu pooomy 6cix niopo30inié IOKOMOMUBHO20 20CNO0APCMEd, eKOHOMUMU 6Ci 8uou
Pecypcie Ha eKCnaAyamayiro 10KOMOMUGIE.

Bionogiono 0o yvozo 6 cmammi 062pyHmogyemuvca 6ubip cmpamezii ympumanus 10KOMOMUEHO20
napxy 3a 00NOMO20I0 GUKOPUCMAHHSA NONOJICEHb MEOPIi CMAMUCIUYHUX PilueHb. [ meopemuynozo
002pyHmMYBaHHA Nnepexody Ha cepsic Woo0o NPULHAMMA pilleHb 8 KOHQIIKMHUX CUumyayisax i
BUBHAYEHHS ONMUMAILHOI cmpamezii NOBeOiHKU KOJCHO20 3 YUACHUKI6 6 Oawiu cumyayii
3ACMOCO8Y8ANUCHL NIOX00U meopii i2op. Poszensdanucs nioxoou 0o eubopy cmpamezii ympumarHs
JIOKOMOMUBHO20 NAPKY NPU 3aNPOBAONCEHHI CEPBICY HA OCHOBI NONONCEHb Meopii CIMPAmeiuHUx i2op
3a Kpumepiem MaKkCUMymy eqhexmugHOCHi.

THokazano na npukiadax piwenns Oesxux 3adau euoopy cmpameeii TO, TIP noxomomusie 0is
Pi3HUX 6upoOHUUUX cumyayii. 3poONeHO BUCHOBOK, WO HAUKpauje ONUCye pisHi cumyayii i 0036075€
npuiMamu payionanvHi piutenHs 3miwana cmpameeis. Takoodic 3a3Ha4eHo, wo 01 KOHKpemu3ayii
anzopummy Oitl HaubiNLW egheKMUSHUM NIOXOOOM € KOMNIIEKCHe 3aCMOCY8AHHs Meopii cmpameiuHux
piutenn, meopii HewimKux MHOJNCUH, Meopii PO3NIZHABAHHS 00PA3IE.

Knrouoei cnoea: nokomomusu, epasyi, meopisi cmpame2ivHux i2op, cmpamezis, cepgic.

Beryn. Ha ¢oHi 3arajipHOro moripuieHHs TEXHIYHOTO CTaHy JIOKOMOTHBHOTO TApKy 3aji3HUIIb,
HEJOCTaTHBHOTO (hiHAHCYBaHHS HOTO TiJIOK 1 0COOIMBO JIOKOMOTHBHOI'O TOCIIOIAPCTBA Y KP3aTi3HUIICHO
3pobieHa crpoda MoCTyNoOBOTO peaHiMyBaHHS Tally3i.

e i cTpykTypHEe pedopMyBaHHS MiAPO3AUIIB 3aTi3HUIL 1 OHOBJIEHHS PYXOMOIO CKJIaay 3a
paxyHOK 3aKyITiBJIi 3aKOPIOHHOTO MIBUIKICHOTO PYXOMOTO CKJIaAy 1 BAHTaXKHHUX JIOKOMOTHBIB.
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Alle 1i KpOKM B LJIOMY IIle HE BHECIM CYTTEBMX 3MiH B pOOOTY TpPaHCHOPTY i MOJIMIIEHHS HOro
TEXHIYHOTO cTaHy. J{0Ci eKCInTyaTyeThesl TATOBHI 1 HETATOBHI PyXOMHI CKIIAJ, IO AOCsT abo0 IepeBepImB
HOPMAaTHBHHUM TepPMiH HOr0 BUKOPHCTAHHSL.

Pasom 3 muM, SIK  CBIQUMTH JOCBIA PO3BUHYTHX KpaiH, AOLIBHO TMPU EKCIUTyaralii JOKOMOTHBIB
BIPOBA/KyBaTH KOHIIETIIIIIO CEPBICY, OCKUIBKH 1€ TA€ MOIIMBICTH CTUMYITFOBATH POOOTY BCIX ITiIPO3/ILTIB
JIOKOMOTHBHOTO TOCTIOZIAPCTBA, EKOHOMUTH BC1 BHIM PECYPCiB Ha €KCIUTyaTaliio JOKOMOTHUBIB [ 1, 2, 3, 4].

AHAJIi3 OCTAHHIX JIOCJTII?KEHb i MOCTaHOBKA MPo0JieMu. B HAyKOBUX BUIAHHSX 3 SIBIJIOCS PSIT IIIKABUX
MIXOMIB IION0 OOIPYHTYBaHHS HEOOXITHOCTI IMEpexoqy HO HOBHX CTpaTerii yTpHUMaHHS TSTOBOIO
pyxomoro ckmany [1, 2, 3]. 3okpema, ne 3anpoBamkenHs cucteMu ACYHT, momynpHOrOo (hopmyBaHHS
JIOKOMOTHBIB T4 NPHHIIUITIB CEPBIiCY JOKOMOTHBIB.

Crig Bi3HAYUTH, IO I MiIXOIM MAIOTh AESKI OCOOIMBOCTI, OO HAIPSMY 3alpOBAUTH iX B HAIIIH
KpaiHi: 116 MOXJIMBOCTI (piHAHCYBaHHS, ITPOMHCIOBHI MMOTEHINAN 1 HASBHICTh HAKONMMYEHOTO TTO3UTHBHOTO
JIOCBITY.

Pazom 3 1M, y BiTUM3HAHUX (PaXOBUX BUIAHHSIX MPOBEACHI JIOCIIDKEHHS MO0 OCOOIMBOCTI PO3BUTKY
tH}ppacTpyKTypH 1 0COONMMBOCTEN yTpUMaHHS JIOKOMOTHBIB [4, 5, 6, 7.

BiTumsasHIME 1 3aKOpIOHHIME HAayKOBIIMU 0arato yBaru mpuaULuiocs ontuMizamii cucremu TO, 1P
TPC, BnpoBamkenns B TO 1 [1P meTofiB i cucteM giarHOCTyBaHHSI, 3aCO0IB aBTOMATH3ALlii 1 iHpOpMaIiHHIX
TEXHOJIOTIH, omiHI *xkuTTeBoro nukiny TPC [4, 8,9, 10].

INoeqHaHHs IUX TIXO/IB 3 TO3UTHBHAM JOCBIIOM KpaiH, 1110 3aIpOBa/IMITH IPHHIIATT CEPBICY, TO3BOIUThH
aJIaNTyBaTUCA TATY31 10 HOBUX Pealliii yTPUMaHHS PyXOMOTO CKJIaJTy.

Teopernune OOIPYHTYBaHHSI TIEPEXOMy Ha CEPBIC OCTATHBO TIIMOOKO MOMKHA OIKCATH 3aCTOCOBYIOYH
migxomu Teopii irop [11, 12], momo NpWHATTS pimieHh B KOH(IKTHAX CHTYaIisX 1 BHU3HAYCHHS
OITTUMAJIBHOT CTpaTeTii MOBEIIHKM KOYKHOTO 3 YYaCHUKIB B I CUTYaITii.

Mera i 3aBaanHs1 JocJiizKenHs. METOIO CTaTTi € pO3IIIs MiIXOAIB IOI0 BUOOPY CTpaTerii yTpuMaHHS
JIOKOMOTHBHOTO TIApKy TPH 3allpOBA/DKEHHI CEpBICY HA OCHOBI IMOJIOKEHb TEOpil CTpaTeridyHuX irop 3a
KpUTEPIEM MAKCUMYMY €(peKTHBHOCTI.

Marepiaan Ta meTonu mociimkennsi. [lepexin 10 HOBMX NPUHLMIIB YIPABIiHHS TOCIIOJApCTBOM, B
TOMY YHCJIl BCE OLTBIIIOI HOr0 YaCTHHHU HA CTBOPECHHS KOHKYPEHTHOT'O CEPENIOBHINA 1 BIZIXOMY BiJl TIAHOBOT
JI0 PUHKOBOI E€KOHOMIKHM, CTaBHUTh Tiepe]] Taimy33io ckiamHi 3amgadi. Ha ¢oni 3HauHOrO mOTiprieHHs
TEXHIYHOTO CTaHy PYXOMOTO CKJIaay 1 TOBUIFHOTO KOTO OHOBIICHHS HEOOXITHO IIYKAaTH IUIIXH, IO
JIO3BOJISITH BIIEBHEHO YTPHMYBATH TalTy3b SIK PECYPCOYTBOPIOIOMY.

Amnai3 1ocBiny Oarathox KpaiH 1mokasye Ha HeOOXiTHICTh BCUIIKOI €KOHOMIT (hiIHAHCOBUX 1 POMHCIIOBHX
pecypciB Tpu oprasizaiii poOOTH JIOKOMOTHBHOTO TOCIO/IAPCTBA B PaMKaX HOBHX MiJXOJIB JI0 YTPUMAaHHS
JIOKOMOTHBIB.

OOrpyHTYBaHHsI 1IMX ITXO/IB MOXKHA OIMCATH MAaTeMaTHYHO, 3aCTOCOBYIOUM METOAW Teopii irop, je
3IITOBXHYTECS iHTEpecH NBOX abo Oumblle CyNMpOTHBHHKIB a00 TpaBiiB. B 3arambHOMY BHMAIKy T
TPaBISIMUA PO3YMIIOTBCSI TPYIH 3 MPOTHIICKHUMH iHTepecamu. J{jisi BUpIIIEHHS KOH(IIKTY y KOXHOTO 3
TPaBIiB MA€ThCsl JEKibka BHOOpiB. OcTaTouHe MPUHAHATTS PIllICHHS TPaBIEM MOXKE 3aIeKaTH SIK Bil
BUIIA/IKOBOCTEH, TaK i Bijl TIOBEIIHKH 1HIIIMX TPABIIIB.

B xoxHi# Tpi rpaBii 00MparoTh I ceOe HAHOUTBIN ONMAaroCTpUIfHATHE PIIICHHs], SKe HE MOXKe OyTH
MOpPYIICHE JTISIMU CYIPOTHBHKKA 200 MPUPOJIH, TOOTO 00UparoTh crpaterito [11, 12].

PosrnmsiHeMO  fieKilbKa KOHKPETHHX TPHKIIANIB 13 pPO3B’s3aHHSA KOH(IIKTHOI CHTYaIli, MI0 MOXe
BUHHUKHYTHU Iipu opranizarii TO, I1P nokomMoTHBiB.

Hexaii 3aMOBJICHHSI Ha OpraHizaliito peMOHTY 00JIaIHAHHS JIOKOMOTHUBIB (JIM3EIIIB 1 TATOBUX EICKTPUUHHX
MallIMH) JUIs AESIKOTO PErioHy JIOKOMOTHUBHHEX JIETIO BUKOHYBAJIOCS 3aBOJIaMH Ha CyMy | MIIpI. TpH.

CepBicHMI ILIEHTP MO)KE BHKOHATH II€ 3aMOBJICHHS 32 YMOBHM ayauTy TexHiuHoro crany TPC i
MOTYKHOCTEH JIOKOMOTHBHUX JETO HA CyMy 3HAUHO MEHIITY, aJie MOXKYTh BUHUKHYTH JEKiJIbKa CUTYaLlii.

o manHy cepBiCHOTO IEHTPY BiH MOKE BUKOHATH 3aMOBJICHHSI Ha cyMy 45 MITH. TPH. Ha PEMOHT JIU3eJIiB
1 TATOBUX EJNEKTPUYHMX MAILMH JUIS JIOKOMOTHBHHX Aeno. Ilpu 1mpomy cepennsi co0iBapTicTb PEeMOHTY
Jzenst cknazgae 500 Tuc. TpH., a TArOBOI eNEKTPUYHOT MalMHU BianosinHo 100 THc. rpH.
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Peanizariiss BUKOHaHHS 3aMOBJICHHS CEpPBICHMM IICHTPOM Ha IEpIOJ MOCTABKH HOTO B JICMO CKIIAae
BiATTOBIHO 110 u3ertsix 600 THC. TPH., a TIO TATOBUX ENEKTPHYHNX MarpHax 130 THc. TpH.

Ilo mporHo3y, B pa3i HasBHOCTI 3asBOK Ha CepBiC OONMAIHAHHS BiI JEMO, CEPBICHUIA IIEHTP MOXKE
BUKOHATH 3aMOBJICHHS Y KUTBKOCTI: u3eiB — 40 OAMHUIIB, TATOBHUX €JIEKTPUYHMX MAHH — 250 onuHULb. A
B pa3i HEBM3HAYEHOCTI KUTBKOCTI 3asBOK BiJl JICTIO CEPBICHUI IIEHTp IUIaHye BiApeMOHTyBaTh 50 MU3emiB i
200 TATOBHX €JIEKTPHYHIX MAIITHH.

3BUYaiiHO, y pa3l HEBM3HAYEHOCTI 3aMOBIICHb CEPBICHUN LIEHTP, 3 OJHOTO OOKY, MOXE MEpEBUIIUTH
BUTpATH Ha OpraHi3aliio MiIroTOBKHU JI0 CEpBiCY, KOJIM 3aMOBIICHb OyJle MEHIIIE, a 3 IHIIOr0 OOKY, BTPAaTUTH
YaCTHHY PUOYTKY, KOJIM HE 3MOJKe 3a0e3IeUNTH CEPBICOM JIOKOMOTHRBHI JIETIO.

Bunnkae HeoOXimHICTH 00paTH CTpaTerito, 100 MaKCHMI3yBaTH CEpeHiiM NPHOYTOK B yMOBax
BUHUKHCHHSI MOYJTUBUX CUTYaIliH.

Skmio cepBicHHI TIEHTp po3paxoBye Ha mepury crpaterito (C) (opramizamisi cepsicy 40 mmseniB 1 250
TSATOBUX EIEKTPUYHIX MAIIVH) I cTabimhHIX 3aMoBIieHb (C) 1 HecTabinbHuX 3amMoBieHs (H), To mpudyTku
CEPBICHOTO LICHTPY BIATOBIIHO CKJIAIATUMYTh:

CC: 40-(600 - 500) + 250-(130 - 100) = 11500 Tuc. TpH.
CH: 40-(600 - 500) + 200-(130 - 100) - 50-(130 - 100) = 8500 THC. TpH.

ITpu BUOOpi apyroi crtparerii (H) i MOXmMBHX cuTyaliii MPUOYTOK CEPBICHOTO HEHTPY CKIIafaTUMe
BIITOBITHO:

HC: 40-(600 - 500) + 200-(130 - 100) - 10-(600 - 500) = 9000 THC. IpH.
HH: 50-(600 - 500) +200-(130 - 100) = 11000 Twc. rpH.
Toni ruiaTikHa MaTpyIs MaTUME BUTIIA (T, 1)
Tabnuya 1. IlnaTizkaa MaTpuns

Cutyanis Cra6inbna (C), Hecra6inpna (H),
Crpareris THUC. TPH. THUC. TPH.
C (40 guzenis, 250 TEM) 11500 8500
H (50 amzenis, 200 TEM) 9000 11000

JI1st crIpoIieHHs pO3paxyHKIB CKOPOTUMO HaBeJieHi 3HaueHHS Ha 500 THC. TpH. 1 OTPUMAEMO HACTYIIHY
Marpuilto (Tabam. 2).

OO0UHCIMIMO HIKHIO 1 BEPXHIO LiHY, TPH. 1 MAEMO:

a = maxmin(17, 18) = 18; f = minmax(23, 22) = 22. maTpulisi He Ma€ ciJyIoBOro enemMenTa. Lle Bu3Havae
HEeOOXiTHICTh 3aCTOCYBaHHS 3MIIIIAHOI CTPATETIi /IS CEPBICHOTO LIEHTPY 1 JIOKOMOTHBHUX JIETIO.

IMo3HaummMo depes (Xy, X,) 1 (Y1, Y2) 3Miltani crparerii rpasiiB. MaeMo cUCTeMy PiBHSHb

23% +18X,=¢
17X, +22x,=¢

Tabauys 2. Tlnatixua maTpuust

1)

Curyartis Cra6inpHa (C), Hecra6ineha (H), min,
Crpareris TpH. TpH. TpH.
C (40 auzemnis, 250 TEM) 23 17 17
H (50 qmzenis, 200 TEM) 18 22 18
max 23 22
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Ockinbku X; + X; = 1, To pimenHs cucremu (1) BU3HA4Yae ONTUMAabHI 3MillIaHi CcTpaTerii A
CEPBICHOTO LIEHTPY: Xlzg, X _3.
2
5 5

[TizcraBnsoun orpuMaHi 3Ha4eHHs B (1) oTprMaeMo IiHy B I'pH.

¢ =23.2418.3-20 rpm.
5 5

3 ypaxyBaHHSM HONEPEIHBOTO CIIPOILCHHS
¢ =20-500=10000 Tuc. rpH.

AHAIIOTIYHO ONITUMalbHA 3MillIaHa CTpaTeris (MOKIIMBI CHTYallii) BU3BHAYAETHCA 3 PIBHIHB

18y, +22y,=¢

Ockinbku Y; + Y, = 1 oTpuMyemo y, = ; vy, = ;
1 1
¢ =23 > +17- > =20 rpn. (10000 THC. IpH.)

TakuM 9MHOM, BUKOPHCTOBYIOUH 3MIIIAHY CTPATETiI0 TpaBelb (CEPBICHHUIA IEHTP) B CEPEAHBOMY
oyne otrpumysatu 10000 THC. TpH. 3a BHKOHAHHS 3aMOBJICHb 3 PEMOHTY JHU3EIIB 1 TATOBUX
CIICKTPUYHHUX MAIITHH.,

OcTaToYHO MOXXKHA BU3HAYNATH KUTBKICTh am3emniB (/]) i TaroBux enextpuanux mamuH (TEM), ams
SKUX HEOOXIZHO OpraHi3yBaTH CEPBIC NPU MaKCUMAJIBHOMY CEPEIHBOMY HPUOYTKY CEpPBICHOTO
LHEHTPY

N :(40ﬂ+250TEM)§+(50,ZZ+200TEM)-§ = 46/1 + 220TEM

ToOTo HallKpaluM JIJIsi CEpBICHOTO LIEHTPY € MiJIrOTOBKA J0 OpraHizamii peMoHTty 46 au3emnis i 220
TATOBHUX €NEKTPUIHUX MAIHH.

Po3srnsiHeMo cutyaunito, KoM Mepesl CEpBICHUM LEHTPOM BHHHUKA€E 3aBAAHHS BUOOPY ONTUMAaIbHOI
cTpaterii 3a Takux ymoB. CepBiCHHMI IEHTp OpraHi3ye pEeMOHT i KOHTPOJIb TOTOBOI MPOIYKIIii st
noTped Jero, 1o eKCILTyaTyIOTh PEHKOBI aBTOOYCH.

30kpeMa, B eKCIulyaralii dYepe3 MOPYLIEHHS BHUMOI 3aBOJA-BUPOOHMKA JOCHTH YacTO
CIOCTEpIraeTbesi BUXiA 3 Jlaly T'yMOBO-BaKYyMHHX aMOPTH3aTOpiB. B KOMIUIEKTI 3a OrOBIpHOIO
IIHOIO IIeH amoprtu3aTop komrtye 20 THC. y.0., aje NpU BUXOMAl 3 JIaJy OpraHizaiis Horo 3aMiHU B
cepeanboMy korrye 200 tuc. y.o.

Y cepBiCHOr0 LEHTPY € ACKIIbKA BapiaHTiB 3HU3UTH LI BUTPATH.

MoHa 3acTOCYBaTH JIesIKy TEXHOJIOTIIO, SIKa TapaHTYyeE BHSBJICHHS MEPE/IBIIMOBHOTO CTaHy
TYMOBO-BaKyyMHOT'O aMOpTU3aTopa 3 iMOBipHicTIO 0,75, ane BUKOPUCTAHHS I1i€i TEXHOJIOTii KOIITYy€
20 Tuc. y.o.

[HIIa TEXHOJIOTIS HOCTATHBO JIEIIeBa, ajie 3 IMOBIpHICTIO (0,9 BOHA MOXE MMOIIKOAMTH aMOPTH3ATOP.

CepBiCHUH HEHTP MOXKE TAaKOXX OTPHMATH IMIOPTHI TYMOBO-BaKyyMHiI aMOPTH3aTOPH BHCOKOI
sxocri 3a 100 Tuc. y.o.

OCKUTbKH CEpBICHUH ILIEHTP OpTaHi3ye CepBiC ACKUIBKOX JEN0, WOMY HEOOXiTHO MiHIMI3yBaTh
CepeJiHI BUTPATH Ha OJTMH TYMOBO-BaKyyYMHHI aMOPTU3aTOP.

Iro 3a1auy MOYKHa 3BECTH JI0 PillICHHS HACTYITHOI irpoBOi CHUTYaIlii, 110 HaBeeHa B Ta0JI. 3.
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Hageneni B Tabin. 3 BuTpatu oTpuMani TakuM unHOM. Konu BUKOHYyeThCs epeBipka 3a 20 THC. y.o.
1 BU3HAYAETHCSI CTaH BiIMOBH T'yMOBO-BaKyyMHOTI'O aMOPTH3aTOPa, TO BUTPATH IOPIBHIOIOTh:
2.1: (-200)-0,25 + (-20)-0,75 + (-20) = -85 Tuc. y.o.
Jis 1HIIMX CTIONTy4YeHb CTpPATeris — CUTYallisl MAaEMO:
2.2:(-20)-0,25 + (-20)-0,75 + (-20) = -40 THcC. y.0
3.1: (-20)-0,1 + (-20)-0,9 = -20 THC. y.O.
3.2: (-200)-0,1 + (-200)-0,9 = -200 TuC. y.0.

Sx BugHO 3 HaBeAeHOi Tabu. 3, rpa He Mae CiAJIOBOI TOYKH, TOOTO MOTPIOHO BHKOPHCTaHHS
3Mimanoi crparerii. 3ayBakumo, IO TpH 3acTocyBaHHI 2, 3, 4 crparerii MOXXKHa 3pOOUTH AESKi
CHPOILECHHS, BUXOSUU 3 HACTYIHHUX PO3PaxyHKIiB.

ITpu 3actocyBanHi 2-i i 3-1 cTparerii 1 cuTyanii HasSIBHOCTI BiIMOBH 3MilllaHE BUKOPUCTAHHS X
cTpareriii mpu OyAb-KOMYy iX CIiBBITHOINIEHHI HE TEPEBHUINYE BHUTPATH TPH 3acTOCyBaHHI 4-1
cTparerii.

(-85)-0,9 + (-20)-0,1 = -78,5 Tuc. y.o. > -100 THC. y.0.

Tabnuysa 3. BUTpaTH KOWITIB NMPH Pi3HUX CHiBBiTHOIIEHHSAX 00paHOI cTpaTerii i MOKIUBHX CHTYyail

Curryanis CraH ryMOBO-BaKyyMHHX aMOPTH3aTOPIB o
Crpareris Mirinmym y paagy
P 1 BinmoBa 2 Ipanesnatuuit

1. be3 xoHTpOIIO -200 Tuc. y.o. -20 tuc. y.o. -200 Tuc. y.o.
2. Ilepesipka (p = 0,75) -85 THC. y.0. -40 Tuc. y.o. -85 THC. y.0.

3. Tlepesipka (p = 0,9) -20 tuc. y.o. -200 Tuc. y.o. -200 tuc. y.o.
4. 3aKyIIKH 10 IMITOPTY -100 Tuc. y.o. -100 Tuc. y.o. -100 Tuc. y.o.
MaxkcuMyM y CTOBILIAX -20 tuc. y.o. -20 THC. y.O.

AuJe mipu cuTyauii, KOJIM CTaH TyMOBO-BaKyyMHOI'0 aMOPTH3aTopa Mpane3JaTHui, CIiBBiIHOIICHHS
[IUX CTPATErii He TOBUHHO BUKOPHCTOBYBATHUCS B Jiana3zoHi menmie 7:3 (abo 0,7:0,3)
(-40)-0,7 + (-200)-0,3 = -80 Tuc. y.o. > -100 Tuc. y.o.
B iHmomy Bumnaaky
(-40)-0,6 + (-200)-0,4 = -104 tuc. y.o. < -100 Tuc. y.o.
3BiJIcK MOXHA 3pOOUTH BHUCHOBOK, IIIO YETBEPTA CTPATETis HE BXOJUTH B ONTUMAJIbHY 3MilIaHy
CTpaTerilo.
I3 cTparerii, M0 3aJUIIAINCS, MOKHA CTBOPUTH TPU TPHU 2%2.
ITpu Bukopucranni 1-1 1 2-1 crparerii (tadm. 4).

Tabnuysa 4. Burpatn komtiB npu BukopucrtanHi 1-ii 2-i crparerii

Crryaris CraH ryMOBO-BaKyyMHHX aMOPTH3aTOPIB o
Crpareris Mirinmym y paagy
P 1 BinmoBa 2 Tpane3naTHuii
1. Be3 xoHTpOIIO -200 Tuc. y.o. -20 Tuc. y.o. -200 Tuc. y.o.
2. Ilepesipka (p = 0,75) -85 THC. y.0. -40 TuHC. y.0. -85 THC. y.0.
MaxkcuMyM y CTOBHIISIX -85 tuc. y.o. -20 tuc. y.o.
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Lls rpa mae cianoBy TOYKy, TOOTO BHTpaTH Ha OpraHi3amil0 CepBiCY T'yMOBO-BaKyyMHHX
aMOPTHU3aTOPIB CKIATYTh 85 THC. y.0.

IIpu Bukopucranni 1-i Ta 3-1 cTpareriii (Tadim. 5).

Lls rpa He Mae cCianoBOi TOYKHM, TOMY MOTPIOHO BHU3HAYMTH ONTUMAJbHE CITiBBiJHOIICHHS
BHKOPHCTAHHS ITUX CTPATETiH 3 CHCTEMH PIBHIHB

200x, +20x,=¢
20%, +200%,=¢ ()
X, +X,=1

3HaX0AMMO 3HAYECHHS X, = 1, v =1

2 %2
CepenHs BapTiCTh 3aCTOCYBaHHS WX CTpATeriit

g:(—200)~;+(—20)-;=—110 THe. y.o.

Tabnuya 5. BurpaTn kowTiB npu BukopuctanHi 1-ii 3-i crparerii

Crryartis CraH TyMOBO-BaKyyMHHX aMOPTH3aTOPIB o
Crpareris MiHIMYM y pSAKY
P 1 BinmoBa 2 Ilpaue3naTHuii
1. be3 xoHTpOIIO -200 tuc. y.o. -20 tuc. y.o. -200 Ttuc. y.o.
3. Tlepesipka (p = 0,9) -20 THc. y.o. -200 tuc. y.o. -200 Tuc. y.o.
MakcuMyM y CTOBILISIX -20 tuc. y.o. -20 tuc. y.o.

ITpu BukopucranHi 2-1 1 3-1 crpareriii (Taba. 6)

Tabnuysa 6. BurpaTn komrtiB npu BukopuctanHi 2-ii 3-i crparerii

Curryanis CraH ryMOBO-BaKyyMHHX aMOPTH3aTOPIB N
Crpareris MiHIMyM Yy psLIKY
P 1 BinmoBa 2 Tpane3naTHuii
2. Tlepesipka (p = 0,75) -85 tuc. y.o. -40 Tuc. y.o. -85 THc. y.o.
3. Tlepesipka (p = 0,9) -20 tuc. y.o. -200 TuHc. y.o. -200 TuHc. y.o.
MaxkcuMyM y CTOBHIISIX -20 tuc. y.o. -40 tuc. y.o.

Ils rpa TakoX He Ma€ CiayoBoi TOUKHM. Bu3HAYMMO oNnTUMalibHE CHIBBIAHOLIEHHS IPH
BUKOPHCTaHHI IIMX CTPaTETil 3 CHCTEMU PiBHSHB
4
40x,+200x,=¢
X +X,=1
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4 1

3HaXOJMMO 3HAYEHHA X ="', x ==
X
5 2 5

CepenHst BapTiCTh 3aCTOCYBaHHS LIMX CTpaTerii
£= (—85)-;'+(—20)-;:—72 . y.o.,

Lli BuTpaTy HalKpamii 3 TpbOX OTPUMAHHUX, TOMY LI BUTPATHU € LU0 TPU.

OcTaToyHO ONTHMAaNbHA 3MilllaHa CTpaTerisl 3 CepBiCy r'yMOBO-BaKyyMHHX aMOpPTH3aTopiB Oyne
TaKOIO [O;g;é;O]. ToOTo, KONMM CepBiCHUI LEHTpP MPOBOANUTH KOHTPOJIb CTaHY T'YMOBO-BaKyyMHHX
aMOpTU3aTOpPiB, HOMY JOIUIEHO 3aCTOCOBYBaTH 2-Ty 1 3-10 cTpaTerito, mpuioMy 2-y cTparteriio B 4
pasm JacTirie.

PosrnsiHeMo irpoBy 3aauy Tak 3BaHOI TOPTIBIIL.

Hexaii ¢ipma A, mo opraHizyeTbCsi B Hallliii KpaiHi, IUTaHye OpraHi3yBaTH BHITYCK BJIACHHX
3aImacHUX YaCTHH IS MIBHIKICHOTO PyXOMOTO CKiary. s 1iboro moTpibHi pecypeH i TeXHIKa, IKUX y
¢bipmu A Hemae.

B wmifi curyamii MOXIHMBO 3aKIIOUYUTH KOHTpakTH 3 Qipmoro B, sxa Moxke 3abe3neyntu
(iHaHCYBaHHS IIHOTO MPOEKTY, ajle CTaBUTh 3a 1€ YMOBY mepenaté ¢ipmi B gyacTuHy BHITymeHuX
3aImacHUX YaCTHH IS IIBHIKICHOTO PYXOMOTO CKJIaIy 3a MepIIni pik pobotu dipmu A.

[MepenbauaeTbest BUITyCK 3aaCHUX YACTHH JJISl HIBUIKICHOTO PYXOMOTO CKIIAy 3a PiK B 00Cs3i B
cepenaboMy 250 oquHUI 32 11iHOK0 40 TUC. TpH. (Bcboro 100 MitH. TpH.).

Hns ¢ipmMu A, mo TpencTaBise KpaiHy 3 TOCIa0NIeHO0 iH(GPACTPYKTYporo i HeeheKTUBHOIO
€KOHOMIKO0, TOTPIOHO BUKOHAHHS IIbOTO 3aBJIaHHS SKOMOTA IIIBHIKO.

®ipma B BuMarae orpumary 4acTHHY TOTOBOI MPOAYKIIi OUIbIIE TOJTOBHHH, OCKIIBKH TiNBKH 1€
MIOKPHE 11 BUTPATH, IO JJIs1 HET IPUHLIUIIOBO.

®ipma B He Moxe BuMaraTa Bif ¢pipMu A BUKOHAHHA CBOIX iHTepeciB, 00 pipMa A MOXKe 3aTyduTH
1o Bunycky 3amgactud ajst LHPC inmry dipmy C.

Crutamaetbest KOH(IIKTHA CHTYaIlist MK B3aeMOi€r0 ¢ipM, 60 BOHH 00WIBI OTPUMYIOTH IIPHOYTOK
1 cyma iX TuiaTexxiB He JOPiBHIOIOTH Hymo. Lle xoomepaTiBHa rpa 3 HEHYNIBOBOK CyMOI0. OIiHUTH
MOJKJIMBOCTI ()ipM MOKHA [IUITXOM BH3HAYCHHS (DYHKIIiT KOPUCHOCTI.

Komu sikacek onmHa dipma oTpuMye Bech MPHUOYTOK 3a PiK, KOPUCHICTB JUIsl Hel JopiBHIOE 1, a s
iHmoi BiAmoBigHO 0. TOOTO TpH POCTI KOPUCHOCTI it OfHiel dipmu, iHIMIN (ipMi TPUXOTUTHCS
BTPATHUTH IF0 KOPHUCTb.

Haiikpamym pilieHHSM € Takuil pO3MOJT MpHOYTKY, KOJIH JIOOYTOK KOPUCHOCTEH €
MaKCHMaJIbHUM.

3araqoM (QYHKLiI0 KOPUCHOCTI MOXHA 3a/laTH Ha OCHOBI CTATHCTUYHHUX NAHMX VI KOHKPETHHUX
YMOB (YHKI[IOHYBaHHS OYy/Ib-SIKOTO MiIpueMcTBa (PipMu).

3anumemo (yHKLiI0O KOpUCHOCTI g ¢ipmu A K (QYHKLiO yl:a,lx3—|—a2X2—|—a3X—|—a4 B

3arajbHOMY BUTJISIII.

ToOTo i3 3pocTaHHAM TUIaTeXiB Bia ¢ipmu B dipma A oTpumye Bce Oiibllleé KOPHCTI B CBOIN
JHSIBHOCTI.

Pazom 3 M st pipmu B QyHKIIS KOPUCHOCTI 31 301NIBIICHHSIM TUIATEXKIB TAKOXK 3pOCTaE, alie B
npotudasi o iHTepeciB dpipmu A. L{to ocobnuBicTs mpeacTaBUMoO It GYHKIIT KOPUCHOCTI Y TAaKOMY
BUTJISAA1 y2 :—b1x3+b2x2+b3x+b4. To6To, UnM MEHIIIe MIaTeXiB BUTpadaeThcs Ha Gipmy B, Tum

MEHIIIe 3HaYCHHS PUMae (yHKIIisST KOPUCHOCTI.
i1 yMOBH JOCSITHEHHSI ONTHMAJIBHOTO 3Ha4YeHHs (QYHKIIi KOPUCHOCTI BU3HAUYUMO IIEPEMHOKECHY
dyskuito Y = yl. y2 . Y 3B’S3Ky 31 CKJIQIHICTIO AHATITHYHOTO TIPEJICTABICHHS MaKCUMAalbHOT

KOPHUCHOCTI HAQJaMO YHCJIOBHHA TpUKIan peamizamil miei 3amadi. 3 gaHux, mo HaBenxeHi B [1, 2]
3anurremMo 1y GpipMu A QYHKITIF0 KOPHCHOCTI Y BHTIISII
Y, =10%x3-0,62-103x2+0,41-10"1x+0,29-101
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Hns ¢ipmu B BignosigHo
Y, =

-0,3-105x3+0,134-10%4x2+0,115-10*x—0,2-101

BiamoBigHIiCTh MTaTeXiB 1 KOPUCHOCTI BiJ iX PO3MOIiTy HaBeeHI B Ta0I. 7.

STk BUAHO 3 PO3PaxyHKIiB, MAKCUMAJIbHE 3HAUCHHS Y AOCSITAETHCSA TPH PO3MOALT TaTexiB 30 MITH.
rpH. dipmi A 1 70 muH. rpH. ¢ipmi B, konmu y = 0,601.

Tabnuysa 7. BinmoBigHicTh miiate:xis i kopucHocTi Bix ix po3noxity

Y1 0 0,38 | 0,636 | 0,798 | 0,891 | 0,933 | 0,943 | 0,938 | 0,939 | 0,963 1

A X1 0 10 20 30 40 50 60 70 80 90 100
V2 1 0921 | 0,842 | 0,753 | 0,655 | 055 | 0,439 | 0,325 | 0,208 | 0,091 0
y Xz 100 90 80 70 60 50 40 30 20 10 0
Y1'y2 0 0,355 | 0,535 | 0,601 | 0,583 | 0,513 | 0,414 | 0,305 | 0,196 | 0,088 0

Ha puc. 1 mpeacraBneno pimeHHs miei 3amadi. [lo oci abcnyc y 4ncenbHUKY BiTOOpaKEHO TUTATIN
Ha KOpUCTh PipMu A, y 3HAMEHHUKY — TUIATi K Ha KOPUCTH Qipmu B.

1 \
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BucnoBku. 1. 3 mpoBeleHUX IOCTIIKEHb MIONO BHOOPY CTparerii yTpuMaHHS JIOKOMOTHBHOTO
napKy BUIHO, IO METOJAMH CTPATEriuyHUX irop MOXXKHA BHPIIIYBAaTH JOCUTH Pi3HI THUIHU 3ajad, IO
OB’ s13aH1 3 TPUHAHATTSAM PIllIeHb, 30KpeMa, OOrpYHTYBaHHS TIOCTYIIOBOTO IEPEXOLY IO CepBicy, BHOIp
TaKTHUKHU 00CITyTOBYBaHHS PyXOMOTO CKJIa/ly, ONITUMajIbHA B3AEMOJIiS MK pi3HUME QipMaMu.

2. Ilpu peamizarii irop Oyio mokazaHo, 10 3MilllaHa CTpaTerisl HalKpalle OMKUCYE Pi3Hi cUTyarlii i
JI03BOJISIE€ IPUMMATH palioOHaIbHI PILLIEHHS, B TOMY YHCIi 3 TOYKH 30py MaKCHUMAJIBbHOTO MPUOYTKY i
ontuMainbHoi nporpamu BukoHanus TO, I1P obnannanns TPC.

3. TlokazaHo, IO CKJIaJHI 3aJa4i MOXKHA CHpoIlyBaTH Oe3 BTparu iHpopmarii 1 3abe3rnedeHHi
ONTUMAJILHOT cTpaTerii poOOTH PEMOHTHHUX MiAPO3IiTIB.
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4. B pasi curyauii, 110 MpUTaMaHHA KOOTIEPATHBHIH I'pi 3 HEHYJILOBOIO CYMOIO JOLIJIBHO OTpUMATH
iH(OpMAIIifo PO TUHAMIKY (YHKIIIi KOPUCHOCTI, TIO SIKi MOKHA OIIHFOBAaTH 00paHi CTpaTerii rpaBIIiB.

5. OtpuMaHi pe3ynbTaTH € TEPBUHHOIO OLIHKOIO MPH MPUHHSATTI PIilIeHb 1 MOTPeOYIOTH A
KOHKpETH3alii alrOpUTMY Aii JOAaTKOBUX PECYPCIB 1 METOJMK, 30KpeMa, 1€ MOKYTh OyTH MOJ0KESHHS
Teopii HEJITKMX MHOXHH, Teopil po3mizHaBaHHS oOpasiB. KomruiekcHe iX 3acTocyBaHHS HallacTh
O1IBIIIOT YITKOCTI OIIHIOBAHHS IIPH BHOOPI CTpaTerii.
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CHOICE OF LOCOMOTIVE PARK MAINTENANCE STRATEGY WHEN INTRODUCING
THE SERVICE

In operation, sometimes there are situations of uncertainty in assessing the technical condition of
locomotive equipment and at the same time choosing the optimal strategy for its maintenance,
including the possibility of using the service. Application of the concept of service gives the chance to
stimulate work of all divisions of locomotive economy, to save all kinds of resources for operation of
locomotives.

According to this, the article substantiates the choice of strategy for maintaining the locomotive
fleet using the provisions of the theory of statistical solutions. Game theory approaches were used to
theoretically substantiate the transition to a service for decision-making in conflict situations and to
determine the optimal strategy of behavior of each of the participants in this situation. Approaches to
the choice of strategy for the maintenance of the locomotive fleet during the introduction of the service
on the basis of the provisions of the theory of strategic games on the criterion of maximum efficiency
were considered.

It is shown on examples of the decision of some problems of a choice of maintenance strategy of
locomotives for various industrial situations. It is concluded that a mixed strategy describes different
situations best and allows to made rational decisions. It is also noted that the most effective approach
to concretize the algorithm of actions is the complex application of the theory of strategic decisions,
the theory of fuzzy sets, the theory of pattern recognition.

Keywords: locomotives, players, strategy games theory, strategy, service.
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BUT'OTOBJIEHHS COPBIIIMHOT O IHOJIOTHA 3 KOMIIO3UTHHUX
MATEPIAJIB 5K 3ACIB JJIs JIHKBLIAII PO3JIMBIB HEBE3IIEYHUX
PEYOBHUH HA TPACIIOPTI

Y cmammi nionimaromscsa npobiemu 3ani3HUYHO20 MPAHCNOpmMy 8 6a2amvox KpaiHax ceimy, 8
momy wucni depacasax €8pocoro3y ma Yrpaini, nepege3eHHs pi3HUX KLACI8 HeDe3neuHUX 8aHmaxcis,
3abe3neuents 6e3nexu nio 4ac ix nepegezeHHi, NOCUNEHHS MEXHIYHUX HOPM i eKOJO2IYHUX UMO2 OO
be3neku npoyecié nepeseseHb Hebe3NEUHUX 6AHMAICIE 6CiMa GUOAMU MPAHCNOPMY, d MAKOIC
nioniMaemocs npobrema aokanizayii ma nikeioayii asapiil niduac nepede3eHHs pI3HUX Klacié
Hebe3neuHux eanmadxicie s3anisHuunum mpancnopmom. Obzosopeno memoou ma cnocoobu noxKanizayii
ma niKeioayii po3nueie Hebe3neuHUx anmadicie, ONUCAHO COPOYIUHUL Memoo, K 0OpaHuil Memoo O
supiulents npobiemu, O0AHO KOPOMKUU ONUC COpOeHmis, NpedCmasieno pisHi eapiaHmu ma
Moougixayii mamepianie Ons BUSOMOBIEHHA BY2ileyesux copbeHmis, nidiopaHo mamepianu sKi
Oy0ymb eukopucmani 015 6U20MOGIEHHS YHIBEPCATbHO20 COPOYILIHO20 NOIOMHA, ONUCAHO MEMOOUKY
OMPUMAHHA YHIBEPCATbHO-COPOYIIHO20 NOOMHA, NPOOEMOHCMPOBAHO CNEeYianbHy YCMAHOBKY O
kapbonizayii (Kapbounizamop), sxa 6yia mpoxu MOOepHI308aHA MdA  6U20MOBIEHA ABMOPAMU 34
KpeCIeHHAM KOHCmpYKyii ycmanosku Encenvcokoeo mexnonoziunozo ywigepcumemy. Onucaro
MemooOuKy npogedeHHss eKcnepumenmis. Jlana Xxapakmepucmuxa YHI6epcanbHo2o copoyiliHo2o
NONOMHA, U020 COPOYIHI  61ACMUBOCMI, A MAKONC 3ANPONOHOBAHO MEMOOUKY GUKOPUCHIAHHSL
VHIBEPCANbHO20 COPOYIIHO2O0 NONOMHA, AK 3aciOo 0aa  Jokanizayii ma/abo nixeioayii piokux
Hebe3neunux peuosun 3, 5, 8 knacie nebeznexu.

Knrouoei cnosa: exonociuni mexnonoeii, HebesneuHi ganmaoici, n0okanizayis asapiu, nikeioayis
aesapiii, kapOoHizayis, yHieepcaibHull cOpoOYitiHe NOIOMHO.

Beryn. B nanuit wac B 6arathox KpaiHax CBiTy, B TOMY YHCIi JiepKaBax €Bpocoro3y Ta YKpaiHi,
3pocTae PO3yMiHHS BaKJIMBOCTI BUPIIMIEHHS TIO0AIBHUX MPOOJIEM TPAHCIIOPTHUX KoMIuiekciB. lle,
MEpI 3a BCe, MOB’SI3aHO 3 BUMOTaMM ITiJIBUIIICHHS Oe3Neku Ta e()eKTHBHOCTI MEPEBE3EHb, 3 POCTOM
MOOUTBHOCTI  CYCHIBCTBA, HEOOXINHICTIO 3MEHIICHHS BIUIMBY TPAHCIOPTY Ha HABKOJMUIIHE
CepeOBUILE TA 1HIIHX.

B octaHHE AecATHIITTS CIOCTEPIraeThes 3HAYHE MOCHIICHHSI TEXHIYHUX HOPM 1 €KOJIOTTYHUX BUMOT
J0 Oe3nekd TIpOIECiB TiepeBe3eHb HEOE3NMEeYHWX BaHTAXIB BciMa BHIaMu TpaHcrnoprty. Lle
Oe3nocepeHbO OB’ S3aHO 3 €KOJOTIYHUMH HACTIIKAMH MOXITUBUX aBapiiiHMX ab0 TEeXHOJOTIYHUX
NPOTOK HEOE3MEYHNX BaHTaKiB BHACIIIOK MOPYLICHHS PErJaMEHTY 1X IepeBe3eHHS.

MerTo gocaizkeHHs € po3poOKa 3axo/iB Ta PaIliOHAILHOIO MiAXOMY JIO JIHKBIAAIll HACIIIKIB
aBapiil pu nepeBe3eHHI HeOE3MEUHNX BAHTAXKIB.

HaykxoBa HOBHM3HA IOJIsiTa€e B OHOBJICHHI MiAXOAY A0 JIKBiAawii Ta JOKami3auid aBapiid mig dac
nepeBe3eHHs HeOC3MeUHUX PEYOBUH, KU 10 CYTI HE € IPUHIIMIIOBO HOBUM, JUISl PO3BUHEHUX CTpaH,
TaKuX K, HaMpUKIaz, €Bporericbkuit Coro3, aje sIKkuii He BUKOPUCTOBYETHCS B Y KpaiHi.
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VY 30HI aBapiifHOrO PO3NUBY YaCTO CIIOCTEPIracThCcs KOH(IIKT IHTEPECiB MiX MPAarHEHHSM 3aXUCTY
HaBKOJIMIITHHOTO CEPEAOBHIIA 1 HEOOXIAHICTIO SKHAWIIIBHU/IIIIOTO BiHOBJICHHS BAHTAYKHOTO CITOTYYEHHS.
Bararo (akropiB 6e3mocepe1HhO BIUTMBAIOTH HAa BHOIp 1 peaizallifo BiITOBIIHOI TEXHOJIOTII JIOKaTi3aIii
abo nikBiganii. B ymoBax nedimmty yacy i 6e3midi clieHapiiB pO3BUTKY aBapiiHOI CHTYyallil BUPILIUTH AaHy
OpraHizaIliifHy 3aJa4dy OIEepaTHBHO HE TPENICTABIAETHCS MOXJIIMBUAM. BN TOrO, iCHYIO4I TEXHOJIOTII i
periiaMeHTd TPOBEACHHS JIKBINAIHHUX 3aXOMIiB IIOKA3YIOTh CBOIO OIEPATHBHY HeEI€3MAaTHICTh 1
BiICTpoueHy e(EeKTUBHICTh. TakuM YMHOM, HA MPAKTUI JIOKA3awis 1 JiKBiAallis aBapiiHUX PO3JIMBIB
HEOE3IMEYHNX BAHTAXKIB 3/ICHIOETHCS YaCTKOBO a00 HE TMPOBOJIUTHCS 30BCIM. Y3arajibHIOIOUYM CKa3aHE
BUIIlE, MOXHA TIPHWATH [0 TAKOTO BHCHOBKY: TPAAWIIIHI TEXHONOTII JIOKami3arii 1 JIKBiaii po3nmuBiB
HEeOE3MEYHNX BaHTAXKIB HAa 3ali3HMYHOMY TPAHCIOPTI HE MalOTh YHIBEpPCAJIbHICTi, HEOOXimHOI st
OIEpPaTHBHOTO Ta e(EeKTUBHOIO 3aXMCTY HABKOJIMIIHBOTO cepemoBuina. Omke, HEOOXiTHO pO3poOHTH
HOBHH MiXi, KA HaBiTh B CKJIAJHUX YMOBaX 3a0e3MeYnTh MPOCTOTY, YHIBEPCATBHICTh 1 e()eKTUBHICTh
oprauizarfii JTKBiTaIiifHAX 3aXO0/iB.

Icnye 6arato croco0iB nikBifamii aBapiiHMX HACHIiAKIB MPH NepeBe3cHHI HEOE3MEUYHUX BaHTAXIB,
TaKUX SK HEHTpaiizallis, TaciHHA IHOI YW BOJOI0, aje HAHOUTIBIT PO3MOBCIOHKCHHM METOIOM
JoKamizamii JKBimaIii HACHiIKiB € BHKOPUCTaHHS COpPOEHTIB, TOMY IO BOHH BHCOKY CTYIiHBb
OUMILIEHHS, HU3bKY COOIBaPTiCTh, IPOCTOTY Y iX OTPUMAaHHI Ta BUKOPUCTaHHI.

Otxe, copbent[l, 2] — cnenianpHuil MaTepia, KU 3a paXyHOK (i3MKO-XIMIYHHX TPOIECIB Ha
BJIACHIM TOBEPXHI 37]aT€H O TOTJIMHAHHS PEYOBHH 31 3MEHIIEHHSIM iX MMOYaTKOBOi KOHIIEHTpAIi y
BUXITHOMY PO3YHHI, came el MeXaHi3M 3a0e3Meuye BUCOKY e(DeKTUBHICTD JIKBiIAIHUX 3aX0/IiB Ha
0a3i cCOpOLIHHUX TEXHOJIOTIH.

CyyacHi copberTH mofinsrorbes Ha[l,2]:

= BYIJIENEBi aICOPOCHTH Ha OCHOBI MPUPOIHUX 1| CHHTETUYHHUX MaTepialliB (aKTUBOBaHE BYT1JLIA,
B TOMY 4YHMCIIi TabneToBaHi pOpMHU; aKTHUBOBaHI BYTJICIICBI BOJIOKHA);

=  CHJIIKareni,

= [[EOJIITH,

= aoMoredi (ajgbMareb, MaaJloKc);

=  AJIOMOCHITIKATH;

® {HII HEOpTaHIYHI COPOEHTH;

= {0HOOOMiHHI MaTepiany;

= OpraHo-MiHepaJbHi | KOMIO3HUIiIHI COPOEHTH;

= pigki abcopOeHTH (BOMa, Macia);

= OpraHiyHi CHHTETWYHI 1 TPUPOAHiI copOeHTH (Tmoiicopd, eHTepoje3, eHTepocopO; JIrHIHU B
pizHuX MoauGikaIisx — noxidenan; XiTHH, XiTO3aH; [IEJII0I03a), IEKTHHH.

B ymoBax nedinuty ¢hiHaHCYBaHHS IPUPOIOOXOPOHHOI JISUILHOCTI BCE OLIBIININ IHTEPEC BUKIUKAIOTh
CyOCTHUTYTH TIPOMHUCIIOBUM COpOeHTaM Ha OCHOBI Mofm(iKallii pUpOAHNX MaTepiaiB i BiIXOJIiB.

B naniii po6oti 6yB 3po0ieHuit BUOip HAa KOPUCTH BYTJIELIEBUX COPOEHTIB, TOMY IO BOHH MTPOCTIlI
y BUKOHaHHI Ta BUKOPHCTaHHI, 3HAYHO JICTIEBIII TTOPiBHSHO 3 IHIIMMHU COPOEHTaMH, Ta MalOTh JIOCHTh
BHCOKUH CTYMiHb ounieHHs 95-99%.

Ha puc. 1 npencraBieno pi3Hi BapiaHTH Ta MoJudiKkaIlii MaTepianiB Ha OCHOBI SKUX BUTOTOBIISIIOTh
BYTJICIIEBl COPOCHTH.

Mpomucnosi
CUHTETUYHI

MpupopHi i

Martepianu i ;

- omimom ]

Puc. 1. Pi3ui BapianTu Ta Moaungikanii MaTepianiB 1715 BUTOTOBJIEHHS ByIJIelleBUX COPOEHTIB
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Bsarani, mmanyerbcsi po3poOka yHiBepcalbHOTO COpPOEHTY SIK YHiBEpcalbHOTo 3acoly uis
JIOKaJji3arii Ta JIiKBiaIlii HacIiAKIB aBapii MU MmepeBe3eHHI pinkux (pakiii HeOe3MeUHNX BaHTaXKIB.

Bapro 3a3HaunTH, 1m0 copOEHTH BUKOPUCTOBYIOTH /IS JTIKBiAAIl aBapifHUX HACTIIKIB TUTBKH IIPH
nepeBe3eH I PiKNX HeOe3nmeyHux pedoBuH. Came ToMy mpH po3poOli yHiBepCaaIbHOTO COPOEHTY MU
BUKITIOUIIIA 31 CNHCKY HeOe3MeYHMX BaHTaXIB SKIi MM HE MOXKEMO JIIKBiIyBaTh COpOIiHIMH
METOJIaMH, a 3aJUIIIA HACTYyIHI HeOe3meuH1 BaHTaxXi, SKi MO)KHAa BUKOPHCTOBYBATH, JIJIS JIOKATi3allii
Ta JiKBigaWii aBapiiHUX HACIIIJKIB P MepeBe3eHHI HeOe3MeYHNX BaHTaXiB, a came:

Knac 3 Jlerko3aiiMuUcCTi pifHA

Kimac 5.1 PeuoBuHH, 1110 OKHCITIOIOTH

Knac 5.2 Opraniuni nepokcuau

Knac 8 Kopo3iitHi peqoBuHH

VY tabmuui 1 mpencraBieHi pi3HI copOIiifHI MaTepiaid, sIKi BHKOPUCTOBYIOTH /ISl PI3HUX KJaciB
HeOe3meunux BaHTaxis [3, 4, 5, 6, 7].

Tabnuysa 1. AHani3 NPAKTHKY 3aCTOCYBAHHS COPONiliHMX MaTepiaJiB 1/ Pi3HUX KJaciB Hefe3meYHHX

BaHTaXiB
Knacu HeGe3nexku
Copoentn 3 kaac Sknac 8 kaac
5.1 5.2

AKTHBOBaHE BYT1JLIS + + + +
ITicok +
Bosna +

JepeBHa Tpicka + +
Bucymieni 3epHOBI IPOTyKTH +

Makynarypa +

[IpoanamizyBaBmu mani 3 Tabmuii, Oymo oOpaHO AeKinbka HaOIMbII e(peKTHBHHUX COPOMIHHUX
MarepialliB, a came: aKTHBOBaHE BYriJUI Ta BIAXOOW ICPEBHHHOI TPICKH. SIK CHPOBHHY st
BUTOTOBJICHHSI aKTHBOBAHOTO BYIiLIsA [8] MPOIMOHYETHCS BUKOPHCTAHHS BiIXOIIB KaBOBHX 3€pPCH
¢pakmiero Bim 0,1 MM mo 1 Mm. I3 BimXomiB nmepeBHHHOI TPiCKM a00 CTPYKKH MPOMOHYETHCS
BUKOPHUCTOBYBATH KPYITHY 4H JIpiOHY TpicKy a0 CTPYXKY po3mipamu Bif 5 MM 10 20 MM.

AxtuBHMii Byriwis [9] — enuHui IPOMKCIOBHI COPOCHT, IO BOJIO/II€ HEMOJISIPHOIO MOBEPXHEIO.
Bin noOpe amcopOye opraHiyHi, B TOMY YHCIi HEMOJSAPHI PEYOBWHH, HANPUKIAA: POIUYUHHHUKH
(ByrneBo/IHi, X TaJOreHOINOXiIHi, MPOCTI i CKiIaaHi edipu Tomo), OapBHUKH, HAYTONPOIYKTH, TOIIO.

AKXTHBHI ByTUJIIISI B OCHOBHOMY 3aCTOCOBYIOTBCS [Uisi TakuX 1iisiei[10]:

OYHIIIEHHS MUTHUX 1 CTIYHUX BOI;

padinyBaHHS IYKpY;

OUMINIEHHS T'a3iB i peKynepaiii po3YMHHUKIB;
OTPUMaHHS MEeIUKaMEHTIB;

OYMIIIEHHS CIIUPTY Ta BUHA;

MIOJTLTY Ta30BUX CyMillIeH;

BUPOOHUIITBA KaTaJi3aToOPiB;

oJiep>KaHHs 0COOJIMBO YHCTUX XIMIYHUX PEYOBUH;
B CHCTEMaXx 3aXUCTy OpTraHiB JUXaHHSI.

KapOoHnizaiist (mmipoJi3 3a CBOEI CYTTIO) — HAWOUIbII HMOIIMPEHUI METOJ OTPHMAaHHS BYTULIS Ta
ByrieneBux copOenris. [locmiaauku y ramysi [11,12,13,14,15] BBaxkarTh, 10 M Yac KapOOHi3amii
POCIIMHHOI CHPOBHHH CYIIPOBODKYETHCS MapajelbHUMH IpoLecaMu JeripaTaiii 3 YTBOPEHHSIM
BYTUIJIS Ta TMOJIIMEpU3alil 3 yTBOPEHHIM PI3HOMaHITHUX CMOJI Yepe3 JICBOTIFOKO3aH.

Hocnigavku [16,17] knacugikyroTs mpolec kapOoHizaiii 3a TppoMa CTaJisMH, SKi TIOBHOI MipoIO
OMKCYIOTH XiMi3M KapOoHi3aii:
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kapOoHizauiss B iHTepBani Temmnepatyp Big 150 °C go 300 °C: cynmpoBOIKYETHCS pO3MaaoM
OCHOBHHUX CKJIQJIOBHUX TEMIIENfoNio3 (IIEHTO3aHOB) 3 BUIUICHHSM Y Ta3oBy a3y BOIU, KHCEHb-
BMICTKHX Ta3iB, MypalInHOI Ta OIITOBOI KUCIOTH, (pypdypory;

kapOoHizauiss B iHTepBasi TemmepaTyp Big 325 °C go 375 °C: cympoBOIKYETHCS PO3MaaoM
KPUCTAIIIYHOI TENFONIO3U Ta JITHIHY 3 YTBOPEHHSIM BOJIH, BYTLLIS, BYTJIEKUCIOTO Ta3y, METaHOIY Ta
(heHONTPHUX MTPOAYKTIB;

kapOoHizamis B iHTepBani Temneparyp Binm 400 °C mo 650 °C: cynmpoBOIKYETBCS CKIaTHUMHU
MipOJIITHYHIMY TPOLIECAMH, B PE3YJIbTAT] SKMX BUHUKAE PO3PHB ali(aTHUHUX Ta AlUKIIYHHUX 3B 3KiB
CIIOJTYK CHPOBHHU 3 OJTHOYACHIMH BTOPUHHUMH PEAKITISIMU PEKOMOIHAIlT 3 yTBOPEHHSM HaIliBKOKCY;

KapOoHizaiis B inTepBani Temmeparyp Big 650 °C mo 900 °C: ocrarouna kapOOHi3allis CHPOBUHH,
AKa CYMPOBOKYETHCS MPOIecaMy MOJIIKOHCH AIlIT 3 BTPAaTOI0 KUCHIO, BOJIHIO, a30TYy Ta CipKH.

Ocraroyna kapOOHi3alis POCIMHHO! CHPOBHHH HACTYIIa€ TP TeMIepaTypi oOpoOKH y Miama3oHi
Bz 800 °C mo 950 °C [18,19,20,21].

3aranpHa MOCTAHOBKA EKCTIEPUMEHTY KapOoHi3awii (MeTOau Ta MaTepiasin)

IIpomec xapOonizarii BiIX0AiB BUKOHYBAJIM y OPHUTIHAIBHOMY KOPOOHI3aTOpi MPHUHIIMIIOBA CXeMa
SAKOTO HaBeneHa Ha puc. 2. KapOonizaTop (puc. 2) m03BoIsie MPOBOIUTH KapOOHI3aIilo pOCIUHHIX
BiIXONiB B JTaOOpaTOpPHMUX YMOBaxX KOKCYBaHHS 0e3 BHKOPHCTaHHS CIELiaJIbHOTO OOJIQJHAHHS Ta
IHEPTHOTO Cepe/IOBHIA. 3BOPOTHI KJIallaHW, BCTAHOBJICHI HA KPHIII OOMEXKYIOTh IOCTYI KHCHIO Y
30H1 KapOOoHi3aIlii Ta He MePeIKOIKAI0Th BUAAJICHHIO Ta30T0JiOHAX TPOTYKTIB.

[Mpuanumn #ioro podotu: ajst kKapOoHizawii HaM MOTPiOHO B3ATH WTiHAPUIHY dopmy (1), y mpoctip
JUTL PO3MIIIEHHsI BiIXOMiB, 30HY KapOoHizamii (2) 3acumaTi MaTepian ais KapOOHiI3yBaHHs, MOTIM
NOTPiOHO HAKPUTH KpHIIKOO (3), OTiM Tpeba 3adikcyBatu OoaTamu Kpuiky Gopmu (5), micis 4oro
KapOOHI3aTOp BIANPAaBISETbCA y HArpiTy MiUKy. Buxinm rasy 3ailCHIOETBCS Yepe3 OTBOpH 3i
3BOPOTHUMH KJIallaHAMM JUIS BUJAJICHHS MPOIYKTIB KapOOHi3aIllii.

Puc. 2. ®opma ans kapOoHizauii Binxoais:
a) 3araJbLHMIl BUIJIs1] KapOoHi3aTopa, 6) NPUMHIMIIOBA CXeM YCTAHOBKH
1 — nuninapuyHa Gopma, 2 — npocTip I po3MILIEHHS BiX0/iB, 30Ha KapOoHizalii, 3 — kpuiika ¢popmu,
4 — oTBOpH 31 3BOPOTHUMH KJIalIAHAMH JJIs1 BUNAICHHS MPOAYKTIB KapOoHizaiii, 5 — 6onth (ikcarii KpumKu
hopmu

Hocmigaukn y rtamy3i [22] cTBepipKyroTh, IO I JlabopaTopHA YCTaHOBKA 3/1aTHA IMITyBaTh
TEXHOJIOTI4HI TIpoIlecH KapOoHi3allii y MpoMHUCIIoBil mHeKOBiH medi. KapOonizatiist Oyia opraHizoBaHa y
MyQeTbHii nedi B yMOBax KOKCYBaHHS IpH mocTiiHii Temmepatypi Bix 100 °C no 500 °C 3 miarom 50 °C,
yac kapOoHizauii 3paskiB Biaxonis cknagas 30 xB. [licnst oTpuMaHHS COPOSHTY MPUCTYIAEMO A0 APYTOi
YAaCTUHU EKCIIEPUMEHTY, a caMe. BH3HAUCHHs SIKICHMX Ta KUIbKICHUX ITOKa3HHWKIB OTPUMAHOTO HAMHU
COpOeHTY.

Y IpOMHUCIOBOCTI POMOHYETHCSI BAKOPUCTOBYBATH CIIELiaJIbHI MiPOITi3HI yCTAaHOBKH.
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IcHye GaraTto aHanoriB KOMIIO3UTHUX YHIBEpCAJbHUX COPOCHTIB, sIKi OJIM3bKi 32 BUKOPUCTAHHSM,
aje sK i ycix aHaJoTiB BOHH MAalOTh CBOI IT€peBaru

Aptopamu 3enenpko HO.B. ta Copokxa M.JL. O6yB po3poOneHnii KOMHO3HWIIWHUN COpPOEHT st
OYHMCTKM pI3HOMAHITHUX MOBEPXOHb BiJg HadTONpoAykTiB [23], 1O MICTHTH BHUCYIICHE Ta
TrpaHylbOBaHE MEJIOJIO3HE BOJOKHO, KapOOHAT KalbIif0 Ta KAaoNiH, SKAW JOAATKOBO MICTHTh
BUCYIIIEH] Ta MOAPIOHEHI CE30HHI BiAXOIM 30H 3elIEHNX HACA/DKEHb MICT (Oraje JUCTS), [EeTI0I03He
BOJIOKHO, KapOOHAT Kalblilo, Cyab(paT Kalblil0 Ta KaoliH MpPU HACTYHNHOMY CITiBBiJHOIICHHI
KOMIIOHEHTIB, Mac. %: 50-90; 3,0-15; 2,5-5; 2,5-10;

IlepeBaramu maHoTrO COpPOEHTY € TE, IO BiH 3pOOJIEHHI 3 KOMITO3UTHHX MarepialiB, a TaKOX Te,
IO 0 CKJIaay BXOJSATHb PIi3HOMaHITHI Marepiand, YacTHHA 3 SIKMX € BigXOJaMH 30H 3eJICHHX
Haca/pKEHb, IKi BUKOPHCTOBYIOTBbCS SIK BTOPMHHA CHUpoBHHA. Lleii copOEHT Mae BHCOKY copOILiiiHy
eMHICTh HapiBHi Bix 90% 1 Bute.

HenonikamMmn gaHOTO KOMIO3HWIIIHHOTO COPOEHTY ISl OYHMCTKHA PI3HOMAHITHUX TIOBEPXOHB Bif
HadrompoaykTiB [22], € BUKOpUCTaHHSI COPOCHTY y BHUIJISAAI IpaHys, abo JIMCTKIB, IO YCKIJIAJHIOE
mporiec 30MpaHHS BiIMPalbOBAHOTO MaTepialry, TOMY IO TyXK€ CKJIaTHO BIIIUTUTH TPaHyITd Bij
IPYHTY 1 JO TOTO X, MO0 AKICHO 3i0paTh po3nuTy HeOe3NedHy pedoBHHY, MOTPiOHO Iyke Oarato
rpaHyJ1, abo JIMCTKIB, 00 MOKPUTH YCIO TUIOILY PO3JIUTOI TUISIMHU.

[cHytOTH mIe iHImI copOeHTH, HAa OCHOBI IEONITIB (yHiBepcanpHHMII MiHepanbHuil copbent L[TP-
COPB).

VuiBepcanpuuii  MinepansHuii  copbent IITP-COPB [23] mnpusHavyeHwid miast  JHiKBimariii
HaJ3BUYAWHUX CUTYyallil, IMOB’sI3aHUX 3 aBapiiHUMM PO3IUBaMH Ha(TH, HAPTOMPOAYKTIB, a TAKOXK
XIMIYHO HEOE3MECYHUX PECUOBHH.

CopOeHT 3aCTOCOBYETHCS A 300py aBapifHUX PO3IMBIB 3 TBEPIUX MOBEPXOHB (actanbt, OETOH,
aepeBo, rpyHT Toio). Temmeparypa 3acrocyBanns Bix —50°C, mo +70°C, 3amexHO Bif BIaCTHBOCTEH
copbara (pe4oBrHa, IO MOTJIMHAETHCS COPOCHTOM MPOIYKTY).

CopOeHT MOXe BUKOPHUCTOBYBATHCH TPAHCTIOPTHUMH 1 PEMOHTHUMH TiATPUEMCTBAMH, JOPOKHIMH
Ta eBaKyalliiHUMH CITy)k0aMu [Tt 300py 1 BHIAICHHS aBapiiHUX PO3JIHMBIB Macell, majauBa i pobodnx
piavH (TaybMIBHOI, TigpaBIiyHOI, IO OXOJOMXKYIOTh) 1 OYMIICHHS JOPOKHBOIO TOJOTHA.
[TiazmpuemcTBaM XiMIYHOI Ta IHHOIMX Talxy3ed MPOMHUCIOBOCTI BUKOPHCTOBYIOTH OTpPYIHHI, TOKCHYHI 1
HeOe3MneuHi 71 IF0UHN a00 HABKOJIHUITHHOTO CEPEAOBHUIIA PIAWHY 1 PifKi peYOBHHHU.

[TepeBaramu qaHoTO COPOCHTY €:

MiHIMallbHI BUTPATH Ha JIKBiaIlil0 aBapiiHUX PO3IHUBIB;

BHCOKa BOorHeTpUBKicTh 10 800 ° C;

MOJKITUBICTH YTHIII3aIlii Ta BTOPHHHOTO BUKOPUCTAHHS TIICIIS pereHepaltii;
eKoJIoTiuHa Oe3ITeKa;

BUKOPHUCTAHHS JUIS BiTHOBIICHHS 3a0pyTHEHUX HAPTONPOYKTaMH 3eMEb.

OpHak He#oJIKaMU BiZJOMOTO COpPOEHTY € BUKOPHCTaHHS JIMILE OJHOrO Marepialy sSK Marepialy
JUIsl COpOEHTY, IO HE Ja€ TAaKOro pe3yibTaTy, TAKOK 3HAuHI BUTpaTH Ha 30ip COpPOCHTY Iicis
JIKBIAIl Ta 3aCTOCYBaHHS COPOEHTY Yy BHIVISJI CHITydOro MaTepiany, 3HaYyHO 3J0POXKYE IMPOIEC
JKBiJaIil, € TAKOXK HEIOJIKOM I[LOTO COPOCHTY.

OcHOBHa XapaKTepHCTHUKA aKTUBHOIO BYT'JUISL Ta ByTJIeLleBUX COPOEHTIB 3arajioM — Iie afcopOuiiHi
BJIACTUBOCTI, SIKi BU3HAYAIOTHCS TEKCTYPOIO COPOEHTY Ta MPUPOJIOI0 MOBEPXHEBUX (DYHKIIIOHATBHHX
rpyn [14], a Takok BUXiJl IPOAYKTY KapOoHizallii.

Ha mepmromy erami nociimkeHHst OyJI0 BUBYEHO 3aJIeKHICTh BHXOJy MPOIYKTY KapOoHi3amii Bif
TEMIIEPATypH Y KaMepi 1abopaTopHoi yCcTaHOBKHU (iuB. puc. 3). Pe3yabTatu eKCliepMMEHTIB IpyIoBaHi
y rpagiky 3anexxnHocti E=f(T) nonani Ha puc. 3
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Puc. 3. I'pagik 3a/1e:kHOCTi BUXOAY NPOAYKTY KapOoHi3auii Bix Temnepatrypu y kamepi kapOoHizauii

Amnamizyroun tpadix samexuocti E=f(T) (puc. 3), MOXXHa IifiTH BUCHOBKY, IO 30iIBIICHHS
TeMmreparypd OOpOKM BIAXOIB 3MEHINYE BHXiJ MPOAYKTY KapOoHi3amii 3a KBagpaTHYHOIO
3anexHicTIo. Buxim mpoaykTy kapOoHi3amii JepeBUHHOI CTPYKKH IPH HU3BKUX TEMIIEPaTypax Csrae
50...60 %, npu nomipuaux — 30...50 %, npu cepeanix menme Bix 25 %.

Buxin mponaykty kapOoHi3amii KaBOBUX BiAXOIB MpH HU3BbKHX Temmeparypax csrae 70...80 %,
npu nomipHux — 50...69 %, npu cepeanix mMeHiue Bix 40 %. CTBOpEeHHS iHEPTHOrO cepeaoBHIIa (a30T,
aproH TOIIO) JO3BOJUTH 30UTBIINTH BUXII TPOIYKTY, OCOOIMBO MpPH CEepeAHIiX TeMIlepaTypax
KapOoHi3allii.

BapTo 3a3HauuTH, 1110 BOJIOTICTh BHXIJHHMX MarepialliB, a caMe. BIIXOMIB KaBOBOI MPOAYKIIi Ta
JEPEeBUHHOI CTPYKKH, ckianana 5% Po3mipu ¢pakuiit 11 kaBoBux Bigxoais Oynu Bix 0,1 mm go 1
MM., @ JUIS BiIXO/IIB JIEpEBUHHOT TPiCKH ab0 CTPYKKHU Big SMM 10 20 MM.

Jani BU3HaeThCs Ooro ancopOLiiiHi XapaKTepHCTHKH 32 MOJICIBHUMH PO3YHHAMH PEYOBHH KJ1aciB
HeOe3nek 3, 5, 8. Sk Oyno Buime 3ragaHo, came Il Kiach HEOE3MeKHW MICTATh PifKi HeOe3redHi
BaHTaXI, 10 MEPEBO3SATHCS 3AITI3HULICIO.

Sk MozeTbHI PO3YHHU MPONOHYETHCS BUKOPUCTOBYBATH PEUOBHHH, 110 OLTBII 32 BCE MEPEBO3SATHCS
PI3HUMH BHIaMHU TpaHcHopTy. [leperyissHyBIIM CTaTHCTHYHI JIaHi TUHAMIKH TIepeBe3eHb HeOe3NeyHnX
PEYOBHH PI3HUMHU BHIAMH TPAHCIIOPTY, 3’ICYBaIIH, IIO:

Uit 3 Kiacy HeOe3IeKd — Pifki peYOBHHH, IO OULIBII 3a BCE IEPEBO3SITHCS PI3HUMH BHIIAMU
TpaHCHOPTY — lie OEH3MHOBE a00 IM3eNbHE MalbHe, aBTOpaMu Oylio 00paHO OEH3WHOBE MaJIbHE.

UTsE 5 Kiacy HeOe3MeKHu — PiAKi pedoBHHH, IIO OUIBII 3a BCE TMEPEBO3ATHCS PI3HUMHU BHIIAMHU
TpaHcnopty — 1e nepekuc BoaHio (HyOy).

Ut 8 Kacy HeOe3MmeKH PEYOBHHH 10 OLIBIIEe BCHOTO MEPEBO3SATHCS PI3SHUMH BHIAMH TPAHCIIOPTY
BiJTHOCATBHCS 2 KaTeropii JIyTH Ta KUCIOTH, caMe TOMY y poOoTi Oysio oOpaHo 2 pe4OBUHM 1€ aMiak, 5K
HPE/ICTABHUK KAaTEropii JIyT'H, Ta OITOBA KUCIIOTA, SIK MPEJICTABHUK KaTEropii KUCIOTH.

[IpoBeneHHs aHaIi3y IUIAHYETHCS 33 CTAHAAPTU30BAHUMU IPaBIMETPUIHUMH METOTUKAMH.

Hapasi Bu3HaueHo ajcopOIiiiHy aKTUBHICTH 32 MOJEIBHUM PO3YHHOM HAPTONPOIYKTIB.
JlocmipkeHHsT IPOBOAMIIM 34 CTaHAAPTH30BaHOK MeToankoro «MBB Ne 081/12-0116-03 Meroanka
BUKOHAHHS BUMIPIOBaHb MAaCOBOI YaCTKU HATOMPOMAYKTIB TPaBIMETPUIHUM METOI0M»[24].

Jnst 11bOro  OCTiIKEHHS OyJIM BUTOTOBJCHHI MaKETH COPOLIMHUX TOJOTEH PI3HOI T'YCTUHH Ta
BIZICOTKOBOTO CKJIajgy, [UIi TOro, 100 BH3HAYMTH 3a SKUMH IapamMeTpaMu copOuiliHe MOJIOTHO
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JIEMOHCTPY€E HaWKpaluid pe3ynbrar. Ha puc. 4 mogaHo neTalibHi MakeTH COPOIIMHHUX MOJOTEH, i3 iX

PI3HHMH TTapaMeTpamHu.
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Puc. 4. lerajabHi MakeTH cOpOLiHHNX N0JI0TEH, i3 iX pi3HUMHI NapaMeTpaMu

Edexr ounmenns yHiBepcamsHOTO copOIiitHoro nojotHa ckiangae > 90%. [loxubka BUMipIOBaHb
He nepeBuIryBana 4%

BukopuctoByBaTu copOeHT MOKHA Y pi3HOMY BUTIsai. [lepiinii BapiaHT 11e BUKOPUCTAHHS HOTO Y
BUTIIAI ApiOHO3epHUCTOT dpakmii. [|pyruii BapiadT 1ie 3aBaHTaXEHHS BYT1JUISL, Y CTIeNiadbHI MIIIKH, 3
GUTBTPYBAIILHOTO MaTepiany Ui BUTOTOBIICHHS a0 copOuiiiHux OoHiB [24], abo copOuiitHuX MaTiB,
9K COPOIIHUX TOIYIIIOK.

Mu ponoHyeMO BUKOPUCTOBYBATH COPOCHT y BUTIIAII COPOLIHHOTO MTOKPHBAJIA.

Hamu mmaHyeThcsl CTBOpEHHS VHIBEPCATBHOTO TIIOJOTHA MIUTBHICTIO COPOITHOTO TOJOTHA
1200r/M%, siKe CKIagaTHMEThCS i3 YHIBEpCATHHOIO COPOEHTY 3 KOMIIO3HTHHX MaTepiasiB(Bimxomm
KaBW, Ta JIEPEBHHHA CTPYXKKa) a TaKOX MIIIKOBHHH Yy sKy Oy/e 3acUIIaTHCh, BUIIE 3raJaHui
YHIBEpCAJIbHUH COPOSHT 3 KOMIIO3UTHUX MaTepiaiiB.  MIIIOK MPOIOHYETHCS BHTOTOBISATH 3
¢bineTpyBasbHOI TKaHUHU TT'D-8.

TxannHa QinbTpyBasibHa nominponieHoBa TI'®-8 — ne MminHa, cTiiika 0 arpecMBHOTO CEepeIoBHINA
TKAHMHA OLTOr0 KOIBOPY 3 moiieipHoi HUTKE st (inbrparii. ILlinsHicTs 470r/M2 | Ta TeMIIepaTypHAM
miamazonoM Big -100c mo +90C. BukopuCTOByeTbCS B TipHHUOPYIHIH, XimiuHiH, OyaiBenbHil
npoMuciioBocTi. CIYKATH TakoX JUIsSi TIOMIMTTS PI3HUX BUPOOIB: MIlIKH, (UIbTpaliifHi pyKaBH,
NaKyBaJIbHI IPUCTOCYBAHHSL, TOBITPsiHI PinbTpH, XiMiuHi nopowku. Cxnan: 100% autka II1. [24]

Ha puc. 5, a) Ta 5, 6) cxeMaTH4HO MOAAHO YHiBepcajabHE COPOIliiiHE TOJIOTHO, IO MPOTIOHYETHCS
BUKOPUCTOBYBATH /ISl JIOKami3amii JIKBijamii HAcHiIKiB aBapii Npu MepeBe3eHHI HeOe3meuHHx
BaHTaXIB.
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Puc. 5, 6) YHiBepcajbHe copOuiiiHe M0JIOTHO Y 3rOPHYTOMY BHIJISATI

3amponoHoBaHe copOiiHe MooTHO (8) MicTUTh MiIOK (1) 3 GiNbTpyBaTbHOT TKAaHUHU (2), KABOBI
Bimxoau (o 70 %) (3), nepeBunHa cTpyxka(mo 70 %) (4) 3 rycTuHOIO copOitiitHoro monotHa (8) 1200
r/M2 i 6inpme. CopOuiline monoTHO (8) moaaTkoBo Oyne mpocTpodyBatuch. Sueiiku (12) copbuitHoTo
1oJI0THA (&) MPOMOHYETHCSI BUTOTORJIATH 13 po3Mipamu 250 MM X 250 MM.

KonTakTtyBanHusi copOuiiiHoro monotHa (8) BinOyBaeThcs crodarky mimkom (1) 3 dinbTpyBambHOL
TKaHWUHU (2), a 1aji i3 CyMIIIIo KaBOBUX BiXoAiB (3) Ta NIEPeBUHHOT CTPYKKH (4).

Lle MOJOTHO JO3BOJIMTH MIBUAKO JIKBIYBaTH PO3JIMB HEOE3MEUHOTO BAaHTAXKy B pe3yibTaTi aBapii,
IiJ] Yac MepeBe3eHHs 1X 3a1i3HUYHUM TPAHCIIOPTOM.

Ha puc. 6, a) HaBeneHO mpuKiIam po3poOIIeHOI aBTOpaMu TMPOIEeTypH JIIKBIAaIlii HACHTIKIB aBapil
MpH TIEpPEeBEe3eHHI HEOE3NEeYHWX BaHTaXIB 3 HAPTONPOAYKTAMH 3 BUKOPHUCTAHHIM COPOIIHHX
MaTepiajiB, Ta Ha pUCYHKY 6, 0) eTalbHO MOoAaHo KoHTeHHeD (3) 3 COPOIIHHIM MTOJIOTHOM.

Cxema npaigoe TakuM 9nHOM. Jlo JokomoTtrBa (1) mpuKpituIroeThest BaroH (2) 3 KoHTeiiHepamu (3)
13 copOuitHuMu TmoNOTHaMU (8), SKIIO BUHHUKAE aBapiliHa CHTyallis IPH TEepPeBe3eHHI PiTKOro
HeOesneunoro BaHTaxy (10), To crenianbHO HaBueHa JIONWHA BiAKpuBac koHTeiHepu (3) i3
copOuiitauM monoTHoM (8), JdicTaHe Tak 3BaHi copOuiiHI monotHa (8), Ta 3aKWIa€ HUMH, 30HY
yTBOpeHHs n3epkaina (11) Butoky (7), ams Toro, mo0 3ano0irTi MOTPaIuIsTHHS HeOe3eYHOTO BAHTAXKY
(10) y ToBHIy TpyHTYy, Ta 3MEHIIUTH 30HY ypaxkeHHS ToBuii rpyHTY (9). IloTiM BiampamboBaHi
copOuiitHi mosoTHa (8) 3acOBYIOTh, Ha3a]] y KoHTelHepa (3), a mo npuOyTTi JokoMoTtuBa (1) 1o micis
HOTro MOCTIHHOI JUCIIOKAIlil, cOpOIliiiHe ToNOTHO (8) pereHepyroTh, a MICHs pereHeparlii Horo MoxxHa
BUKOPUCTOBYBATH 3HOBY.

TakuM YHHOM BHMKOPHCTAHHS 3alPOIIOHOBAHOIO YHIBEpPCAJLHOrO CcOpOIiiiHoro mnojorHa (8)
JI03BOJISAE JIOKAJIi3yBaTH Ta/a0o JiKBigyBaTH PiaKi HeOe3NneuHi pedoBHHHU 3, 5, 8 kiaciB HeOe3MeKH Ha
piBHI agcopOuiiiHoi akTHBHOCTI Oibie 90 %.

3o6ipruk nayxoeux npauyw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38

31



TEXHIKA I TEXHO.JIOI'I

6, a) 61 6)

Puc. 6, a) Bizyanizauis npouenypu JikBinauii HacaiakiB aBapii npu nepeBe3eHHi HeOe3MeUHUX
BaHTakiB (HaTONMpoayKTiB)

1 — 1oxomomus; 2 — eazom i3 copbyitinum noromuom (8); 3 — Kommetinepu 3 copoyiunum noromuom (8); 4—
yucmepna 3 piokum nebesneunum sanmadicem (10); 5 — omaip, uepes AKul Mpaniaemvcsa 6UmMox Hebe3neuHoi
sanmaoicy (10); 6 — nosepxmesuil cmik piokoeo Hebesneunozo sawmaoicy (10) 3a penveghom micyesocmi; 7 —
30Ha ymeopeHnHus 03epkana eumoxy (11); 8 — copbyiiine nonomuo, 9 — 30Ha ypasiceHoi moguji IpyHmy,

Puc. 6,6) Koureiinep 3 copOuiiHUM M0JIOTHOM
1 — koumetinep ons mpancnopmyeants copoyiunux noromer (8) 2 — copoyiiine nonomuo (8) y cknadenomy
6u2nAoi

Peanizaliiss mpeacTaBiaeHOT TEXHOJOTIYHOI CXEMH JIO3BOJISIE HE TUIBKM OTPUMATH OTICPATHUBHHIMA
JIOCTYTI JI0 JIKBiTAIIMHAX MaTepialaMu B 30HI YTBOPEHHS 1 JIOKaIIi3alii pO3JIKBY, alle i B 3HAYHIA Mipi
3eKOHOMUTH Yac Ha OpraHi3allito 3a0e3MeYeHHs JaHUMH MaTepiaaMu.

Bucoka eQeKTHBHICTh 3almpOMOHOBAHOTO METOAY 3a0e3medyeTscsi BHOOPOM  BiAIOBIJHOTO
copbenty. Sk 3asHauanocs Bwuile, eQeKTUBHUN BHOIp COpPOCHTY € CKIQJHUM OpTraHi3alliiiHuM
3aBJIAaHHSM, 1[0 BAXKKO PEATi30BYETHCS B OMEPATHUBHUX YMOBAaX MPOBEACHHS JIKBIAANIHHUX 3aXO0JiB.
[IpencraBiena TEXHOJNOTIYHA CcXeMa JO3BOJISIE BHUPIIMTH JaHy MpobjeMy 3aB4acHO: BHOIp,
puI0aHHS 1 HAKOTIMYEHHS COPOCHTIB BiI0YBA€ThCS 3a/I0BIO 10 BUHUKHEHHSI aBapiiiHOi eMicil.

BucnoBku. Meta Ta 3aBaHHs 1[0 aBTOPH CTABHIIU Tepe]l COO00, MOXHA BBaXKaTH BUKOHAHOIO HA
100%. ABTopamu Oyo:

1) Po3po0iieHo Ta BUTOTOBJIEHO CIICIIABHOTO COPOIIIHHOrO MOJIOTHA, K YHIBEPCAIBHOTO 3aC00y
JoKati3aii Ta JIiKBialii aBapiifHAX HACHTIIKIB PH TepeBe3eHH] HeOe3MeYHNX BaHTaXiB.

2) IlepeBipeHo KiTbKiCHI Ta AKICHI XapaKTePUCTUKH YHIBEPCAITHHOTO COPOIIHHOTO TIOJIOTHA.

3) JloBeleHO MOXJIMBICTh BHKOPHCTaHHS YHIBEPCAILHOT'O COPOIIHOTO TMOJOTHA, SIK 3aco0y
JIoKaJTi3aii Ta JIKBialii aBapiifHUX HACIIIKIB P MEePeBe3eHHI HEOS3MEYHUX BAaHTAXKIB.

4) YaockoHalleHO METOJUKY JIOKali3allii Ta JIKBifamii aBapiiiHMX HACTIAKIB MPH IepeBe3eHHI
HeOe3MeYHNX BaHTaXiB 3aTI3HUYHUM TPAHCIIOPTOM —BUKOPUCTaHHs COPOLIHHUX MOKPUBAJ, Y SKOCTI
JIKBIIAIITHOTO MaTepiay.

3pOOHBIIK BUCHOBKH MU MOBUHHI 3p03yMiTH HACKLIBKH I1€ BaXKIIUBO TOTPUMYBATUCH YCIX MPABHI
0e3mekH, a TAKOXK JOCIyXaTHCh 10 TIOPaJ] aBTOPIB, SIKI MOXKYTh MOKPAIIWTH CTaH CHpaB, y MTUTAHHIX,
MepeBe3eHHI HeOe3MeUHNX BaHTaXIB, X JIOKaJTi3allii, Ta JIKBiJaIil Ipy X IepeBe3CHHI.
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PRODUCTION OF THE SORPTION SHEET FROM COMPOSITE MATERIALS
AS A LIQUIDATION AGENT FOR SPILL RESPONSE OF HAZARDOUS MATERIALS
ON TRANSPORT

The article raises the issues of rail transport in many countries, including the European Union and
Ukraine, transportation of various classes of dangerous goods, ensuring safety during their
transportation, strengthening technical standards and environmental requirements for safety of
dangerous goods transportation by all modes of transport and the problem of localization and
liquidation of accidents during transportation of various classes of dangerous goods by rail is raised.
Methods and methods of localization and elimination of spills of dangerous goods are discussed, the
sorption method is described as the chosen method to solve the problem, a brief description of
sorbents is given, various variants and modifications of materials for carbon sorbents are presented,
materials will be used for universal sorption web, method of obtaining a universal sorption web,
demonstrated a special installation for carbonization (Carbonizer), which was slightly modernized
and made by the authors according to the design of the Engels University. The method of conducting
experiments is described. The characteristics of the universal sorption web, its sorption properties are
given, and also the technique of using the universal sorption web as a means for localization and / or
liquidation of liquid hazardous substances of 3, 5, 8 hazard classes is proposed.

Keywords: environmental technologies, dangerous goods, localization of accidents, liquidation of
accidents, carbonization, universal sorption web.
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NIJIBUIIEHHA EHEPTETUYHOI EOEKTUBHOCTI TSI OBOT'O
EJIEKTPOITPUBOJA EJIEKTPOBO3A 3MIHHOI'O CTPYMY

B pobomi nposedeno O00cCniOdNceHHs: eHepeemUuYHUX Xapakmepucmux aKmueHO20 Ms206020
nepemeoplosaia 3 WUPOMHO-IMNYIbCHOIO MOOYIAYIEI0 6 CKIA0l MA208020 eleKmponpueooa
enekmposo3a 3minnoco cmpymy. Tseoeuti nepemeoprosay — 3abe3neuye  WUPOMHO-IMNYIbCHE
Ppecynosants Hanpyau Ha KOJEKMOPHUX MALOSUX OBUSYHAX NOCMILHO20 CMPYMY i  HAledcums 00
6a3060i cxemu sminno-nocmiinoz2o cmpymy (AC/DC).

Ilepexionuii npoyec npu KoOMymayii MpaH3UCMOPHUX KIIOYI8 CYNPOBOONCYEMbC  3HAUHUMU
cmpubKamu Hanpyau, Wo 00YMO6IeHi peakyicio iHOYKMUGHOCI PO3CIAHHA MA208020 MPAHCcHopmMamopa.
Hocnioscennss nokasanu, wo OIOOHI po3psAOHi Oygepui KOwmypu HA 6X00i HABAHMANCEHHS He
3abe3neuyloms po3paoKy eleKmpOMAeHIMHOL eHepeil, HakonuueHoi 8 oomomkax mpancgopmamopa. s
SHUDICEHHSI  KOMYMAYilHUX nepeHanpye HeoOXiOHOo 8UKOPUCIOBYBAMYU KOHOEHCAMOPU 8eIUKOT EMHOCHII.

Pospobneno  ancopumm  pobomu ma208020 nepemeoprO8aua 3 SUKOPUCIAHHAM WUPOMHO-
IMIYIbCHO20 Ma Pa306020 pe2yntosanis sunpamienoi nanpyeu. Komymayis mpansucmopnux kuouie
8i00y8acmubCs NpU HAAGHOCMI NAPANENbHO20 KONa npomikanusa cmpymy. IIpu ybomy cmeopiorombcsa
YMOBU 07151 PO3PAOKU eAeKMPOMASHIMHOI eHepeil, HAKONUYeHOI 6 KOJi BMOPUHHOI 0OMOMKU MA208020
mparncghopmamopa.

Pospobnena mamemamuuna mooerb  0038015€  OOCTIOUMU — eIeKMPOMASHIMHI  npoyecu, o
8I00y8aOMbCsL NPU KOMYymMayii MpaH3UCMOPHUX KIHOYI8  Ma OYIHUMU eHepeemuyty eqheKmueHicmy
eneKxmpo603a 3 aKMueHUM MA2068UM nepemsoprosaiem. Y npoyeci Mooenoeantss OOCHONCEHO GNIUB
napamempie msA208020 NePemeopiosaia ma areopummy pooomu Ha Koepiyienm nomysHcHOCMmi
eflekmponpusooq, cymapti koeghiyicumu cnomeoperv THD no cmpymy ma nanpysi i 6ioHoCHI 3HaYenHA
BUNPAMIIEHOT HaNPY2uU.

3anpononosano 3axo00u w000 NIOBUWEHHS KOCHIYIEHMA NOMYI’CHOCME MA 3HUNCEHHSL PIGHSL eMICIT
BUWUX 2APMOHIK CIPYMY 6 MA208Y MePedxC).

Knwuogi cnoea: mamemamuyna mooenv, KOMYMayis, Koe@iyieHm NOMY*CHOCMI,  AKMUGHULL
MA206UL NEPEMBOPIOEAY, alcopumm pooomu.

Beryn. EnextpoBosu 3 kosnekropauMu TsaroBumu apuryHamu (KT/l) Ta giogHuME BUIPpSMIITYaMu
(BJISOX, BJISO", BJISO®) ckimajaroTh B JaHMil YaC OCHOBY HApKa BAHTAXKHHMX Ta MACAKHPCHKHX
€JICKTPOBO31B 3MIHHOIO CTPpyMy «YKp3ami3Hui(». TiIbKM He3HaYyHa 4YaCTHHA HApKy — €JICKTPOBO3H
2EJIS oGmagHaHi THPUCTOPHUMHK BHUIPSAMHO-IHBEpTOpHUMH neperBopioBadamu (BIII). 3aransaumu
HenoJlikaMu TAroBux esnexkrponpuBomiB 3 KT/] € Hu3bki 3HaueHHs KoedimienTa noTykHocTi Kp, 1110 He
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NEepeBUINYIOTh B pexxumax Tsru 0,84 i pexynepatuBHoro rajipmyBanHs 0,65, a TakoX CIOTBOPEHHS
(opMHU HamPyTH i CTPYMy B TIEPBHHHIA OOMOTIII TSTOBOTO TpaHC(OPMATOpA, IO HEraTUBHO BILIUBAE
Ha HaJIHHICTh pOoOOTH enekTpoobiamHaHHs enexTpopyxomoro ckiany (EPC), cucrem ympaBmiHHA Ta
KaHaJIB 3B’5I3KY.

CydacHi TeHaenmii po3BuTky EPC moB’s3aHi 3 BHpPOBaKEHHSIM HAMOLIBII IMEPCIIEKTHBHOTO
acuHXpoHHOTO TiroBoro enekrpornpuBony (ATEII). ocHoBy sikoro ckiamarots 4QS-mepeTBoproBadi,
aBTOHOMHi iHBepTopH Hanpyru (AIH) ta acunaxponsi Tsrosi asurynu (AT/) [1,2].

ATJl HaitOinbil e(eKTHBHI NMPU BUCOKUX 3HAUCHHSIX YaCTOTH OOEpTaHHS, TOMY iX JOIIBHO
3aCTOCOBYBATH JIJIsl BUCOKOIMIBHAKICHOTO nacakupcbkoro EPC. KoHCTpyKTHBHI 0COOIMBOCTI, a TaKOXK
Bucoka BapTicte ATEII 103BONIsIIOTE 3pOOMTH BHCHOBOK MPO AOLIIBHICTH MONANBIIOT €KCIUTyaTalii
EPC 3 KT/l y BaHTa)KHOMY 1 IPUMICHKOMY MACaKUPCHKOMY pyci 31 IBUAKOCTAME 10 120 KM/TO.

Tsroemii enekrponpuBon (TEIT) 3 KT/ MOCTIHHOTO CTPYMy 3 JBOCTOPOHHBOIO TSATOBOIO
niepesiadero 3a0es3rnedye OUThII CIPHUATIVBI PEKUMH B TIOPIBHSHHI 3 OJHOCTOPOHHBOIO TIPH peajizamil
BENTMKUX TATOBUX 3yCHIIb Ha 0001 KomicHOi mapu. KpiM Toro BiH Mae Oinbllly TUHAMIYHY CTIHKICTH IPU
pi3KHX 3MiHaX 00epTOBOrO0 MOMEHTY Ha Baiy. lle 0coOnMMBO BaXKIMBO /1T BAHTAXXHUX €JIEKTPOBO3IB B
YMOBax pyxy IO KOIisSIM HEBHUCOKOI OajbHOCTI. BpaxoByrounm BKaszaHi BHIlle ()aKTOPH Ta HEMOMIIMBICTH
HIBUJIKOTO MacOBOT'O IepexoAy Ha Oe3KONIEKTOPHUM TATOBUI MPHUBiI, JOCTIIKEHHST CHUCTEM YIIPABIIiHHS
TEIT 3 KT/l 3 meroro nigsuinennst K, Ta 3HIWKEHHS €MiCii BUCOKOYACTOTHUX TAPMOHIK B KOHTAKTHY
MEPEKY € aKTYyaJbHOIO HAyKOBO-TIPAKTUYHOIO 331a4€rO.

3acrocyBanus |GBT-Tpan3uctopiB 103BoJSE PO3B’SI3aTH NECATHIITTAMHU ICHYIOWY MpoOiemMy —
3a0e3MeUYeHHs] CUIIOBUX CXEM eJEKTPOBO3iB 3MIHHOTO CTPYMY HAIliBIPOBITHUKOBUMH TPHIAAAMHA 3
TIOBHOIO KEPOBaHICTIO. 3aBISIKM PO3poOILli HOBUX alrOopuTMiB ynpasiinHs Tpan3uctopHi ATII ta BIIT
CTBOPIOIOTH 3HaYHI MOKJIMBOCTI JUIsl 3HW)KEHHSI eHeProBUTPAT Ha TATY HOTATiB. MeToro gaHoi poboTu
€ aHaNi3 ICHYIOYMX CXEMOTEXHIYHMX 3aXO[iB, HAIPaBIEHUX Ha TOKPAIIEeHHI E€HEPTeTHIHUX
xapakrepuctuk TEII enextpoBosiB 3minHoro ctpymy 3 KTl Ta momanbInnii MOMIyK iX parlioHaTbHUX
CHJIOBHX CXEM 1 aJITOPUTMIB yIIPABIiHHS.

AHaJii3 0CTaHHIiX J0CHiIZKeHb i NMOCTaHOBKa NMpodiaemMu. [IMTaHHS MOKpaIleHHS EHEePreTUYHHUX
xapaktepuctuk TEIl 3 KT/ ma EPC 3miHHOTO CTpyMy pO3IJsSHYTI B 0aratboxX IyOJiKamisax
BITYM3HSHUX Ta 3apyOiKHHMX CIemianicTiB. 3HayHAa yBara NpUAIIEHA PO3TISLAY MaTeMaTHIHUX
mopeneit TEII Ta ix anroputmis. Bei TexHiuHi pilieHHs 3 MiABUIICHHS €HEPTETHYHUX XapaKTEPUCTHK
EPC 3minnoro ctpymy 3 KTII MmokHa yMOBHO 00’ €THATH B YOTHPH TPYIIH:

1) 3acrocyBannsa Ha EPC ATII na 06a3i IGBT-tpan3uctopis;

2) 3actocyBanns Ha EPC BIII na 6a3i IGBT-tpan3ucropis;

3) YIOCKOHAJIEHI CXEMH TATOBHX MEPETBOPIOBAYIB Ta iX alTOPUTMIB YIPaBITiHHS;

4) BMHKaHHS B KOJIO BTOPUHHOI 00MOTKH TsroBoro TpaHchopmatopa (TT) akTuBHUX i macWBHUX
KOMIIEHCATOPiB PEaKTHUBHOI IIOTY>KHOCTI.

VY pobotax [3—4] 3anpononoBano 3actocyBaHHs ATII na EPC 3miHHOTO CTpyMy AjIsl )KUBJICHHS
KTII. Ilpu npoMy 3HHXKYETbCS piBEHb CHOXXMBAHHS PEAKTUBHOI IOTYKHOCTI Ta 3MEHIIYETHCS
criotBopeHHs opmu Hanpyru. KoedinienT motyxHocti TEIT 61m3bkuii 10 OMWHUII B pEXKUMI TATH Ta
pekymnepariii. Cxema TArOBOTO IIEPETBOPIOBaYA BKJIIOYAE BXiIHUH 40-S MEPETBOPIOBAY Ta IMITYJIbCHUN
perynsarop Ha 0a3i IGBT-Tpan3ucropa, BRBIMKHEHOrO MOCIiA0BHO B KoJo sikopsi KT/I. PerymnroBanus
Hamnpyru 3AIHCHIOETHCS METOJIOM IIMPOTHO-iMmynbcHoro perymosanHs (ILIP) 3a momomororo
TpansuctopHoro kmoua (TK).

VY pobori [5] 3anpornonoBano 3actocyBatu Juisi LIP enekrpoBoza moctiitHoro ctpymy 3 KT/]
HepeTBOPIOBaYi MoCTiiHO-nocTiiiHoro cTpymy (DC-DC).

Bukopucranns [P Hampyrn Ha enekTpoBO3ax 3MIHHOTO CTPyMY, SK 3aco0y yIOCKOHaJIeHHS
cucrteM perymtoBanHs EPC, posrnsganocs HeogHOpa3oBo. MOXKIHMBICTh BTUICHHS TIi€] i1el 3’ siBUIach
3aBJISIKM 3aCTOCYBAaHHIO CHJIOBUX TPaH3UCTOPIB — €JIEMEHTIB 3 TIOBHOKO KepPOBaHICTI0. B poboTax [6-9]
PO3MIISIHYTI MaTeMaTHYHI MOJEINi TATOBOI'O EJIEKTPONPUBOJY Ta aKTUBHOI'O BHIIPSAMIISYA CTPYyMY
(ABC), po3pobiieHi cuitoBi cxemu i ociimkena po6ora ABC 3 TBO30HHHM perysIrOBaHHSM Halpyrd
NPy KUIBKOX BapiaHTax aJrOPUTMIB IUPOTHO-iMIyNbcHOI Moaymsmii  (LIIM). Pesynbratn
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MPOBEICHOT0 KOMIT FOTEPHOTO MOJICITIOBAHHS 3TifHO 3 [7/] CBiguaTh MPO MOXKJIMBICTE ITiABHIICHHS
KoedilieaTa moTyXHOCTI enekTpoBosa 2EJIS mnpwu 3actocyBanni ABC.

3 mpencTaBIeHHX OCIHJIOTPaM BHAHO, MmO (opMa CTpyMy eNneKTpoBO3a HAOIMIKAETHCA 0
OPSAMOKYTHOT Ta Ma€ BHCOKOYACTOTHI TapMOHIYHI CKJaIOBi, IO 3HHMXKYE 3arajJbHUH KOe]illieHT
MOTY>KHOCTI TTePETBOPIOBAYA.

[lomanpiie  miABMINEHHS  TEXHIKO-eKOHOMiuHMX  nokasHukiB EPC 31 cratmuHmMH
MIEPETBOPIOBaYaMH K€ LIUIIXOM YAOCKOHAICHHS aJrOPUTMIB yIpaBiliHHSA 0e3 MPUHIHUIIOBOI 3MiHU
CHJIOBOI CXEMH EJIEKTPOBO3a. Y IOCKOHAJICHHS CHUCTEMH 30HHO-()a30BOTO PETYJIIOBAHHS 3 3aMiHOIO
tupuctopiB Ha IGBT-Tpan3uctopu Ta opranizaiiis HOBUX airoputMmis poootu BIII 3 monnudikoBanum
($a30BUM peErymIOBaHHSIM JO3BOJISE€ 3MEHIIMTH MHUTOMI BHTPAaTH EJIEKTPOEHEPTii Ta 30UIBIINTH
koediieHt notyxHocTi [10].

VY po6oti [11-12] po3risHyTi MUTaHHS TOOYAOBH CTPYKTYpH MaTeMaTHYHOI MOJENi «TAroBa
MiJICTaHIIIs — KOHTAaKTHA Mepexa — eeKTpoBo3y». [IpoBeneHi pe3ympTaT iMITAiITHOTO MOIETIOBAHHS
Ha 3,5 30Hax perymtoBanHs npu po6oTi BIIT Ha IGBT-Tpan3ucropax B pe:xumi Tsru.

IIpo akTyanpHICTh MUTaHHA MiABUIIEHHS KOS(IMI€HT MOTYKHOCTI EIeKTPOBO31B 3MIHHOTO CTPYMY
3a paxyHOK BHKoOpucTaHHA cydacHoro BIII, BukoHanoro Ha 6a3i moBHicTi0O kepoBanmx IGBT,
cBimuuTh podora [13-14].

3HaYHOIO TPOOIEMOIO0 ETIEKTPOTATOBUX CHUCTEM 3alMIIA€Thc HECHHYCOiambHa (opMa CTPyMiB,
aki crnoxuBae EPC Ta crmoTBopeHHS (QOpMH KpPHBOi Hampyrm Ha cTpymompuiiMadax EPC, mo
noripurye eHepretuuHi mokazuuku EPC.

[poBenenuii aHami3 CBiAYHTH, O JOCTIKeHb pexkuMiB poootn AIIT mpu perymoBanni KTJ[ na
CBOTOJTHI HEJJOCTATHHO. TOMY TIOANBIII JOCHTIPKEHHS B IFOMY HAIPSIMi MOYKHA BBaXKATH aKTyaJIbHUM.

Mera i 3aBaaHHSI JOCHiIKeHHA. [MITyIIbCHE PETyIOBaHHS BHIIPSMIICHOI HANPYTH TOB’s3aHE 31
3HAYHUMH KOMYTAIIHHUMH MepeHanpyraMu B KoJii BropuHHOi oOMoTkn TT Ta eMici€ro mUpOKOro
CHEKTPY  BUCOKOYACTOTHHX TapMOHIK B KOHTaKTHY MepexXy. BHCOKOYAaCTOTHI TapMOHIKH €
JIONAaTKOBUM  (paKTOPOM 3HIDKEHHS Koe(ilieHTa TOTYXHOCTI €JNEeKTpOBO3a Ta MOTPeOyIOTh
3aCTOCYBaHHs BXiAHUX (UIBTPIB 31 3HAYHOIO MOTYXKHICTIO KOHJIEHCATOPiB. MeToro poOOTH € MOIIyK
MOJKJIMBOCTEH MOKpAILEHHS EHEPreTHYHUX XapaKTEePUCTUK eJEeKTpoBo3a 3MiHHOTO cTpymy 2EJIS B
TATOBOMY PpEXHMi, 3HIDKEHHS CIIOTBOPEHHS Hampyru Ha crpymonpuitmMadax EPC Tta mymbcatii
BunpsiMieHoi Hanpyru Ha KT/,

Marepiaau Ta MeToau gociaigxkenHns. [Ipu BupilieHH] MOCTaBIEHUX 3a/1a4 BUKOPUCTOBYBAJIHCS:
KJIACHUYHA TEOpisl ENEeKTPUYHMX KiJ, METOIM MaTeMaTHYHOI'O MOJEIIOBAHHSA, YHCEIbHI METOIHU
pillleHHs IHTeTpabHUX 1 Mu(epeHIiaIbHIX PiBHIHB, TEOPis IEPETBOPIOBAYIB, CXEMOTEXHIKa CHIIOBOI
enekTponiku Ha IGBT-tpan3ucropax. HaykoBi qociiikeHHs MTPOBOAMIMCS HA MaTeMaTHYHIN Mojei
€JICKTPOBO3a 3MIHHOTO CTpyMY B cepenoBuiii MatLab/Simulink.

CuoBa cxema cektii cepiitHoro emexktpoBo3a 2EJIS Bkirodae nBi TpucekIiiiHi TsAToBi 0OMoTKH. [lo
KOXKHOI TATOBOI 00MOTKM minkaroucHuil BIII, yKoMIUIeKTOBaHUI TUPHUCTOPaMH, 3a JOTIOMOIOK) SIKOTO
3IHCHIOETHCS. YOTUPH30HHE (Da30Be peryroBaHHS BUMPSAMIICHOI Harpyry. Bing koxxHoro BIIT orpumyrots
xkupneHHss aBa TEJl. B xono wokHoro TEJ| BrimrodeHi iHAMBIAyasbHI 3IIAKYBaJbHI PEAKTOPH.
Crpolena npornoHoBaHa cuioBa cxema enekrpoBo3a 2EJIS va omun Bi3ok 3 TpansuctopauMm ATII B
PEeXUMI TSITH TIpUBEZCHA Ha puc.]l. Cxema BKIIFOYA€E Taki eJieMEeHTH: BUBeACHHS A,X TepBUHHOT OOMOTKH
TT s migKIIOYeHHS A0 KOHTaKTHOI Mepexi; Tarosi meperBoproBadi ATII 1-2, 3a momomororo skux
3IIMCHIOETBCSL TPU 30HHE IMITyJIbCHE peryiroBaHHs sumpsmiieHoi Hanpyru. Koxkern ATII mae Bicim
TUIeUeH, miede CKIagaeThes 3 mockinoBHo BKmodyeHoro IGBT-tpansucropa VTN Ta BUNpsMHOrO jiona
VDn (n — Homep 1uieya). BumnpsiMHi fio/m 3a0€31e4yt0Th BUIPSMIICHHS 3MIHHOTO CTPYMY B IYJIbCYHOUHIA
Ta 3amo0iraroTe MPOTIKAHHIO 3BOPOTHOrO CTpyMy mo BropuHHiH oOmotui TT. Tpansuctopum VTn
peati3yloTh 3aJlaHMil AITOPUTM YIIPaBIiHHSA BHUIpsMIIEHOK Hamnpyroto. [liomHi pospszai mwreui VDo
BKJIFOUCHI MapaJie)IbHO KOXKHOMY KOJIy BHUIIPSIMJICHOIO CTPYMY 1 CTBOPIOIOTH Oy(depHHil KOHTYp, 4Yepes
SKUH 1] yac KOMYTallii CTpyMy TPaH3HCTOPIB PO3PSIDKAETHCS €IEKTPOMArHiTHa EHepris, SIka HaKOIMYeHa
B JIaHIIO31 BUOpPSIMIIEHOTO cTpyMy. Kojo BHIpSMIIEHOrO CTpyMy CKIIAJa€eTbes 31 3ri1aKyBaJbHOTO
peakropa (3P) Turry PC-20 ta TEJ] Turry ATK-820.
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Puc. 1. CripolieHa NpMHIHUIIOBA CHJI0BA CXeMa eJIeKTPOB03a HA OJUH Bi30K 3 Tpansucropaum ATII
Y PeKUMi TATH

Hasricte aBox ATII mo3Bomsie 3abe3mednty iX poOOTY 31 3cyBOM MO ¢asi, MO Ja€ MOXKIUBICTH
OTpUMATH Kpallli EHEpreTH4Hi XapakTepucTuku.  JKupieHHs kokHoro TEJ[ 3mificHIOETBCS Bif
iamuBinyansHoro ATII, mo mo3BomuTh 3MiMiCHIOBAaTH TOBICHE peTYIOBaHHS cwin TsArd. lIpoBenmeni
TIoTiepe THI JOCIiHKEeHHs crcTeMu peryimoBanHs Harpyru Ha TE/] 3a nonomororo ATII mokazanw, mo npu
zamini BIIT Ha ATII 3 Tpan3uctopanmu medamu Ta [P moripiryroTecs eHEpreTuyHi XapakTepUCTHKU
€JIEKTPOBO3a BHACIIIIOK 0araTropa3oBOro pO3MHUKAaHHS CHIIOBOrO Kouia skuBiieHHs TE/].

MartemaTuyHa MoOJedb €JeKTPoB0o3a B pexkumi TaAru. [lpm mocimiKeHHI E€HEepPreTUIHUX
xapaktepuctuk ATII enekTpoBo3a pO3MIITHYTO MaTeMaTHYHY MOJEIb (PUC. 2) CHCTEMH TATOBa

- m s Conn3  Connl -J—n Out1
- gg::g Cann2 : n 8ug
= :

Modulation Outd

-—T—ﬂ Connb
= Conn? Connd F—Ii index mi oY
TAroBa n.cT TAHrOBMK TPAHCPOPMATOP

27 .5_&K mepexa
In1 Outl
In1

Cut1 ,-< [izz] Modulation Index
mf In2  Out2

—
=

In1
. Out1 22

In2

!

Y ng Connt f=—rw Ing Connl

Uref Generation

A Ind

Ind
" Conn2
In5

InB Conn3

-
In? -
@—u N7 Conns el cannt Cutt ¥ Conng|=—s| Connl Ot
Ing
@—- I | <|Ceonn2 Ou2 "

ConnZ|j=—
InS

NG Conn3

Conne Conng My Conn2 Out2

Cannd Brok ’—" Connd Brok

AT 4 HaBaHTaxKeHHA1 ATM 2  HABAHTAKEHHAZ

Puc. 2. CTpykTypHa cXeMa MaTeMaTHYHOI MO/ieJli MOJIOBUHU CeKIIii eJ1eKTPoB03a
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Mepeka — eJIeKTPOBO3» Ta alropuT™M KomyTanii redeld TpansuctopiB ATII 3 mmpoTHO-IMITy IBCHUM
Ta (ha30BUM peryiroBaHHAM Hanpyru Ha TEJ] mocriiiHoro ctpyMy. 3a TOOMOTOI0 MOJIEN JOCIiIHKEeH]
€JICKTPOMATHITHI TPOIECH B CHJIOBHX EJIEKTPUIHMX Kojlax einekTpoBo3a 2EJIS B pexnMi Tsrw.
MateMaTiyHa MOJIENIb € KOMIUIEKCHOIO CHCTEMOIO, SIKa BKJIIOUAE B ceOe MOJENl TArOBOi MifCTaHIIIl,
KOHTAaKTHOI MeEpeXi Ta eJeKTpoBo3a). Mopenb eJIeKTPOBO3a MICTHTh ITACHCTEMH TSITOBOTO
tparcdopmaropa, ATII, G1oKiB HABaHTaXKEHHS 3 TSATOBUMH eleKTpoAaBUryHamu, 3P Ta e.p.c. Cucrema
ynpasninas CY-1 3a0e3neuye ¢opmyBanns curHaniB LIP, a CY-2 — ¢opmye curnamm azoBoro
yIpaBIiHHS B TIpoIleci peaizamii anroputMy ynpasninas miedamu ATIL

Mogeanr TT. Maremarnana mMomens TpaHcpopmaTopa CTBOpEHa 3a JOIMOMOTOI0 HOTO CXEMH
3aMimieHHs (puc.3), sika Ma€e BUIIIA] 0araTo 0OMOTYBAIbHUX CHCTEM 3 MATHITHUMH 3B’ SI3KAMH.

A . X

o ATTI-2
Puc. 3. Cxema 3amileHHst TArosoro rpancgopmarop OHJIIII-4350/25

Ha cxewmi 3amimenns: mosHaueni: U1,L1,R1 — nanpyra, iHIyKTUBHICTb i aKTHBHUH OMIip NMEPBUHHOT
oomotku TT; U2,L2,R2, U3,L3,R3, U4,L4, R4 — Hanpyryu, iHIYKTUBHOCTI 1 aKTHBHI OIOPHU CEKIIii
BTOpUHHUX oOMoTok; M12, M13, M14, M23, M34 — B3aemHiI IHIYKTHBHOCTI MiX TEPBHHHOIO
0OMOTKO¥O 1 CEeKIIisSIMH BTOPHHHUAX 00MOTOK. IIpn yMOBI, 110 iHAYKTUBHOCTI OOMOTOK MarOTh MOCTiiTHI
3HAYCHHS Ta HE BPAaXOBYIOUH €MHOCTI MIX CEKIiSIMH BTOPUHHOI OOMOTKH, MOXXHA 3alMCaTH TaKi
PIBHSHHS 3B’ 53Ky MIX MapaMeTpaMHu TATOBOTO TpaHchopMaTopa:

. di di di di
u =1LR + le_tl+M12d_tz+M13d_t3+Ml4d_t4;
dip . di di di
uzlezd—tl+|2R2+L2d—;+M23d—t3+ 24d—:; o
u, =M %+M %+iR+L3%+M d, .
3 13 dt 23 dt 3'13 dt 34 dt 1
di di di, . di
u, = M14d—t1+ M24d—t2+ M34d—t4+|4R4+ L4d—£‘;
Je Uy Uy Us Uy — HATIpyTa MEepBUHHOI 1 BTOPUHHUX 0OMOTOK TpaHchopMaTopa,
i1,i2,03,l4— CTpYM MepBUHHOT 1 BTOPHHHHX OOMOTOK TpaHchopmaTopa.
3amuc cucTeMu piBHSIHb B MaTpUUHIN (opMmi:
U, ROO0DO A L M, My My L
u, OR,00 I, M, L, Mj; M,, | d|l,
= X1 . + X— (2)
u, 00RO Iy M, M, L, M, | dt|i,
U, 000R, i, My My Mg L, 1,

3o6ipruk nayxoeux npauyw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38

40



TEXHIKA I TEXHO.JIOI'I

BenuuvHu TIOBHMX 1HIYKTHMBHOCTEW 1 aKTUBHHMX ONOpPIB OOMOTOK TSATOBOTO TpaHC(opMaropa
po3TamoBaHi MO miaroHami Marpumi (2). BemnuwHm B3a€eMHUX IHIYKTHBHOCTEH MDK OOMOTKaMH
TpancopmaTopa po3TaIlloBaHi 31iBa 1 MpaBOpydY Bif miaroHaii matpumi (2). MonemoBaHHS TATOBOTO
TpancdopMaTopa BUKOHAHO 3a JOMIOMOTOr0 (QyHKIIOHATBEHOTO O5toKy 6i6smiorexn Simulink- MultiWinding
Transformer 3 ypaxyBaHHsM mapaMeTpiB TsaroBoro Tpanchopmarop OHII[D-4350/25.

MartemaTtuuna moaeab ATII. Ilpu MatemarnyHOMY OMKMCI 1 MOAENMIOBaHHI aKTUBHOTO TSTOBOTO
MEepeTBOPIOBaYa HANpYrd BUKOPUCTOBYETHCS CXeMa 3aMillleHHs], sSika MpecTaBiIeHa Ha puc.4.

La

YT

. S
\,l“ Icl--('lu . LAN r.___Z DRd

el )
- r
217
| Cre, |
R /M
\ Dy | ud
- - L\ Dy
Rr ."]3; T4 ;1 a1
A
Lr ol L] Ea
" . 7 \ .y
ALA V2 .;"’lr_:. l)'l-l \

Puc. 4. Cxema 3aMillleHHSI aKTHBHOTO TATOBOT0 EPETBOPIOBAYA B PE:KHMIi TATH

Cxema micTuTh BropuHHY 00MOTKY TT 3 e.p.c. €, Ta MpHBEIEHOIO IHAYKTUBHICTIO LT, akTHBHUM
omopoM Ry, O6ydeprnii korgeHcarop C 3 omopom R, IGBT-momymi VT1-VT4, niomn VD1-VD4,
3BopotHu niox VD, IHIyKTUBHICTH 1 aKTUBHUH Orip HaBaHTaxkeHHsS Ly, Ry Ta e.p.c. TEJl E,.

Anroput™m ynpasiiHHS 0o0y10BaHMA Ha OCHOBI cuHycoigHoi IIIIM. Ctan TpaH3UCTOPHUX KITFOYiB
OMHUCYEThCST KOMyTalidHuMu ¢yHkismu S1,S2, sxi npuitmarots 3HaveHHs 0 a6o 1. Mopemoroua

nanpyra U (t) =sin(@,t +y) gacrororo @, =27 f  1OpiBHIOETHCS 3 TAKTOBOKO HAIIPYTOHO

U, ()= %arcsin[sin(a)rt +%)], 3)

ne @, =2xf;.
BinHOmIEHHS 9acTOT TAKTOBOTO 1 MOJIEIIOFOUOr0 CUTHAJIIB OIIHIOETHCSA KOE(IIlIEHTOM KPaTHOCTI

&=—". I'mmbunHa MOIYJALii OLIHIOETbCS BiJHOIIEHHAM AaMILTTYJl HANpyrd MOJEIIOYOro i

M
takrosoro curHanms u=U,, /U;

Marematnyauii onuc (OpMyBaHHS CUTHAIIIB YIPaBIiHHS

S = 1,(X)SY,, (1) U, (1], 4)

ne T (X) — dyHkiis nopiBHSHHS; S;— JIOT1YHA 3MiHHA.

CrtaH TPaH3UCTOPIB MPOTUIICKHUX TUICYCH MOCTA ONMUCYIOTHCS OJIHIEI) KOMYTAIIHHOK (YHKIII€IO:
VT1 VT4 — pyukuiero S; , a VT2,VT3 — dynkiieto Sy. Tpu Uy(t)>U+(t) BMukarotscs TpaH3ucTOpH
VT1,VT4, npu usomy S;=1. Jlnst tpansucropis npotuiexuoi dasu npu —Uy(t)>U+r(t) BmuKaroThCs
VT2,VT3 i S,=1, a $;=0. Tpansucropni xmoui VT1-VT4 3a6e3nedyioTh iMITyJIbCHE MEPETBOPECHHS
Hanpyru BropuHHoi oOMoTtku TT.

dopMmyBaHHSI IMIYJIbCIB  (a30BOr0 PpEryjiOBaHHS BiAOYBAa€Tbcs B MOMEHTH HOPIBHSHHS
TpuKyTHOrO TakToBOro curHany Urg(t) ammumitymoro 1B 3 piBHeMm, sKuil 3a1a€ThCs TITHOHHOO
Moyl . TakroBa Hampyra mae uactoty fry = 100Iy. Cran Tpan3uctopiB mpu (Ha3zoBoMy
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pEryJIoBaHHI OMUCYETbCS  KOMYTALiMHOIO (QYHKLIEIO St YMOBOIO  BMHKaHHS TPaH3UCTOPIB €
3aJIEIKHICTB:

S; =[(Uy (t) > ;) Au,(t) >0] =1 (5)

[Tpu ananizi wiei cxemu nependavyaeTbes, MO TPAH3UCTOPH 1 AIOAW € iealbHUMH KIIOYaMH. Y
BIIKPUTOMY CTaHi BOHU 3aMHKAIOTh HAKOPOTKO AUISHKU €JICKTPUYHHX JIAHLIIOTIB, B 3aKPUTOMY CTaHi
PO3pHBAIOTH iX. [IpH IbOMY CTaHW TPAH3UCTOPIB OMUCYIOTHCS QYHKIIAMHE S; .

Oyukiis BunpsamiaeHoi Hanpyru Uy(t) siBise co60r0 KpuBY, IO CKIIAIAETHCS 3 IMIYJIBCIB HAMIPYTH,
HMIMPUHA SKAX 3MIHIOETHCS BIAMOBIAHO 3 MomysroounMm curHanoMm Upy(t), a gacrora BH3HAYaeThCS
4acToTOr TakToBOro curnany Ur(t). MuTTeBe 3HaueHHs BUNPSIMIICHOT HarpyrH Ug(t) Ha Buxomi ATII
3MIHIOETBCA B 3aJISKHOCTI BiJf KoMyTatiiaoi ¢pynkmii ATII

lnpu §=1vS,=1v §; =1

f, (t)= 6
o Onpu S,=0AS,=0AS, =0 ©

EnexrpomaruiTai nporecu B koJti 3MiHHOI i mroctiitHO1 Harpyru ATII xapakTepu3yroTbcsi TaKUMHU
PIBHSIHHSMU:
e, =E, ., Sinat;

2max

di, . di, .
e, —[L; + fu(t)Ld]d—tZ—lzRT — (L, d_tVH”RT ~-E,)=0;

. di
u,=e,—i,R, —L, —2
2 2 2T T dt
u, =RC dUc+UC; ()
i, —i,—i. =0;
ud: fu(t)UZ
di,

Ly 1Ry ~E, =0

OTtpumaHi BUpa3H JalOTh 3MOTY 3HANTH 3HAYEHHS HAINpPYT 1 CTPyMIB AUISHOK €JIEKTPUYHOTO KoJia
ATTII B cTanoMy pexuMi Ipu 3aMKHYTOMY Ta PO3iIMKHYTOMY CTaHaX TPaH3UCTOPIB.

Aaroputm podorn ATII B pexumi Taru. Jlns HalOUBII e(EKTUBHOTO CIIOKUBAHHS
enexTpoeneprii mpu podoti ATII mocnigoBHO BUKOPHUCTOBYETHCS (a30Be Ta iIMIYJIbCHE PETYITFOBAHHS
Hanpyru Ha TE/, ke cknagaeTbes 3 TphOX 30H PeryIOBaHHS.

B nepwriii 30omi mpu IIIP wampyru obmotku al-1 (puc. 3) 3miliCHIOETBCS IyCK Ta pO3TiH
enexTpoBo3a. [raBHe miABUINEHHS HANPYTH BiI0OYBAETHCS MIISTXOM 301IBIICHHS TIIMOMHI MOTYIISALIT
CUTHAJIB yNpaBIiHHA ¢ TpaH3ucTopiB tuieueit ATII1-2, mo 3’enHanHi 3 BuBeneHsIMH oOMoTKH al-1.
[Tpu nopanbmomy 360inbieHHo Hanpyru Ha TEJ] ATII1-2 npamoroTs 1Mo pi3HUM aNropuTMaM.

B npyriii 3oni ATII-1 nocTynoBo J0/a€e NUISIXOM IMITyJbCHOTO PETYJIIOBaHHS HANPyry 0OMOTKH
1-2 no nHampyru oOomotku al-1. Ilpum mpoMy Ha TPOTSI3i KOXKHOTO MIiBIIEPIOAY HANPYTH KUBICHHS
MepeXi MOJar0ThCS IMITYyJIbCH YNpPaBIiHHA ¢f Ha ABa TpaH3uctopu mied ATII-1, mo BigmoBigaoTh
MIO3UTUBHIN MoJIsIpHOCTI 00MOTKHM al-1, a iMmmynben LIP @ momatoThCst Ha TPaH3UCTOPH, IO 3’ €HAHI
3 BUBeZeHHAM 2 00MoTkH 1-2. ATII-2, HaBnaku, IUIIXOM IMITyJIbCHOTO PETYJIOBAHHS JOJA€ HAPYTy
oOmoTku al-1 no Hanpyru oOMOTKH 1-2, siKa Ha MPOT3i MiBNIEPioAy BKIIIOYECHA B €IEKTPHUYHE KOJIO,.

B Tperiii 30ni perymosannas ATII-1 nogae nusixom P Hanpyry ooMoTku 2-x1 10 Hanpyru 0OMOTOK
al-2 . OO0motka al-2 BKIMIOYAETHCS B POOOTY TPaH3UCTOpAMH, SIKI 3’€/IHaHI 3 BUBEJCHHSIMHU al-2
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OOMOTKH TpH MOAa4i HA HUX  IMITyJbCiB yrpasninas of . LIIP Hanpyru oOmoTku 2-x1 3abe3nedyeTbest
MOZ[aYel0 IMITYNIBCIB KePYBaHHS ¢; Ha TPAH3WUCTOPH, IO 3’€mHaHI 3 BUBeHEeHHsIM x1 obmotkm 2-x1.
OnnouyacHo ATII-2 mo BBemenoi B pobory Hampyrum oomotku 2-x1  momae mupixom LIIP mampyry
00MOTKH al-2 BiATIOBIIHO 10 aJdropuTMy, HaBeneHoro B Tadm. 1. Ilpu nporioHoBaHOMY alropuT™Mi poOOTH
komyrtarist TK BimOyBaeThcsi B yMOBaX HAsSBHOCTI MapalielbHOTO KOJa MPOTIKAaHHS CTPYMY 1 MOMIIMBOCTI
PO3PSIOKH eJeKTpOMarHiTHOI eHeprii mpu po3mukanai TK. lle 3MeHmIye aMmInmniTyanm KOMyTaIriiHUX i
MICIIIKOMYTAIIMHAX KOJIMBaHb, JO3BOJISE MiJABUINUTH TOKAa3HUK BHUKOpUCTaHHS Hanpyru TT, 3HM3UTH
CMOKMBAHHS PEaKTUBHOI €HEprii Ta CIOTBOPEHHSI HANPYTH Ha cTpyMonpuiiMadax EPC.

Hns HaiOinpm e(eKTUBHOTO CIIOKMBAHHA EJEKTPOSHEPTrii YIPOJOBXK  POOOTH EIeKTPOBO3a
HeoOXiHo 3abe3nedyBatu (a3zoBe peryiroBaHHs BunpsiviieHoi Hanpyru ATII 3 BUmepemkKeHHSIM 110
¢asi BizHOCHO cepeAnHU MiBIepiona Hampyry. Lle 1acTb 3Mory 4acTKOBO KOMIIEHCYBATH 1HIYKTUBHHI
XapakTep HaBaHTAXEHHS Ta 301IBIINTH KOe]IIieHT MOTYKHOCTI. 3a gormoMororo 6moka Signal Builder
nakery Simulink po3poGiena miarpama ¢a3oBOTo ympaBiiHHS TPAaH3UCTOPAMH, IO Ma€ Pi3HI KyTH
Haxwiy. [Ipu 1boMy ynpoAoBk HamiBIepioAa PeryIIOBaHHS HAPYTH 3a0e3MeuyeThcsl HeponopuiiHa
3MiHa BHIIPSIMIICHOI HAIIPYTH SIK I10 TIEPEIHBOMY, TaK i M0 3aIHFOMY (POHTAX.

Tabnuys 1. Aanroputm podotu nmiied ATII 1-2 enexTpoBo3a B pexxuMi TAru

ATI-1 ATI-2 |
<
jas]
© 4
“ |U,,B g VT |VT |VT |VT VT |VT |VT |VT |VT VT VT |VT |VT |VT|VT | VT
& .11 12 (3 |4 |5 |6 (7 |8 |1 |2 (3 |4 |5 |6 |7 |8
=) Q
25
1 315 —> | 0 a; a a;
+— Qi Qi [o4] [o4]
2 1630 —p | Of Of O Qi O af
«— of | Of (41 0 of | Of
—> | of o | 0Of Of
3 (1260
+— I af a a ag | Of

aj — curHanu ynpaeninas HIIP;
05 — cUrHaJI ()a30BOTO YIPABIIHHS TPAH3UCTOPOM.

ImiTaniiiHe MoJeTIOBaHHSI eJeKTPOMATHITHMX mpomeciB. I BUBYEHHS EHEPIETUYHHUX
xapaktepucTuk nponoHosaHoro ATII Oyna po3pobieHa mMaTeMaTHuHa MOJENb CHUCTEMH «TSATOBa
Mepeska — enekTpoBo3 3 ATII » B cepeoBuii imiTartiiinoro moaemosants MatLab/Simulink.

Sk kpuTepii, K XapaKTEpU3YIOTh CIIOKUBAHHS PEaKTHBHOI MOTY>KHOCTI, 8 TAKOXK HECHHYCOITATBHICTh
Halpyryd Ta CTpyMy, NpUiHATO KoedimieHT moTykHocTi Kp , KoedimieHT crioTBopeHHS (GOpPMH KPHUBOI
ctpymy K Ta xoedillieHTH CrIOTBOPEHHS CHHYCOINATBHOCTI KpUBUX Hanpyru K, .

Mopaeanb TAroBoro ejekrponocrayanns. /s ananizy enekrpomarditTHux npouecis EPC nanpyra
Ha BUXIJHUX IIMHAX TATOBOI MiJICTAHIlI] BU3HAYCHA 332 TAKUM BHPA30M:

U, =€y =yl =271, (8)
Iie M7 — aKTUBHMI omip; Lyyy — IHAYKTUBHICTD; €7;7— 3HAYEHHS €.p.C. TArOBOT ITiCTaHIIIT.

Mogens KOHTaKTHOI Mepexi pealli3oBaHa SIK JUISHKAa 3 JBOCTOPOHHBOIO CXEMOIO >KUBJICHHS 1
BUKOHAaHA y BHUIVIAAI CXEMH 3aMiIlIeHHS, IO CKJIAJA€Tbcd 3 KAaCKagHO CHONydYeHHX T-momiOHux
YOTHUPHITONIOCHUKIB (puc.5). Ha mpeacrapieHili cxeMi 3aMillleHHs MapaMeTpU IIISHKA KOHTAKTHOT
MepexXi BH3HAYAIOTh IHAYKTHBHICTG L, akTuBHUIA omip R; , emuicts C i momepeuHy NpoBiIHICTH (.
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Po3paxyHKOBi 3HaYCHHS aKTUBHOT'O 1 PEAKTUBHOT'O OTIOPIB €JIEMEHTIB CXEMH 3aMIIlICHHs BU3HAYCHI 32
TakuMu Bupazamu [9]:

212
RK,M:R1+R2 Za)LZ 2 (9)
L +(wlL,)
R2
X =l +L ——=2—]. 10
ozl L] 10
L, L,
]

Puc.5. Cxema 3aminieHHsI TUISIHKH KOHTAKTHOT Mepe:ki 3aBIOBKKH [

Ilpu posTamryBaHHi enekTpoBo3a B cepeauHi digepHoi 30uu (L, = 50 kM) npu Bkaszaniil cxemi
3aMilIeHHs] KOHTAaKTHOI MEpeXi OTPUMAEMO HACTYITHI TapaMeTpH eleMeHTiB cxemu: L, = 7,16 Ml H;

L, =1,26 MI's; R; = 0,93 Om; R, = 8,18 Om; C = 0,435 Mx®; g = 15- 107 Om~ L.

Mopaear Tsaroporo TpancdopmarTopa peamizoBaHa 3a JgormoMoron Omoky Multi-Winding
Transformer makery Simulink. bmok Multi-Winding Transformer wMoxpentoe omHO(a3HUI
OaraTooOMoTOYHMI TpaHCcHOpMATOp 3 MOBITHPHHM YHUCIOM OOMOTOK SK Ha TEpPBUHHIN, Tak 1 Ha
BTOPHHHIN CTOpPOHi. Y OIIOIli BPaxOBYETHCS HENMiHIWHICTD XapaKTEPUCTUKN HaMarHiueHHs MaTepiary
CeplIeYHHKa, MAarHiTHI XapakTepucTukd cram. llikrorpama 1  eJeKTpoMmarHiTHa cxema
Tparcopmaropa Mmoka3zaHa Ha puc.6.Mogem TaroBoro TpaHchopMaTopa 1 TSITOBOIO BUTYHA
BIJIMOBiAal0Th pOo3pO0JIeHi BiAMOBIIHO 10 MapaMeTpiB 00JMaJHAHHS BaHTAXXHOTO eyiekTpoBo3a 2EJIS.

L2 R2 2+

a) 0)

[n]
mwmn

-
oo

31§
g o0
Multi-Winding
Transformer

ap ATIIL-2

[n]
oo

Puc. 6. IlikTorpama i cxema Tsiroporo Tpancgopmaropa

Brnok-cxema ATII BukoHaHa B pefaktopi Simulink 1 npencrasnena Ha puc. 7. Y nakeri MatLab mneui
ATII MozemoThes 328 YMOBH, 110 B cxeMi Bukopuctani moayimi CM1200HC-66H, 3300 B, 1200 A
(IGBT-tpansucropu  VT1-VT8) ta RM1200DG-66S (miomm VD1-VD8 ). CxemHi BuBenenHs 1-4
npu3HadeHi uis 3’€aHaHHsS 3 oOMoTkamu al-1-2-x1 BropunHoi oomorkum TT. Ha Bxomu Inl-In8
nojIatoThest curHanu yrmpasniaas Bin CY-1, CY-2 (puc. 2). CxeMHi BUBeIeHHS 5-6 TpuU3HAYEHi JUIst
3’eHaHHS 3 OJOKOM HaBaHTaKeHHsS. biok HaBaHTakeHHs Bkirouyae: TEJl, e.p.c. oOMOTKH sKOpS
(kepoBaHe pKepesio Halpyru) Ta 3riiapKytounii peaktop. Tsrosuit enexrpoxsuryH Tumy JATK - 820
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Mmozenroe 6ok DCMachine. [Tapamerpu konma TE/]: akTuBHMI omip sSIKIPHOTO KOJIa 3 KOMITCHCAIIIHHUMU
00MOTKaMH Ta KOTYIIIKaMH J0aTKOBHUX ToociB R, = 0,01652 Om; akTHBHUIT OMTip OOMOTKH TOJOBHHAX
nomociB  R,, = 0,0107 Owm; akTuBHUMII omip 3rnakyrodoro peakropa R,, = 0,014 Owm; cymapha
THIYKTHBHICTD SIKIDHOTO KOJIa 3 ypaxyBHHAM oOMOTKM 30ymkenHs L, = 1,37 mI'H; iHIZyKTHUBHICTH
3raaKyrodoro peakropa L,, = 8,2 MI'n. Ilapamerpu ingykTHBHOCTEH 0OMoTOK TEJ] 1 3rimamkyrodoro
peakTopa BBOYKAEMO TTOCTIHHIMHU.

Pe3yabTaTH n0CiHigAKeHb AKTHBHOIO TSTOBOTO INEPEeTBOPIOBAYA eJIEKTPOBO3a 3MiHHOTO
cTpymy. B mporeci MozentoBaHHST €EKTPOMAarHiTHUX MPOIECiB, M0 BigoOpaxaroTh podoty TEIL
€JIEKTPOBO3a, OTPUMaHI OCIMJIOTPAMH HAMPYTH Uy i CTpymy I; B mepBuHHI ooMorii TT, Hanpyru
Up 1 cTpyMmy i, Yy BTOpPHHHIH OOMOTII, @ TaKOX CEpeHE 3HAuCHHS BUIpsmMieHol Hampyru Uy Ta
CTPYMY TATOBOTO CJICKTPOJBUTYHA I .

@ Connd Conml @F

Conn3 —ems

| g

FTIT
Limly

I

Puc. 7. Baok-cxema ATII B penakropi Simulink

[Ipu MonemoBaHHI IPOBEEHO AOCIiKeHHs BIMBY napamerpiB ATII Tta anroputmiB ynpasiiHHS
Ha TakKi EHEepreTWYHi XapaKTEePHUCTUKW: 3HAYeHHS KoedilieHTa NOoTyKHOCTi Kp, BUMIpSHUX Ha
3aTrcKavax nepBuHHOI 00MoTKH TT; cymaphi KoedimieHTH croTBOpeHs mo ctpymy THDI Ta Hampysi
THDu; BigHOCHI 3HaYEHHS BUIPSIMIICHOT HANPYTH  Ug /Ugo.

Busnauennsi napamertpiB 3axucHux RC-konTypiB moneni. [Tepexinauii nponec npu komytamii TK
CYNPOBOIKYETHCSI 3HAYHUMHM CKAauKaMH HAlpyrd Ha eJleMEHTax Koja, L0 OOYyMOBJIEHO PEaKIi€lo
iHIyKTHBHOCTI po3cisiHast TT, npuBeaeHoi 1o BropuHHOi 0OMoTku TT. Jljist 3MeHIIeHHsT KOMyTamiiHuX
TIepEeHanpyT 1 KOJIMBaHb B KOJIi BTOpHHHOT 00MoTKM TT BcTaHOBIEH! iHAUBITyasbHI cHabepHI RC-koHTYpH
Jutst koskHoro Tpamsuctopa ATII Ta Ha BuBeneHHsAX BTOpHMHHUX 00MOTOK TT. Ha ocHOBI mocmimkeHHS
nepexigHoro npouecy B komi ATII Ta 3rigHo pexkomenzauiii [15] BuzHadeHi napamerpu 3axucHux RC-
KOHTYPIB MOJIEJII, SIKi MAOTh Taki 3HAUYCHHS: Ha BUBEJCHHSIX BTOPUHHUX 00MOTOK TT- R1+=0.5 Om, Cr1 =
600 Mx®; crabepni RC-xonTypu TpanszuctopiB — Rer =0.01 Om, Cer = 10 Mx®. [leranbHe NOCTIDKEHHS]
niepexinHoro nporecy B ko ATII motpebye okpemMoro po3riisity i BUXOAUTH 32 MEXi TAaHOT CTaTTi.

Aaroput™ ¢$a3oBoro Ta iMmyJIbCHOTO peryJiOBaHHs HANPYIH. AJITOPUTM YIIPABIIHHS Tependadae
¢azose perymosannss Ta LIP. [Ipu ¢azoBomy perymoBanHHi Koe]il[ieHT MOAYISAIIT MO aMIDTITYAI  Us
3a7a€ KyTH BKJIIOYEHHS 0. Ta BUKIIOUEHHS f TpaH3MCTOpiB. 30Ha POOOTH TPAaH3HMCTOPIB PO3TAIIOBaHA
ACHMETPHYHO BIJIHOCHO HAIIBIIEPIONy HAINPYTW >KUBJICHHS 31 3MIICHHSIM B HANPSIMKY BHIICPEKEHHSL.
[pu 3pymeni EPC 3 mics MiHiManmbHE 3HAYEHHS BUIPSIMIICHOI HANPYTH 320€3MeUyeThCsl IMITYIbCHAM
peryJroBaHHAM Hanpyru BropuHHoi oomotku TT al-1 — mepiua 3oHa perymoBaHHs. s moganbmioro
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T IBUIIIEHHS BUIIPSAMIICHOT HANPYTH 3A1HCHIOETHCS TIEpexi Ha APYTy 30HY PEryJrOBaHHS, ¢ BUMPSIMIICHA
Harpyra JIOPiBHIOE CYMi BHIIPSMIICHUX HArpyr ooMotok al-1 Ta 1-2. [Ipu oMy BUTIpsIMIICHA Hampyra
obomoTkH al-1 perymoeThest pa3oBuM  CcriocodoM, a 0OMoTka 1-2 — iMmynscHUM (Tabm. 1). Ha tperiii
30HI 3MIMCHIOETHCS (ha30Be pEryimioBaHHS BUIPSAMIICHOI Hanmpyrd oOmorok al-1 i 1-2 Ta immynbcHe
peryimoBaHHS Hanpyru oOMOTKH 2-x1. JInst mOpiBHSHHSA, B TabM. 2 MpHUBEACH] Pe3yIbTaTH MOJIEITIOBAHHS
po6otn ATII enexrpoBoza 2EJIS mpu perymroBanni Hanpyru Ha TEJ] mipy BUKOpHCTaHHI TiJIbKA CHCTEMHA
LIIP ta npu anroput™i crijbHoro Bukoprctanus LIIP i ¢azoBoro perymroBanns Hampyrd. [Ipu mpomy
koedirienTn Momyssaii manu 3uaueHss: u;i= 0,6-1,0; s = 0,15. Orpumani pe3ysbTaTi CBiIYaTh, M0 TPU
anroput™Mi cribHOTO BuKOopucTtaHHA LIIIP Ta (azoBoro perymoBaHHS Hampyru 3poctae KoeirlieHT
TOTY>KHOCTI Ha 7—15% mipu 3MiHi koedinienTa Moxymsmii 4 B mexax 0,6 — 0,8 Ta 3HUKYETbCS CyMapHHI
KoeillieHTH CIIOTBOPEHb 10 cTpymy THDI.

Tabnuysa 2. IlopiBHAIbHA TA0JMIA pe3yJbTaTiB iMiTaniiinoro mogemoBanusa ATII
npu anropurMi cminbHoro Bukopucranns IIIP Ta ¢ga3oBoro perysioBanHs HANPYrH

=
g .= % i U Kp THDi THDu | Ud,B Ug/Ugo
82 E
2 0.6 - 0,75 0,25 0,009 801 0,7
2 0,8 - 0,90 0,37 0,012 838 0,71
2 1.0 - 0,97 0,24 0,055 873 0,77
3 0.6 0,15 0.95 0.27 0.031 821 0,71
3 0,8 0,15 0,96 0,23 0,067 887 0,78
3 1.0 0,15 0.973 0.228 0.048 980 0.86

PesynbpraTi CBif4aTh, MIOBIIHOCHE 3HAUCHHS BHIPSAMIICHOI HAmpyrd Ug /Ugy mepeBuirye Ha 9%
BinoBiaHM# moka3zHuk podotr ATII npu BHKOpUCTaHHI TifbKH anroputmy LIIP
3 ypaxyBaHHsIM 3CyBYy mo (a3i omopHHMX CHTHAJIB NMpH mapaneibHiii podoti aBox ATIL B
THUIIOBII cXeMi eNeKTpoBo3a kueieHH: qBox TEJ] 3miticHroeTses Bin ogroro BIIL. B posrmsayTiit momemni
xwuBieHHs1 koxxkHoro TEJ] 3xificHtoeTsest Bin okpemoro ATII. Ha puc. 8,0 mokazaHi CUTHATM YIPaBIiHHS
tupuctopamu ATII 1-2. Onopui Hanpyru [P koxxHOi mapu ATII, 1110 OTpUMYFOTE JKUBJIEHHS BiJl OHIET
BToprHHOI 00MOTKM TT, B3aeMHO 3cyHyTI o ¢azi Ha kyT 160 en. rpay., (puc. 8, a, B); ne ¢, = — 80 rpan.
(puc. 8, a), @, = 80 rpan. (puc. 8, B). 3aBasaxu 3cyBy 10 (a3i B OLIBIIII YacTHHI HaIliBIIEpiomy HaNpyTu
JKUBJIEHHST 110 BToprHHIH oOmoTii TT mpoTtikaioTh ctpymu HaBaHTaxeHHsT 000X ATIL nst npukiamy B
tabn. 3 mpuBeneHi pe3ynbTatd MoxemoBaHHA podotn ATII ma mepmriii 3omi LIIP 3a BimcyTHOCTI Ta
HAasBHOCTI 3cyBYy 1O (pa3i omopHHX Hampyr. Pe3ynbraTé MOZENFOBAaHHS CBIq4aTh, IO 3aBISKH 3CYBY IO
(a3l onopHHX CHrHajmiB 30UIbIIyeThCA KoedilieHT moTyxkHOCTI K, Ta 3MEHIIyIoThCA KoedillieHTH
CTMOTBOPEHHS CHHYCOITATBHOCTI KPUBHX HAIIPYTH Ta CTPYMY.

1 T T T T
05
0 I I I I I I I
4
15 T T T T T |AT1—Il T ATII 2 T
= il
0 L f| L 1 1 1 L f| !
)
1 T T T T
05 1
0 1 I I 1 I 1 I I 1
0 0001 0002 0003 0004 0005 0,006 0007 0008 0009 001

] Tag, ¢

Puc. 8. ®opmyBanHs curHajiB ynpasiainns LIIP ATII 1-2
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Tabnuya 3. llapamerpu podorn ATII mpu 3cyBi mo ¢asi onopHux Hanpyr

YacroTa 3cyB o

OITOPHOTO dasi Ko THDiI THDu Ud, B Ug/Ugo

CHUTHAJY Ui

fUﬂ) ru q)l q)z

600 0.8 0 0 0.77 0.79 0.05 170 0.59
600 0.8 -80 80 | 0.932 0.37 0.034 172 0.61
900 0,8 0 0 0,93 0,35 0,08 677 0,769
900 0,8 -80 80 0,96 0,28 0,073 679 0,77

BruinB uyactoru omopHoro curxaay LIIM. 3 meroro BHUABICHHS BIUIMBY Ha EHEPreTHYHI
XapaKTepUCTUKU EJIEKTPOBO3a 4acTOTH omnopHoro curHamy LM mpoBeaeno mocmimkeHHS poOoTH
ATII npu gacrorax 600, 900, 1000, 1200 I'n. OTprMaHi pe3ynbTaTH Ha TPETiH 30HI PEryIIOBaHHS MIPU
ui =1.0 Ta emHocTi kouaencaropis C; = C, = C3 = 600 mx® npuseneHi B Ta0i1.4.

Tabnuysa 4. Pesyabratu nociigxenus poooru ATII npu pi3HHX 3HAYEHHSIX YaCTOTH OIIOPHOTO CUTHATY

Yacrtota
OIOPHOTO
CHUTHAJTY Ui Ko THDiI THDu Ud, B Ug/Ugo
fon, T11
600 1,0 0,97 0,2 0,1 961 0,84
900 1.0 0.973 0.228 0.048 980 0.86
1000 1.0 0.971 0.256 0.065 846 0.87
1200 1.0 0.972 0.255 0.065 991 0.87

OtpuMaHi JaHI CBiAYaTh, IO TPU 30UIBIIEHHI YaCTOTH TEPEMUKAaHHS TPAH3UCTOPHHUX KIIOUiB
JIOCITI/DKYBaHI MapaMeTpy MPAaKTHYHO MAayio 3MIiHIOIOThCS. Pa3oM 3 TMM 31 30UIBIIEHHSM YacTOTH
NIepPEMUKaHHS 3pDOCTA€ KUIbKICTh KOMYTAI[il KIIFOWiB Ta BTPAT B KIfo4ax. BUxoasun 3 1boro 3po0iieHO
BHCHOBOK TIPO HEAOIUIBHICTH ITIBUINEHHS YaCTOTH OMOPHOTO CHUTHANY 1 MOAANBIN JOCITIKEHHS
XapaKTePUCTHK BUKOHYBAIMCH MIPHU YacCTOTi ormopHOro curaamy 900 I'm.

B pesynbrari MoJenmoBaHHs €IEKTPOMAarHiTHUX IMPOIECiB B CEKIIii eJIeKTPOBO3a Ha TPETid 30HI
peryJIoBaHHsS HAaNpyrd, OTPUMaHi OCIHMJIOTpaMH HANpyrd i CTpyMy B TEPBUHHIN 1 BTOpWUHHIN
obomotkax TT, a Takox BunpsimiieHol Harpyru Ugi cTpymy ig kona TEJl. Ocumnorpamu Hanpyru U; Ta
cTpyMy iy mepBurHOi oOMoTku TT mpuBeneHi Ha puc. 9, a. 3 MPHUBEACHUX OCLUIOTPAM BHIHO, IO
ctpym obmotku TT moBHicTiO crmiBnagae mo ¢asi 3 HaIpyrowo, IO CBIAYUTH MPO BHCOKHIA pPiBEHb
KoedillieHTa MOTYKHOCTI.

3i criekTporpamu ctpymy iy (puc. 9, 6) BUAHO, 110 HAWOLIBIIY aMILTITY/Iy Cepe]] BHIIMX TapMOHIK
Mmae 3-s rapmonika ( 13,2% Bim ocHOBHOI rapMmoHikH) 3 yactororo 150 I'n. Haiibinbm iHTeHCHBHI
rapMmoHiku 3 7-i mo 17-y (3-6,8% Big OCHOBHOI rapMOHIKH) 3aiiMalOTh Aiana30H 4acTOT B MEXKax
350-850 T'm. IligBumeny inteHcuBHICTH (2,5-3,5%) marotre rapmoniku 31,35 1 41.Ocmunorpamu
Harpyru U, Ta ctpymy I, Bropunnoi oOoMotku TT mpuseneni Ha puc.10. 3 mpuBEACHUX OCIHIOrPaM
BUJIHO, IO CTPyM BTOpHHHOI 00MOTKHM TT MOBHICTIO cmiBmajae mo ¢aszi 3 Hanpyrow. MakcuMymu
CHOXXMBaHHS CTPYMY Ta HAIIPyTW pO3TALIOBAaHI CHMETPUYHO BiIHOCHO MiBIEpioJa HApyTrH
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Puc. 9. liarpaMu eJIeKTPOMArHiTHHX MpoIeciB MPH PoOOTi eJIEKTPOBO3a B pe:KuMi TATH Ha 3-ii 30Hi
peryJiloBanus : a) ocuuiorpama Hanpyru U; i crpymy i; nepBunnoi oomorku TT,
0) ceKkTporpama cTpymy i;
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Puc. 10. Ocuuiorpamu Hanpyru U, Ta crpymy i, BroputHoi oomoTku TT
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Ocuunorpamu BumpsimiieHoi Hanpyru Uy 1 cTpymy ig ipuBeneHi Ha puc.11.

1d.ATULB
20007 . :

1
0,12 0,125 0,13 0,135 0,14 0.145 0,15 0,155 0.2
Yag, cex

Puc. 11. Ocumstorpamu Bunpsimiaenux Hanpyrua Uy Ta ctpymy ig koaa TEJ]

Bunpsimnena nanpyra Uy, 3aBasku crminsHOMY BuKopucTaHHio amroputma IIIP 1 ¢azooro
PETyJIIOBaHHS B KOXKHOMY HAITBIIEPIOJi CKJIAJAEThCS 3 TMOCTIHHOI CKIIAJ0BOI Ta PEryIbOBaHUX IO
HIMPHHI  IMITyJIbCIiB, MO MiABHINYE eQEeKTHBHICTh BUKOpUCTaHHA TT, migBUILye KoedilieHT
HOTY>KHOCTI K, Ta CpHsie 3HMKEHHIO CIIOTBOPEHHS CUHYCO1JalIbHOCTI KPUBHUX HAMIPYTH Ta CTPYMY.

OTpumaHi pe3ynbTaTH MOJENIOBaHHS CBi4aTh MPO MOMJIUBICTH BHKOPHUCTaHHS MOJENI IS
MOJANBIINX A0ocikeHb cucteM EPC 3 MeToro mokpaleHHs iX eHepreTHYHUX XapaKTePUCTHK.

Bucnosku. 1. Po3poOnena maremarnyHa MOJENb CHCTEMH «TSICOBa MiACTAHLIS — KOHTAKTHA
Mepexka — eNeKTpoBo3» s enekTpoBo3a 2EJIS i3 3actocyBamnsam ATII ma IGBT-tpan3uctopax.
Mogenb 103BOJISIE 3pOOUTH OILIHKY €IeKTPOMArHiTHUX MPOLECIB, IO BiAOYBalOTHCS MpPU KOMYyTAaIlii
TPaH3UCTOPHUX KIIOUIB Ta JOCTIIUTH €HepreTHIHy epekTrBHICTH enekrpoBo3a 3 ATIL.

2. Po3po0iieH0 anropuTM OJHOYACHOTO BHKOPHCTAaHHS IMUPOTHO-IMITYJIIBCHOTO Ta (ha30BOTO
peryJIoBaHHsS BUIPSMIICHOI HAampyrd Ha TPbOX 30HAX pETyiioBaHHS. [IponoHoBaHWil anroputm
yIpaBIiHH Ja€ 3MOTy MiaBUIIUTH 10 0,86 BigHOCHE 3HAYEHHS BHUIPIMIICHOT HANPYTH Ta IMOKA3HUK
BUKOPHCTaHHS TATOBOTO TpaHchopMaTopa (TIpy MIUPOTHO-IMITYJIbCHOMY PETYIIIOBaHHI TTOKa3HUK Ma€
HaiBuie 3naueHHs 0,78).

3. IIponioHoBaHO MepexkeBy komyTalito edeit ATII enexTpoBo3a 3i 3pynieHHsM (a3 OMOPHUX
curHainiB IIIIM Ta pekoMEeHIOBAaHO ONTHMAJIBLHUM BapiaHT 1 YacTOTH ONOPHUX CUTHANIB HPH
¢dopmysanrsi LIIIM.

3a pesynpTaraMH NPOBEICHOTO MOJCIIOBAaHHS MOXKHA 3pOOMTH BHCHOBOK, IO 33 paxXyHOK
BIIPOBADKCHHS 3alpOIIOHOBaHUX cnocobiB ynpasniHHa ATII enexktpoBo3a MOxIuBEe 301JIbIICHHS
3Ha4yeHHs Koedimienta motyxkHocti g0 0,90-0,97, to6to Ha 15% Oliblue HDX Yy LITaTHOTO
tupuctoproro BIIT Ha yeTBepTiii 30HI peryIOBaHHS.
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INCREASING THE ENERGY EFFICIENCY OF THE AC ELECTRIC LOKOMOTIVE
TRACTION DRIVE

The study of the energy characteristics of the active traction converter with pulse-width modulation
as part of the traction electric drive of an AC electric locomotive was held during the research. Active
traction converter provides pulse-width control of the collector DC traction motors voltage and
belongs to the basic AC / DC circuit.

The transient process when switching transistor switches is accompanied by significant voltage
surge, due to the scattering inductance reaction of the traction transformer. Studies have shown that
the diode discharge buffer circuits do not provide discharge of the electromagnetic energy
accumulated in the winding of the transformer.

An active traction converter control algorithm has been developed, which implies the use of pulse-
width and phase regulation of rectified voltage. Switching of transistor switches occurs in the
presence of a parallel current circuit. This creates the conditions for the discharge of electromagnetic
energy accumulated in the secondary winding circuit of the traction transformer.

The developed mathematical model allows to investigate the electromagnetic processes that occur
during the switching of transistor switches and to evaluate the energy efficiency of the electric
locomotive with active traction converter. In the simulation process, the influence of active traction
converter parameters and control algorithms on the power rate of the converter, the total THD
distortion rate of current and voltage and the relative values of the rectified voltage were investigated.

Measures to increase the power rate and to reduce the emission level of higher current harmonics
into the traction network were proposed.

Keywords: mathematical model, switching, power factor, active traction converter, algorithm.
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STUDY OF PERFORMANCE INDICATORS OF TRANSPORT
MACHINE-BUILDING AND RAILWAY INDUSTRY ENTERPRISES
IN A PANDEMIC CONDITION COVID-19

The article analyzes the impact of the consequences of the quarantine measures introduction to counter
the pandemic COVID-19 on the economy of Ukraine in general and the domestic transport machine-
building sector in particular. It has been established that one of the most affected sectors of the economy is
transport and mechanical engineering, in particular the railway transport sector. It is determined that at
present a very relevant issue for the further development of domestic enterprises of transport machine-
building and railway industry is the assessment of the impact of the COVID-19 pandemic on the activities
and financial and economic performance of these enterprises. The financial and economic indicators of such
domestic enterprises of transport machine-building and railway industry, such as JSC "Ukrzaliznytsia",
PJSC "KVBZ", SE "UKrNDIV", LLC "LEMTRANS" and LLC "KERNEL-TRADE", TDV "Popasnyansky
Car Repair Plant" are analyzed. It was determined that the most affected of the studied domestic enterprises
under the conditions of quarantine measures were JSC "Ukrzaliznytsia®, PJSC "KVBZ", TDV
"Popasnyansky Car Repair Plant". The main reasons for the decrease in technical and economic indicators
at domestic enterprises of transport machine-building and the railway industry are studied by the method of
expert evaluation. According to the analysis of expert evaluation data, the most important reason for the
deterioration of technical and economic indicators of enterprises is the lack of state support and incentives
for the development of transport machine-building and the railway industry in the country (19.6%). Experts
estimate the impact of the consequences of the introduction of quarantine measures to counter the COVID-
19 pandemic at 8.1%. Measures are proposed to improve the technical and economic performance of the
most affected domestic enterprises of the transport machine-building and railway industries in the context of
the COVID-19 pandemic.

Keywords: domestic enterprise, railway industry, COVID-19 pandemic, resource-saving
technologies, technical and economic indicators, transport machine-building.

Introduction and problem statement. Throughout its historical existence, mankind has faced
many crises, which later became the driving force for the development of society as a whole. At the
end of 2019, humanity faced a fundamentally new catastrophe - the COVID-19 coronavirus pandemic,
which spread rapidly around the world. As a result, in order to slow down the spread of the disease
caused by COVID-19, governments have introduced quarantine measures at the legislative level.
Quarantines, closing of borders, restriction on human mobility, creation of numerous problems
practically for all states, all these are realities of today. The COVID-19 pandemic has changed not
only the lives of many people, but also the situation in global and local markets. There has been a
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significant reduction in production capacity around the world due to the closure of borders between
countries and the introduction of a regime of self-isolation. The spread of the epidemic disrupted the
usual trade relations between producers and consumers, made serious changes in the activities of
enterprises and companies. Many businesses around the world began to close, which resulted into that
during the quarantine there was no one and nothing to transport due to unclear rules of the game.

Analysis of recent research. This issue was widely presented at the meeting of the United Nations
General Assembly. Many heads of state expressed their opinion on the need for global renewal of all
areas of human life. According to the World Health Organization and research, it is known that the
effects of the COVID-19 pandemic will be remedied for decades.

The opinions of scientists around the world on this global issue have already been published and the
impact of the effects of the COVID-19 pandemic depending on the sector of the economy has been partially
revealed. These are primarily studies of D.V. Dolbnieva [1], M.F. Mizintseva [2], A. Flahault [3], H.
Legido-Quigley, J.T. Mateos-Garcia, A. Campos [4], S. Kannan, Ali P. Shaik Syad, A. Sheeza, Hemalatha
[5], S.I. Dolgova, Y.A. Savinova, E.V. Taranovskaia [6], L.H. Taylor, S.M. Latham, Woolhouse [7],
Puriwat W., Tripopsakul S. [8], Giones F., Brem A., Pollack J.M., Michaelis T.L. M.E. 9], J. Zhan [10] and
others.

However, the impact of quarantine measures to counter the COVID-19 pandemic on the activities
of the domestic transport sector, in particular enterprises and companies in the transport machine-
building and railway industries, has only been partially addressed. This is due to the fact that not
enough time has passed to analyze and assess the impact on the domestic transport sector caused by
the effects of the COVID-19 pandemic. Some of the domestic scientists have already begun to deal
with this issue in their papers.

In the study [11] the state of the global economic situation in the field of maritime transport during
the pandemic COVID-19 was examined, the relationship and impact of factors on the state of the
world economy were analyzed; the ways to overcome the effects of the pandemic in the field of
maritime transport were identified.

The study [12] deals with the problem of providing the protectionism of entrepreneurship in the
framework of financial investment in a pandemic COVID-19. The conditions for classifying the
sectors of the economy among the most affected by the pandemic in the context of state protectionism
are proposed. According to the results of the rating, the energy, agricultural industry and transport
need the largest financial allocations according to the COVID-19 impact index.

In papers [13, 14] the issue of the impact of the COVID-19 pandemic on the world economy,
freight and passenger rail transportation is considered. In paper [13] the activities of all types of
transport and railways of Ukraine, i.e., transit, import, export, domestic, are analyzed according to the
indicators of traffic volumes and freight turnover. Factors influencing the state and change of these
indicators for JSC "Ukrzaliznytsia" are singled out. Measures to reduce the negative impact of various
factors on the state and development of the rail freight market are proposed. The study [14] found that
one of the most affected industries is machine —building industry (there was a reduction in production
by an average of 18.5%). At the same time, the largest reduction was recorded in the production of
vehicles, in particular in railcar- building.

According to the analysis of the latest research, one of the most affected sectors of the economy is
transport and engineering, in particular domestic enterprises whose activities are related to the railway
industry. At the same time, an important and relevant issue for the further development of the railway
transport industry is the assessment of the impact of the COVID-19 pandemic on the activities and financial
and economic performance of enterprises whose activities are related to the railway industry. It should be
noted that this issue is poorly studied and remains open. Therefore, in order to develop ways and effective
mechanisms for overcoming the crisis of domestic enterprises of transport machine-building and the railway
industry, later in this article it is proposed to consider the scale and consequences of the COVID-19
pandemic on the work of these enterprises and their financial and economic indicators.

The aim is to investigate the impact of the COVID-19 pandemic on domestic enterprises whose activities
are related to the railway industry by analyzing their financial and economic indicators and applying the
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method of expert evaluation; to identify possible ways to overcome the effects of the pandemic at these
enterprises.

Material and research results. The first cases of acute respiratory disease COVID-19, caused by the
coronavirus SARS-CoV-2, were recorded in late 2019 in the Chinese city of Wuhan. In early 2020,
governments began quarantine measures to slow the spread of the COVID-19 pandemic. In Ukraine,
quarantine measures were introduced in accordance with the Resolution of the Cabinet of Ministers of
Ukraine "On prevention of the spread of coronavirus COVID-19 in Ukraine™ dated March 11, 2020 No. 211
(hereinafter referred as the Resolution). As of today, this Resolution is in force with numerous changes. In
general, from the beginning of the implementation of quarantine measures until today (as of October 18,
2021) 27 amendments were made to the Laws of Ukraine, 2 decrees of the President of Ukraine, 217
Resolutions and 40 Orders of the Cabinet of Ministers of Ukraine aimed at overcoming the consequences of
the COVID-19 pandemic-19 were issued. Thus, from the beginning of 2020, the economy of Ukraine and the
enterprises of transport engineering and the railway industry in particular, began to feel the impact of anti-
epidemic measures. Therefore, in this paper it is proposed to consider the impact of quarantine measures on
the work of these enterprises by comparing their financial and economic indicators based on the results of
activities in 2019 and 2020.

It is proposed to study the impact of the COVID-19 pandemic on the example of such domestic enterprises
of transport engineering and railway industry as JSC "Ukrzaliznytsia", PJSC "KVBZ", SE "UkrNDIV", LLC
"LEMTRANS", LLC "KERNELPA-TRADE" car repair plant "(hereinafter - TDV" PVRZ"). The main
activity of these enterprises is aimed at production, maintenance and repair, operation, as well as performing
scientific and experimental research of railway equipment. Thus, JSC "Ukrzaliznytsia™ is a national carrier of
goods and passengers, which is the largest operator (owner) of rolling stock in the country. PJISC "KVBZ" is
the only domestic machine-building enterprise with a full production cycle, which specializes in the
manufacture of railway transport for social purposes and is the leader in the number of production of freight
rolling stock in the country. SE "UkrNDIV" is a research institution that deals with the problems and
development of the whole range of the rail rolling stock, and includes the Testing Center, Inspection and
Certification Body for railcar-building products. LEMTRANS LLC and KERNEL-TRADE LLC are the
leading private operators of railway rolling stock in Ukraine. LEMTRANS LLC is the largest private owner
of the freight car fleet primarily consisting of open-top wagons. KERNEL-TRADE LLC is the largest
domestic private owner (operator) of grain wagons. TDV "PVRZ" is an enterprise engaged in the production
and repair of freight railway rolling stock, also involved in the manufacture of spare parts for the railway
vehicles.

To analyze the activities of the above-mentioned domestic enterprises, the following main technical and
economic indicators were selected: net income from sales of products (goods, works, services); cost of goods
sold (goods, works, services); gross profit (loss); other operating income; other operating expenses, including
administrative; pre-tax financial result; net financial result. The results of the analysis of technical and
economic indicators of the above enterprises in 2019 and 2020 are given in Table 1.

The dynamics of growth (reduction) of technical and economic indicators of enterprises to the
corresponding period last year are given in Table 2.

Table 1. The results of the analysis of technical and economic indicators of JSC «Ukrzaliznytsia», PJISC
«KVBZ», SE «UKrNDIV», LLC «LEMTRANS», LLC «KERNEL-TRADE», TDV «PVRZ»
in 2019 and 2020 years [15-20]

Name of indicators 2019
JSC LLC TDV
"Ukrzaliznytsia PJSC SE LLC "KERNEL- "PVRZ"
" vt "KVBZ" ["UKrNDIV ["LEMTRANS" "
TRADE
Net income from sales of
products (goods, works, | 90352319 8310455 36058 14159825 51482928 2147380

services)

Cost of goods sold (goods,

works, services) * 83568776 | (6955615) | (29680) | (10895947) | (45932765) | (2008020)
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Continuation of the table 1

Gross profit (loss) * 6783543 1354840 6378 3263878 5550163 | 139360
Other operating income*| 5888538 260401 6000 213171 777043 8997
O”;Lgﬁ:;gﬂng 7808734 | (588981) | (11811) (488296) | (5956052) | (51802)
Pre-tax financial result *| 4863347 1043757 567 183705 608977 97673
Net financial result * 2988247 828869 436 0 355787 78823
2020

Net income from sales of

products (goods, works| 75291560 | 3337075 | 34269 14391017 67395769 | 750403

services) *

Cost of goods sold

(goods, works, services) 75930411 | (3088254) | (28561) | (12375384) | (58114495) | (702954)

Gross profit (loss) * (638851) 248821 5708 2015633 9281274 47449

Other operating income* | 1185203 306055 6860 201948 1666006 10035

gggrr]ses* operating - 15480650) | (459817) | (9647) (434307) (5345080) | (45398)
Pre-tax financial result | (11934307) | 87210 2931 492255 2022738 9641
Net financial result * | (11899687) | 71810 2335 440391 1648945 6227

* Note: all technical and economic indicators in Table. 1. are given in thousands of hryvnias.

Table 2. Dynamics of growth (reduction) of technical and economic indicators of enterprises

JsC PJSC SE LLC "KELFIQ_I\CI:EL- F-,I_VDRVZ
Ukrzaliznytsia KVBZ UkrNDIV | "LEMTRANS TRADE"

Net income from sales of]

products (goods, works, 116,7% 159,8% 15,0% 11,6% 130,9% 1 65,1%
services)
Cost of goods sold
(goods, works, services) 19,1% 155,6% 13,8% 11,1% 126,5% 1 65,0%
*
; !
*
Gross profit (loss) 17422394 1106019 1670 | 1248245 13731111 191911
Other operating income* 179,9% 117,5% 114,3% 15,3% 1 114% 111,5%
Other operating o o o 0 0 0

expenses* 159,8% 121,9% | |18,3% L 11L,1% 1 10,3% 112,4%
Pre-tax financial result *| | 16797654 1956547 12364 1 308550 1 1413761 | 88032
Net financial result * | 14887934 1 757059 11899 1440391 11293158 1 72596

According to the results of data analysis (Table 1-2) the following is established:
net income from sales of products (goods, works, services) in 2020 compared to 2019 in JSC
"Ukrzaliznytsia", PJSC "KVBZ", SE "UkrNDIV", TDV "PVRZ" decreased by 5.0-65.1%, while for
LLC "LEMTRANS" and LLC "KERNEL-TRADE" this figure increased by 1.6% and 30.9%

respectively;

the cost of goods sold (goods, works, services) in 2020 compared to 2019 had a dynamic reduction
in JSC "Ukrzaliznytsia", PISC "KVBZ", SE "UkrNDIV", TDV "PVRZ" at the level of 3.8-65.0 % and
the dynamics of increase in LLC "LEMTRANS" and LLC "KERNEL-TRADE" by 1.1% and 65.0%

respectively;

almost proportional increase or decrease in net income from sales of products (goods, works,
services) and cost of goods sold (goods, works, services) at domestic enterprises indicates that the unit
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cost of production has not changed significantly (the spread of values is recorded at 0.1-7.6%). The
maximum scatter of values, comparing these indicators, is observed in JSC "Ukrzaliznytsia™;

gross profit following the results of work in 2019 was observed in all the above-mentioned
domestic enterprises, while in 2020 JSC "Ukrzaliznytsia™ received gross loss, all other enterprises
received gross profit;

other operating income in 2020 had the dynamics of increase in PJSC "KVBZ", SE "UkrNDIV", LLC
"KERNEL-TRADE", TDV "PVRZ" at 11.5-114%, while JSC "Ukrzaliznytsia" and LEMTRANS LLC
showed the dynamics of decrease by 79.9% and 5.3%, respectively;

other operating expenses in 2020 had an increase in dynamics only for JSC "Ukrzaliznytsia" and
amounted to 59.8%, in other enterprises a dynamics of decrease at 10.3-21.9% is observed,;

financial result before tax and the net financial result in 2020 had a positive dynamics in
SE "UkrNDIV", LLC "LEMTRANS", LLC "KERNEL-TRADE" and, accordingly, negative dynamics
in JSC "Ukrzaliznytsia", PJSC "KVBZ", TDV "PVRZ". Moreover, following the results of work in
2020 JSC "Ukrzaliznytsia™ showed a loss of 11899687 thousand UAH.

Thus, it was established that the national railway operator, railcar-building and car-repair
enterprises were mostly affected financially in 2020 following the introduction of quarantine
measures. The research institution should be categorized as less affected enterprises. In the conditions
of the  COVID-19 pandemic, private operators of railway rolling stock of Ukraine were even able to
increase sales volumes and increase the net financial result compared to last year.

From the analysis of the given data it is noticeable that there was a significant reduction in the
performance of domestic enterprises of transport engineering and the railway industry, with the
exception of private operators of railway rolling stock. However, it is difficult to unambiguously
define the root causes of such decrease, despite the coincidence in time with the introduction of
quarantine measures in the country. Therefore, in the future it is proposed to conduct a detailed
analysis of possible causes of reduction in technical and economic indicators of domestic railway
enterprises, primarily the national railway operator, car-building and car-repair enterprises.

To find out the most important reasons for the reduction in technical and economic indicators at the
relocated enterprises of the transport engineering and railway industries, as well as to study the impact
of the COVID-19 pandemic on these indicators, an expert evaluation study was performed. The
method of expert evaluation involves the definition of the object of study, proposed to experts for the
evaluation of objects (criteria), the selection of experts and their rank of competence.

The object of the study is domestic enterprises of transport engineering and railway industry, which
have degraded technical and economic performance of their activities in 2020. To assess the experts
proposed ten criteria (factors), which characterize the main reasons for the significant reduction in
technical and economic performance of enterprises. It is proposed to determine the most important
reasons for degradation of indicators and the impact of the consequences of the COVID-19 pandemic
on these indicators by setting expert weighting factors for each proposed criterion (factor). The
following main reasons were accepted as criteria (factors):

1) the impact of quarantine measures to prevent the spread of the COVID-19 pandemic (IM1);

2) the lack of a state program to support and promote the development of transport engineering and the
railway industry in the country (IM2); competition from other modes of transport (road, water, air) due to
rising costs, deteriorating quality and service of railway products (goods, works, services) (IM3);

4) stronger competition from foreign enterprises (IM4);

5) reduction of production in related sectors of the economy (IM5);

6) aging and physical wear and tear of property complexes, lack of implementation of efficient
equipment and resource-saving technologies in transport engineering and railway industry resulting in
deteriorating quality of goods and services (IM6);

7) decrease in the purchasing power of consumers in transport machine-building and the railway
industry (IM7);

8) lack of protection of the interests of domestic enterprises during the tender procedure at the level
of legislation (IM8);
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9) closure of markets for railway products abroad due to the introduction of restrictions at the
legislative level and increasing the tax burden (IM9);

10) increasing the cost of energy, fuel and lubricants, heat, etc. (IM10).

The group of experts includes specialists from domestic enterprises and research institutions whose
activities are related to the railway industry. During the research it was accepted that the competence
level of experts is constant.

Each of the experts determines the weight of a particular criterion so that the total sum of the
weights is equal to one hundred points. According to each of the j experts, a certain factor i has an

impact of varying degrees on the object of study. According to the degree of influence determined by
the expert, the criteria (factors) are ranked, the results of which are presented in the form of a matrix.

The consistency of experts' opinions is determined by the concordance correlation coefficient,
which is determined by the expression [21, 22]:

K
KK0H= 1 = m ! (1)
12{ mz(n3—n)—mi§Ti}

Z Sj m L 3
dj:Sj—J:l ;szzRij;Ti=Z(te_te)
where n =1 =
L is a number of groups of related (identical) ranks; t,is the number of related ranks in each
group;
N is the number of options offered to experts; Mis the number of experts participating in the
survey;

Sj is the sum of ranks; dj is the deviation of the rank sum from the average rank sum.

After making sure that the opinions of experts are consistent, a chart of ranks is built. The degree of
influence of criteria (factors) on the object of study is assessed by the rank sum: the greater the rank
sum of a factor, the greater the impact of this factor on the object of study.

Next, the values of such important indicators as weight of the criterion (factor), variation scale,
standard deviation, coefficient of variation are calculated. These indicators are calculated in order to
analyze the variance and consistency of expert assessments.

The weight of the criterion (factor), calculated according to all experts (W, ), is equal to [21, 22]:

Z Wi o
W =-=—i=1n )
m

Where W is the weight of the I - th object, determined by the estimates of the | - th expert, is
equal to:

= j=1n, j=1 (3)

Where xjj is the estimate of the i -th criterion (factor) given by the expert.

The variation range is calculated by the well-known expression [21]:
R=x

max

~ Xiin (4)
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Where,
X 1S the maximum score of the criterion (factor); X.,is the minimum score of the

criterion (factor).
The standard deviation is calculated by the known formula [22]:

()

Where, X, is the average value of the evaluation of the criterion (factor) based on the results of the
survey of all experts. The coefficient of variation is calculated by the expression [21]:

v =2.100. (6)
X
In our case, when determining the weighting factors n = 10, m = 10.
The results of expert evaluation of the weights of the criteria (factors) in the form of a matrix are
given in Table. 3. The results of the analysis of the determination of weighting factors by experts are
given in Table. 4.

Table 3. The results of expert evaluation of weighting factors

Expert criterion (factor) of influence
No. of the expert
M1 M2 M3 IM4 IM5 IM6 IM7 IM8 M9 IM10
1 3 10 10 5 7 7 3 20 20 15
2 5 25 5 10 10 15 5 5 10 10
3 0 15 15 5 10 5 10 10 25 5
4 5 30 5 5 5 10 20 5 5 10
5 15 15 10 5 10 15 10 10 5 5
6 15 20 10 5 10 10 10 10 5 5
7 10 30 5 0 5 5 10 5 20 10
8 5 20 10 20 5 10 10 10 5 5
9 15 15 20 2 5 10 13 10 5 5
10 8 16 6 7 8 15 7 14 5 14

Table 4. Results of statistical analysis of expert evaluation of weights coefficients

Name of the Criterion (factor) of influence
indicator IM1 M2 IM3 | IM4 IM5 IM6 IM7 | IMS8 M9 IM10
Average value 8,1 19,6 9,6 6,4 7,5 10,2 9,8 9,9 10,5 8,4
Weighting factor 0,081 | 0,196 | 0,096 | 0,064 | 0,075 | 0,102 | 0,098 | 0,099 | 0,105 | 0,084
Variation scope 15 20 15 20 5 10 17 15 20 10
RMSD 16,3 20,1 142 | 16,4 7,1 10,6 136 | 13,3 23,4 10,6
Coefficient of 202 | 102 | 148 | 256 | 95 104 | 139 | 134 | 222 | 126
variation
Conco_rd_ance 0,54
coefficient

The obtained values (Table 4) demonstrate the satisfactory consistency of the expert evaluation.
The analysis of the received data showed that the absence of the state program of support and
development promotion of the railway industry in the country (the rank of this factor makes 0,196) has
the greatest weight. Also important reasons, according to experts, are the closure of markets for
railway products abroad due to other legislative restrictions and increased tax burden (rank 0.105) and
aging and physical wear and tear of property complexes, lack of effective equipment and resource-
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saving technologies in transport engineering and railway industry (rank 0.102). The rank of the impact
of the consequences of the introduction of quarantine measures to counter the pandemic COVID-19
experts estimate at 0.081.

The data results given in Table 1-4 indicate the need and relevance of identifying possible ways to
overcome the effects of the COVID-19 pandemic in domestic transport engineering and railway
enterprises. Among the possible ways or measures that would allow in the near future to improve the
technical and economic performance of the most affected domestic enterprises of transport
engineering and the railway industry, the following should be noted:

introduction of gradual decommissioning of worn-out rolling stock with expired service life and
simultaneous renewal of the rolling stock;

development and approval of a comprehensive rolling stock renewal program in Ukraine with
effective mechanisms for monitoring its implementation;

development and approval of the State target program of support and development of the railway
engineering industry with effective mechanisms for monitoring its implementation;

improvement of the legal field in the field of instruments of trade protection of railway products
(goods, works, services) of domestic enterprises, including protection against increased protectionism
of other states;

the need to introduce a mechanism for lending for the purchase of modern efficient equipment and
energy-saving technologies under state guarantees;

increasing the availability of credit resources for the introduction of modern efficient equipment
and resource-saving technologies;

stimulating the attraction of investments in the development of transport engineering and railway
industry at the state level;

reduction in tax burden on the import of innovative equipment for the needs of transport
engineering enterprises and the railway industry, which is not manufactured in Ukraine;

acceleration of the adoption of a new version of the Law of Ukraine "On Railway Transport";

implementation of effective measures to prevent the loss of qualified personnel,;

development of necessary conditions for support and encouragement of acquisition of modern
innovative rolling stock of domestic production;

development of a fundamentally new credit and leasing policy for domestic buyers of railway
rolling stock of Ukrainian producers;

creation of conditions for a full cycle of service by domestic enterprises on the territory of Ukraine
of previously purchased high-tech railway products of foreign production;

import substitution of high-tech railway equipment and its components;

establishment of the minimum level of localization of production of complex high-tech railway
products in the country during the implementation of tender procurement at the legislative level;

approval of the branch methodology for determining the degree of localization of production of
high-tech products (railway equipment) and the methodology for determining the life cycle costs;

introduction of new approaches in the implementation of freight and passenger transportation,
which would meet modern world trends in railway development and improve the quality and service
of services;

making changes to technical documents and instructions for the repair of rolling stock, aimed at
improving the quality and frequency of scheduled work for cars with extended service life;

introduction of a recycling fee when importing into the customs territory of Ukraine rolling stock
that was in use depending on the terms of its operation and type.

Comprehensive implementation of the above measures will not only improve the financial and
economic performance of domestic enterprises, but also solve a range of strategic objectives that will
contribute to the development of Ukraine's economy. Among which are the following:

filling the budgets of all levels with taxes;

creation of additional jobs, removal of social tensions related to unemployment;
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increase in the financing of the budget sphere due to additional tax revenues and prevention of
additional unemployment expenses;

increasing the safety of transportation and defense capabilities of the state;

meeting the needs of railways and industrial enterprises of Ukraine with rolling stock used for
passenger and freight transportation, as well as for the maintenance and development of railway
infrastructure;

assistance in scientific and technical development of the domestic railway industry and raising the
professional training of specialized specialists of Ukraine to a higher level;

reduction in immigration of highly qualified personnel abroad;

increase in economic and social indicators of development of related sectors of the economy;

improvement of the quality of transport services provided by rail;

reduction in import dependence of the state, reduction of trade balance and strengthening of export
opportunities;

introduction of advanced design, technological and scientific and technical solutions;

increasing the level of energy saving and indicators of use of other available resources;

reduction of negative impact on the environment (increasing the level of environmental
friendliness);

attraction of additional investments in the domestic railway industry;

creation of competitive innovative rolling stock with improved technical and economic indicators;

reduction of operating costs for maintenance and repair of rolling stock, as well as reduction of unit
costs for the provision of transport services;

reduction of depreciation of fixed assets of domestic enterprises of the railway industry.

Conclusions

1. The results of the analysis of these technical and economic indicators of domestic enterprises of
transport machine-building and railway industry allowed establishing that the conditions of quarantine
measures mostly affected the national railway operator, railcar-building and car-repair enterprises. Net
income from sales of products (goods, works, services) at these enterprises decreased by 16.7-65.1%.
At the same time, the net financial result had a negative dynamics (in JSC "Ukrzaliznytsia" following
the results of 2020 there was a loss of almost 12 billion UAH). In the conditions of the COVID-19
pandemic, private operators of freight rolling stock in Ukraine LLC “LEMTRANS” and LLC
“KERNEL-TRADE” were able to increase sales of products (goods, works, services) by 1.6%
and 30.9% respectively, and also to improve the net financial result by over UAH 440 million and
UAH 1293 million, respectively, compared to the previous year.

2. The results of the analysis of expert evaluation data allowed determining that the most important
reason for the reduction in technical and economic indicators at domestic enterprises is the lack of a
state program to support and stimulate the development of transport engineering and railway industry
in the country). Also important reasons for the impact of experts are the closure of markets for railway
products abroad due to the introduction of restrictions by other countries at the legislative level and
increase the tax burden (10.5%) and aging and physical wear and tear of property complexes, lack of
efficient equipment and energy-saving technologies (10,2%). Experts estimate the impact of the
consequences of the introduction of quarantine measures to counter the COVID-19 pandemic at 8.1%.

3. Measures have been proposed that would allow in the near future to improve the technical and
economic performance of the most affected domestic enterprises of transport machine-building and the
railway industries and to promote the development of Ukraine's economy as a whole.
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JOCIIZKEHHSA ITIOKA3ZHHMKIB POBOTHU INIANTPUEMCTB TPAHCIIOPTHOI'O
MAIIMHOBYAYBAHHS TA 3AJIIBHUYHOI TAJIY3I B YMOBAX ITAHJEMII COVID-19

B cmammi npoananizosano numanns eniugy HAcHioOKi8 6i0 3aNPOBAONCEHHS KAPAHMUHHUX 3aX00i8
npomudii nandemii COVID-19 na Oisnenicmv exowomixu Ykpainu 6 yitomy ma GiMUUSHAHOSO
MPAHCHOPMHO20  MAWUHOOYOIBHO20 cekmopa 30Kpemd. Bcemanoeneno, wo oonumu 3  HatOinbu
HOCIPANCOATUX CEKNOPI6 eKOHOMIKU € MPAHCNOPI WA MAUUHOOYOYBAHHS, 30KPeMa 2any3b 3aMI3HUYHO20
mpancnopmy. Busnaueno, wo na danuii yac 0ocums akmyarbHUM NUMAHHAM Ol ROOAILULO20 PO3GUIKY
GIMYUSHAHUX NIONPUEMCING MPAHCNOPMHO20 MAUUHOOYOY8AHHSA MA 3ANI3HUYHOI 2ay3i, € OYIHKA BNIUBY
nanoemii COVID-19 na Oisstbnicmb ma  iHAHCO80-20CNOOAPCHKI  NOKAZHUKU YUX NIONPUEMCINS.
Ipoananizoeano ma 0ocnioxceno inanco8o-20cnoo0apcoKi NOKA3HUKY MAKUX GIMYUSHAHUX NIONPUEMCTNG
MPAHCIIOPMHO20 MawuHo0ydysanus ma 3anisHuunoi eanysi sk AT «Yipsaniznuysay, AT «KBB3y, A1
«VxpHIIIB», TOB «JIEMTPAHC» ma TOB «KEPHEJ/I-TPEU]», THAB «Ilonacuaucukuii
6A2OHOPEMOHMHUL  3a600%». BusHaueno, wo 3 00CHIONCYBAHUX GIMUUSHAHUX NIONPUEMCME 34 VMO8
66€0€HHSI KAPAHMUHHUX 3aX00i6 Haubitbw nocmpaxcoanumu euasunuce AT «YVrpsanisnuysy, AT
«KBE3», TIB «llonachancvKkull 6a2oHOpeMOHmMHUL 3a800. [[0CNi0NCeHO OCHOBHI NPUYUHU NOSIPUIeHHS
MEXHIKO-eKOHOMIYHUX NOKAZHUKIB HA GIMYUHAHUX NIONPUEMCIBAX MPAHCHOPIMHO20 MAWUHOOYOYEAHHS
ma 3QNI3HUYHOL 2any3i MEmoOOM eKCNepmHO20 OYIiHIOBAHHA. 3a pe3ynbmamamu auanizy OaHux
EKCHEPMHO20  OYIMIOBAHHS BCMAHOBNEHO, WO HAUBASOMIWOIO NPUYUHOIO NOZIPUICHHSI  MEXHIKO-
EKOHOMIYHUX NOKA3HUKIG NIONPUEMCME € GIOCYMHICMb OEPIHCAGHOT NIOMPUMKU MA  CIUMYTIOBAHHS
PO3BUMKY MPAHCNOPMHO20 MAUUHOOYOVEaHHA | 3ami3HuyHoi 2any3i 6 kpaiui (19,6 %). Bnaus nacniokie
66edenHs Kapanmunuux 3axodie npomudii nandemii COVID-19 excnepmu oyinoioms na pisui 8,1 %.
3anpononosano 3axo0u 0151 NOKPAWEHHS. MEXHIKO-eKOHOMIYHUX NOKA3HUKIE HAUOLbUL NOCMPANCOATUX
GIMYUSHAHUX NIONPUEMCING MPAHCHNOPMHO20 MAUUHOOYOY8AHHA MA 3ANI3HUYHOL 2a/Ty3i 8 YMOBAX Nanoemii
COVID-109.

Knwouoei  cnosa: eimuusnane nionpuemcmeo,  sanisHuuna  eanysv, namoemisi  COVID-19,
pecypcoenepeo30epitodi mexHoI02kl, MexXHIKO-eKOHOMIYHE NOKAZHUKU, MPAHCNOPIHE MAWMUHOOYOY8AHHS.
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KOHUENIII KEPYBAHHS EHEPTETUYHUMMU ITPOLIECAMHU
HA EJEKTPOPYXOMOMY CKJIAZI 3 HAKOITMYYBAYAMU EHEPTTI

B cmammi posenanymo ocnosni icnyioui xomyenyii KepyeamHs eHepeemudHUMU Npoyecamu Ha
eeKMPOPYXOMOMY CKAAOI 3 OOpmMosUMU EMHICHUMU Hakonuuysauamu eHepeii. 1li0 uac pozenidy
KOHYenyiti npUtiHAmMo, wo OOPMOoSULl EMHICHUI HAKONUYYBAY eHepeii Mae He3HAUHy NOMYiCHICMmb ma
eHepeoemuicmo.  Tomy yel Haxonuuysau He 30QMHUL  NPULHAMU HOGHULL 00°€M  eHepeii
PEKYnepamuHo20 2anbMy8aHHs eleKmpopyxomo2o ckiaoy. Mema — posenanymu ma npoaHanisyeamu
KOHYenyii Kepy8awHs eHepeemudHUMU Npoyecamu Ha eleKmpopyxXoMoMy CKiadi 3 60pmosumu
EMHICHUMU HAKONUYY8auaMu eHepeii; cghopmynosamu nepesazu i HeOOMKU KOJNCHOI i3 ICHYIOHUX
KOHYyenyiti 0n1a 30iliCHEHHSI KePYBAHHs EHEPLeMUYHUMU NpOYecamu HA eNeKmpopyXoMOMY CKAAOL.
Ilpedcmaeneno O10Kk-cxemy enekmpopyxomoeo ckaiaoy 3 OOpmosUM EMHICHUM HAKONUYY8aYeM eHepeii,
AKY BUKOPUCMAHO OJIA aHANI3y KOHYenyill KepyeanHs enepeemudHumu npoyecamu. Onucano pexcumu
pobomu  eneKmpopyxomozo ckiaoy 3 OOpmosuMu €MHICHUMU HAKONUYyeadamu enepeii. Busnaueno
n’AMb OCHOGHUX KOHYEnyili Kepy8aHHs eHepeemuyHuUMU Npoyecamu Ha eleKmpopyxoMOMy CKaaodi 3
bopmosumu  emuichumu nHaxonudyeavamu euepeii. Cghopmynvosano nepesazu i HeOONIKU KOHCHOL
KOHYenyii 3 ypaxy8anHAM 3a0aHUX YMO8 (Xapakmepucmux ei1ekmpopyxomo20 cKiaoy, yMos pyxy ckiaoy,
ocyunozpam mowo). Bemanoeneno sazanvhi nepesazu i HeOOMIKU KOJHCHOT i3 pO32NAHYMUX KOHYENYii, wo
003807UNI0  chopmymosamu  RPUHYUROBO HOBY AOANMUEHY KOHYENYil0 KepYBaHHs eHepeemuyHumu
npoyecamu Ha eneKmpopyxomMomy ckiaody 3 OOpmosumu EMHICHUMYU Hakonudyeavamu enepeii. OcnosHa
ides cghopmynbosanoi KoHYenyii KepysanHs NoA2ac y 30ilCHeHHI e(eKmuerHo20 eHepeooOMIHY MidxC
MA2OBUM OONAOHAHHAM, OOPMOBUM EMHICHUM HAKONUYYBAYEM eHepeii, KOHMAKMHOW Mepexcero, K 6
WMamuux, max i aeapitinux pexcumax pooomu cucmemu msa208020 eHepeo3abesneyenis, 3a YyMO8
8DAXYBAHHS OUHAMIKU eHePeeMUYHUX NpoYecié 8 KOHMAKMHIL Mepedci, wo 8 Yiiomy 00360JUMmb
nioguwumu  Oe3neky ma eHepeoehekmusHicmy nepesiznoco npoyecy. Ompumani  pe3yibmamu
00Ci0HCeHb  CHPUAMUMYMb  PO3pOOYi  Ma  6NPOBAONCEHHIO  eheKMUBHUX KOHYenyiu Kepye8anHs
eHepeemuiHUMU NPOYeCamul Ha eNeKMpPOPYXOMOMY CKAAOI.

Knwuosi cnoea: 6opmosuil eMHiCHUIl HAKONUYY8AY eHepeii, eleKmpopyxomull CKiad, KepyeaHHs,
KOHYenyis, enepeemudni npoyecu.

Beryn Ta mocranoBka mpodsemu. Ha pasi ocoOnuBOi akTyasbHOCTI HaOyBarOTh JIOCIIKSHHS,
CIpsSMOBaHi Ha IOAOJIAHHS EHEPreTHYHOI KPH3W, BHKIMKAHOI BUKHMAAMH BYTJICBOIHEBOTO IIaJMBa,
3a0pyIHEHHSM HaBKOJIMIIHBOIO CEpeAOBUINA Ta TJo0anbHUM moTervliHHsAM. Came 3 wi€l mpu4uMHA
AKTHBHO IPOBOAUTHCSA HHM3Ka JOCIIIKSHb MO0 JPKEPEST BIIHOBIIOBAILHOI SHEpIil, TAKUX SK EHEPris
BITPY, COHI, (POTOCNEKTPUIHUX JpKepen Tomlo. [lepeBara 1Mx THUITIB JPKEpeT MOJSTaeE B TOMY, 1110 BOHU HE
BUKOPHCTOBYIOTh KOPHCHI KOTIAJIMHU SIK JDKEPEJIo eHeprii Ta He BUAUIIOTH MapHUKOBUH Ta3 [1-4]. Inmi
HalNpsIMKA 1MX JOCHTIKEHb, HalpapiieHi Ha TMOJONAaHHS €HEPreTUYHOI KPH3H, IMOJSATAIOTh Y 3HIKEHHI
SHEPrOCIIOKUBAHHS 1 CTOCYIOTHCS, TOJOBHUM YHMHOM, CHOCOOIB TiJBHIIEHHS €Heproe(eKTHBHOCTI
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BUKOPHCTaHHsI eHeprii [5—12]. Sk omuH i3 cnoco0iB MiBUICHHS €HEProe)EKTUBHOCTI PO3IIISIAFOTHCS
3aCTOCYBAaHHS PI3HHX IPHUCTPOIB aKyMYNIOBAaHHA €HEprii, a MOCHIKeHHS iX TMPHUKIAJHOTO 3HAYSHHS
MIPOBOMIATHCS Y IMTUPOKOMY Jiara3oHi eHeprocucteM [6, 9, 10]. Came minBuieHHs1 eHeproeeKTHBHOCTI Ha
ENIEKTPOPYXOMOMY CKJIaZi 3a paxyHOK BHMKODHUCTAHHS TPUCTPOIB aKyMyJIOBaHHA eHeprii abo
HAKOMHMYYBadiB €HepPrii 3alpOIIOHOBAHO PO3MIITHYTH Y il poOoTi.

AHaji3 octraHHix Aociigxkenb. OcTaHHI PO3pOOKK HPHUCTPOIB aKyMYJIIOBAaHHS €HEPTii 3poOwin
HAKOMMYEHHS €Heprii pealiCTUYHOI0 TEXHOJIOTIEI, SIKY MOXIIMBO 3aCTOCOBYBATH Ha 3aJli3HHYHOMY
TPaHCHOPTi, B TOMY YHCJi Ha €JIeKTPOPYXOMOMY CKiaji. IcHye GaraTto mpHCTpOiB aKyMYyNIOBaHHS
eHeprii, fKi po3po0JIEHO Ta BHKOPHUCTOBYIOTHCS Yy €HEProcHCTeMaxX Ha 3alli3HWYHOMY TPaHCIOPTI,
30KpeMa Ha eJIeKTpopyxoMoMy ckiafi. Lli mpuctpoi sBISIOTH cOO0I0 eNeKTpOoXiMiuHi (aKyMyJSITOpHI
Oarapei), enekTpoMexaHiyHi ab0 MexaHi4Hi (eJIEKTPOABHTYHH, MaxOBHKH), €MHICHI (EJIeKTpHYHi
JIBOIIAPOBI KOHJIEHCATOPH), IHAYKTHBHI (KOTYIIKM) Ta TiOpWAHI HaKOMWYIyBadi eHeprii, Ki
MIPEACTABIATh COO0I0 KOMOIHAII0 TEXHOJIOTIM HAKOMWYCHHS EHeprii. BrpoBamkeHHS IpPHCTPOIB
HAKOMMYEHHS EHeprii B EHEeProcUCTeMH Ha 3aJli3HUYHOMY TPAHCHOPTiI CHPUSIOTH IiIBUIICHHIO
e(eKTUBHOCTI BUKOPHUCTAHHS €JIEKTPOEHEPrii peKyNnepaTUBHOIO rajJbMyBaHHA MOTO TPAaHCIOPTHHUX
3aco0iB. JlocmimkeHHIMH 1010 (QYHKIIOHYBaHHS HAKOMHMYyBadiB €HEPrii B EHEeprocucTeMax
3a1I3HUYHOTO TPAHCIIOPTY, 30KpeMa Ha EJIEKTPOPYXOMOMY CKIIaJi, MPUCBAYCHO YUMAIO POOIT SIK
BITYM3HSIHUX, TaK 1 3aKOPJAOHHHUX BUCHUX.

Cepen ocHoBHuX ciin Buminuta pobotu Hubpina C.B., Kocrina M.O., Jlrobapcexoro b.I'.,
[ermorina M.B., Uepemicina B.T., Khodaparastan M., Lee H., Ratniyom-chai T., Tricoli P.,
Wieczorek M. [5-12]. B mpexcraBieHux poOOTax AOCTATHBO MMOBHO PO3MIAHYTO 1 MPOAaHATi30BaHO
MUTAaHAS MOJIMBUX MICIIb PO3MIIIEHHs HAKOMHMYyBadiB €HEprii B CHUCTeMax eHepro3abe3rmedeHHs
3aI3HUYHOIO TPAHCIOPTY Ta BHOOPY pAaLliOHANIBHOIO THUIy HAKONWYyBaya ISl LUX CHUCTEM. 3a
pe3yJbTaTaMH aHali3y IHUX JOCIIKEHb BCTAHOBIICHO, 110 HAWOUIBII palliOHATBHUM € BUKOPUCTAHHS
0OpTOBHX HAKOMUYyBadiB eHEpTii eMHicHOTO TUMY. [Ipy IbOMY OJHUM 3 aKTyaJlbHUX Ta HEAOCTATHHO
BUBYCHHUX ITUTAaHb y IIbOMY HANpPsIMKY, SKe MOTpeOye AeTanbHUX JOCHTIHKEHb, 3AIMIIAETHCS PO3POOKa
e(eKTHBHUX CHCTEM KEpyBaHHS EHEPreTUYHUMH TMpOLEcCaMd Ha EJIEKTPOPYXOMOMY CKiIaii 3
€MHICHUMH HakKoNu4yyBayamMu eHeprii. B mid poOoTi Juis JOCATHEHHS IOCTAaBJICHOT METH I0JI0
pO3poOKHN epeKTUBHOI CHCTEMH KepyBaHHS 3alpOIIOHOBAHO IPOAHANI3yBaTH BXe ICHYIOUI Ta
peairi3oBaHi TEXHIYHI pillIeHHS.

Merta — BHKOHATH TIOPIBHSUTBHWI aHali3 KOHIEMNII KEepyBaHHS €HEPreTHYHMMH IpOIecaMd Ha
€JIEKTPOPYXOMOMY CKJIa/li 3 EMHICHIMH HaKOIM4YyBa4aMHu eHeprii.

Marepian Ta pe3yiabTaTH AOCTiAKeHb. B 1iii poOOTI mepex aHamizoM iCHYFOUHMX KOHIIETIIIH
KEepYBaHHS E€HEPreTHYHHMH TMPOLECAMU CIIOYaTKy 3alpolOHOBAHO PO3MIISHYTH —OJIOK-CXeMy
EJICKTPOPYXOMOI'0 CKJIaJy 3 OOPTOBMMH €MHICHMMH HAKOIMYyBauaMW €HEPrii, a TaKoX OCHOBHI
pexxuMu poOOTH K OOPTOBHX €MHICHUX HAKONHMYYBadiB €HEPTii, TaK 1 €NIEKTPOPYXOMOTO CKIIAay 3
UMM HaKOITUIyBayaMH.

Biiok-cxeMy €JIeKTpOpyXOMOro CKjaay 3 OOpTOBMM €MHICHUM HAaKONMWYYBayeM CHEPIii, SKy
BUKOPHUCTAHO JJIsl aHAJIi3y iCHYIOUMX KOHIIEIIil KepyBaHHSA €HePreTHYHUMU MPOLECaMu, 300paskeHO
Ha puc. 1.

Ha 3a3naueniii 6mok-cxemi (puc. 1) npuiHITO Taki mo3HavueHHs: | — crpymMonpuiiMay; 2 — 1aT4uK
HaNpYTrd KOHTAKTHOI MEpexXi; 3 — KepoBaHUH KOMYTaTOp KOHTAKTHOT Mepexki; 4 — OJI0K MepeTBOPEHHS
€JIEKTPOCHEPril; 5 — TAroBUH ENeKTPOIBUIYH; 6 — HOaTYUK CTPyMY TATOBOIO EJIEKTPOABHUIYHA;
7 — JaT4MK HANpYyTH €JIEeKTPOABHIYHA; 8 — pEBEpCHUBHHI TepeTBopoBad; 9 — OOpTOBUI €MHICHWI
HakonuuyBad; 10 — gaT4uMk cTpyMy HakomudyBada; 11 — maTduk Hampyru HakomudyBada; 12 — Oiok
KepyBaHHS; 13 — ranbMiBHUI pe3uctop; 14 — KepoBaHUIl IepeMHKay HaKONMYyBaya i raJbMiBHOTO
pesucropa; 15 — KOHTaKTHa Mepexka; 16 — MPUBOAHI KoJieca EIeKTPOPYXOMOTO cKiany; 17 — peiika;
18 — enekTpopyxoMuii CKIa.
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Puc. 1. Bnok-cxema eJIEKTPOPYXOMOI0 CKJIAy 3 00PTOBUM €EMHICHUM HAKONIMYYBa4yeM eHepril

CrpymorpuiiMay 1 BUKOHAHUI 3 MOXKJIMBICTIO 3’€THAHHS 3 KOHTAKTHOK MEPEXer 15 1 MmociigoBHO
3’€IHAHUH 3 TSATOBUM EJIEKTPOJBHIYHOM 5 depe3 KepOBaHMH KOMYTAaTOp KOHTaKTHOI Mepexi 3, 010k
TIePETBOPEHHS €IEKTPOSHEPTii 4 1 JATYNK CTPyMY TATOBOT'O EIEKTPOABUTYHa 6. Buxix ctpymonpuiiMada 1
3’€IHAHUM 3 JATYMKOM HAIPyrd KOHTaKTHOI Mepexi 2. JlaTuMk Hampyrd TSATOBOTO EIEKTPOIBHIYHA 7
MapajiellbHO MiAKIIOYEHUH J0 TSATOBOTO ENEKTPOABUTYHA 5. TSATOBWIA €NEKTPOIBUTYH 5 BHKOHAHUH 3
MOXITHBICTIO MEXaHIYHOTO 3’€THAHHS 3 MPHUBOJHUMH KOJECaMH EJIEKTPOPYXOMOro ckiamy 16 1 perkoro
17. Bxing peBepCHBHOTO TEpeTBOpIOBada 8 3’€THAHUIA 3 BHXOJOM KEPOBAHOTO KOMYTaTOpa KOHTAKTHOL
Mepexi 3, a Horo BHXij 3’€JHAHUH 3 HAKOMUYYBadeM 9 Ta raibMiBHEM pe3rcTopoM 13 depes KkepoBaHMI
TepeMrKad HaKOIMMIyBaya i TalbMiBHOTO pe3uctopa 14.

BoproBuit eMHicHWIT HakomudyBad 9 BHUKOHAaHMA VY BUTJISAI KOHJEHCATOPHUX MOJYIIIB,
MiIKITIOYEHUH 0 PeBEPCUBHOTO MEPETBOPIOBaYa 8 Ta 3’€THAHMH 3 JATYMKOM CTPyMY HaKOMHYyBaya
10 i JaTYMKOM HaMpyTd HaKomu4yBayda 11 BiINOBITHO MOCIIOBHO 1 MapajieabHo.

lampmiBHUE pesucTop 13 mpu3HayeHwWid A TOTJIMHAHHS HAIMIIKOBOI €Heprii pexyreparii i
3’eIHaHUNA 3 OOPTOBUM €EMHICHMM HaKONHM4YyBadeM 9 mapasienbHo.

bnok kepyBaHHs 12 BUKOHaHUH y BUIVISJI MIKpOMpollecopa i MpU3HAYEHWH Ui 3[iHCHEHHS B
ABTOMATHYHOMY PEKUMI KEpPYyBaHHs €HEprooOMIHHMMH MpOIIECaMH MK KOHTaKTHOIO Mepexero 15,
TATOBHM €JIEKTPOJIBUTYHOM 5 Ta OOpPTOBMM €MHICHUM HakomuuyBadeM 9. Bxomm 1-5 Omoky
KepyBaHHs 12 3’eqHani 3 garuukamu 2, 6, 7, 10, 11 BiamoBigHo, a ¥oro Buxomu 1-4 3’enHaHi 3
KEpOBaHMM KOMYTaTOpPOM KOHTaKTHOI Mepexi 3, OJOKOM TepeTBOpeHHsS eJeKTpoeHeprii 4,
PEBEPCHBHUM II€PETBOPIOBAYEM & Ta KEPOBAaHMM IMEpEeMHKaueéM HaKONHWYyBada 1 TaJbMiBHOTO
pesuctopa 14 BignoBiHO.

bnok xepyBanHs 12 mig uyac Oynb-SIKOTO PEXUMY BEACHHS (TATH, BHOITY, pEKYyIEpaTHBHOTO
rajibMyBaHHsI) Ha BXOJU 1-5 oTpuMy€e CHrHaJIM 3 HaT4uKiB 2, 6, 7, 10, 11 BiAMOBiAHO, a Yepe3 BUXOIH
1-4 3pilicHIOE KepyBaHHS €HEPrOOOMIHHUMH MPOLIECaMH.

Jatunk 2 KOHTPOJIOE HANpPYyry KOHTAaKTHOI Mepexi 15, maTyuk 6 — CTpyM TSATOBOTO
eJeKTPOIBUTYHA 5, NMaT4MK 7 — HANpyry TICOBOTO eJNeKTpoaBuryHa 5, matauk 10 — cTpym
HakonuuyBaya 9, natuuk 11 — Hanpyry OOpTOBOro €EMHICHOTO HaKOIMYyBaya 9.

OCHOBHMMH peXUMaMH poOOTH OOPTOBHX €MHICHUX HAKONTUYYBadiB €HEprii €:

PEKUM, 32 SIKOTO HAKOITUYyBay €HEPril He 3aps/PKAEThCSI CHEPTIEI0 PEKYIEPAaTHBHOTO TajlbMyBaHHS
Ta HE PO3PSAPKAETHCS HA TATOBI €IEKTPOABUIYHH 200 KOHTAKTHY MEPEXKY;
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peXuM 3apsiay ad0 HAKOMMYYBaHHsI €HEprii;

peXHUM po3psiay abo KUBJICHHS TATOBUX CIIOKHMBAYiB €HEPTIi.

OCHOBHI PEeXUMH POOOTH EIEKTPOPYXOMOTO CKIany 3 OOpPTOBUME €MHICHUMH HAKOIIAIyBadaMH
eHeprii onMcaHo HUXKYeE:

MOYaTKOBUI a00 «HYJNBOBHII» IITATHUH PEXKUM, 32 SIKOTO EIEKTPOPYXOMHI CKIaja 3YHMHHEHO i
BIIKJTFOYEHO BiJ CHCTEMH 30BHIIIHBOTO CHEpromocTadands; OoproBuii €HE wmae MiHIMaIbHO
JOITyCTUMHUH piBEHb 3apsiay;

IITaTHUA PEXKUM, 32 SKOTO ENEKTPOPYXOMHM CKIaJ 3YHNHMHEHO 1 MiJKIIOYEHO A0 CHCTEMH
30BHIITHROTO eHepromnocTtadanns;, 6oprouit CHE mae MiHIMansHO MOITyCcTHUMUH piBEHD 3apsiay;

LITaTHUHA PEXHUM, 32 SIKOTO EJIEKTPOPYXOMHUH CKIaA MiAKIIOYEHUH OO CHUCTEMH 30BHILIHBOTO
EHEeprornocTayaHHs 1 pyxaeTbes B pexkuMi Tiru; ooproBuit CHE pospsmxaeTscs;

IITaTHAA PEXHUM, 32 SKOTO EJIEKTPOPYXOMHUH CKIaa MiAKIIOYEHUH OO0 CHUCTEMH 30BHIIIHBOTO
EHEepPromoCcTayaHHs 1 pyXxaeThCs B pekuMi Tiaru; OoproBuit €HE pospsmkenuii 10 MiHIMAIBHOTO
3HA4YEHHS, TOMY HOTO 3apsi/ Ta pO3pA] HE BUKOHYETHCS;

IITaTHUA PEXKHUM, 32 SIKOTO EJIEKTPOPYXOMHUH CKIaa MiAKIIOYEHUH N0 CHUCTEMH 30BHIIIHBOTO
EHEepromoCTayaHHs 1 pPyXaeTbCs B pEXHUMI BHOIry; 3apsg abo pospsag OoproBoro €HE He
3I1HCHIOETHCS,

IITaTHAA PEXHUM, 32 SIKOTO EJIEKTPOPYXOMHUH CKIaa MiAKIIOYEHUH N0 CHUCTEMH 30BHIIIHBOTO
EHEpPrornoCcTayaHHsl 1 pPYXaeTbCs B PEXKHUMI PEKylNepaTHBHOTO TrainbMyBaHHA;, OoproBuii €HE
3apsIIKAETHCS;

IITATHAH DPEXUM, 32 SIKOTO ENEKTPOPYXOMHUM CKIIaJ] MiAKIIOYEHUH 10 CHCTEMH 30BHIIIHBOTO
EHEpPrornocTayaHHsl 1 pPYXaeTbCs B PEXKHMI pPEKylepaTHBHOTO TainbMyBaHHs; OoproBuii €HE
3apsKEHUH 10 MAaKCHMaJIbHOTO 3HAYEHHS EHEPrOEMHOCTI, TOMY HOro 3aps Ta poO3psSA He
BUKOHYETHCS;

aBapiiHUN PEeXHUM, 3a SKOTO €JICKTPOPYXOMHH CKIaJ BiIKIIOUEHHH BiJ CHCTEMH 30BHIIIHBOTO
eHepronocradants; 6oprosuit CHE Mae 3apsii He HUKYe MiHIMAIBHO JTOITyCTUMOT'O PiBHS;

aBapifHAN PEeXUM, 3a SKOTO EIEKTPOPYXOMHU CKIIaJ BINKIFOUSHHHA BiJl CHCTEMH 30BHIITHBOTO
EHEepProIoCcTayaHHsI i pyXaeThes B pexumi Tsru; ooproBuid CHE po3psimxaerbes.

Pexxumu poOoTH eNeKTpOpyXOMOro ckiaay 3 OOpPTOBHMH €MHICHUMH HaKOMUYyBauyaMH €HEepril
OMMCAHO 32 YMOB JKHMBJICHHS HETATOBUX CIIOKMBAYiB TUNBKH BiJ KOHTaKTHOI Mepexi. Pobory
eJIeKTpOpyXoMoro ckiany 3 0oproBumu €HE B BuieHaBeneHHX pekUMax po3risiHyTo B mpami [13].
Tomy BiJICyTHsI HEOOX1THICTh JIeTalbHO 3yMUHITUCH HA IbOMY IIMTaHHI 1 B TIOAATIBIIOMY ITEPEXOHMO
0e3rnocepeIHbO JI0 aHATI3Y ICHYIOUMX KOHIIEMIH KepyBaHHS CHEPTETHYHUMH MPOIECaMU.

IcHyroui KoOHHeNuii KepyBaHHSA CHEPreTHYHHMH NpOLECaMH Ha EJICKTPOPYXOMOMY CKJaai 3
OOPTOBMMHU €MHICHUMHM HaKONHWYyBauaMH €HEprii Ta aJlrfOpUTMH iX poOOTH MpOaHaIi30BaHO LUIIXOM
orsany psay pociipkedb [8, 13-20]. IcHyrowi KoHIenmii KepyBaHHS €HEPreTHYHHUMH IPOIEcaMu
YMOBHO MO’KHA TIOAUTUTH Ha T’ SITh OKPEMHUX TPYIL:

1) oOMexeHHS CTpyMy CIOXHBaHHS 3 KOHTaKTHOI Mepexi (OOpTOBWIA HaKOMUYyBad EHEPTii
MIJKITFOYA€ThCS TUIBKM B MOMEHT MAaKCHMAaJIbHOI'O €HEProoOMiHY IpH JOCSTHEHHI IeBHOTO
TPaHUYHOTO 3HAYCHHS CTPYMY a00 MOTYKHOCTI);

2) oOmexeHHs cTpyMy cnoxuaHHs 3 OoproBoro €HE (OoproBuii HakonmuyBau eHeprii
BIZIKJTIOYAETHCS 38 YMOB JIOCATHEHHSI IPaHUYHOI0 3HAYEHHS CTPYMY a00 MOTY>KHOCTI);

3) MakcUMaJbHE BUKOPUCTAHHS €Hepril BiJl 00OpPTOBOTO HAKOMMYyBaya eHeprii;

4) 3a11e’HO BiJl BUAKOCTI PyXy CKIIany;

5) BUKOpHUCTaHHS OOPTOBOTrO HAKONMHUYyBada €HEPril TiNBbKH JUISl JKUBJICHHS TSATOBHX CIOXXKHBAYiB
i 9ac aBapiiiHOTO 3HATTS HANPYT'H B KOHTAKTHIN Mepexi.

IlepeBarn 1 HemOJIKM KOXHOI 13 BHIICHABEACHMX KOHIICIMIIA 3a INTATHUX PEXUMIB POOOTH
3aIpONOHOBAHO PO3IJISTHYTH HA MPUKIAl TATOBUX 1 TAIBMiBHUX XapaKTEPUCTHK, CTPYMY CHOKHBAaHHS
1 pekymepauii eJeKTpopyxoMoro ckiangy (puc. 2), a TakoX OCHWIOrpaM CTpyMy, Hampyru Ha
CTpyMOTIpHiiMayi, WIBHAKOCTI pyXy, sKi HaBeiaeHo Ha puc. 3. [li ocumwiorpamMu oTpuMaHO
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EKCIICPUMCHTAIBHUM IUISIXOM, ITiJI Y4aC PealbHUX YMOB €KCIUIyaTallii eJeKTPOPYXOMOTO CKIIaay 3
03HAYCHUMH XapaKTePUCTUKAMH MK JCKITbKOMA CTaHITISIMH.

Ilin wac amamizy KoOHIeNmid mpwitHATO, O OopToBHMit €HE Mae He3HadHy NOTYXHICTH Ta
E€HEPrOEMHICTh, 1 HE MOXXE NPUUHSATU TOBHUH O00’€M PEKYNEepOBaHOI CHEPTii eICKTPOPYXOMHM
ckmagoMm. [Iponecu pexyneparii (3apsimy 6optoBoro €HE) posrimsiHyTO 32 KpUTEpieM MaKCHMAIBHOTO
eHeprooOMiHy, TOOTO MEepPIIOYEPTOBO ENEKTPOSHEPTis peKyepaTHBHOTO ralbMyBaHHS HallpaBlieHa Ha
3apsn O6oproBoro €HE. 3a ymoB moBHOro 3apsay 6oproBoro €HE 10 3amaHoi BelMW4YWHH, SHEPTris
PEKyIEepaTUBHOTO TalbMYBaHHS €JIEKTPOPYXOMOTO CKJIaJy BiIJAETHCS JIO KOHTAKTHOI Mepexi. SKiio
B KOHTAaKTHIM Mepexi BIJICYTHI CHOXXHBA4 €Heprii, TOJI Ha/JINIIKOBA E€HEPTis PEeKylnepaTHBHOTO
TalbMyBaHHS TacUThCS Ha TalbMiBHOMY pe3uctopi. boproBmit €HE XuBUTBHCS Bix imeasbHOTO
JoKepena 3 TOCTIHHUM CTPYMOM Ha HIBHAKOCTAX pyxy 50-70 km/roj Ta 3 JiHIHHO CcHajarouum
CTpyMOM Ha mBUAKOCTIX pyxy 0-50 xm/rox (puc. 2, 6). B mouaTkoBuii MoMeHT pyxy Ooprosmii CHE
MOBHICTIO 3apspkernuit (puc. 3). KoHTpons piBHA 3apsany Ta po3psmy 6oproBoro €HE BHUKOHYyeThCS 3a
JTIOTIOMOT OO JTATYMKA HATIPYTH Ta CTPYMY B KOJIi HAKOIIMYyBaya.
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Puc. 2. Xapakrepucrukm:
a — CHJIa TSTH 1 TATbMYBaHHA; 0 — CIIOXKHMBAHHSA Ta peKyIepaii cTpymy

Konneniist oOMexeHHs: cTpyMy a00 TOTY)KHOCTI CIOXXHBAaHHS 3 KOHTAaKTHOI Mepexi (mepiia
koHuenis) [8, 14, 15, 20, 21]. s xoHuenmis CHCTEMH KEPyBaHHS CHEPreTHYHHMH IpoIecaMu
rOJIOBHUM YMHOM HampaBiieHa Ha 3HIKCHHS PIBHS CHOXXMBAaHHS €JIEKTPOEHEPTii 3 KOHTAKTHOI MEPExi.
3a yMOB NEepEeBUILEHHS 3aJaHOI0 TPAHUYHOTO 3HAYEHHS CTPYMY a00 MOTY>KHOCTI )KHUBJICHHS TSATOBOTO
NPUBOJIy BUKOHYETHCSI OJTHOYACHO BiJl KOHTAKTHOI Mepexi Ta 6oproBoro €HE, B iHmoMy BUMaaKy —
TIBKM BiJi KOHTAKTHOI Mepexi. SIK mpaBuio, 3aaHe rpaHUYHE 3HAYEHHS CTpPyMy abo MOTYKHOCTI
o0rpaeThcs Ha PiBHI HOMIHAIBHOTO, OJTHAK HE BUKJIFOYEHO iHIII BapiaHTH OOpaHHS IOTO 3HAYEHHS.
Konmeniist cucteMu KepyBaHHsI EHEPreTHUYHHUMH TIPOILIECaMHM, 3a SKOI OOMEXYeThCs CTpyM abo
MOTY)KHICTh CHIOXKHBAHHSI 3 KOHTAKTHOI MEPEXKI, MOSACHIOEThCS IpadikamMmu CTPyMiB Ha puc. 4, 5.

Ha rpadikax puc. 4, 5 npuifHATO Taki MPUITYIIEHHS: TPaHUYHE 3HAUYEHHS cTpyMy nopiBHIoe 2000
A, oOpanmii OoproBuii €HE 3 3amaHol0 BeIWYMHOIO EHEPrOEMHOCTI JI03BOJISIE MOBHICTIO
KOMIICHCYBaTH CITOKMBAHHS EJIEKTPOCHEPril 3 Mepexi 3a yMOB OOpaHOTO TPaHUYHOTO 3HAYCHHS
ctpymy 2000 A.
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Puc. 3. Ocumnorpamu nig yac eKciuryarauii pyxoMoro cKJaay Misk CTAHLIsIMU: 2 — CTPYM PYXOMOI'0 CKJIagy
B Pe:KMMAaX TATU TA peKylepaTUBHOIO rajisMyBaHH4 i(t); 0 — Hampyra Ha crpymonpuiimauyi u(t);
B — IIBUAKICTH PyXy v(t)

Imﬂ€u1 A

4500
4000

o // / /// %
-,
/

1500
JKuenenHs 6i0 KOHMAKMHOL meperci
1000
500

1 V, kxul200
0 10 20 30 40 50 60 70 80

)KueﬂeHHﬂ 610 60pm06020 €HE

Puc. 4. CTpym cno;kuBaHHS €JICKTPOPYXOMHM CKJIAJ0M B PE:KMMi TATH 3 BUKOPUCTAHHAM INepIoi
KOHIIEIIii
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Puc. 5. Ocumiiorpama crpymy i(t) eJIeKTpopyxXoMoro ckjiaay 3a yMOB 3aCTOCYBAHHS MePIIOi KOHIEMIT

IlepeBaru 3acToCyBaHHS NEPIIOi KOHIICTIIIIi:

MIPOCTH BapiaHT peaizailii CHCTeMH KepyBaHHS;

3MEHIIICHHSI ~ BCTAHOBIEHOI  MOTYXXHOCTI  CHJIOBOTO  OOJIQJIHAHHS ~ CHCTEMH  TSATOBOTO
eHeprozabesnedeHHsl elNeKTPOPYXOMOTO CKIIay;

BHCOKHH KOE(]IIi€HT KOPUCHOI Aii €HeprooOMIHHHX IPOIECiB BHACTINOK BiZCYTHOCTI pOoOOTH
6opTtoBoro €HE B rmmOOKHX 3apsTHO-PO3PSAHAX PEKIMAX;

3MEHIIICHHsSI BUTPAT, MOB'SI3aHUX 3 TPAHCIOPTYBAHHSM EJIEKTPOCHEPTii B MepeXi 30BHIIIHBOTO
MOCTavYaHHS;

MiIBUIICHHS PIBHSA Ta CTA0UIBHOCTI HANPYTHd KOHTAKTHOI MEPEeXi Mi 9ac pyXy CKJIaay B PeXUMi
TATH, IO B IIJIOMY JO3BOJIATH TiABUINUTH HMPOITYCKHY 3/1aTHICTh Ha MIEPETOHI Ta Oe3MeKy MepeBi3HOTO
nporecy.

Henoniku 3acTocyBaHHS mepmroi KOHIEIIII:

IMOBIpHICT, BHHHKHEHHS €HEprooOMIiHHMUX TIPOIECiB HE3HAYyHa IMOPIBHAHO 3 IHIINMH
KOHIICTIIiSIMH, SIK HACTIJIOK, HU3bKa €()EeKTUBHICTh EHEPIeTUYHUX MPOIECIB Ta YaCTICTh BUKOPUCTAHHS
o6optoBoro €HE;

3aJIeKHICTh BUKOPUCTAHHS €HEprii peKylnepaTHBHOTO TaJlbMyBaHHs BiJl iIHTEHCHMBHOCTI PO3IOHY
CKJIafy;

e(EeKTHBHICTh EHEPreTUYHHX MPOIECIB 3HAYHOIO MIpOI0 3aJeKHTh BiJl PEKUMY PYyXY
€JIEKTPOPYXOMOTO CKJIaAy (IHTEHCUBHOCTI PO3TOHY), MPOMLII0 KOJIii Ta 0OpaHUX TpaHUYHHUX 3HAYEHBb
cTpyMy a00 TOTYXHOCTi, a Tako oOpaHoi eHeproemHocti OoproBoro €HE, mo € mpenmerom
MPOBEJICHHS OKPEMHX KOMIUIEKCHUX JIOCTIKCHb;

KOHIICTII[iSl HE BPaxOBY€E JAMHAMIKM €HEPTeTHYHHX TPOIIECiB, IO BiIOYBAETHCS B TSTOBI Mepexi
(HasBHICTH CITOKMBAYiB €NIEKTPOSHEPTil, pEXKUMIB iX pyXy TOIIO);

KOHIIEMIis He 3a0e3ledye MOXKIIMBICTD BHBEICHHSA €JIEKTPOPYXOMOIO CKJIQAY 1O HaWOIMK4oi
CTaHIIIT MiJ] Yac aBapiiHOTO 3HSATTS )KUBJICHHS B CUCTEMI TSATOBOI'O €HEpro3ade3edeHHs Moi3aa.

Konmeniist oOMexeHHsT CTpyMy abo TMOTYXHOCTi crnoxuBaHHS 3 OoproBoro €HE (mpyra
koHnenmist) [8, 18, 19]. Lls xoHmemis CUCTeMH KepyBaHHS, SK 1 IOMEpENIHs, HAlpaBJieHa Ha
3HIDKEHHS PIBHS CIIOKHBAHHS €IEKTPOeHeprii 3 KOHTaKTHOI Mepexi Ta crTabillbHe MPOTiKaHHS
eHepreTMuHuX mporeciB. OmHAK NPUHIMUI il i€l KOHIEMNIT JiaMeTPalbHO MPOTUIICKHUI
NOTIEPEHIN: CIIOYATKy A0 JOCATHEHHS IPAHUYHOI0 CTPyMY a00 MOTY>KHOCTI TATOBHUI IPUBiJ OTPUMYE
uBJeHHS Bif OopToBoro €HE, motim 3a yMOB AOCSTHEHHS TPaHUYHOT BETUUWHH KHUBJICHHS TSATOBOTO
NIPUBOJIy BUKOHYETHCS OJJHOYACHO BijI KOHTaKTHOI Mepexi Ta 6opToBoro €HE. Ilix yac naxinHs piBHS
Hanpyru Ha OoproBomy €HE mo MiHIManbHO 3a7aHOi BENMYMHHU JKUBJICHHS TSATOBOTO IPHBOIY
BiJI0OYBa€THCS TIIBKU BiJl KOHTAKTHOI MEPEXKi.

Konuerisi cucreMu KepyBaHHS €HEPreTHYHHMH TPOIECaMH, 32 SIKOT OOMEXKYEThCS CTpyM abo
MOTY)KHICTh CHOXHUBaHHs 3 0opToBoro €HE, nosicHI0€ThCs TpadikaMu CTpyMiB Ha puc. 6, 7.
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Puc. 6. CTpyM cnoKuBaHHA €JIEKTPOPYXOMHUM CKJIAJI0OM B PeKUMi TATH 3 BAKOPUCTAHHAM JAPYyroi

KOHIENmii

Ha rpadikax puc. 6, 7 npuitHITO HACTYIHI MPUNYIIEHHS: TPAaHUYHE 3HAYEHHS CTPYyMY IOPIBHIOE
2000 A, oOpamuii OoproBmii €HE 3amaHOi BenWYMHM €HEPrOEMHOCTI O3BOJSE TOBHICTIO
KOMITEHCYBATH CIIOKHBAHHS €JIEKTPOSHEPTii 3 MepeKi 32 YMOB TPaHUYHOTO 3HaueHHs ctpymy 2000 A.

[epeBaru 3acTocyBaHHs APYroi KOHIEIIi:

MIPOCTHI BapiaHT peaizailii CHCTeMH KepyBaHHS;

3MEHIIEHHSI ~ BCTAHOBJICHOI  MOTYXHOCTI  CHJIOBOTO  OOJIAAHAHHS  CHCTEMH  TSATOBOTO
€Heprozabe3neueHHs elNeKTPOPYXOMOTo CKIIaLy;

qacTicTh BUKOpucTaHHS OoptoBoro €HE Tta iioro pobGora B TIMOOKHX 3apsAHO-PO3PSIHUX
peXHuMax, 0 B IIIIOMY J03BOJISIE AOCATTH 3HAYHOTO TEXHIKO-€KOHOMIYHOTO e(heKTy;

3MEHIIICHHSI BUTPAT, MOB'SI3aHUX 3 TPAHCIOPTYBAHHSM EJIEKTPOCHEPTii B Mepei 30BHIIIHBOTO
MOCTavYaHHS;

iBUIICHHS PIBHSA Ta CTA0UIBHOCTI HANPYTHd KOHTAKTHOI MEPEeXi Mi 9ac pyXy CKJIaay B PexUMi
TATH, IO B IIJIOMY JI0O3BOJIUTH TiABUINUTH HMPOITYCKHY 3AaTHICTh Ha TMIEPETOHI Ta Oe3MeKy MepeBi3HOTO
po1iecy;

MPIOPUTET HAJAETHCS JKUBJICHHIO TArOBOro npuBoxy Bing OoproBoro €HE, 1o no3possie
e(eKTUBHO BUKOPUCTOBYBATH €JIEKTPOCHEPTiI0 PEKYIIEPATUBHOIO TaIbMyBaHHS
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Puc. 7. Ocumitorpama crpymy i(t) eJIeKTpOpyXoMOro CKJIay 32 YMOB 3aCTOCYBAHHS APYT0i KOHIIEMIIil
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Henoniku 3acTocyBaHHS qpyroi KOHIICIIi:

HU3BKHUH KOeIIieHT KOPUCHOI i eHepreTHYHNX IMPOIIECiB 32 yMOB poboTtr 6opToBoro €HE mpu
TITHOOKOMY PO3PSIL;

HEOOXiAHICTh OOTPYHTYBaHHA OOpaHUX 3HaYeHb CTPYMY 200 MOTYHOCTI, 8 TAKOXK €HEPrOEMHOCTI
6oproBoro €HE, ockinbku Bif ix mpaBuibHOTO BUOOPY Oylie 3aiexaTH €EeKTHBHICTh CHEPreTHYHHX
MPOIECIB Ta TEXHIKO-eKOHOMIYHMNA €(eKT B MiJIOMy, M0 € TPEeIMETOM IPOBEICHHS OKPEMHUX
KOMITJIEKCHHUX JJOCIHiKEHb;

KOHIICTII[isl He BPaxOBY€ AMHAMIKM €HEPreTHYHHX TMPOLECiB, IO BiIOYBAETHCS B TATOBIH Mepexi
(HasBHICTH CITO’KMBAYIB €NIEKTPOSHEPTil, peXKUMIB iX pyXy TOIIO);

KOHIIENIisl He 3a0e3redye MOXKIUBICTh BHBEIEHHS EIEKTPOPYXOMOTO CKIaAy 10 HaWOIMKIOl
CTaHLIi IMiJ 9ac aBapiiHOTO 3HSATTS JKUBJICHHS B CUCTEMi TATOBOTO eHepro3abdesnedeHHs moizaa.

Konuernmis kepyBaHHS 3a KpUTEPIEM MaKCHMAIBHOTO BUKOPHCTAHHS HAKOMWYEHOI eHeprii (Tpers
koHmeris) [8, 14, 16, 22]. Llg xoHIenIis HampapicHa Ha MaKCUMaJIbHE BUKOPUCTAHHS HAKOITHYEHOT
eJIEKTPOCHEPTil  pEeKylepaTHBHOTO TraibMyBaHHi B OoproBomy €HE mig wac posrony
eJeKTpopyxXoMoro ckiany. Konueniist nependavae >KUBIEHHS TATOBOTO IIPUBOJY, B MEPLIY YEpPry, Bix
o6optoBoro €HE, a moTiM 3a YMOBH HOTO pO3psay 0 MiHIMAIBHO JOITyCTUMOTO 3HaUYEHHS HANpPYTH,
Bil KOHTakTHOi Mepexi. Konmemmis, 3a sKkoi mnependadaeTbcs MaKCHMaldbHE BHUKOPHCTaHHS
HakonuueHoi eHeprii 6oproum CHE, nosicHioeThes rpadikamu cTpymiB Ha puc. 8, 9.
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Puc. 8. CTpyM cnoKUBaHHS €JIeKTPOPYXOMHUM CKJIA0M B PeKUMi TATM 3 BAKOPUCTAHHSIM
TPeThOi KOHLeNmuii
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Puc. 9. Ocuminorpama crpymy i(t) eJIeKTPOPYXOMOro CKjIajay 3a yMOB 3aCTOCYBaHHSA
TPeTbol KOHLenuii
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Ha rpadikax puc. 8, 9 mnpwmitHATO mnpumymeHHs, mo oOpanuii Ooprosuii €HE 3amanoi
€HEPrOEMHOCTI TIOBHICTIO 3a0€3Ievy€e KUBJICHHS TATOBOTO 00JIaIHAHHS B PEXKHMI ITyCKY.

IlepeBaru 3acTocyBaHHS TPETHOT KOHIICTIITIi:

MPOCTHU BapiaHT peatizailii CHCTEMH KepyBaHHS;

MaKCUMaJbHE TOCATHEHHS TEXHIKO-€KOHOMIYHOTO e()eKTy MOPIBHSHO 3 iHIIMMH KOHLEHIisIMA
3aBJISIKH TIPIOPUTETY BUKOPUCTAHHA eHeprii 3 6opToBoro €HE;

MaKCHUMaJIbHEe BUKOPUCTaHHS HAKOTIMUCHOI €IEKTPOCHEPTil peKyNepaTHBHOTO rajlbMyBaHHS CKIIAJTY;

3MIACHEHHS MaKCHMalbHOTO €HEeprooOMiHy Ta TIPOTHO30BaHa CTAaOUIBHICTD MPOTIKaHHS
€HEPTeTHYHUX IPOIICCIB;

3MEHIIIEHHS] BUTPAT, TOB’S3aHUX 3 TPAHCIIOPTYBAaHHSM EJIEKTPOEHEpPrii B Mepeki 30BHINIHBOTO
MOCTauYaHHS;

TIBUIIEHHS PiBHS Ta CTA0UIBHOCTI HAPYTM KOHTAKTHOT MEPEKi MiJT 4ac pyxy CKiIaay B PEKUMI TATH,
M0 B IIJIOMY JTO3BOJIUTH IiJBHUIIIATH MPOITYCKHY 3/IaTHICTH Ha TIEPETrOHi Ta Oe3MeKy MEePeBi3HOTO MPOIIECY;

Henonikn 3acTocyBaHHS TPeThOT KOHIICTIITI:

HE3HAUHWH pecypc BHKOpUcCTaHHS OopToBoro €HE BHacmizok #ioro po0oTH B «IIHOOKHX»
3apsAHO-PO3PATHUX PEKUMAX MOPIBHSHO 3 IHITUMH KOHIICTIIIISIMH;

HeoOXiTHICTh OOTPYHTYBaHHS 00paHOi BEJIMYWHHU eHeproeMHOCTi 6opToBoro €HE, ockinpku Bif il
MPaBWILHOTO BHOOpPY Oyne 3amexarn eQeKTUBHICTh EHEProOOMIHHHMX TIPOIECiB Ta TEXHIKO-
E€KOHOMIYHHI e(DEKT B ILIIOMY, III0 € IPEIMETOM IPOBEACHHS OKPEMHUX KOMIUICKCHUX JIOCIIKEHb;

BHUKOPHCTaHHS eHeprii boproBoro €HE Ha erami mo4aTkoBOTO PO3TOHY, SIK HACTIOK, BiACYTHI
OOME)XEHHsI CIIOKMBAHHSA CTPYMY 3 KOHTAKTHOI MEpeXi Ha BHCOKHMX IIBUAKOCTIX PyXy CKJIagy B
PSKHMI TSATH Ta MOXKJIUBICTh 3MEHIIICHHSI BCTAHOBJICHOI MOTY>KHOCTI CHJIOBOTO OOJIaJIHAHHS CHCTEMHU
TATOBOT'O CHEPro3ade3eueHHS;

KOHIIENIIiS He BPaXOBY€ JUHAMIKK €HEPTeTUYHHUX IPOIIECiB, IO BiI0OYBAETHCS B TATOBIH Mepexi
(HasBHICTBH CITOKMBAYIB €NEKTPOSHEPTil, pEXKUMIB iX pyXy TOIIO);

KOHIIETI[is He 3a0e3ledye MOXKIHMBICTD BHBEICHHS €IEKTPOPYXOMOIO CKJIQAY 10 HaWOIMK4oi
CTaHII1 i/ 9ac aBapiiHOTO 3HATTS )KUBIICHHS B CHCTEMI TATOBOTO €Hepro3ade3nedeHHs Moi3aa.

Konmermiisi cnokuBanHs eHeprii Bifg OoproBoro €HE 3amexno Bim mBuAKOCTI pyxy (deTrBepTa
koHuernis) [8, 23]. LI KoHIIeIIis HapaBjieHa Ha 3MCHIICHHS CIIOXKUBAHHS SJICKTPOSHEPTii 3 KOHTAKTHOT
MepeKi 3a paXyHOK BUKOPHCTaHHsS HAaKOMMYEHO! €Heprii peKylepaTMBHOIO TalbMyBaHHS TPH 3aJaHHX
HIBUJIKOCTAX PYyXy. Sk mpaBuiio, xuBieHHs BiJ 6opToBoro €HE 3xiiicHIOEThCS Ha IBUAKOCTSIX, TIPH SIKHX
CTPYM CHOKHBaHHS MakCUMalbHMM. Ha 3amaHuX MIBUAKOCTAX PyXy MOXKIIMBE 3AIHCHEHHS XHMBJICHHS
TATOBOTrO OOJajHaHHA sK TiUIbKK Bijx OoproBoro €HE, Tak 1 mepenbauutv CyMiCHE >KUBJICHHS BiJ
6oproBoro €HE Ta xoHTakTHOI Mepexxi. Konuemniro cioxkuBanns eHeprii Big 6oproBoro €HE 3anexxHo
BiJI IBU/IKOCTI PYXy CKJITy MPOLTFOCTPOBAHO 32 JOTIOMOTOF0 TpadikiB, siki 300paxxeHo Ha puc. 10, 11.

Ha rpadikax puc. 10, 11 npuitHaTO YMOBY, IO Jdiama3oH MIBHJIKOCTEH pyXy, 3a SIKUX TATOBE
oOnaJiHaHHS OTPUMYE >KUBJCHHsS Bin OoptoBoro €HE, cranoButh 25-53 km/rom. Ocruiorpamu
CTpyMy €JEeKTPOPYXOMOIro CKJagy Ha puc. 11 HaBeZeHO 3 ypaxyBaHHSM >KHBJICHHS TSITOBOTO
o0J1aIHaHHS HA 3a3HAYEHUX IIBUJIKOCTIX TUIBKH Bijx 6opToBoro €HE.
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Puc. 10. CTpyM cnoKMBaHHS €JIEKTPOPYXOMMM CKJIAJA0M B Pe:KMMIi TSII'M 3 BUKOPUCTAHHSM YeTBepTOl
KOHIEMIIii: a — )KUBJICHHS TUTHKH Bixl OopToBoro €HE; 6 — cyMicHe JKHUBJICHHS TATOBOTO OOJIaTHAHHS
Bix OopToBoro €HE Ta koHTaKTHOT Mepexi

JKuenenns 6io 6opmosozo EHE

aKmHoi mepesxici

Puc. 11. Ocumitorpama cTpymy i(t) eJIeKTpopyxoMoro ckiaxy
32 YMOB 3aCTOCYBAHHSI YeTBEPTOi KOHIIEINIIil
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[TepeBaru 3acTocyBaHHS YETBEPTOI KOHLETILI:

MIPOCTHU BapiaHT pealizaiii CHCTeMH KepyBaHHS;

3MCHIICHHS  BCTAHOBJECHOI  IOTY)KHOCTI  CHWJIOBOTO  OOJAagHAaHHA  CHCTEMH  TSTOBOTO
eHeprozabesnedeHHs! eNeKTPOPYXOMOT0 CKIay;

3MEHILIEHHSI BUTPAT, MOB’S3aHUX 3 TPAHCHOPTYBAHHSIM €NEKTPOCHEprii B Mepeki 30BHIIIHBOIO
HOCTAa4YaHHS;

MiABHUILEHHS PiBHS Ta cTabiIbHOCTI HANPYT'd KOHTAaKTHOT MEPEeXi MiJ 4ac pyxy CKJIAAy B PexHMi
TATH, IO B LIJIOMY JO3BOJIUTH MiJBUIIUTH MPOIYCKHY 3AaTHICTh Ha MEPETOHI Ta Oe3MeKy MepeBi3HOro
nporecy;

BHUKOpHCcTaHHs OopToBoro €CHE He 3a1eXuTh Bill iHTEHCUBHOCTI PO3TOHY, IO B LIJIOMY JO3BOJISIE
JOCATTH 3HAYHOTO TEXHIKO-€KOHOMIYHOro e(eKTy Ta [gociraTd CTabiIbHOTO MPOTiKaHHS
EHEepreTUYHUX MPOLECIB.

Henomiku 3acTocyBaHHS 4eTBEPTOi KOHIICTIIIIi:

HU3BKHUH KOeiIieHT KOPUCHOI JIii eHepreTUIHHX MPOIIeCiB 32 yMOB poboTu 6oproBoro €HE mpu
TIIMOOKOMY PO3PSII;

HeoOXiTHICTh OOTPYHTYBaHHS 00paHOi BEJIMYWHHU eHeproeMHOCTi 6opToBoro €HE, ockinpku Bif il
MPaBWILHOTO BHOOPY Oyae 3amexaTd eQeKTHUBHICTh CHEePreTUYHHX TNPOIeciB Ta TEXHIKO-
E€KOHOMIYHHI e(DEKT B I[LIIOMY, IO € IPESIMETOM IPOBEACHHS OKPEMHUX KOMIUICKCHUX JIOCIIIKEHb;

3aJIeKHICTh BUKOPUCTAHHS €HEPTii peKylnepaTuBHOTO ralbMyBaHHSI BiJ] IHTEHCUBHOCTI PO3TOHY;

KOHIIENIIiSl HE BPaXOBY€ JUHAMIKK €HEPTeTUYHHX IPOIIECiB, IO BiI0OYBAETHCI B TATOBIH Mepexi
(HasBHICTBH CITOKMBAYIB €NEKTPOSHEPTil, pEXKUMIB iX pyXy TOIIO);

KOHIIETI[is He 3a0e3ledye MOXKIHMBICTD BHBEICHHS €IEKTPOPYXOMOTO CKJIAAY OO0 HaWOIMK4oi
CTaHIIIT MiJ] 9ac aBapiHOTO 3HATTS )KUBJICHHS B CUCTEMI TATOBOT'O €HEPro3ade3nedeHHs Moi3aa.

Konnenmist Bukopuctanas 6oprosoro €HE mig dac aBapiiiHOTO 3HSTTS HANpYrd B KOHTAKTHIH
Mepexi (m'sTa koHmernis) [24, 25]. L koHIenis HarrpaBieHa Ha IMiBUIICHHS O€3IeKH IMepPeBi3HOTO
MpoIIeCy Ta MOKIUBOCTI aBTOHOMHOT'O XOJy EJIEKTPOPYXOMOTO CKJaay MijJ Yac aBapiiHOTO 3HATTS
JKUBJICHHS B CHCTEMi TSTOBOTO eHepro3abesmeueHHs. KoHmermiis mependadae XKUBICHHS TATOBOTO
npuBoAy Bing OoproBoro €HE mimg dac pyxXy eNneKTpOpyXxoMoro CKIaAy A0 HalOmmk4oi cTaHIii.
Konnenmiro BukopuctanHs OoproBoro €HE mig uac aBapiiiHOro 3HATTS HANpyrd B KOHTAKTHiH
MEpPEeXKi OMUCAHO 3a JOMOMOT0I0 TpadikKiB, AKi 300pakeHo Ha puc. 12, 13,
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Puc. 12 . CTpyM crO:KHBaHHSI €JIeKTPOPYXOMHM CKJIAA0M
N yac aBapiifHOr0 3HATTH KUBJICHHS B KOHTAKTHI Mepeki
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Puc. 13. Ocumnorpama cTpymy i(t) eJIEKTPOPYXoMOro cKJagay 3a yMOB Oro aBTOHOMHOI'0 XOXy
/T Yac aBapiifHOro 3HATTS KUBJICHHS B CHCTEMI TATOBOT0 eHepPro3ade3nedyeHHsI

l'onoBHuiT HemomiK Ii€i KOHIENIi Moisirac y TOMY, IO JKHBICHHS TATOBUX CIOXKHBAYiB Bij
o6optoBoro €HE 3a06e3meuytoTbes TINBKU TiJ Yac aBapiifHOTO 3HATTS JKUBJICHHS B CHCTEMI TSATOBOTO
eHepro3a0e3neyeHHs. B 1mraTHOMy peXumi pPOOOTH CHUCTEMH TSATOBOTO €HEpro3ade3rneyeHHS
EJICKTPOPYXOMOT'O CKJIQAy *HUBJICHHS TATOBHUX CIIOXKHBA4iB 3a0€3ICUYETHCS BiJi KOHTAKTHOI MEPEKi.
[Ipu upomy, 5K 1 U151 BUIIE3a3HAYEHUX KOHLEILINA KepyBaHHS €HEPTeTUUHIUMHY POLIECAaMH B IITaTHUX
pexxuMax poOOTH cucTeMH eHepro3abes3rnedueHHs, HeoOximHe oOrpyHTyBaHHS OOpaHOi BETMYWHU
eHeproemHocti boproBoro €HE.

TakuM 4YHHOM, KOXHIA 13 PO3IVITHYTHX KOHIICMIIA KepyBaHHS EHEProoOMiHHHX IIPOIECiB
MpUTaMaHHI CBOI IepeBary i HeIOMiKY. 3aralbHUMU TiepeBaraMu KOXKHOI 13 PO3TIISTHYTUX KOHIIEIIIIH €
NPOCTUH BapiaHT peaji3amii CHCTEMH KEpyBaHHS; 3MEHIICHHS CHOXHBAaHHS EJIEKTpOeHeprii 3
KOHTaKTHOI MepeXi; 3MEHIIIEHHS BUTPAT, [IOB’A3aHUX 3 TPAHCIIOPTYBAaHHIM EIIEKTPOCHEPTil B Mepexki
30BHIITHROTO MTOCTAYaHHS, MiJBUIICHHS PiBHS Ta CTaOiIFHOCTI HAMPYTH KOHTAKTHOI MepeXi I Jac
PYXy CKJaly B PEXHMI TATH, IO B IJIOMY JO3BOJIUTH IiIBUIIUTH MPOIMYCKHY 3AaTHICTh HA MEePeroHi
Ta Oe3MeKy Mmeperi3HOro npoiecy. [Ipoctuii BapianT peasizallii CHCTEMHU KepyBaHHS TOJISTa€ B TOMY,
mo mninkmodeHHs OoptoBoro €HE sk mkepena XuUBIEHHA BHUKOHYETHCS 32 OJHHM ITOKa3HHUKOM
(TpaHUYHUM CTPYMOM, MIBHUAKICTIO). 3arajJbHUMH HEIOJIKaMH KOXHOI KOHLENUii € BiJICYTHS
MOJJIMBICTh BpaxyBaHHS JHHAMIKM €HEPreTHYHHX IPOIECiB, MO BiJIOyBa€ThCA B TATOBIH Mepexi, a
TaKOX BiACYTHSI MOXKJIIMBICTh OJHOYACHOTO (QyHKIioHYBaHH: OopToBoro €HE sk B mraTHUX pexumax
poboTH, Tak i aBapiiiHKX, 32 YMOB 3HSTTS )KMBJICHHS B CHCTEMI TATOBOro eHepro3adesneveHHs noi3aa.
He3anexuno Bij oOpaHOl KOHIEMIi HEOOXITHO BHKOHYBAaTH OKPEMi IOCIIDKSHHS IIOJ0 BHOOPY
BEJIMYMHU eHeproeMHocTi 6oproBoro €HE, a Tako rpaHUYHUX BENWYHH CTPYMY JJIS IEPIIOI 1 Ipyroi
KOHIIETIIIIH Ta Jiara3oHy MBUIKOCTI PYXY AJIS Y€TBEPTOI KOHIIETIIIii.

BucHoBku. VY3aragbHEHHH  TOPIBHAJIBHMN  aHaNi3  ICHyIOUMX  KOHLENUIH  KepyBaHHS
€HeprooOMiHHUMH MPOIIECaMH J03BOJIUB BCTAHOBUTH TaKe:

KOHIIETIIIT 3 0OMEXEHHSIM CTPyMy a00 TOTYKHOCTI CHOKMBAHHS 3 KOHTAaKTHOI MEpEXi JO03BOJISIOTh
3MEHIINTH CIIOKHMBAHHS €JIEKTPOSHEPrii Ta BCTAHOBJEHY HOTYXKHICTbH CHJIIOBOTO OOJIaJHAHHS CHCTEMHU
TSATOBOTO €HEPro3a0e3reyeHHsl, MiJABUIINTH CTAaOUIbHICTh HANPYTH KOHTAaKTHOI MEPEeXi, 10 B IJIOMY
T IBUIINATB TPOITYCKHY 3J]aTHICTh Ta IMiIBUIIUTH e(EKTUBHICTh TEPEBi3HOTO mporiecy. [Ipu nmpomMy TemMoro
OKPEMHX JOCHTIKEHb 32 YMOB 3aCTOCYBaHHS LIMX KOHICIIIN € BU3HAYEHHS TPAHMYHUX 3HAYEHb CTPYMY
ab0 TOTY)KHOCTI, 32 SIKMX BiNOyBaeThcsi xuBJIEHHS Bin 6oproBoro €HE Ta 3miiicHOeThCS edekTHBHUI
eneproodmin. Lli koHuemnii He 3a0e3NeuyloTh aBTOHOMHE BEJICHHS EJIEKTPOPYXOMOTO CKIIAIy TiJ| 4ac
aBapiHHOTO BiJKIIFOUEHHS )KUBJICHHS KOHTAKTHOT MEPEXKi;

KOHIIETII[iS KEpyBaHHSA 3a KpPUTEPIEM MaKCUMaJIbHOTO BHUKOPUCTAHHS HAKOINHMYEHOI eHeprii
JIO3BOJISIE MAKCUMAJIbHO TiJIBUIIUTH €(EeKTUBHICTh BUKOPUCTAHHS E€JIEKTPOCHEPTil peKyrnepaTuBHOTO
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raqbMyBaHHsI, OOMEXHUTU CIIOKMBAHHS €JIEKTPOCHEPTii MiJ 4ac pO3rOoHYy eNEeKTPOPYXOMOTO CKIafy,
M IBUIINATH MIPOITYCKHY 3AATHICTH MEPETOHY Ta CTAOLII3yBaTH HANPYTy B KOHTAKTHIH Mepexi Mij gac
posroHy. OmHak JaHa KOHIEMINS Iepemdadae BUKOpUCTaHHS eHeprii 6oproBoro €HE wna erami
MOYaTKOBOTO PO3rOHY Ta HE JO03BOJISE 3MEHIIWUTH CTPYM CHOXHBAaHHS 3 KOHTaKTHOI Mepexi Ha
BUCOKHX HIBHAKOCTAX PyXy. LI KOHIENIIisl TaKo)K HE BPaxoBYye AWHAMIKY €HEPreTUYHHX MPOLECIB B
KOHTaKTHIM Mepexi Ta He 3a0e3medye MOKIIMBICTh aBTOHOMHOTO BEJEHHS €JIEKTPOPYXOMOTO CKIIaTy
JI0 HaHOJIMKYOT CTAHINT ITiJT 9ac aBapiliHOTO BiIKIIIOUCHHS XKUBJICHHS KOHTAKTHOT MEPEXKi,;

KOHIIETIIIISl CHOXXHMBaHHA cHeprii Bijg OoproBoro €HE 3anexHO Bijg MBHIKOCTI PyXy JO3BOJISE
3MEHIITUTH CIIOKMBAaHHS EJIEKTPOSHeprii 3 KOHTAKTHOI MEpeXi, MiJBHIMTH IPOIYCKHY 3IaTHICTh
MIEPEroHy, CTabLIi3yBaTH HANpPYry B KOHTAKTHIM Mepexki Mif 4ac 3aJaHuX MIBUIKOCTEH PyxXy, 3a SKUX
BiOyBaeTbcs KuBJeHHA Big OoproBoro €HE. Ewepris, nakonmdeHa B OoproBomy €HE
BHKOPHCTOBYETHCSI Ha 33/IaHUX IIBHIKOCTSAX PYXY, HE3AICKHO Bil IHTEHCHBHOCTI po3roHy. Ilpu mpomy
HeoOXigHe OOIPYHTYBaHHS OOpaHOi BenmmuuHHM eHeproeMHocTi OoprtoBoro €HE, ockimpkm Bim i
MPaBWIHLHOTO BHOOPY Oy/e 3ayekaTh €EKTUBHICTh CHEPIreTUYHMX IPOIIECIB Ta TEXHIKO-CKOHOMIYHUI
edeKkT B MUIOMY, IO € TPEAMETOM MPOBEAECHHS OKPEMHX KOMIUIEKCHUX OCHiIKeHb. EQeKTHBHICTH
BHUKOPHCTAHHSI €HEPrii peKyIepaTHBHOTO TaTbMyBaHHS 3aJIEKUTh BiJl iHTEHCHBHOCTI PO3TOHY.

KOHIIETIisl BUKOpHcTaHHsi O6oproBoro €HE min vac aBapiiiHOTO 3HSTTS HANpyrd B KOHTAKTHIH
MepeKi HampaBjieHa Ha MiABHIICHHS OE3MEKH MEepeBi3HOrO MpPOIECYy Ta MOXIHUBOCTI aBTOHOMHOTO
XO/y eJEKTPOPYXOMOTO CKJIQJy I dYac aBapiiHOrO 3HATTS JKUBICHHS B CHUCTEMi TSATOBOTO
eHeprozabesnedeHns. Konnemnuis nependavae >KUBJICHHS TSATOBOTO MpHUBOAY Bif 6oprosoro €HE mig
Yyac aBapiifHOTO 3HSTTS JKUBJICHHS B CHUCTEMi TATOBOTO €HEPro3ade3leueHHs, TOOTO BiJICYTHS
MOKJIMBICTh HOTO BUKOPHCTAHHS 32 ITATHOT POOOTH CUCTEMH >KUBIICHHSI.

B mnopmanpmomy He0OXimHO pPO3pOOWTH ANAaNTUBHY KOHIICIII0O KEPYBaHHS EHEPreTHUYHUMH
mpolecaMy Ha EIIEKTPOPYXOMOMY CKJIali 3 OOpPTOBUMH €MHICHUMH HaKOIUYyBauaMU €HEprii.
OcHoBHa ifes i€l KOHIEMII KepyBaHHS Ma€ MOJSAraTH y 3/iHCHEHHI e(eKTHBHOTO E€HEprooOMiHy
MIX TSTOBUM O0JIaITHAHHSAM, OOPTOBHM €MHICHUM HAaKOITUIyBadeM €Heprii, KOHTAKTHOIO MEPEKEI0, 5K
B INTATHUX, TaK 1 aBapiiHUX PEKUMax POOOTH CHUCTEMHU TATOBOTO eHepro3abesledeHHs, 3a YMOB
BpaxyBaHHs JIMHAMIKH EHEPreTHYHUX MPOIECIB B KOHTAKTHIM MeEpexi, IO B IIIIOMY JO3BOJHTH
T ABHUIIUTH O€3MEeKy Ta eHeProeeKTUBHICTh MEPEBI3ZHOTO MPOIIECY.
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MANAGEMENT STRATEGIES FOR ENERGY PROCESSES IN ELECTRIC ROLLING
STOCK WITH ON-BOARD ENERGY STORAGE DEVICES

The article deals with the main existing strategies for management strategy of energy exchange
processes in the electric rolling stock with onboard capacitive energy storage devices. When considering
strategies, it is assumed that the onboard capacitive storage has low power and capacitance. Therefore,
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this capacitor storage is not able to accept the full amount of regenerative braking energy of the electric
rolling stock. The purpose of the paper is to consider and analyze management strategies for energy
exchange processes in the electric rolling stock with onboard capacitive energy storages; to define the
advantages and disadvantages of each of the existing strategies and propose a concept for the effective
management of energy exchange processes in the electric rolling stock. The block diagram of electric
rolling stock with the onboard capacitive energy storage which is used for the analysis of management
strategies for energy exchange processes is presented. The modes of operation of electric rolling stock with
onboard capacitive energy storages are described. Five main strategies for management of energy
exchange processes on the electric rolling stock with onboard capacitive energy storages are determined.
The advantages and disadvantages of each strategy are set out taking into account the given conditions
(characteristics of the electric rolling stock, conditions of the rolling stock motion, oscillograph charts,
etc.). The general advantages and shortcomings of each strategy are defined, which allowed to propose the
concept of creating an adaptive strategy for managing energy exchange processes in electric rolling stock
with onboard capacitive energy storages. The main concept of this management strategy is to implement
efficient energy exchange between the traction equipment, the onboard capacitive energy storage, the
overhead contact system, both in normal and emergency modes of traction power supply, taking into
account the dynamics of energy exchange processes in the overhead contact system, which will generally
allow safety and energy efficiency of the transportation process. The obtained research results will
contribute to the development and implementation of effective strategies for managing energy exchange
processes in the electric rolling stock.
Keywords: onboard capacitive energy storage, electric rolling stock, management, energy processes.
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YAOCKOHAJIEHHA METOJAUKHW TEXHIYHOT'O ATAT'HOCTYBAHHA
IHACA’KUPCBKUX BAT'OHIB

Ienyroua memoouxa mexniuno2o 0IA2HOCMYBANHSL NACANCUPCHKUX 8ACOHIE He 0aE€ MOICTUBOCTIE NOBHOIO
MIPOIO OYIHUMU UMOSIPHICIN NPOOOBHCEHHS. MEPMIHY CYHCOU 8A20HA, MOMY K He PAX0BYE 0COOIUBOCEL]
NOWKOOJICEHb €eMEeHMI6 KOHCMPYKYIL Y nepiod excniayamayii. B cmammi po3eisaHymo nociioOSHICHb
00CTIONCEHHSL HANPYIICEHb @ eeMEHMAX pamu Ky308a NACAICUPCHKO20 8a2ony nodyodoeu KB3 Ha ocHosi
MUNOBUX GUNPOOYBAHL. 3a60AHHAM OOCTIONCEHHA € BUSHAYEHHS NOCTIO0BHOCHI PO3DAXYHKY HANPYICEHL 8
eNleMeHmax pamu Ky308d HACAiCupcbkozo éazony nooyoosu KB3 (Kproxiscbkoeo 6azoHo0y0igH020 3a600))
i3 cmpokom cryocou, wo nepemmnys 41 pix 6i0 oamu 6ucomoeieHHs ONsi OYIHKU NOKA3HUKIE MIYHOCMI ma
Onopy 6MOMI Memooamit MexHiuHo20 OlaeHOCMYBANHS MA MUNOBUX 8UNPOOYeab. 3pobIEHO GUCHOBOK NPO
me, WO CMAH HeCY4Ux Memanesux KOHCMpPYKYill 6A20HI8 NIC/IA MPUBAIOL eKCITYamayii He HAOIUNCAEMbCS 00
SPAHUYHO20. 3aNUUIKOBULL PecypC BCMAHOBTIOBABCS NO OOHOMY 3 MIHIMANGHUX PO3DAXYHKOBUX 3HAYEHD.
AHkwio 3a pe3ynbmamamu pO3PAxyHKI68 SUAGTAECMbCSA, WO pecypC SUHEPNAnUll, MO 3aNUUKOBUL MEPMIH
CYoHcOU BUSHAUAEMBCA 3a PE3YIbMAMAaMU. CMEHO0BUX UNPoOYeanb Ha émomy. Ompumani npakmuyni ma
meopemuyHi pe3yibmami 0aioms 3M02y NPOOOBHCUMU MEPMIH CTYHCOU 6a20HIE NOHAO BCMAHOBNEHUL
3A6000M-6UPOOHUKOM.

Knrouosi cnosa: nacadxicupcokuti 6a2oH, O0iAeHOCWY8AHHS, MEPMIH CIVICOU, HANPYICEHHA, MOMEHM

iHepyi.

Beryn. YV 3B’3Ky 3i CKOPOUYECHHSIM IHBEHTAPHOTO TMapKy MacaKUPCHKMX BArOHIB MICHS JIOCSTHEHHS
HOPMATHBHOTO TEPMiHY CITY’KOH, 3aKyIiBJICI0 B HEIOCTATHIN KUTBKOCTI HOBHX BaroHiB, OYB BHUKITUKAHHI
JeilUT mapKy macakUpCchbKUX BaroHiB. KoMrmieke pobiT 3 MpogoBKEHHS TepMiHY CITyKOH mepeadadeHuin
METOJIMKOI0 TEXHIYHOT'O JiarHOCTyBaHHSI MaCaKUPCHKUX BaroHiB [1], 110 BUCITYKIJIN TIPU3HAYCHHUIN TEPMiH,
Ta HOPMaTUBHUMH JIOKyMEHTaMH. AJle iCHyI04a METOAMKA HE BPAaXOBYE JESKHX OCOOIMBOCTEH MOIIKOIKEHb
€NIEMEHTIB KOHCTPYKLIi y TIepiof eKcIUlyartaiii. Y Takux BHIAIKax 3BUYANHI 3acCO0M TEXHIYHOIO
JIiarHOCTYBAHHSI 3TiHO 3 [1] He Iar0Th 3MOTY ITOBHOIO MIPOFO OIIHUTH MMOBIPHICTb MPOIOBKEHHSI TEPMIHY
CITy)kOM BaroHa. |'paHWYHHMI TepMiH eKCIUTyartallii MacaKMPChKUX BaroHiB Ta Bi3KkiB (41 pik 3 matu
1oOy/I0BH), BCTAHOBJICHUH BiOBITHUMHA po3ropsaunMu JokymMeHTamu AT «YkpaiHChKa 3aJi3HUILD, €
HEOOTPYHTOBAHHM.

AHAJIi3 OCTAHHIX JIOCIIiIKEHDb i MOcTaHOBKA MpooseMu. [1pogoBKeHHS TEPMIHY CITy>KOU KOHKPETHOIO
MAaCaKUPCBKOr0 BaroHa MOXKHAa BB&XAaTH MOBHICTIO OOIPYHTOBaHMM JIMIIE y TOMY BHIIAAKY, KOJIH
OOTpYHTOBaHNM € BH3HAUCHUH 33 pe3yJbTATAMH HAYKOBO-EKCIIEPUMEHTAILHUX JIOCTI/PKEHb Ta
3aTBEPIDKEHUN BiTIOBITHUIMH PO3MOPSUTIMMH JIOKYMEHTaMH Y Kp3ali3HHUIIl TPAHIYHUI TEPMiH eKCIUTyaTaIi
JUTsL BarOHIB JAHOTO THITy. 3a3HaueHi HAYKOBO-€KCIIEPUMEHTANIBHI JOCIIDKEHHS TSl KOYKHOTO TUITY Ky30Ba
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BaroHa Ta Bi3Ka, 10 3HAXOMAATHCS B EKCILTyaTallii i TpAHUYHUIA TEPMIH SIKOTO MOTPiOHO BU3HAYNTH, TOBHHHI
CKIIAJIaTHC 3 HACTYIHUX €TalliB: aHami3 IOMIKOHKEHh MEXaHIYHOTO Ta KOPO3IMHOTO XapakTepy 3
BUSIBJICHHSIM HalOUTBIII XapaKTepHUX YIS TAHOTO THITY Ky30BiB ab0 BI3KiB 3a pe3yJbTaTaMu OOCTEKEHHS
BAaroHiB, II0 BUCITYXXHIIM MPU3HAYEHUH TEPMiH, 32 OCTaHHI 5 POKiB; pecypcHi BUIPOOYBaHHS 3pa3KiB (He
MEHIIIe TPHOX) METATIOKOHCTPYKIII Ky30Ba, paMH Ta HAJpPECOPHOI OalK¥ Bi3Ka JO IMOYATKy PYHHYBaHHS
OCHOBHMX HECYYHX €JIEMEHTIB; aHAIli3 Ta OIIHKA PEe3yJbTaTiB JOCTIPKEHh 3 BCTAHOBJIEHHAM TPAaHHIHOTO
TEpMiHy eKCILTyaTalii KO)KHOTO THITY Ky30Ba BaroHa Ta Bi3ka [13].

B pobGorax [12, 14] i OLIHKK yIAPOCTIMKOCTI 3a JIOMOMOTOK METOMIB CKIHYCHHHX EJIEMEHTIB
MOJICITIOEThCSL 3ITKHEHHSI IMAaCAKUPCHKOTO BaroHa 3 TBEPAOIO CTIHOIO. Y aHali3l BHKOPHCTOBYETHCS
TIOBHOPO3MIpHA JieTallbHa MOAEIb MAacaKUPCHKOTo BaroHy. [l miATBepAKEHHS Pe3y/IbTaTiB MOACIIOBAHHS,
TIPOBOJISITHCS TIOPIBHSIHHS 3 €KCIIEPHIMEHTAIBHIME BUMIPIOBAaHHSIMH TIepe/] MPOBEACHHSM aHaJIi3y 3ITKHEHHS
NAaCaKUPCHKOr0  BaroHa. B pe3ynbTaTi MOJCNIOBaHHS — JOCHIIHUKA — OTPHUMYIOTh  KOHCTPYKIIIFO
MACaKUPCHKOT0 BaroHy 3 KPalllUMHU BIACTUBOCTSIMHU YAApOCTilikocTi. B pobotax [5, 6, 7] mociimKyBaIuch
npoOIeMy Ta 0COOIMBOCTI TEXHIYHOTO IiarHOCTYBAaHHS MAcaXMPCHKUX BaroHiB. A B [8, 9], BUKOHYyBantuch
YHCIIOBI PO3paxyHKH Ha 0a3i CKIHIEHHO-EIIEMEHTHOI MOJIeNi 3 OmiHKOr0 MirHocTi 1o | Ta 111 po3paxyHkoBux
pexuMax. Mami 3 ypaxyBaHHAM TIONEPEAHIX pe3yJbTATIB BUKOHYBAIMCH PO3PAXyHKH BTOMHOI
TIOIIKO/PKEHOCTI SJIEMEHTIB KOHCTPYKLIIT IS OLIHKY 3aJIMIIKOBOTO TePMiHY Ci1y:k0u. KpiM Toro, B [8] Oyiu
BUKOHaHI pO3paxyHKH I HOBUX BaroHIiB i BaroHiB 3 MiHIMAJGHUMHM TOBIIMHAMH €IIEMEHTIB (BHACIIIOK
KOpOo3ii) Ta pO3paXxyHKOBUM IIIIIXOM OyB BCTAHOBIICHMI CYTTEBHH BIDIMB MEXaHIYHHX a00 3BapHHUX
TIOIIKO/DKEHB (IPI3iB), 3aIEKHO BiJl PO3MIpPIB OCTaHHIX, HA TEPMiH CIIykOu BaroHiB. OOIpYHTYBaHHS
HEOOXIHOCTI YTOYHEHHS TEePMIHY TPOIOBKEHHS KOPHCHOI eKCIDTyaTallii TacaKUPCHKUX BaroHIiB
posrisAacs sIK B YKpaiHi Tak i B 3aKOpPIOHHMX IyOumikamisx [2, 7, 14]. B Oursimocti mepepaxoBaHUX
HAyKOBUX IMyONIKaIlisIX JOCIHIDKYETHCS 30UTBIICHHST CTPOKY EKCIUTyarTamii pi3HHX THIB Maca)KUPCHKUX
BaroHiB IIUISIXOM YIOCKOHAJICHHS iX KOHCTPYKTHBHHUX BlacTUBOCTEH [12].

JocipKkeHHsT 3aITIIIKOBOTO  PECYpPCy Ta TPOAOBKEHHSI TEPMiHIB CIY)KOW TMACAKUPCHKUX BATOHIB B
Yxpzami3aui npoBoauThes ¢imiero «HaykoBo-moCHiiHMIA Ta KOHCTPYKTOPCHKO-TEXHOJOTIYHUN 1HCTUTYT
samizanuHoro tpancnopty» (HAKTI) myOmigHOro akiiiOHEpHOrO TOBAapUCTBa «YKpaiHChKa 3aJli3HHUIID) Ta
YkpalHCHKUM HaYKOBO-JOCIITHAM THCTHTYTOM BaroHOOymyBaHHS (YxpH/IIB) 3 PO3POOKOI0 HOBHX METOIWK
HOro IIPOIOBKEHHS Ta AlarHoCTyBaHHS [9)].

Mera i 3aBaaHHs1 AocTiKeHHsl. METOO JOCHIHKEHHsI € BU3HAUCHHS HAIPYXXCHb B €IIEMEHTAaX PaMu
Ky30Ba HEKYIIEHHOro Mmacaxupcbkoro BaroHa nodympoeu KB3 i3 ctpokom ciry»x0w, 1o nepetHyB 41 pik Big
JaTd BUTOTOBJICHHA. 3aBAaHHSIM JOCIIDKEHHS € BU3HAYEHHs IOCIIJOBHOCTI PO3PaxyHKY HalpyXeHb B
eNIEMEHTaX paMH Ky30Ba MMACAKUPCHKOIO BArOHY JUIsl OMIHKK TIOKAa3HWKIB MIITHOCTI Ta OIOpPY BTOMi
METOZIaMH TEXHIYHOI'O JIarHOCTYBAHHSI T TUIIOBUX BUIPOOYBaHb.

Marepiann Ta Meroqu AocimkenHs. HaiOumein nommpeHnMy BaroHamH, SIKi BUKOPHCTOBYIOTHCS B
MAaCKUPCHKHX TIEPEBE3CHHSX € BArOHH BigkpuToro Ty nodynosu KB3 (puc. 1).

g=r= | = R
1 2 3 4 o
TR
N e e e 13 £
1110 \ g 8 8

Puc. 1. TlacaxupcbKuii HeKyNeiiHM BaroH:
1, 5 — TyaneTHi BiAIiICHHS; 2 — CITy>)KOOBE MPUMILICHHS; 3 — KyTIe JJIsl POBITHUKIB; 4 — JIEB’ATh MIECTHMICHHX
MacaXUPChKUX BiIIUICHB, 6, 11 — mBa TamMOypw; 7, 9 — ABa Maji KOPUIOPH; 8 — KOPHIOP B3JI0OBXK BaroHa

3o6ipruk nayxoeux npauyw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38

81



TEXHIKA I TEXHO.JIOI'I

Pama cxnanaeThest 3 XpeOTOBOT OANKH , IO MTPOXOAMTH 0 BCiH JOBXKHUHI Ky30Ba, IBOX NTBOPHEBUX ,
TPHOX TOMEPEYHHX 1 IBOX KIHIICBUX Oaiok. XpeOToBa O0amka CKIIAMAETHCS 3 TPHOX YACTHH: CEPEIHS
nostermieHa 3pooiena 3 mBenepa Ne30 (I'OCT 8240-72), a kinmesi mocwmiteHi - 3 mBenepa Ne 30 B-1
(FOCT 5267-63). Ctuku yacTHH XpeOTOBOI OATKM PO3TAIIOBaHI MiX IIBOPHEBOIO 1 BCTAHOBJICHUMH
mo0In3y HUX monepedHnMu Oankamu. CTHKHM KOCi 1 BAKOHAHI B PI3HHUX MOTMEPEYHHX TUIOIIMHAX PAMU.
[lIBopHeBi Oanku 3BapeHi 3 BEPTHKAIHHUX CTIHOK, NMEPEKPUTHX BEPXHIMH 1 HIDKHIMH JTUCTaMH
TOBIMHOIO 10 MM. CIIJTILHO BOHM YTBOPIOIOTH 3aKPUTE KOpOoOUaTHii 3MiHHHUN TiepeTHH. Bei monepeysi
OaJIK¥ IITAMITOBaHI 3 JIUCTA TOBIMUHOK 6 MM. J[Jisl KiHIIEBUX OaJIOK 3aCTOCOBAHUIA IIBEJICP, YACTUHHU
SKOTO 3HHU3Y 1 3BEpXy MiJCHIIOIOTH JINCTAMH, IMiIKPIIUIECHUMH KOCHHIISIMH 1 pedpaMu KOPCTKOCTI.
Hactun migyorn mokiajeHud Hall paMOI0 1 MPUBApEHUN IO HEi CJIIEKTPOYrOBHM 3BapIOBAHHSIM.
Hactun Bkirouae Tpu MeTaleBUX JIUCTA, OJAMH 3 SKUX, Ma€ TOBHIMHY 2 MM 1 JUis 30LUIbIICHHS
JKOPCTKOCTI Mae mo3moBxkHiI rodpu. Kidmesi gucTu riaaki, ix TopmuHa 3 MM. BidHIME 00B’sI3KaMu
paMu CiTyKaTh rapsaexaTanuii 3eT-moaiouuit npodine (100x75x75x6,5 mm) [9-11].

B HnaykoBomy nocimimpkeHHi [3] BHKOHYBAJIOCh BHU3HAUYCHHS 3aJIMIIIKOBOTO PECYpPCY CIEIaTbHUX
BaroHiB. BU3HAYeHH 3aIMIIIKOBOTO PECYPCY METOZOM THIIOBHX BHUIPOOYBAaHB PO3TIISTHYTO B po0OTi [4, 5].

Jlns BU3HAUCHHS HANpPYXKEHb B €JIEMEHTAaX paMH Ky30Ba MacaKUPCHKOTO BaroHa pO3TIITHEMO
pO3paxyHKOBUH Tiepepi3 Ky3oBa (puc. 2). 3BEICHHI pPO3PaxyHOK MOMEHTY iHEpIii MOmepeyHoro
nepepizy macaxupchbKoro BaroHa Bijoopaszumo B Tadi. 1.
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Puc. 2. Po3paxyHkoBuii mepepis naca:kupcbKoro BaroHa:
1 — xpebroBa Oanka, 2 — Todp OOMKBY 1OJIa, HIKHSI 00B’s13Ka Ky30Ba, 4 — rodp HIKHBOT ITaHEei,
5 — miBiKOHHMIA TOsIC, 6 — HABIKOHHMH 10sic, 7 — rop BepXHbOI MaHei, 8§ — rodp aaxy

Tabauys 1. Po3paxyHOK MOMEHTY iHepuii monepeyHoro nepepisy nacanupcbKoro BaroHa

NeNe F; Ji Vi d; S Jy J3
1,00 87,28 12948,89 -14,11 76,46 -1231,83 510218,04 523166,93
2,00 3,90 6,00 0,00 62,34 0,00 15158,45 15164,45
3,00 3,90 6,00 0,00 62,34 0,00 15158,45 15164,45
4,00 3,90 6,00 0,00 62,34 0,00 15158,45 15164,45
5,00 3,90 6,00 0,00 62,34 0,00 15158,45 15164,45
6,00 3,90 6,00 0,00 62,34 0,00 15158,45 15164,45
7,00 3,90 6,00 0,00 62,34 0,00 15158,45 15164,45
8,00 19,80 331,00 4,00 58,34 79,20 67399,78 67730,78
9,00 3,90 58,60 26,00 36,34 101,40 515147 5210,07
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3axinuenns mabauyi 1

10,00 3,90 58,60 46,00 16,34 179,40 1041,80 1100,40
11,00 3,90 58,60 64,00 1,66 249,60 10,69 69,29
12,00 3,90 58,60 80,00 17,66 312,00 1215,76 1274,36
13,00 3,90 58,60 94,00 31,66 366,60 3908,18 3966,78
14,00 10,98 91,80 108,00 45,66 1185,84 22887,43 22979,23
15,00 13,02 167,00 210,00 147,66 2734,20 283865,65 284032,65
16,00 3,90 6,00 230,00 167,66 897,00 109623,21 109629,21
17,00 3,90 6,00 320,00 257,66 1248,00 258907,68 258913,68
18,00 3,90 6,00 324,00 261,66 1263,60 267008,94 267014,94
19,00 3,90 6,00 328,00 265,66 1279,20 275235,01 275241,01
20,00 3,90 6,00 330,00 267,66 1287,00 279394,84 279400,84
21,00 3,90 6,00 332,00 269,66 1294,80 283585,88 283591,88
22,00 3,90 6,00 334,00 271,66 1302,60 287808,11 287814,11

B Tabn. 1: F; — moma momepedHoro nepeTuHy ejaeMenTa; J; — BIIacHuil MOMEHT iHEepIIii eleMeHTa;

yi — IIe KOOPAWHATH IEHTPIB Baru eJIeMeHTIB Mepepi3y Mo oci y; S; — MOMEHT iHepIIii 1Mo BCii TuTommi
MIOTIEPEYHOT0 Tepepisy; a; — BiACTaHb 10 Oci X, (LeHTpY Mac); J, — J0AaTKOBUH MOMEHT iHepuil; J; —
TIOBHUI MOMEHT iHepuii; J, — moBHUI MOMeHT iHepuii xpeOToBoi Oanku. CymapHi pe3yabTaTH HajaHi
B TabI. 2.

Tabnuya 2. CymapHi 3HaYeHHS

F

S

Y

J1

J2

J3

J4

201,28

12548,61 2

62,3440580 3

13909,6949 8

2748213,154

2762122,84 9

5524245,69

Po3paxyHkoBa cxema Ky30Ba 3BOJUTHCS JI0 PO3paxyHKy Oallku Ha TBOX oropax (puc. 3):

R R
4 t
L1 A L2 A L1
L
Puc. 3. CxeMa po3paxyHKy Ky30Ba BaroHa
Haii6inbii Hanpy)KeHHs BAHUKHYTh B riepeTuHi A-A a6o b-b (puc. 4).
Peakii po3paxyHKOBOI cxemH:
q(L2+2L1)
R = 220 (1)
MowmeHT B miepepizi A-A
qlL1?
My_p=— 5 )
MowmeHnT B niepepisi b-b
q(L2%2-411%)
My g = —T—"—. @)

8
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Puc. 4. Emopu nepeTHHAa0YNX CHJI i MOMEHTIB

A
=

J171si BUKOHAHHS PO3PaxyHKiB, BHKOPUCTAEMO MapaMETPH MacakupChbKoro Barona (tadim. 3).

Tabnuya 3. llapaMeTpu Maca)kKMPCHKOr0 BaroHa

Maca Maca baza | loB | Posmo | Peakuis | Tapa Cratuu | MomeHT | MomeHT
Bi3Ka, BaroHa | Baro | kuHa | mineHe | cui, H BaroHa, | HHH b-b, A-A,
KT OpyTrTo | Ha,M | Baro | HaBaH KT nporuH, | Hm HwMm
KT Ha, TaXXEH MM
M a1, H
7200 63800 19 25 19385 | 242307 | 58800 209 - 87230
787498

OmiHuMO HampyXeHHsS B XpeOToBid Oammi 1 HmWKHIN 00B’s3mi Ky3oBa B mepepisi b-b.
HaaHTakeHHS 10 UX Oallkax pO3MOAUISETHCS IPOTIOPIIIHO 1X )KOpCTKOCTM [15].

Takum ynHOM:

Ji Bcboro ky3oBa = 5524245,69 — cnipuiimae 100% HaBaHTa)XKeHHS;

J, xpeOrtoBoi Oamkm = J3 * 2 = 523166,93 * 2 = 1046334 — cnpuiimae 18,9% Bcroro
HaBaHTAKCHHSI,

J3 onHi€T HIKHBOT 00B’s13kM = 67730,78 — cipuiimae 1,2% BChOro HaBaHTaKEHHS.

BiamosigHo 3ruHanbHI MOMEHTH OYAYTh PiBHI:
1115t XxpebToBoi 6anku, My, = 149158 Hwm;

JUIS HIOKHBOT 019HOT 00B'SI3KH, Mg, = 9655 Hm.
Hampy>xeHHs B eleMeHTax

M
o=—"a (4)
Ji
Jle a; — BiICTaHb 110 OCi X, (LIEHTpy Mac).

MakcuMaibHi HanpyXeHHs B XpeOToBIH Oanii:
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MaxkcuMaibHi Hanpy»KeHHs B HUKHiH OOKOBil 00B’s1311i:

M HOO

Oueo = ] 4.
3

MakcuMaibHi Hanpy>KeHHS B XpeOTOBiH Oaiili Ta MaKCUMaJbHI HAIlPy>KEHHsI B HIDKHIM OOKOBIil
00B’ 13111, SIKi BAHUKAIOTH BiJl BIACHUX CHJI TSKIHHS, CHJI 11O BUHHKAIOTH IiJ 4ac pyXy BaroHa, CHJIH
B3a€MOJi1 MK BaroHaMH, BaroHOM Ta JIOKOMOTHBOM, TaJIbMyBaHHSM, CIIBYAapoM, IAlOTh 3MOTYy B
MONATBIIOMY IPOBOAWTH PO3PAaXyHKH TOKA3HUKIB MIIHOCTI Ta OMOPY BTOMI [JIsl BH3HAYEHHS
3aJIMIIKOBOTO PECYpCy BaroHy.

BucHoBKH. 3a pe3ylbTaTaMu MPOBEICHNX JOCTIDKEHb, B €IEMEHTaX paMy Ky30Ba MaCa)KUPCHKOTO
BaroHa IIOKa3HWKH MIITHOCTI BaroHy Ta OMNOPY BTOMI, BIAMOBIAAIOTh BUMOTaM IOJABIIOL
ekcrutyartanii. TakuM YMHOM, OTPUMaHI MPaKTUYHI Ta TEOPETUYHI PE3YIbTAaTH JAIOTh MOKJIHBICTbH
MPOJIOBKYBATH CTPOK CIYXOU Macakupchbkux BaroHiB nmooynosu KB3 monan 41 pik Bix moOyxosu 3
BUKOHAHHSM IMEPIOJUYIHOTO TEXHIYHOTO JiarHOCTYBaHHS HECYYUX KOHCTPYKITIH.
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IMPROVEMENT OF METHODS
OF TECHNICAL DIAGNOSIS OF PASSENGER RAILWAY CARS

Extension of the service life of a particular passenger railway car can be considered fully justified
only if it is justified by the results of scientific and experimental research and approved by the relevant
administrative documents of Ukrzaliznytsia the service life limit for wagons of this type. The existing
method of technical diagnostics of passenger railway cars does not allow to fully assess the
probability of extension of the service life of the car, because it does not take into account the
peculiarities of damage to structural elements during operation. In the article the sequence of
research of stresses in elements of a frame of a body of the passenger car of construction of KVN on
the basis of standard tests is considered. The task of the study is to determine the sequence of
calculation of stresses in the frame elements of the passenger car body of KCP (Kryukiv Carriage
Plant) with a service life exceeding 41 years from the date of manufacture to assess strength and
fatigue resistance by technical diagnostics and standard tests. It is concluded that the condition of the
load-bearing metal structures of cars after long operation does not approach the limit. The residual
resource was set at one of the minimum calculated values. If the results of calculations show that the
resource is exhausted, the residual service life is determined by the results of bench tests for fatigue.
The obtained practical and theoretical results make it possible to extend the service life of cars beyond
that set by the manufacturer.

Keywords: passenger railway car, diagnostics, service life, tension, moment of inertia
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MOJIEJTIOBAHHSA PYJIbOBOI'O KEPYBAHHS TPOJIEMBYCA
3 MIACUJIIOBAYEM PYJIBOBOI'O ITPUBOAY HA BA3I
EJIEKTPOJABUI'YHA 3 POTOPOM, IO KOTUTHCA

IIpogedeno awnaniz niocuniosadié pyrvo6o20 npuoody, AKi GUKOPUCMOBYIOMbCA HA CYYACHOMY
pyxomomy cknaodi. Buznaueno ix ocnoeni nedoniku. Bpaxosyouu eumozu wo0o pyivo6oeo KepyeanHs
mponeidycié 3anponoHO8aAHO PieHH s 1020 NIOBUUIEHHSL eDEeKMUBHOCMIL.

Ipynmyrouuce Ha po3poOneHiti MAmemMamuuHiti. MOOeni ma (QYHKYIOHAIbHUX CXeMax CUcmeMu
PYIb0OBO20 KEPYBAHHSA MPOAEUOYCY 3 RIOCUTIO8AYEM PYIbOBO20 NPUBODY HA OA3I 08USYHA 3 POMOPOM,
WO KOMUMbCs, CIMEOPEHO IMIMAYitiHy Mo0elb pYyIb068020 KepYS8anHs Mponendyca 3 GUKOPUCHAHHAM
naxkemy Matlab Simulink. Ocobrusicmio imimayitinoi modeni ¢ 8paxysaHus maco2abapumuux
Xapakmepucmuk pyxomozo cKiaody, napamempis niogicku Kepo8aHoi oci, GNIuBy 00pPOICHbO020 NOKPUMMISA
ma weuodKocmi pyxy mpoieubyca, sminu napamempie maesrimuoi cucmemu JPK nio uac pobomu.
Pospaxosano napamempu Oeucyna 3 pomopom, WO KOMUMbCA, AKUN NPONOHYEMbCA 00
BUKOPUCMAHHSL K eleKMPONioCUlio8ay pyib08020 npusody mponetodyca JIA3 E183D1.

Ilposedeno pospaxynok macHimHoi cucmemu 08USYHA MEMOOOM KiHYEBUX eleMeHMi6 3 NOOANbULOIO
ANPOKCUMAYIEI0 OMPUMAHUX pe3yibmamie. 3a 00noMO020t0 po3pobaeHoi  imimayitinoi moodeni
nposedeno MoO0enoants pobomu cucmemu pyrb08020 KepyeaHHs mponetdyca 3 niocuntosaiem
PYIb08020 Npugody Ha 6a3i 08u2yHa 3 pomMoOpoM, WO KOMUMbCA NpU HOGOPOMI KEPOBAHUX KOJIC HA
Micyi 3 MAKCUMANbHO-00NYCIMUMUM HABAHMAICEHHAM HA KeposaHy eicb. Ompumano 4acosi oiazpamu
nepexioHux npoyecis y cucmemi pyav0o8o2o KepysauHs mpoaetoyca ma npogedeHo ix oopobxy ma
ananis.

Kniouosi cnosa: pynvoge kepysanns, enekmponiocuniosay, imimayitine MoOento8anHs, mpoaeuoyc,
08USYH 3 POMOPOM, WO KOMUMBCS, MASHIMOPYWITIHA CUNA.

Beryn. Micbkuil elneKTpUIHUNA TPAHCTIOPT Bi/IIrpa€e BaXKJIMBY POJIb Y JKUTTI Cy4aCHHX METarloMiCiB.
HeoOxinHicTh 320€31e4eH s HaceNIeHHsI MOOUTHHICTIO B PaMKax IIBUIKOTO PO3IIMPEHHS TEPUTOPIi MICT Ta
NPUMICBKHX 30H, 8 TAKOXK 3POCTaHHS HOPM IIOJ0 €KOJIOTIYHOCTI Ta eHeproe(eKTHBHOCTI 00YMOBIIOIOThH
ITIIBUILICHHS. BUMOT SIK JIO PyXOMOT'O CKJIaJly B IIJIOMY, TaK 1 HOro OKPEMHX BY3JIiB Ta arperaris.

HaykoBi nocnimkenHst B YKpaiHi Ta CBiTi cCOpsIMOBaHi Ha po3poOKy Ta BIPOBAKEHHS TEXHOJIOT1H
TiBUIIICHHST Pecypco30epekeHHs, sl ePeKTUBHOI MOJEPHI3allil eJIEMEHTIB 1 CHCTEM E€IeKTPUIHOTO
TPAHCIIOPTY, CHOTOAHI € HaWOUIbII akTyadbHUMH. Lle cropuse MiIBUIICHHIO HAIIHHOCTI,
€KOJIOTTYHOCTI, CHEProeEKTUBHOCTI Ta TMOJOBXKEHHIO pPECcypcy poO0OTH pPyXOMOIO CKJajy.
Pesynpraramu Takoro miaxoAy € 3MEHIIEHHS €HEePreTUUHUX 1 TEXHOJOTIYHUX BUTPAT Ha BUPOOHUIITBO
PYXOMOTO CKJIJTy, EKCILTyaTallif0 i PEMOHT HOTO CKJIaJIOBUX EIEMEHTIB.

AHaji3 ocTaHHIX OCHiTKeHb i mocTaHOBKAa mnpodsemu. OJHUM 13 HAayKOBO-TEXHIYHHX
HalpaBJIeHb € YJAOCKOHAJIIEHHS CHUCTEMH PYJIbOBOI'O KepyBaHHS TposehOyca. Bixg Horo xoHCTpyKmii
3aJie’kaTh KOMIIOHYBQJIbHI PILIEHHS Ta eKCIUTyaTalildHi BIACTMBOCTI PyXOMOTO CKJany: CTIHKICTB i
KEpOBaHICTh KOJIC MiJ] 4ac PyXy, ONTHMAaJbHE PO3MIIICHHS OOJIAJHAHHS Y IiJIKy30BHOMY TPOCTOPI
Tposeiibyca, BUCOKa PEMOHTONPUAATHICTb, €HEproeeKTUBHICTh, Oe3neka Ta KoM(popTadeIbHICTh
PYXYy TOLIO.

3o6iprux nayxoeux npauw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38

88



TEXHIKA I TEXHO.JIOI'I

Ha cywacHux Ttponeiibycax BHKOPHCTOBYIOTBCS TMiAcumoBadi pynsoBoro mpusoxy (PID)
rigpasiigHoro tumy. [IpoBeaennii anani3 [1] BUSBUB iX OCHOBHI HEIOJIKH:

HEMOJKJIMBICTh TPUMATH PYJIHOBE KOJIECO B KPAWHBbOMY ITOJIOKEHHI OiJIbIIIe IT"ITH CEKYH]I, 1HAKIIIE
BiOyIeThcsa meperpiB Maciia B CUCTEMI, L0 TPU3BOIUTD A0 11 MOJIOMKH;

HEOOXiTHICTh YaCTIIOTO OOCIYTOBYBaHHS: 3aMiHa PiAWHM, CIIiJKYBaHHS 3a piBHEM Macia B
CHCTeMI, TIepeBipKa CTaHy MPUBO/IIB, IIUTICHICTH IIJIAHTIB 1 HacOCa IMiICHITIOBAYA;

poboTa Hacoca TipornifcuIoBada 0e3MocepeIHbO MOB’ 13aHa 3 ABUryHOM. [1ig yac poboTu Takumx
€JIEMEHTIB Hacoc MOCTIHHO BiAOMpae y MOTOpa YacTUHY MOTY>KHOCTI, sSIKa MPH MpsSMOJIiHIHOMY pYyci
(TimpomiacwiTioBad HE 33 IiTHUN) BUTPAYA€ThCSA TaPEMHO;

HEMOXKITUBICTh HaJAIITYBAaTH PEXUMU POOOTH MEXaHI3My 3aJIE)KHO Bil YMOB PyXYy.

3 ypaxyBaHHSM HEIOJIKiB icHylounx migcuimroBadiB PII, a Takox BUMOT MIOAO pPYyJIBOBOTO
KepyBaHHA TpoOJerOyciB, 3alpONOHOBAHO DIIICHHS IMIBUIICHHS €HEProeQeKTHUBHOCTI Ta
pecypcosbepexenns miacuioBauie PIT TposieiiOyciB 3a paxyHOK BUKOPUCTAHHS €JIEKTPOITIICHIIIOBaYa
KepMa Ha 0a3i eeKTpOABUTYHA 3 pOTOpOoM, 1o KoTuthcs (IPK).

Merta po6otu. Hocrimkennas podorn mifcwmmoBada P11 tponeiidyca Ha 6a3i enekTpogBuryHa 3
POTOpPOM, IO KOTUTHCS, Y CUCTEMI pyIIbOBOTO KepyBaHHs Tpojeitdyca JIA3 E183D1.

3agaui qocaigzkeHHA:

CTBOPHTH IMiTaIliiiHy MOJIENTb CHCTEMHU PYJIBOBOTO KepyBaHHs 3 miacumoBadeM PII Ha 6a3i JIPK;

npoBecTH po3paxyHok JIPK mis cucremm pynpoBoro kepyBaHHS Tpoiieiibyca, BU3HAYUTH HOTO
€JIEKTPOMArHiTHI Ta MeXaHiuHI XapaKTepUCTHUKH;

NPOBECTH  JOCHIMKEHHS  pOOOTH  CHCTEMH  DPYJNbOBOTO  KEpyBaHHS  Tpoieitbyca 3
enextpomincumoBadeM PII ma 6a3i JIPK 3a pisHHX yMOB TMOBOpPOTY pPYJNBOBOTO KoJieca IIISTXOM
(G POBOTO MOAEIIOBAHHS.

Peanizanis imiTaniiinoi Mmojesi cucteMn py/iboBOro KepyBaHHs TpoJjeiidyca

Po3poOka Ta MozmepHizallisi HOBUX €IEMEHTIB KOHCTPYKIIiI PyXOMOTO CKJIaJy BHMAarae riuOOKOTo
BUBYECHHSI JWHAMIYHHMX TpoleciB. BoHH BimOyBalOThCS B ENEKTPHYHUX Ta MEXaHIYHUX BY3JNax i
CHCTEMax Ta MarOTh BIUIWB Ha TIOBEAIHKY OAMH OJTHOTO.

HocmipkeHnst, sKi MOB’S3aHi 3 HATYpPHUMH EKCIIEpUMEHTaMH, 3O0UIbLIYIOTH (hiHAHCOBI BHTpATH,
TEpMIiHA PO3pOOKH, a IHKONM HE JO3BOJSIIOTH IMPOBECTH BCEOIYHWI aHANI3 TIPOIECIB CHUCTEMH, IO
JIOCITIKYEThCS. B Takux BHUIagKax JOIIBHUM € BUKOPHCTAHHS METO/IB IMITAI[IHHOIO MOICIIOBAHHS.
Oco0MBO 11 aKTyalbHO IiJl Yac JOCHTIPKEHHS MapaMeTpiB HETPAAULIHUX eeMEHTIB KOHCTPYKIil
pyxomoro cknagy. Taki MeTosii BUKOPUCTOBYIOTHCS Y poOOTI AJIs TOCTIIKEHHS ITapaMeTpiB JBUTYHA 3
pOTOpPOM, IO KOTHUTBCS, Yy CHCTEMi pYyJIbOBOIO KepyBaHHS Tpoineiidyca. fIk cepemoBuie s
CTBOPEHHsSl iMiTalliiHOT Mojeni oOpaHo mporpaMHe 3a0esnedeHHs OJOYHOrO  Bi3yaslbHO-
opieHToBaHOro MojemoBanHs Simulink, skuii pazom 3 mMaremarnuHuM nakeroMm Matlab 3a6e3neuye
MIUPOKUI HaOip MOKIIUBOCTEN IS TOCIIKEHHSI Ta aHaJli3y CHCTEMHU.

KoncTpykiisi cucteMu pyiaboBOro kepyBanHs 3 mijcuimoBaueM PIT Ha 6a3i JIPK mae y cBoemy
CKJIaJIi eIeMEHTH, SIKi (PYHKI[IOHAIBHO He3aJIeXKHi OJMH Bl 0jiHOr0. CTPYKTYpHA CXeMa TaKoi CUCTEMHU
300pakeHa Ha puc. 1.

CrpykTypHa cxeMma (puc.l) xapakrepusye B3a€MOJIIIO €IEMEHTIB CUCTEMH PYJIbOBOIO KEPyBaHHS
Tponeitbyca 3 mincumoBaueM PIT na 6a3i JIPK. Cucrema kepyBanus CK oTpuMye >KHMBICHHS Bif
mkepena Hanpyru U,,.. IIpoBoasun onutyBaHHS JaTYMKIB MIBUAKOCTI PyXy TPaHCIIOPTHOTO 3aco0y
V73, HallOBHEHOCTI canoHy Grs, KyroBoi mBuakocti odepranHs IAPK wpk, ctpymi da3 APK ik,
MOMEHTY TIPUKIIAJICHOTO JI0 PYJIBOBOTO Koseca Mpy, 4acTOTH 00epTaHHs PYJIBOBOTO KOJeca M py, KyTa
TIOBOPOTY KEPOBaHUX Koilic Oy cucteMa kepyBanHs CK y pexkuMi peanbHOTO yacy GopMmye Kepyrodi
iMmnynben Hanpyry Ucg mist koxHoro nomocy JAPK 3a 3aganuM 3akoHOM KepyBaHHS. EnexTpudHuit
neuryH JIPK mexaniuno noB’s3anuii 3 pyasoBuM npusogoM PII ta pynsoBum mexanizmom PM. Uepes
niepelaToyHe BiJTHOIICHHS pPyJNLOBOTO MexaHi3My PM uactoTa obepraHHs pyahOBOTO Kojieca Ta
MOMEHT, IO MPHUKJIaJIEHUH BoJlieM TiepenatroThes Ha Buxinuui Ban JIPK. Cyma momentiB /IPK ta PM
YTBOPIOIOTh PE3YNbTYIOUUl MOMEHT M jpxipy, kuil nepenaerscs Ha PIL. [lonatoun MOMEHT omopy
Mor, BinOyBaetbes moBopor kepoBanmx komic KK. OcHoBHuii BmiMB Ha MOMeHT omnopy Mop
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kepoBaHux komic KK maroTh HaBaHTakeHHS Ha KepoBaHy Bichk TponeitOyca Gyp (myms OimbimocTi
tponeiidyciB Gxp = 0,36 Gr3 [2]), a TakoX JiHIHHA NIBUIKICTh PyXy TPAHCIIOPTHOTO 32c00Y V3.

l
Grs ;
Vs &2z Mon
— CK | JIPK JyA— PII
Usae 7y Uck @pyr i
MPMT Wpyt M, "wP m Mon
Mg
KK
- - PM <
WD pg

Oxxc

Puc. 1. CTpyKTypHa cXxeMa CHCTeMH PYJIb0BOro KepyBaHHS TpoJieidyca 3 eJeKTPomiacHII0BaYeM
PYJIB0OBOro NPUBOAY Ha §a3i ABUrYHA 3 POTOPOM, 110 KOTUTHCH:

CK — cuctemu KepyBaHHA eJIeKTPUYHUM HincumoBadeM; J[PK — nBUTYH 3 poTOpOM, 10 KOTHTBCS;
PII — pynboBuii npusin; PM — pynsoBuii Mexanizm; KK — kepoani koneca

3anporioHoBaHa y poOOTi cHcTeMa pyJIbOBOTO KEPyBaHHS CKIAJAEThCS 3 ENEKTPUYHOI YacTUHU
Npe/ICTaBIIeHOT CUCTEMOIO KEPYBaHHS 3 CUIIOBUM MIEPETBOPIOBAYEM, EJICKTPOMEXaHIYHOTO IIEPETBOPIOBaYa
— JIPK, a Takoxk MeXaHI9HOI YaCTHHHU — PYJIboBOTO TIprBoay PII Ta pymsoBoro Mexanizmy PM.

OcHOBOIO iMiTaIifHOT MoJeNi € MaTeMaTHyHa MOJeNlb CHCTEMH pYJIbOBOIO KEpPyBaHHS 3
migcwmoBaueMm PIT Ha 6a3i JIPK. MaremaTruHa MOJIENb CKIIQAAETHCS 3 CUCTEMH JU(PEPEHINMHUX Ta
anreOpaiuyHnX piBHSAHB, SIKI XapaKTepPHU3YIOTh eleKTpoMexaHidHi reperBoperHst JIPK, fioro mexaniuHy
B3aemofiro 3 ememeHtamu PM Tta PII, a TakoX BIDIMB MOMEHTY OIOPY MOBOPOTY KEPOBAaHHUX
kotic [3-7].

MaremaTnuHa MOJIENb, KA XapaKTepu3ye enekTpoMexaniuHi meperBoperHs JPK ckmamaerscs 3
TaKOi CUCTEMH PiBHSHB [7]:

) di,
u, =I1,R, + e -L5n+KEn-a)p
da)p
Jp—=Me+Mm()—MV
dt -
d?e dy
J ——<~ =M _ —M_ — M,sgn(——=
K dtz by on z g (dt)

. I, +
M , = c, arcsin [Sl—ysj —O, _f(a)p —w,)dt

oL,
— . (i,p)n
J L(’)n - L(i,q;)n + In 6in , (1)
KEn = aL(i-¢)n ° in
O

D> F=—F;sin(p)—F; + > F,
M, =>F-R
Fr = 24 F
Fun =F, + Fg cos(@) + > F,
F, = mywie

|Fe = mgg

P .306H.

ne Up — Hampyra KOTYILKY cTaTopa, B;
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I, — CTpyM KOTYIIIKH cTaTtopa, A;
@ — T€OMETPUYHUI KyT TIOBOPOTY, I'Paj;
> F — pe3ynpTyroda cuiia OJHOCTOPOHHBOTO MAarHITHOTO TsDKiHHS, H;
J,— npuBeIeHNI MOMEHT iHepLii poTopa, Kr-M;
. — CHHXPOHHA MBUIKICTh 00€pTaHHS MarHiTHOTO TIOJIS, paz/c;
@, — KyTOBa IMIBUJKICTH MTOBEPTaHHs KEPOBaHUX KOJIIC, pajy/c;
@, —IIBUJIKICTb 0OEPTaHHs BUXIJHOIO Bally poTOpa, pajy/c;
Ry s0ex. — 30BHILIHIH pajiiyc poTopa, M;
Fr — cuna teprs, H;
Fs — Bara potopa, H;
Fn — cuia HopManbHOT peakuii onmopHoi moBepxHi, H;
€ — eKCLIEHTPUCHTET, M;
F; — nearpo6ixna cuia, H;
M, — eneKTpoMarHiTHU MOMEHT Ha Baily JBUTyHa, H-m;
M,, — momeHT onopy, H-Mm;
Mg— Maca poTopa, Kr;
( — PUCKOPEHHS BiMbHOTO TaiHHs, M/c%;
Uk — KOSOIIIEHT TEPTS;
Kpin — xoedimient npotuEPC;
Lsn — audepenuiitna iHAyKTUBHICTD, ['H;
J,— MOMEHT iHep1ii KEPOBaHUX KOJIIC Y TOPU3OHTANIBHIN TUIOIIUHI, KI*M2;
Co— )KOPCTKICTh IPUBOAY Kepyrodnx Koiic, H-M/pa;
M; — MOMEHT TepTsl y pyJIbOBOMY MPUBOI, H-M;
Is — moBkHHA MITOKY, M;
I; — BigcTaHb BijJI ITOKY 0 IOBOPOTHOTO BayKEJIs KOJIeca, M;
O, — KyT IOBOPOTY KEPOBAHOTO KoOJIeca, pa;
Ys — epeMillieHHs IITOKY, M;
M50 — MOMEHT, SIKHH CTBOPIOE BOJIiN TIPU 00epTaHHi PyJIbOBOTO Kojeca, H-wm;
My — MOMeHT npyskHHX cui1, H-M;
MOMEHT ormopy MOBOPOTY IIMHK Ha MICIli BU3HAYAETHCS TAKOK CUCTEMOTO PiBHAHB [7-12]:

Mres = Cw®wh' ®Wh <50
2
Mres:Mymax_(Mymax_CwGWh) w ) 50<®wh<130
®B _®A
Mres = M,umax' _®Wh >130

(a+2y)(b+2l,)y(a+2y) +(b+21,) +
Gy 1| +(a—2y)(b+21,)y(a—2y) +(b+21,) +

imax ! 2
! 16ab | +(a+2y)(b- 2I0)\/a+2y (b—21,)" + @
+(a-2y)( IO)\j (a-2y)* +(b-21,)"
M =c,- (G 427 tgﬂ“‘) O, ., V>1luwmle
2-V
c, =kG,, 107
Iozlz_rwh'tg(ak+7ko)
y:rwh'tgﬂk

e ¢, — KyTOBa KOPCTKICTh MHU, H-M/Tpa;
Gun — HaBaHTAKEHHS Ha KepoBaHe KoJieco, H;
k — Bu3Havaroth y mianasoni 9...11[9,12];
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M max — TPAHUYHKH 32 3YETUIEHHSM MOMEHT ONOPY HOBOPOTY IIMHM;

Op— MaKCUMaJIbHUHA KyT IIOBOPOTY KoOJIeca Ha JHIWHINA AUIAHIT, Op= 5°;

Op— MiHIMaJIBHUH KyT IIOBOPOTY KOJIECa HA AUISHIN 3 TPAHUYHUM 34eTieHHsIM, Og= 13°;

[ — KOeIIIEHT 3YCTUICHHS IIWHU 3 KOHTAKTHOIO MIOBEPXHEIO;

a,b— croponu npuBeneHOro PiBHOBEIMKOTO MPSIMOKYTHHKA KOHTAaKTHOTO BiJOWTKY IIMHH 3
KOHTAKTHOIO ITIOBEPXHEIO0, M;

V — ni”iiiHa MBUAKICTE, M/C;

y — mede crabimizariii, M;

|, — mieue o6KaTKy, M;

|~ moBxxuna nandu, m;

Myh— Paiyc KEpyrdoro KoJjieca, M;

0k — KYT TOTIEPEYHOT0 HAXWITY IIBOPHS, PA/I;

Yo — KYT pO3Bally KEpPYIOUOro KoJyieca, paj;

S — KyT MOB37I0BXKHLOTO HAXUJTY IIBOPHS, Pal.

Jlo1aTKOBHIT MOMEHT OIOPY MPH MOBOPOTI KEPOBAHUX KOJIIC, BUXOIMUH 3 aHaM3y jukepen [13-14],
CKJIaJJAa€ThCS 3 MOMEHTIB, sIKi HE MalOTh CYTTEBOIO BIUIMBY Ha 3arajlkHU MOMEHT OMopy abo Ijs ix
BU3HAUEHHsI HEMa€e OJJHO3HAYHUX 3asIe)kHOCTell. Ha moBepXHsAX 3 BUCOKMM KOe(illieHTOM 3YeTIeHHS
MOMEHT OIIOpY MOBOPOTY MHMHH M, Hocsrae mo 90% Bix 3araabHOro MoMmeHTy omopy [14]. us
CIIPOUIEHHA PO3pPaxXyHKY IPUINMEMO, 110 3HAYEHHS I0JATKOBOTO MOMEHTY ONOPY BU3HAYAETHCS SIK:

M()O() = Oals'Mwmax- (3)
3arajabHUI MOMEHT OOPY MOBOPOTY KEPOBAHUX KOJIIC BU3HAYAETHCS:
Mon = Mres + M()O()- (4)

Imitariiina Mozens 6a3yeTbes Ha (GYHKIIOHATBHUAX CXeMax (IUB. pUC. 2) BiAMOBIIHO IO CHCTEMH
piBHsHBb MaTeMaTuuHO1 Mozei (1) [7].

Crmparounch Ha GyHKIIOHAIBHY cxemy (puc. 2, a) ctBopero Simulink-mozens momocy JIPK (puc. 3).
BxigHuME BeMUMHAMH JIaHOi MO € KepyIodi iMIyJIbCH HANPYTH KUBJICHHS CUCTEMH KEpyBaHHS,
KyTOBa IIBHIKICTH oOepranHs poropa JIPK, Kyr moBOpOTy MiHIMalibHOTO MOBITPSHOTO 3a30py
BiTHOCHO TIONIOCY. BaxnmBuMm enemMeHTOM Mojelni € OJOK po3paxyHKy IudepeHIiiHnX
MIOTOKO3YEIJICHHs, 1HAYKTUBHOCTI Ta KoedimieHta mpotn EPC, a Takox BU3HAUEHHS CKIAIOBHX
MaritHoi cuiu nomocy JPK.

Po3paxyHOK MUTTEBHX 3HAYE€Hb JU(PEPEHIIITHIX TOTOKO3YEIUICHHS, iIHIYKTUBHOCTI Ta KoedilieHTa
npotd EPC, a Takok pamiajabHOI 1 TaHTEHI[IAJIbHOT CKJIAJJOBUX MArHiTHOI CHJIM TOJIFOCY BEIEThCS Ha
OCHOBI anpOKCHMOBAHUX JWCKPETHUX 3HAUCHb 3TaJlaHUX PaHille BEIIMYWH OTPUMAHUX IONEpEIHIM
MOJeTI0BaHHS MarHiTHOro nosst JJPK MeTosoM KiHIIEBUX €JIeMEHTIB.

Takuii minxix mosicHIOEThCs ocoOnuBOCTAMU KoHCTpyKIii JIPK. JIBuryH mae ckiiagHy MarHiTHY
cucteMy. MarHiTHa iHAYKIIiS Y 3a30pi JIBUTYHA 3aJIS)KUTh HE JIUIIE BiJ| CTPYMY Y KOTYIIII MOJIIOCY, a
f BiJl IPOCTOPOBOTO MOJIOKEHHS POTOpa BIAHOCHO craropa. ToMy st OTpUMAaHHS MOJEINI, XapakTep
MIPOIIECIB KO MAaKCHMATBHO HAOMMKEHUH 10 peaslbHUX Ta BPaXOBY€E HENiHIMHY MOBEIHKY MarHiTHOL
CHCTEMH JIBUTYHA HEOOXiJHO BUKOPHCTOBYBATH 3aponoHoBaHuii miaxin [15-18].
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Puc. 2. ®yHkuioHa/IbHi cXeMH eJIeKTPHYHOI Ta MeXaHiYHOI iacucTeMH PyJbOBOro KepyBaHHS
TpoJeiidyca na 6a3i JAPK [7]:
a — @yHkiioHansHa cxema nosrocy JIPK; 6 — GpyHkIlioHanbHa cXeMa MEXaHIqHOT MiICHCTEMH PYIbOBOTO

]

0)

KepyBaHHs Ha 0a3i JIPK
Psi >
i dPsi/di
dPsi/da
2272 alpha
aipha () e
alpha dPsi/da
angle Fmag,
Fmagl|

dPsi/di

dPsi/di_dPsi/da1
- Fmag||
»( 3 )
omega.

0

Puc. 3. Simulink-mogeas momoca JIPK

B pamkax maHoi poOoTH 3a TIONEpeHbO BU3HAYCHUMH HEOOXIIHUMH MEXaHIYHUMHU IMapaMeTpamu
migcrmoBada PIT tponeiibyca JIA3 E183D1 [19,20], crmparourick Ha MeToAu po3paxyHKy [21-26] ta
0COONMBOCTI KOHCTPYKIIII CHCTEM pYJILOBOIO KEPYBaHHS BH3HAYCHO TEXHIYHI Ta MacorabapuTHi
xapaktepuctukn JPK, ski npencraieni y tabmumi 1. Otpumani gaHi JIO3BOJSIOTH TMPOBECTH
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KOMIUICKCHHI PO3paxyHOK MarHiTHOI cuctemu JIPK Ta BU3HAYMTH XapaKTEPUCTHKH ITOTOKO3YCTUICHHS,
JepeHIIiiHOT IHTYKTUBHOCTI, Ta PaiaibHOI i TAHTEHITIATEHOT CKIIaJJOBUX MATrHITHOI CHIIM TIOJTHOCA.

Tabnuya 1. OcHoBHi TexHiuHi xapakTepuctuxu APK

ITapamerp Bennunna
HowminasnpHa Hanpyra, B 400
HoMiHanbHUI CTPYM KOTYIIKH, A 6
HomiHaspHa yactota 00epTaHHs BUXiHOTO Bally, 00/XB 4
MOMEHT Ha BaJly Y HOMiHaJIbHOMY pexuMi, H'-m 5400
Yucno nosociB 20
BHyTpimHiil ngiametp craropa, MM 700
30BHINIHIN lilaMeTp poTopa, MM 699,5
Bucota cnuHKH cTatopa, MM 75
Bucota 3y011st cratopa, MM 45
Iupuna 3yOus cratopa, MM 100
BHyTpimHi# giaMmeTp potopa, MM 640
JloBxuHa ocepAs poTopa, MM 100
Maca poropa, Kr 38,8
EXCIIeHTpHCHUTET, MM 0,5
KisIbKiCTh BUTKIB KOTYIIKH 60
Onip koTyiku, Om 31
Marepian ocepast Crainb 2013

Po3paxynok marHiTHUX XapakTepucTuk JJPK BemeTscs 3 BHKOPHUCTaHHSIM MTPOTPAMHOTO KOMITIIEKCY
FEMM. Ilix gac po3paxyHKy HE BPaxOBYEThCS BIUIMB TiCTEPE3NCy Ha MOBEMIHKY MAarHiTHOI CUCTEMHU
Ta BIUTMB BUXPOBHUX CTPYMiB B OCEPJi €IEKTPUYHOI MAIIMHU. PO3paxyHOK BeJeThCs ISl MPOMIKHHUX
MIOJIOKEHb TOYKM MiHIMAJIILHOTO MarHiTHOTO 3a30py BigHocHO momoca JAPK. Ha koxHill itepamii 3
NIEBHUM KPOKOM 3MIHIOETBCA CTPYM KOTYILKH IOJIFOca. 3a JOIOMOror0 MoBu Lua Tta MoknmBocTeit
noctiporecopa FEMM Ha xoxHi# iTepamii BU3HAYA€THCS MOTOKO3YEIICHHS] Ta MAarHITHUI TOTIK Y
MarHiTHOMY 3a30pi, Au(epeHIiiiHa iHIyKTUBHICTh, @ TaK0X 3HAYCHHS CKJIAJOBUX MArHiTHOI CHIIU
KO>KHOTO TIOJIIOCA.

Ha puc. 4 306pakeH0 po3paxyHKOBY 00nacth monepeunoro neperuny /IPK y mporpami FEMM.

3a pe3ysbTaTaMu PO3paxyHKy OTPUMAHO Ha0ip JAMCKPETHUX 3Ha4YeHb napameTpiB JIPK, sxuii He
Jla€ MOXKJIMBOCTI IXHBOI'O BHUKOPUCTAHHS JJISi JOCHI/DKEHHSI BJIACTHBOCTEH CHUCTEMH PYJILOBOTO
KepyBaHHA. B Takomy Bumnaaky HE0OXiTHO CTBOPEHHS HENEPEepBHOI MATEMAaTHYHOI MOJIEJI MAarHITHUX
Ta MEXaHIYHUX XapaKTEPHCTHK 3a JIOTIOMOTOI0 perpeciiHoro anamizy. Jlis BUpINIEHHS TOCTaBIEHOI
3aj1a4i MPOTIOHYETHCS BUKOPHCTOBYBATH METO/I allpOKCUMAIlii KyOIYHHMH CIUTAHAMM, SKHI JI03BOJISIE
MIPUBECTH PO3PaXyHKOBI JJaHi /10 BUTIISITY aHAITHYHOI (QYHKIIIT [4].

[lopiBHANBHUMI aHaNi3 METOAIB ampokcumarlii [27] CBiauuTh, IO HANKPAN[OK TOYHICTIO
HaOJIMKeHHS aHATITHYHOT QYHKIIIT MaroTh METO/IH, sIKi 0a3yloThCs Ha anpokcuMalilii psagom dyp’e.

3a pe3ynbTaTaMu perpeciiHoro aHaii3y AUCKPETHUX 3HAU€Hb BEJIMYMH, OTPUMaHi XapaKTePHUCTUKU

norokoszuenieHHs ¥, audepenuiitHoi iHgyKTUBHOCTI L ;, a Takoxk panianbHy Fy 1 TaHreHuiansHy Fy

CKJIaJ0B1 MarHiTHOI cwin. OTpUMaHi XapakTepUCTUKHU 300pakeHO Ha puc. 5 Ta 6.
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1.446e+000 : »1.523e+000
1.370e+000 : 1.446e+000
1.204e+000 : 1.370e+000
1.218e+000 : 1.294e+000
1.142e+000 : 1.218e+000
1.066e+000 : 1.142e+000
9.897e-001 : 1.066e+000
9.135e-001 : 9.897e-001
8.374e-001 : 9.135e-001
7.613e-001 : 8.374e-001
6.852e-001 : 7.613e-001
6.090e-001 : 6.852e-001
5.329e-001 : 6.090e-001
4.568e-001 : 5.329e-001
3.806e-001 : 4.568e-001
3.045e-001 : 3.806e-001
2.284e-001 : 3.045e-001
1.523e-001 : 2.284e-001
7.613e-002 : 1.523e-001
<5.371e-009 : 7.613e-002

Density Flot: |B|, Tesla

Puc. 4. Po3paxyHkoBy o00sacTh nonepeynoro neperuny JIPK:
a — po3paxynkoBy obmacts J[PK y mpenponecopi FEMM; 6 — kapTuHa po3mnoainy MarHiTHOTO OIS
y noctiporecopi FEMM nist 3amaHOTro MONMOKEHHS Ta CTPYMY KOTYIIKH ITOJIFOca

¥.BQ
0.6 0.12
0.6 05 0.1
0.5 4 ; aetetinteietiat ettt
} ST et e e ettt %t et 0.4 0.08
,e: \tssxt\:::‘ssts\:s\:‘:‘:\‘\:
B & AR
! RTINS SO
0.3 4 NSttt 03 0.06
T ARSI 0 ;
i IR ST S
0.2 e ‘\\ttt\\\:‘\\:‘\:‘\\ “t“‘
: i oty 0.2 0.04
0.1+ :
0 0.1
15 0 0.02
100
b 3 0
iA 0 200 130
@, Tpax
a) 0)
Puc. 5. EnexrpomarHiThi xapakrepucTuku noatoca JIPK:
a — TIOTOKO3YeIUICHHS KOTYIIKH motoca cratopa JIPK; 6 — mudepenmniiiHa iHIyKTUBHICTh KOTYIIKH ITOJIFOCA
craropa JJPK
4000
F.H F,H 5000
6000 77
4000 + 2000 ot
: 4000 S
0 | it
2000 - St e
oy : 4 (R
i 0 2000 + AR
0- i A
S 0 AR 7T
4 2 2 AR x
-2000 - My -2000 a8 >
-2000 +
-4000 ~ i
-4000 -4000
-6000 - 5 ;
360 . i - -6000 == 5 -5000
'; & o
30240 180 00 5 180 120 60 0 .60.120.130 0 LA
@, Tpax 60 g 0 LA 0, Tpax
a) 0)

Puc. 6. EnexrpomexanivHi xapakTepuctuku noJiocy JIPK:
a — paxgianpHa cuna nomoca JIPK; 6 — TanrennianeHa cria moimoca JIPK
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BusnaueHi 3HaueHHS paliaibHOI 1 TAHTCHINATBHOI CKJIAJIOBHX MArHITHOI CHJIM JUIS KOXKHOTO
TOJIFOCA BiATIOBITHO JOJAIOTHCS OJWH O OJHOTO. Pe3ymnbTyroui 3HAaYEHHS CKJIaJJOBHX MAarHiTHOI CHIIH
MepesaroThCsl 10 ONOKYy BWU3HAYEHHSA CHIIM OJHOCTOPOHHBOro MaraiTHoro TsokiHHS (COMT) JIPK
(muB. puc. 7). BximHumum mnapameTpamMHM IaHOTO OJIOKY TakOX € KyT IOBOPOTY MiHIMaJbHOTO
Mar"iTHOTO 3230py BiIHOCHO «IIOYaTKOBOTO» ITOJIOKEHHS Ta KYyTOBA MIBUAKICTH OOEPTaHHS POTOPY.

omega Fz = >+
z

omega

Fz1
( : ) angle » angle FgCosO) Fgcos > Fn Fr B
angle FgSin() uCont1

Fg

trigonometry
I B
3 » F
Fm F
Fmag_ T
Fgsin
Fgsin

&, o~ >

Fmag||

Puc. 7. Simulink-moxens pozpaxynky COMT APK

BusnauenHs o0epTambHOIO MOMEHTY Ta 4YacTOoTH oOepTaHHsA BuxigHoro Baixy poropa HPK 3
ypaxyBaHHSIM KyTa IOBOPOTY KEPOBaHHMX KOJIC Ta MPYKHUX 3aB’sI3KiB BiIOyBaeTbcs y OOl
300paxxeHomy Ha puc. 8. CrBopena Simulink-monens 6a3yerbcsi Ha (yHKIIOHATBHIA cXxemi
MEXaHIYHOI YaCTHHH CHCTEMH PYJIHLOBOTO KEpYBaHHS (IHB. pHC. 2, 6).

Jo BxigHux 3HaueHb Ojoky Hanexkath COMT, moment 3 PM Ta 3arajgbHuii MOMEHT OIOPY
MIOBOPOTY KEPOBaHMX KOJIC.

Tres

Puc. 8. Simulink-moaens Bu3HaueHHsi 00epTAILHOI0 MOMEHTY Ta KyToBoI miBuaKocTi JIPK

PerymoBannst BuxijiHux xapaktepuctuk migcumoBada PIT na 6a3i JIPK 3a0e3neuyerbes 3a paxyHOK
CHCTEMH KepyBaHHS cTpyMamu y KoTymkax nomociB JIPK. Sk mokazano Ha CTpyKTypHii cxemi (IuB.
puc. 9) cuctema Mae KaHaJl KEpyBaHHS 3a KyTOM IOJIOKEHHS POTOPA BiJTHOCHO PO3TOUKH cTaTopa. CHrHai
3 mardvka mojoxeHHs portopa (AIIP) mamxomauts A0 OMOKYy 2, JUIT BU3HAYEHHS CHHXPOHHOI YacTOTH
obepranHs potopa. biok 1 po3paxoBye KyTH YBIMKHEHHsI Ta BUMKHEHHsI JUI KOKHOI (pa3u ABUTYHa 3
potopom, 1o obepraencs (IPK). biiok 3 npoBoanTh NOpiBHAHHS KYTiB YBIMKHEHHS! T4 BUMKHEHHS, SIKi
HaJIXO/ISATh 3 010Ky 1 3 po3paxoBaHUMH Yy Oolli 4 KyTaMu TIOBOPOTY pOTOpa BiTHOCHO KoxkHOT (hasu JIPK.
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VY Omoui 5 BimOyBaeTbcs (hOpMyBaHHS KOMYTALiHHUX iMImyJbciB uisi koxkHOi ¢asu JIPK, a Takox
KOHTPOJIb CHHXPOHHOI YaCTOTH 00EPTaHHS POTOpa 3aJIeKHO BiJl CHTHAITY 3aBJAaHHS.

Cucrema KepyBaHHS BPaXxOBye MOMEHT Ha PYJIbOBOMY KOJIECI Ta MIBHIAKICTH pyXy Tponeiidyca. Lle
JO3BOJIIE TUHAMIYHO MiAJAIITOBYBATUCS TWiA YMOBH pyxy UIsl 3a0e3ledYeHHS MaKCHMalbHOI
e(heKTHBHOCTI eIeKTPONPUBOTY Ta O6e3mexu i KoMpopTy i Jac pyxy Tpoiendyca.

Mod »

JIPK

Puc. 9. CTpykTypHa cxemMa CMCTeMH KepPYBaHHSI eJIeKTPUYHUM NPUBOAOM Yy CKJIAJi CHCTEeMHU
PY/1LOBOI0 KepyBaHHs TpoJieiidyca:
¢ — CUTHAJI 3aBJIaHHS YaCTOTH 00EPTaHHS POTOPA; (,; — MIBUAKICTH TPAHCIIOPTHOTO 3ac00Yy; M,y — MOMEHT
Ha pynpoBoMy Kojeci Bonist; JJPK — nBurys 3 potopom, mo kotutbest; 1P — gaTank momoxeHHs poTopa;
1 — Gy10Kk BU3HAYCHHS KYTiB YBIMKHCHHS Ta BUMKHEHHsI (ha3; 3 — OJIOK MOPIBHSIHHS KyTa TOBOPOTY POTOPA;
2 — ONIOK BH3HAYEHHS YaCTOTH 00epTaHHs poTopa; 4 — OJIOK BU3HAYCHHS KyTa IIOBOPOTY POTOpPA /I KOXKHOT
(asu craropa; 5 — hopmyBay iMIyJIBCIB KOMyTalii U1 KOKHOT (aszu craropa

Crmparounch Ha CTPYKTypHY cxemy (amB. puc. 9) pospobmena Simulink-mozens cuctemu
kepyBanHs (puc. 10). Bxiqaumu mapameTpamMu Mozeni € yactora ooepTanHs BuximHoro Bairy JIPK,
yacTtoTa 00epTaHHS 3aBJaHHS Ta MOMEHT ONOPY Ha PYJILOBOMY KoJieci. MOMEHTH mojadi Kepyrodux
iMITynbCiB Ha KOXHY KoTymiky JIPK perymioroTbes Oj0kamu KyTa BUMKHEHHs nostocy Off angle Ta
KyTa YBIMKHEHHs [OJIFoCy 0N angle.

Mogens (puc. 10) ckiagaeTbcss 3 MIJCHCTEM KOHTPOJID MOMEHTY Ha PYyJIbOBOMY KOJeci
(muB. puc. 11, a), yactotu obepTaHHS BUXIAHOTO Bady (muB. puc. 11, 6) Ta gaT4yMka MOJOKEHHS
poropa (II1P) (muB. puc. 11, g). Kyt MiHiMaipbHOTO MarHiTHOTO 3a30Py BiJTHOCHO KOXKHOTO IIOJIIOCY
JPK pospaxoByerbest y Oioni KTS (muB. puc. 11, ). ITicast goro y Giomi mMod mpuBOIATHCS 10
nianasony 0...360°.

[lincucrema kKoHTpOMIO WacToTH oOepTaHHs (IuB. puc. 11, 6) MOpiBHIOE 3HAYEHHS MHUTTEBOI Ta
3amaHoi wacrotu obOepranHs BuximHoro Baiy JIPK Ta 3a momomororo IlIJ[-perymstopa renepye
KepYIOUHH IMITyJIbC Y BUIJISAI JloTidHOT ouHMI abo Hy:st. [TicucreMa KOHTPOII0 MOMEHTY OMOpY Ha
pPyIb0BOMY KoJieci (auB. puc. 11, @) mpaitoe 3a CX0KUM ITPUHITATIOM.

CurHanu 3 ycix MiJICHCTEM NEPEMHOXYIOTbCS MK co0010 a1 (HOpMYBaHHS Pe3yJbTYIOUOro
KepyIouoro BIUTMBY Ha KOTymku cratopa /IPK.

Jis BU3HAYEHHST MHTTEBUX 3HA4Y€Hb MOMEHTY OIOPY IOBOPOTY KEPOBAHHUX KOJIIC CTBOPEHO
Simulink-monens 300paxkeny Ha pucyHky 12. BXigHumu mapaMmeTpaMu MoOJEN € JTiHIHHA IBUIKICTh
pPyXy Tposeiidyca Ta KyT MOBOPOTY KepoBaHUX Koitic. Mojiens 6a3yeThes Ha piBHSIHHAX (2) — (4)
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omegal

AngleControl

TorqueControl

0

omega_t

H

off angle

on angle

omega_t

sig

off

angle

RotorPositionSensor

angle

Puc. 10. Simulink-monens cuctemu kepyBanHs nincuaoBadeM PII va 6a3i JIPK

PID(z) |~

DriverTorqueTask PID

DriverTorque

Puc. 11. Cknanosi cucremu kepyBanus nigcuinoadem PII na 6a3i JIPK:

AND

sig

scope

2
angle

scope1

PID(z) |

PID

a — TijicucTeMa KOHTPOJII0O MOMEHTY ONOPY Ha PYJIbOBOMY KOJIECi; 6 — ImiZicucTeMa KOHTPOJIIO YacTOTH

obepranHs; 6 — mincucrema JI1P.
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Puc. 12. Simulink-moxens BU3HAYEHHSI MOMEHTY OMOPY MOBOPOTY KEPOBAHUX KOJIiC

OnHUM 3 OCHOBHHUX 3aBIaHb CUCTEMHU PYJIbOBOTO KepyBaHHS 3 miacumoBadeM PII € miaTpuMaHHs
ONTUMAJILHOI'O MOMEHTY OIIOpY Ha PYJIbOBOMY KoOJieCi. 3HAUE€HHS TAKOIO MOMEHTY PErJIaMEHTYIOThCS
BI/IMTOBITHUMH HOPMATHBHUMH akTamu [28]. J{iist iMiTallil BIUIMBY BOJIis Ha MOBOPOT KEPOBAHHMX KOJIC
Ta BH3HAYCHHS MOMEHTY ONOpY Ha py/iboBoMy Kojeci ctBopena Simulink-monens 300pakena Ha
puc. 13. BXigHuMu Bem4uHaMU OJIOKY € KyT ITOBOPOTY KEPOBaHMX KOJIC Ta KyT MIOBOPOTY 3aBIaHHS.
3a orpuMaHor0 TOXHOKOI perymoBaHHs IIIJ[-perynsTop CTBOpIOE KepyrouWii BIDIMB Ha BXOI
CICMCHTY }Z[I/IHaMi‘IHOI‘O HaCHUYCHHA, SIKUM HpI/ISHa‘-ICHI/Iﬁ JJIsL O6M€)KCHH5[ MAaKCHUMAJIBbHOI'O Ta
MIHIMAJIBHOTO MOMEHTIB, IO CTBOPIOE BOJiN TponeiOyca. OTpuUMaHUN KPYTHUH MOMEHT
MMOMHOXXKCHHH Ha TiepemaTrouHe BimHomeHHS PM BH3Hadae Kepyruuid BIUTUB BOiSl Ha IOBOPOT
KEepPOBaHMX KOJicC.

DriverTorque
/
Tdr —»lu A y ol |
Tdmin i » o /
Tdr1

PID(z) e e

rotor_speed

Puc. 13. Simulink-moaen» BU3HAYEHHSI KPYTHOTO MOMEHTY BOJist

3aranpHa iMiTaliifHa MOJIETTh CUCTEMH PYJIBOBOTO KepyBaHHS Tposjeilyca 3 mincummoBadeM PII Ha
6a3i JIPK monana Ha puc. 14.
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Control System RRWRM
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Puc. 14. 3aranpna imiTaniiina MoJeb CHCTeMH PYJIbOBOr0 KepyBaHHSA TpoJieii0yca 3 miacuioBayemM
PII na 6a3i IPK

T S
@
5
=)
4

MogpeJ/iroBaHHs1 po00TH CHCTEMHU PYJIbOBOI0 KePyBaHHS TpoJieiidyca

OtpuMaHa imiTamiifHa MOJeNb PYJIHOBOTO KepyBaHHs (puc. 14) mo3Bomsie BUKOHYBaTH HH(POBI
nociimpkenHs migcwioBadiB PIT Ha 6a3i APK mpu pi3HuX pexxumax poOOTH Ta yMOBax eKcIuTyartarii
PYJIbOBOIO KEpyBaHHS Tpojenodyca.

VY mporeci MomenroBaHHS MPUAHATI Taki NMPUITYIIEHHS: MAarHiTHI cucTeMu KoxHOi ¢asu JPK
1JICHTUYHI, BUXPOBI CTpyMH Ta Tictepe3uc MarHitonpoBoay [IPK He BpaxoByeTbcsi, aKTUBHI OTOpH
KoTymok mointociB JIPK piBHi, B3a€eMHUIA BIUIMB 1HAYKIIH MOJIOCIB MIPH OJHOYACHOMY Y3TO/DKEHOMY
BKIIFOUEHHI KOTYIIIOK CTaropa HE BPaXOBYEThCS, BEIMYMHH KOEQIIIEHTIB KOPCTKOCTI €JIEMEHTIB
MEXaHIYHOI YaCTHHH BBAXKAIOTHCS MOCTIHHUMMU, paialibHe HABAHTAXXCHHS Ta THCK y IIMHAX HE3MiHHI,
B3a€MHA KiHEMAaTHKa TAT Ta IIAPHIPiB PyJILOBOTO KEPYBaHHS Ta MiIBICKM TpojelOyca He BIUIMBAE Ha
NEePEepO3NOIiIT CUJI, HAPYTa )KUBJICHHS €JIEKTPUYHOTO ABUI'YHA HE 3MIHIOETHCS 3 YACOM.

Ha puc. 15 — 19 npuBeneni 4yacosi miarpaMu pe3yiabTaTiB MOJETIOBAHHS CHCTEMH PYJIHOBOTO
KepyBaHHA TposelOyca 3 migcumoBadeM PI1 Ha 6a3i JIPK npu moBopoTi pynboBoOro kKoseca Ha MicIii.
Ilpy 1bOMY HaBaHTaXEHHS Ha KEpPOBaHY BICh NPUHMAETHCA MAaKCHMAJBHO JOIMyCTUMHM IS
tponeiibyca JIA3 E183D1. YactoTa obepTraHHs PYIbOBOIO KOJIeCa HE 3MIHIOETHCS Ta MAa€ 3HAYCHHS
Neo—=1,5 00/c. Hampyra >xuBienHst enextpuunoro asuryHa U,. = 400 B DC. IToBopot kepoBaHHX
KOJIIC Ha MiCIli XapaKTePU3YEThCs CTBOPEHHSIM MaKCHUMAJILHOTO HABAaHTA)KEHHS Ha €JIEMEHTH CUCTEMHU
PYJIBOBOTO KEPYBaHHSI.
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Puc. 15. YacoBi niarpamMu KyTa NOBOPOTY KepOBAaHHX KOJIiC
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Puc. 16. YacoBi niarpaMu MOMEHTY OIOpPY Ha PYJILOBOMY KoJIeci TA MOMEHTY OIOpYy MOBOPOTY

KEepOBaHHUX KoJIic
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Puc. 17. Hacosi giarpamu ejqekrpomardiruoro Mmomenty JIPK ta yacroru od6epranHs BUXiZHOIO BaJIy

poropa JIPK
o A i, A
6 1 1t
4 1 al ]
bl 4
2 5L
0 0
0 02 04 06 08 1 12 L6 0385 059 0595 06 0605 061
Puc. 18. Yacosi giarpamu cTpymy y koryumui nojrwoca JIPK
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Puc. 19. YacoBsi niarpaMu Hanpyru NpuKJIafgeHoi 10 korymkn moJwoca JIPK ta 3aranbHuii cnoxxnBanuii

crpym JIPK
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3a oTpuUMaHUMU pe3yiabTaTaMH MoJeNoBaHHs enekrpomniacumoBava PI1 na 6a3i JIPK BuzHaueHo,
IO TIPH TIOBOPOTI KEPOBAaHUX KOJIC Ha MiCI 3a 3aJaHuX IMOYATKOBMX YMOB a0COJIOTHA MOXHMOKa
KEepyBaHHSA 3a KyTOM ITOBOPOTY KepoBaHHX KoJjiic Ha nepeBunrye 4 = 0,012 paz. [Ipu oMy MomeHT
OIIOpY Ha PYJILOBOMY KOJIECI 3a 3aJlaHMM 3aKOHOM peryiroBaHHs [29] BiamoBinae peKOMEHIOBaHUM
3HaueHHAM [28] ta He mepesuiye M, 4o = 110 H-M. MOMEHT O1IOpYy MOBOPOTY KEPOBAHHX KOJIIC TIPH
pOMY CKITajiae moHan M,, = 6000 H-m. MakcumanbHU# CIIOKUBaHUN CTPYM IPH IMOBOPOTI KEPOBAHUX
3 MAaKCUMaJIbLHUIM MOMEHTOM OIOpY CKIANAE igpx = 24,76 A. CroKUBaHHS €1€KTPUYHOI HOTY>KHOCTI 3
MEpPEexKi IpU IIbOMY HE TiepeBUIIye P = 3,8 kBT.

OnHi€l0 3 HAaWBaXIUBIIIKUX BJIACTUBOCTEH CUCTEMH pPYJIbOBOTO KEpPYyBaHHS, SKa BIUIMBAE Ha
0e3meKy pyxy, € CTIHKICTh 10 AMHAMIYHOI 3MiHM IIBUIKOCTI 0OepTaHHs PyJIbOBOTO Kojieca. ¥ poOoTi
OyJ0 MpOBeEHO MOJIEIIIOBAHHSI CUCTEMH PYJIHOBOTO KEPYBaHHS TPoJieilyca MpH MOBOPOTiI KEPOBAHUX
3a AWHAMIYHOI 3MIHM MIBHIKOCTI OOepTaHHS pyJIhOBOTO Koieca. [Ipm 1pboMy HaBaHTa)KEHHS Ha
KEepOBaHy BICh NMPHUIMAETHCS MaKCHMaIbHO-TomycTuMuM Ut Tponeitdyca JIA3 E183D1. Hampyra
)uBJieHHs enekrpuunoro asuryna U,, = 400 B DC. 3mina mBUIKOCTI 00epTaHHS PyJILOBOIO KoJjieca
mpoxoauTh KoxkHi 0,3 ¢ 3a xapakTepucTukoio Ha puc. 20.
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Puc. 20. Hacosi giarpamMu 3MiHM IIBUAKOCTI 00epTaHHs PYJIbOBOI0 KoJieca Ta KyTa IOBOPOTY KePOBAHUX
KOJIic TpoJieiidyca
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Puc. 21. Yacoi giarpaMu MOMEHTY OIIOPY HA PYJIbOBOMY KoJieci Ta ejieKTpoMarHirHoro momenty JIPK
3a AMHAMIYHOI 3MiHM HIBUAKOCTI 00epTaHHS PYJIbOBOI0 KoJieca

@z, pan/c
04r 1
l’] | 4
. . f.c
0 0.2 04 0.6 0.8 1 1.2

Puc. 22. YacoBa niarpama 4acToTu o0epTaHHs BUXigHOro Bajy poropa JIPK 3a nmaamiuHoi 3mMinu
HIBUJAKOCTi 00epTaHHSA PYJILOBOr0 Kojeca
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3a pe3ynbpTaTaMyd MOJICIIIOBAHHS BU3HAYEHO, IO 3a 3aJaHUX YMOB a0COJIIOTHA MMOXMOKa KepyBaHH:I
3a KyTOM MOBOPOTY KepoBaHuX koiic Ha mepeBuinye A = 0,015 panx. [Ipu mpomy vac mepeximzHoro
MPOIIeCy 3MIHH IIBHIKOCTI oOepTaHHs BHXimHOTO Baiy poropa JIPK y momMeHTH nuHamMidHOl 3MiHH
4acTOTH 0OEpTaHHs PYyJIbOBOrO Kojeca CKIaaac t,,,,. = 0,011 c. Ile xapakTepusye BUCOKI JUHAMIYHI
BJIACTHBOCTI CHCTEMH PYJIBOBOTO KepyBaHHsS TpoieibOyca 3 mifcmmoBadem PII ma 6a3i JIPK. Ilpwu
[IOMY MaKCHUMaJIbHA CII0)KWBaHA TOTY>KHICTh 3 eIEKTPHYHOI MEpeKi 3aTHIIacThes 6e3 3MiH.

BucnoBku. Y po0oTi NpoBeeHO JOCTIHKEHHS CUCTEMHU PYJIbOBOTO KepyBaHHs TpojeiOyca JIA3
E183D1 3 mincmmoauem PIT na 6a3i JIPK. Ha ocHOBi MaTtemaTHyHOi MOJIENi CUCTEMH PYJILOBOTO
KepyBaHHA Ta pPO3pPOONEHWX (YHKIIOHAIBHUX CXEM CTBOPEHO IMITAIliiiHy MOIEIh pPYJIbOBOTO
KepyBaHHs TpoJieiidyca 3 Bukopuctandsm makery Matlab Simulink. Oco6musicTio iMiTariiHoi Moaesi
€ BpaxyBaHHs MacorabapuUTHHUX XapaKTEPUCTHK PyXOMOTO CKJaxy, MapaMeTpiB MiIBICKH KEPOBAaHHX
KOJTiC, IIBUAKOCTI pyXy, BpaxXyBaHHs 3MiHH mapameTpiB mMarHiTHOI cuctemu JIPK ming gac pobotu. s
BpaxyBaHHS HEJIHIHOI MOBENIHKM MAarHiTHOI CHCTEMH Ta OTPHUMAaHHS MOJENi, XapaKTep MpOIIECiB
KO MaKCUMaJlbHO HAOMIKEHWH MO pealbHUX YMOB, €JEKTPOMEXaHiyHi 1 eIeKTPOMAarHiTHi 3B’SI3KU
BU3HAYEHI CEpi€l0 PO3paxyHKIB TMONBOBUX 3aad METOJOM KIHIEBUX eneMeHTiB. OTpumaHi
3aNIeKHOCTI alIPOKCUMOBAHO ycideHUM psgoM Dyp’e, KoedillieHTH TapMOHIK SKOTO iHTEPIIONIbOBaHI
KyOIYHMMU CIUTafHAMH.

3a pesynbTaTaMu iMITAI[ITHOTO MOJECTIOBAHHS MPH MaKCUMAIILHO JIOMyCTUMOMY HaBaHTA)KCHHI Ha
KEepOBaHy BiCb BU3HAYEHO, IO a0COIIOTHA OXMOKA KEPYBaHHS 32 KYTOM ITOBOPOTY KEPOBAHMUX KOJIC
Ha nepeBuinye 4 = 0,015 pax. Yac mepexigHOro mpouecy mpy JUHAMI4HIA 3MiHI YMOB TOBOPOTY
KEPOBaHUX KOJIC CKIaAac i, ,,. = 0,011 c. MakcumanbHuil MOMEHT ONOPY Ha PYJIbOBOMY KOJIECI HE
MepeBuIye 3Ha4eHHI M,, ., = 110 HwM. Ilpy mpoMy MakcumanbHa CHOXHBaHA TOTYXHICTh
TMiCHITIOBaYa He nepeBumrye Pn. = 3,8 xBT.

CtTBopeHa iMiTalliiHa MOJENb JIO3BOJIAE IMPOBOJUTH MOJICITIOBAHHS JUHAMIYHUX TIPOIECIB Y
PYJIBOBOMY KEpYBaHHI, BPaxOBYIOYM HU3KY (DaKTOPIiB, SKI BIUIMBAIOTh HA IMOBEAIHKY CHUCTEMH Ta
JOCITDKYBaTH CUCTEMH PYJIHOBOTO KEPYBaHHS 1HITUX OE3KOIIHHUX TPAHCIIOPTHHX 3aCO0iB.
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SIMULATION OF TROLLEBUS STEERING SYSTEM WITH ELECTRIC POWER
STEERING BASED ON ROLLING ROTOR SWITCHED RELUCTANCE MOTOR

The analysis of power steering which used on modern rolling stock is carried out. Their main
shortcomings are identified. Given the requirements for the steering of trolleybuses, a solution to
increase its efficiency is proposed.

Based on the developed mathematical model and functional diagrams of the trolleybus steering
system with a electric power steering based on rolling rotor switched reluctance motor, a simulation
model of trolleybus steering was created using the Matlab Simulink package. The peculiarity of the
simulation model is taking into account the mass and size characteristics of the rolling stock, the
parameters of the suspension of the steered axle, the impact of the road surface and the speed of the
trolleybus, changes in the parameters of the electric motor magnetic system during operation. The
rolling rotor switched reluctance motor which is offered for use as the electric power steering of the
LAZ E183D1 trolleybus is calculated.

The calculation of the magnetic system of the engine by the finite element method with the
subsequent approximation of the obtained results is carried out. With the help of the developed
simulation model the simulation of the trolleybus steering system with electric power steering based
on rolling rotor switched reluctance motor was performed. Time diagrams of transients in the
trolleybus steering system are obtained and their processing and analysis are carried out.

Keywords: steering, electric power steering, simulation modeling, trolleybus, rolling rotor
switched reluctance motor, magnetomotive force.
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EKCHHEPUMEHTAJIbHI TOCIUKEHHA TENIJIOOBMIHY
IPU OXOJIOPKEHHI BOIU TA KOHAEHCALII ITAPHU B TEIIVIOBO3HHUX
PAJJIATOPHUX CEKIIAX

Kadgheoporo 3anisnuunoco, asmomobinenozo mpancnopmy ma niOUOMHO-MPAHCNOPMHUX MAUUH
CHY im. B. [lana pospobnena enepeo3bepicaioua cucmema OXOJNOONCEHHs Ousels Mmeniogosa 3
BUKOPUCIAHHAM (PaA308ux nepexodie mennonocis. IIpononosana cucmema 0XON00HNCEHHS O00360IAE
RIOMPUMYSAMU NOCMIUHT ONMUMATILHI eMnepamypu 00 €Kmie 0X0N00CEeHHs 8 YMOBAX MEMNePamyp
HaskoIUuuHb020 cepedosuuia £ 40 °C i npu 6y0b-axomy pexcumi pobomu Ouzes.

s mennogo2o po3paxyHky padiamopHOi cexyii, wjo npayioe 6 pexcumi KOHOeHCamopa napu,
PO3podIeHa MameMamuiHa Mooelb npoyecy meniogiooadi 8id napa 00 CMiHOK Ni0CKOL mpyoxKu npu
KOHOeHcayii, Wo 8paxosye eeoMempudti 0coonusocmi nepemuty mpyoxu. Aoexeamuicmes 3a3HaueHoi
MamemMamuiHoi Mooeni nepesipena WiisIXoOM NOPIGHAHHS Pe3yIbmamie MOOeN08aAHHS 3 OMPUMAHUMU
excnepumMenmanbHuMy Oanumu. B xo0i npoeedenns unpodysans sUMIpIOGANUCs memnepamypa 600u
Ha 8ux00i, memnepamypu nogimps Ha 6xo0i i 6uxoodi, i MUcKy nogimps nepeo i 3a padiamopom.
Marouu 3nauennss memnepamypu CmiHKU, MeMnepamypu napu i KOHOEHCamy, 3HAI0YU 3HAYEHHS
sUMpam napu [ eKCnepuMeHmAnbHull Koe@iyicum mennosiooaui, cmac MONCIUBOI) NepesipKa
A0eK8aAMHOCI  MAMEMAMUYHOI  MOOeNi WISIXOM —NODPIGHAHHA — pPe3yIbmamie  MOOeNoS8anuHs 3
OMPUMAHUMYU eKCNEPUMEHMATLHUMU OAHUMU.

Ilpeocmasneni  cxemu  cmeno08o20  0ONAOHAHHA, MemOOuUKa BUNPOOY8anb,  NIAHYBANHS
eKCNnepuUMenmy [ OCHOBHI DO3PAXYHKOBI 3aledHCHOCMI, HeoOXiOHi Ond 8unpoby8anb cepiliHux
paodiamopHux cekyiil menio8o3a 8 CMAHOAPTIMHOMY PeNCUMi pOOOMU i 8 pedicumi KOHOeHCAmopie napu.

Knrouoei cnosa: excnepumenm, cmenooge 001AOHAHHS, pAdiamMoOpHa CceKyis, Koegiyicnm
menaonepeoaui, Koeiyicnm meniogiooau.

Beryn. B yMoBax maJMBHO-CHEPreTHYHO! KpU3H, IO PO3BUBAETHCS Y CBITI, 0cOONMBa yBara Ha
3TI3HUYHOMY TPAHCHOPTI NPHUIUIETECA €KOHOMIUHOCTI JM3€Is Ta HWOro CUCTeM. bararopiuHwuii
JIOCBII CYAHOOYIIBHUX 3aBOJIB JOBIB IepeBary BHUKOPUCTaHHA (a30BHUX MEPEXOJiB TEIUIOHOCIS B
cucremi oxonomxenns (CO) cuioBoi yctaHoBku [1, 2]. BukopucTanHsi BUapoByBaHHs 1 KOHJEHCALi1
OXOJIOJKYIOUOi PIIMHK Y BCiX KOHTYpax JIO3BOJISIE CKOPOTUTH BHTPATY MOTYXHOCTI Ha IUPKYJISIIFO
TEIUIOHOCIS 1 NepeTBOPIOBATH YacCTHHY TEMJIOBOi eHeprii mapa B poOOTy B MapoBHX TypOiHax, L0
niaBuilye 3aranbHui koedinient kopucHoi aii (KK]I) cynHoBOro nBuryHa BHYTPIIIHBOTO 3TOPSIHHS
(AB3) na 5...10% [3] (Bimznaunmo, mo KK/ ausens termoBo3a craHOBUTH BChoro ~40% [4]).
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Panime piBeHb TeXHIKHM HE I03BOJSAB cTBOproBaTH noaiOHI CO mamux rabapuTiB, MPOTE CydacHi
TEXHOJIOT1] BUPIIIAIIHN IF0 IPOOJIEMY, i TPOBITHI CBITOBI BUPOOHUKH 3aI[iKaBJIMCS JAHUM HATIPSIMKOM.
Hampuxiran, kommanis BMW cTBopmita erkoBuid aBTOMOO1IIb, KU Ma€ TOJATKOBY MapoBy TypOiHy,
sIKa BUKOPUCTOBYE (pa3oBi mepexo gy TemIoHocis [5].

AHaJi3 OCTaHHIX AOCHiTKeHb, MOCTAHOBKA NPO0JieMH, MeTa i 3aBJaHHA JOCTiIKeHH.
Kadenporo 3ami3HIYHOr0, aBTOMOOITEHOTO TPAHCIIOPTY Ta MiAiioMHO-TpaHCOpTHIX MammH CHY im.
B. [lanst po3po6iniena eneprosoepiratoua CO au3ens TEIioBo3a 3 BUKOPUCTAHHAM (Da30BUX TIEPEXOIiB
terioHocis [6, 7]. IlpormoHOBaHa cHCTeMa OXOJIOJKEHHS JIO3BOJISE MIiATPUMYBATH TOCTIiHHI
ONTHMAJbHI TeMmepaTypu 00’ ekTiB oxonomkeHHs (Macna auzenst 70...86 °C, HaTyBOYHOTO TOBITPS
60...75 °C, Bomm B copouni amzenst 80..105 °C [8]) B ymoBax TemmepaTyp HaBKOJIUIIHBOTO
cepenopuma = 40 °C i npu Oynb-SKOMY peXUMi poOOTH Tu3ens. 3acTOCYBaHHs MpOIECiB (Ha3oBUX
MEPEXO/IIB JO3BOJSE 3HU3UTH CEPEAHBOPIUHI BUTPATH MOTYKHOCTI Ha IMUPKYISIIIO TETIOHOCIS Ha
37% mnpu CTaHTAPTHUX IMapameTpax BEHTWIATOPIB, IMiJBHIIUTH MaKCHMaJbHY TEIUIOPO3CIIOI0Ty
3MATHICTh paliaTOPHUX CEKILil, Jae MOXIUBICTh 3IIMCHIOBATH HAKONMUYEHHS TEIUIOTH IS
KOPOTKOYAaCHOTO MPOCTOIO TEIUIOBO3a 3 BUMKHEHHM JIN3EIIEM y XOJIOJHUH MepioJl pOKY 3 MOXKIIUBICTIO
MOAJBIIIOTO MTyCKy Am3els 06e3 monepeaHporo nporpipy (Minimym: 1 roamsa npu -30 °C i 3 roguHN
npu 0 °C), mo mpusBene A0 3HAYHOTO 3HIDKEHHS CEpEJHE CKCIUTyaTalliiHOlT BUTpaTH MNaluBa
tertoBo3zom [9, 10, 11].

J1st TeTmoBoro po3paxyHKy pajiaTOpHOI CEeKIlii, 0 MpaIlioe B pekuMi KOHIEHcaTopa mapu, Oyna
po3po0iieHa MaTeMaTH4YHa MOJIENb MPOIlecy TeIUIOBiAaadi BiJl mapa J0 CTIHOK IIOCKOi TPYOKH HpH
KOHJICHCAIIi1, 10 BPaXxOBYE reOMETPHYHI 0COOIMBOCTI NepeTuHy TpyOku [12, 13, 14]. AneKBaTHICTb
3a3HaYeHOI MaTeMaTHJHOi Mojeni Oyne TepeBipeHa eKCIIEPUMEHTAIBHUMH JTOCIIKEHHIMHI
HATYPHOTO 3pa3Ka paaiaTOPHOI CEeKIil TeTI0BO3a.

Merta noCHiKEHHS MOJSTaE y OTPUMaHHI TEIJIOCHEPTeTHYHUX MMOKA3HHUKIB KOHJEHCALlll Mapu B
TpyOKax TEMJIOBO3HHUX paJiaTOPHUX CEKIii Ta MiITBEpAUTH aJEKBAaTHICTh MaTeMaTHYHOTO
MOJICTTIOBAaHHS POOOYHX IMPOIECIB Y TPOEKTHIN CHUCTEMi OXOJODKEHHS 3 ypaxyBaHHIM (a30BUX
MepeXo/IiB TEIJIOHOCIIB. 3aBAaHHs JOCTIHKEHHS — c(hOpMYJIIOBaTH PEKOMEHALli 100 CTBOPECHHS
HOBHX €KOHOMIYHUX CHCTEM OXOJIO/PKEHHSI HOBOCTBOPEHHX 3pa3KiB PyXOMOT'O CKIIaIy.

Marepiaau Ta MeTOOM OCHiI:KeHHA. [ TpoBemeHHS eKCIepHMEHTIB Oyma B3siTa cepiiiHa
pamiatopHa cekuist BC-0,5, sxa Mae maxoBe po3TanryBaHHs TpyOOK i TEOMETPUYHI ITapaMeTpH, MoIaH1
B Tab. 1.

Tabnuysa 1. lapamerpu pagiaTopuoi cekuii Tumy CB-0,5

[ToBepxHs TerI000MiHy, MM: Kpox po3sramnryBaHHS IInactunun
BHUCOTA......... TpyOOK, MM: opeOpeHHsI:
OIMpHHA. . ....... 535 o (QpoHTY....... KPOK, MM.......... 2,3
raubuHa. ....... 152,5 10 TJINOMHI. ... .. 16 TOBII[MHA, MM.... 0,1
187 22 |KUIBKICTB...... 232x2
Po3mip TpyOok, MM 19,5x2,2 |Yucmo pspiB TpyOOK Maca cexiii, kr 24,55
10 TIMOuHI 8
ToBmuHa CTiIHKH TPYOOK, MM KinmpkicTs TpyOOK YcraHoBUa BHCOTAa,
0,55 68 |m 0,686
Kupe neperuH Iuisi npoxoany, [HoBepxus [HoBepxus
M MOBITPS . TEIUIO0OMIHY, 11() TEIUIO0OMiHY, IO
BOIM ............ 0,0662 OMMBAETHCS OMMBAETHCS
0,00132 | moBitpsim, M° 13,1 |pizmuoro,m? 1,35

Jns  mOBUINEHHS TOYHOCTI PE3yJbTaTiB  JOCHIKCHb OyJd MPOBEACHI TEIUIOTEXHIYHI
BUNpoOyBaHHs 00paHOi Boxo-noBiTpsiHOi cekuii BC-0,5, mpu craHmapTHUX A PyXOMOTO CKIIAmy
YMOBaX, Ha yHIBEpPCaJbHOMY TEIUIOTEXHIYHOMY CTEHJIi, cXeMma sSKOTo mnpejacTapicHa Ha puc. 1. Ile
JIO3BOJIMJIO OTPUMATH TIOYATKOBI TETNIOTEXHIYHI XapaKTEPUCTHKH PAiaTOPHOI CEKIIii /ISl TI0AaJbIIOro
X MOPIBHSHHA 3 OTPUMAHUMHU XapaKTEPUCTUKAMU MPH (HA30BUX MEPEX0AAX TEIIOHOCIA.
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Meronuka TPOBEACHHS BUNPOOYBaHb  Y3TOJDKYEThCS 31 CTaHAAPTHUMH  METOJIUKAMH,
3aCTOCOBYBAaHMUMH JUIA BU3HAYCHHS TEIUIOTEXHIYHMX TMapaMeTpiB BOIO-TIOBITPSHUX CeKIii Ha
pyxoMoMy ckmami. ¥ Xojai BUIPOOyBaHb MiITPUMYBANHCSA TOCTiifHA TeMmrepaTypa BOAW Ha BXOIl
(=83 °C) 1 mocTiitHa 00’ eMHa BUTpAaTa BOJIU, BIAMOBIHA BUTPATI BOJU HA TEIIOBO3i:

3
g0 M

Vop =222 1)
c

ne V,, — HeoOXximHa 00’ eMHa BUTpaTa BOIU B CEKIIii, M3/1"OI[;
N, — KIIBKICTh CEKIiH (MIKITIOYEHNX IMapaielbHO), HEOOXITHUX ISl PO3CIIOBAHHS TETUIOTH
rapsiaoro KOHTYpY.

Puc. 1. CxeMa ekcllepIMEHTAJbLHOIO CTEHAY /sl TENJIOTeXHIYHUX BUNIPOOYBaHb pagiaTopis:
1 - pagiatop; 2 - narpy0ok; 3 - nepexigHuk; 4 - TpyOOnpoBi MOBITPS; 5 - BiJLIEHTPOBUIT BEHTUIIATOP; 6
- €JICKTPOJBUTYH; 7 - TpyOOMpPOBi BoAHU; 8 - Oak HarpiBanbhuii; 9 - TEH;
10 - BogsHwmit Hacoc; 11 - BeHTwIb; 12 - MikpomManomeTp; 13 - cermenTHa fiadparma;
14, 23 - repmomerp; 15 - TpyOka moBHOTO THCKY; 16, 22 - GoHKa; 17 - MipHUI 0aK;
18 - repmomertp; 19 - miapparma; 20 - mudpmanometp; 21 - komOiHOBaHU# puna; 24 - MyJIbT
yIIpaBITiHHS

VY Xoai mpoBemeHHs BUNPOOYBaHb BHMIpPIOBAINCS TeMIlepaTypa BOAM Ha BHXO[i, TeMIepaTypu
MOBITPsI Ha BXOJMI 1 BHXOJi, 1 THCK TOBITpA mepe] i 3a pamiaropoM. B mporeci BUNpoOyBaHb
BapilOBaIMCsS MacoBa BUTpaTa MOBITPsl, 1110 JopiBHIOE 2,4, 3,2 1 4,6 Kr / roj, 1m0 BiANOBIIa€ MacoOBIi
IIBHKOCTI TTOBITPSI, 110 IPOXOIHTH depe3 pamiatop 6, 10, 14 kr / (M%c); a Takox BapiroBazacs po6oua
MIOBEPXHS TEI00OMiHY (TOOTO poboua OBKUHA TPYOOK). 3TiHO 31 CBiTYEHHSIMH MaHOMETpPIB OYyiI0
BU3HAYEHO Ti/IpaBIivHUI OMip BHIIPOOYBaHOI pajiaTopHOI cekiii. Buxonsun 3 mepenaHoi KijdbKOCTI
TETUTOTH, 0OYUCITIOBABCs TorapruMidHuiA KoedillieHT Teruionepeaadi 3a popmysoro [15]:

At
K, = —1,163-% T I N D ) ; @
lg = —t

2 te()(ym) 0l — te31

ae AQCP — KUIBKICTh TIepeJaHoi TEIIOTH (CEpeaHe 3a MOKa3HUKaMHU BOAM 1 TIOBITPs1), KKaJ/TOL;
(BipmoBinHO 1,163 — koediLieHT 1110 BpaxoBY€e PO3MipHOCTI);
At_, —nepenan Temneparyp nositps, °C;
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F, — nnoma noBepxHi, 10 0X0M0KYETHCS TTOBITPAM, M2

At — YTOYHEHHH Tiepena reMneparyp Boau, °C;

60(ym)
t.,, — Temmeparypa BOAM Ha BXoJi B paziarop, °C;
t

KoedimienT Temnomnepenadi pagiaTopHOi CeKIii, IO Mpalioe B CTaHAAPTHOMY PEXKUMIi, TaKOXK
o0umcioeThes 3a Gpopmyoro [16]:

. . . o
1 — TeMIIepaTypa MoBiTps Ha BXozi B pagiaTop, °C.

1 o0 F 1
K,y = || — + =4 B |- —2+— |,
meop a F, «
1 cm 1 2 (3)
ne @, —koedimi€eHT TemoBiLayi Bix Boau 10 crinku, Br/(M°K);
&, — xoediLieHT TerIoBiLaYi Bix cTitku 10 mositps, Br/(M°K);
0,, — TOBIIHHA CTIHKU TPYOKH, M;
A, — TeIUIONpoBiaHicTh MaTepiaiy crinku, Br/(MK);
F, — mioma moBepxHi, 10 OXONOIKYETHCS TOBITPSM, M’
2r — Koe]imieHT TEpPMIYHOTO OMOpYy 3a0pyJHEHb BCepelWHi TPYyOKH (30BHILIHSA IMOBEPXHS

pamiatopa Oyia peTeirpbHO OYHINEHA, ajie, OCKUIBKM KOHCTPYKIIiS 3BapeHa, OYWIICHHS BHYTPIIIHBOT
MOBEpXHI TPYOOK 3AifiCHIOBANACsS TPOAYBOM 1 3aJMBAaHHSAM MHIOYMAX 3acO0iB 1 He Moxe Oyth
nepeBipeHa Bi3yanbHO).

KoeoirienT i BU3HAYAIOTHCS BIAMOBIAHO 70 BiIOMHX 3ajexHOCTEH [17]:

0,936 0,4.
NUy,,,,,, = 0,00387 - Re%*36. Pro4; @

NUy,,.e0, = 0,00387 - Re%%%. Pr:*; 5)
ne Re — kpurepiii Petinomnbaca;
Pr —xpurepiit [Ipanarns;

Inmekcu p, n — pijvHa 1 HOBITPS BIAMOBIIHO.

3HaYM TEOPETHYHI KOSPIIIEHTH TSIUIOBIIIaYl 1 eKCIIEPUMEHTAILHUM Koe(DillieHT TerIonepeiayi,
3 piBHgHES (3) OyB oOOuMcieHHMd Koe(illieHT TEepMIYHOTO oOmnopy 3a0pyaHeHb, SKUH Oyne
BUKOPUCTAHUH B OJAJBINIUX €KCTIEPUMEHTAX JUIS MiABUIIEHHS TOYHOCTI PE3yIbTaTiB.

BunpoOyBaHHs pajiiaTopHOT ceKIlii B pexuMi KOHIeHcaTopa fapa MpoBOAMIUCS Ha MOAN(IKOBaHOMY
CTEHJIi [T TeTUIOTEXHIYHUX BUIIPOOYBaHb PajIiaTopiB, CXeMa sSIKOTo ToJaHa Ha puC. 2.

CreHp mpalioe HaCTYIIHUM YMHOM: PIAKHNA TEIUIOHOCIH, SIKUi nepedyBae B HarpiBajJbHOMY Oaky 8
kunuth i BiuimBoM TEH-iB 9 (eMiTyrouu mHpoliecH, 10 BiJOYBalOThCS B CHCTEMI OXOJIOJKCHHS
JIBUTYHA TIPH HOTO POOOTi) 1 MOAAETHCS TIO TEIJI0i30IhOBAaHUX TPYyOOIpOBOJaxX depe3 BeHTHIb 11 B
paniatop 1, ne KOHIEHCYEThCS, MEPeNalyy TEIUIOTY OXOJIOKYIOUOMy HOBITpro. Ejekrpoasuryn 5
MYCKa€ B XiJI BIIEHTPOBHA HACOC 6, SIKMii BCMOKTY€E OXOJIOKYI0oUe MOBITPS 13 30BHI B TpyOOIpoBia 4
yepe3 matpyOOK 2 3 3a/JaHOI0 BHUTPATOIO, SIKa KOHTPOJIOETHCS CErMEHTHOW miadparmoro 13.
Konnencar BigBoguThCs 10 TpyOonpoBoay 7 B MipHYy eMHicTh 17. Ilapa momaeTbes caMOIUIMBOM NPH
HOPMaJIbHOMY THCKY, L0 JI03BOJIsIE BUKOPUCTOBYBATH BiIKPUTHI KOHTYP, 3’ €JHaHUI 3 aTMOc(eporo, i
MEPEeNIKo/KAE BHUHUKHEHHIO BHCOKOTO HAaJUIMIIKOBOTO THCKY, SKE€ TSITHE 3a co00I0 3MiHYy
Temreparypu KumiHas i konaeHcaunii. Kommpecop 10 € nonmomi>kHuM npuctpoeM. MikpomanoMeTp 12
BUMIPIOE TIOKa3HUKH TPYOOK IMOBHOTO THCKY 15 1 103BOislE OOYMCIUTH aepOAMHAMIYHHUI OIip
pamiaropa. KoedimieHT Terionepeadi BU3HAYAEThCS 3TIAHO MEPEAaHO] TEIJIOTH, KA 00YUCITIOETHCS
3a TIOKa3aHHSIMH TepPMOMETPIB 14 i mepeBipsSEThCS OTPUMAHOK MAcOI0 KOHJIGHCATy B MipHIH €MHOCTI
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17. Tlpu mpoBeACHHI EKCIEPHUMEHTY KepoBaHUMH (hakTopamu €: pododa MOBEPXHs TETIOOOMIHY
(To6TO pobOua mOBXKMHA TPYOOK), BHTpaTa mMapH Ta BUTpaTa MOBITPS. 3HAYEHHS IHIMMX (HaKTOpiB
(bopma TpybOoK pamiaTopa, ¢i3MKO-XIMIYHI BIACTHBOCTI TEIDIOHOCIS, TUCK y 0aKy Ta pamiaTopi,
TeMIeparypa noBiTps y NpUMILICHH] TOIO0) OyIyTh NIPUHHATI MOCTIHHUMH.

Koediuient temnoignavi &; i ternonepenayi K € gpynkuismu f (n, d, z, t, Re, 1, A, v, ¢, p); ne n, d,
Z — reOMEeTpHUYHI MmapaMeTpu TpyOoK pamiaTopa; t, Re — mapameTrpu moTokis, 1, A, v, ¢, p — (i3uKO-
XIMIYHI TTapaMeTPpH TEIUIOHOCIIB.

OmauM 3 HaWBaKJIMBIMMX (AKTOPiB, IO BIUIMBAIOTh Ha KOe(iIi€EHT TEIUIoBiMmaui ¢ TIpH

KOHJIIeHcallil, € Temneparypa cTiHkA. OCKUIBKU pajiaTopHa cekiis Mae 68 TpyOOK pO3TalIOBaHUX B
[IaXOBOMY HOPSIIKY, TeMIepaTypa MOBITPs 3MIHIOETHCS MiJ Yac MPOXOHKEHHS HOro depes3 CEKIiio,
0 00yMOBIIIOE HEPIBHICTH TEMITEpATyp CTIHOK TpyOoK. [lomicTHTH YnCIeHHI BUMIpIOBaIbHI TpHIa Il
BITIHO CEKIii He MPeICTaBISIETHCS MOKIIMBUM Uepe3 Malliii KPOK TTACTHH OPEOPEHHSL.

AN w8 9 B .

Puc. 2. Cxema cTeHay VISl TeNJIOTEXHIYHUX BUNPOOYBaHb PaliaTOPHUX CeKUiil MPU KOHAeHcaii
TenJIoOHOCis:
1 - pagiatop; 2 - narpy0ok; 3 - nepexigHuk; 4 - TpyOONpPOBI MOBITPSL; S - BiZILIEHTPOBUI BEHTHIISATOD; 6 -
EJIEKTPOJIBUT'YH; 7 - TpyOOIPOBi /1JIst KOHJeHcaTy; 8 - 6ak HarpiBanbhuit; 9 - TEH; 10 - kommpecop; 11 -
BEHTHJIB; 12 - Mikpomanometp; 13 - cermenTHa aiadparma; 14 - repmomerp;
15 - tpyOka nmoBHOTO THCKY; 16 - yNbT ynpaBiiHHs; 17 - MipHa €MHICTb JIJIs1 KOHJIGHCATY

OOuncneHHs: ycepeJHEHOI TeMIepaTypu CTiHOK TPyOOK MOXJIMBO Ha 0a3i eKCIepHUMEHTabHHX
3Ha4YeHb KoedilieHTa Temonepenadi K, OTpUMaHMX B pe3yibTaTi JOCBiLy. BukopucToByrOUM
dopmyny (5) 3 popmynu (3) MOXKHA OTPUMATH 3HAYCHHS, IICIIS YOr0 OOYUCIIUTH TEMIIEPATypPy CTIHKH
BUKOPHCTOBYIOUM PIBHICTh NHTOMHX TEIUIOBUX NOTOKIB. JlaHi OOYMCICHHS MOMKHAa MPOBECTH
rpadigauM crocobom [18], moOymyBaBmm rpadikd Ha3ycTpid OJUH OJHOMY 1 3HAWUIIOBIIU TOYKY
nepeTrHy, abo (3 OIIBIIOI TOYHICTIO) BUPILIMBIIY TY K 33aJa4y y BUTJIsIII piBHSHB[ 19]:

At — At At

q=(1"—2);q=T2: (6)
7+Zr =
0!1 az

ne A, = (At, ., + AL, 000) | 2 — cepenniii TemneparypHuii nepenan, °C;

Aty =1, L, 5 me t, —cepenns Temneparypa nositps, °C.
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TakuM YMHOM, MarO4M 3HAYCHHS TEMIIEpaTypH CTIHKH, TEMIIEPATypH Mapa i KOHACHCATY, 3HAIOYH
3HAYCHHSI BUTPAT IMapa 1 eKCIEPUMEHTATLHAN KOe(DImiEHT TEIUIOBiAIadil, CTa€ MOKIIMBOIO ITepeBipKa
aZIeKBaTHOCTI MaTeMaTHYHOI MOJIENI MUITXOM TMOPIBHSIHHS PE3YyJIbTAaTiB MOJIEITIOBAHHS 3 OTPUMAHUMH
EKCIICPUMCHTAIBHUMU JIAHUMH.

MartemaTndHe MOJIENIOBAaHHA TIPOIECiB TEIIOOOMIHY TIpH KOHJEHCAIii TpOBOIMIACH 32
JTOTIOMOT'OF0 HaITMCaHOI KOMIT FOTEpHOI MpOorpaMu, sKa IO3BOJIIE OTPUMAaTH 3HAYCHHS KoedillieHTa
TEIUIOB1LAaYi MPH BapitOBaHHI BCiX FOJOBHUX YNHHHKIB:

o = f(n,d,z,tcm,tn,wn,r,/lp,vp,c,pn,pp,tmn); 7)

ne N — BigHOIIEHHS PO3MIpPiB MOMEPEYHOro Mepepi3y TpyOoKu;
d — miamerp Kpyrioi 9acTHHU TPYOKH, M;
Z — JIOBXHWHA TPYOKH, M;
t, 0.t

W, — IIBMKICTb IIapU Ha BXOJ1 B TPyOKY, M/C;

om Uyo Ly — TEMIIEPATYPH CTIHKHM TPYOKH, HapH i (ha30BOro nepexoay BiANOBiIHO,

I — muToma TerioTa Ga3oBoro nepexomny, kK k/Kr;
4, — KoedillieHT TerIonpoBiaHOCTI pianHu, B1/(MK);

¢ — IUTOMA TeIIOEMHICTh pianau, kJ[x/(krK);
P+ P, — WIUIBHICTB IAPH 1 PIAWHHA BiJTIOBIHO, Kr/m®.

B xoxi moxaemtoBaHHS OyIyTh BapifOBaTUCS TPH OCHOBHI YMHHUKH, 3HAUCHHS iHIIUX OYIyTh
MIPUIHATI KOHCTAHTaAMHU:

al = f(z’tcm’wn )’

(8)

nd;t,r4,v,.cp, pP,t,, =const

VY 1bOMY BHUIAJIKy, YMOBH MOJCIIOBAHHS IIPOIECY TEIUIOOOMIHY MOBHICTIO 30iraloThCs 3 YMOBaMH
(Gi3UYHOTO  eKCIEPUMEHTY, IO Ja€ MOXJIHMBICTh 3ICTABUTH  pe3yJbTaTH TEOPETHYHHUX 1
eKCTIEPUMEHTAIIBHUX JIOCITIPKEHb.

BucHorku. [IpencrarieHi METOIMKY €KCIIEPUMEHTAIBHUX JOCIIHKSHb Koe(illieHTa TEeIIoBi iaadi
npyd KOHJeHcallii mapu B TpyOKax TETUIOBO3HHMX paJiaTOPHHUX CEKIii JO3BOJISATH OTPHMATH iX
TEIJIOCHEPTeTUYHI TIOKa3HUKY Ta MiJATBEPANTH aI€KBaTHICTh MATEMAaTUYHOTO MOJICITIOBaHHS POOOYHX
MIPOIIECIB y TPOEKTHIN CHUCTeMI OXOJOKEHHS 3 YpaxyBaHHAM (Pa3oBHX MEPEXO/IiB TEIIOHOCIIB, IO
JO3BOJINTH  C(HOPMYITIOBATH PEKOMEHJAII MIOJO0 CTBOPEHHS HOBHX €KOHOMIYHHX CHCTEM
OXOJIOJDKEHHSI HOBOCTBOPEHHUX 3Pa3KiB PyXOMOT'O CKIIay.
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EXPERIMENTAL STUDIES OF HEAT EXCHANGE DURING WATER COOLING
AND STEAM CONDENSATION IN DEMOVER RADIATOR SECTIONS

The Department of Railwayand Road Transport, lift and care system of Volodymyr Dahl East
Ukrainian National University, an energy-saving cooling system for diesel locomotives using phase
transitions of the coolant has been developed. The proposed cooling system allows to maintain
constant optimal temperatures of cooling objects at ambient temperatures = 40 °C and in any mode of
operation of the diesel engine. For thermal calculation of the radiator section operating in the mode
of the steam condenser, the mathematical model of process of heat transfer from steam to walls of a
flat tube at condensation is developed that considers geometrical features of section of a tube. The
adequacy of this mathematical model is verified by comparing the simulation results with the obtained
experimental data. During the tests, the outlet water temperature, inlet and outlet air temperature, and
air pressure in front of and behind the radiator were measured. Having the values of wall
temperature, steam temperature and condensate, knowing the value of steam consumption and the
experimental heat transfer coefficient, it becomes possible to verify the adequacy of the mathematical
model by comparing the simulation results with the obtained experimental data. Schemes of bench
equipment, test methods, experimental planning and basic calculation dependences required for
testing serial radiator sections of a locomotive in the standard mode of operation and in the mode of
steam condensers are presented.

Keywords: experiment, bench equipment, radiator section, heat transfer coefficient, heat transfer
coefficient.
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YIOCKOHAJIEHHSI MEXAHIYHOI TAJIBMOBOI CHCTEMHA
IHACAXKUPCBKOI'O BAT'OHA

Y pobomi npogedeno komniekc meopemuuHUX HAYKOBUX OOCTIONCEHb, AKUL 00800UmMb, WO 3a
BUKOPUCTNANHS PI3HUX THUNIE 2ATbMOBUX KOJIOOOK Y NACANCUPCHKUX 8A2OHAX OesIKI eJleMeHmuy Munogoi
KOHCMPYKYIi MeXaHiuHOI 2a1bMO0B0I cucmemu HeoOXiOHO MOOepPHIZY8aMm.

Ha ocnosi 2D cxemu-mooeni 6UKOHAHO AHAMIMUYHI PO3PAXYHKU 2AAbMOBOL 8axCiibHOI nepedaui
RACANCUPCHKUX 8A2OHIB. 3a60AKU YbOMY 3ANPONOHOBAHO WAAXU YOOCKOHAAEHHS HAUOLIbUL 8A20MUX
eleMeHmi8 8adCiIbHOI nepedaui y NacaxsCupcbKux 6dA2OHAX 34 YMO8 3ACHOCYBAHHSA KOMNOZUYIIHUX
KO0OOK. Bukonano awnaniz 3ycunv, AKki O0iloms Yy MUnogiii KOHCMPYKYIl 8axciibHoi nepedaui
RACANCUPCHKO20 8A20HA OISl PISHUX MUNi@ KON00OK. 1Iposedeno po3paxyHoxk Ha MiyHICIb GaAMNCIUBUX
eleMeHmi8 MeXaHiuHOI 2anbMO8OI cucmemMu UWIAXOM 3aCMOCYB8AHHS CKIHUEHO-eIeMEeHMHO20 Memoo).

3anpononosano GUKOpPUCMOBYBAMU MOMCIUBOCII npocpamHoz2o komniaekcy Femap Siemens PLM
Software, saxuill 0ae MONCIUBICMb GUKOHAMU ONMUMIAYIIO eNeMEHMI8 MEeXaHiuHol cucmemu
nacasxcupcovkux eazonis. Hasedeno npuxiad mononoeiunoi onmumizayii’ 0esaKux eiemMenmis 2aibMoeol
BAJCIILHOT Nepedadi NacaiCupcbKo2o 8a20HdA.

3a paxyHox YOOCKOHANeHHs efleMeHmi8 MeXAHiuyHOI 2anbmoeoi cucmemu Osi 3ACMOCYBAHHSL
KOMAROZUYITIHUX  KOJIOOOK Y NACANCUPCHKUX 6A2OHAX, 3HAYHO CHPOUYEMBC X KOHCMPYKYIs,
nONe2ULYEMbCSl MeXHIYHe 00CIY208Y8AHHA MA PEMOHM, MAK CAMO 3MEHULYEMbCA 8ded CUCMEMU 8
yinomy ma eapmicmy i 3HAYHO NIOBULYEMBCA PiBeHb Oe3neKU pyxXy Ha 3ANi3HUYHOMY MPAHCROPMI.

Knwuosi cnoea: zanbmosa 6ajiCitbHa nepeoaud, NACANCUPCLKULL BA2OH, 2ANbMOBI KOAOOKU,
MIYHICMb, ONMUMI3AYIs, YOOCKOHANEHHS, CUCTEMA.

Beryn. CTBOpEeHHS CydacHOTO MACaKUPCHKOTO PYXOMOTO CKIIQJy MOBHHHO 3/iMCHIOBATHCS Ha
OCHOBI 1HHOBAIIIMHOTO TIiJIXOAy, TOOTO CTBOPEHHS SIKICHO HOBHUX KOHCTPYKIIIH BaroHiB, sKi
XapaKTepU3yIThCS BUCOKOK HAIHHICTIO, EKOHOMIYHICTIO B €KCILTyaTallii Ta TEXHIYHOMY YTpUMaHHI.

Jns 3a0e3nedeHHs] CBOEYACHHMX II€PEeBE3CHb PYXOMHH CKJIaJ, HapiBHI 3 IHIIMMH TEXHIYHHUMH
3aco0amMH, TIOBWHEH IPAIlOBAaTH OE3BiIMOBHO Ta TrapaHTyBaTh O€3MeKy pyXy OCOOIMBO Iija yac
rajipMyBaHHs. TOMy TalbMOBa CHCTEMa € OJHIEI0 3 OCHOBHHX CKJIQOBHUX YacTHH CYy4acHOTO
PYXOMOTO CKJIJy BiJl PiBHS JOCKOHAJIOCTI KOHCTPYKIIii, €PEKTUBHOCTI, HAAIMHOCTI i OE3BiIMOBHOI
po0OTH SIKMX B 3HAYHIA Mipi 3aJeKUTH Oe3rleka pyxXy TOi3JiB, a TaKoX IMPOIyCKHA Ta TMepeBi3Ha
3MaTHICTh 3aTi3HUIb [1].
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3a ocTaHHI POKU CTaH raJlbMOBOTO 00JaHaHHs pyxoMoro ckiany B AT «YKp3ali3HUL» iCTOTHO
MOTIPIIUBCSA W CTaB CYTTEBHUM MAaKPOEKOHOMIYHHM (DaKTOpOM, SIKHH CTpUMYy€ 301IbIIEHHS OOCSTIB
TepeBe3eHb Ha PeriOHANbHNX (PNTIAX 3aTI3HUI U TiABHIIYE X COOIBapTICTB.

VY cydacHux BaroHax TrajbMoBa BaxineHa mnepemada (I'BII) mpencraBnsie co0oro MexaHiuHY
rajJipMOBY CHCTEMY Yy BHUITIIAI TAr Ta BaKENiB, 3a [JOIOMOIOI SKHUX 3YCWUIL BiA PY4YHOTO,
[THEBMAaTHYHOIO a00 EeJIEeKTPOIIHEBMATUYHOTO TIajbMa IEPENacTbCid Ha TaJlbMOBI KOJIOAKH abo
HaKJIAJKH, SKi IPUTHCKAIOTHCSI IO KOJIiC.

VY Ham vac, HaOynM HIMPOKOTO 3aCTOCYBaHHA (PUKLINHHI KOJNOAKM OBOX THUINIB — YaBYHHI U
KoMmTo3umiiHi. KoMmo3umiliHi TarsMOBi KOJIOIKH MOPIBHSHO 3 YaBYHHUMH OTPUMAIIA 3HAYHO OLTBII
HIMPOKE 3aCTOCYBaHHS, TAaK SIK BOHU MAalOTh OUNbII BUCOKHH KOCQILIEHT TepTs, MEHIIE 3yCHIISL
HATHCKaHHS 1 Kpally 3HOCOCTIHKICTb, ¥ ACKiJIbKa pa3iB 30UIbIICHUNA TEPMiH CITy:KOM, MEHIIY Bary i
BapTICTh, a TAKOXK 320€3MeuyoTh O€3IIyMHE Ta TIaBHE TaIbMyBaHHS MOi3/1a.

MexaHigHa TaJIbMOBA CHCTEMA MACAKUPCHKUX BaroHIiB JI0 SKOI BITHOCATHCS TOPU30OHTAIBHI BasKei
13 3aTsDKKaMH, OCTaHHI MarOTh OTBOPH, AKi JO3BOJSIIOTH 3MiHIOBaTH mepenaroude uucio I'BII. s
YaBYHHHMX T'aJbMOBHX KOJIOZOK IepepaTouyHe uucio Ounpmie 1 enementd I'BII mepenarors 3HaYHO
Oimpmmi 3ycwiisa. A 1e B CBOIO depry 30UIblnye iX Bary Ta BapTicTh U YCKIAMHIOE IX TEXHIYHE
00CIyroByBaHHS Ta PEMOHT.

BcraHoBiieHHST KOMITO3UIIIMHUX KOJIOJIOK Ha MAaca)XHMPChKi BAaTOHU Y SKUX BaXKUIbHA MEpeavya Mae
nepeAaToyHe YUCIIO U YaBYHHHX KOJIOJIOK, MOXKE CIPUYMHUTH SIBUIIA «H03a», YTBOPEHHS IOB3YHIB,
I0 pYHHYIOTh pEMKH Ta PyXOMHH CKIIaJ 1 3arpoXyloTh Oesmeni pyxy. Tak camo CIpPHYHHSIOTH
HETaTHBHI TEMIIEPaTypHi PeXUMHU Ha MOBEPXHI KOYCHHS KOJIC, 10 BUKIHMKAIOTH iX MOIIKO/PKEHHS Y
BUTIIAAI 3CYBIB MeETally, MIKPOTpIIIMH ToOmo. TakuM 4YWHOM, yAocKoHanmeHHS enemeHntiB ['BII
MAaCaXUPCHKOI'O PYXOMOT'O CKJIaay Ul 3aCTOCYBaHHS KOMIO3HMLIHHHUX raJbMOBHUX KOJIOIOK HE TUTBKU
CIPOCTUTH KOHCTPYKIIiIO, MOJIETHINTh TEXHIYHE OOCTYrOBYBaHHS Ta PEMOHT, a IIe I 3MEHIINTD iX Bary
Ta BapTICTh 1 3HAYHO MiJBUIUTH PiBeHb OE3MEKU PYXy Ha 3aTi3HHYHOMY TPAHCIIOPTI.

AHaJi3 ocTaHHIX A0CTiTKeHb i myOaikauniii. [IutanHsam ananizy poOoTH rarbMOBOTO 00JIaTHAHHS
NacaXUPChKUX BaroHiB MPUAUIIOCH JOCTaTHRO yBard B pobotax Oarathox daxiBuis [2], [3]. Tak, y
poboti [4] moBeACHO, L0 TEpedaBaJibHE YHUCIO € OJAHMM 3 OCHOBHUX mnapamerpiB ['BII, ske He
3aNexarh BiJ| THITy BaroHa, IO JO3BOJISIE BUPINIyBaTH 3aBAaHHs yHidikamii. OgHaK CIiJ 3ayBakHTH,
0 TIepefaBalibHe YMCIIo Oe3mocepesHp0 OB’ sa3ane 3 Koediriearom kopucHoi aii (KKJ/) I'BII Barona.
A 1ie, B CBOIO UEPry, € BEIMYMHOI0, IO 3aJIEKHUTh BiJ TaKUX (DAKTOPIB, SIK THUI BaroHa, KOHCTPYKTHUBHI
ocobmmBocti ['BII, mo npu3BoanuTh a0 BTpaTH y3arajdbHEHOCTI mimboBoi QyHkmii. Kpim toro KKJI
I'BII Takosx 3aJeKUTh BiJl €KCIUTyaTallifHUX YMOB TaKUX SK 3MiHa TOBILMHH KOJOJAKH 1 000/1a Kosieca
BHacniok 3Hocy tomio [S]. ocmimkenus I'BIl mpu BuUkOpHCTaHHI YaBYHHHUX 1 KOMIIO3UIIIHHUX
KOJIOJIOK Ha BAaHTOKHUX BaroHax Po3rjIsHyTo y poOoti [6], [7]. ¥V mpari [8] BUKOHAHO MOCIIIKEHHS
3HOCY YaBYHHHMX 1 KOMIO3WIIHHMX KOJIONOK B 3aJI€KHOCTI BiJ KyTa posramryBaHHs Baxeni I'BII.
3rifHo 3 pe3ysibTaTaMH IUX JOCIHIPKeHb, KOMITO3HUIIIMHI KOJIOJAKH MAlOTh CTA0UIbHUN KOoe(illieHT
TEpTS 1 BHCOKY 3HOCOCTIMKICTH B IIMPOKOMY Jiala3oHi INBUAKOCTEH, aje BUKIHMKAIOTh
TEPMOMEXaHIYHI IMOMIKOHKEHHS KOJIIC BHACIIIOK HU3bKOI TEIUIONPOBIAHOCTI [9].

Y pob6orti [10] aBTOpOM BUKOHAHO KOMIDIEKC 3aBJaHb 3 YJOCKOHAICHHS W ONTHMI3allil eleMeHTiB
pyxomoro ckiany. [IpoTe muTaHHS, IO CTOCYIOThCS ONTHUMI3allii eIeMEHTIB MEXaHIYHUX TalbMOBHX
CHCTEM IMaCaKUPCHKOr0 PyXOMOTO CKJIay HE PO3IJIAAIIHCA.

V¥ npaui [11] KoneKTHB aBTOPiB HABOAUTH PE3Y/IbTAaTH HATYPHUX BUIIPOOOBYBAHb, IO JO3BOJISIOTH
BUKOHATH TMOPIBHSUILHY OIIIHKY XapaKTePHCTHUKU MIITHOCTI JESKMX THIIB TallbMOBHUX KOJIOJIOK
BITUM3HSHOTO BUPOOHHWIITBA 3 1X 3aKOpJOHHMMHU aHaJOTaMu, SIKi 3a3BHYail BUKOPUCTOBYIOTH y ['BII
Bi3KiB BaroHiB. JlocmijHi BHIIPOOOBYBaHHS BITYM3HSHHMX TaJbMOBHX KOJIOJOK 31 CIeliadbHUMH
BCTaBKAaMM y TMOPIBHAHHI 3 KOJIOJKAaMH 3aKOPIOHHMX BUPOOHUKIB J03BOJIMIIM BCTAHOBUTH, IO
BUHHUKHEHHS JIeeKTiB eKCIUTyaTallifHOrO XapakTepy IO KOJIy KOYEHHS KOJIC 3HA4YHO 3MEHIITUTHCS.
OpHak HEOOXiIHO 3a3HAYNTH, 110 Y Lil poOOTi MOBa Benacs TUIBKK PO BAHTAKHUN PYXOMHM CKIIa.

Mera i 3aBOaHHS JOCJHiTKeHHA. MeETOI CTarTi € po3pOOJCHHS NPAKTUYHHUX 3aXOJiB 3
YIIOCKOHAJIEHHSI MEXaHIYHOI TalbMOBOT CHCTEMH AaCa)KUPCHKUX BAarOHIB.
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s JocsITHeHHS! BUILE 3a3Ha4€HOI METH HEOOXiTHO BUPILINTHU TaKi 3aBJaHHS:

1. IIpoBecTn aHami3 iCHYyIO4OI MEXaHIYHOI TaJIbMOBOI CHCTEMH IMMAaCaXHPCHKUX BaroHIB 3 METOIO
BHU3HAYCHHS YNHHHKIB, SIKi BIUIMBAIOTH Ha O€3MeKy pyxy.

2. Po3poOHUTH MpaKkTU4HI pEeKOMEHAalii 3 yJOCKOHAJCHHS KOHCTPYKLIi TaJbMOBOI BaXKUIbHOT
nepeaavi MacakKnpPChbKUX BaroHiB 3a PaXyHOK BUKOPHUCTaHHS KOMIUIEKCHOTO MiIXOTy.

3. OnTuMmi3yBaTd €JNEMEHTH MEXaHIYHOI TaJlbMOBOi CHCTEMH IMaCa)XMPCHKUX BaroHIB JUIA
BUKOPUCTaHHS KOMIO3UIIIHUX KOJIOJOK.

Marepiaau Ta MeToau aociaimkeHHs. HuHi HalOUIBII PO3MOBCIODKEHI HA PYyXOMOMY CKJIQJl €
KOMIIO3HIIIHI KOJNIOAKH. B TOpIBHSAHHI 3 YaBYHHHUMH KOJOAKAMH BOHM MAalOTh OIJBII BUCOKHMA
KoeiieHT TepTs, MEHIIE 3yCHIIJIsI HATUCKAHHS 1 Kpally 3HOCOCTIHMKICTb, Y AEKUIbKa pa3iB OlIbIINI
TEPMiH CIIy>KOH, MEHIIly Bary, 3Ha4YHO MEHIITY BapTiCTh, a TAKOX 3a0e3MeuyroTh Oe3IIyMHE Ta TIaBHE
ralbMyBaHHS TMoi37a. 30UThIIEHWIT TEpMiH eKCIUTyaTamii BIUIMBA€ Ha IMOKa3HUKHA TEXHIYHOTO
0o0CIIyroByBaHHs Ta MiABHIIYE EKOHOMiuHICTh. He 3HauHe HATHCHEHHS Ha KOJOAKY JO3BOJISIE
3MEHIIUTH THCK B TaJIbMOBOMY LWJIIHApI Ta 3MEHIIUTH BUTpaTy cTHUcHeHoro moBiTps. Lo y cBoro
Yepry J03BOJISIE CHIPOCTHTH M MOJIETIINTH KOHCTPYKIIIIO TaTbMOBOI CHCTEMH HaCaKUPCHKOTO BaroHa.

3aMiHa THUOY KOJOJOK CHpPUYMHSE HEOOXiHICTh 3MCHIICHHS MEpPeJaTOdYHOr0  4YHCIa
TOPU3OHTANBHUX BaxemNiB. [l 1pOro ciil BUKOHATH TEPECTaBICHHsS INAPHIPHUX BAIWKIB Yy
TOPU30HTAJBHI BaXKEN 1 3aTSHKKY B SKHX NepeadadeHi creriansHi orBopu (puc. 1) [12, 13].

Puc. 1. 2D cxema-moaenn I'BII nacakupcbKoro Barona:
a, 6 — TIedi TOPU30HTAIBHOTO BAXEJIs; 8, 2 — IUICYl BEPTUKAJIHHOI'O BaXKeJIs Bi3Ka,
P;-Pg— 3ycwiuisi, 110 Ii10Th B ejeMenTax; K;-K; — 3yCuiuis, mo nepeaatThCs Bill TaJbMOBUX KOJOIOK Ha KOJECO
BaroHa; P, P, P, — 3yCWIIsi, IO AiOTH BIAMIOBIIHO HA IITOLI TaTEMOBOTO IIMIIIHAPA, 3aTSOKI U T531; o — KYT,
110 ITPOXOJIUTh MIX CEPEIUHOIO KOJIOJIKH i TOPU30HTAIBHOIO BICCIO KoJieca

st nociipkeHHs JouiabHOCTI yaockoHaneHHs ['BIT mpoBeneHa oIlliHKa 3yCuib, IO JIFOTh Yy
BOXUIBHIN Tepe/iadi Maca)KMpChKOTrO BaroHa 3a Pi3HUX THITB TaJbMOBHX KOJIOJIOK, PO3PaxOBaHI Ha
MIIHICTB 32 AOINOMOI0I0 MeTony ckiHueHux eneMeHTiB (MCE) Haif0inbin Baromi enemMeHTH nepeaadi
[14]. BUKOPUCTOBYIOYH MOMIIMBOCTI MPOrPAMHOTO KOMILIEKCY peasli30BaHWN MPHKIIAI ONTHMI3alii
¢dopmu enemenTie 'BII 3a npoTOTUIIOM 3aKOPIOHHUX KOHCTPYKIIIH BiJTIOBITHUX CIIEMEHTIB.

3ycwiuis, o0 OilOTh Ha INTOLI TajJbMOBOrO IMJIIHApPA NMPH IIEBHOMY THI TalbMOBHX KOJIOJIOK
MOJKHA BU3HAYMTH 33 (HOPMYJIOIO:
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P =p—, (1)

ne P’ — THCK y TralbMOBOMY LIMJIIHAPI NpH i-My TuIli Konoaok, MITa;
d — miameTp raneMoOBOrO HMITIHApPA, M, Ul nacaxupcbkoro Barona d = 0,356 .

Bycuis P, (puc. 1), mio i€ Ha 3aTsOKII TOPU3OHTAIBHHAX BAXKEIB 3@ PI3HUX THINB TAIbMOBHX

20p

KOJIOAOK BH3HAYAETHCA AK:

i i
. o a+o

R’op = Pmm 6i ! (2)

ne a', 6' — po3MipH IUled TOPU3OHTAIBLHOTO BasKels MM i-My THII KOJOAOK, M. IIpu THMOBiit

KOHCTPYKIi Bakens 8° =6 =0,260 m, 6" =a" =0,390 #[6].
3ycuiis Ha aBTOPEryJIATopi a0 mocepeHi TOPHU30HTaNbHOro Oanancupa P, po3paxoByeThCs 3a

TaKoio (GOpMyIIO0

) a
P =P —, 3
o wm b| ( )

Benwmunny 3ycns, mo i Ha 3aTsDKIll BEPTUKAIHHIX BaXKETIiB Bi3Ka MOYKHA BU3HAYATH SIK

1 _.6+2

: (4)

Je 6, & — PO3MIPH IIeY BEPTHKAILHOrO Bakens Bizka, M. [Ipuiimaemo ¢=2=0,230n dopmyna
(4) 3MIHUTB CBilf BUTIIA]

P=P. ()

6 12

Topu3oHTAIbHI # BepTHKANBHI BakeNli CKIAJArThCs 3 JBOX YACTMH, TOMy 3ycwuis P, P,
HEOOXITHO 3MEHIIINTH HABIILI.

3a HaBeJIEeHOI METO/I0JIOTIEI0 OTPUMAaHI Pe3yNIbTaTH, SIKi HaBeeHI Ha puc. 2.

Baxeni I'BI1 BunpoOoBytoTh mepeBaxkHy AedopMaliiro 3ruHy, TOMy YMOBa MIiI[HOCTI JUIsl TAKOTO
Bakesist OyJie MaTé BUTIIS

M
[os]2 77 (6)

ne [o;] — momycTEMe HaNpyKEHHS, 110 BUHUKAE y Bakeli npu 3runi, MITa;

M ; — makcuMalIbHUI 3rHHATIBHUM MOMEHT, KH'M;
W — MOMEHT Omopy B HaHOGIIBII HAMPYKEHOMY TIepepisi, M>.

Haii0inpmr HampyxeHMM € Tiepepi3, A€ Baxilb 3’€IHYeTbCS 3 3aTSHKKOI0, TOMI, Ui
TOPH30HTAIBHOTO  BaXKeJsl MaKCHUMaJlbHUH 3TUHAIBLHHA MOMEHT, MOXHA BU3HAYUTH, SIK

MY =0,5P;,,, -a", BiANOBIAHO, IS TOPU3OHTAIBLHOIO GanaHcupa M;5 =0,5Pl6 e (e — meue

Ganancupa, e= 0,590 m ), is BepTUKAIBLHOTO Baxenss M, =0,5P% -6.
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3ycuIIs Ha cepelliHi BEpTUKAIBHOTO
Baxkess, KH

3ycwiuis Ha cepenuHi Oanancupi, kH

3ycuILIs B Cepe/IMHI TOPU30TAIBHOTO
Baxkesst, KH

3ycuiuis Ha BUXO/1i TOPU30HTATBHUX
Ba)keJIiB Baxkeis, KH

3ycuuis Ha 3aTsoKi, kKH

Maxcumanbae 3ycuiutg Ha mrorri 1],
kH

0 20 40 60 80 100 120

B Kommno3uiriiiai Kook M YaByHHI KOJIOIKA

Puc. 2. BeiuunHa 3ycuib B ealemenTax I'BII, mo 3aj1eskxuTh Bix THIIY raabMOBHX

MomeHT onopy HaiOLIbLI HAIPYKEHOTO Mepepi3y, M0 Mae NPIMOKYTHY (GOpMy, 3 OTBOPOM,
BUCOTOIO domeopy i/ BTYJIKY Ta BaJIUK JIOPIBHIOE

3 3
W t(h _domeopy) -
B 6h ’ ()

ne t,h — BiAMOBiHO TOBIIMHA Ta BUCOTA BaXKEJIs, M.

3 popmy (6-7) OTpUMAEMO JIOMYCTHMY BUCOTY BaXKeJisl y BUIIISA/I KyOIYHOTO PiBHSIHHS

3 6M; 3
h* ———h=d
t[ 3] omeopy (8)

Po3B’s3ytoun piBHSAHHS (8) OTpHUMaEMO JAOMYCTHMi 3HAYEHHS! MAKCHMAIBHOI ITUPUHH BaXKeIiB IPU
NEBHUX THUMAX KOJOAOK, MpPH IIbOMY BEJMYMHH TOBLIMHU Ta JiaMeTpa OTBOPY NPHHMAEMO SIK Yy
iCHYI0401 KOHCTpYKLii. OTpuMaHi pe3yIbTaTH PO3paxyHKy 3BOAUMO B Ta0uI. 1.
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Tabauys 1. 3HaYeHHSI AOMYCTUMOT IIMPUHHA BaxKeJs npu Aedopmaiii 3ruHy 15 pi3HUX THIIB
raJIbMOBHUX KOJIOJOK Y Hal0inbII HanpyskeHOMY Nepepisi Baskess, M

. Tun xononok I'BII . o
HaiimenyBanHs - — Pi3nunsg mupunu, %
YaByHHI KOMITO3HLIHHi
I'opu30HTaTBHUN BaXKIITh 0,16 0,138 13,75
["opusoHTANBHUI OanaHCHD 0,19 0,104 45,26
BepTukansHUIA BaXKiJb Bi3Ka 0,12 0,084 30

Jns  mepeBipkm  Ha  MIIHICTh  CHEIATi30BaHUX TiJ KOMITO3WIIIHHI KOJIOAKH  Ba)KeIliB
BUKOPHUCTOBYBABCS IporpaMHuii kommiekc Autodesk Inventor. B skocTi 3ycuinb BUKOPHCTOBYBAJIUCH
3ycriisl obuncieri 3a gopmymnamu 1-5, M0 pPiBHOMIPHO PO3MOJiICHI MO BYIIKY 30HH KOHTAaKTy 3
BaJMKOM. ['paHWYHI yMOBH — IIapHipHE 3aKpilUICHHS B KpaiHIX oTBopax mix Bammku [BIL
Pesynbratn pospaxyHky HaBeaeHi Ha puc. 3. [Ipu po3paxyHKax MakCUMalbHI HampyXeHHS He
TIEPEBUIYIOTH JorryctuMi [15, 16].

Puc. 3. Hanpy»eHHsl, SiKi BHHHKAIOTh Y TOPH30HTAJIBLHOMY BaKeJIi

Po3paxyHOK Ha MILHICTh TOPHU3OHTAIBLHOTO BaXKEJsl Ta 3aTSHKKU OYJIO BUKOHAHO y HPOTPaMHOTO
kommiekci Femap Siemens PLM Software 3 BupimyBauem NX Nastran. [Ipu ominmi MimHOCTI
KOHCTPYKIIT Bakesst 0e3 OTBOPY ITiJi YaBYHHI KOJIOAKU BHUKOPHUCTOBYBAJIMCh CKIHYCHHI €JIEMEHTH
terpaenpaibHoi dopmu (54119 ckinyeHux enemeHtiB, 36021 By3miB, MiHIMambHHWA PO3MIp TpaHi
CKIHYEHOro eneMeHTa — 5 MM). s po3paxyHKy 3aTsHKKH oOpaHa CIIpOIlIeHa CKiHYeHO-€JIEeMEHTHA
MOJie]b Yy BUIJIAAI IUIACTHHHU, sKa CKiamaeTbcs 3 10914 ckiHueHMX eneMeHTiB, 22365 Bya3is,
MiHIMaJTbHUH PO3MIp TPUKYTHHKA CTAaHOBUTH 5 MM. B SKOCTI MaTepily BHKOPHCTOBYBallaCh CTallb
Cr.3, 3 sIKOi epeBakHO BUTOTOBIAIOTECS eneMenTH [ BIL, npuitHATO nOMyIIeHHs Npo i30TPOIHICTh Ta
onmHOpimHiCTE  MaTepiany.  CKiHYEHO-€IEMEHTHa  MOJIENb  HABaHTAXyBaJlach  IOMEPETHBO
PO3paxoBaHUMU 3ycHUIsIMH (Tabj1. 1), IpU 1[bOMY, 3yCUJUIS BBAKAJIKCh PIBHOMIPHO PO3IOIIJICHUMHU
[0 BYIIKY 30HM KOHTAaKTy 3 BaJUKOM, Take NPUKIAJCHHS 3yCHJIb OOyMOBIIEHE NPHUIIPALFOBAHHAM
€JIEMEHTIB JOTUKY. B SKOCTi rpaHMYHUX YMOB BUKOPHCTOBYBAJIOCH IIAPHIPHE 3aKPIIUICHHS B OTBOPAx
i1 Banuky. Pe3ynbrat po3paxyHKy HaBeJeHi Ha puc. 3-4.
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Puc. 4. Pe3yabTaTn po3paxyHKy 3aTSKKH TOPH30HTAJbHUX BasKeJiB Ha MiLHICTh

[opiBHIOIOUM OTpHMaHi MaKcHMallbHI eKBiBaJieHTHI HampyxkeHHs (171 MIla Tta 153 MIla
BIJIIOBITHO ISl TOPU30HTAJILHOTO BaXKENS Ta 3aTSHKKH, HEOOXIJHO BIAMITHTH, IO IIi HANPYKCHHS
JIOKaJbHI BUHUKAIOTh y MiCHAX AOTHKY 3 BIMKOM a00 B 30HAaX IEPEXOAy, CepelHi 3Ha4YeHHs
Halpy>XeHb MalTh MEHIIYy BEJIMYUHY) 3 AOIMYCTMMUMH HamnpyxeHHsmu g cram Cr.3 [6]=0,950,
[16] [6]=190 MIla mosxHa 3pOOUTH BUCHOBKH PO BUKOHAHHS YMOB MIITHOCTI.

Taxi enementu I'BII sik ropu3oHTanbHI Baxesi Ta 3aTsHKKa MarOTh XapakTepHi GopMy Ta po3MipH
XapakTepHi 1 X BUTOTOBISIIOTH 3 NPOKATy INTaMITyBaHHAM. HOBI TeXHOMIOTii pO3KpOIO CTajJeBOro
npokary (IU1a3MoBa, Jia3epHa, Tipoa0pa3vBHA Pi3Ka) JO3BOJISIOTH BUTOTOBIATH €JICMEHTH OUIBII
ckiaaHol KoH(piryparii. 1ls o6craBuHAa 00YMOBIIIOE MOXKIIUBICTh 3MIHM (DOPMH €JIEMEHTIB BaX1JIbHOT
nepeaadi Ta panioHaJIbHOTO PO3KPOIO MPOKATHOTO JIUCTA.

BuKOpHUCTOBYIOUM MOXJIMBOCTI TPOTPaMHOTO KOMIUIEKCY Femap aBTopamMu mpoBeaeHO
TOTIOJIOTIYHY ONTHMI3allil0 BaXkelsh Ta 3aTsDKKU mpu 3abesrnedeHHi ymoB MinHocti. [Ipukmaan
pe3yIbTaTIB pO3B’A3aHHS TAKOI 3a/1a4i HaBeeHi Ha puc. 5 — 6.

Puc. 5. Pe3yapTaT NporpaMHoi TONoJIOTi4YHOT oNTHMi3anii rOPU30HTAILHOTO BasKeIsl IPU 3MEeHIIeHHi
macu Ha 30% BuUKOHaHOrO 3a 1onomororw Femap
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Puc. 6. Pe3yabTaT IporpaMHoi TOMOJIOTiYHOI ONTHMI3aLii 3aTHAKKH TOPH3OHTAIBHIX BaKeIiB
npu 3MeHIeHHi macu Ha 30%

BucHOBKH Ta nepcneKTHBH MOAAIbIINX A0CTiIKeHb. 1. Bukonano aHami3 icHyt0401
MEXaHIYHOi TaJbMOBOi CHCTEMH NAaca)XKHPCHKMX BAaroHIB 3 METOI BH3HAYEHHS YHHHUKIB, fKi
BIUIMBAIOTh Ha Oesmeky pyxy. llpoBemeHo OMmiHKY 3ycwib, IO MiIOTh Y BaXKUIBHIN mepemadi
MAacCaXUPCHKOI'O BaroHa Uil Pi3HUX THUIIB TalbMOBHX KOJOAOK. BCTaHOBIEHO, 110 32 BUKOPUCTAHHS
KOMIIO3UIIHHUX K0J0/10K Y ['BIT 3ycminis, ski it0Th y CKJIQJI0BUX MEHIII HIXK JJIS YaBYHHHX KOJIOJIOK.
Ile mae 3Mory mpoBeCTH YAOCKOHAIIEHHS T€OMETPUYHOI (OPMH EIIEMEHTIB MEXaHidHOi TajIbMOBOI
CHCTEMH 3a iX crenianizauii Ha KOMIIO3ULiHI KOJOIKH.

2. Po3paxoBaHO Ha MIIHICTh HAaWOUIBII Baromi €JIEMEHTH MEXaHIYHOI TalbMOBOi CHUCTEMHU
MacaXHUPChKOro Barona nuisixom BukopuctanHs CEM. Po3paxyHok moka3zaB, MOKIIHBICTh CYTTEBOTO
3MEHIIICHHS [IMPUHU BEPTHKAIBHUX BaxeniB 1 Oamancupa. /[l mepeBipku Ha MIIHICTh
CHemiani30BaHNX IiJ KOMIO3UIIIHI KOJIOJKMA BaKENliB BUKOPHCTOBYBABCS MPOTPAMHHUI KOMILIEKC
Autodesk Inventor. MakcuManbHi €KBiBaJICHTHI HANPY>KEHHSI IPH [IbOMY cKianu onm3bko 180 Mlla,
TOOTO HE TIEPEBUIIYIOTh AOMYCTUMI.

3. 3a paxyHOK yJOCKOHAJCHHS €JIEMEHTIB MEXaHIYHOI rajJbMOBOI CHUCTEMH JUIS 3aCTOCYBaHHSI
KOMITO3UIIIHHUX KOJIOMIOK Yy TAaCRKUPCHKUX BaroHaX, 3HAYHO CIPOILIYETBCS 11X KOHCTPYKILis,
MOJIETIIYETHCS TEXHIYHE 00CITyrOBYBaHHS T4 PEMOHT, TaK CAMO 3MEHLIYETHCS Bara CUCTEMH B LIJIOMY
Ta BapTICTh 1 3HAYHO MiBUIIYETHCS PIBEHD OE3IEKN PyXy Ha 3aJi3HUYHOMY TPaHCIIOPTI.
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THE IMPROVEMENT MECHANICAL BRAKE SYSTEM OF THE PASSENGER CAR

A set of theoretical scientific researches is carried out in the work, which proves that with the use
of different types of brake pads in passenger cars some elements of the typical design of the
mechanical brake system need to be modernized.

Analytical calculations of the brake lever transmission of passenger cars are performed on the
basis of the 2D scheme-model. Due to this, ways to improve the most important elements of lever
transmission in passenger cars under the conditions of composite pads are proposed.

The analysis of the forces acting in the typical design of the lever transmission of a passenger car
for different types of pads is performed. The strength of important elements of the mechanical brake
system is calculated by applying the finite element method.

It is proposed to use the capabilities of the software package Femap Siemens PLM Software, which
allows you to optimize the elements of the mechanical system of passenger cars. An example of
topological optimization of some elements of brake lever transmission of a passenger car is given.

By improving the elements of the mechanical brake system for the use of composite pads in
passenger cars, greatly simplifies their design, facilitates maintenance and repair, also reduces the
weight of the system as a whole and cost and significantly increases the level of traffic safety.

Keywords: brake lever transmission, passenger car, brake pads, strength, optimization,
improvement, syste.
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OLIHKA TA NEPCIIEKTUBHU PO3BUTKY JII®TOBOI'O TOCIIOJAPCTBA
YKPAIHUA

Y cmammi 0ana oyinka cyvwacnomy cmamy MicbKo2o 1ipmoeo2o ocnooapcmed, npogedeHo anaiz
CIMAMUCMUYHUX OQHUX, SKI 81000padcaromv KilbKiCMb Npayioiovux NOHAOHOPMOBO 6i0N0GIOHO 00
BCMAHOBICHUX HOPMAMUBAMU UYACOBUX HOPM Oe3neyHoi excniyamayii ma Henpayowyux nigpmis.
IIposedeno nopieHANbHUL aHANI3 XAPAKMEPUCTUK MUNO0GUX Nihmosux npueodis. 3aznaueno, wo Ha
nIOCMABL NPOBEOCHO20 OOCTIONCEHHS MOJICIUBO 3POOUMU MAKI GUCHOBKU MA HAOAMU PEKOMEHOAYiL.
B ymosax 6r00axcemuozo oegpiyumy opeanizayism, wo obciyeosyroms aighmu HeoOXiOHO camocmitiHo
HaMazamuceb 3HAX0O0UMU KOWmU Ol OHOBAeHHS aD0 MOOepHi3ayii ybo2o 6udy MpaHCnopmy, wo
npuzeede 00 POCMY NPUCKOPEHHS CMPOKI6 GUKOHAHHA meXHiuHux pobim. Hanpuxnao, maxum
Oofcepenom (IHAHCYBAHHA MOXCYMb Oymu npueamui iHeecmuyii. 3a 8i0cymHocmi 00CMAmMHbLO20
Qinancysanns opearizayii 3 00CIY208Y8AHHA MOJNCYMb OMPUMYBAMU HEOOXIOH020 001A0HAHHS
wisxom nizuney. Baowcnusum numanHsm € niOSUWEHHST PISHsL NI020MOGKU Kaopie Osi SKICHO20
mexHiuno20 0bcnyeosysanns nigpmie. Heobxiona noemanna 3amina nigpmis, sKi 8ionpayiosanu ceiil
HOpMAMUGHULL CMPOK eKchiyamayii (6 neputy uepey — ye nigpmu, wo ionpayiosanu nouad 35 poxis,
nomim 25 pokie i m.0.). B ocrosy onoeienux nighmie HeoOXiOHO 3aKiACmMu CYYacCHi IHHOBAYIUHI
mexHonoeli, axki 6 3abe3neuunu emepeo3depedicenHs ma Oyiu O0ONAOHAHI HOGIMHIMU Memooamu
KOHMPOJIO, MOHIMOPUHSY MEeXHIYH020 CcmaHy JRipmosoi cucmemu OUCMAHYIUHO, ye CYMMEGO
RIOBUWUMD PIBEHb AKOCMI MA WBUOKOCTE 00CY208)8AHHSL.

Knrouoei cnosea: nigpmosuii enekmponpuéoo, MeXHIUHUL CMAH JAiMoeo20 20Cn00apcmea,
eHepao36epedicenisl, nepemeoplosay Yacmomu.

Beryn. JlihT Hane:xuth 10 KaTeropii BEpTUKAIBHOTO TUITY TPAHCIOPTY MiIBUILICHOI HEOE3NEeKH, TOMY
ICHy€e HEOOXIJHICTh CBOEYACHOTO Ta KBaIi(pikOBaHOrO OOCIyroByBaHHS Ta PeMOHTY. JlOCHUTh Belvka
YacTHHA LIbOTO BHIY TPAHCIIOPTY Oy/ia BUTOTOBJICHA Ta 3[aHa B €KCIUTyaTallilo IIIe 32 PaJsSHChKI Yacu. 3a
iHpopmariero mxepena [1] maibke 60 % nidTiB BHUepnany CBiM TexHIYHHI pecypc Oe3medHOl
eKCILTyarallii, TAKOXK B HACIIIJIOK HESKICHOIO MOHTa)Ky Ta O0OCIyroBYyBaHHSI BiJICOTOK BiJJMOB TOCTYIIOBO
3poctae. 3rimHo JCTY Ne22011-95- 3aboponsieTbess BUKOpUCTaHHA Ty Oe3 TPOBEACHHS OLHKU
ekcriepra. PiBeHp aucnierdepusarii 3a octaHHi 25 pokiB 3mMeHIMBCs Ha 20 %, B HACHiIOK: OpaKy KOILTIB,
Jedinuty KBati(hikoBaHMX MPAIiBHUKIB Ta BIJICYTHOCTI IOCTATHBOI yBaru JI0 i€l MpoOIeMH.

AHaJji3 ocTaHHIX ToCHiIKeHb i mocTaHoBka mpo6jaemu. JihT € omHUM 3 HAWBaXIIMBILIUX Ta
HAMpO3MOBCIO[KEHUM BHJIOM CYYaCHOTO TPAHCIIOPTY, 3 POCTOM MICT TaKOX 30UIBLIYETHCS HOTO
3HAYEHHS B JKUTTI HacejeHHs. Takuii TpaHCIOPTHUH 3aci0 3abe3neuye KoM(pOPTHE MepecyBaHHS Ta
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TPaHCHOPTYBAaHHS JIIOJEH 1 BaHTaXiB B 0araTomoBepXoBUX OYAMHKaxX, TPOTOBHX IICHTPIB,
MeTponoiiTeri Tomo. OcobnuBo depe3 BiacyTHiCTh NipTiB abo iX HecpaBHHU CTaH BiAYyBArOThH
3HAYHUN JUCKOM(OPT MAIOMOOUTBHI TPYNHM HACEICHHA Taki SIK: JIIOMU TMOXWIOTO BiKy, 1HBaiIH,
0aThKH 3 IUTSYMMH Bi3KaMu TOIIO[2-6].

Bapro 3a3HaunTH, MmO OUTBIICTE iCHYIOUMX B YKpaini mi¢TiB (mpubnam3Ho 86 THC. OMWHUIB) —
Oynu BctanoBineHi me B 1970-1980 poku, TunoBe obnaqHanHs HaBeaeHO B Tadmumi 1[7,8]. 3a nanumu
MiHicTepcTBO PpETIOHAIBHOTO PO3BUTKY OYAIBHUITBA Ta KHUTIOBO-KOMYHAJIBHOTO T'OCHOAApPCTBA
VYkpainu — 6iabm Hik 65 % MiQTIB BXKe eKCIUTyaTyrOThesl ToHa 25 pokiB [2].

Tabnuys 1. Texniuni xapakTepucTuku JudTiB

Ne | TTapamertp MTI'TI-500 MI'TI-408 MTI'TI-500

1| Maxenvamna 75 75 75 100
BHCOTa HlZ[PIOMy, M

2 MakcumaibHa
BHCOTAa  BepxHbOTO | 3,5 3,5 3,5 4.3
NIOBEPXY, M

3 | Maxcmancra 16 16 3-20 24
KUIbKICTb 3YIIMHOK

4 | Wsunciers — pyxy | 4 1,0 1,0 14
Kabinu, m/c

5 | EnexTpoaBuryH JIC-2-91-6/24 111J1 AC 2-91-6/24 111J1 AC 2-92-6/24 111J1

6 | IoryxHicTh, KBT 5,0/1,25 711,25 711,75 10/2,5

7| Hacrora 990/222 | 930/220 930/200 930/200
0o0epTaHHsl, XB-2

8 | Penykrop PI'JI PI'JI-180 PI'JI-180 PI'JI-180

9 | Mixuentposa 160 180 180 180
B1ACTaHb, MM

10 HepeﬂaBanLHe 40 35 47 35
BIJHOIICHHA

11 | Tun rasema Konomuarnit

12| Fansuishit 80-100 100 100 260
moMeHT, H-m

13 | Tun . MI1-201 | MI1-201 MI1-201 MII1-201
CJICKTPOMATHITY

14 | Buyrpimmiii poswip | 980x1120° 1 1,50.1400x2100 | 1200%2200%2100 2200x1200%2100
KaOlHH, MM %2100

Mera i 3aBpanHsa gociuimkeHHsi. OLIHUTH CY4acCHHUH CTaH MiCBKOTO JII()TOBOTO TOCIIOAApPCTBA,
po3poOuTn 3axoau a00 HamaTH PEKOMEHMAIlli MO0  IOKpAlIeHHS HOro TEXHIYHOI'O CTaHy,
JHcneTYepr3allii Ta eHepro30epexeHHs.

Marepiaau Ta Metoam nociaigxenns. Y M. Xapkosi (Ykpaina) MacoBe BCTaHOBJICHHS JTi(TIiB st
HacelsieHHs movanock 1980-1990 poku. 3apa3 B M. XapkoBi Ta 001acTi BCTAHOBJICHO TIOHAJ 12,5 THC.
nidTiB, 3 akux noHax 90 % Bike BigNpalroBaiM CBill HOpMAaTUBHMI CTPOK eKcILTyartauii. AHajoriuHa
curyauisa B Jlyrancekiii obmacti (98 %), Xepconcekiit (95 %), KipoBorpazncekiii (88 %), Uepkacekiit
(80 %). Hatikpamuii B Ykpaini pe3ynbraT jgemMoHcTpye KuiBchka oOmacte (mpubnuzHo 46 %).
3araspHa KUIBKICTh HEMPALIOIYKX Ji(QTIB B YKpaiHi cTaHOBUTH NpHOIM3HO 2,5 % Bif iX 3arajibHOI
kimbkocTi. KinmpkicTh Hemparorounx JidTiB 3aranoM 3poctae depe3 (Ppi3sUdHUN Ta MOpaIbHHNA 3HOC
€JIEMEHTIB, HEJO0CTaTHE (piHAHCYBaHHS, HU3bKUN PIBEHb IUCIETYEPU3allii, BIJACYTHICTH JOCTATHHOI
KUTBKOCTI KBaJTi()IKOBaHUX KaJpiB, BaHIATI3M, KpaJiKKA eJeMeHTiB Jidra i HETOCKOHANICTbH
3aKkoHOJaBuoi Ta HopMaTuBHOI Oasu. B micti XapkoBa wmoxumBo mie jgoxatu, mo KII
«XapkiBMICBKII(PT» 3aliMaeThCs HE JMIIe OOCIYyroByBaHHSM J(TIB, a W EICKTPOMEPEIKOI B
OyIiBJISIX, IO MPHU3BOAUTH 1O TOTIPIICHHS Ta CYTTEBOTO CIIOBUILHEHHS 3aXOJIB CIPSIMOBAaHUX Ha
oOciyroByBaHHs JTiTiB B MicTi [3-5].
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Jipt € HaWOLIBII  eHEPro3aTpaTHUM  E€IEMEHTOM TEXHIYHOIO OCHAUIeHHsS  OyIb-sIKOro
OaratonoBepxoBoro OyauHKy [9]. Lle m0ocuTh cKiTajHa CHCTEMOIO, sIKa CIIOKUBAE SHEPrit0 HE TLUTBKH T
yac pyxy, ajleé HaBiTh B TOH 9ac, KONW JI(TOM HIXTO HE KOPUCTYETHCS 1 BiH 3HAXOAWTHCA B PEXHAMI
HEOOXiTHO: /TSI OCBITITIOBAIBHUX MPWIIAMIB, ISl CHTHANI3AMIKHIX TPUCTPOIB, IS MPUIAIIB 3B 53Ky Ta
CTHIOCTEPEXKEHHS, JUISI CHCTEMH BEHTWIAII] 1 Tak Haji. Y MACYMKY — eKCIDTyarallii KOXKHOTO OKpeMO
B3ATOrO Jipra OOXOMUTHCS MOCHTH JIOPOTO0 A B MacmTabax IiIoi KpaiHW TOMAi0OHA CHEPrOEMHICTh
JQTOBOrO 00JIaTHAHHSI TIEPETBOPIOETHCS HA CIIPABKHICIHBEKY TIPOOJIEMY.

CydacHi TeHIeHII1 3 eHeproeeKTHBHOCTI Ta pecypco30epekeHHs] TUKTYIOTh CBITOBiH Ji(TOBIM
MIPOMHCIIOBOCTI YMOBH, Ki O 3aJOBONBHIIN TMOTpeOu OaraTboxX KpaiH cBiTy. BapTicTh Ta cTpoku
OKYMHOCTI TakKuWX eJIEeKTPOMEXaHIYHMX CHCTEM 3ajJeXaTb BiJl IHTEHCHBHOCTI KOPHCTYBaHHS,
IHIWBIAyaNbHAX MTOTPeO HACEIEHHS Ta KOMIUIEKTAIIIi.

IlinpaxoBano, mo eHepro3oepirarodi JiQTH JO3BOJISIOTE CKOHOMHTH Ha ellekTpoeHeprii Bix 20 mo
60% sutpat. KoHkpeTHi naHi 3ajeaTh BiJ TUIY, MOJAETI TEXHOJOT1YHOTO YCTpO. SIK 3a3Ha4YeHO B
[10], mocsraeThcst €KOHOMIS 3a PAaxyHOK 3aCTOCYBaHHS B KOHCTPYKIii JTIB Oe3peryKTOPHUX
MIPHUBOJIIB, YaCTOTHUX MEPETBOPIOBAYIB, CHIIOBHX JIiHIH, 3aTI001KHAKIB O17IbIII HU3BKO1 TIOTY>KHOCTI.

TakoX BaXXJTHMBOIO CKJIAJIOBOI0 €HEPro30epeKeHHsI € OCHAIICHHS MiZHOMHOI MAIllMHK HPHCTPOSMHU
perenepanii. Ix ¢pyHkuionyBanns rapantye 10 20% exoHoMii enextpoeHeprii. ITpaioe cuctemMa TakuM
YHHOM: IO BUBUIGHAETHCS B MOMEHT TalbMyBaHHSA JII(PTOBOI KaOiHU €HEpris, 3aBISKH Oe3peayKTOPHOMY
NPUBOJY, TIEPETBOPIOETHCSI B €JEKTpHUYHME cTpyM. OCTaHHI BHKOPHUCTOBYETHCS JUIS YKHUBIICHHS
nigiiomMHol cuctemu. ecodiskPsin BupoOHUKIB JidTOBOrO 001a1HAHHS BUKOPUCTOBYIOTh B IUIAX €KOHOMIT
TaKOX JBepl 3 CHHXPOHHHM MAarHiTHUM JBHTYHOM, BHCOKOS(EKTWBHI IDIaHeTapHI pemykropwu. Kpim
IIBOTO, CyYacHi IiJfOMHI MAIIIHA OCHAIIYIOTBCS IHTENEKTYabHIMH CHCTeMaMd KOHTpoiro. OcTaHHI
JIO3BOJISIIOTH aBTOMATHUYHO BiIKIIOYATH TPUBIJ MiJl Yac Tak 3BaHOTO pOOOYOro MpocToro KabiHW (Koyiu
QT 09 TMEepeBe3cHHS MacaKUpiB a00 BaHTaXIB HE BUKOPUCTOBYETHCS). CHUCTEMU KOHTPOIIIO
3a0e3MedyoTh TPH  HEOOXiMHOCTI 1 MaKCUMAaNbHO WIBMAKANA TIOYaTOK pOOOTH OONaHAHHS —
eHepro30epirarodi JTi)TH 3aITyCKAIOTHCS MPOTITOM JEKIIBKOX ceKyHII. [IpoOHuMiT MK poOOTH TIpH LILOMY
HE TpPOBOAUTHCA. JlesKi pO3POOHUKH OCHAIYIOTh J(TOBE OO0MagHAHHS CHEIAIbHAM PEryJsTOPOM
MIBAAKOCTI, SKUI BINMOBIA€ 3a KWBJICHHS OJHOIIBHIIKICHOTO JBUTYHA TOIIOBHOTO MPHUBOMY (JICOiIKH).
INoniOHuiA 3aXi AOMOMOXKE 3HU3UTH CIIOKHBAHHS €JIEKTPUKH PUOIN3HO Ha 34%.

OcHOBHa TiepeBara eHepro30epiratourx TEXHOJIOTIH B CEKTOPI JIiPTOBOTO cepBicy 3po3ymino. OfHaK im
BIPOBA/KEHHS TAaKMX HE 00OMexyeThcs. EHepro3oepirarodi TeXHOIOTIT B Mi()Tax MalOTh PsJ] TaK 3BAaHUX
«mo0iyHux» nepesar. Cy4acHi epeTBOpIOBadl YaCTOTH 3a0€3eUyIOTh IUIaBHICTh MEPEXiTHNX MPOLECIB B
cknaHii siproBoi Mexaimi. lle, B cBOrO uepry, mpaifoe Ha 30UIBIIEHHSI €KCIUTYaTalliifHOTO CTPOKY
CITy’)kOM OKpeMHX MeXaHi3MiB 1 By3MTiB. B KiHIIEBOMY TMiJICYMKy 3aCTOCYBaHHS CHEpProz0epiraroumx
TEXHOJIOTi}l 3HIDKYE BUTpAaTH Ha TEXHIYHE OOCIYroBYBaHHS MiqiHoMHUX cucteM. Edekr orpuMaB Ha3By
«IOBIMHHUI EKOHOMITY.

JlihToBi enemMeHTH (PEAyKTOpH, €JICKTPOJBHMIYHH, KaHAaTH, TajbMa 1 KaHATOBEIYYHX IIKIBH),
paHimre notpedyBanu 3aMiHH pa3 B AecaTh abo I’sATh (3aJeKHO BiJl MOJETi) POKiB, ChOTOJTHI MOXYTh
cyutd BTpH4i jomre. ONHOIBHIKICHI IBUTYHH, Ha BiIMiHy BiJI CBOIX JIBOIIBHJIKiCHUX
MOTIEPEIHNKIB, MAIOTh MEHIITy Bary, po3mip, BapTicTb. Kpim Toro, o0iagHanHs BiAPI3HAETHCS iICTOTHO
OINBIIOI0 TJIABHICTIO PO3rOHY-TAJIbMyBaHHS KaOiHM. Y NPakTUYHOMY MNPHU3HAYEHOMY ISt
KOPHCTYyBaua acIleKTi 1€ JO3BOJISE TMiABUIIUTH KOM(OPTHICTH JTihTa 32 paXyHOK 3HIKEHHS ITyMOBHUX i
BiOpamiiHuX edekTiB. Maca JeOigku MiJHOMHOT MaIlMHU 3HAYHO 3MEHIINYEThCS 3a PaxXyHOK
BiJICYTHOCTI MaxOBUKa. Y JBa-TPU pa3d €KOHOMUTH €HEPIilo JJO3BOJISIE 3HIKCHHS ITyCKOBUX CTPYMIB
neuryHa. OcTaHHif 3a paxXyHOK LIbOTO MEHIIE HArpiBaeThCs, TOBILE 3HOLIYETHCS.

3aBOSKM CydyaCHHMM IE€PETBOPIOBaYaM YaCTOTH JOCSTAETHCS IUIABHICTH MEPEXiJHUX MPOILECiB B
TMiTOBIN MeXaHilli, 10 B CBOIO Yepry CHpusie 30UTHIIEHHIO TEPMiHY €KCIDTyaTallii OKPEMHUX BY3JIOBHX
eleMeHTiB 1 MexaHi3MmiB. Lle Beae 10 3HWKEHHS BHUTpPAaT Ha TexXHi4HE OOCIyroByBaHHs. Tak, B
nidpToBOMY OOJIaAHAHHI €IEMEHTH, sIKi paHilie noTpioHo Oyno 3aMiHIOBATH pa3 B M'SITh-AECATH POKIB,
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B CYYacHHX MOJENIAX MOXYTh MPOCIYKUTH A0 IBAALSATH M'STH POKiB (MOBa A€ Mpo peAyKTopax,
€JIeKTPOIBUTYHI, KaHATaX, TAIbMax 1 KAHATOTSTOBOMY IIKiBi).

OnHOMIBHAKICHUI ENeKTPOJBUTYH, Ha BIAMIHY BiJl CBOTO TONEPEJHUKA - IBOXIIBHAKICHOTO
EIIEKTPUYHOTO IBUTYHA, HE TUTbKH Mae MEHII PO3MIpH 1 Bary, aje i KOITye 3Ha4HO jaeesiie. Jlo Toro x,
Take OONaTHAHHS BIiIPI3HAETHCS OLTBINOIO TUIABHICTIO PO3TOHY 1 TalbMyBaHHS KaOiHM, a 1€ O3HAa4ae
MEHIIIe IITyMOBHX e(EeKTiB i BiOpaIliif, 10 B IIJIOMY pOOHTH MOi3AKY B JiTi OLTBIIT KOM(BOPTHOIO.

UYepes BiACYTHICTP MaxOBHKa 3HAYHO 3MEHINYETHCA Maca JiToBOi JieOinKku. 3HMKEHHS IMyCKOBHX
CTPYyMiB B JIBUT'YHI B JIBa-TPU pa3u €KOHOMHTH EIEKTPOCHEPTIIO MPH MYCKY KaOiHH 1 CIIpusie 3HUKEHHIO
TEeMITepaTypy HarpiBy JBHUTYHA, IO B CBOIO Yepry MiIBHIIy€e HOTO pecypc podoTh. | B pesymbTari, xoua
iHa Ha eHepro30epiraroyi JiTH TPOXHU BHIIIE, HIK Ha «3BHYAiHI», IX TEPMiH OKYITHOCTI 3HAYHO MEHIIIC.
Ale TONOBHE, KpiM BHUILEONHCAHUX JOCTOIHCTB Taki J(TH HEe MPOCTO €KOHOMIISITH €HEprito, a me U
TIOBEPTAIOTH ii B CHCTEMY eHepro30epexeHHs Oy/miBii, SK Ie oka3ano B [11,12]

SlckpaBum mukimagoM A Ykpainu € mipr GeN2.Knmacwmdaae BepxHE PO3TAIIyBaHHS MAIIFHHOTO
NPUMIILEHHS 103BOJIse po3MiltyBaty it GeN2 Premier B cTaHIapTHUX IIAxTaxX, TPAAULIHHMUX IS
BITYM3HAHOTO PUHKY. Takmit croci® 103BOINISIE €KOHOMHWTH TPOCTIP IIAXTH 1 BMICTUTH KaOiHy BEIHMKOI
MICTKOCTI B MaJICHbKY IIaXTy. 3aBISKH 3aCTOCYBAaHHIO APMOBAHUX CTAJICBUMH KaHATAMH HOJIypETaHOBHX
pEMEHIB, KOHCTPYKIIist J1eOiiKM 3aiiMae BABIYI MEHIIE TUIONII B MOPIBHSHHI 31 3BUYAHHOI0 PEIyKTOPHOIO
ne6inku. Jlebinka BCTBHOBJIEHA HA TYMOBHX 130JTIOIOUMX MPOKJIaJKaX MaJOIIyMHa Oe3peayKTopHa J1ebiaka
3HIKYE BiOparlii i MiHIMI3ye piBeHb ITyMy B IPUIIETIIAX TPUMIIICHHSX., [0 HaBeaeHo B [12,13]

[NoniyperaHoBi TAroBi peMeHi 1 0e3peayKTOpHa JieOiKa 3 TePMETHYHO 3aKPUTHMU ITiAIMITHUKAMH HE
BUMAratloTh MacTHja, [0 3a0pYIHIOE€ HABKOJIMIIHE CEPEOBHIIE. 3aCTOCYBaHHS THYYKHX apMOBAaHHX
MOTiypeTaHOBMX PEMEHIB 3aMiCTh 3BHYAMHMX CTalleBHX KaHATIB 3a0e3ledye IUIaBHE 1 Oe3lrymHe
niepemirieHHs ka0iau midra. [lnocki momiyperanosi pemeri GeN2 PREMIER mportecroBani Ha 120 MuH.
[ukiB 6e3nepediiiHol podoTH.

Cucrema PULSE mocTifiHO BUMIpIOE €JIEKTPUYHMI OIIp CTAIEBUX KAHATHUKOB (CEpACYHHKIB), IO
3HAXOJATHCS BCEPENWHI TOJiypEeTaHOBOrO peMeHs. SIKIo KaHaTWKW 1O Tik abo iHmH mpuywHi
NOYMHAIOTH PYWHYBATHUCS, 1X OIip 3MiHIOEThCs. Lle 03Havae, 1110 mopa CTaBUTH HOBHI peMiHsb. [11]

3amaTeHTOBaHa CHUCTEMa €BaKyallil, IO TMpaIoe BiJ aKyMyJSITOpHOi Oarapei, 3 eIeKTPOHHHM
KOHTPOJIEM IIBUIIKOCTI PyXy KaOiHH, 3a0e3rneduye Oe3redHy eBaKyallio 3acCTpATNX B KaOiHi acakupiB B
pasi BigkimodeHHs enektpoeHeprii. Emextponna cucrema PULSETM 3pilicHIO€ KOHTPOJIb HAJI CTaHOM i
IUTICHICTIO CTaJICBMX KAaHATIB MOJIypEeTaHOBOrO peMeHs 24 rojuHd Ha 00y 7 IHIB Ha THKICHB,
3a3/1aJIeri b TTOTIepeKA0YH PO HEOOX1THICTH 3aMiHHA pEMEHIB

Slk 3a3HavaeThes B [14] kommakTHa Ge3penykTopHa Jiebinaka 3 eHepro3oepiratounm npuBogoM ReGen
JIO3BOJISIE €KOHOMHTH 10 75% eneKTpoeHeprii B MOPIBHAHHI 31 3BMYAWHOIO JII(TOBOI cHUCTEMOIO Oe3
pereHepaTUBHOrO NprBoAY. HoBe CBITIOMIONHE OCBITICHHS, MPOIIOHOBAHE SIK CTAHAAPTHE JIs JIi(hTOBUX
cucteM GEN2 PREMIER, ckopouye cnoskuBaHHsI eHeprii i ciykuTb 10 10 pasiB 1oBIue, HiX 3BUYaiHI
JIFOMIHECLICHTHI JIaMIIHM. PeHMM aBTOMAaTHYHOrO BIIKJIFOUCHHS, B pa3i BIJCYTHOCTI BUKJIMKIB Ha JIQT,
pobuTh cBiTIOMIONHE OCBiTIeHHS 10 80% OLIbII €EeKTHBHUM B MIOPIBHSHHI 3 TPAAUIIHHIM.

VY nidrax Otis GeN2 BHUKOPHUCTOBYEThCS peKynepauiiHux npusig ReGen. 3a nomomororo cuiioBoi
EJIEKTPOHIKM BHUPOOJIEHA JBUTYHOM EIIEKTPOSHEpris HaOyBa€ CTaHIApTHI Hampyra i 4Yacroty i
TIOBEPTAEThCSl B ENIEKTPUYHY Mepexy Oymimi. [Ipo pekynepamiiHux pexumi jniTa MOBIIOMISIOTH
IHIMKATOPH B KaOiHi.

ITpuBon ReGen Perenepye enepriro i mocrauae YMCTOIO SHEPTIEIO 1HIII cUucTeMH Oy B, poossTan it
Gen2 Flex Ha 75% Oinbin exoHOMiYHMM 1 Ha 40% MEHIIIE €HEPrOBUTPATHUM, HIXK HEPEreHEepaTUBHOTO
cucteMd 0Oe3  MAIIMHHOTO  MpuMilleHHA.  JIOBroBiuHe  CBITJIOJIOAHE  OCBITJICHHS  3HIKYE
€HEProCHOKUBAHHS 1 CIy>kuTb B 10 pa3iB AoBIIe, HIX 3BUYAiHI yopectueHTHi Jammu. CIUITIUi pexkum
Komu it He BHKOPHCTOBYETHCS, OCBITJIICHHS 1 BEHTWISTOPH BiAKIIOYAIOTHCSH, 1 3allyCKarOThCS
HATHCKaHHIM KHOTNKH BHUKIHKY. CIUISTYMH pexuM pOOWTH CBITIIONIOMHE OCBITIICHHS Ha 75% Oumbin
EKOHOMIYHHM, HDK 3BH4YaiiHi cucteMu. be3 HeoOximHocTi mactuna Jlebigka i momiypeTaHoOBi apMoBaHi
pemeHi midgra Gen2 He BUMararoTh JJOAATKOBOTO 3MAIIISHHS, 10 11030aBIIs€ Bifl HEOOXiHOCTI 30epiraHHs,
JICaKTUBALIT Ta yThmizalii HeOe3rneuHux BinxomiB. Hu3pkoBoIBTHI JaHItory yrpaeainas Ls cranmapTaa
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KOHCTPYKTHBHA OCOOJIMBICTH 3HIKYE TIOTYKHICTb, CIIO’KHUBaHy B PEKHMi OUiKyBaHHs, Ha 50 BiICOTKIB B
TTOPIBHSHHI 3BUYAHIMH MaIlTHHAMH, 1 3aXHIIIa€ ITIepCOHal B mporieci mposeaeHus TO.

3a ocTaHHI POKH /IS TIOKpaIIeHHsT poboTy JidTiB movyanmm neperBoproBadi yactotu (I14) HabyBae Bce
Oubiry TOmyJISIpHICTh. JlipTOBa Tanmy3p Takok mepedHsuia mo TeHzaeHIro. [TU 3abe3nedye ruaBHICTH
X0y, 3MEHIIIy€ ITyCKOBI CTPyMH Ta IUIABHICTh MEPEXiTHUX TPOIECiB, Tpadiku HaBEICHI HA PUCYHKY 1
(mpuckopeHHsT ab0 TaJbMyBaHHS MaibKe HE BiIUyBarOTHCH), 1€ TaKOXX MO3WTHBHO BIUTMBAE€ HA 3HOC
€JIEMEHTIB KiIHEeMaTUYHUX JIAHOK CHUCTEMH, ITi/IBUIILY€E HAMIHHICTh Ta JOBTOBIYHICTh BUKOPUCTAHHS Ji(Ta,
HIBEJIFOE yIapHI MOMEHTI (SIKi BHHHKAIOTh B JIBOIIBH/IKICHUX €JICKTPOIPHBOIAX TPH MEPEXO/Ii Ha 3HIDKCHY
MIBAAKICTH PyXy). BUKOpHCTaHHS TaKOTO THITY KEPYBaHHS IMiABUIILYE KOM(POPTHICTH JUIS TTACAKHPIB.

OnHOM 3 HAMBAKHINIMX MEPEeBar YaCTOTHOTO KEPYBAaHHS Y TIOPIBHSAHHI 3 KIIACHYHUMHU CHCTEMaMH
KEepyBaHHA € HOro eKOHOMi4HICTh. BHKOpUCTaHHS MepeTBOpIOBada 4YacTOTH B JiTOBIM ramysi
JTO3BOJISIE 3MEHIIIUTH BUTPATH eneKTpudHoi eneprii Ha 40-60 %, e qocaraeTbesi 3SHKEHHSIM MOMEHTY
iHepmii 71e0iKM TOIOBHOTO MPHUBOMY JiTa, 32 paXyHOK BHIAIIEHHS MaXOBHKAa 3 BEAy4YOrO Baly.
ITepeTBOproBaY 4acCTOTH MTO3BOJISIE BUKOPUCTOBYBATH OIHOIIBHAKICHI acMHXpoHHI ABuryHu (AJl) 3
KOPOTKO3aMKHEHHM POTOPOM, BOHHM MAalOTh MEHIN rabapuTH Ta Bary, a MaxOBUHl MOMEHT TaKHX
JIBUTYHIB 3HAYHO MEHIIUI HXX aHAJOTI4HI ABOIIBUAKICHI IBUTYHU. [{aHHI MOCTIMKEHHS MepexiTHmx
npoleciB nokasasi Ha puc.1[15-17].
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Puc. 1. IlepexinHi npouecu B ejieKTponpuBoi JigTa npu migiiomi Ha 0AUH NOBepPX 3 ABOMIBUAKICHUM
HeperyJb0BaHUM () i 4acTOTHO-KepoBaHUM (0) eJleKTPONpPUBOAOM [9)]

Yacrtka pyxy JiTOBOT KaOiHM Ha MIBUIKOCTI JOTATYBAHHS JI0 PIBHS TOYHOI 3yITUHKH JOCUTh HE BEJIUKA
1 TOMy iCHYe HEOOXiJHICTh peali3yBaTH TOYHY 3yNUHKY KaOiHU Iira Oe3 3alydeHHs YacTOTHOIO
NIEPETBOPIOBAYA, 3 3aKJIaICHUMH XapaKTepPUCTHKaMH KOM(MOPTHOCTI, HAAIHHOCTI Ta BiZICYyTHOCTI yIapHOTO
MOMEHTY Ta 3 BUKOPHCTaHHAM OJJHOIIBHAKICHOTO aCHHXPOHHOT'O JIBUT'YHA 3 KOPOTKO3aAMKHEHHM POTOPOM.

Cucrema KepyBaHHS Ji(Ta 3 IEPETBOPIOBAYEM HYAaCTOTH 3JaTHAa TOYHO BHKOHYBAaTH Ta
JOTPUMYBATHUCh 3aKJIaICHUX aJrOPUTMIB PyXy, IPUCKOPEHHS Ta TOYHOI 3yIIMHKH KaOiHM Ha MoBepci, B
MeKax JomycTuMoi moxuoku. Ilpu Tpaanuiiiaux 3acobax mpolec peaizyeThesl HUITXOM IEePEeXoay Ha
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3HIKCHY IIBUJAKICTH IBHUTYHA, 3 SIKOIO KabiHa AODKIKAE N0 NaTyvka TouHoi 3ynmuHku. Came ais
peatizamii To9HO{ 3yTUHKY B Ji()TOBIH rary3i BUKOPHUCTOBYIOTH IBOMIBUIKICHI JBUTYHH.

Biamosa Bix macoBoro BcranoBiieHHs [IY Ha XWTIOBI ciopyan OOTpyHTOBaHa HOTO BapTiCTIO Ta
BEJIMKUM CTPOKOM OKYHHOCTI (III0 3aJeXKUTh BiJl BAHTAXOIIJHOMHOCTI Ta IHTCHCHBHOCTI
KOPHCTYBAaHHSA), SIKUH MOKE KOJIHBATHUCH Bif 3 10 8 pokiB [9].

OnHIM 3 MOYUTMBHX PillIeHbB, IO OJHOYACHO OXOILTIOE BCl BHINEHABEICHI MOTPEOH Ta € EKOHOMIYHO
OOTPYHTOBaHMM, € BHKOPHCTaHHS 3aMiCTh JIBOLIBHJIKICHOTO HEpETYJILOBAHOTO E€JICKTPONPHUBOAY —
OJJHOUIBU/IKICHUIT aCHHXPOHHHU JBUTYH 3 KOPOTKO3aMKHEHHMM POTOPOM 32 PaXyHOK BHUKOPHUCTAHHS
KEPOBAHOTO IMHAMIYHOTO TaJIbMyBaHHSL.

BucnoBku. Ha mincTaBi mpoBeaeHOT0 JOCTIHKEHHS MOYHA 3pOOHMTH Taki BUCHOBKM Ta HaJaTH
pEKOMEH Al

1. B ymoBax OmwmxeTHOro AedilUTy OprafizamisM, OO0 OOCITyroByIOTh TI(TH HEOOXiTHO
CaMOCTIHHO HaMaraTuCh 3HAaXOQUTH KOINTH [UJII OHOBIEGHHS a00 MOIEpHi3allii IbOro BHUAY
TPaHCHOPTY, IO MPU3BEJE 10 POCTY MPUCKOPEHHS CTPOKiB BUKOHAHHS TeXHIYHUX poOiT. Hampuknarn,
TaKuM JpKepesioM (hiHaHCYBaHHSA MOKYTh OyTH IPWUBATHI iHBECTHIII.

2. 3a BiACYTHOCTI JOCTaTHBOTO (piHAHCYBaHHS OpraHi3allii 3 00CIyroByBaHHS MOXKYTh OTPUMYBAaTH
HeoOXiIHEe 00JIaTHAHHS IIUITXOM JII3UHTY.

3. BaxJIMBUM MUTaHHSAM € TiJABUINCHHS PIBHSA IMIJrOTOBKM KaJpiB JJIs SKICHOTO TEXHIYHOTO
obcyroByBaHHS Ti(TIB.

4. HeoOxinHa moeTarHa 3amMiHa JiQTiB, SKi BiANpamioBaln CBiii HOpPMaTUBHUI CTPOK eKcILTyaTarmil
(B mepiry yepry e JidTu, [0 BiANpaIoBaiIy MoHaa 35 poKiB, MOTIM 25 POKiB i T. 11.).

5. B ocHOBy oHOBieHHX mi(pTiB HEOOXiTHO 3aKIIACTH CYYacHi IHHOBAIidHI TEXHOJOTii, SKi O
3a0e3reunnii  eHepro30epekeHHs Ta Oynmu oONamHaHI HOBITHIMH METONAMH KOHTPOJIO, MOHITOPHHTY
TEXHIYHOTO CTaHy JIi()TOBOI CHCTEMH TUCTAHIIIHO, 116 CYTTEBO MiJBHIIUThL PIBEHb SIKOCTI Ta IIBUAKOCTI
00CITyrOBYBaHHSI.
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ASSESSMENT AND PROSPECTS OF THE DEVELOPMENT OF THE LIFT ECONOMY
OF UKRAINE

The article assesses the current state of the city elevator industry, analyzes statistical data that
reflect the number of overtime workers in accordance with the established norms of time norms of safe
operation and non-working elevators. A comparative analysis of the characteristics of typical elevator
drives. It is noted that on the basis of the study it is possible to draw the following conclusions and
provide recommendations. In the conditions of budget deficit the organizations servicing elevators
need to try to find means for updating or modernization of this type of transport independently that
will lead to growth of acceleration of terms of performance of technical works. For example, private
investment can be such a source of funding. In the absence of sufficient funding, service organizations
can lease the necessary equipment. An important issue is to increase the level of training for quality
maintenance of elevators. It is necessary to gradually replace elevators that have served their
standard service life (first of all, these are elevators that have worked for more than 35 years, then 25
years, and so on). The renewed elevators should be based on modern innovative technologies that
would ensure energy savings and be equipped with the latest methods of control, monitoring the
technical condition of the elevator system remotely, it will significantly increase the level of quality
and speed of service.

Keywords: elevator electric drive, technical condition of elevator economy, energy saving,
frequency converter.
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HEPCIHEKTUBHI EJEKTPOMEXAHIYHI AMOPTU3ATOPH

Cmamms po32120a€e NUMAHHA CUCeMU X00080i YACMUHU WUBUOKICHO20 eJIeKmponoizoa 3 Haxuiom
Ky306a ma CUCMeMOI0 peKynepayii Koausauv. Aemopamu OYI0 PpO32IAHYMO OCHOGHI CUCMEeMU
nioGiuy8anHs Ky3068a elekmponoizod, fAKi 8UKOPUCMOBYIOMbCs Ha Oanull momenm. byna eucynyma
OCHOBHA npobnemamuxa yux cucmem niogiuyeanus. Ilpudinaemvcs ysaza GUKOPUCMAHHIO
NHEeBMOPeCOpHO20 niosiuysanns. Pozenanymo moneune niogiuyeanus enekmpososa BJISO, ma
KOHCMPYKYis. camoeo 6i3ka. BusHaueni OCHOHI Kpumepii OYiHKU eheKmueHoCmi NepCcneKmusHUX
e/IeKMPOMEXAHIYHUX AMOPMU3AMOPIE 3a AKUMU NPOBOOUMbCS NOPIGHANbHA Xapakmepucmuxa. Y
cmammi  0XapaKkmepu3oeaHo NEpCcHneKMUSHUll  eleKmpoMexauiyHull  amopmuzamop Ha  0asi
CUHXPOHHO20 JNIHIUHO20 08USYHA, AKUU Modice 3abe3neyumu AK HAXul Ky306d, Max i acinms ma
pexynepayito Koausawv. Pozenanyma @ynkyionanbna cxema Kepy8amHs O0B0MA  CUHXPOHHUMU
JUHIUHUMU O8USYHAMU, AKI 8CMAHOBNEeH] HA 00HOMY 8i3Ky. Onucama poboma cucmemu KepyBaHHs.
CUHXPOHHUMU JEHIUHUMU OgueyHamu. Onucana KOHCMpPYKYis TiHIUHO20 08USYHA NOCMIUHO20 CIPYMY 3
nocmivnumu macHimamu. Poszenanyma gynkyionanvua cxema kepy8amnus 060mMa JHIUHUMU O8USYHAMU
NOCMILHO20 cmpymy 3 RocmiiHuMu mazHimamu. IIpueedena KoHCMPYKYisi eniekmpomMexaHiuHo2o
amopmuzamopa komnanii «Bosey. Ilposedena nopignanvHa Xapakmepucmuxa mpbox nepcneKmueHux
e/IeKMPOMEXAHIYHUX AMOPMU3AMOpPIE 34 WicmbMa Kpumepiamu. 3poblieHo UCHO8KU ma 00pano
e/IeKMpPOMEXaHIYHUTL AMOPMUAMOP, AKULL 3a0e3neyye 0CHO8HI NOMpedU PyXomozo CK1aoy.

Knrouosi  cnoea:  enexmpomexaniunuii — aMopmuzamop, — pexkynepayis, — HAXuni — Ky306d,
eNeKMPOPYXOMULL CKIAO, KOTUBAHHSL.

Beryn. Cporo/iHi OCHOBHMM €JI€MEHTOM XOJIOBOi YaCTHHH E€JIEKTPOPYXOMOTO CKJIAAy € CHCTeMa
PECOPHOTO MiJBIllTyBaHHS. AJBTEPHATUBHUM IiAXOIOM Ui TiJABUINEHHS IMHAMIYHUX TOKAa3HHKIB
XOJIOBUX YACTWH, Ta IIBUJAKICHUX XapaKTepUCTUK EJIEKTPOPYXOMOTO CKIaJy € 3acTOCyBaHHS
eJIEKTPOMEXaHIYHAX aMOPTH3aTOpiB, SKI MalOTh MOXJIHMBICTh PpEKYyNEepyBaTH YacTHHY EHeprii
KOJIMBaHb B EJICKTPUYHY CHEPTii0 3 MOAAIBIIOI MOXIIMBICTIO 11 BAKOPUCTAHHS HA PyXOMOMY CKJIai,
Ta BUKOHYBaTH (YHKIIIO HAXHIy Ky30Ba [8].

AHaJji3 ocTaHHIX JOCHIIKeHb i MOCTaHOBKA MPoOJeMH. Y MIBHJIKICHUX IOI37aX SK MPHUBII
HAXWIIy Ky30Ba BHUKOPHCTOBYIOTHCSI ITHEBMATHYHI, TiAPABIiYHI Ta EIEKTPOMEXaHIYHI CHUCTEMH, SIKi
MaloTh HHU3BKY IlepeBar Ta HeAoNikiB. ['impaBiiyHa crcTeMa Mae BENHKY KUIBKICTh MaricTpanen i
amapariB, SIKi ITPAIIOIOTH 11l BACOKAM THCKOM, IO 3HIKYE 3arajbHy HAJIIHICTh CHCTEMH i MiIBHIIYE
HMOBIPHICTh BUTOKIB poOouoi pinunu. [THeBMaTHYHA crcTeMa, MPUCTPIH SKOI, MO CyTi, aHAIOTIYHO
rigpaBniyHoi, Mae 30UIBIIEHUH Yac CIpalbOBYBAaHHA BHACHTIJOK HEBHCOKOI MIUIBHOCTI po0OOYOro
cepenoBuma — moBiTpsa. OpHak 11 eneMeHTH Oe3MocepeHbO MPHCYTHI Yy KOXHOMY THII
MTHEBMAaTHYHOT'O PECOPHOTO IMiJ[BIIYBaHHS 0€3 SIKOTO BXXE€ HEMOXKIIMBO YSBUTH Cy4YacHi IIBHJIKICHI
enektponoizau. EiekTtpoMmexaHidyHa cHcTeMa, IIO 3aCTOCOBYEThCS Ha CyYacHHMX TMOI34ax, HeE
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3a0e3meuye MOXKJIMBOCTI CaMOCTIHHOTO TIOBEPHEHHS Ky30Ba B IIOYATKOBE MOJIOKEHHS IIpU
BIJIKITIOYCHHI JKMBJIEHHsS a00 IHIIMX aBapifHUX CUTYAIlisiX, M0 Oe3MocepeHhO BILTUBAE Ha Oe3MeKy
pyxy [1, 2, 5]. Takox, ajst poOOTH ONMUCAHUX CHUCTEM HaXHJIy Ky30Ba HEOOXiJHa OaraTa KiTBKICTh
eHeprii. 3aBISKM BCTAHOBJCHHS €JIEKTPOMEXaHIYHOI CHCTEMH HaXWJIy Ky30Ba Ta PeKylepyBaHHS
KOJIMBaHb y XO/IOBY YaCTHHY EJIEKTPOBO31B, MOXIJIMBO ITiIBUIIUTH MPOMYCKHY 3JaTHICTh 3aTi3HUIL,
IIIM CaMUM BHUPIIITY€eTHCS pobiieMa TPUBAINX MacaKUPCHKUX MEpeBe3eHb B YKpaiHi.

Mera i 3aBaaHHs AOC]iI:KeHHsl. Bu3HAYeHHS OCHOBHHX XapaKTEPUCTHK €JIEKTPOMEXaHIYHUX
aMOPTHU3aTOPIB 3 CHCTEMOIO HAXMIy Ky30Ba, Ta BU3HAUEHHS HAMOLIBII eHeproeeKTUBHOI CHCTEMH IS
BUKOPHCTAHHSI y XO/IOBIH YaCTHHI €IEKTPOPYXOMOTO CKIITy. 3a T BUPIIIEHHS BKa3aHUX Ipodiiem, Oy/e
PO3IIIHYTO TP BUIM CUCTEM HAXMITY Ky30Ba Ta peKyIepaii KOJIMBaHb.

Marepiasu Ta MeToau aociaimkennsi. Ha nanuii yac, enekTpoMexaHiuHui MPUBOJ] — IIE CYKYITHICTh
KPOKOBOTO €JIEKTPOBUTYHA, PEAYKTOpa i TBUHTOBOI MapH, 0 3abe3redye JiHiiHe epeMilIeHHs IITOKY.
HasiBHicTh I'BHHTOBOI Iapu B IIbOMY THIII IPHUBOIY BHKJIIOYAE CAMOIIOBEPHEHHS Ky30Ba B IIOYaTKOBE
TIOJIOXKEHHSI BHACHTIZIOK ii 3aKJIMHIOBAHHS IPW BiAKIIOYCHHI >KMBIECHHS. [IpoTe, Takwii THI CHIIOBOTO
MpUBOAY Mae 30ajaHcoBaHi MacorabapWTHI TIOKa3HWKH, BHCOKY IIBHAKOMIIO, Mairy TMoTpedy B
OOCIYyrOBYBaHHI, a TaKOX INUPOKWM Jiama3oH perymoBaHHA. lle 3yMOBWIIO 3acTOCyBaHHS
EIIEKTPOMEXAHIYHOT0 TIPUBOTY Ha OLIBIIOCTI MOi3/iB 3 HAXMIIOM KY30BiB, 1110 BUPOOJISIOTECS B JaHHUH Yac.

[THeBMOpecopHe MiABINIyBaHHS 3a0e3leyye BHUMOTY EJICKTPOPYXOMOIO CKIIady, aje MmoTpedye
JOJATKOBOTO OOJIAAHAHHS Ta WOro OOCIYyroBYBaHHS, TOMY XapaKTEPUCTHKH EIEKTPOMEXaHIYHOI'O
amopTH3aTopa OyayTh PO3IJISIHYTI y MOPIBHSHI 3 THEBMOPECOPHUM amopTH3aTtopom [7,11].

[ po3risiay MUTaHHS eNeKTPOMEXaHIYHIX aMOPTHU3aTOPiB Oy/e BUKOPHUCTaHa X0J0Ba YacTHUHA 3
JIOJIHKOBUM TIIIBITYBaHHAM, a caMe Bi30K enekTpoBo3a BJIS0, momens sikoro momana Ha puc. 1.
OCHOBHMMU KPHUTEPISIMHU OIIHKHU BiIITOBIAHOCTI BUMOTaM CHCTEMH peKyIepallil KOJMBaHb Ha HAXUITY
Ky30Ba €: Koe(ilmieHT JeMrQyBaHHS aMOpTHU3aTopa, Jiama3oH poOouoi 4YacToTa, TIroBa
XapaKTepUCTHKA (CUIIA) Ta MOTY>KHICTb.

Puc. 1. Moaean Barona BJIS0

[lepmuM, sK eIEKTpOMEXaHIYHAN aMOPTH3ATOP, PO3TISHYTO CHHXPOHHUN JTIHIMHUNA JBUTYH. SKUI
MOJJIMBO BHKOPHCTOBYBATH SIK JIJISl HaXHWJIy Ky30Ba, Tak i JUIsi HaKONMUYyBaHHs eHeprii. JIiHiiHMI
JIBUT'YH CKJIaJIa€ThCs 3 IBOX KOMIIOHEHTIB (puc. 2): 1 — cratop, 2 — craiiaep 3 HOCTIHHUMH MarHiTaMu
(porop).

[pamtoe nBUrYH HACTYMHMM 4MHOM. Ha oOMOTKH ctaTopa moaaeThes TpudazHy Hampyry (hasu
smimeni Ha 120 rpagyciB). Y Mipy HapoCTaHHsS aMIUNTyId CHHYCOinqu B oOpaHIA ¢azi, Oyne
NPOTOPLIAHO 301JbIIYBaTUCS CTPYM 1 €JEKTPOMArHiTHE MoJje, CTBOPIOBaHE HABKOJIO OOMOTKH. 3
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OTJIAAYy Ha Te, UI0 CHHYCOiJa HapoOCTa€ B yCiX TPhOX (pa3zax ABUTYHA MO 4ep3i, MiK MaKCUMAaJIbHOTO
€JIEKTPOMATHITHOTO ToJIsl Oyzie 3MINTyBaTUCS BiJ OJIHIE] OOMOTKH 110 iHIIOI. MarHiTHe mose ciainepa
(poTopa) 1o uep3i MPUTATAETHCS BIACHUMH ITOJIOCAMH 10 MPOTHJISKHOTO 32 3HAKOM BEKTOPY ITOJIS
cTaTtopa.

[lepeBaramMu BUKOPUCTaHHS CHHXPOHHOTO JITHIHOTO IBUTYHA € MTPOCTOTa KOHCTPYKIIii, HECKIIaaHa
cucTeMa KepyBaHHS Ta BeNMKa IIBHIKICTh BUKOHAHHS HAXWIy Ky3oBa. [l KepyBaHHS MOXKIIUBO
BUKOPHUCTOBYBATH 3BUYAWHHMN MEPETBOPIOBAY YaCTOTH, 33Aal0dd BuXigHy vactoty 0,5 -2 I'm [3].
SIK1mo TOpiBHIOBATHM CHHXPOHHUM JiHIMHMH JBUTYH 3 aCHHXPOHHHMM, TO MOJIMBO BHU3HAYUTH
nepeBarun CHHXPOHHOTO JBUTYHA B TOMY, IO BiH CIIOPOXKHIH NPALIOBAaTH 3 BEIUKHMH ITOBITPSIHUMHA
3a30paMu Ta Mae cos Onmm3bkuii A0 oguauLi. [Ipu npomy KK/ (koedimienT kopucHoi Aii) Moxe OyTH
10 96 %.

§9

I
B

.............,...........n........—--...-.-..—-.-..—.-.-L

AR

Puc. 2. CunxpoHHu# JiHiHHUHA ABUTYH
1 — crarop, 2 — cnaiiaep 3 MOCTIHHUMHU MarHiTamu (poTop).

OyHKI[IOHAIbHA CXEMa CHCTEMH KEpYyBaHHS JBOMAa CHHXPOHHHMH JIiHIHHMMHU JIBUTYHAMH, SKi
BUKOHYIOTh HaxHJ Ky30Ba OJHOTO Bi3Ka, mojaHa Ha puc. 3. KepyBaHHS IBUTYHAMH BUKOHYETHCS
TaKMM YMHOM: Ha JiOAHWHA BUOPAMISY (670K 1) rmomaeThest 3MiHA HANpyTa, MiCIsS Y0T0 OTPUMYETHCS
Ha BUXO0/Ii OJIOKY Harpyra MocTiiHOTO CTPyMy Ta NepeXOJUTh JI0 JIaHKU mocTiiiHoro ctpymy (JITIC —
onok 2). YV JIIIC BXoauTh MacuBHUMA BiIbTp, a caMe: KOHJEHCATOp Ta KOoTymKa iHaykTuBHOCTI. JITIC
7’ €qHYEThCsT 10 OJOKIB TpaH3UCTOpiB (070K 4, 5), caMme sKi ¥ MOJArOTh HANpyry Ha CHHXPOHHI
niHiitHl aBurynn (6mok 6, 7). KepyBaHHS TpaH3MCTOpaMU BHUKOHYETHCS OJIOKOM MiKpOKOHTpOJepa
(MK — 610k 3), mpu IbOMYy ONITUMalIbHA YacTOTa MIUPOTHO-IMITYIbcHOT Moysimii (IHIMM) — 3 x['m.
AMIUTITY 8, SIKA TTOA€THCS HAa IBUT'YHH KEPYEThCS 3aBISIKH 3MiHK ckBaxkHocTi [ILIUM [14,15].
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Puc. 3. ®ynkuioHanabpHa cxeMa KepyBaHHSA CHHXPOHHUMM JiHiHHMMH IBUTYHAMH

Sx apyruil BUA IBUTYHA JUIS CUCTEMH HaXWIy Ky30Ba Ta peKymepalii KOJWBaHb, PO3TIISHYTO
JHIHHUA IBUTYH TOCTIHHOTO CTPyMY € TOCTIHHUME MarHiTamu [4,6], skuii monano Ha puc. 4, ne: 1 —
SIKOPB, 2 — TIOCTIHHUI MarHiT, 3 — 0OMOTKa SKOps, 4 — CTAaHWHA.

[IpuHmmn mii amMopTu3aTopa CKIIagaeTbes y HAcTymHoMy. [locTiHWE MarHIT Mae pamianbHe
HamarHiueHHst. CHJIOBI MarHiTHI JiHIl TOTOKY 30y/)KEHHS 3aMUKAIOThCS 110 KOJIY: TIOBITPSHUIMA 3a30p 3
SKOpEM Ta OOMOTKOKO SIKOpPIO, CIIMHKA CTaHWHHW, CTAaHWHA , MOCTiHHUEI MarHiT. [1oTik 30ymKeHHS
3UIIDTIOETHCS 3 OOMOTKOIO KOS, IO pO3TalloBaHa Ha HeMarHiTHOMY sikopi. llpm pyxy sixopst (mo
Hu3y abo /0 Bepxy), 10 OOYMOBJICHMI 30BHINIHIMH JWHAMIYHMMHU CUJIaMH KOJIUBaHHS Ky30Ba Ta
Bi3Ka, AKip pyxaerbcs. Y oOmotmi skops BuHukae EPC (emexktpopyxoma cuna). Ilpu 3amkHeHi
0OMOTKH STKOpS Ha HAaBaHTKEHHS BUHUKAE CTPYM AKOps. Y MPOBITHUKAX OOMOTKH SIKOPS 31 CTPyMOM
BUHUKAE CHUJA, KA HANpaBlieHa CYNPOTHB JHHAMIYHOI CHIJIM, IO TPH3BOIUTH IO JIeMII(pyBaHHS
KOJIMBaHb Ky30Ba. Ha moTik 30y/UKCHHS BIUIMBA€ TOTIK PEakIlii sSKops, 0 PO3MarHiuye OJHY 3
MOJIOBMH MarHITHOTO KOJIa CTaHIHM (BEPXHIO UM HIDKHIO) B 3aJIEKHOCTI Bijl HATIPABJICHHS PyXy SKOPA
(moHM3y um M0 Bepxy), a iHmIy (IPOTHIIEKHY) HAMarHidye, IO MOXKE TPHU3BECTH 0 HACHYCHHS
MarHiTHOro Kojia Ta 3MEHIICHHS EJICKTPOMArHiTHOI CwiM. YCi IIi TPOIECH JOBOJI aHAJIOTIYHI
npoliecaM B YHIITOJSIPHIN eJIeKTPUUHII MalllnHI MOCTIHHOTO CTPyMY.

i
2

Puc. 4. JliniliHnii ABUI'YH NOCTiliHOT0 CTPYMY 3 MOCTIHHMMM MarHiTaMu:
1 — skip, 2 — mocTiiHui MarHiT, 3 — 00MOTKa KOs, 4 — CTAHUHA

Le#t Tvn aBUryHa BiIpi3HSETHCS CBOEIO MPOCTOTOI KOHCTPYKLii. OOMOTKa cTaTtopa Mae OgHY
a3y, y Tol yac ik CHHXpOHHHWH JIHIMHUI TBUTYH Ma€e TpH (azm.
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OyHKIiOHAIBHA CXeMa CHCTEeMH KepyBaHHs JABOMa JIiHIHHMMH ABHTYHAMH TOCTIHHOTO CTPyMy
noka3aHa Ha puc. 5. KepyBaHHA IBUryHaMH BUKOHYETbCS TaKUM YMHOM: Ha MIOJHUH BUIPSMIIAY
(6mok 1) momaeTscs 3MiHA HANpyTa, MICIS YOTO OTPUMYETHCS Ha BHXOJII OJIOKY Hampyra MOCTiHHOTO
CTpyMy Ta HEpPEeXOIUTh 10 JaHKu noctiiiHoro crpymy (JIIIC — 6mok 2). V JIIIC BXOomuTh macuBHUR
¢biapTp, 2 came: KOHAeHcaTop Ta KoTymiKka inaykTuBHOCTI. JIIIC min’eqHyeThCs 10 OIIOKIB THPHUCTOPIB
(6mok 4, 5), came sKi ¥ MONAIOTh HANPYTY Ha JiHIWHI ABUTYHU (010K 6, 7). KepyBanHsa THpuCTOpaMu
BUKOHYETBCS 0JI0KOM MikpokoHTpoJepa (MK — 6ok 3), mpu 11boMy ONTHMalbHa 4acTOTa IIHPOTHO-
immynbenol Moayssinii (IHUM) — 1-3 k' [13].

Cxema KepyBaHHS CXOXa 31 CXEMOI KepyBaHHA CHHXPOHHUM IIIHIWHUM JBUTYHOM, aiie
BiJIPI3HSAETHCS BiACYTHICTIO TPAH3UCTOPIB Ta HASBHICTIO TUPUCTOPIB, 10 3MEHIIYE BapTiCTh CUCTEMHU
kepyBaHHs. [Ipu 1bOMy Ha CHITy IPAaKTHYHO HE BILUIMBAE MOJIOKECHHS SKOPS BiAMOBITHO CTAaHWHH, IIO
3a0e3neuye cTabIbHICTD CHIT AeMIT(pyBaHHS ITPH 3a30pax MIXK Ky30BOM Ta Bi3KOM.

4 6

B

2
— -
2 - 1K

B

Puc. 5. ®ynknioHanbHa cxeMa KepyBaHHs JIiIHIiHOT0 ABUI'YHA NOCTIIHOTO CTpyMy

[IparHeHHS 100 BUKOPHCTAaHHS €HEprii KOJMBaHb Ky30Ba TPAHCIIOPTHOTO 3aco0y IMPU3BEIO B
OCTaHHI 4YacH /O CTBOPEHHS EJEKTPOMEXaHIYHMX CHCTEMH TacCiHHS KOJMBaHb 1€ B SKOCTI
NOTJIMHAIOUOTO €JIEMEHTY BHCTYIIA€ TeHepyroua enekTpoMexanidyna cucrema [9]. Haiibinbiie
MOIIUPEHHS TaKi CUCTEMH Y aBTOMOOLIBHOMY TPaHCIOPTI, TOMY TPETIM PO3MITHYTO aMOPTH3aTOP
«Bose» (Bose Suspension System) , sIKuii OKa3aHo Ha puc. 6, ne: 1 — mTok, 2 — MOCTIHHUN MarHit, 3
— obmotka. Mogenp BurotosiieHa B 1995 pomi [10,12]. ¥ xoHcTpykiiii Ha 6a3i cemana Lexus LS400
NPY>KUHHY MiJBICKY 3aMiHMJIM Ha TOPCIOHHY, a aMOPTHU3aTOpH — JIHIMHUMH eIeKTPOABHIYHAMH,
SKUMH 4epe3 MOTYXKHI IMiICHITIOBadi KepyBaB KOMITIOTEPHHUN OJIOK Ha OCHOBI iHpoOpMaIIii Bif JaTIHKIB
XO0J1y KOXKHOTO 3 KOJIIC. [1es1 Takol miABICKH IOJIsira€ B HACTYITHOMY: KOJIH KOJIECO OITYCKA€ThCS B SIMY
miJ 4yac Big0OOI, ENEeKTPOJBUTYH aKTHUBHO <«JI0TIOMaraey» HOMY IepeMilllaTUCs BHHM3, a Iij dYac
CTHCHEHHS «BTSTYE» KOJIECO Bropy. Y poOOTi ToJIOBHa yBara MpHIisuiacs 3a0e3MeYeHHI0 TUIaBHOCTI
pyXy aBTOMOOLIS Ta 3HW)KEHHS KpeHy Ky3oBa IpH MoBOpoTax. [IpomoHyeThcss BHKOPHCTOBYBATH
KOHCTPYKIIiIO EJIEKTPUYHOTO aMOpPTH3aTopa, sKa BKIOYae B ceOe KPyUeHHH eJeMEHT, 30BHILIHSI
YacTUHA SKOTO BHKOHAHA 3 E€JNEeKTPONPOBIJHOTO Marepialdy. MarHiTHHA eleMEeHT CKJIaJaeThCs 13
CTPIIKHS, Ha IEHTPAJBHIN OCi SKOr0 pO3TAlIOBaHI MarHiTW. 3OBHIIIHS YacTUHA BUKOHAHA TaKHM
YHHOM, III0 JI0 Hel MOXKE YBIMTH CTpMKEHb i3 MarHiTaMu. CTpHXKEHb 13 MarHitramMu GopMye MarHiTHE
ToJie, BEJMYMHA SIKOTO 3aJIeKUTh BiJl TOTO, HACKUILKH BBEJICHHH CTpW)KHEBUI MarHiT. Koprtyc ogHuM
KiHLEM ITiAKIIOYSHUH 10 BUBEIEHHS MAarHITHOTO 3’ €IHAHHSL.
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2 3
Puc. 6. AmopTuzarop «Bose»:
1 — mTok, 2 — MOCTIHHMI MarHit, 3 — 06MOTKa

Y Tabmumi 1 BKasaHI OCHOBHI XapaKTePUCTHKH JIHIHHOTO JBUTYHA, IOOYZOBAaHOTO IS
BUKOPHCTAHHS y CHCTEMI HaXWITy Ky30Ba.

Tabnuys 1. IlopiBHAIbHA TAIMIS TApPaMeTPiB eJleKTPOMeXaHIYHUX aMOPTH3ATOPIB

Ne | TTapametp CUHXpOHHUH JIHIHHUHA JliHiAHUH TBUTYH AmopTu3arop
JIBUT'YH MOCTIHHOTO CTPyMY «Bose»

1 | Koediuienr 22,85 kH*c/m 25 kH*c/m 17,5 kH*c/m
JIeMIi)yBaHHS

2 Hiamazon pobouux | 0,5—-500 I'g 1-500TI 0,5-500TIx
4acToT

3 | Cuna 1600 H 2000 H 1250 H

4 | Tlutoma cuia 45 H/xr 44 H/xr 31 H/xr

5 [oTyxHICTH 2000 Bt 2500 Bt H.JI.

6 [TuToMa MOTYXHICTH 57 Bt/kr 55 H/xr H.JI.

BucHoBKH. Buxoas4n 3 0TpUMaHUX JIaHUX, MOXKHA CKa3aTH, IO eJIEKTPOMEXaHIYHI aMOpPTU3aTOpH
CIIPOMOKHI KOHKYpPYBAaTH 3 ITHEBMOPECOPHUM Ta TiAPaBIiYHUM ITiJ[BIllyBaHHSAM Y CKIaJi XOJOBOL
YaCTUHHM €JICKTPOIIOi3/1a, a TAKOXK, MAIOTh MOMIJIUBICTh PETYIIOBATH CUITY IEMI(YBaHHS B 3aJIC)KHOCTI
BiJl P&XKHMIB PyXy TPaHCIOPTHOTO 3aco0y, IO Ja€ MOXJIMBICTh HE TIIBKH YTHIII3yBaTH EHEPTi0
KOJIMBaHb PYXOMOTO CKJaJy, a i MOBEPHYTH i O €JIEKTPHYHOTO KOJIa TPAHCIIOPTHOTO 3aco0y 3
MOJKJIMBICTIO TIOBTOPHOTO BUKOpHUCTaHHs. [Ipu 11boMy, OJJHa 1 Ta )k caMa CHCTeMa MOXe 3a0e3IeYnTH
HaXWJI Ky30Ba eJIeKTpoIoi3ny 6e3 JoJaTKoBOro o01agHaHHs. Buxonsun 3 HaBeIeHUX XapaKTepUCTHK,
MOKJIMBO CKa3aTH, IIO JIHIHHUNA CHHXPOHHHH JBUTYH, Ta aMOPTU3aTOp MOCTIHHOTO CTPyMy MOXKYTh
3a0e3MeYNTH OTPEOU eNeKTPOBO300y TyBaHHS.
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PROSPECTIVE ELECTROMECHANICAL SHOCK ABSORBERS

The article considers the issue of the system of the running gear of a high-speed electric train with
a body inclination and the system of oscillation recovery. The authors considered the main suspension
systems of the electric train body, which are currently used. The main problems of these suspension
systems were put forward. Attention is paid to the use of air-spring suspension. The pipe suspension of
the VL8O electric locomotive and the construction of the trolley itself are considered. The basic
criteria of an estimation of efficiency of perspective electromechanical shock-absorbers on which the
comparative characteristic is carried out are defined. The article describes a promising
electromechanical shock absorber based on a synchronous linear motor, which can provide both body
tilt and damping and recovery of oscillations. The functional scheme of control of two synchronous
linear motors which are established on one cart is considered. The operation of the control system of
synchronous linear motors is described. The design of a linear DC motor with permanent magnets is
described. The functional control scheme of two linear DC motors with permanent magnets is
considered. The design of the electromechanical shock-absorber of the Bose company is resulted. The
comparative characteristic of three perspective electromechanical shock-absorbers on six criteria is
carried out. Conclusions are made and an electromechanical shock absorber is selected, which
provides the basic needs of rolling stock.

Keywords: electromechanical shock absorber, recuperation, body tilt, electric rolling stock,
oscillations.

3o6ipruk nayxoeux npauyw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38

140



TEXHIKA I TEXHO.JIOI'I

DOI: 10.32703/2617-9040- 2021-38- 138-13
UDC 629.4.014:621.333

Riabov levgen®”, Sapronova Svitlana?, Tkachenko Viktor®, Goolak Sergiy*, Kersys
Robertas®

! Department of Electric Transport and Locomotive Engineering, National Technical University «Kharkiv
Polytechnic Institute», 2, Kyrpychova str., Kharkiv, 61002, Ukraine. ORCID: https://orcid.org/0000-0003-0753-
514X

2 Department of Cars and Carriage Facilities, State University of Infrastructure and Technologies

9, Kyrylivska str., Kyiv, 04071, Ukraine. ORCID: https://orcid.org/0000-0002-1482-1665

% Department of Electromechanics and Rolling Stock of Railways, State University of Infrastructure and
Technologies, 9, Kyrylivska str., Kyiv, 04071, Ukraine. ORCID: https://orcid.org/0000-0002-5513-2436

* Department of Electromechanics and Rolling Stock of Railways, State University of Infrastructure and
Technologies, 9, Kyrylivska str., Kyiv, 04071, Ukraine. ORCID: https://orcid.org/0000-0002-2294-5676

® Department of Transport Engineering, Kaunas University of Technology, 56, Studenty str., Kaunas, LT-
51424, Lithuania. ORCID: https://orcid.org/0000-0001-7785-722X

*Correcponding author: riabov.ievgen@gmail.com

CALCULATION OF TRACTION AND ENERGY CHARACTERISTICS ELECTRIC
ROLLING STOCK WITH ASYNCHRONOUS TRACTION ELECTRIC DRIVE

The issue of determining the traction and energy characteristics of electric rolling stock with
asynchronous traction drive is considered. It is noted that such rolling stock can work at any point of
the traction area, resulting in the need to determine the characteristics of the rolling stock for the
entire traction area. The calculation of the characteristics of the traction induction motor, which are
the basis for determining the traction and energy characteristics of the electric rolling stock, is
considered in detail. A procedure based on the calculation of the replacement circuit of an induction
motor is proposed. The calculation of power losses due to higher harmonic voltages and currents is
considered. An example of calculation of traction and energy characteristics of an DC electric
shunting locomotive with a traction asynchronous electric drive is given.

Keywords: traction asynchronous electric drive, electric rolling stock, induction motor, traction
characteristics

Introduction. Resolution of the Cabinet of Ministers of Ukraine "On approval of the National
Economic Strategy for the period up to 2030" [1] defines decarbonization as a priority for the
country's development. Improving the energy efficiency of transport is part of the process of
implementing decarbonisation initiatives. One of the directions of this is the use of energy-optimal
modes of vehicles movement with minimal energy consumption to perform the train task [2, 3]. To
solve such problems, the characteristics of rolling stock are used, which are given in the Rules of
traction calculations for train operation [4, 5]. At the same time, rolling stock with an asynchronous
electric traction drive is becoming more and more widely used on the railways of Ukraine. Data on
traction and energy characteristics of this rolling stock are not provided in the technical
documentation. That is why the task of determining the characteristics is important.

Analysis of recent research and problem statement. Traction and braking characteristics of rolling
stock are used while solving traction problems. Current characteristics that are necessary for the
calculations of the traction power supply system are also important for the electric rolling stock. The use of
an asynchronous traction electric drive on a rolling stock ensures its operation with any value of traction
force and speed within the traction area. However, in the technical documentation, for example, [5], only
the limit traction characteristics are given, which leads to the need to apply assumptions about the behavior
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of traction characteristics for operating modes whose parameters do not meet the limit. Therefore, the
definition of traction and current characteristics for the entire traction area is relevant. The
characteristics of traction electric machines and the characteristics of auxiliary equipment are basic for
determining the traction and current characteristics of rolling stock. In this paper, only traction
asynchronous electric motors in the traction mode of rolling stock are considered in detail.

The traction asynchronous motor is a frequency-controlled electric machine with a wide range of
load and speed changes. The calculation of their characteristics is important for determining the
energy efficiency of rolling stock. In [6] the method of calculation of the traction asynchronous
electric motor is given, and the method of characteristics calculation on the basis of data on
geometrical sizes of active parts of a stator and a rotor and winding data is given. In [7, 8] detailed
mathematical models of the traction asynchronous electric motor at power supply from a source of
non-sinusoidal voltage, in particular, for calculation of losses from higher harmonics of tension and
current are resulted. In [9], a model for calculating losses in a frequency-controlled induction motor is
proposed. Work [10] contains a method for determining losses in a traction induction motor in solving
traction problems. In [11] a comparison of the results of analytical and numerical calculations of losses
in a traction induction motor is performed. The authors [12] proposed and investigated a new model of
losses in electrical steel, which is used in the manufacture of electric motor cores. In [13], an algorithm
for calculating losses by the finite element method is presented. In general, it should be noted that in
the study of traction asynchronous motors are widely used specialized software [14-17]. Mathematical
models of induction motors for asymmetric modes of operation have also been developed [18-20].

Thus, we can conclude about a significant study of electromechanical processes in traction
induction motors. However, the direct application of the results of these studies to determine the
traction and current characteristics for the entire traction area is labored, so we consider the task of
calculating the above characteristics is relevant.

The purpose and objectives of the study. The purpose of the work is to develop a method for
calculating the traction and current characteristics of electric rolling stock with asynchronous traction
drive in traction mode. To achieve this goal it is necessary to adjust the existing methods of calculating
the characteristics of traction induction motors and additions that take into account the features of the
power supply system of electric motors.

Materials and methods of research. The procedure given in [20] can be used as a basis for the
method of calculating the characteristics of an induction motor. The calculation formulas are based on
the substitution scheme of an induction motor. Using them in the case of calculating the characteristics
of the traction induction motor, it is necessary to use the parameters of the substitution circuit for the
main harmonic voltage and current taking into account their change from saturation of the magnetic
circuit, first of all, taking into account changes in magnetizing circuit inductance. The calculation
should be performed for a winding temperature of 150 ° C in accordance with the requirements of
DSTU GOST 2582 [21]. The sequence of calculation is given below.

The input data is the speed V and the tangential thrust force F;,.

Traction power

p =Y, (1)
3,6

where the speed is set in km / h.
Motor rotor speed

n, = He )

3,6mD,
where D;, — the diameter of the drive wheel,
Ugp — gear ratio of the traction gearbox.
Torque on the shaft of the traction motor
R L 3)

’ 2N, Mo l
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where np,, — the number of traction motors (motorized axles),
Ngg — gear efficiency in the mode of operation with speed n, and torque M,.
The efficiency of the gearbox can also be determined by the power on the motor shaft

P - ZM,n, (4)
30

The dependences for this case are given in [22].
Electric rotor speed

-5 ©

where p — the number of pole pairs of the motor.
The following calculations are performed in the following sequence.
Set the rotor current frequencyf,.
Supply voltage frequency
f="f +f, (6)

Using the dependence of the stator voltage on the frequency, we determine the phase voltage
Uspn = Uy /V3 (Uy; — line voltage).
Flux linkage

p, =L Y (")
N2 f)

The obtained value of the flux coupling is determined by the inductance of the magnetizing circuit
and the scattering inductance of the stator and rotor (in the case of taking into account the saturation of
their values).

Correction factor that takes into account the saturation of the magnetic circuit

2 2
C, = 1+L + R , (8)
Xm Xm
where X; = 2w f;L; — inductive resistance of the stator (L, — the scattering inductance of the stator
winding);
Xy = 2nf,L,, — inductive resistance of the magnetizing circuit (L,,— inductance of the magnetizing
circuit) ;
R, — active resistance of the stator winding phase in the heated state.
Relative slip

f, ©)

S=—=
fl

Equivalent active resistance of the electric motor

Ra :cl[Fe1 +cl%j (10)

where R/, — the active resistance of the rotor winding in the heated state is given.
Equivalent inductive resistance of the electric motor
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Xo =Ci(X,+C,X;),

where X; = 2rf; L}, — the inductive resistance of the rotor winding is given (L', — the inductance of
scattering of a rotor winding is resulted).

Equivalent resistance of the electric motor

2 2
Z, =ﬂ,Req +Xa

The rotor current is reduced

I = Clulph
S =t
Z,
Active component of the stator current
U .
I, =1, +—2"cosp,,

€q

where [, — active component of no-load current;

3 — the angle between the vectors I3 and Uy, With cosg, = Ry
€q
Active component of no-load current

2
— Pst +m|,uR1

Oa mU

1ph

where P, — losses in the stator magnetic circuit at voltage U, ,, and frequency f;;
1, — the magnetizing current, which is determined by the dependence of the flux linkage on the

magnetizing current;
m — the number of phases of the motor.

Reactive stator current component

U1ph

o+ sing,,

€q

. X
where sing} = Z—eq.

eq
The effective value of the phase current of the main harmonic

_ [i2 2
Ilph - Ila + Ilr

Power factor

la

coSp =

Active power taken from the source
Pl = mUlph I1ph
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Losses in the stator winding

Pel = mllzph R1 (20)
Losses in the rotor winding
R.=m(L,) R, (21)
Losses in the magnetic circuit
\I—’ 2 f 15
Py =Py nom( : J ( : J ) (22)
l//lnom f1nom

where Pg; ,om — l0SSes in the magnetic circuit (all types of magnetic losses) at rated voltage and
frequency;
Winom — NOMinal flux linkage.

Nominal flux linkage

U

P, = lehmon (23)
" ”\/Eflnom
where Uy pp, nom — rated phase voltage,
finom — NOminal frequency.
Mechanical losses
Prnech = Pmech nom L’ (24)

2nom

where Py, ecn nom — Mechanical losses at rated speed 14, om-
In the case of self-ventilating motors, mechanical losses must be added to the ventilation losses
from the built-in fan, which can be calculated from the expression

3
vent — Pvent nom [LJ ! (25)
n

P
2nom

where Pyent nom — 105s€s on ventilation at nominal speed.
Additional losses in accordance with the requirements of standard [21] (excluding losses from
higher harmonics)

2
I
Py =0, oospl(—“’“ J , (26)

1phnom

where Iy pp nom — rated phase current.

Losses in the electric motor from the main harmonic

AP1 = Pel + Pez + Pst + Pmech + P + Padd (27)

vent

Power on the motor shaft
P,=P- AP . (28)

Moment on the shaft
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_30PR,
zn,
The value of the moment M; compare with the value M,, calculated by the formula (3). If the

momentM, exceeds M, it is necessary to increase the frequencyf, (if on the contrary - the frequency

must be reduced) and repeat the calculations by expressions (6)-(28). It is advisable to organize a

cyclic calculation of the moment M3, taking the initial frequency value £, equal to zero, corresponding

to the idling mode. The criterion for completing the cycle is the deviation M; from M, by an amount
not exceeding some error (absolute or relative). The values of the motor parameters obtained in the
last step of the calculations are taken as the actual parameter values.

On modern rolling stock, traction asynchronous electric motors are powered by autonomous
voltage inverters, the harmonic voltage spectrum of which contains, in addition to the main
component, higher harmonics. It is believed that the currents caused by them do not create a useful
moment on the shaft, but cause additional losses in the windings and magnetic circuit [6-8]. When
calculating the losses from the higher harmonics, it is assumed that for the higher harmonics the motor
"works" in the short-circuit mode.

The current of the highest harmonic (current value) is determined by the expression

| Uy, . (30)
VR R Y (X, 4, )

M, (29)

where Uy, — the current value of the phase voltage of the highest harmonic,
R1j, — stator winding phase resistance in the heated state for higher harmonic taking into account
current displacement;
R, — reduced resistance of the rotor winding in the heated state for a higher harmonic taking
into account the displacement of the current;
X,n — inductive resistance of the stator winding phase taking into account the current
displacement;
X35, — the inductive resistance of the rotor is given taking into account the current displacement.
The procedure for determining the winding resistances for higher harmonics is given in [6, 9].
Losses in the stator winding from the flow of higher harmonic current

Pan = mlthih : (31)
Losses in the rotor winding from the flow of higher harmonic current

P2h=mIZR, (32)

Losses in the magnetic circuit from higher harmonic voltages

Py =002 2 p, (33)
m,
where m, — stator core weigth,
m, — rotor core weigth
Total losses from higher harmonics
k
AR, = Z(Pelhj + Py ) +Py, (34)
j=1
k — number of harmonics.
Total losses in the electric motor
AP = AR, + AP, (35)
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Power consumed by the traction inverter

Efficiency of the electric motor
n=—2 (36)

Power consumed by the traction electric drive from the intermediate circuit (DC links)
Ps =Ry +AR, @37)

where AP, — total power losses in the traction converter.

Calculating the power loss in the traction converter is an independent task. Examples of analytical
solutions can be found in [23, 24]. Methods for determining losses in the inverter, which are based on
digital modeling, are proposed in [25, 26].

When calculating the power Prg must take into account the power supply scheme of traction
motors.

On modern rolling stock power supply of auxiliary systems is also carried out from the
intermediate circuit. Therefore, the total power consumed in the intermediate circuit can be
represented as

P =Ps+P

AUX

(38)

whee P,yx — the total capacity of consumers of auxiliary systems (including losses), which are fed
from the intermediate circuit.
The current of the intermediate circuit is determined by the expression

I, =—4, (39)

where U, — intermediate circuit voltage.
For rolling stock that is powered by a DC catenary, the mains current is defined by the expression
| ZR ARy (40)
Cc UC
where £P; — total power consumed by the load of intermediate circuits,
AP,y — losses in input converters,
U, — voltage in the catenary.

It should be noted that the use of the input converter on the rolling stock leads to the appearance of
higher harmonics in the mains current, which must be taken into account when assessing the energy
efficiency of the electric traction system. Formula (40) gives the value of the "useful” component of
the mains current.

For rolling stock powered by AC mains, the active component of mains current is determined by
the expression
1 2P, +AR; +AR, +AP: + AR

KK, U

c

(41)

IA

where APy — losses in the traction transformer,
APg — losses in the dual frequency filter,
APy — losses in the mains choke,
Krr — traction transformer transformation coefficient,
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K; — coefficient that depends on the ratio of DC in the intermediate link and the input current
4QS-converter.

Since 4QS-converters operating with modulated voltage are used on rolling stock with
asynchronous traction drive, higher harmonic voltages and currents must be taken into account when
calculating losses in the transformer and mains choke.

As in the case of direct current, the mains current will be higher harmonic, due to the operation of
4QS-converters. They must be taken into account when assessing the energy efficiency of the electric

traction system.
|C=a/|j+|,§, (42)

The main harmonic of the mains current
where I — reactive current, the value of which is set by the control system 4QS-converter.

The following indicators are used to assess energy efficiency in the standards for electric rolling
stock:

efficiency — for all types of electric rolling stock;

power factor for the electric rolling stock of alternating current and dual power supply when
working from the catenary of alternating current.

Efficiency of direct current electric rolling stock and dual power supply when working from a
direct current network

IDk

U

Mbe = (43)

c'c

Efficiency for electric rolling stock of alternating current and double power supply at work from a
contact network of alternating current
Pk

Mac = (44)

C

c A
Power factor

COSp = II—A (45)

Thus, the above algorithm allows to calculate the traction and energy characteristics of the electric
rolling stock with asynchronous traction drive for the entire traction area.

To illustrate the operation of this algorithm, we calculate the traction and energy characteristics of
the shunting electric locomotive, the applications of which have a number of advantages [27]. The
data required for the calculation are given in table 1. Calculations are performed for the case of
operation from a direct current catenary. Since the calculation of losses in the motor from higher
harmonic voltage and current, as well as the calculation of losses in the inverter and input converter
are quite complex, to simplify the test calculation, we assume that these losses are 2% of power on the
motor shaft.

Table 1. Input data for calculation

Parameter Unit of Value
measurement

Rated power of the traction motor kw 200
Rated line voltage \Y 290
The highest line voltage \Y 530
Rated frequency Hz 12,5
Nominal speed rpm 240
Nominal moment Nm 6500
Steel losses in nominal mode kw 3,0
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End of table 1

Mechanical losses in nominal mode kw 0,5
Resistance of the stator winding at a temperature of 20 ° C Om 0,0121
Inductance of the stator winding phase mH 0,42
Resistance of the rotor Om 0,0102
linductance of rotor scattering is given mH 0,369
Nominal flux leankage Wh 2,01
Intermediate circuit voltage \Y 600
Contact network voltage \Y 3000
Power of consumers' own needs kw 80
Number of axles — 2
Efficiency of a traction gearbox % 98,0
Transmission ratio of the traction gearbox — 5,067
Diameter of the drive wheel \Y 1,05

The results of the calculations are shown in Fig. 1-3, which shows the limiting traction and current
characteristics, as well as the dependence of the efficiency of the electric locomotive on speed. By
performing the calculation of the above procedure, you can get the characteristics of the locomotive

for any point of the traction area.
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Fig. 1. Traction characteristics of the electric locomotive
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Fig. 2. Current characteristics of the electric locomotive
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Fig. 3. Dependence of electric locomotive efficiency on speed

The analysis of the dependences in Fig. 1-3 shows that the characteristics have two parts, the limit
of which is about a speed of 15 km / h. This speed corresponds to the transition from the zone of
operation with a constant torque to the zone of operation with a constant power. This explains why in
the second zone the current and efficiency of the electric locomotive do not change.

Conclusions. The algorithm for calculating the traction and energy characteristics of an electric
rolling stock with an asynchronous traction drive is proposed in the article. The method is based on the
calculation of electromechanical characteristics of asynchronous traction motor and calculations of
power losses in the components of the traction drive. Further improvement of the proposed algorithm
is associated with the refinement of the calculation of losses in semiconductor converters and traction
transformers.
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PO3PAXYHOK TATI'OBO-EHEPTETUYHUX XAPAKTEPUCTHK
EJIEKTPOPYXOMOI'O CKJVIAZY 3 ACHHXPOHHUM TSAI'OBUM
EJIEKTPOITPUBOJOM

Posensinymo numannsi GU3HAUEHHsT MAC080-EHEPLEMUUHUX XAPAKMEPUCIUK  eL1eKmMPOPYXOMO20
CKa0y 3 ACUHXPOHHUM MA208UM eNeKMPOnpugooom. Bioznaueno, wo maxuil pyxomuil CKi1ao moduce
npayosamu y 0y0b-saKiti mouyi ms2060i 00AACmi, HACAIOKOM 4020 € HeOOXIOHICMb GU3HAYECHHS.
Xapaxmepucmux pyxomozo ckiady 0ns y 8cili msaeosii oonacmi. [JemanvHo po3eisiHymo po3paxyHoK
Xapaxmepucmux mseo8020 ACUHXPOHHO20 eNeKMPOOBUSYHA, KL € DA306UMU O/ BUSHAYEHHST MS2080-
EHep2eMUYHUX — XAPAKMEPUCIMUK — eIeKMmPOPYyXoM020 CKIAdy. 3anponoHosano npoyeoypy, sKd
0a3yemvcs HA  PO3PAXYHKY CXeMU 3AMIWEeHHs ACUHXPOHHO20 elleKmpoosueyna.  Pozensnymo
PO3PAXYHOK GMPAmM HOMYICHOCME, O0OYMOGNEHUX SUWUMU 2APMOHIHUMU HANpYeUu ma Cmpymy.
Hasedeno npukiad po3paxyky msie080-eHepeemudHux Xapakmepucmurx MAHEEPO8020 eleKmpo6o3y
HOCMILIHO20 CMPYMY 3 MAL0BUM ACUHXPOHHUM €1eKMPONPUBOOOM.

Knrouoei cnosa: mseosuil acuHxpoHHUL e1eKmMponpueoo, eleKmpopyxomMuil CKiaod, ACUHXPOHHULL
08USYH, MA208I XAPAKMEPUCTIUKU.
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KOHIEIIHIA )KUTTEBOI'O HUKJITY ITACAKUPCBKOI'O BAI'OHA

Y cmammi pozensinymi numanHs KOHYeNnmyaibHO20 Ni0Xo0y 00 BUSHAYEHHS HCUMMEBO20 YUKILY
nacascupcovroeo 8azona. Ilapx nacascupcokux eazonie AT Ykpsanizuuys 6 0oCHOBHOMY CK1a0arOmb
Mmodeni, po3pobaeni ma gueomosieri y 70-90 poxu mMunyn020 cmoaimms Ha 6a20HOOYOIBHUX 3A800aX
Himeyuunu ma Pocii. Bouwu 3acmapini sax mopaivHo, max i ¢izuuno. Lle obymosnroe HeoOxioHicmy
OHOBIEHHSl NAPKY NACANCUPCOKUX BA2O0HI8 34 PAXYHOK NPUOOAHHA 6A20HI8 AK GIMUUHAHO20, MAK I
3aKOPOOHHO20 BUPOOHUYMEA. Ale 6 CYHACHUX YMOBAX KOPUCHYBAYA HOBOI MeEXHIKU YiKagumv He
minbKy YyiHa npuobanHs, a U eumpamu RNicisi Apooaxci, wo i000OpaNicacmvcsi y apmocmi
AHCUMMEBO20 YUKITY.

s nacasxcupcbkozo 8azona 3anponoHOBAHO GUKOPUCMOBYBAMU KACKAOHY MOOeNb HCUMMEBO20
yuxny. Busnaueno emanu sicummegoeo YUKIY NACAICUPCLKOS0 BA2OHA 30 YMOGU eKChIAyamayii Ha
sanizHuyax Yxpainu. Beascaemuvcsa, wo 6in 6yoe ckradamucs 3 n’amu emanis. Pozenanymi ckiadosi
KOJMCHO20 emany JHCUmme8020 YUKy NaAcalCupcbKo20 6a20HA.

Jlna mpancnopmuoi KomMnauii, KA MA€ HAMIp eKCHIYamyeamu NAcadCUpcbKuil 8a2oH, SUMpamu
nepuwux mpvox cmaditi ONOCepeOKOBAHO BUPAJICEHI V NOYAMKOGI Gapmocmi 6a20Hy — UYIHI
npuUObAHHs.

Bapmicmv  ocummesoeo  yuxny (BXKL) nacadcupcvkozo  6acona  6yde  gusHauamucs
RIOCYMOBYBAHHAM — IHOUBIOYAILHO20 — GIOMOKY — 2POUOGUX — KOWMIE  (6umpam) HA  KOMNCHOMY
MUMHACO8OMY emani (Kpoyi po3paxynKy) mepminy cayscou mexuiku. Oyinka 6apmocmi HCummeso2o
YUKTTY MEXHIYHUX CUCMeM 3ANi3HUYHO20 MPAHCHOPMY Modice 30ilcHIosamucs Ha 0y0b-aKil cmaodii
JHCUMIMEBO20 YUKITY.

Knrouosi cnoea: nacaxcupcokuii 6a20H, JCUMMEBUN YUK, eKCHAYAMAYIUHI eUMpamu, mexHiuHe
00C1Y208Y8aHH, 0eN08CHKULL PEMOHM.

Beryn., Tepmin city:)xOu niepeBaXkHOi OiIBIIOCTI BaHTAXHUX Ta MaCaXUPChbkuX BaroHiB AT
«YKp3aJIi3HUI» ICTOTHO MEPEBULINB HOPMATUBHI 3HaueHHs. 3rinHo 3 nanumu ¢inii «llacaxupcoka
kommaHisy AT «Ykp3amizauis» 67 % 1HBEHTapHOTO MapKy BiAmpalroBaiu cBii pecypce. IlepeBaxHa
OUTBIIICTh TIACAKHPCHKUX BaroHiB Oyna 30ymoBaHa y 70-80 poku MUHYNOTO CTONITTS. BoHuU
HEOJHOPA30BO MPOXOMIIH JICTIOBCHKI Ta KaliTaJbHI PEMOHTH, a TAKOX KalliTalbHO-BiAHOBIIOBAIbHUI
PEMOHT 3 MOAOBKEHHSIM TEPMiHY CIy>KOM. BuTpatn Ha MiATPHUMKY Hpane3laTHOCTI HacaKMPCHKUX
BaroHiB 3a Ieil TepMiH iCTOTHO MIEPEBHUIYIOTh BUTPATH Ha MPUIOAHHS HOBOT'O PyXOMOTO CKIIAJTy.

B mpakrtuui 3akyniBens y 3axigHii €Bpomi BCi TEeHAEpPHI NPOMO3MLIi, sIKi MOB’S3aHI 3 PyXOMHUM
CKJIaJOM 3aJi3HHLb, Hapsay 3 OaraTbMa KpUTEpisIMU BUOOpY pillieHHS 0OOB’SI3KOBO 3aCTOCOBYETHCS
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KpHUTEpili BapTOCTi KUTTEBOro LWKIY. Lli mMuTaHHSA CTaHAapTH30BaHi Ta € OOOBSI3KOBUMH JJIs
BUKOHAHHS BHPOOHUKAMH 3aJi3HUYHOTO PYXOMOTO CKIamy. AJie Aeramizamlisi Ta BIOCKOHAJCHHS
METOAMK PO3PaxyHKIB BapTOCTI JKUTTEBOTO LMKIY IpOAOBXKYyeThcs. Lle oOyMmoBieHO TuM, IO
HASBHICThH OUTBII 00’€KTUBHOI METOJIMKU OIIHKH BapTOCTi YKUTTEBOTO LUKIY TEXHIYHUX 3aCO0IB Jae
OinbIIIe MOXKITMBOCTEH KOHTPOJIIOBATH PUHOK. 3aBIaHHS MiHIMI3amii CyMapHUX BUTpAT Ha 3IHCHEHHS
JKUTTEBOTO LUKITY 3a1i3HUYHOT TEXHIKH, HAJIaroJLKEHHs CXEMH LIIHOYTBOPEHHS, @ TAKOX ITiABUIICHHS
HaJiHHOCTI Ta OE3MEeKH TEXHIKH, IO CKCIUTYyaTYEThCS, € BAXIJIMBUM SIK AJsl il BUPOOHMKIB, TaK i
criokuBaviB. Jlas BaroHoOyJiBHOT TPOMHCIOBOCTI MiHIMI3allis TaKMX BUTPAT IMiJBUIIYE
KOHKYPEHTOCIIPOMOKHICTh MPOAYKITi 1, OTXKE, CTUMYIIOE PO3MIUPEHHSI PHHKY 30yTy Ta 301bIIICHHAS
npuOyTKy. ToOTO 1€ JO3BONHUTH CTBOPUTH YMOBH, IO CTUMYJIIOIOTH BUPOOHHKIB PO3BHBATH CBOIO
npoaykuiro. [y omepaTopiB 3alli3HWIbL NMPH LBOMY MiJBUILYETHCS E€KOHOMIYHA €(QEeKTHBHICTH ii
ekcroryaTarii. ToMy BiampallfoBaHHS METOIUK OI[IHKH BaPTOCTI KUTTEBOTO IHKITY PYyXOMOTO CKIIAAY €
KITFOYOBHM HANPSAMOM 3a0€31edeHHs BUCOKOTO PiBHS KOHKYPEHTOCTIPOMOKHOCTI MPOTYKIIi.

AHaji3 OCTaHHIX MOCTiIKeHb i TMOCTAHOBKA mpoOJeMu. JlOCTIKCHHS >KUTTEBOTO IUKITY
3aII3HIYHOTO PYyXOMOTO CKIIJy IPUCBIYCHO PAJ MyOTiKaMil SK B HAIIIK KpaiHi, Tak i 3a I MekaMu.

3ani3HUYHUA PYXOMHH CKJIa] Mae OOMEXEeHYy TPHBAIICTh CBOTO ICHYBaHHS Ha PUHKY, TOOTO BiH
Mae CBid KuTTeBuil nuki. [epxaBHuM cTanmaptoMm [l] BcTaHOBIEHI cTaii >KHTTEBOTO IHKIY Ta
BUKJIAZICHI 3arallbHi YMOBH JIO MPOIIECIB Ta 3MICTY pOOIT IPOTITOM KUTTEBOTO ITHKITY.

[adopmariis mpo eTanu >KUTTEBOTO LUKITY 3TI3HIYHOTO PYXOMOTO CKIIay € BKpail BOKIMBOIO IS
HiATNPUEMCTB, 10 3aHMAarOThCSl BUTOTOBJICHHSM PYXOMOI'O CKiaay. BoHa mae MOXKIMBICTH BU3HA4YaTH
PSA BOKIMBHUX MOKAa3HUKIB edekTuBHOCTI Horo BukopuctanHsa. Daxisusmu YrpV3T y monorpadii
[2] BuKIameHO OCHOBHI TOJIOKEHHS METOIOJIOTii BH3HAUEHHS JKUTTEBOTO IUKIY Ta HOTO BapTOCTI
IIOJI0 TATOBOTO PYXOMOTO CKJaxy. Y HayKoBi# cTaTTi [3] HagaHO iICTOPUYHY JOBIAKY IIOAO HMOHSATTS
BapTOCTi )XKUTTEBOTO IMKITy, BU3HAYEHO OCHOBHI OOJIACTi 3aCTOCYBaHHS BapTOCTi JKHTTEBOTO IIHKITY,
PO3KPUTO MOXIIMBOCTI BUKOPHCTAHHS BAPTOCTI JKUTTEBOTO IUKIY B TCHIACPHHUX 3alMTaX, BU3HAYCHI
CKJIaTHOCTI B PO3PaxyHKY BapTOCTi )KUTTEBOTO IUKITY.

B eBpormeiichkoMy CyCHiIBCTBI PillIeHHS, SKi MPUHAMAIOTHCS MIOAO OOCIYTOBYBAHHS Ta PEMOHTY
3aJTI3HUYHOTO PyXOMOTO CKJIay, 0araTo B 4OMY 3aJIeXKHTh Bijl TOTO, HA SIKOMY €Tarli YKUTTEBOTO LIUKITY
3HAXOAUThCS TeXHIYHUN 00’ekT. Tomy OCOONMUBHI iHTEpeC NpPEACTaBISIOTH COO0K HOPMAaTHUBHI
JIOKyMeHTH [4, 5], po3pobiieHi poboyoro rpymnor Coro3y €BpONEHCHKOI 3aIi3HHYHOI IPOMMCIOBOCTI
(UNIFE). Bonu sBIIsIt0TH cO0010 KEPIBHHUIITBO IO PO3paxyHKY BapTOCTi )KUTTEBOTO IUKITY JJIsi KpaiH
€BponeichKOo1 CIiIBHOTH.

B pobotax [6, 7] po3risiHyTi MUTaHHS BU3HAYEHHS BAPTOCTI KUTTEBOTO LIUKIY PyXOMOTO CKIaILy
Ta OOIPYHTOBAHO HAYKOBHH MIAXiJ IO MPOTHO3YBAaHHS BUTPAT HA YTPUMAHHS TEXHIYHUX 00’ €KTIB.

AHaji3 KOHIICIIIH JXUTTEBOIO IMKIY JIO3BOJISE BXXHUTH PsJ 3aXOMdiB IIOJ0 3MiHU OOCSTIB
BUPOOHHIITBA, OOCIYrOBYBaHHS, PEMOHTY, YTHIi3amii, sKi IalOTh 3MOTY MiHIMi3yBaTH BHUTpATH,
JIOCSTTH MaKCHMaJbHOTO MPUOYTKY 1 B KIHIIEBOMY PaxyHKY — IPOJOBXHTH HAaWOLIBII MPUOYTKOBI
eTanu XHUTTEBOIO LUKy 3aJII3HWYHOTO PYXOMOTro ckiany. Sk mpukiaza, aBTopoM MoHorpadii [8]
po3risHyTO TmMpoOJeMy ONTHMAalbHOI Oprasizallii >KHTTEBOTO I[HMKIYy BHPOOIB Ha TPHUKIAAIL
MaIIMHOOYMiBHOI Tamy3i, B OCHOBI SIKOi JIC)KUTHh TOHSTTS EKOHOMIYHO OOIPYHTOBAHOTO TEpPMiHY
ciy:xO0n MamHA. Po3po0seHo MPUHIMIIM Ta 3allpPOINOHOBAHO PO3PAXYHKOBI METOIMKHM ONTHUMIi3aLii
eTariB MPOEKTYBaHHS, BUTOTOBJICHHS, €KCIUTyaTallii Ta yTHii3alii BUpooy.

Y nocmimkenusx [9,10] momaHi TeopeTWyHI Ta METOMOJIOTIYHI aCTMEeKTH OIlHKA BapTOCTI
JKUTTEBOTO LMKIy TEXHIYHUX CHUCTEM Ta MPAKTUKU NPUHHATTS PilleHb M0 YHPABIIHHIO >KUTTEBUM
IIUKJIOM TEXHIYHMX CHCTEM Ha OCHOBI BU3HAYCHHS HOTO BapTOCTI.

VY cratrti [11] aBTOpaMu BHKOHAHO TEXHIKO-€KOHOMIYHE OOIPYHTYBaHHs IMEPEXOAy 0 CUCTEMHU
TEXHIYHOTO OOCIyroBYBaHHS Ta PEMOHTY 32 TEXHIYHMM CTaHOM i3 3aCTOCYBaHHSIM iHAMKATOPHOIO
KOHTPOJII0O TPaHWYHUX CTaHIB BY3JIB BAaHTQXHUX BaroHiB. [Ipy [bOMy BCTAaHOBJIEHO, MO 3a
MECHUMICTHYHAM ITPOTHO30M MOXHA JOCSATTH 3MEHIIEHHS BapTOCTi YKUTTEBOTO IMKIIYy HAIliBBaroHa
monem 12-7023.

Konmerrist ®KUTTEBOTO MUKIY € OCHOBOITOJIIOKHOIO JUIS YCHIITHOTO BIPOBAPKEHHS KOMILUIEKCHOT'O
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MiAXO0AYy HaIiHOCTI, PU3MKIB, BAPTOCTI KUTTEBOIO LUKIY HA 3ai3HUYHOMY TpaHCHOpPTi. B poboTi
[12] posrmsimaeTsest OOTpYHTYBaHHS MPABOMIPHOCTI 3acToCcyBaHHs OaiteciBcbkoi momeni (BM) mst
PO3paxyHKiB IMMOKAa3HHUKIB HAMIMHOCTI BAaHTQ)KHOTO BaroHa Ha eTamax »XHTTE€BOro mukiry. Ha mingcrasi
EKCIepUMEHTALHIX AaHuX Oyny BU3HAUCHI MOKA3HUKH HANIHHOCTI JeTaneil 1 By3JiB BaHTa)KHHX
BaroHiB. Meroamka, sika Oyna IpeAcTaBleHA, J03BOJISIE BHUKOPHUCTOBYBATH ajanToBaHi bM s
OLIIHIOBAaHHs IOKAa3HMKIB HaAIHHOCTI BaHTa)KHOT'O BAaroHa Ha eTamax >KUTTEBOIO IMKIY, a TaKOX
ONTUMI3yBaTH MDKPEMOHTHUI TEpMiH 1 KUIBKICTH PEMOHTIB NPOTATOM XHTTEBOTO LHUKIY MOAENTI
BaroHa, Ipu oMY 3a0e3MeuyeTbes 00K KOHCTPYKTHBHHUX OCOOJIMBOCTEH.

Crmim 3a3HaYWTH, IO BCl MpoaHaNi30BaHI pOOOTH PO3TIISAAOTH 3arajibHI MMATAHHS BU3HAYCHHS
JKUTTEBOTO LUKITY 3aTi3HUYHOTO PyXoMoro ckiafny. [lo3a yBarorw mociigHUKIB 3aJIUIINIACE MTUTAHHS
BU3HAUEHHS XapaKkTepy Ta 3aKOHOMIPHOCTEH aHami3y )KUTTEBOTO LUKITY MAacaKUPCHKUX BaroHiB.

Merta i 3aBnanns aociaizkeHHs. Metoto poboTu € ¢popMyBaHHS KOHIENTYATBHOTO IMIIXOAY J0
BU3HAYEHHS ITOHATTS JKUTTEBOTO MKy NacaKUPCHKOTO BaroHa B yMOBAaxX eKCILTyatalii YKpaiHChKOT
3aJTi3HUIII.

Jlns mocsTHEHHS OCTaBIIEHOT METH HEOOXITHO BUPIIINTH TaKi 3aBIaHHS:

MIPOBECTH aHAJI3 ICHYFOUMX MOJeNel >KHTTEBOTO LUKIY Ta 3alpPOINOHYBATH BiAMOBIAHY MOJIENb
HI0/I0 JKUTTEBOTO IIUKITY MACaKMPCHKOTO BaroHa,

chopMyBaTH KOHIEMIIIO XKUTTEBOTO MUKITY MaCAKUPCHKOTO BaroHa,

CHCTEeMaTH3yBaTH CKJIaJl OCHOBHHX €TaIliB JKUTTEBOTO IIUKITY NMACAKUPCHKOTO BaroHa.

Marepiaan Ta mMeroau aociaimkeHHs. [li KUTTEBUM LUKIOM 00’€KTa 3aJi3HUYHOTO TPAaHCIIOPTY
PO3YMIIOTh MOCITiIOBHICTH €TaliB, KOXKEH 13 SIKMX MICTHTh 3aBAaHHs, MPOTITOM YChOTO TEPMiHY CITY>KOU —
BiJl BUXiJIHOi KOHIIETIIi 10 BHWBENEHHS 3 eKCIUTyaTamii Ta yrwmsamii. JKATTe€BHHA DMK 3YMOBIIOE
CTPYKTYpY IUTAaHYBaHHs, YTPABIiHHS, KOHTPONIO Ta TIEPEBIPKH IS BCIX aCMeKTiB (YHKIIOHYBaHHS
00’€KTa, BKIIOYAI0UM HAAiHHICTh Ta Oe3neKy. MeToro JOCTiKEHHs! JKUTTEBOTO IUKITY € aHAlli3 Pecypcis,
10 BUKOPHCTOBYIOTHCS TIPY BUTOTOBJICHHI, BUKOPHCTAHHI Ta yTHIi3allii BUPOOy.

TpuBamicTh KHUTTEBOTO IUKIY PYyXOMOTO CKJIamy SBIsIE COOOI Tepiog MK (OpMyBaHHIM
KOHIICMIii HOro BHTOTOBJICHHSI Ta BUKOPUCTAHHS Ta BHIIyYEHHsIM 3 00iry. J{Jisl OJUHHIE PyXOMOTO
CKJIaay 3ali3HUIb TPUBATICTIO JKUTTEBOTO IUKITY 3a3BHYail BBaXKAaIOTh TEPMiH iXHBOI Ciy:xOu. Bin
BU3HAYAETHCSA SK TMOBHA KaJCHAApHA TPUBAJICTh EKCIUTyaTalii OWHMII PYyXOMOTO CKIamy A0 ii
BUKJIIOYEHHS 31 CKJIaqy OCHOBHHX (poHIIB. Buxoasdm 3 11bOro, OCHOBHUMH €JIEMEHTaMH JKHUTTEBOTO
LUKy 3a1I3HUYHOI0 PyXOMOT'O CKJIay €:

* BHSBIJICHHS NTOTPEO PHHKY Ta MOXKIIMBOCTEH MOCTAavaJIbHUKIB;

* TeHeparlis izieH, ix GpinpTpamis, ieHTndikamis;

* TEXHIYHO-CKOHOMIYHA €KCIICPTH3A;

* HAYKOBO-IOCIIiIHI poOoTH Ta (Ha TX MijcTaBi) TOCIITHO-KOHCTPYKTOPChKI po0OTH;

* MapKETHHIOBI JIOCTiKEHHS,

* MIiArOTOBKAa BUPOOHHIITBA;

* BHPOOHHIITBO Ta 30yT;

*  eKCIUTyaTarlis;

CTOCOBHO MACKMPCHKUX BarOHiB MOKHA MPHIHSTH, 1110 BOHU MAOTb IT’SITh CTA/Iiid YKUTTEBOT'O LIUKITY:

* (opMyBaHHs KOHIIENIIIi BaroHa;

* POBEJCHHS HAYKOBO-AOCIIIHHUX Ta JOCIITHO-KOHCTPYKTOPCHKHX POOIT;

* BHTOTOBJICHHS BaroHy, IKOMY I€peAyIOTh BC1 BUU MiATOTOBKY BUPOOHHIITBA;

* eKCIUTyaTalis BaroHa 3 TIPOBEJCHHSM CYIYTHIX 3aXO/iB IIOJ0 HaBYaHHsS IEpPCOHAY,
OHOBJICHHsI pEMOHTHOI 0a3u sl 3a0e3ledeHHs] CBOEYACHOTO Ta SKICHOTO PEMOHTY Ta TEXHIYHOTO
00CIIyroByBaHHS;

* BWIyYEHHS (JIKBiJawis, yTHii3aris).

Mogeni KHUTTEBOTO IMKIY TEXHIYHOTO 00’€KTa MOXYTh OyTH pizHuMU. [le oOymoBIeHO sK iX
PI3HOMAHITHICTIO, TaK 1 cnennikolo iX BUKOpHCTaHHsA. He3Baxkarouu Ha Te, IO XKHUTTEBI LUK AJIS
KO)KHOTO OKPEMO B3STOIO BHIAAKY MOXYTb CYTTEBO BIJIPi3HATUCS, aue ICHYIOTb JesKi
3araJIbHONPUAHATI  MOJIEN, SIKI MOXYTh CTatd 0a30BOI0 OCHOBOW. Tak, s TpOrpaMHOrO
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3a0e3MeUYeHHsI JOUIIbHO BUKOPUCTAHHS MOJEJCH, sSKi BiJIPI3HAIOTHCS CBOET IUKIIYHICTIO Ta MAalOTh
BUIIIAA] cripaii («cmipanbHa mozenby) [13]. OcoOnmuBicTh 1i€i MOJeNi MoJisrae B TOMY, HIO KOXKHA
¢daza BimoOpakae cBOIO e(heKTHBHICTh Ta PHU3HMKH, SKi TOB’sI3aHI 31 30BHIMHIME (dakTopamu. Koxen
BUTOK crHipaii nepeadadae cTBOpeHHS (parMeHTa (KOMIIOHEHTA) YW BEpCii MPOTpaMHOTO MPOAYKTY.
Ha HHMX yTOYHIOIOTBCS LIl Ta XapaKTEPUCTHKH MPOEKTY, BU3HAYAETHCS HOTO SIKICTh Ta MUIaHYIOTHCS
pOOOTH HACTYITHOT'O BUTKA CITipaTi.

IHKpeMeHTHA pO3pOOKa € TMPOIEecOM YacTKOBOI peaiizamii BCi€l CHCTeMH Ta IOCTYIIOBOTO
HapomIyBaHHS (YHKIIOHATBHUX MomBocTed [14]. Lle#t miaxixm mo3Boiisie 3MEHIIUTH BHTPATH [0
JIOCSTHEHHSI PIBHA BHXIAHOT TPOAYKTUBHOCTI. Haiibimpmnr axTyanbHHM Ta OOIPYHTOBaHUM il
BUKOPUCTAaHHS 1HKPEMEHTHOI Mozemi Oyne y TOMy BUIAIKy, KOJHM TNependadaeTbcs CKIAJHA Ta
MacimtabHa po0oTa 3 BEJIMKOK KUIBKICTIO JAPIOHMX CKJIAJOBHX Ta peaiizallis BiJOyBaeTbcs
YaCTUHAMM.

V-nof1i0Ha MOJENbh KUTTEBOTO IHKIY CIPSIMOBaHA Ha CHPOIICHHS PO3YMiHHS CKJIQJIHOIIIB, SKi
NOB’s3aHi 3 PO3poOKOI0. Ii JOUIBHO 3aCTOCOBYBAaTH, KOIM OCOOJMBO BaxIMBe OesnepebiiiHe
(yHKIIOHYBaHHS CUCTEMH.

[IpoBenennit anasniz MPUHIMIIOBUX OCOOJIMBOCTEH MOJENEN KUTTEBOTO IUKIY CBIMYUTH, IO IS
HAIIIOr0 BUITAJKy HAHOUIBII MiAXOIUTh MOJETL KackamHoro tumy. Lls Momenb BimoOpakae MOTiK
MociAoBHUX (a3 aHamizy, MPOEKTyBaHb Ta peamizamii. CTOCOBHO JKHTTEBOTO IHKITY 3alli3HUYHHX
BaroHiB KacKaJgHa MOJETh Ma€ CYTTEBI MepeBaru: BOHA IOCTYIHA U PO3YMIHHS; IIPOCTA i 3py4yHa y
3aCTOCYBaHHI, OCKIJBKH IPOLEC PO3POOKH BUKOHYETHCS IOETAIHO; CTalii MOAEII TOCHTh Io0pe
BU3HAYCHI Ta 3p03YyMiJi, BIAPI3HAETHCS CTAOLIBHICTIO BUMOT; BU3HAYAE TIPOICYPH KOHTPOJIO SIKOCTI.
ToOT0 M0 KOXKHOI /il BU3HAYAETHCA TIEBHUH Mepeltik 3aBnansb (puc. 1).

[Bi3HAENHE OCHOBMIK NOKASHIKIE

PO3POGE TEXHINNOT 3BBRAMMA

Nposeaerss HAAKP
Aochianoro 3pasKa

POSPOGKS TEXHINOTO NPOEKTY

BUIHAYEHNA XAPAKTEPHCTUK
MIIHOCTI Ta HaasinOCTI

BWTOTOBNENHA A0CTIANOTO 3pasKa

chopMyBaHHS LiHKU
Ha npuabaHHs

npoBEREHHA ENTPODYBaHS
‘Ta aconpawosans KO

NACARHPCOKOTO eupobrTea i
sarony

WaTEDANEHO-TEXANAS
NIATOTOEKS BHPOGHNLTES

NepesipKa NaTeHTHO! HCTOTH

OTpHMANKR CepTHGKATY BiAnOBIaHOCT

OPraNiaaUIR MAPKETHHTOBOT MRTPINKI

MeTponorima
nigroTosxa aupobwuLTea

W@opMaLINa
nigroTosKa supobKTEa

npwinanSHIG KOHTpORS

S0eprannA Ta
TPaHCTOpTYBaHHR

ExcanyaTauis
NACIXMPCHKOTD
Baromy

agsanA nepconany
Texnne
obcayrosysanka
Exnpysana

RenoscuKoii pemoT

380pOTHA 38 ASOK
3 BipOGHALTEOM

BapTiCTb XutTesoro
upkny

opMyBaHHS
(is)) ekcnnyaTauiiHux
e BUTpaT

A~ niksiaauiiiHe
Yrunisauin i5 nan
o/ canbao

Puc. 1. Kackaana Mojaeb JKUTTEBOTO HUKJIY NaCaKUPCHLKOT0 BaroHa

AHanizyloun MojaHy KacKaJHy MOJAENb, HeOoOXiTHO 3a3Ha4uTH, M0 eTan (OpMYBaHHS KOHIICMIil
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BaroHy BKJIOYae B ce0e TMpOLECH NPOBEACHHS MApKETHHIOBHX JOCTIIKEHb SK 3aMOBHHKA, TaK i
MOCTa4aTbHIKA BaroHy (aHaii3 MacakMpOITIOTOKIB, BU3HAYEHHS HASIBHOCTI IMMOTOYHOI a0 MepCIeKTHBHOL
noTpeOu y BaroHax JaHoro Tuiry). Ilicist iporo BinOyBaeThest pOpMyBaHHS BUXITHIX TEXHIYHHX BUMOT JI0
BaroHy (BM3HAYEHHsS OCHOBHHMX BHUMOT JIO MIIHOCTI, HaJIITHOCTI, TUIABHOCTI PyXy, TOXKEXKHOI OE3IEKH,
€CTEeTHYHI Ta epProHOMIYHI TTOKAa3HHKH, HOPMYBaHHS BHMOT JIO SKOCTI Ta eKkoyorignoi Oesreku). Ha
TMI/ICTaBl OTPUMAaHUX Pe3yJbTaTiB (POPMYETHCS Ta Y3TOMKYETHCS TEXHIYHE 3aBIAaHHS Ha pPO3POOKY Ta
BUTOTOBJICHHsI BaroHy. Jlanmi mpoBoAMTBCS KOHKYpC (TeHAEp) cepel MiIpsAAHMKIB (MOCTayajbHHUKIB) Ha
PO3pOOKY Ta BUTOTOBJICHHS BarOHY Ta PO3POOIISETHCS MPOEKT IOTOBOPY CTBOPSHHS BaroHy.

Etarr «IIposenenns HAJIKP Ta BHTOTOBIICHHS AOCIIAHOTO 3pa3kay BKIFOYAE IPOIECH ITPOBEICHHSI
(byHIaMEHTAIbHHUX, TOIIYKOBUX Ta MPHKIAAHUX HAYKOBO-IOCHIIHMX POOIT I/l BU3HAYEHHS ILBIXIB i
NPUHIMITB PaliOHaJEHOTO CTBOPEHHSI HOBOTO (MOJEPHI30BAHOIO) BArOHY, NETaJbHOTO MPOTHO3YBaHHS
BapTOCTI JKUTTEBOTO MWKy BaroHy. L[i poOoTM TOBWMHHI BHKOHYBATHCS 13 3aydEHHSM IIEPETOBHX
JIOCSITHEHBb HAYKOBIIB y Tally3i BaroHoOymyBaHHs, BukoHaHHS JIKP 3 po3poOku Ta CTBOpEHHS JOCIITHIX
3pa3KiB  HOBOTO (MOJEpPHI30BaHOT0) 3aJi3HMYHOIO PYXOMOTO CKJIaay, INPOBEIACHHS BCiX BHIIB
BUIPOOYBAHb Ta KOPETyBaHHA KOHCTPYKTOPCHKOI TOKYMEHTAITI] 32 iX pe3yabTaTaMu.

OriHKa TEXHIYHOTO PiBHS BaroHy BHUPINIY€E TaKi 3aBIaHHS:

e OOIpYHTYBaHHS BHMOT, IO 3aKJIQAAIOTHCS Y TEXHIYHE 3aBIaHHS Ha po3poOKY MPOAYKIii Ta
HOPMATUBHO-TEXHIYHY TOKYMEHTAIIiI0;

® TIPUIHATTS pillleHb [IPO MOCTAHOBKY MPOAYKIIii Ha BUPOOHHUIITBO;

e OOrpYHTYBaHHS AOIILHOCTI 3aMiHHU UM 3HSTTS CBOET MPOAYKIIii 3 BUPOOHHUIITBA;

e (GopMyIIOBaHHS MTPOMO3HUIIIH MIOA0 EKCIOPTY Ta IMIOPTY

Koncrpykropebka nokymentamis (KJ[) HeoOximHa Bcix eramax >KHTTEBOTO LUKy BaroHa —
MOYMHAIOYM 3 HOTrO TPOEKTYBaHHA 1 BHPOOHUIITBA Ta 3aKiHUYIOUH EKCIUTyaTalli€lo, PEeMOHTOM,
yTwiizaniero. Bona MicTuth y co0i BCi JaHi, HE0OXiIHI Ta JOCTaTHI JJIs BUTOTOBJICHHS, KOHTPOJIIO,
NpUAMaHHs, MOCTa4aHHsl, EKCIUTyaTallii Ta pEeMOHTY BaroHa, o po3poOIIsSETHCS.

3a pe3ynpTaraMy TOIMEPETHHOTO €Taly BiAMOBIAHMUMHU (aXiBISIMH PO3PAXyHKOBHUMH METOIAMH
BUKOHYETHCS TEPEBipKa MIIHOCTI Ta HAIIHHOCTI eIeMEHTIB KOHCTPYKIIii BaroHa, IO PO3pOOISIETHCS.
[TpoBeneHi po3paxyHKH JalOTh MOXIIMBICTh BXKE Ha JaHOMY €Talli CKOPEryBaTH OKpeMi elIeMEHTH
KOHCTPYKLII BaroHa Ta MPUCTYIUTH A0 BUTOTOBICHHS AOCIIAHOTO 3pa3Ky.

Hocmigamii 3pa3ok — 1€ 3pa3oK MPOMAYKINii, BHUTOTOBIEHHH 3a HOBOKI PO3POOJICHOI0 POOOHO0
JIOKyMeHTarliero [15]. BiH cTBOprO€THCS BIATIOBIAHO JI0 BCIX 3asBIEHUX BUMOT i MOBUHEH BUKOHYBAaTH BCi
¢yHKLil, 3yMOBJIEHI KpecIeHHAMH Ta TEXHIYHMM 3aBIaHHSIM. OCHOBHOIO METOI HOTO BHUTOTOBJICHHS €
nepeBipKka [ULIXOM BUIPOOYBaHb BIJMOBITHOCTI 33/IaHAM TEXHIYHHM BHMOTaM 3 METOIO YXBAaJICHHS
PILIEHHS L1010 MOKJIMBOCT] IOCTAaHOBKU Ha BUPOOHHLITBO Ta BUKOPUCTAHHS 32 MIPU3HAYCHHSIM.

OCHOBOIO Ul BUTOTOBJICHHSI JOCIIHOTO 3pa3Ka, BUIPOOyBaHHS HOT0 Ha BiANOBIAHICTH HOpMam
Ta KOHTPOJIO SIKOCTI € KOHCTPYKTOpPChKa AoKyMeHTamis. [lig yac po3poOKku eKkcrepuMeHTaTBLHOro
3pa3ka JI0 Hel BHOCSTBCS Pi3HI KOPEKTHBH, BUXOMISYM 3 PE3yNbTaTiB BUMPOOyBaHHS. TiNbKH Ticis
BHECEHHS HEOOX1THMX ITONPaBOK JOMYCKAETHCS MACOBE UM CepiiiHe BUTOTOBJIECHHS BUPOOIB.

Jocnigni 3pa3ky NpoyKIii MiIal0Th KOHTPOJIBHUM BUIpoOyBaHHsAM. [Tomepenni BunpoOyBaHHs
— 11 BUNPOOYBaHHS, sSKi MPOBOASATHCS 3 METOH IONEPEIHBOI OI[HKH BIAMOBIIHOCTI JOCIITHOTO
3pasKa MpOYKIlii BUMOTaM TexXHIYHOTO 3aBaaHHA (T3), a Takok BU3HAYEHHS TOTOBHOCTI JOCIITHOTO
3pa3ka /10 IpuiMalIbHUX BUIIPOOYBaHb.

[MpuiimanbHi BUIIPOOYBaHHS — 1€ BUMIPOOYBaHHS, SKi MPOBOJISATHCS 3 METOIO OI[IHKH BCiX TMEBHUX
T3 xapakTepuCTHUK TMPOIYKIi, MEepeBipKH Ta MiATBEP/KEHHS BIAMOBITHOCTI JOCHITHOTO 3pa3Ka
npoaykuii Bumoram T3 B yMoBax, MakCUMaJIbHO HAOMIKEHHX A0 YMOB pealibHOI eKCIuTyaTarii
(3acTocyBaHHsI, BUKOPWUCTAHHS) TMPOJYKIIii, & TaKoX JJisi NMPUAHATTS pillleHb 100 MOXIJIUBOCTI
IPOMHCIIOBOTO BUPOOHUIITBA Ta peaizauii npoaykuii [15].

[Iporec mpoBesicHHs MOMIYKY HA MATEHTHY YHCTOTY HAJICKHUTH JI0 HAYKOBO-IOCIHIHUX JOCIIIHO-
KOHCTPYKTOPCHKUX pOOIT, pO3p0OKH HOBHX 00’ €KTIB, MPOEKTYBAHHS MIANPUEMCTB Ta 1HIIUX 00’ €KTIB
KalliTaIbHOTO OyJiBHUIITBA, 8 TAKOXK PO3POOKH MPOEKTIB CTAHIAPTIB.

[laTeHTHa YMCTOTA — II€ FOPHIMYHA BJIACTHUBICTh 00’€KTA IHTEIEKTYaJbHOI BJIACHOCTI, IO MOJISITAE B
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TOMY, LIO BiH MOX€ OYyTH BUIbHO BHKOPHUCTaHWH B Wil KpaiHi Oe3 HeOe3meKn MOpYIICHHS MaTeHTIB, 10
JiI0Th HA 11 TepuTOpii, 110 HajeXkaTh TpeTiM ocobam [15]. Mera monryky Ha maTeHTHY YHCTOTY — BUSIBUTH
BHUKOPHCTaHI B 00’ €KTi O3HAKM 3aMTATEHTOBAHOTO BIHHAXO/Y, HE3BKAIOUH Ha BiIIMIHHOCTI B 1HIIIFX O3HAKAX.

Ilim wac mepeBipkM Ha TATEHTHY YWCTOTY MeEpPEeBIPSEThCS KOHCTPYKINiS BaroHy B3arali, OIIHII
MiATAI0ThCs Bee (YU OUIBIIICT) peanti30BaHMX Y HbOMY TE€XHIYHUX pimieHb. [[omyk mpoBOAUTHCS 1O
KOXKHIHM kpaiHi okpeMo. [IpuiimaroTbest 1O yBaru NaTeHTHI 3aKOHH, MPaBUiia Ta CyJ0Ba MPAKTHKA BCiX
KpaiH, 00 SKUX IPOBOAUTHCS MOLIYK.

[Ticns 3aBepIeHHs MonepeaHiX poOiT opraHoM 3 cepTudikamii 3aai3HIYHOTO TPAHCIIOPTY Y KpaiHH,
YIIOBHOBa)KEHUM Ha BUKOHaHHS poOiT B AepkaBHiit Cucremi ceptudikanii YkpCEITPO, npoBoautscs
cepTudikamis macaxnupcbkoro Barona. Jlamai BUpoOOHHKOM MPOBOAMTHCS MAapKETHHTOBI 3aXOIH OO
3a0e3medeHHS peajiallis BaroHa.

Etan «BUTOTOBJIEHHS Maca)kKUPCHKOTO BaroHay BKIIOYa€E B ceOe MiArOTOBKY LIOAO 3a0e3MedYeHHs
TOTOBHOCTI MiATIPHEMCTBA 10 BUPOOHUITBA Ta BUITyCKY (TIOCTa4aHHS) y 3aJaHOMY 00Cs31 HOBOTO
(MOIEpHI30BaHOTO) IMACAKUPCHKOTO BaroHa BIANOBIAHO 0 BHMOT TEXHIYHOTO 3aBHaHHSI Ta
KOHCTPYKTOPCBKOI JOKyMEHTallii, CTBOpPEHHs a00 YIOCKOHAJICHHS TEXHOJOTIYHHMX IMPOLECiB Horo
BUTOTOBJICHHS, @ TAKOX MPOIeC NPUIMHEHHsS BUPOOHHUITBA (3HATTA 3 BUPOOHHIITBA) 3aTi3HHYHOTO
pyxoMoro ckiaay. B mei eranm BXOJSTh TEXHOJIOTiIYHA, METPOJIOTidyHa Ta iH(opMalliiiHa MiArOTOBKa
BUPOOHMIITBA;, MaTepiabHO-TEXHIYHE IMOCTa4YaHHs (3aKyIiBJi); BXITHUA KOHTPOJNH Ta 3IIHCHEHHS
BUPOOHMYOr0 TMPOIECy BUTOTOBJCHHS BiJi HACTAaHOBHOI Ta TOJOBHOI KOHTPOJILHOI cepii 10
BCTaHOBJICHOT'O TIOTOKY TIPOAYKIIii; 3a0e3nedeHHs ineHTHudikaIii mpoayKiii; npuiAiManbHANR KOHTPOIb
Ta MPOBEJCHHS BUMPOOYBaHbh TOTOBOT MPOAYKIIi; aHai3, BUKOPUCTAHHS Ta YTHIII3AIis MPOIYKIIil, 110
HE BI/AIMOBia€ BUMOTaM; KOPUT'YBAaHHS TEXHOJIOTII Ta BUPOOHMUYOro MpOolecy; MiArOTOBKA MPOIYKIIii
JI0 TPAHCTIOPTYBaHHS Ta 30€piraHHs; TEXHIUHA JOMOMOTIa CIIOKMBayaM B 00CIIyroByBaHHI, pEMOHTI Ta
YTHITI3aMii MPOAYKIIii.

Hactynuuit eran «Ekcrutyararfisi maca)KMpChbKOTO BaroHa» CKJIAJA€ThCsl 13 3aXOfiB LIOAO
BIIPOBAKCHHS BaroHa B €KCILTYaTaIlil0 3 MPOBEACHHIM CYITyTHIX 3aXO/IB 00 HABUYAHHS MEPCOHATY
Ta MiArOTOBKOIO peMOHTHOI Oa3u. Lleil eran BKiIroUae mporecu NpUHHATTS TPAHCIOPTHOIO KOMIIaHI€0
(mmigpo3minomM) BaroHa, BBEJEHHs HOT0 B poOOYHIA MapK BaroHiB JJIs O€3MOCEPETHFOTO BUKOPUCTAHHS
BIJIMOBIAHO A0 MpH3Ha4YeHHS (y TOMY YHCII TapaHTIMHUH CTpPOK), MiATPUMKa MapKy BaroHiB B
YCTAHOBJICHOMY CTYII€HI HOT0 TOTOBHOCTI 10 BUKOPUCTAHHS IIUISIXOM IPOBECHHS KOMIUIEKCY 3aX0/iB
(y ToMy 4uCHi TEXHIYHOTO OOCIIYyTOBYBAaHHS Ta PEMOHTY), CIIPSIMOBAHHMX Ha 3abe3medeHHs Ta (a0o)
BiJTHOBJICHHS MPAIE3aTHOCTI Ta CIIPABHOCTI BaroHis.

TexHiuHE 0OCITyTOBYBaHHSI XapaKTepU3YEThCs MPOLECAMH, CIPSIMOBAaHUMH Ha CBOEYACHY 3aMiHYy
YaCTHHU 00JIalHAHHS BaroHiB Ha HOBE JUIS MOKPAIICHHS HOro CIIOKUBYMX BiiacTuBoctel [16].

[ maca)kupCchbKHUX BaroHiB BCTAHOBJIEHO TaKi BUJIM TEXHIYHOTO 00CIyrOBYBaHHS:

e TO-1 — BuKOHYyeThCS mepel BIANPABICHHSAM Yy peHC y NMyHKTax (GOpMyBaHHS Ta 00OpOTy, a
TaKOX Ha HUISIXY NPsSMYBaHHS;

e TO-2 — BUKOHYETHCS TIEpE] MOYATKOM JIITHIX T4 3MMOBUX TIEPEBE3CHB;

e TO-3 — enuHa TexHIYHA PEBi3isi OCHOBHHUX BY3JiB IMACAKUPCHKUX BaroHIB uepe3 6 MICSIIIB Mmics
moOyI0BH, TUIAHOBOTO PEMOHTY a00 MOIEPeIHbOI PeBi3ii 3 BIAYCIUICHHSM Bij MMoi3fa B IyHKTaX
(bopMyBaHHS.

Kpim nepeniueHnx BuaiB TexHiyHoro oociayrosysanHs (TO) Moxke TakoX MPOBOAUTHUCS TOTOYHUI
pemont (I1P) 3 BiguemnsieHHsM BaroHa BiJ CKJaJly MoOi3Aa Ha NUISXY NPSMyBaHHA a00 B ITYHKTax
(dhopMyBaHHS Ta 000POTY.

Jlo MOTOYHOTO yTpUMaHHS MaCaKUPCHKUX BaroHiB BXOAWTH: TEXHIYHUH OIS, MOTOYHUNA PEMOHT,
eKiIipyBaHHs, caHiTapHa 00poOKa Ta 00CIIyrOBYBaHHS BaroHiB Ha LUISXY MPSIMyBaHHS.

TexHIYHUIA OTJIsII 3MIHCHIOETBCS y TTapKax npuOyTTs, GopMyBaHHs Ta BianpaenenHs. Poocora I[1TO
3IHCHIOETBCSL  3aJIKHO BiJl YMHHOTO PO3KIAAY PYyXy HacaXXHpChbKuX moi3nmiB. Lli myHKTH MaroTh
3a0e3MeYnTH SIKiCHYy HiAroToBKY ckianiB y peic. Ilepconan I[ITO Hece moBHy BiANOBiNANBHICTH 3a
Oe3rneynnii Ta 6E3BIMUIMHUI PyX 00pOOJICHUX CKIIAJIIB MPOTITOM YChOTO PEUCy.
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EximipyBaHHSI macaXMPCHKUX BaroHiB MOJNATaE B CaHITAPHOMY OTIJISiAl, BOJIOTIM nmesiHdekuii Ta
JIe3iHCeKIii 3a BCTAHOBJIEHWM TpadikoM, 30BHIMIHIM OOMHUBaHHSIM, BHYTPIIIHIM TPHOUPAHHSM,
3aMiHOI0 BUKOPHUCTAHOI OITM3HW YHCTHM, ITOCTA9aHHSIM BOJOIO, 3HIMHMM IHBEHTapeM, a B XOJIOIHUMN
yac 1 manuBoM. Bcei i poO0TH BUKOHYIOTH CHeliani3oBaHi OpUraau exkimpoBku. Baronu mocradaroTs
BOJIOIO 3 BOJIOPO30IpHMX KOJIOHOK Ha EKImpyBaJbHUX IyHKTaxX CTaHIiN (opMyBaHHA Ta 0OOPOTY
CKIaAiB abo0 Ha NPUHMANBHO-BIANIPABHUX KONISX TPOMDKHUX CTaHIlM; MaauBOM (BYTiJUISAM)
3a0e3MeuyloTh 3 HACTaHHSAM OMNATIOBAJbHOTO CE30HY, a OMANIOIOTh NMPH 3HIDKCHHI TeMIepaTrypu
30BHIITHKOTO MOBITPst 10 +10 °C.

binu3HOI0, MOCTIIPHUM TpUIAIISIM, IHBEHTapeM, OOJaITHAHHAM IacaXUPCHhKi MOTITH (BaroHH)
3a0e3meuyloTh KOHTOpH OOCIYroByBaHHS macaxkupiB. [Ipu eximipyBaHHI B mepily d4epry BaroHU
MOCTavaloTh MaTpanami, I[OAYIIKAMH, MOTIM KOBAPaMH Ta HOCTUIBHOIO OLIHM3HOI, 3HIMHUM
IHBEHTapeM, HACTUTPHUMHU irpamu (IIAIIKH, AOMIHO, MIAXH), YA€M, IIYKPOM, IE€YUBOM Ta IHIIHNMH
MpeaAMETaMH YaifHOT TOPTiBIIi.

[P (nemoBCbKUI peMOHT) — Lie TNIAHOBUI PEMOHT BAroHiB, IO MPOBOIUTHCS MK KaiTalbHUMH
PEMOHTAaMH, 3 METOIO BITHOBJICHHS iX MpaIe3laTHOCTI, 3 3aMIHOI0 UM PEMOHTOM AESKUX CKJIQJIOBHX
YaCTHH, a TAaK0XX MOJIEpHi3aIli€ro, 32 He0OX1THOCTi, OKPEMHUX BY3IiB.

Kanitansni pemontu (KP-1, KP-2) noBuHHI BUKOHYBaTHCSI HA BATOHOPEMOHTHHUX 3aBOJIaX 3 METOIO
BiJTHOBJICHHS] TEXHIYHOTO CTaHy BaroHiB IIJISIXOM 3aMiHM HECHPABHHUX CKIIAJIOBHX YaCTHH Ta JcTanei
Bi[p€MOHTOBaHUMHU a00 HOBHMH, a TaKOX, 32 HEOOXiTHOCTi, MOJEpHIi3alisl OKpeMHX BY3IiB. BoHuU
BIJIPI3HAIOTHCS OJMH BiJl OJTHOTO 00CATOM POOIT, 1110 BUKOHYIOThCS.

JisutbHICTE 1O 3a0€3MEYEHHIO 3BOPOTHOTO 3B’SI3KY 3 BHUPOOHHIITBOM IIOJISiTa€ Yy 30HMpaHHi
iHhopMariii mpo poOOTy MacaXMpPCHKUX BaroHIiB B €KCIUTyaTallil, BU3HAYEHHSI «BY3bKHX MiCIIb» B
KOHCTPYKII1 AJIs TIOMIMIIEHAS] pOOOTH BaroHa.

[Tpu mMopnepHizalii MOXKJIMBE BUKOHAHHS POOIT, SIKi 3a0€3MeUyIOTh MOJOBXKEHHS TEPMiHYy CIYXOU
BaroHiB. MojepHi3allii MO)K€ TaKOX MPOBOJUTHCh 3 METOI IMOKPAIlEHHS TEXHIKO-CKOHOMIYHUX
MOKA3HUKIB MACAKUPCHKUX BarOHIB.

Ha ocrannboMy etami «YTHIi3alis» NPOBOAATH KOMIUIEKC IOKYMEHTOBAaHHMX OpraHi3amiiHo-
TEXHOJIOTIYHUX 3aXOJ(iB IIOJ0 CIIMCAHHS OJMHHMIN 3aJTi3HUYHOTO PYXOMOTO CKJIay, JIKBifamii Ta
BUJIAJICHHS BIAXOJIB CKJIAJOBUX YACTHH 3aJi3HUYHOTO PYXOMOTO CKIAAy 31 CKIAJaHHSIM OIHCY
CKJIQJIOBHX YacCTHH, IO IJISATAIOTh 3HATTIO i3 3aJi3HWYHOTO PYXOMOTO CKJIaay Ta MPUAATHUX JUISI
MOBTOPHOTO BUKOPHCTAHHSI.

Bapricts sxurreBoro nukiy (BXKLI) macaxupcbkoro BaroHa Oyje BU3HAYATUCS MMiCYMOBYBaHHSIM
IHIMBIAyaIbHOTO BiJITOKY TPOIIOBUX KOIITIB (BUTpAaT) HA KOXKHOMY THMYacOBOMY eTarmi (Kpoii
PO3paxyHKy) TEPMIiHY CIIY)KOM TEXHIKH.

Jns TpaHCHOpTHOI KOMIMaHii, sKa Ma€ Hamip eKCIUTyaTyBaTH Maca)XKMPCHKHH BaroH, BUTPAaTH
MIEPITUX TPHOX CTAIiH OMIOCEPEAKOBAHO BUPAXKEH] Yy MIOYaTKOBI BAPTOCTI BaroHy — I[iHi MpUIOaHHS.

BurtpaTtn Ha excrutyatariro (piuHi eKCIUTyaTalliiiHi BUTpaTH) — e TIOTOYHI BUTPATH Ha EKCILTyaTarlito
PYXOMOTO CKJIaJly Ta CKJIAQJHUX TEXHIYHUX cUCTeM. BOHM po3paxoBYIOThCS BIAMOBITHO 10 HOMEHKIIATYPU
JIOXOMIIB Ta BUTPAT 3a BHIAMU [isUIBHOCTI TPAHCIIOPTHOI KOMIIAHii Ta CKJIAJAOThCS 3 BHTPAT Ha
SHepropecypcH Ta BHUTPaTHI MaTepiaiy, YTPUMaHHS EKCIUTyaTallifHOro IepcoHaly, OYHMIIECHHS Ta
OOMHBaHHS PYXOMOTO CKJIaJly, TEXHIYHE 0OCITyrOBYBaHHSI, IOTOYHI, KalliTaJbHI T4 HETJIAHOBI PEMOHTH.

Y cknami piuHMX eKCIUTyaTaliiHUX BUTpaT Ha YTPUMaHHA EKCIUTyaTaliHOTO IEepCOHATy
BPaxOBYIOThCS BUTPATH HA OTUIATY TPalli MPAIliBHUKIB BATOHHUX JIETIO, TYHKTIB €KillipyBaHHS.

VY ckmaai OXONiB 3a TeEpioJ eKcIulyaralii 3ali3HUYHOTO TPAHCIOPTHOTO 3aco0y HEeOoOXiJHO
BpaxyBaTH JOXO/IU Bij Oe3mocepeHbO eKCILTyaTallil BaroHa ta #oro JIKBialiiHy BapTiCTh.

[IpoayKTHBHICTE PYXOMOTO CKJIaAy 30UIBLIYETHCS 332 PaxyHOK OHOBJICHHS IAPKY, MOKPAIeHHS
HAOro XapakTepHCTHK, 3MEHLICHHS BUTpaT Ha BUPOOHHUIITBO Ta EKCIUIyaTallilo; AJs KOXKHOTO BHUILY
PYXOMOTO CKIIaay — iHAuBiAyabHO. [Ipy 1IbOMY 3aX0/1 MO0 301IbIIEHHS POYKTUBHOCTI BaroHiB
MTOBMHHI BiJIMTOBIIaTH €KOHOMIYHIN e()eKTUBHOCTI POOOTH TPAHCIIOPTY.

3o6ipruk nayxoeux npauyw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38

159



TEXHIKA I TEXHO.JIOI'I

Jns pyxoMmoro ckiagy 3aldi3HUYHOTO TPAHCIOPTY PiuHI eKCIUTyaTamiiiHi BUTpaTH Ha PEMOHT
TPYIYIOTHCS 32 TAKIMH €KOHOMIYHUMH €JIEMEHTAMH:

* MarepiaibHi BUTPATH;

* BHUTpATH Ha OIUIATY Mpali;

* BifpaxyBaHHS Ha COIIAJbHI 3aXO0/H;

* aMOpTH3AIlis;

* iHIII omepauiiiHi BUTpATH.

Jo cknagy ogHOpa30BHX BHTPAT BXOASATH BAPTICTh OAMHUII PYyXOMOTo Ckiaay (UiHa mpuaOaHHs)
Ta CYyIyTHI KamiTalbHI BKJIaJeHHS (IHBECTHIII]), sIKi HEOOXITHO 3AIMCHIOBATH TIPY BIPOBA/KEHHI iX B
eKCILTyaTallio.

JlixBifaniiiHa BapTiCTh PyXOMOTO CKJIaJy BU3HAUAETHCS HA KiHIEBOMY eTari ix BUKopucTaHHS. o
Hel BXOISATh BATPATH HAa BHUBEIEHHS 3 €KCIUTyarTallii Ta yTHIi3alifo: KOIITH, IO OTPUMYIOTHCS Bij
BTOPUHHOTO BUKOPHCTAHHS 3allaCHUX YaCTHH Ta METaJOOpYXTY; BUTPATH, MOB'A3aHI 3 JEMOHTAXKEM
o0agHaHHs, 10 HE MiUIArae pEMOHTY 3MiHHUX YacTHH Ta JeTajlel; BUTPATH Ha TPAHCTIOPTYBaHHS.

BapTicTh KUTTEBOTO MUKy PYyXOMOTO CKIaAy 3aJi3HHIB 3aJeXUTh Bif 0araThox (axkTopiB, fKi
BH3HAYAIOTHCS BHPOOHUKOM, OTIEPATOPOM PYXOMOTO CKIIaay, OmepaTopoM iH(OPACTPYKTYpH, a TaKOXK
KOMITaHi€l0, Ika O0CITYTOBY€E PyXOMUH CKIIal.

BapTicTh KHUTTEBOrO NUKIY TEXHIYHUX CHUCTEM 3alli3HUYHOTO TPAHCIOPTY BKIIFOYAE BHUTPATH
OJTHOPa30oBOTO (iHBECTHINIi) Ta TOTOYHOTO XapakTepy (EKCIUTyaTamiiHi BUTPATH) 3a TEPMiH CIyXOH
(TepMiH KOPHUCHOTO BHKOPUCTAHHS), a TaKOX JIIKBiJalilHI BUTpPATH, MOB'S3aHi 3 BUKIIOUYCHHIM
o0'exTa 3 eKCIUTyaTallii.

Orminka BapTOCTI JKUTTEBOTO IHKIY TEXHIYHUX CHCTEM 3alli3HWYHOTO TPAHCIIOPTY MOXKeE
3MIHCHIOBATHCS Ha OyIb-sIKid CTaii »kuTTeBOro MUKIy. OmHAK MOTpeda B Takiil OLIHIII BUHUKAE, TIEPIIT
3a BCE, Ha eTaIli NpuA0aHHs NpU TOPIBHSHHI 3 aHAJIOraMU Ta Ha eTalll eKcIUlyarTallii Ipyu MOHITOPUHTY
E€KOHOMIYHMX MOKa3HHUKIB 3 METOIO MIATBEPPKCHHS MOYaTKOBUX OI[IHOK BAPTOCTI )KUTTEBOTO ITUKITY.

Bapricts xutreBoro mukiny (LCC) texHiUHOT cucTeMH 3ali3HUYHOTO TPAaHCIOPTY 32 TaKOTO
MiIX0/1y BU3HAYAETHCS 32 POPMYIIOO:

T
LCC = L, + Z(I/It + AK, — J1,) - 1, €Y

t=1

ne U, — uiHa npuaGaHHs TEXHIYHOI cHCTeMHU (TIEPBICHA BAPTICTh), THC. IPH.;

W, — piuHi ekcruTyaTariiiHi BATpaTH TEXHIYHOI CUCTEMH, THC. TPH.;

AK; — cynyTHi OJHOpa30Bi BHUTpaTH, TNOB's3aHI 3 BIPOBKEHHAM TEXHIYHOI CHUCTEMH B
eKCILTyaTallii, TUC. TPH.;

JI; — mikBigarifHa BapTicTh TEXHIYHOI cCHCTEMU (JIKBiJIaIliiiHE Cab/0), THC. TPH.;

N¢ — KoeillieHT AUCKOHTYBaHHS,

t — MOTOYHMI PiK EKCIUTyaTallii;

T — TepMiH KOPHCHOTO BUKOPUCTAHHS, SIKHH BCTAHOBIIFOETHCS BIAMOBIIHO 10 TEXHIYHUX BUMOT abo
IHIIIOT HOPMATHBHOI JIOKyMEHTAIlii, pOKiB.

3 mno3uiii (GopMyBaHHS TPOIIOBUX IIOTOKIB BapTICTh KUTTEBOTO IUKIY TEXHIYHHUX CHCTEM
3aTI3HUYHOTO TPAHCIIOPTY € CYMOIO 1HIWBIIYyalbHOTO BiAIUIMBY KOIITIB Ha KOXXHOMY THMYacOBOMY
eTari TepMiHy iX Bukopuctants. Ciiz 3a3Ha4nTH, 110 Y pa3i HeoOXiAHOCTI aganTauii iHppacTpyKTypu
KOMIIaHil 10 mapaMeTpiB HOBOT'O BaroHy MUTOMI BUTPATH Ha ii 3/iliCHEHHs (TOOTO B PO3paxyHKy Ha
OJIMH BaroH) BPaxOBYIOTHCS SIK CKIIQJIOBI BAPTOCTI YKHUTTEBOTO ITUKITY.

Jo ckmamy OIHOPa3OBHUX BHUTpAT BXOISATHh BapTiCTh BaroHy (UWiHa nOpuAaOaHHS) Ta CYMyTHI
KamTanbHi BKJIaJeHHS (iHBECTHINii), sIKi HEOOXiJHO 3iHCHIOBATH IIiJf 4Yac BIPOBAKEHHS B
eKCILTyaTallio.

Jlo cynyTHIX Haiexarb BUTPATH:

Ha 00JagHaHHS JIENOBCHKOI Ta 3aBOACHKOI PEMOHTHHX 0a3, y TOMY YHCIIi BUTPAaTH Ha MPUIOAHHS
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JOJAaTKOBOTO BUMPOOYBAaJbHOTO Ta PEMOHTHOrO OONagHAHHS, OiarHOCTHYHOI Ta IEpPEeBipOYHOI
armapaTtypu, CHeliaTbHOTO IHCTPYMEHTY, PO3IIMPEHHS HassBHUX IUIOI TOIIO;

Ha 301IBIIIEHAS MTPOTSHKHOCTI CTAHIIIIHUX KOJiH (y pasi MiABUIIEHHS BATOBUX HOPM CKIIAJiB);

Ha HaBYaHHS OOCIYrOBYIOUOTrO mepcoHany (y pasi, SKIIO Il BUTPATH HE BKIIOYEHI B KOHTPAKTHY
BapTicTh 00’€KTa) Ta iH.

PiunHi ekcrmyaTarliiiHi BUTpaTH BU3HAYAIOTHCS BIAMOBIAHO 10 [17] Ta CKIamarOThCs 3 HACTYITHUX
€JIeMEHTIB BUTpAT: OIUIaTa IMIpalli; BiApaxyBaHHA Ha COIIaNbHI 3aXOIW; MaTepialbHI BHUTPATH;
aMOpTHU3allisl Ta HII BUTPATH.

JlikBigauiiiHa BapTicTh TEXHIYHOI CHCTEMH BH3HAYa€ThCA KiHIIEBOMY eTarli ii Bukopuctanus. Jo ii
CKII/ly BXOJSTh BUTPATH Ha BUBEACHHS 3 EKCIUTyaTamii Ta yTHIII3aIlif0: KOIITH, SIKi OTPUMYIOTH Bij
BTOPUHHOTO BHKOPHMCTaHHS 3allaCHUX YacCTHH Ta METAJIOOPYXTY, BHTPATH, IIOB’S3aHi 3 AEMOHTAX
o0agHaHHs, IO HE MiJUIArae peMOHTY 3MiHHUX YacTHH 1 AeTaneil, BUTpaTH Ha TPaHCIIOPTYBAaHHS Ta
1HIIII BUTPATH.

Criz 3a3HaYNATH, HAWOLIBI OYEBHUIHA YaCTHHA BUTpAT (IpHI0aHHSA BaroHa) € MEHIIOI YaCTHHOIO
BapTOCTi )KUTTEBOTO LMKJTY. bifplla yacTHHA CYyKyMHUX BUTpaT MPHUIAAAE Ha BUTPATH 3 TEXHIYHOTO
00CIyroByBaHHs Ta €KCIUTyaTallii BaroHiB Ta HA MOMEHT IOKYIIKM € HEOUYEBUAHOK. MiHiMizallis
BapTOCTi JKUTTEBOTO IUKITY BaroHy Bele JO MiIBUIIECHHS YHCTOI AMCKOHTOBAHOI BAPTOCTI MPOEKTY
mozo i mpuabaHHs Ta BiANOBIAHO MiABHUINYE KaIliTami3amiro KoMmaHii. TakuM 4iMHOM, BU3HAYEHHS
BapTOCTi XHUTTEBOTO IMKIY BaroHa BUMara€ HasBHOCTI JOKIaHOl iHQopmamii mpo BUTpaTu Ha
NpuI0aHHS Ta EKCIUTyaTallil0 Ta TeXHiYHe OOCIYroBYBaHHS TEXHIYHHX CHCTEM. 3a OIIHKaMH
eKCIIepTiB BapTiCTh €KCIUTyaTallii BaroHiB Ta iX MiATPUMaHHS y TMpame3laTHOMY CTaHI BHABISETHCS
BUILIOIO 32 BapTiCTh MpUAOaHHA y KiJibKa pasiB.

KoHueniiist BapTocTi JKUTTEBOrO LUKy MACaKUPCHKOTO BaroHa TIpd OOIPYHTYBaHHI
YVOPaBIiHCHKUX pIlIEHh Ha OCHOBI MapaMeTPUYHOI MOJENi JO3BOJSE 00 €KTUBHO OIIHUTH YMOBH
e(eKTHBHOCTI 11 BIIPOBAXKCHHS, & TAKOXX MPOBECTH aHaJi3 YyTJIMBOCTI OKPEMUX CIIEMEHTIB 32 3MiHU
KOH IOHKTYPH PHHKIB CIIOKMBaHUX PECYPCiB, MOCTaYaIbHUKIB, KaIliTay Ta iH.

BucnoBku. Ha migcraBi aHamizy CBITOBOTO JOCBiy BHUKOPHCTaHHS PI3HHX MOJEJEH KUTTEBOTO
[UKJTY Ta Cy4acHOTO IMiJAXOAY 0 OHOBJICHHS 3aJi3HMYHOI TEXHIKM 3alpONIOHOBAaHA KAacKaJHa MOJEIb
JKUTTEBOTO IHUKITY TACAKUPCHKOTO BaroHa.

3anporoHoBaHa KOHIIEMIIIS KUTTEBOTO MUKy MAaCa)KUPCHKOTO BaroHa. Bu3HaueHO OCHOBHI eTamu
KUTTEBOTO MUKy MAacaXUPCHKOro BaroHa. BpaxoBaHO 0COONMBOCTI €KCIUTyaTallil Ta yTpUMaHHS B
TEXHIYHO CITPaBHOMY CTaHi aCa)KMPCHKUX BATOHIB 32 YMOB 3JII3HUIL Y KpaTHH.

KoHmentiist >KUTTEBOrO IMKIY MMAacaKUPCHKOTO BaroHa, SKy 3alpONOHOBAHO, JO3BOJUTH B
MOJNANBIIOMY CHUCTEMATH3YBaTH TEXHIYHI, TEXHOJIOTIYHI, EKOHOMIYHI Ta €KOJIOTiYHI aCHeKTH
(hopMyBaHHS BapTOCTi KUTTEBOTO LUKITYy 3 METOIO MiHIMi3allii BUTpAT, O TOB’s3aHi 3 BTUICHHSAM Ta
EKCILTyaTalli€lo 3pa3KiB HOBOI TEXHIKH, a TAKOK BU3HAYMTH 11 TIMITHY I[iHY.
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THE CONCEPT OF THE PASSENGER CAR LIFE CYCLE

The article deals with the issues of a conceptual approach to determining the life cycle of a
passenger car. The fleet of passenger car mainly consists of models developed and manufactured in
the 70-90s of the last century at car plants in Germany and Russia. They are obsolete both morally
and physically. This necessitates the renewal of the passenger car fleet by purchasing cars of both
domestic and foreign production. In modern conditions, the user of new technology is interested not
only in the purchase price, but also in the after-sales costs. This is reflected in the life cycle cost.

It is proposed to use a cascade life cycle model for a passenger car. The stages of the life cycle of a
passenger car during operation on the railways of Ukraine have been determined. The components of
each stage of the life cycle of a passenger car are considered.

For a transport company that intends to operate a passenger car, the costs of the first three stages
are directly expressed in the initial cost of the car - the purchase price.

The life cycle cost (LCC) of a passenger car will be determined by summing up the individual
outflow of funds (expenses) at each specific stage (calculation step) of the service life of the
equipment. The life cycle assessment of the technical system of railway transport can work at any
stage of the life cycle.

Keywords: passenger car, life cycle, operating costs, maintenance, depot repairs.
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HAYKOBMHX IIIXIJT 10 METOAIB 3BLIBIIEHHS )KUTTEBOI'O IIUKJTY
KOJIICHUX ITAP PYXOMOTI'O CKJIAAY 3AJII3HUID

Benuyuny owcummesoco yukiy Konic pyxomozo cKuady 6UHAYAE NepioOUYHICIb MEXHIYHO20
00C1Y208Y8aHHs, 8 Npoyeci AK020 30IUCHIOEMbCS 00MOYKa 08 BIOHOGIEHHS NPOQINiE N08ePXOHDL
KOUeHHs, a00 3aMIHA NOBHICMIO 3HOWEHUX Kolic. Bi0 mexuiunoco cmamny Koaic JOKOMOMUSIE ma
6aeoHi6 3anexcumsv Oesnexa pyxy. Ha mexuiune 06ciy208y8anus ma peMonm KOAICHUX NAp npunaoac
onusvko 30% ecix eumpam niopo3oinie 3 pemoHmy pyxomozo ckaady Ykpzanisnuyi. Texuonoeii
PEMOHmMY KOJAIC 3ACHOBAHI HA NOBHOMY BIOHOGACHHI NPOMINI6 KONC WAAXOM O00OMOUKU, 3
BUKOPUCTNAHHAM SIKOIL, IX JICUMMEGUIl YUK 3MEHUYEMbCs, a eumpamu 30invuyiomocs Ha 20% i
Oinvwe. Ha 3aniznuysx Yxpainu 8uxopucmogyemvcs 3acmaping, HeoO2pyHmo8aHa, HeepekmugHa
cucmema KOHMPONO (DOPMOYMBOPEHHS NOBEPXOHbL KOueHHs 6 excnayamayii. Tomy icnye
HEeOOXIOHICMb CMBOPEHHS HAYKOBO 0DIDYHMOBAHO20 NIOX00Y 00 MEMOOi6 NOOOBHCEHHS ICUMMEBO20
YUKTTY KOJIC TOKOMOMUBIE A 8A20HI8 npu 3a0e3neuenti 6e3nexu pyxy 3ani3HUUHO20 PYXOMO20 CKAAOY.
Bionosiono 0o 3anpononosanozo Haykogozo nioxody, npo@ine Koaic GIOHOBMOEMbCA  3A
ONMUMATLHUMU RAPAMEMPAMU, WO 3a0e3neuye NOO0BHCEHUU ICUMMEBULl Yuki KoaicHux nap. B
pe3yabmami  po3pobiieHo2o Hayko8o2o nioxody Ha 15...25% 30inbuuumsbcs dcummeutl Yuki KOJICHUX
nap i 3HAYHO 3MEHUWAMbCA GUMPAMU 3AI3HUYL HA IX PeMOHM.

Knrouoei cnosa: xonicna napa, scummesuti Yyuki, pyxomuil CKiao, GiOHOGNEHHS, ONMUMI3aAYis,
PEMOHMHUL RPOPinD.

Beryn. BennuuHy jKUTTEBOro HUKITY KOJIC PyXOMOTO CKJIaly BU3HAYA€ NMEPIOANIHICTh TEXHIYHOTO
00CIIyroByBaHHs, B TPOIIECi SKOTO 3/IMCHIOETHCS O0TOYKA JUIsi BiJHOBJICHHS NMPOGLTIB MOBEPXOHb
KO4YeHHsI, ab0 3aMiHa TOBHICTIO 3HOIIEHWMX Koiic. Bil TEeXHIYHOTro cTaHy KOJIC JOKOMOTHBIB Ta
BaroHIB 3aJIEKUTh Oe3reKa pyxy.

Bin momyckoBHX 3HaueHb TaKMX TOKA3HUKIB 3HOCY, SIK TOBIIMHA TpeOeHsl, mapameTp KpYyTOCTi
rpeOcHs 1 TOBIIMHA OaHIa)xa CYTTEBO 3aJiekKaTh BaXKIUBI TEXHIKO-CKOHOMIYHI EKCILIyaTalliiiHi
MOKa3HUKA POOOTH PYXOMOTO CKIady, a came: MpOOIr KONICHUX Map MiX 0OTOYKaMH OaHIaXiB,
CyMapHa KUIBKiCTh 00TOYOK OaHIaXiB 3a iX eKcIUTyaTaliiHM{ >KUTTEBUI LUK, 3arajbHUH pecypc
OaHnaxiB. ToMmy icHye HEOOXiTHICTh CTBOPEHHS HAYKOBO OOTPYHTOBAaHHMX METOJiB BH3HAYCHHS
ONTUMAJILHUX PEMOHTHUX MPOQiiB, M0 3a0€3MeUUTh 3MEHIIEHHS BUTPAT Ha YTPUMaHHSA 1 PEMOHT i
MOJOBXEHHS €KCILTYaTalliiHOTO JKUTTEBOTO IIMKITYy OaHAaXiB KOJIiC IOKOMOTHUBIB.

AHaJi3 OCTaHHIX MOCTiIKeHb i MocTaHOBKAa mMpooGJjeMu. ['OJIOBHOIO 3a/1a4€i0 MPAKTUYHO BCIX
BIZIOMHX JOCJIIKEHb 3HOIIYBaHHsS T'peOeHIB Komic Oys0 30UIbIICHHS NPOOITiB KOJICHHX Map Mix
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00TOYKaMH — MDXPEMOHTHHX TpOOITiB, a TaKOX CyMapHMX MPOOIriB KOJICHUX Map 3a >KUTTEBHHA LIUKI
0aHmaXiB 32 PaXyHOK 3MEHIIIEHHS IHTeHCHBHOCTI 3HOITYBaHHS. TeXHOMOTTYHIMI 3HOC Mif] 9ac BiHOBJICHHS
KOJIiC, TIPH [ILOMY, 30BCIM HE BpaxoByeThes. Bimmosinuo mo [1, 11, 12] npu nocsrHeHHi Xo4a 6 OHUM 3
napaMeTpiB mpodiaro (ToBIMHA TPeOCHs, mapaMeTp KPYTOCTi TpeOeHs) OJHOTO 3 KOJIC KONICHOI mapu
CBOTO MiHIMAIBHO-JIOMYCTUMOTO 3HA4YEeHHA KoJieco 00TouytoTh. llpm mpoMy mpodine MOBHICTIO
BiTHOBITIOETHCS 1 HAOYBA€ FEOMETPir0 HOBOr'O peMOHTHOTO mpodiso [2, 3, 10, 13, 14, 15].

bibmiicTh iICHYIOUMX METOJIB ONTHMI3alii MpodiIto 3aMi3HUYHUX KOJIIC MalOTh Ha METI
3HWKEHHSI 3HOCY 3 BpaxyBaHHSM ITOKa3HHKIB 3HOCY [9, 16-18].

YKp3ali3HUIsl BUKOPHCTOBYE CTaHAapTHI (BUpoOHWYi) mpodimi, ski (QOpMyrOTbCS Ha HOBHUX
KOJIICHMX Mapax i OaHpaxkax, 1 peMoHTHI mpo¢imi (Tabm. 1), sKi CTBOPIOIOTH Ha OaHAaXkax NpHU
BiTHOBJIEHHI MPO(TI0 TpW TepIii i HacTymHuX 00Toukax. HalOimbIn mommpeHnMu 3 peMOHTHHX
npodiniB € 1oKoMOTUBHMI 1 MoTop-BaroHHUi mpodimi 3AT «MIHETEK». Ilpu mocsrHenHi Ha
OJIHOMY 3 KOJIIC KOJICHOI Hapu MiHIManbHOI TOBIIWHM OaHJaka BOHU 3aMiHSIOTBCS Ha HOBI i3
BupoOHmunM mipoditem JICTY 11018:2005 [3].

Ilepexin 3i crangapTHOTO MPO(DLTI0 HA PEMOHTHHUH OLIBIIT MPUBAOIUBUI Yepe3 Te, IO MPH TAKOMY
BapiaHTIi BiTHOBJICHHS Ma€ MICIIC MEHIIIa BTpaTa TOBLUIMHH OaHnaxa (Tadi. 1).

Tabnuya 1. BrpaTa TOBIIUHH IPedeHs 32 0HY 00TOYKY MPH Pi3HUX BapiaHTax
Bi/IHOBJIeHHS NPOQiIiB, MM i IPOrHO30BaHA KiJbKICTh 00TOYOK 32 JKUTTEBUI LIMKJI

BinnosmoBanuii mpodine

[epBunHMIA IpOdiNb

JACTVY 11018:2005 3AT «MIHETEK»
JACTY 11018:2005 18,1/2 8,9/4
3AT «MIHETEK» 18,2/2 11,4/3

3a maHWMU eKCIUTyaTamii IHTeHCHBHICTh MiApi3y TpeOeHiB SK y Mepio MPUIpPAIIOBAHHA, TaK i
cepefHs MK OOTOYKaMH Yy PEMOHTHHUX MpOQiliB HWKYA HIX y cTaHmapTHoro npodimo. Lle moxHa
MOSCHUTA THM, MIO TEOMETpis pPEeMOHTHUX NpodimiB Onmk4ya [0 TNPHUPOJHO-3HOLICHUX,
HPHUIPALLOBAHUX.

IcHye BenMKa KUIBKICTh CIIOCOOIB BiJIHOBJICHHS KOJIC JIOKOMOTHBIB, B SIKId BHIIJIMMO TpPH
OCHOBHHUX BHUJIM: MEXaHIUHE BiJHOBJICHHS OaHIaXiB KOJIIC OJTHO - 1 0araToje30BUM IHCTPYMEHTOM 3a
KOMipoM, a00 MpOorpaMor0; BiHOBJIEHHA MPOQLIHLHUM IHCTPYMEHTOM; KOMOIHOBAaHE BiJIHOBIICHHS.
IloBHa xapakTepucTHKa ITUX CrOoc00iB BimoOpakeHa B Ta0I. 2.

e 3 60-x pOKIB MHHYJIOrO CTOpIU4Ysl I BITHOBJICHHS NPOQITIB KOJiC PyXOMOTO CKIaay
BUKOPHCTOBYBaJIach (pacoHHa (peza [4], B sKkili OynM BCTaHOBICHI PSOKAMU IWIIHIPUYHI pi3asibHi
TUTACTUHHM, PO3TAIIOBaHI Yy BIAMOBIMHOCTI 3 MPOGLILHOIO JIiHi€I0 (hpe3u, aleKBaTHOI MPOQilio Koeca.
Hoxi 1i€i ¢pe3n 3aKpiIuTroBannuch B KOPITyci 3a JIOMOMOTO0 KITHHIB 1 3aKHBHHUX TBUHTIB. TBEpIOCIIIaBHI
IUIACTUHA Yy TIPOIECi iX 3HOIIYBaHHSA IIOBEPTAIM HABKOJIO CBOiX BICIB, YMM JIOCATAIOCS IOBHE
BHKOPHCTAaHHS KPYTOBOI pi3aIbHOT KPOMKH (KOJKHA TUTACTUHKA O€3 epeTodKy mpartoBaia B 20 MO3HUIIIsX).

Ha 6a3i Buie3asnadyeHoi ¢pesun 3AT «MIHETEK» Oymna po3pobniena HoBa (hacoHHa (pe3a mis
BiIHOBIICHHSI TPO(]LTI0 KoJieca pyXOMOTO CKIIATy 3ali3HHYHOTO TPAHCHIOPTY [5], ska BUKOPHCTOBYETHCS B
OLIBIIOCT] JIOKOMOTHBHHX Jeno Ykp3amizHuui 3 2000 poky. Ilig yac oOtouku npodinro KoJicCHUX Iap
TIpOLIEC Pi3aHHS MOYMHAETHCS BPI3aHHAM Pi3aIbHUX IDIACTHH HOXKA. B 3a7Ie)KHOCTI BiJ| MpOBepTaHHS (pe3u
B poOOTY MOCIIIOBHO BCTYAIOTh HOXI, SIKi 3/IIICHIOIOTH 3HIMaHHS APy METaIy.

®pe3n mpaIroroTh B KOMIDIEKTI 3 IBOX MITYK — MPABOI 1 JIiBOI, AKi OJJHOYACHO O0OpOOISAIOTH 00MIBA
kosieca koiicHoi nmapu. Komicno-¢pesepni Bepcratn KXK-20 HaiinomupeHinn B JOKOMOTHBHUX JETIO
VYxpaiau. Ilpu oOTouyBaHHI OaHIaXKIB 3a0€3MEUyETHCS OJEPKAHHS TOYHOTO MPOQUIO i PiBHOCTI
JliaMeTpiB KOJIIC 1O TMOBEPXHI KOYECHHsS OaHIaka BIAMOBIAHO IO CyYaCHHMX BHMMOI BIJHOBJICHHS
(acoHHOTO MPOdiTI0 KOJIC MiJ] IOKOMOTHBOM.

B pesynbrari 00TOUKM OaHAaXIB 3HIMAETHCS 3HAYHMH IIAp METay, IO € OCHOBHOIO NMPHYMHOIO
CKOpPOYEHHS KHUTTEBOTO IUKITY OaHJaxIB B ekciryaraiii. @aconHa ¢pesa, sika BAKOPUCTOBYETHCS Ha
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IUX CTaHKaxX Mae€ 3HauHy BapTicTk. B mpomeci 11 excrumyaTamii HOXi IyKe 4acTO JOBOAUTHCS MIHSTH.
He Bci meno MoXyTh T03BOMUTH cOOl YacTy 3aMiHy aeraned ¢pesn i Tomy gacto Bepcrata KIK-20M
3HAXOJATHCS B HEPOOOUOMY CTaHi.

Tabnuysa 2. XapaKkTepucTHKA cocodiB BiTHOBJIeHHS NPoQiaiB KoIic JIOKOMOTHUBIB

MexaniyHe BiTHOBJICHHS OaHakKiB

KOJIic 0/1HO 0araToJ1e30BUM BinnosJsiennst npoginbuum . .

. . . KomM0iHoBaHe BiTHOBJIEHHS

iHcTpyMeHTOM 32 Komipom iHcTpyMeHTOM

200 nporpamoro

- TOYiHHA 3a KOIipoMm, abo MporpaMor0 | - TOUiHHS OJHHUM, a00 AEKIIbKOMa - BiTHOBJICHHS 3
OITHUM a00 JEKiTbKOMa pi3aKaMH, MIMPOKUMH pi3aKaMH 3 I0/Ia9CIO B MIOTIEPETHHOI0
BCTaHOBJICHUMH 3 ITOCTIIIOBHIM panmianbHOMY 200 TaHTCHIIATHPHOMY | TEPMOOOPOOKOIO MIISIXOM
3MIIIEHHSM B3JIOBXK BiCi Koyeca, ado IO | HaIPsSMKY; IHAYKIiITHOTO HATPiBY
PI3HHMX CTOpOHAX KoJieca; - TOYIHHS CIIPAIBLHOIO MPOTSIKKOIO CTpyMaMH BHCOKOT YaCTOTH
- TOYIHHS 32 KOTipoM, ab0 NporpamMoro | 30BHIMIHBOr0 a0 BHYTPIIIHHOTO MOBEpPXHi 000/1a;
0JTHOIO 200 JIeKIIbKOMa 00epTalbHUMH | TOPKaHHS; - BIJIHOBJICHHS 3
TOJIOBKAaMH pi3aka, sKi BCTAHOBJICHO - (hpe3yBaHHs 0HOIO, 300 TEPMOOOPOOKOIO ISt
MOCJIIIOBHUM 3MILIICHHSM B3/IOBX BiCi JeKibkoMa (hacoHHUMH (pe3amu BiZHOBIICHHS (bi3nKO-
KoJieca, ado 1o Pi3HUX CTOPOHAX 30BHIIIHBOrO 200 BHYTPIIIHHOTO MEXaHIYHUX BIACTUBOCTEU
KoJreca, TOpKaHHS, MaTepiairy moBepxHi 0001a
- TOUYIHHA 3a KOmipoMm, abo mporpaMor0 | - Bpi3He mpodiipHe KoJIeca,
OJTHOIO 200 JEKITbKOMa JUCKOBUMU BHCOKOIIBHKICHE IITi()yBaHHS - BITHOBJICHHS 3 TIOTICPEAHIM
(hpe3amu, sIKi BCTAHOBIICHO (hacOHHNM KpYyrOoM 30BHIITHROTO 200 | HAIUTABICHHSM 1 HACTYITHOIO
TIOCTITOBHAM 3MIIIICHHSM B3IOBX Bici BHYTPIIITHBOT'O TOPKAHHS; TEpMOOOPOOKOIO
KoJieca, abo 1Mo Pi3HUX CTOPOHAxX - (hpe3yBaHHS KOMIIIIEKTOM (pe3, HAIJIaBJICHOTO IIapy Ha
KoJjeca; BCTaHOBJICHUX 13 3MIIIICHHIM B3JI0BK | 00011 KoJeca;
- TOUIHHS 32 KOIipoMm, abo mMporpaMor0 | oci Kojeca; - BITHOBJICHHS 3 OJJTHOYaCHUM
0JTHOIO 200 JIEKIJIbKOMa TOPLIEBUMHU - BIJTHOBJICHHSI TIOBEPXHI KOUCHHS TUIA3MOBUM HarpiBaHHAM
(pesamu, sIKi BCTAHOBJICHO 0OKaTHUM IHCTPYMEHTOM iapy, sSIKUii 3pizaeTbes
MOCJIIIOBHUM 3MILICHHSIM B3JIOBX BicCi
KoJieca, abo 1Mo Pi3HMX CTOPOHAX Kojeca

Jnst BimHOBIEHHS TTpodiar0 OaHJaXKiB BUKOPHUCTOBYIOTHCS KOJIECO-TOKApHI BEPCTATH JABOX THITIB:
HAMMUJIBHI — 3 BUKOYYBAaHHSM KOJICHHMX Map 3-MiJi JOKOMOTHBA 1 MigMiIbHI — 0€3 BHKOYyBaHHS
KOJIICHUX TIap 3-T1i]] JIOKOMOTHBA. 3 OISy HAa €(QEeKTUBHICTh PEMOHTHHUX MiANPHEMCTB 1 3aTI3HUYHHX
JIeTI0 TIepeBary CIIiJ| BiyIaTH MiIMUILHAM BepcTataM. Koseco-TokapHi BepcTaTH BUKOPUCTOBYIOTHCS,
K JJI1 OOTOYYyBaHHS TIOBEPXHI KOYEHHSI KOIIC IIiJ] Yac IUIAHOBUX PEMOHTIB (M1 MiATPUMKH
HOPMOBAHOTO MPOQiI0 KoJieca MPOTATOM BCHOTO TEPMiHY CITY»KOM), Tak 1 /Uil YCYHEHHs TIOB3YHIB
1iHmMX mnotoyHuX naedekrtiB. Ha ToxapHux Bepcrarax 3 UIIY MoKHAa TakoX B aBTOMaTHYHOMY
pPEeXHMMi BHMIPIOBATH TE€OMETPHYHI MapaMeTpH 3HOIIEHHX KOJIC 1 PO3paxoByBaTH ONTHUMAIbHY
TOBILMHY IIApy METaly, M0 3HIMAEThCS, IJIsl OTPUMAaHHI HOPMAaTUBHOT'O MPOo(iJFo Kojeca.

[Mixnimmorosuit  (migpeikoBuii) KosicHO-TOKapHuii Bepctat A-41 (Trading House, London)
NpU3HAYEHUH U1 OOTOYKM KOJICHHX Tap Oe3 BHKOYYBaHHS B YMOBax JIOKOMOTHBHOTO jemno [6].
KoumicHo-Tokaphuit Bepctar UBE-150-N— nBox-CynopTHuUl crienianbHUI BepcTar Ui 00TOYyBaHHS
npodisiB Koyic 3aMi3HUYHOTO pyxoMoro ckiaai. KomicHy mapy ykouylooTh Ha BEpCTaT i BUKOYYIOThH
TicIst 0OOTOYKH IO peiikax.

TexHomoris BiTHOBJIEHHS PO(DLITIB ITOBEPXOHb KOUSHHS KOJIC IIUISIXOM HAIUIABIICHHS TPpeOeHIB BIepIe
Oysio BHpoBa/KeHO Ha TexHosoriynoMy TtpaHcopTi BAT «Cesepcrayiby. ChOrofHi TEXHOJOTIS
BiZHOBIICHHsI NpoQiniB OaHIaKiB IUIA3MOBUM HAIUIABJICHHS JOCUTH PO3MOBCIOMKEHa. HartaBneHHs
3HOIIEHUX TpeOeHiB J03BOJISIE MPUOIM3HO B IIBTOpPAa pa3d CKOPOTUTH 3HATTS MeTaly OaHOaxiB mpu
00TOYYBaHHI JUTSl OTPUMAaHHS HOPMAITLHOTO MPOMUTIO 1 TIOJIOBKUTH TEPMIH CITykOu Oanaxa [7].
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AHani3 iCHyl0YHX METOMIB BiJHOBJICHHS MPOQiNiB KOJIC Ja€ MOXKIHUBICTE 3pOOUTH BUCHOBOK IIPO
HEOOXIMHICTh CTBOPEHHS HOBHX OLIBII EKOHOMIYHHX 1 HayKOBO OOIPYHTOBAaHMX METO/IB
BIIHOBJICHHSI PEMOHTHHUX MPOQiTiB 3 ONTUMAIBHIMH ITapaMeTpamMHu.

Mera i 3aBaaHHs JgocjaigKeHHsi. MeTo0 € HaykoBe OOTPYHTYBaHHS METOJIB 30iNbIICHHS
KHUTTEBOTO MHUKITY KOJICHHX Map PyXOMOTO CKJaxy 3ali3HUIb. [l [BOTO IOCTAaBICHO 3aj1adi
JOCTTI/DKEHHST BIUIMBY IapaMeTpiB PEMOHTHHX MPO(MITIiB KOJIC JIOKOMOTHBIB Ha eKCIUTyaTaIliifHi
BUTpaTH iX yTpUMaHHS 1 po3poOKYy HAyKOBOTO MigXOMy OO BHU3HAUYEHHS ONTUMAILHUX PEMOHTHHX
npodisiB KOJIiC JOKOMOTHBIB Ta po3po0Ka HidboBOi (DyHKLIT AT onTUMi3alii mpodimis.

Marepiaau i pe3yabTatu AociaigxeHHsl. JlochmipKeHHS AWHAMIKM TTOKA3HWKIB 3HOIITYBAaHHS
MIOBEPXOHb KOUCHHS KOJIIC TO3BOJHIIM 3pOOMTH BUCHOBOK PO HEJOLINBHICTh MTOBHOTO BiJHOBJICHHS
npodiito MOBepXHi KOYEHHS KoJieca B CHUTYyalii, KOJU MPH JOCATHEHHI MiHIMaJbHO-IOIyCTUMOTO
3HaYeHHS OJHUM 3 MapaMeTpiB iHII MapaMeTpH MarOTh 3HAYHWW 3amac. Y TaKOMY BHITQIKy OLTBII
JOUTEHUM OyJio O 3aCTOCYBaHHS HEMOBHOTO PENPOQIIIIOBAHHSA, 3aBASKH SIKOMY BiTHOBIIOETHCS
TINBKH TOM HapameTp, SKHH JOCAT TPaHWYHOro 3HaueHHsA. Ha 1pbOMy MpHHLMII 3aCHOBAaHHMH METOJ
HEITOBHOTO Penpo(IIIOBAaHH IMOBEPXOHL KodeHHs OaHmaxkiB [8]. MeTon BimHOBJICHHS MPOdiiTio
OaHmaka MUITXOM HEMOBHOTO OOTOYYBaHHS, JO3BOJSE 30UBIINTH €KCILUTyaTalliiHUN KUTTEBUN ITHKIT
bannaxiB npuodausHo B 20...40%.

Bubip onTuManbHUX PEeMOHTHHX MPOQiliB MOBEPXOHb KOUEHHSI KOJIC JJOKOMOTHBIB, 3aCHOBAaHWI Ha
OIITHMIi3aIlii 32 MiHIMyMOM MIUTOMHX €KCILTyaTaIllfHAX BUTPAT Ha OJMHUITIO KUTTEBOTO IUKITY OaHIAXIB.

Hogiii miaxix 3acHOBaHMIT HAa OTPUMaHIH 3aJIEKHOCTI CEPENHBOI IHTEHCUBHOCTI 3HOCY rpebens 1CP
Bil mapaMeTpa KpyTocTi BigHoBmeroro mpodimo (gR) (puc. 1).

TyT 1 gani onTHManbHI TApaMETPH BiIHOBICHOTO MPOMiII0 OyIyTh MO3HAYATUCS YKUPHAM MIPUPTOM
y kpyriaux ckookax: (br) i (QR).

3anpornoHoBaHU TiAXiJA TONSIrae B TOMY, HIO MpU OOTOYYBaHHI 3aMiCTh IOBHOTO BiJHOBJICHHS
npodimo GaHIaKiB BUKOHYETHCS X YaCTKOBE BiJJHOBJICHHS, IPH SIKOMY TOBIIMHA rpedens (br) i mapamerp
KpyTocTi (qR) BH3HAYAIOTHCS, SIK ONTUMAaJIBHI, 1 HaOyBaroTh 3Ha4eHb BimmosiaHo (br) i (QR). Ha puc. 1,y
KoopauHaTax Dr—QR, moka3aHO CXeMH TOBHOTO 1 4YacTKOBOrO (HEMOBHOIO) BiIHOBICHHs MpOQiIiB
GanmgaxiB. JIiHIl «a», «O», «B», «I», «I», aHAJOTIYHO 03HAYAIOTH MEBHI OOMEKEHHS MOXKIIMBHX 3HAUYCHb

napamerpiB br i qR. Touka [C](br,[QR]) BI/INOBIZIa€ MapaMeTpaM 3HOIIEHOrO MPOMITIO y MOMEHT
NPUIHATTS pillleHHs 1Mpo 00Touky. Touka C*(b:,qR*) — mapameTpaM TpodiLII0 TPU TOBHOMY

BinHoBieHHi. Touka (C)((br, (QR)) — onTuManbHIM mapameTpam Mpy HETIOBHOMY BiTHOBJICHHI.
3navenns (br) i (QR) BubuparoThCs SIK ONTUMAITBHI T HACTYITHOI IiTHOBOT PYHKIIIT

B -
Zxu _ ¢ [(qR), (br)] —min, (1)
K1l
e Baw — muromi eKCIUTyaTalliiiHi BUTPATH HA OJMHMINO CKCILIyaTaI[liHOTO KMTTEBOTO ILUKITY
L)KLI

Gannaxa;, B, — excruryaramiiini BuTpaTH Ha npuaOaHHs, (OpMyBAaHHS, PEMOHT il yTPHMaHHS

OaH/1aXiB POTATOM €KCILTyaTalliiHOTO )UTTeBOro nukiy; L 1 — EKCILTyaTalliiHUH XKUTTEBUI LKL
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[aR] (qR) gR* gR

Puc. 1. CxeMa NOBHOIO i HeMOBHOIO BiTHOBJIeHHS MapaMeTpiB nmpodinio KkoJric

3a OAMHUIIIO EKCIUTyaTaliiHOTO KHUTTEBOTO UKy OaHAa)Xa MPUHHATO MPOOIr OaHAaxa MPOTATOM
10* xm.
Excrutryaramiifnai Butpaty 3a ¢yHKIi€o (1) MaroTh HACTYITHY CTPYKTYPY:

By = (L, By, By, By, ), )

B SIKy BXOJiTh: L] — BapTicTe mapu OaHIaXiB; Bq, — BuTpat Ha (JOPMyBaHHS KOJicHOI mapu; By —

BAPTICTh MOHTAXHUX POOIT 3 3aMiHH KoxicHOI mapu; B, — BapTicTe 00TOYKM GaHIaXiB KOMICHOI

napu; N — KUTBKICTh 0OTOYOK MPOTITOM €KCILTyaTaI[ifHOTO YKHTTEBOTO LIUKITY.
Kinbkicth 00TOYOK, SIKi BUTPUMYE OaHAaX MPOTATOM EKCILTyaTaI[ifHOTO J>KHUTTEBOTO IHKITY

3alIeKHUTh BiJl TOBIIMHM HOBOro Oammaxa O * MiHIMaJTBHO-IOMYCTAMOI TOBIIMHA OaHJaka [d] Ta

CEpeJIHiX 3HAUEHb EKCIUTyaTAlliiHOTO i TEXHOJIONYHOTO 3HOCIB HA MOMEHT 06TOUyBaHHS — Og 10,

oo dx-ld]. 3)
Oe +90;

DyHKIOHATBHA 3aeKHICTh TEXHONOTIYHOTO 3HOCY O BiI HapaMeTpiB mHpodimo, Mo

igroBmoersest (br) i (QR) — Op =T [(QR), (br)] — BH3HAuaeThCs y mpoLECi aBTOMATH30BAHOTO

BUMIpPIOBaHHS MapaMeTPiB 3HOMIEHOTO TPOdiIIO.
ExcrutyaTamiiHui SKATTEBHHA UK CKJIANA€ThCS 3 MIKPEMOHTHHUX MPOOIriB 1 BU3HAYAETHCS
(dhyHKIIIEO

L =N -{(@R) - [aR1} * Iep [(aR)]. (4)

3aJIeKHOCTI CEpeIHbOi IHTEHCUMBHOCTI 3HOCY rpebenst ICP Bin mapamerpa KpyTocTi BiIHOBJIEHOTO

npodimo (R ) BusHauwaeThes GpyHxuiero (puc. 2)

Iy [(R)]=—y18—[(qR)-55F +45. (5)

st 371MCHEHHST HEMOBHOTO OOTOYYBaHHS aBTOPOM 3alpOIOHOBaHO (acoHHY (pe3y aHaIOrom
akoi € ¢aconna ¢pesza 3A0 «MIHETEK» [5].

Ha puc. 3 nmokazano npogimi «MIHETEK» no i micins HenmoBHOro o0TOYyBaHHS 3a JOIOMOTOIO

dpe3u. Jlo o6rouyBanus npodins Mas HactymnHi mapamerpu: D = 24,6 mm; QR =52 mm; 8 =19

mM. [Ticist o6TouyBanns napamerpu npodimo cram: D = 24,6 mv; QR =8,5 mm; 3 =0,8 mm.
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I T T
L, Iep, MM/10 THC.KM
|

/
I(qR)
1,0 ; /
05 ' A - "Eh
_4 -1~ T
0 I ((9R )= 71f187[(<|1R)75,5]2 +4,5 ?é.
5 [qR] o 7 (qR), MM

Puc. 2. 3anexuocti inTencuBHocTi 3Hocy rpebenst | i cepeannoi inTeHcuBHOCTI 3HOCY
rpedensi |CP Bix mapamerpa kpyrocri Bitnossienoro npodimo (JR )

117,3

Koutyp ¢pesun

R10
"MIHETEK"
AN

286

Koutyp ppesu xust

HETMOBHOI 00TOYKHM

Puc. 3. Koutypu ¢aconnoi ¢ppe3u 1151 HEMOBHOT0 00TOYYBAHHS
i paconnoi ppesn <MIHETEK)»
a) CITIBBITHOIICHHS KOHTYPIB pe3; 0) KpecIeHUK (ppe3n A1 HETOBHOTO O0TOYYBaHHS

Ha puc. 4 momano mpuknaa HenoBHoro o0TodyBanHs 3HomeHoro npodimo «MIHETEK» 3a
JIOIIOMOT' 010 3aIIPOIIOHOBAaHOI (hpesn.

6)

Puc. 4. 3nomeni npodini <MIHETEK»:
a) 10 00TOYyBaHHS; 0) IICIIST HETIOBHOTO OOTOYYBaHHSA 3a JJOIIOMOTO0 (hpe3u
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bannam JIinis 3HOCY
Jlinis 006To4uKM ®pesa
>
” AX

=
2

T

Puc. 5. Cxema HenmoBHOro 00TOYyBaHHs 3HomeHOro npodimo «MIHETEK»

OCHOBHUMHM TEXHOJIOTIYHUMH TapaMeTpaMy HEMOBHOTO OOTOYYBAaHHS € TONEpedYHe 3MIIICHHS
AX imnonaua incrpymenra AY . Texuosnoriuni napamerpu AX i AY BUOUPAIOTHCS TAKUM YHHOM,
006 3abe3neunTr onTUMalbHi 3HaueHHs (br) i (QR).

BukopucTaHHS IEOTO METOY J1a€ MOKIIMBICTH 3MEHIIUTH TEXHOJIOTTYHNI 3HOC MOBEPXHI KOUYCHHS
KOJIIC KOJIICHO] Iapu, i THM caMHUM 30UIbIINTH 11 )KUTTE€BUH LUKI Ha [5...25%.

BucnoBku. IloBHe BiHOBIEHHS TPOQINIO MOBEpXHI KOYECHHS Kojeca B CHUTYyallil, KOIU MpH
JOCSATHEHHI MiHIMaJIbHO-IOMYCTUMOT'O 3HA4YeHHS OJHHMM 3 MapaMeTpiB iHINI MapaMeTpy MaloTh
3HAYHUH 3amac € HexomiIbHUM. HaykoBuil miaxin 10 BHOOpPY ONTUMAIEHOTO PEMOHTHOTO TPOQLITIO
KOJIiC JIOKOMOTHUBIB 3a0e3Ieuye MiHiMalabHI TUTOMI BUTPaTH Ha YTPUMAaHHS KOJICHUX TMap MPOTATOM
EKCILTyaTal[iifHOTO KUTTEBOTO LUKITY.

JITEPATYPA

1. IncTpykuis 3 GopMyBaHHS, PEMOHTY i YTPHUMaHHsI KOJICHHX I1ap TATOBOTO PYXOMOTO CKJIaay 3aIi3HUIb YKpaiH! KoJIii
1520 mm. Bimomuwmii HOpMaTtmBHHET nokymeHT 32.0.07.001.2001 (moBa pemakuis). KuiB: [lepxaBHa amgMiHicTpamis
3aJTI3HUYHOTO TPaHCTIOPTY YKpainu. Ykp3amizauis, 2011. 168 c.

2. Yann Bezin a and Bjorn A. Palsson. (2021). A Hybrid Multi-Criteria Decision Making Model for Defect-Based
Condition Assessment of Railway Infrastructure. Vehicle system dynamics. URL.:
https://doi.org/10.1080/00423114.2021.1942079.

3. Camponora, C.}O. TexHomnoriunuii 3HOC OGaHIaXiB KOJiC JOKOMOTHBIB, K (DakTOp BIUIMBY Ha iX pecypc. Bicnux
Cxionoykpaincokoeo Hay. yu-my im. B. [lans. Jlyrancek: CHY im. B. Idams, 2008. Ne2 (120). C. 292—295.

4. Cotnikos, K.M., Mopo3os, B.O. TexniuHe 00CIyroByBaHHsS Ta PEMOHT BaroHiB: HaBYANbHHH MOCIOHUK. XapkiB. TO
«Exckimo3uBy, 2014. 204c.

5. ITat. 25091 Ykpaina. MIIK B 23 C 5/11, 5/14. ®aconHa ¢pe3a A BiAHOBICHHS MPOQITIO KoJieca pyXOMOTO CKIaIy
3amizamgHOro Tpa”cmnopty / Komor B. O., Manuaoscbkuit M. [1., Jlumaes I'. I1., Ceprieuko M. 1., Koptyn C. A., Konor O.
B.; 3asBHuK i matenToBaacHuK 3AT « MIHETEK», [lep:kaBHa aaMiHicTparis 3ami3H. TpaHcn. Ykpainu. Ne 97041796 ; 3assi.
16.04.97 ; omy6u1. 25.12.98. bromn. Ne 6.

6. RAFAMET S.A. Xenesnonopoxsoe obopynosanue. 2009. URL.: http://www.8e.ru/firms/f1471.php.

7. TexHojoruueckas: MHCTPYKIHMS MO IUIA3MEHHOMY YIPOYHEHHIO TIpeOHel KOJECHBIX Map TArOBOTO IOJBHIKHOTO
cocraa. K.: MunnCTEpCTBO TpaHcnopra. Ykp3amizHus, 1998. § c.

8. Johansson, A. & Nielsen J.0. (2003). Out-of-round railway wheels-wheel-rail contact forces and track response
derived from field tests and numerical simulations. Proc IMechE, Part F: J Rail and Rapid Transit, 217, 135-146.

9. Shevtsov, LY., Markine, V.L. & Esveld C. Shape Optimisation of Railway Wheel Profile under Uncertainties. 12.
URL.: http://www.railway-research.org/IMG/pdf/354.pdf

10. CamnponoBa, C.IO., Tkauenko, B.II., 3y06, €.II. Pecypco3bepexxeHHs NMpH BiJHOBICHHI KOJIC PYXOMOTO CKJIamy
3ai3HULb. Bicnux CxiOnoykpaincbkoco nayionanvhoco  yuieepcumemy im. B./lans. CeBepomoneusk: Bua-so CHY im.
B.Taust, 2017. Ne3[233]. C.183-189. Pexxum mocrymy: http://nbuv.gov.ua/UIRN/VSUNU_2017_3_36

3o6ipruk nayxoeux npauyw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38

170


about:blank
about:blank
about:blank

TEXHIKA I TEXHO.JIOI'I

11. IlpaBuna TexHIYHOrO OOCIYrOBYBaHHs, PEMOHTY Ta (OpMyBaHHs KoJicHMX map BaHTaxxuux BaroniB CTII 04-
001:2015, 3aTBepmxeHUX Haka3zoM Jlep>kaBHOI agMiHiCTpamii 3ay1i3HUYHOTO TpaHCHopTy Ykpainu Big 11.11.2015 Ne 483-11.
K.: lep>xaBHa anmiHicTpallis 3ai3HUYHOTO TpaHCTIOPTY YKpainu, 2015.

12. Inctpykuist 3 orsiLy, 0OCTeKEHHs, pEeMOHTY Ta (opMyBaHHs BaroHHuX KojiicHuX map 1IB-I11JI-0062. Kuis: KuiBcbke
IIKTB 1o Baronax, 2005. 103 c.

13. Grassie, S.L. (1996). Models of railway track and vehicle/track interaction at high frequencies: results of benchmark
test. Veh Syst Dyn, 25, 243-262.

14. Enblom R. & Berg M. (2005). Simulation of railway wheel profile development due to wear - influence of disc
braking and contact environment. Wear, 258, 1005-1063.

15. 3y6 €.I1., CanponoBa C.IO., Tkauenko B.II. AHami3 cucTeM MOHITOpUHIY MapaMeTpiB 3HOCY KOJICHHX Iap
pyxoMmoro ckiany 3ami3HuLb. 36ipuux naykosux npaye AVIT. Cepia « Tpancnopmmui cucmemu i mexunonociiy. 2019. Bum.
1(33). T.1. C. 107-117. URL.: https://doi.org/10.32703/2617-9040-2019-33-1-10

16. Ignesti, M., Innocenti, A., Marini, L., Meli, E. & Rindi, A. (2013). Development of a wear model for the wheel
profile  optimisation on  railway  vehicles.  Vehicle  System  Dynamics. 51, 1363-1402. URL.
https://www.tandfonline.com/doi/abs/10.1080/00423114.2013.802096

17. Ye, Y., Qi, Y., Shi, D., Sun, Y., Zhou, Y. & Hecht, M. (2020). Rotary-scaling fine-tuning (RSFT) method for
optimizing railway wheel profiles and its application to a locomotive. Railway Engineering Science. 28, 160-183. URL.:
https://link.springer.com/article/10.1007/s40534-020-00212-z

18. Polach, O. & Nicklisch, D. (2016). Wheel/rail contact geometry parameters in regard to vehicle be-haviour and their
alteration with wear. Wear. 366-367, 200-208. URL.: https://www.sciencedirect.com/science /article/abs/pii/
S0043164816300199?via%3Dihub

19. Kassa, E., Andersson, C. & Nielsen J.C.O. (2006). Simulation of dynamic interaction between train and railway
turnout. Veh Syst Dyn, 44(3), 247-258.

REFERENCES

1. Instruktsiya z formuvannya, remontu y utrymannya kolisnykh par tyahovoho rukhomoho skladu zaliznyts’ Ukrayiny
koliyi 1520 mm. Vidomchyy normatyvnyy dokument 32.0.07.001.2001 (nova redaktsiya). [Instruction on formation, repair
and maintenance of wheel pairs of traction rolling stock of the railways of Ukraine of a track of 1520 mm. Departmental
normative document 32.0.07.001.2001 (new edition)]. Kyiv: Derzhavna administratsiya zaliznychnoho transportu Ukrayiny.
Ukrzaliznytsya [State Administration of Railway Transport of Ukraine. Ukrzaliznytsia], 2011. 168 s. [in Ukrainian].

2. Yann Bezin a and Bjorn A. Palsson. (2021). A Hybrid Multi-Criteria Decision Making Model for Defect-Based
Condition Assessment of Railway Infrastructure. Vehicle system dynamics. URL.:
https://doi.org/10.1080/00423114.2021.1942079.

3. Sapronova, S.Yu. (2008). Tekhnolohichnyy znos bandazhiv kolis lokomotyviv, yak faktor vplyvu na yikh resurs
[Technological wear of locomotive wheel tires as a factor influencing their resource]. Visnyk Skhidnoukrayins'koho
natsional’noho universytetu im. V. Dalya [Bulletin of the East Ukrainian National University. V. Dahl], 2 (120). 292-295. [in
Ukrainian].

4. Sotnikov, K.M., Morozov, V.O. (2014). Tekhnichne obsluhovuvannya ta remont vahoniv: navchal'nyy posibnyk
[Maintenance and repair of wagons: a textbook]. Kharkiv. TO «Eksklyuzyvy», 2014. 204 p. [in Ukrainian].

5. Patent 25091 Ukrayina. MPK V 23 S 5/11, 5/14. Fasonna freza dlya vidnovlennya profilyu kolesa rukhomoho skladu
zaliznychnoho transport [Shaped mill for restoration of a profile of a wheel of a rolling stock of railway transport] / Kolot V.
0., Malynovs’kyy M. D., Lyshayev H. P., Serhiyechko M. I, Kortun S. A., Kolot O. V.; zayavnyk i patentovlasnyk ZAT
«MINETEK», Derzhavna administratsiya zalizn. transp. Ukrayiny. Ne 97041796 ; zayavl. 16.04.97; opubl. 25.12.98. Byul. Ne
6. URL.: https://base.uipv.org/searchINV/search.php?action=viewdetails&ldClaim=49334 [in Ukrainian].

6. RAFAMET S.A. Railway equipment. 2009. URL.: http://www.8e.ru/firms/f1471.php.

7. Tekhnologicheskaya instruktsiya po plazmennomu uprochneniyu grebney kolesnykh par tyagovogo podvizhnogo
sostava [Technological instruction for plasma hardening of wheelset flanges of traction rolling stock]. K.: Ministry of
transportation. Ukrzaliznytsya, 1998. 8 p. [in Russian]

8. Johansson, A. & Nielsen J.O. (2003). Out-of-round railway wheels-wheel-rail contact forces and track response
derived from field tests and numerical simulations. Proc IMechE, Part F: J Rail and Rapid Transit, 217, 135-146.

9. Shevtsov, 1.Y., Markine, V.L. & Esveld C. Shape Optimisation of Railway Wheel Profile under Uncertainties. 12.
URL.: http://www.railway-research.org/IMG/pdf/354.pdf

10. Sapronova, S.Yu., Tkachenko, V.P., & Zub, Ye.P. (2017). Resursozberezhennya pry vidnovlenni kolis rukhomoho
skladu zaliznyts’ [Resource conservation in the restoration of wheels of railway rolling stock]. Visnyk Skhidnoukrayins’koho
natsional'noho universytetu im. V.Dalya [Bulletin of the East Ukrainian National University. V.Dal]. Syeverodonets'k: Vyd-
vo SNU im. V.Dalya, 2017. Ne3[233]. 183-189. URL.: http://nbuv.gov.ua/UJRN/VSUNU_2017_3_36 [in Ukrainian].

11. Pravyla tekhnichnoho obsluhovuvannya, remontu ta formuvannya kolisnykh par vantazhnykh vahoniv STP 04-
001:2015, zatverdzhenykh nakazom Derzhavnoyi administratsiyi zaliznychnoho transportu Ukrayiny vid 11.11.2015 Ne 483-
TS. K.: Derzhavna administratsiya zaliznychnoho transportu Ukrayiny [State Administration of Railway Transport of
Ukraine], 2015. [in Ukrainian].

12. Instruktsiya z ohlyadu, obstezhennya, remontu ta formuvannya vahonnykh kolisnykh par TSV-TSL-0062. Kyyiv:
Kyyivs'ke PKTB po vahonakh, 2005. 103 p. [in Ukrainian].

3o6ipruk nayxoeux npauyw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38

171


about:blank
about:blank
about:blank
https://www.sciencedirect.com/science%20/article/abs/pii/%20S0043164816300199?via%3Dihub
https://www.sciencedirect.com/science%20/article/abs/pii/%20S0043164816300199?via%3Dihub
about:blank
about:blank
about:blank
about:blank

TEXHIKA I TEXHO.JIOI'I

13. Grassie, S.L. (1996). Models of railway track and vehicle/track interaction at high frequencies: results of benchmark
test. Veh Syst Dyn, 25, 243-262.

14. Enblom R. & Berg M. (2005). Simulation of railway wheel profile development due to wear - influence of disc
braking and contact environment. Wear, 258, 1005-1063.

15. Zub, Ye.P., Sapronova, S.Yu. & Tkachenko, V.P. (2019). Analiz system monitorynhu parametriv znosu kolisnykh
par rukhomoho skladu zaliznyts' [Analysis of systems for monitoring the parameters of wear of wheel pairs of railway rolling
stock]. Zbirnyk naukovykh prats’ DUIT. Seriva « Transportni systemy i tekhnolohiyi» [Collection of scientific works of DUIT.
Transport Systems and Technologies series], 2019, 1(33), 1. 107-117. URL.: https://doi.org/10.32703/2617-9040-2019-33-1-10

16. Ignesti, M., Innocenti, A., Marini, L., Meli, E. & Rindi, A. (2013). Development of a wear model for the wheel
profile  optimisation on railway vehicles.  Vehicle  System  Dynamics. 51, 1363-1402. URL.:
https://www.tandfonline.com/doi/abs/10.1080/00423114.2013.802096

17. Ye, Y., Qi, Y., Shi, D., Sun, Y., Zhou, Y. & Hecht, M. (2020). Rotary-scaling fine-tuning (RSFT) method for
optimizing railway wheel profiles and its application to a locomotive. Railway Engineering Science. 28, 160-183. URL.:
https://link.springer.com/article/10.1007/s40534-020-00212-z

18. Polach, O. & Nicklisch, D. (2016). Wheel/rail contact geometry parameters in regard to vehicle be-haviour and their
alteration with wear. Wear. 366-367, 200-208. URL.: https://www.sciencedirect.com/science/article /abs/pii
/S0043164816300199?via%3Dihub

19. Kassa, E., Andersson, C. & Nielsen J.C.O. (2006). Simulation of dynamic interaction between train and railway
turnout. Veh Syst Dyn, 44(3), 247-258.

Svitlana Sapronova®, Viktor Tkachenko?, Nadiya Braikovska', Yevgen Zub*

! Department Railway carriage and Railway carriage property, State University of Infrastructure and
Technologies, Kyrylivska str., 9, Kyiv, 04071, Ukraine

2 Department of Electromechanics and Rolling Stock of Railways, State University of Infrastructure and
Technologies, Kyrylivska str., 9, Kyiv, 04071, Ukraine

SCIENTIFIC APPROACH TO THE METHODS OF INCREASING THE LIFE CYCLE
OF WHEELS OF RAILWAY VEHICLES

The value of the life cycle of rolling stock wheels is determined by the frequency of maintenance, in
the process of which the turning is carried out to restore the profiles of the rolling surfaces, or the
replacement of completely worn wheels. Traffic safety depends on the technical condition of the
wheels of locomotives and wagons. Maintenance and repair of wheelsets accounts for about 30% of
all costs of Ukrzaliznytsia's rolling stock repair units. Wheel repair technologies are based on the
complete restoration of wheel profiles by turning, using which, their life cycle is reduced, and costs
increase by 20% or more. The railways of Ukraine use an outdated, unreasonable, inefficient system
of control over the formation of rolling surfaces in operation. Therefore, there is a need to create a
scientifically sound approach to methods of extending the life cycle of the wheels of locomotives and
wagons while ensuring the safety of railway rolling stock. According to the proposed scientific
approach, the wheel profile is restored to optimal parameters, which provides an extended life cycle of
wheelsets. As a result of the developed scientific approach the life cycle of wheel pairs will increase by
15... 25% and the expenses of the railway for their repair will considerably decrease.

Keywords: wheel pair, life cycle, rolling stock, restoration, optimization, repair profile.
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MNPUHIIMIIU IOBYJIOBU Y3ATAJIBHEHOI MATEMATHUYHOI MOJEJII
I'TAPABJIITYHOI'O 'ACUTEJIA KOJIMBAHDb ITACAXKUPCBKOI'O BAT'OHA

OcHogoro  cyyacnoi  memooonoeii  O0CHIONCeHHA  PeuKOo8UX MPAHCHOPMHUX — 3acobig €
Mamemamuune mooenioganta. Mamemamuuna mooenb nOBUHHA 8PAXO8YEAMU MAKI GIACMUBOCTI K
NPOCMOpOsULl Xapakmep pyxy OKPeMux pyXOMUX 4YACMUH OO0CHIONCY8AHO20 00 €Kmy, HeNiHilHi
Xapaxmepucmuky npyscHO-OUCUNAMUSHUX eleMeHMI6 CUcmemMu, 6UNnaoKosutl xapaxkmep 30ypensb, ki
nepeoarmscs Ha 2i0paeiiuHull anapam, 1acmueocmi piouHu, ax poboyoco mina. Iliopaeniynui
eacumeinb KOIUBAHb ABNAE COO0I0 2i0pAGNIYHULL YUTNIHOP 3 UWIMOKOM MA CUCMEMON0 Kanibpy8anbHux
omeopie I Klanawie, AKi CAPAYbOSYIOMb 6 3ANeHCHOCMI 8i0 pexcumy pobomu. [lna onucy
xapaxmepucmuky pooomu  2i0pagniuno20 amMopmuzamopa, AK Npasuio,  GUKOPUCTNOBYEMbCA
KAACUYHULL 3aKOH meYil pIOuHU yepe3 OpOCenbHULl OmeIp, 3aCHO8AHUL Ha 3aKonax bepuynni i pieHsanHI
sumpamu piounu [1]. Buxopucmanna makoi 3akoOHOMIpHOCIE OISl CYUACHUX KOHCMPYKYIU NPUCMpois
2ACIiHHA KONUBAHb 8A20HI8 He GION08Idac onucy OilHUX npoyecis, AKI 8i00Y8armbcsa 3a MUNOBUMU
ymogamu excniayamayii. o ocobnusocmeti poboyux npoyecie NACUBHUX 2ACUMENI8 KOMUBAHL CJIO
gi0Hecmu 83a€MO0TI0 pobOuOl piOuHU 3 PYXOMUMU OemaisimMu ma il meuilo no Kamanax i uepes
Kanioposaui omeopu 3 micyesum wmyunum onopom. OKpim mo2o, HACIIOOK NOCMILHUX nepenadie
MUCKY Yepe3 3MIHY HANPAMKIE pyXy pIOUHU SUHUKAOMb HYAbCayii, AKI Cli0 8paxosysamu npu
NPOEKMYB8aHHI KOHCMPYKYii 015 Oinbut epexmusHoi pobomu npucmporo. Y cmammi npedcmasieHa
po3pobnena y3azanbHeHa MamemMamuyna Mooens 2i0pasiivHo2o 2acumes KOAUBAHb NACAHCUPCLKO2O
sacona muny HIJ-1100, saxa epaxosye uecmayioHapui 2i0pomexaHiuHi npoyecu, wjo 0038015€
nposecmu 00CHIONHCEHHS 6NAUBY POOOUUX NApaAMempie Ha XapaKkmepucmuxu pobomu anapamy.

Knrwouosi cnoea: ciopasniunuili ecacumenv KOAUBAHL, MAMEMAMUYHA MOOeNb, 2IOPOMEXAHIUHI
npoyecu, napamempu pob6o4o2o miia.

Beryn. IlpoextyBaHHS 1 JOCHIIPKSHHS TIIPaBIiYHAX TAaCUTEIB KOJIMBaHb IMACAXUPCHKUX BaroHIB
nepei0avae HasBHICTh MAaTEMAaTHYHOTO OMHCY POOOYMX IPOIECIB — PO3POOKY MaTeMaTHYHOI MOJIEI,
BHU3HAYCHHS I1apaMeTpiB, SKi 3a0e3MeuyroTh BCTAHOBJICHI XapaKTEPUCTHKU 1 HANAlOTh 3MOTy iX
ONITUMI3YBaTH 3a HEOOXiqHUMHU KpuTepismu. OcOOIMBICTH POOOYMX TIPOIECIB, SIKi BiIOYBAalOTHCS B
TiJIPABIIIYHOMY TaCHTENi KOJMBaHb 3yMOBJICHO B3a€EMOJIEI0 POOOUOI PIAMHM 3 PYXOMHUMH €IIEMEHTaMHU
OPHUCTPOIO 1 11 CHPSMOBAaHMM pPYXOM IO KaHalaM 1 poOOYMM KamepaM 3 MiCLeBUM omopoMm. B
TiJIpaBIiYHOMY TacHTElli KOJWBAaHb BHACIIZIOK 3BOPOTHO-TIOCTYNAIBLHOTO PyXY MPH CTHUCKaHHI poOoyoi
pimvHE BiOYBAIOTBCS TOCTIMHI 3MiHM THUCKY, BHTPATH DPIIMHMA SK pOOOYOTo TiNa, B 3aJISKHOCTI Bill
3yCHJIIA, IO MIEPEIAETHCS Ha IITOK arapaTy Bijl 30BHIIIHHOIO HABAHTKEHHS Yepe3 eNIEMEHTH KPIIUICHHSI.
[oeqnanHs CKJIATHUX HECTALliOHAPHUX TiJIPOMEXaHIYHMX IPOLECIB, [0 BUHUKAIOTH B TiAPaBIiYHOMY
racuTeNi KOJIMBaHh Ta 3arajoM BIUIMBAIOTH HA WOrO TIpalle3aTHHH CTaH TpPH JIIOYMX PEeKHMax
HAaBaHTaKEHb, MOTpeOye PETEIbHOr0 BUBYEHHS 3 3aCTOCYBaHHIM HAOMIDKEHOI MaTeMaTWiHOI Mogeni

PO3paxyHKy.
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AHai3 ocTaHHIX HOCTiIKeHb i mMocTaHOBKAa mpoOJemu. Ha Bi3kax MacaXUpChKUX BaroHiB
HaNOUTBII IMPOKO 3aCTOCOBYIOTHCS TiIPaBIidHI TaCHTENl KOJIMBAHb MACHBHOTO THITY. JlOCHIIHKEHHIO
poOOTH TifipaBIiYHUX arnapaTiB mpUcBsYeHi mpaii [1 — 4].

VY crarti [1] npuBeneni y3araabHeHI KOHCTPYKTHBHI CXEMH TacHTEINiB KOJIMBAaHb PI3HUX THUIIB i
pe3ynbTaTH E€KCIMEPUMEHTAIBHUX JOCHI[KeHbp BIUIMBY YacTOTH 3MiH THCKY po0odoi piawmHH B
rigponpuBoi Ha edeKTUBHICT, poOoTH racutenmiB. [lokazaHi pe3ynbTaTu AOCHIIKEHb JO3BOJSIOTH
BU3HAUMTH Jialla30H YacTOT, B SIKOMY JOLIIBHO BUKOPHCTOBYBaTH OKpeMmuid Tum racutens. Ilpore,
CIi BIAMITUTH BiACYTHICTb MaTeMaTHYHUX MOZENEH 1 aHANITHYHI 3aJIEKHOCTI, IO JO3BOJISIOTH
BU3HAYUTH po0O0Yi mapaMeTpH TiIpaBIivyHOrO amapaTy, a TAKOK BCTAHOBUTH X BIUIUB Ha KOEQilli€eHT
raciHHS KOJHMBAaHb.

B po0ori [2] npuBeneHi ripaBiivHi i pO3paxyHKOBI CXeMH TiAPOTIPUBOY 3 TACHTEISIMHE ITyIbCAIlii
THCKY po0O0dO0i piAWHM pi3HUX THITIB. MareMaTHdHI MOJENi TAacHTEeNiB OTPUMAaHi NUIIXOM iX
JEKOMITIO3MIIi Ha Yy3arajJbHEHI CTPYKTYypHI eNeMeHTH (TiApaBiiduHi By3/IM) 1 PpO3paxyHKY
HECTAIlOHAPHUX TiAPOAMHAMIYHIX MPOIECiB 3a Jonomoroio merony ®yp’e. IlpuBeneni maTemaTudHi
MOJIEJi JTI03BOJISTFOTH JOCII/PKYBATH BIUIMB KOHCTPYKTUBHUX 1 poO0OYMX MapaMeTpiB TiApOTPUBOMIB i
napaMeTpiB poOouoi piIMHU Ha KOCSQIIIEHT MiJACUICHHS MyJbCallii, OJJHAK BOHU HE JO3BOJISIFOTH
BU3HAYaTH NEPEXi/IHI MPOIIECHU B KaHalaX 1 Kamepax, 10 NP 3HAYHMX YacTOTaX KOJWBaHb 1 3HAYHIH
JTIOBKHHI KaMep 1 KaHAIiB MOYKE MTPU3BECTH JO CYTTEBOI MOXUOKH.

ABTOp crarTi [3] ommcye MeTon po3paxyHKy KoedillieHTa MiJCHiIeHHs (TaciHHs) TiApaBIi4HOTO
BiOpaIiifHOTO KOHTYPY, Y SKOMY el Koe]ilieHT OTpUMaHui IUIsIXoM AnudepeHIianii TiapaBiiyHoro
BiOpamifHOTO KOHTYpPY HAa HACTYIHI CTPYKTYpHI €IeMEHTH: KaHalli 1 Kamepu, 3 BUKOPHUCTAHHIM
OIEepaTOPHUX XBUJIbOBUX OmopiB. IlpuBeseHa maremarnyHa MOJENb JO3BOJIE AOCIHIIKYBAaTH BILIUB
KOHCTPYKTHBHHUX 1 pOOOYHX MapaMeTpiB iHTepdepeHLitHOTO mepeTBopIoBayda Mybcallii i mapameTpis
pobouoi piguaKM Ha Koe(ilieHT mifcuieHHs (raciHHs) mynbscaniid. Ilpore B maHili cTaTTi BiACyTHI
BiTOMOCTI CTOCOBHO BH3HAa4YeHHS II€PEXiJHUX IPOIECIB B KaHANaX 1 Kamepax TiJpaBIiqHOTO
MPUCTPOIO MPU YCTAHOBJICHUX peKUMax poOOTH.

IcHyroui Ha CBOTOIHINIHIA JEHH IIJIXOMM JO CTBOPEHHS Ta TMOAAIBIIOrO aHAN3y CKIaJHUX
TiIpOMeXaHIYHUX CHCTEM JIO KX HAJIKUTH TiIPaBIiYHNIN raCUTENb KOIUBAaHb MAlOTh HEOCTATHBO YiTKO
OKpecJieHI KOHCTPYKTHBHI CXEMH, SKi HE BINMOBIAAIOTh ICHYIOUMM TEXHIYHUM pimreHAsM. [lpu
MOJICITIOBaHHI POOOTH TPHCTPOIO, SIK TIPABUIIO, PO3TIISIAIOTHCS BiIOKPEMIIEHI CTPYKTYPHI YaCTUHH BCHOTO
arapary, 110 HE HaJa€ IOBHOTO YSBJICHHA NPO NEpexifHi mpouec, sKi BiIOYyBalOTHCS y 3arajJbHOMY
KOHTYpi. 3 METOIO CTBOPEHHSI 1 YJOCKOHAJICHHS] pOOOTH TiAPaBIIiuHMX [IPUCTPOIB HA CTaAli HPOEKTyBaHHS
[4] cnix BpaxoByBaTH 3MiHM pOOOYMX TapamMeTpiB 00’€KTa MpPU PI3HUX YMOBaxX eKcIUTyarailii, MaTH
MOXJIMBICTH ONTHUMI3yBaTH pOOOTY TiAPaBIYHOTO amapary Ha CTajii IONEPEeHROr0 PO3PAXYHKY,
OLIHIOBaTM PU3UKH BiJl NEPEBAHTAKEHb KIIAIIAHHOI CHCTEMM JUI BCTAHOBJICHHS TPAHUYHHMX PEKUMIB
po0oTH, BU3HAYATH HOTO MpaIe3IaTHICTh 32 YMOB 3MiHH KOHCTPYKIIIi.

Meta i 3aBHaHHS JOCTiMKeHHs. METOIO HANMCaHHS CTaTTi € ONKMC CTBOPEHOI y3arajibHEHOI
MaTeMaTUYHOI MOJIEINi TACKBHOTO TiIPaBIiYHOrO TaCUTENs KOJIMBaHb MACaKMPCHKOTIO BaroHa 3a aHaJIOroM
turry HII-1100, sika 103BONUTH MPOBECTH JOCTIPKEHHS POOOYMX MPOIIECiB, BCTAHOBUTH BIUIMB Ha HHUX
KOHCTPYKTHUBHHUX 3MiH 1 poOourx mapameTpiB. BifmoBiHO 10 aHamizy MpOBEAEHUX JIOCIIDKEHb IMepe]
aBTOPOM LI€] CTAaTTi MOCTABJICHO HACTYIIHE 3aBJAHHS: PO3POOMTH i ONMCATH y3arajJbHEHY MaTeMaTUuHy
MOJIETIh TiIPaBIiYHOTO aMOpTH3aTopa, SKa BimoOpakaTMMe HECTAIliOHApHI TiAPOMEXaHIdHI MpOIECH,
XapaKTepHi JJIsl KOHKPETHOT KOHCTPYKIIIT arnapary Ta 3aMKHYTOrO KOHTYPY CUCTEMH B LILIOMY.

Marepiaau Ta MeTOIH T0CTiTKeHHsI. BUBUEHHIO MPOIIECiB B €IEMEHTAX TiJPaBIiYHUX IPUCTPOIB
raciHHS KOJMBAaHb 3 METOI0 BU3HAUCHHSA XapaKTEPHUX BHXIJHUX MNapaMeTpiB poOOTH amapaTiB
nepeayBalid AOCIIIKEHHS HECTalliOHAPHOTO MEPIOANYHOTO pyXy poO0dUoi piiuHH B TpyOOImpoBOAax
rizpaBiiganx cuctem [5-9]. Taki mpoiiecu MarOTh Miclie B TiIpaBIiyHUX MPUBOJAX Ta IX EIEMEHTaX,
Jie BiIOyBa€ThCsl CTUCHEHHsI pobovoro Tina (piamuu). CTiMKicTh poOOTH TiApaBIivYHUX KIIAAHIB, SKi
MaloTh TiIpaBIiuHi amapaTd, 3 METOI0 MIATPUMAaHHS B 3aJaHUX MEXax TUCKiB abo BUTpaT piAMHU
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3HAYHOKO MIPOI0 BU3HAYAETHCS HECTAIlIOHAPHUMH TiAPOMEXaHIYHUMU TPOIECaMH, IO MPOTIKAIOTh B
TpyOOIpPOBOIaX IIUX CHCTEM, KaHAIax i KaMepax TiapaBIidHuX mpucTpois [15-17].

B mpami [5] mecramioHapHUI NTamiHapHWH, CUMETPUYHHAN Aii OCi, 130TEPMIYHHHA MPOIEC PyXy
poOouoi piTUHM B KpyrjaoMy TpyOONpOBOJI 3 abCOIIOTHO KOPCTKMMH CTIHKaMU MPEICTaBJICHUI
OJTHUM PIBHSHHSM B [T HAPHYHUX KOOPAHHATAX:

du, lou, léu, 1 op

- = , @
or ror v, ot pv,oX
e L — UIUIBHICTh poO0YOi piuHY;
V, — KiIHeMaTHYHUNA KOe(iIiEHT TYCTHHHA POO0YOi PiINHY;
I' —paniyc TpybompoBoay;
op :
—— — TPaJIi€HT THCKY.
ox P y
I'pagieHT THCKY 3MIHIOETHCS 32 TAKHUM 3aKOHOM:
0 .
—pz—apsm wt (2)
OX

Ae A, — aMIUITy/a MyabCcalii THCKY;

® — 9aCTOTa KOJIUBaHb.

Bupimenns piBasaHs (1) Moke OyTH BUKOHAHO aHATITHYHO 32 OTIOMOTOIO MPSIMOTO 1 3BOPOTHOTO
nepetBopenHs Jlamnaca i beceneBux ¢ynkuii. [Ipu npoMy mBUAKICTE pOOOYOT PiTUHA BU3HAYAETHCS
3a ymoBH (F =0). I[ToTpiOHO BiAMITHTH, [0 BUXiIHI piBHSIHHS OTpUMaHi 3 piBHsAHb Has’e-CTokca, siki
B 3arajJbHOMY BHUIAJKy ONHCYIOTh HECTAaI[lOHapHY i30TepMiuHy Teuil0 TyCcTOI piAMHU B KaHajax
(moBiTporpoBoax) i kKamepax eleMeHTIB 00’€MHHX TiIpOmpHBOAIB. 3 ypaxyBaHHSAM TOTO, IO
MIBUAKICTH pO0OYOi pIIMHU B OKPY)KHOMY HampsMKy Iyke Mana, piBHAHHS Hap’e-Crokca i
HEPO3PUBHOCTI B HWIIHAPUYHIA CUCTEMI KOOPAWHAT MPEACTABICH] Y HACTYITHOMY BUTJISII:

1 p o’u, léu, odu, | ou, ou,  ou,
P, ———+V, >+ = t—|= +U, +U,
P OX oXx° ror or ot OX or @)
1op [du 1ou o, u | ou  au  ou |
) V| e~ [ = U -+ U,
p or or ror ox° r ot or or
op 1| 0 0
—+—|—(pru )+—(pru,)|=0
2+ Zpru)rZ(oru)|o. @

ne P, P.—mpoekmii MacoBoi cuim, sika MPUXOAUTHCS HA OMHHUIIO MacH poO0UO0T pianuHHu;
u, = f(x,r,t) — mBuakicrs po6o4oi piauum 1Mo oci X ;
u, = f(r,x,t) — pagianena mBKaKicTH POOOYOT pigUHH.

PisustHEA (3) i (4) pO3MNISANAIOTH CHITBEHO 3 MOYATKOBMMH i TPAHHYHHMHI YMOBAMH. 1X BHpilIeHHS
MoXke OyTH peasi3oBaHO JIUINE JJisi OKpEMHX BUAIB Tedi piamHu. [Ipu 11boMy mpuiMaeThCst psij
NpUNYHIeHb, [0 BHKIIOYAIOTh (i3MuHI sBUINA, SKi HE BPAaxXOBYIOTHCS JaHOK MAaTeMaTUYHOO
MOJEIUTIO: BiACYTHICTh KaBiTauii 1 po3puBy pobouoi piguau. OKpiM TOTO CIIiJ BBaXKATH IO 3HAYECHHS
TEMIIEPaTypH 1 TyCTUHU PiIHH € MOCTIHUMH 1 JOPIBHIOIOTH 1X CepeHIM 3HAUYSHHSIM.

S BiZOMO, TiZjpaBiiYHi racuTelli KOJWUBAHb MEPETBOPIOIOTH KIHETHYHY CHEPTiI0 PyXy OKpPEMHUX
YacTUH Bi3Ka Ta Ky30Ba BaroHa B MOTCHLIHHY €HEPril0 CTHMCHEHHs po00Y0i PiIMHM B NOPOKHUHAX
KOpITyCy Ta TEIUIOBY €HEPTil0 BHACIIIOK MEPETiKaHHS PiIMHU Kpi3b MicleBi riapasiiyni omopu [10,
11]. Tlpu boMy OCHOBHA YaCTHHA TIEPETBOPEHOT KIHETUIHOT €HEePTii PO3CIIOETHCSI.

3MiHa POOOYOro X0y TacUTeN sl KOJUBAHb BHKOHYETHCS TIPUMYCOBO B IMPOIECI pyXy pEHKOBOTO
eKiIaxy, 3 IKUM 3’ €IHaHI BEpXHi 1 HIKHI By3/IM KPIIUICHHS arnapary.

PosrnsiHeMo y3aranbHeHy po3paxyHKOBY CXEMY TiJpaBIidYHOTO TaCUTENs KOJMBaHb, IPUBEICHY Ha
puc.1.
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Puc. 1. Y3arajbHeHa po3paxyHKOBa CXeMa TiipaBIivHOI0 racHTe/Is KOJTUBAHb NMACAKHPCHKOT0 BATOHA

Ha cxewmi npezicraBnenuii Kopiyc TijipaBiaigHoro racutens konuBanb tumy HI[-1100 3 pyxomum
IITOKOM, SIKWH BHTHCKa€e poboue Tiio (piauHy) 3 HKHBOT Kamepu tuninapa D 1o Bepxuboi kamepu
H i xamep xopmycy H, . B koxHuiii 3 kamep, sKi 3’€IHaHi CHCTEMOK KIIANaHiB € OTBOPH, 3a
JIOIIOMOTOI0 SIKHMX PiIMHA HEPeTiKae 3 OfHi€l KaMepu 10 iHIIOI MpU XOIi CTUCHEHHS 1 po3Tsry. Cuna
P, sixa mie ma mrokx S, mojonaBIIM OMip B’A3KOro TepTs cTBOPIOE B kamepi D 3 pimuHOoIO THCK P, ,
IO CTAHOBUTH:

po=R/FK

: )
- 1
P, =(P+H_)/ @+ f, sign S;S,)
ne Py —cuna, mo zie va mrok S nnomunoo F, 3 HuKHBOI cTopoHu Kamepu tuningpa D ;
P — cuna, sixa cTrckae racuTeNb KOJIMBaHb, a00 CUIIa OIIOPY HOTO CTHCHEHHIO;
Py, — cuua, sika ztie Ha IOpLIEHD 3i CTOPOHU BEPXHBOI KamepH Liingpa H ;

f, — koedimient cunm Teptst pu nepeminierni S, mroka S .
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Cuna P, sxa mie Ha mTok Moxxe OyTH po3paxoBaHa 3a TaKo GOpPMYIIOK:
P=ZS, +/|S|S. (6)
ne Z, — XKOPCTKICTh CHUIOBOro eneMenTa K ;
B — koedimieHT B’A13K0r0 Onopy ioro aedopmariii;
S, — cymapna gedopmaitisi Ipy»KHO-B’SI3KMX CIEMEHTIB KOHCTPYKIIii, PO3TAIIIOBAHUX MOCITIIOBHO
3 TaCUTEJIEM KOJIMBaHb.

S, =S-kS, signs, )
i=1

Jc S — BennumHa X0y CTUCHCHHS raCUTEJIAA KOJIMBAHb,

S, — BeNWYMHA CTUCHEHHs TacWTess KOJMBaHb, 3yMOBJEHA MEPETIKAHHIM DIJAMHH 3 HIKHBOT
nopoxuuHn nuiieapa D 1o noposxaunm koprycy H, .
Cuni P, Bimnosimac nmpusenena mo mmomi mroka cuna P,

P, =PiR/F, (8)

ne F — moma kamepw i HIKHIM KITallaHOM.

10 TOPiBHIOE:

Ipy mepeTikaHHi piuHY Yepe3 OTBOPU BHHHUKAE Mepenas TUCKY AP , Kuii Bu3Havae BuTpatH Q'

(3MiEH 06’eMy) a6o Butpat Q" = pQ" (3minM Macw) pimzuHu 3a oguHUIIO Yacy. Burparu mo 06’emy
MOXYTh OyTH pO3paxoBaHi 3a JIOTIOMOTOIO CITiBBiTHOIICHHSL:
Q' :,uf1/2|Ap|/ p SignAp (9)
e M — KoedillieHT BUTPAT;
f — miommMHa nepeTHHy OTBOPY;
L — TYCTHHA PiIWHU.
KoedimieHT BUTpaT 3a1e:KUTh B yKncia PeitHonb/ca 1 BU3HaYaeThes 3a (OpMYJIIOr:

Re, =(d /v),/2|Ap|/ P, (10)

ne d — xapakTepHUil po3Mip OTBODY;
V — KiHeMaTHYHHUHA KOe(]illieHT TYyCTHHH.
Kananmu neperikanHs piguHH 3 ONHIET KamepW A0 iHIIOI MOXYThb CKIQJaTHCS 3 TOCHiJOBHO

PO3TANIOBAHUX TiAPABIIYHUX ONOPIB, SIKi XapPaKTEPU3YIOThCS BENMUMHOW [ muommum neperuny
APOCEITIOI0YOT0 OTBOPY 1 KoedillieHTOM /4; 00’€MHHX BUTPAT i BiTHECEHUX JI0 KaHAIIB B Kamepy V .
Iamekc ] BiamoBimae MOPSAKOBOMY HOMEPY TiIPaBIiYHOIO OTIOPY B IaHOMY KaHAII.

06’emui Butpatu pinunu Q; 3 kamepu D B kamepy V cxnanatumyTs:

Q'=| 2 fy |2 po = pi|/ i sign(py = py), (1)

Je O, — TyCTHHA PiJiHU B Kamepi V .

P :p(1+\/i(pi't))a (12)
ne p —rycruna piauau npu P =0,1 MIla i remneparypi t=0°C;
Vi(pi,t) — BiAHOCHA 3MiHa Ha4yaJbHOTO 00’€My PIIMHHM BHACIIJOK 3MiHH THCKY 1 MOYaTKOBOI

TeMIIepaTypu Iepex ii CTUCHEHHAM;
P, — MepeBUIIeHHs TUCKY HaJl aTMOC(hEepHUM;
t — mouarkoBa Temneparypa piauHu.
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BignocHa 3mina 06’emy pinnan AV, / V, npm MOKIMBAX 3MiHaX NOYATKOBMX TEMIIEPATYp HE

nepesuntysatume 0,1%. Tomy BBaxkaTumemo, 1o V, ( p; ,t) Oyzne BinOyBaTHCh BHACTIIOK CTUCHEHHS.
Mopnynb 00’€MHOT IPYKHOCTI PIAMHA 3aJEXKUTH BiJl TUCKY 1 TEMIIEPATypH 1 MOXKe OyTH 3allMcaHui y
BUTJISIIL:
E,=dpldV, (13)
IIpu po3paxyHKax TiIpaBIiYHOrO TacuUTeNsl KOJMBaHb HEOOXiAHO pO3INIANaTH JABAa 3HAYCHHS
MOZy/Isl 06’€MHOI MPY)KHOCTI pifMHK: MORynb mpyxHocti £, mpu i3oTepMiuHOMy mporeci, Komu
TEeMIlepaTypa MpH CTHCHEHHI 30epira€rbcs MOCTIHHOI (MOBUIEHE a00 CTaTUYHE HABAHTAXKCHHS), 1
Moxynb npyxHocti E,, mpu agiabaTH4HOMY MpOLECi, KONH TEMIEPATypa PifAMHH IPH CTHCHEHHI
3MIHIOETBCA 1 TETUIOOOMIHOM B IOCIiIKyBaHOMY iHTepBalli yacy At MoOKHa 3HEXTYBATH.

Monaysb npy>KHOCTI IpH 130TepMidHOMY mponeci aist Macna AMI-10 sk poGouy piauHy, MOXHA
NPEACTABUTH y BUTIISL

-1 5
E,, =(67+0,44:-0,4p)~ -10°, (14)
Jlist aniabatHoro npouecy Moayis £, , cranoButume:
E,, =18,4-10°(1-4,4-10°)(1+8,2:10 p), (15)
BigHocHa 3MiHa HaYanbHOro 00’ €My pigunu V, ( P; ,t) MaTUMe BHPa3:
p
Vi(pt)=[Ei (p.t)dp, (16)
0
Jns macma AMI'-10 Bupa3s Oyze MaTé BUTIIS:
Vv, =(67+0,44t—0,2p)p-10’5, @17

BpaxoByroun 1110 3Ha4eHHS V; He € 3HAYHUM, [IPU HAOIMKEHUX PO3PAXYHKAaX MOXKHA BBAXKATH:
V, ~(67+0,44t) p-10° =(p/E,, )

B , (18)
E,. ~(67+0,44t) -10° MIla
AHaJOrivHo:
V,=(82E,,) " 10%In(1+8,2.10°p) (19)
HaOmmxeHno MaTumMemo:
V =~pl/E
a p p.a. , (20)
E,, ~18,4-10°(1-4,4-10°t) MIla

Po3paxynku cBiguaTh mo Bukopuctans gopmyn (18) i (20) mpuBoasATh /10 MOXUOKK y BU3HAYEHHI
V npu p=100 MIla, sika craHOBHTb MeHIie 5%.

Toni, Bupa3s (12) MOXHA TIPEACTABUTH Y BUTIISII:

pi=p(1+p/E,), (21)
Butpatu pinunu 1o Maci 3 kamepu D BU3HauMMO Takum uuHOM:
N N
Q(:ﬂ =FpeV, :zpiin :Z Fo |* ! (22)
i-1 i-1

ne V; — MBHIKICTb NEepeMillleHHs MOPILIHS B i-i KaMepi.
[Ticns inTerpyBaHHS BUPa3y OTPUMAEMO:
N
ForeS, :ZFipi P (23)
i=1

ne S, — nepeMillleHHs ITOKa B Kamepi D Bmacminok BUTiCHEHHS PIIVHHE 3 KaMepHu.
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IIoBHE HepCMiHIeHH}I IITOKA CKJIaaaTHUMCE!:

S, =S +AS, (24)
ne AS, — 1oaTKoBe NepeMilleHHs ITOKa BHACIJOK 00’ €MHOI0O CTUCHEHHS pinunu B kamepi D .

Aso:(mo/ngo)_(mo/poFo)i (25)

m, = oo (T=S5), (26)

ne M, —maca pizunau B kamepi D ;
Py — BiCTaHb MiXK LITOKOM i HIKHBOK YACTHHOK TACUTENIS KONUBAHD Y BUXIIHOMY IOJIOXKCHHI.
BpaxoByroun 1o yBaru Bupas (21) oTpuMaeMo miciis nepeTBOPEHb:
ASoz(poE;(l)_ng;(l)o)(l_S;)/(l"' poE;;é)v (27)
ne Ey i Ey — 3mauenns momynis 06’emHoi npyxnocti pinuau B kamepi D mpm Tackax P, i

pg BIJIIIOBITHO.
[TixcraBumo 1eit Bupa3 B popmyity (25) i 3aMiHIMO MepeMillleHHs TPUBEACHUMH 3HAYCHHSIMU:
S,=FS//F,, (28)
Toni
(1+ ng;(l)o)(l"‘ piE;il)S N poE;é - P(?E;éo T 29)
1+ p,Ey

N
Sp=2,

i= (1+ poE;)(l))z

Koeoirmient mpu S; y dopmyi (29) HaOIWKEHO MOPIBHIOE OAMHHMIN. Tak SK CTUCKAHHS PiAWHH

0 aoos . .
CYTTEBO BUPa)K€HE IIPU 3HAYCHHAX [Py >> P, , po3kiiaaeMo ii Ha 611b npocTi popmyiu:

N —_—
Se=D.S;+ PIE,", (30)
i1
Ep ZEpO +BO! (31)
E, :Ep(ﬁo’t)’ (32)

ne P, —cepenHe ouiKyBaHE 3HAUCHHS THCKY;

E, — Moxyns 06 eMHOI py)HOCTI pifuHHy, sIKKi Bianosigae tucky P, npu temneparypi t st

130TEepMIYHOI0 a00 ajiadaTHYHOTO NPOIECIB B 3aJEKHOCTI BiJl PO3MNISHYTOrO HABAaHTAKEHHS -
IMOBUILHOTO a00 IIBUIKOTO.
st npoBenenHs po3paxyHkiB popmynu (30), (31) i (32) MokHA TIPEICTABUTH HACTYITHUM YHHOM:

N

Se=2.5+S,/k,, (33)
i=1

k, =E,F, /1, (34)

[Ipu umcenbHOMY IHTETpYBaHHI €IIEMEHT TiJPABIIYHOIO TaCHUTENs KOJMBaHb 3 Koe(illieHTOM
KOPCTKOCTI K, pO3rIIsiaeThest K Ipy’KHUH €IEMEHT, PO3TAILIOBAHMH MOCIIIOBHO 3 €leMEHTOM N 3

koedimienTom x)opctrocti K, mpu 1ibomy B Gopmyti (6) 3nauenns K. Oynae 3aMiHEHO 3HAUEHHSIM
N

k, = kek, / (kk +k, ) , @ 3aMicTh CyMH B opmyiti (33) BUKOPUCTOBYETHCS CyMa S, = ZSi .
i=1

JUiist po3paxyHKy S, HEOOXiIHO BU3HAYUTH 3HAYeHHs S; . [yt 1iboro Bukopuctaemo Gopmyiy (11).
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[Ticns mepeTBOpeHb OTPUMAaEMO AU EpEeHIIiiH] PiBHSHHS BULY:

S, =JBYS - ilsion(Se - i), Ji = Py (L1+k;signs;s; )

SIKIIIO ((O< S, <A, )ﬂ(|SO —Py|>k PBi))U

U((Si ZO)n(So >(1+ ki)PBi (O)))U((Si =Ai)ﬂ(80 <(1_ki)PBi (Ai)))’ ' (35)
inakme S, =0;
i=1..,N.

¢ Py — mpuBeneHa BeaMYMHA CHITH BiHOBICHHS,
Ai — 0OMEKeHHS TIepeMIIIIeHHS I TOKa;

K, — KoeillieHT CHJI TepTs B MAHXKETaX YIIIJIbHEHHS.

2
Bi= 0’5F03Pi (Z:uij fijj ;
i

pi = p(l"';iE;l)-

: (36)

ae M — mpuBeieHUM KOoe(iLieHT BUTPAT, AKUM 3al€KUTh BiJ 3arajlbHOrO Iepenaay TUCKY Ha

OKpEeMO B3ATOMY €JIEMEHTI T'iApaBIigHOTO OTIOPY.

EneMeHT rigpaBniqHOTO OMOpY BKIIOYAE B cebe Hadip MOCTiIOBHO MIFOYMX MICIEBUX TiApaBIidHUX
oropiB (OmopH, SIKi 3yMOBIIOIOTh Ieperaj THCKY BHACHIAOK 3MiHM MEPETHUHIB OTBOPIB MO JOBKHUHI
KaHaJy, HasBHICTh KJIAlaHiB, 3aciiHOK 1 T. 1.). [lpuBenenmit xoedimieHT BUTpaT a0 MpHUBEIEHUI

o . -2 v
KoeQillieHT onopy 44" =&; eneMeHTa Moke OyTH BU3HAYCHHIA 3a IOTIOMOTOI0 BUPA3Y:

|
nj

m 2
&= (fm 1) &=, (fij I, () & (x)dx, (37)
k=1
ze fijm — HalMEeHIIa 110 TOBXXHHI eJIeMEHTA IUIONINHA TEPETHHY OTBOPY;

fijk, f; (X) — mroumHn orBOpy Kamamy B meperuHi 3 HoMepoM K abo 3 KOOpAMHATOK X IIO
JTIOBXKHHI JJAHOTO €JIEMEHTA T1IPaBIivHOTO OTIOPY;
55 , S (X) — Koe(iIieHTH TiPaBIiYHOTO OMOPY IUX MEPETHHIB.
OTBoOpH, SKi CTBOPIOIOTH TiAPaBIi4HI ONOPH, MAPO3AULIIOTh HA HacalkH 1 xiadparMu (OTBOPH B

om

TOHKIiH cTiHmi) [5]. st oTBOpIB THIY «HAcaIKay MPU q

>1 3navyenns & HaONMKEHO BU3HAYAOTHCS

2

3a nonomoroto popmymn st 10° <Re ) <15-10* gx:

p om

£=[123+58Re; !N, /d, ] +Al,,/d, (38)

ne A — Koedili€eHT, SKuil BpaxoBye TEPTS PiAMHU [IPH MPOXOHKEHHI KPi3h OTBOPH.

I
JII OTBOPIB THUITY «d1apparmMa» IIpHu <<l CKOMCHAYETHCA BU3HAYATH KOCPIIIIEHT 3a
d

2

JIOTIOMOTOF0 (hOpPMYJT:

£=(L4+15Re;!), suao 25<Re, <300, (39)

£=(0,592+0,27Re;*®) ", suawo 300<Re,, <10*, (40)

&=(0,592+5,5Re™¥2) ", swmo 10 <Re, , (41)
p p
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[lpy Bu3Ha4YeHHI KOe(DIIIEHTIB CHJI TiJpaBiiduHOrO omopy 3a momomoror dopmyn (38) - (41)
MOTPiOHO MaTH Ha yBa3i IO 3HAYEHHS SIKi BU3HAYAIOTHCS € JINIIEe HAOMMKEHUMH OI[IHKaMH, TaK SIK IIi
¢opMynu BpaxOBYIOTh BHUMAIKH CTalllOHApHUX Oe3kaBiTamiiHux Tedind [12, 13]. Skmo BUHHKae
KaBiTallist (0COOTUBO MPH HE3HAYHHUX MPOTHUIIIOUUX THCKaX), KoedimieHTH & 3pOCTaroTh, HOCATAIOUN
3HadeHb £ =2,6 g HacagoK. TeopeTH4HO i eKCIEePUMEHTATbHO JOBEACHO, IO 3HAaueHHS & s
HacaJOK y BHUIAJKaxX, KOJIM THCK Ha BUXOJI OTBOPiB MeHIIuWH, Hixk 0,42 Big TUCKY Ha 1X BXOIi, a TAKOX
Y BHIIQ/IKaxX, KOJIM THCK MPUKJIaJA€THCS PaToBO, MOKE OyTH TaKUM 3Ke SIK Y BUMAAKy OTBOPY B TOHKiH
CTiHII, TOOTO po3paxoByBatuch 3a ¢popmynamu (39) — (41) 1 gocsararu 3HaueHs 2 ... 2,8. Oxpim TOTO,
TEUis PIIMHHU Yepe3 OTBOPH CIIEMEHTIB IPOCETIOBAHHS TiAPaBIIYHOTO TacHUTENsl KOJIWBaHb HE €
CTalliOHAPHOIO, TaK SIK MalOTh MiCLe MTOPIBHSIHO IIBUIKI 3MiHHU IIBUAKOCTI Teuil 1 mepenany THCKY.

Kouctpykmisi rigpaBniunoro racurens koiuBanb tuny HII-1100 e Ttakoro, mo koedilieHT
ripaBiIigHOro Omopy eneMenra B, € (QyHKII€ 3HAYCHb Sy,S;,P, , a TaKoX MPUCKOPEHHS PyXy
aMOPTHU3YIOUYOTO TiJa.

TakuM 4MHOM, OLIHIOIYM TOMEPEAHBO 3HAYCHHS IMapaMeTpiB, MOXKHA BUPIIIUTH PiBHSHHSA (35) i
pospaxyBat S, 3a gomomorow (opmynu (33). 3HaueHHsS S, pPO3PAXOBYIOTHCS 3a JOMOMOIOO
dopmymu (8) mo 3aganum Gynkuiam Py, (S;) , cTpyKTypa SKMX BU3HAYAETHCSA KOHCTPYKIIIEKO IITOKA.

B kamepi kopmycy racutens koiauBaub H  (puc. 1), cuna P, (S;) BuHHMKae nuiie npu CTUCHEHH]
piavHu B il kKamepi. B 1boMy BUNIAAKY MaTUMEMO:

Py~ E,Fy (8] 1S, -1) 0y (5 - 5,), (42)
S =RS kK, (43)

ne o, (S-

; 30) — onuHM4HA QyHKIiA XeBicaiina.

Bennunna cumn Py, ska momae omip rigpaBmidHOro racurens KONMBaHb PyXy MOXe OyTH

BH3Ha4YeHa 3a (HopMyIIoro:
5 :_ﬂ[(ho +A)A+(d, +5)0T
’ (hy + A)Z

ne A, A — BiNOBiIHO BiZIHOCHI MEpEMIIEHHS | IBHUAKICTH BiJHOCHUX MEPEMIIIIEH POOOYOro Tijia
B37IOBX OCi Z ;

sign[(h, +A)A+(d, +5)0], (44)

0, 0 — BIANOBIAHO BiTHOCHI MEPEMIIIIEHHS 1 NIBUAKICTH BiIHOCHUX MEPEMillleHb poOOYOro Tija
B310BXK oci Y .
h,, d, — Bincrani BoBxk oceit Z i Y BiANOBIAHO MiX TOYKaMu KpIIUICHHSI TacHUTeNsl B

MOYaTKOBUI MOMEHT 4acy.
[poexkmii 1i€l cuu Ha 0Ci KOOPAMHAT CKIAIATUMYTh:

P, =P h02+A :
\/(ho +A) +(dy+06)
q , (45)
_p 0o +0

ay

" (R +AY +(d, +5)

3 mpuBeficHWX Bulle (OPMYN BUXOJIUTH, MO KOe(ilieHT [ HENpYXHOTO OIOpYy TacHUTENs

nedopmariisiM 3aJISKUTh BiJl TEMIIEpAaTypu PiIMHM racuTeis KoiuBaHb [14]. Skmo BBaxkaTH, 11O
Ipollec TEIUIOBiAgaui € KBa3iCTaliOHAPHUM, TOOTO HEXTYBATH KUIBKICTIO TEIUIOTH, L0 BUTPAYAETHCS
Ha HarpiB KOPITyCy TacHTellsl KOJMBAaHb 1 HOTO JeTanei, abo HaBIaku — OpaTu JI0 yBaru Iii BUTPATH,
30LIBIIYIOYH KOE(IIIEHT TEIUIOBIIavi, TO TEMIIepaTypa PiIMHU B TacHTelli KOJUBaHb MoOXe OyTH
OLIiHEHa 3 ypaxXyBaHHSIM BU3HAUYEHHS MOTY>KHOCTI CHJI HEMPYKHOT'O OIOPY MPHUCTPOIO:

3o6ipruk nayxoeux npauyw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38

181



MATEMATHYHE MOJAEJIFOBAHHA

W =PS=pS°=aAt, (46)
Jie o — KOoeillieHT TeTUIOBIaIayi;

At — pisuuns Temnepatyp t, po6ouoi pigunu i t,,, 30BHILIHBOTO CepeIOBHIIA.

306H

3 piBHsAHHS (46) oTprMaeMo (HopMyITy 3MIHH TeMIiepaTypu poO0d0l piIHY TaCUTENSI KOJIHBAHb:
.13
=25, (47)
a

JUist BUIAJIKy CTAIliOHAPHUX TAPMOHIMHKMX KOJIMBAHb 3 aMIUTITYN0K0 A i IMKIIYHOK 9acTOTO
OTPUMAEMO:

3
At = 4pe” A2, (48)
K104

Busnauennss TemmepaTypu poOOUOi pIAWMHHM O3BOJSIE BCTAHOBUTH BIANOBIAHE 3HAUYEHHS
KoeilieHTa TigpaBIiyHOr0 ONOPY TaCHTEINsI KOJTUBAHb.

BucHoBku. 3ampornoHOBaHa Yy3arajJbHeHa MaTeMaTW4Ha MOJENb TiIpaBIiYHOIO TacUTeNs
KonmuBaHbp Ha 0asi koHcTpykmii racutens tumy HI[-1100 no3Bomnsie BpaxoByBaTH KOHCTPYKTHBHI
0COOJIMBOCTI Ta YMOBH HOTO POOOTH i MOXKe OyTH BHKOPHCTaHA JUIsl MOJIETIOBAHHS Ta PO3PaXyHKY
riipoMexXaHIYHUX TPOLECIB 3 3aCTOCYBAHHSAM MPOrPaMHO-aNapaTHUX KOMIUIEKCiB. [laHa Moaens Moxe
BUKOPHCTOBYBAaTUCH JUIS aHAJ3Y MpPaIe3laTHOCTI KOHCTPYKINT TiApaBIiqHOTO amapaTry 3aJeXHO Bij
(i3MYHUX BIACTUBOCTEH POOOYOro Tijla B CKIIAJi MOJIEIi TPOCTOPOBUX KOJMBAHD PEHKOBOTO EKIMaXy.
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PRINCIPLES OF CONSTRUCTION OF THE GENERALIZED MATHEMATICAL MODEL
OF THE HYDRAULIC EXTINGUISHER OF OSCILLATIONS OF THE PASSENGER CAR

The study of the processes associated with the use of working fluids in the elements of hydraulic
drives was preceded by studies of the unsteady periodic movement of the working fluid in the pipelines
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of hydraulic systems. Such processes take place in hydraulic drives and their elements, and are
associated with the compressibility of the working fluid. The stability of the operation of hydraulic
valves, which are supplied to hydraulic systems in order to maintain, within the required limits,
pressures or flow rates, is also largely predetermined by non-stationary hydro mechanical processes
occurring in the pipelines of these systems, channels and chambers of hydraulic devices. The
peculiarities of the working processes of passive vibration dampers of passenger cars include the
interaction of the working fluid with moving parts and its flow through the channels and through the
calibrated holes with local artificial resistance. For in-depth analysis of changes in operating
parameters, it is necessary to use a mathematical model that should reflect the processes that occur
during the operation of the hydraulic device. In the presented article the generalized mathematical
model of the hydraulic damper of fluctuations of the passenger car of the HI]-1100 type is developed.
This model takes into account the special operating conditions of the hydraulic shock absorber, which
allows you to study the impact of operating parameters on the performance of the device.

Keywords: hydraulic vibration damper, mathematical model, hydro mechanical processes,
parameters of the working fluid.
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KOMBIHATOPHUM MIJIXIJI IO MOIIYKY BIIMOB Y CUCTEMI
EJIEKTPOOBJIA/IHAHHA BAI'OHIB

Hliompumka 6ucoxozo pigHsi 00CIY208V8aHHA CUCTEM eNeKMPOOONAOHANHS NACAINCUPCLKUX BA2OHIG
BUMARAE  NPOBEOCHHST OOCHIONCEHb y  2any3l  YOOCKOHANCHHS Memooig [ 3acodié  MEexXHiUHO2Oo
OiaznocmyeanHs. Enexmponni npucmpoi’ asmomamuino2o pe2yniosanis ma 3axucmy, sKi posmiuyiomscs
Y PO3NOOLIbHOMY WUMi 6a20HA € OOHUMU 3 HAUBIONOGIOATbHIWUX —elleMenmie y  cucmemi
eleKmpooONaOHaHHs, Wo 3abesnewyiomos il HaolHy, egexmueny ma Oesneuny excnayamayiio. Ilpu
paspe2yniosanHi y npoyeci excniyamayii npucmpoie asmomMamudHo20 pe2yioeants ma 3axucmy, Hanpyaa
mMa cmpym y Mepedici eneKmpooOiaoHants, Modce nepesuLyysamu 0ONyCmumuLl piseHs, wjo npugooums 00
8UX00Y 3 1A0Y CHONCUBAYIE eNeKmpOeHepaii, akyMyiamopHoi bamapei ma eenepamopa. Kpim moeo, cami
HANIBNPOGIOHUKOBI NPUNAOU € OYIHce UYMIUBUMU OO KOPOMKOUACHUX NEPEBaAHMANCEHb, 8 AKUX HAGIMb NpU
HE3HAYHUX NEPeBARMANCEHHAX BUHUKAE NPoOill abo obpus cmpymonpogionozo wapy. CyuacHi merHOeHyii
PO3GUMKY  GIMUUSHAHO20 MA  3apYOidicHO20 NAPKY NACANCUPCOKUX BASOHIE C8I0Uamb Npo  piske
VCKIaOHeHHs eneMenmHoi 6azu 6a2onie. binbuiolo Mipolo ye cmocyemucs cucmem eneKmpooOIaoHaAHHs
6a20HI6, Oe 6CI (YHKYIL YNpaeninus, KOHMpOMO [ OIAeHOCMUKU SUKOHYE eiekmpoHika. [liompumka
BUCOKO20 DIBHSL O00CIY208Y8AHHA MAKUX CUCEM BUMA2AE NPOBeOeHHs O0CNiOdCeHb 6 obaacmi
B00CKOHANIEHHs MemOoOig i 3ac00i8 MexXHIuHO20 JIacHOCMYBAHHSA. 3 YIEI0 MEemOI0 asmopamu po3pooieHull
Memoo noOy0osu ONMUMATLHUX KOHMPONbHUX | OIAG2HOCMUYHUX MeCmis, 68 OCHOGI AKO20 JNeHCUmb
KomOiHamopruil nioxio. Memoo neeko peanizyemvca na EOM.

Knwuogi cnoea: eazonu, enexmpooOIaOHauHA, GIOMO6d, KOHMPONb MEXHIYHO20 CMAaHy,
onmumizayis, mecmu, KOMOIHAMOPHULL NiOXIO

Beryn. EnexkrpooOnagHaHHS NacaXMPChKOTO BaroHa CKJIAJHE 1 Tpamioe B BaXKHX YMOBAX
eKCIUTyaTallii, Ha HbOTO JiIOTh 3Ha4HI JMHaMi4HI 3yCWJUIsI Ta arMoc(epHi BIUIMBH, TOMY JUIS
rapaHTyBaHHS HaJIiHOCTI pOOOTH JI0 HHOTO BUCYBAOTh BUCOKI BUMOTH.

EnexTpoHHi PHUCTPOi aBTOMaTHYHOTO PETYIIFOBAHHS Ta 3aXHCTY, SIKi PO3MIILYIOTBCS Y PO3IOIITIEHOMY
IIUTI BaroHa € OJHUMHM 3 HAUBIAMOBIJANBHIIINX EIEMEHTIB Y CHCTEMI eIeKTPOOONIaHAHHS, IO
3a0e3meuyroTh 1i HaliiiHy, eeKTHBHY Ta Oe3NeuHy eKCIuTyaraito. Tak, HampuKIiIal, Y pas3i HeClpaBHOCTI
arnapaTtypu pPeryjiOBaHHS 3apsiay aKyMyJSTOpHOI Oartapei, MOXJIMBMM BuXin il 3 Jamy BHAcCHiIOK
NOCTIHOrO Heno3apspKeHHs: abo mepesapsupkeHHs. [lpu pasperynroBaHHI y mpoleci eKcIUTyartamii
TPUCTPOIB aBTOMATHYHOTO PETYIFOBAHHS Ta 3aXUCTY, HAIPyra Ta CTPYM Y MEpEeki eNeKTpooOIia JHAHHS
MOJKE TTEPEBHUIITYBATH JIOMYCTUMUI PiBEHb, IO MPUBOIUTE JI0 BUXOJY 3 JIaly CIIOXKHBAYIB EJIEKTPOESHEePrii,
aKyMyJISITOpHOI OaTapei Ta rereparopa. Kpim Toro, cami HariBIpOBiJHUKOBI MIPUIIANH € TyXKe TyTIMBUMHU
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JI0 KOPOTKOYACHUX TEPEBAaHTaKCHb, B SKUX HABIThb MpPU HE3HAYHUX TEPEBAHTKEHHSIX BUHUKAE TPOOid
ab0 00pUB CTPYMOIIPOBITHOTO TIAPY.

CydacHi TEHIEHII PO3BUTKY BITUYM3HSHOTO Ta 3apyODKHOTO MapKy MMAacaXHUPChKUX BaroHiB
CBiZUaTh MPO Pi3Ke YCKIAIHEHHs elIeMEHTHOI 0a3u BaroHiB. BiibLIO MIpOIO e CTOCYETHCS CHCTEM
eJIeKTPOOOJIaITHAHHA BaroHiB, e BCl (YHKIIi YyNpaBITiHHA, KOHTPOIIO 1 JiaTHOCTUKH BUKOHYE
enexkTporika. [ligTpuMka BHCOKOTO piBHSA OOCITYrOBYBaHHS TaKWX CHCTEM BHMAara€ IpPOBEICHHS
JIOCITIPKEHB B 00JIACTI BJIOCKOHAJICHHSI METOIiB 1 32C00IB TEXHIYHOTO JiarHOCTYBaHHSI.

AHaJji3 ocTaHHIX TOCHiITKeHb i mocTaHoBKa mpoOiemu. [[ins 3a0e3neueHHs OC3MEKH pyxy Ha
3aJIi3HALIl HAYKOBIII BCHOTO CBITY MPAIIOIOTh HAJ BJOCKOHAIECHHSM METOJIB 1 3ac00iB TEXHIYHOTO
JiarHOCTYBaHHS Ta KOHTPOJIO TEXHIYHOI'O CTaHy pPyXOMOTO ckiaay Ta Horo dvactud. Llmsxu
3a0e3reyeH s Oe3MeKu pyxy Ta BIOCKOHAJICHHS KOHTPOJIIO TEXHIYHOTO CTaHy KOJICHUX THap
po3rIsAaThea y podotax [1 - 4], TambMiBHUX CHCTEM PYXOMOTO CKIany y [5, 6], TaCHUKIB KOJHBAHb
xo/oBMX dacTHH y mpami [7]. LlikaBi TakoX MOCTIKEHHS NPHUCBSIYEHI MOHITOPHHTY pPOOOTH
BUKOHABYHX MPUCTPOIB CHCTEM HaXWIIy Ky30BiB Barosis [8] Ta cHCTEMi KOHTPOJIIO LIICHOCTI Moi3na
[9]. B poborax [10, 11] mocmimkeHi HamiAHICTh Ta aKyCTHYHI MapaMmMeTpu pPoOOTH KIIMATHYHUX
CUCTEM MacaKUpChKuX BaroHiB. CydyacHWil CTaH Ta BUKIMKH Yy THTaHHSX EHEpro3ade3rmevyeHHs
NacaXUPChKUX BaroHiB BUKIAeHi y mpaii [12].

[MuTanHs OOIpYyHTYBaHHS CTpaTerii TEXHIYHOTO OOCIYrOBYBaHHS PEUKOBOTO PYXOMOTO CKIajy,
30KpeMa MacaKUPChbKHUX BaroHiB BHCBITICHI y poboTax [13 - 15].

OpHUM 13 MPHKIAAIB peani3alii KOMIT FOTEPHOI CHCTEMHU KOHTPOJIO TEXHIYHOTO CTaHy CHUCTEMHU
eJIEKTPOOOJIaIHAHHSI NTACAKUPCHKUX BaroHiB € [loi3Ha aBToMaTH30BaHa iH(pOpPMaIifHO-TIarHOCTUYHA
cucrema «BUJI» (ITAIJIC «BUI») [16]. dana cuctema KOHTPOJIIOE QHAIOTOBI Ta AUCKPETHI CHUTHAIN
eJIeKTPOOOIIaJHAHHS BaroHiB, a MPH BUXO/I 1X 3a JOIMyCTUMI MeXi iHpopMye HadalbHHKA TOi3/1a PO
HecnpaBHicTh a00 BimMoBYy. Ha puc. 1 300paxkeHi TUCKpETHI CHTHAM BCiX MAaCaKUPCHKUX BaroHiB
moi3za, 110 3rpyIoBaHi 3a MiJICHCTEMaMH, KOJIip CUTHAJTY BiJIIIOBi/Ia€ CTaHy CUCTEMH.

AnekrpocHabxeHue

NN S ) Y] ) I 3. cHatweHue

OronnsHqe

Festirg ynpaneHua “ABToraTHyeckui’’

Festra ynpaenequa "Fyynoi'

FdmaTiy. YCTIHOEE.3

HopraneHeIi peskie HAE MarkicTpan

Ocobible NOTPEGHTE MW
MuraHue & MarucTpane _——

IMuraHue ot MarkcTpan Tyanetel

1 cTyneHeE

2 CTYneHe

3 CTYneHE
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Mpeakwywan rpynna Cregyiowan rpynna 3aKpETE OKHD

Puc. 1. Bikno ITAIAC «BUI» 11 KOHTPOJIIO TEXHIYHOTO CTAHY CUCTEMH €JIEKTP000JIa/IHAHHS BaroHa

[Iutanns moOynoBM ONTHMAalIbHUX KOHTPOJIBHUX Ta JIIarHOCTUYHUX TECTIB Ul CHCTEM OibII
PaHHIX KOMILIEKCIB €JIeKTpOo00IaJHaHHS PO3IIISHYTI B IMCEpTaLliiHOMY JtocipkenHi [17].

Excrmyatariisi macaXMpChKUX BaroHiB IMOKa3aa, 110 BU3HAYAJIbHUM BUJIOM BiJIMOB €IEKTPOHHHX
OJIOKIB € TapaMeTpu4Hi Bi]MOBH, SIKi TOB'Si3aHI 3 MOPYNICHHSM HaJalTyBaHHS OJIOKIB y Tpoleci
eKcIulyaTtalii BHACHiJOK BiOpawii, CTapiHHS €JIEMEHTIB, TEMIIEPAaTYpPHUX IIE€PEBAHTAKEHb 1 iH.
BpaxoByroun nanuii (akt, OCHOBHHWIA akKIEHT JOCHI/PKEHHS CHPSIMOBAaHUI camMe Ha ONTHMIi3alliio
METO/IiB KOHTPOJIIO Ta JIIarHOCTYBAHHSI €JIEKTPOHHHX OJIOKIB.
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Mera i 3aBgaHHsl AoCTiI:KeHHs. MeTol0 JOCHIKEHHS € pPO3poOka MeToAy NoOyAoBH
ONTHMATHHUX KOHTPOJBHUX 1 IarHOCTHYHUX TECTIB JJISl CUCTEM EJIEKTPOOOIIaTHAHHS MMTaCaKUPCHKUX
BaroHiB, SIKMI MOXKHA JIETKO peainizyBaTit Ha EOM, 3a paXyHOK 40TO CKOPOTHUTHCS Yac HA TECTYyBaHHS
Ta MiABUIIUTHCS SKCIUTyaTalliiiHa TOTOBHICTh PYXOMOTO CKIIay.

Marepiajau Ta MeTOaM AOCTiMKeHHSI. AHATI3 BiIOMUX METOIB MOOYAOBH ONTHMAIBFHUX TECTIB
MOKa3aB, 0 X MOXKHA po30WUTH Ha [BI rpymu: To4HI i HaOmmKeHi. [lepima rpymna MeroniB egexTrHBHA
JUI BiTHOCHO HEBEJHMKOi KUTBKOCTI MEpeBipOK 1 HecmpaBHOCTEH, Apyra - Mae OibIl HIMPOKi
MOJJIMBOCTI IO KITBKOCTI MEpEeBipOK i HECTIPaBHOCTEH, aje Mae psii oOMexeHb i AKICTh pillIeHHS
BUXOJIUTh 3HAYHO TipIIe ONTUMAIHHOTO.

OpnHuM i3 NUIAXIB BUPINICHHS JAaHOI 3a/1a4l € MiABUINEHHS €()EKTHUBHOCTI TOYHUX METOMIB. J[is
[LOTO TPOTIOHYETHCSI HOBUHM MiJXia 10 MOOYIOBH KOHTPOJIBHHUX 1 JIarHOCTUYHUX TECTIB, B OCHOBI
SIKOT'O JISKUTH 3BEICHHS 3ajladi OOy JOBH TECTIB /10 KJIaCy KOMOIHATOPHUX 3a/1ad.

VY 3araipHOMY BHIAAKY 3a/ada MOOYIOBH ONTHMAJIbHUX KOHTPOJIBHUX 1 IIarHOCTHYHUX TECTIB
3BOJIUTHCS JI0 PO3B'SI3aHHS 3a7adi MIHIMAJIBLHOTO IOKPUTTS MATPHUIll CTaHiB. 3rajaHi BUIIEC METOIU
3aCHOBaHI Ha MOOYZOBI 1 HACTYITHOMY TEpPETBOPEHHI 10 A13 IOHKTHBHOI HOopMansHOI popmu (IHD)
JOTIYHOT PYHKIIIT BHITY

F(G) = D,(G)A... AD,(G) 1)

e Di(G) — I3’ TOHKILS TEPEBIPOK, 10 BUSABIISAIOTH i-if CTaH CHCTEMHU;
K — 9rci10 TeXHIYHHMX CTaHIB KOHTPOJIBOBAHOI CHCTEMH.

3 poCTOM YHCIIa TEXHIYHUX CTaHiB KOHTPOJIHOBAHOI CHCTEMH 1 YMCIA JOIMYyCTHMHUX €IeMEHTapHUX
MEepeBipoK JaHa 3ajJava crae TpyAomicTkoro. Hampukmaa, npu moOyAoBi MiHIMaIbHOTO
JIIarHOCTHYHOTO TECTY 3a JIONOMOTOK TOYHOro ayroputmy npu k = 20 moriyHa ¢ynkuis mae 190
MHOKHUKIB. Y 3B’S3Ky 3 IIUM BHHHUKA€ 3aBJIaHHS PO3POOKH Oibll €(EeKTHBHOTO METOY MOOYIOBH
ONTUMAaJILHUX TECTiB, IKUH J00Ope GopmMamizyeTbes 1 3pydnuit 1ist pearizanii Ha EOM.

B ocHOBi po3p0o06ieHOTr0 METOAY JIeKAaTh TaKi OTOKEHHSL:

: G=
® PO3TIINAETHCS MHOXHHA MEPEBIPOK {UBERRY
YHCIIO TOMYCTUMHUX €IEMEHTapHUX TEPEBiPOK;

® [OCIIIOBHICTh 3HAYEHD 3MiHHHUX 982 -G € KOMOIHAI[I€I0 TIePEBIPOK;

e 3HAYCHHS 3MiHHUX KOMOiHAIIi1 MepeBipOK BKa3yrOTh Ha ii CKJIa: SKIIO i-a ImepeBipka BXOJUTD B
koMmbOiHamiro, To gi=1 i ¢;=0 B iHmomy Bumnaaxky. Hanpuknaz, skmo st g=6 komOiHallis epeBipok
mae puriisig 001011, e o3Hauae, M0 PO3MISAIAIOTLCS MEPEBIPKH 3 HOMepaMu 3, 51 6;

e panrom KkomOiHaiii mnepeBipok (I) € KiIbKiCTh BXigHMX B Hei mepeBipok. Hampukma,
komOinHamis Buay 1100101 mae panr r = 4;

® BapTiCTIO KOMOIHAIIT TEPEBIPOK € CyMapHa BapTICTh BXOJIATH B KOMOIHAIi IO TIEpEBipOK;

® 3aJIeXXHO Bij BHUIY KOMOIHAIll epeBipok, Mu3'toHKIII mepeBipok D mpuitmaroTs 3HaueHHs "0"
a6o «1», mpuaomy D; = 1, axmo xo4a 6 omHA 3 MEPEBipoOK, M0 BXOIATH B KOMOIHAIl0, BXOAHUTDH B
3 oK Dj, 1 Dy = 0 - B inmomMy Bunanky. Hampukian, mis kom6inanii nepesipok (n=6) 001100
113 IOHKIS BUy 01 ¥ O3 V' Qs JopiBHIOE «1». B pesynbrati ToTOXKHUX NepeTBopeHb QyHKIis F(G)
nepeTBoproeTbest B JJHD;

® KOH FOHKIIi1, 10 BX0AaTh A0 JJH®D, posrisanatoTecs sk KOMOIHAIT IEPEBIPOK, SIKi € PIICHHAMHA
piBusiHHs Buay F(G) = 1.

TakuM YMHOM, 3aBAaHHS IMOUIYKY ONTUMAaJIbHUX TECTIB MOXKE OyTH CPOPMYILOBAHO TAKUM YHHOM:
3HaiTH Taky KomOiHariro nepeBipok G, mo F(G) =1 i Bapricts (C) koMmOiHaIiT nepeBipok MiHiMaIbHA
(C<Cmin)-

Jns BUOOpY ONTHUMANIBHOTO TECTy HEOOXiTHO cGopMyBaTH BapiaHTH KOMOIHAIill MepeBipoK i
BUOpaTH 3 HUX BapiaHT, IO 3aJ0BOJIbHAE 3a3HAUYEHUM BHUIIE yMoBaM. [IpoiTrOCTpyeMoO IMpoliec
MOLTYKY ONTHMAJIBHOTO TecTy Ha mpukiani. Hexail HeoOXxigHO copmyBaTH BapiaHTH KOMOiHAIii

pif

SIK MHOKHMHA JIOTIYHMX 3MIHHHUX, 1€ N —
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MEPEBIPOK YIS CHCTEMHU EJICKTPOOOJaJIHAHHS TMAaCcaXUPChKOTO BaroHa i BHOpAaTH ONTHMAIbHUIMA
BapiaHT 3a BapTicTi0. MaTpHIls TEXHIYHUX CTaHIB CHCTEMH HaBe/IeHO y Taom. 1.

Tabnuya 1. MaTpuus TeXHiYHMX CTAHIB CHCTEMH €JIEKTPO0OJIaIHAHHS BaroHa

G\A a; a, as a as Ci
O 0 1 1 0 0 3
g2 1 0 0 1 1 2
03 0 0 1 1 0 4
04 1 1 0 1 0 1

VY croBmumkax Tabnuii 1 po3TamoByeThCS MHOKHHA HETIPAre3JaTHUX TEXHIYHUX CTaHIB CHCTEMHU
enekTpooOnagHanus a; (npuitmaemo k = 5), B paakax - MHOKMHA €JIEMEHTApHUX MEPEBIPOK g,
(npuiimaemo n = 4). KoxxHa 3 TIepeBipoK JO3BOJIsiE KOHTPOIIOBATH TIEBHUN TEXHIYHUN CTAH CHCTEMH.
[lpwifHATO HACTYNHI TO3HAYEHHS HeMpale3daTHUX TEXHIYHWX CTaHiB: a; - HECHpaBHI JpKeperna
€JICKTPOO0JIaIHAHHS, 4, - HECIIPaBHI €JICKTPOHHI OJIOKHU, a; - HECIIPaBHI CIOXKHUBadi, a4 - HECIIPaBHA
MeperKa OCBITJIICHHS 1 a5 - HecripaBHe omaneHHs. Ci - yMOBHI BapTOCTI IEPEBIPOK g; 1 g4.

VY tabmumi 2 HaBeneHi BapiaHTH KOMOIHAIN TepeBipoK, 3HAYEHHS BapTOCTI BapiaHTa, 3HAUYCHHS
¢ynkuii F (G) 1 3nauenns Cy,,, OTpUMaHi Ha BiAMOBiAHOMY eTami. ONTHMaIEHUM € TECT il HOMEPOM
12. Moro Bapricte nopiBHioe 5. ToOTO IS KOHTPOIIO CHCTEMH eIeKTPOOOIaIHAHHSA BaroHa
HEoOXiTHO BUKOHATH 1epiny (g;) 1 apyry (&) mepeBipKu.

Tabnuys 2. ToGya0Ba ONTUMAJIBLHOIO TECTY /ISl CHCTEMH €J1eKTPO00/IaIHAHHS BaroHa
3a JJ0NMOMOr010 PO3poG6JIeHOr0 METOLY

No G F(G) C Corin
1 0001 0

2 0010 0

3 0011 0

4 0100 0

5 0101 0

6 0110 0

7 0111 1 7 7
8 1000 0

9 1001 0

10 1010 0

11 1011 0

12 1100 1 5 5
13 1101 1 6 5
14 1110 1 9 5
15 1111 1 10 5
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VY HaBeleHOMY MpPHKIaAi KOMOiHALIT epeBipoK (HOPMYIOTHCS TOCHIIOBHO BiAMOBITHO O HOMEPY.
binapamii koj, BIAMOBITHWUH 10 KOMOIHAII MEpPEeBIpOK, € OiHAPHUM EKBIBAJCHTOM JIECATKOBOTO
HOMepa komOiHarii. HaBenenuii cnoci0 renepariii koMOiHaIii MEPeBipOK € HAMOLIBII MPOCTHM, aje
ManoeekTuBHUM. [losicHIMO Ha MpUKIai.

3arayibHa KiIbKICTH KOMOIHAIIiH MEpeBipoOK JOBXKHUHOIO g NopiBHIOE 28 -1 i MOke OyTH po30uTa Ha
Ipyny, B 3aJEKHOCTI BiJg paHry komOiHamii. /[[ns po3rasHyTOro BHINE NpPUKIALy MHiIMHOXUHA
KOMOiHaIil TIEPEBipPOK, 0 MAIOTh OJHAKOBUIW PAHT, MAIOTh BUTJISI:

r=1: {1000, 0100, 0010, 0001}

r=2: {1100, 1010, 1001, 0110, 0101, 0011}
r=3: {1110, 1101, 1011, 0111}

=4: {1111}

Slkmo reHepariito 3MIWCHIOBaTH B TOPAAKY 30iMbIIeHHS paHry (Tabm. 3), TO ONTUMaJbHHUN
pesynbTaT Oyne oTpumano Ha 5 kpoui. Omxe, BuOip crmocoOy reHepauii kKoMmOiHamiidi HepeBipok
BIUIMBA€ Ha 4ac MOUIYKY ONTUMAJIBHOT'O BapiaHTa.

TakuM YHMHOM, MOXXKHa 3pOOHUTH BHCHOBOK IIPO MOXJIMBICTH CKOPOUYEHHsSI Yacy HOOYyZOBH
OINITUMAJIBHOI'O0 TECTYy JIA CHUCTCMU eJ'ICKTpOO6HaIlHaHH$[ BaroHa IUJIsAXOM: 3MCHIICHHA KiHBKOCTi
PO3MIISIHYTUX BapiaHTIB (BiIKWAal0uM KOMOiHAIl MepeBipoK, fKi HE € pilleHHsIM) i BUOOpPY
ONTUMATBHOI CTpATETil TOMIYKY.

Tabnuys 3. 3anekHiCTh KPOKY MOIIYKY ONTHMAJIBLHOTO TECTY BiJ paHry

Ne r G F(G) C Chmin
1 1000 0

2 ! 0100 0

3 0010 0

4 ! 0001 0

5 1100 1 5 5
6 1010 0

7 1001 0

8 : 0110 0

9 0101 0

10 0011 0

11 1110 1 9 5
12 1101 1 6 5
13 3 1011 0

14 0111 1 7 5
15 4 1111 1 10 5

ExcnepuMeHTaNbHE T0CTIIKeHHS PO3P00JIeH0i cTpaTeTii MOMYKYy ONTHMAJIBLHOTO TECTY
Merto10 eKCIepUMEHTATIbHOTO JOCHIPKEHHS € OLiHKa e(QEeKTHBHOCTI JOOMNpalbOBAHOIO  METOIY
NoOyJOBY ONTUMAIILHUX TECTIB 3aCO0IB JIIarHOCTYBaHHSI IEKTPOHHHX OJIOKIB MTACa)KUPCHKUX BaroHiB.
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VY 3arajpbHOMY BHINAJKY, 33/a4a MOOYJOBU ONTHMAIBHUX KOHTPOJBHHUX Ta AIarHOCTUYHUX TECTIiB
UL CHCTEMH EJICKTPOOOJIamHAHHS TAcaKUPCHKUX BaroHiB 3BOAWTHBCS 1O PIIICHHS 3amadi
MIHIMaIBHOTO TOKPHUTTA Marpuimi. ToMmy Hagami He OyAeMO BHAUISATH «KOHTPOJBHHUA TECT» HUH
«I1arHOCTUYHHH TeCT», a 0YZAEMO TOBOPUTH «TECT».

Hdns koxHOI 00paHoi KOoMOiHATOpPHOI KOH(pIiryparii TecTy HeOoOXiHO BH3HAYWUTH YU € BOHA
pimeHHsM. [le BUKOHY€ThCSI NIIIXOM TIEPEBIPKH JBOX YMOB:

a) peainizyemocrti, Tooto F(G)=1;

0) miniMizaii BapTocTi, To0TO B<Bmin

IlepeBipka KOXXHOI 3 IIMX YMOB BHUMara€ MEBHOTO 4Yacy. 1OMy MpaBHIBHO OOpaHa cCTparteris
MOLITYKY ONTHMAIBHOTO TECTY, IO MOJSrac y BU3HAYEHHI MOCHIJOBHOCTI MEPEBIPKH BHUILEBKAa3aHUX
JIBOX YMOB, J03BOJISIE CKOPOTHTH Yac MOLIYKY. 3aBASKU L[bOMY MOKJIMBO IMiJBUIIUTH €()EeKTUBHICTH
po3pobaeHoro Metony. BpaxoByroun BUIIEBHUKIAEeHE, 32 KPUTEPiii e(PEeKTUBHOCTI METOAY MPUIHITO
4ac MONIyKy ONTUMAILHOTO TECTY.

Amnani3z ¢akTopiB, 0 BIUIMBAIOTh HAa 4Yac MEPEBIPKM BHIIE3a3HAYCHUX YMOB IOKa3aB, IO 4Yac
HEePEBIPKH YMOBHU Peajli3yeEMOCTI 3aIeKuTh BiJ N Ta K 1 pi3Ko 301IbIIYETHCS 3 POCTOM iX 3HAYCHb, a
Yac MepeBipKy YMOBH MiHIMi3aIlii BAPTOCTI 3aJIeXKUTh TUTBKH BiJ N.

Y Xxomi ekcnepuMeHTy Oylio BCTAaHOBJCHO, WHI0 Yac IEpeBipKM BapTOCTi KOMOiHATOpPHOI
koHirypamii ckinagae s n = 5...20 Big 0,001 mxc qo 0,012 Mkc (puc. 2), 1110 TpudIU3HO Y JBa pa3u
MEHIIIE Yacy aHaji3y pealizyeMOCTi.

T(n,k)*1 T 6K
0..c '
® ----T (8,K)
——T (10,k)
— T (12,k)
20
—-T(14,k /
(14,k) ,
— /
T (16,k) 7
—-T (18,k) e
15 o
—T (20,k) 7 7
s
RS T
S s
P
10 e P
./. "J‘H -
..... -
-~
5 .-/
k
0

Puc. 2. 3anexnicTp yacy nepesipkn ymoBu F(G)=1 Bin kinbkocTi nepeBipok Ta HecnpaBHoOCTeH
cucremMu
N — KiJBKICTh TepeBipok (n=5+20);
k — xinekicts HecnipasHocTei (k=20+200).
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OTxe, y mpolieci TeHepalii BapiaHTiB TECTIiB CIOYATKy HEOOXiTHO MepeBipsATH BUKOHAHHS YMOBHU
MiHiMi3a1ii BapTOCTi, a y BUMAAKY il BUKOHAHHS — TEPEBIPITH YMOBY peanizyeMocTi. EQexTHBHICTD
TAKOro BiOOPY BapiaHTIB TECTIB pocTe 31 301IBIICHHAM KiJbKOCTI N i K.

BucnoBku. ExcnepuMeHTampHO —OCHiPKeHAa e€(QEeKTHUBHICTh  JIOOMPAIbOBAHOTO  METOIY
nmiarHoctyBaHHs. KpuTepieM eQeKTHBHOCTI METOAY € yac MOLIyKYy ONTHUMajbHOTro Tecty. OOpana
CTpaTerisi, Ipyu KOTpill CHOYaTKy MNepeBipAeTbCA BapTICTh TECTY, a MOTIM peasi3yeMicTb JIOTi4HOL
¢yukmii F(G), no3Boisie CKOPOTHTH Yac TMPOEKTYBaHHS TecTy HpuOImM3HO y 2 pasu. OTtpumaHo
(GyHKLIOHANBHI 3aJeKHOCTI Yacy MOLIYKY ONTHMAJBHOTO TECTy BiA KIUIBKOCTI MEpPEBIpOK Ta
HECTIPaBHOCTEH eJIeKTPooOIa HaHHS.

Hoasika

Jani gocnmimkKeHHs MPOBEICHI B paMKax HayKOBOI TeMM MOJNOAWX BueHuX “IHHOBamiiiHi 3acamu
CTBOPCHHS pecypco30epiraroumx KOHCTPYKTHBIB BaroHIB IIUIAXOM ypaxyBaHHS YTOYHCHHX
MUHAMIYHAX HaBaHTaXXEeHb Ta (PYHKIIOHATHEHO-aJANTUBHUX (DIENI-KOHIENTiB”, Ska BUKOHYETHCS 3a
PaxyHOK KOIITIiB Jiep>kaBHOTO OropkeTy YKpainu 3 2020 p.
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COMBINATORY APPROACH TO FAILURE FINDING IN PASSENGER CAR
ELECTRICAL EQUIPMENT SYSTEM

Maintaining a high level of maintenance of electrical equipment in passenger cars requires
research in the field of improving methods and means of technical diagnostics. Electronic devices for
automatic control and protection, which are located in the switchboard of the car, are one of the most
critical elements in the electrical equipment system, ensuring its reliable, efficient and safe operation.
If the automatic adjustment and protection devices are out of regulation during operation, the voltage
and current in the electrical equipment network may exceed the permissible level, which leads to the
failure of electricity consumers, a battery and a generator. In addition, the semiconductor devices
themselves are very sensitive to short-term overloads, in which, even with minor overloads, a
breakdown or breakage of the conductive layer occurs. Modern trends in the development of
passenger car fleet indicate a sharp increase in the complexity of the element base of cars. This mainly
concerns the electrical systems of cars, where all the functions of control, monitoring and diagnostics
are performed by electronics. Maintaining a high level of service for such systems requires research in
the field of improving methods and means of technical diagnostics. For these purposes, the authors
have developed a method for constructing optimal control and diagnostic tests, which is based on a
combinatorial approach. The method is easily implemented on a computer.

Keywords: cars, electrical equipment, failure, technical condition control, optimization, tests,
combinatorial approach.
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LIFE ASSESSMENT OF RAILS BY CRITERION OF OCCURRENCE
OF FATIGUE CRACKS

The paper presents modern concepts of the contact fatigue crack occurrence in the railhead.
Numerical simulation of the contact interaction between rails and rolling stock wheels by finite
elements method are presented. During the simulation, the problem was solved in elastic and
elastic-plastic formulations. We considered R65 rail profile and standard railway wheels. The
conditions for the rail-wheel interaction corresponded to train movement on the straight section of
the track without slipping. The modern life assessment methodology involves the calculation of the
material damage increment at each point of the element as the load varies over time, and subsequent
summation of this damage. Upon reaching the ultimate value of the total damage, the structural
element is believed to lose its load-carrying capacity, i.e. a crack is formed in it. Despite the
substantial simplification of the real problem, the computational costs for the implementation of such
methods for predicting the durability will be unnecessarily high. In this regard, we propose the
simplified method of the durability calculation.

Keywords: railway transport, deformation and fracture, strength of railway structures, failure
analysis, contact stresses, contact-fatigue damage, numerical simulation, finite elements method.

1. Introduction

The current stage of development of railway transport is characterized by a tightening of operating
parameters (increase in the power, speeds, and load-carrying capacity of locomotives), which will
inevitably lead to an increase in force and thermal effects on structural elements of the rolling stock
and rail tracks. Extreme weather conditions lead to a greater number of failures of the main element of
the track — the rail, the reliability of which affects not only traffic safety, but also the economic
performance of railways. Contact-fatigue damage and wear of the railhead are among the main causes
of rail failures [1 — 3]. Such damage leads to the formation of surface and internal cracks in the
railhead, the formation mechanisms and kinetics of which differ from each other. The development of
surface cracks, followed by peeling of particulate material, is one of the main mechanisms of the
railhead wear upon contact with the wheels of rolling stock. As regards internal cracks, the mechanism
of their formation and propagation depends entirely on the nature of changes in the stress-strain state
of the railhead during operation, as well as the purity of the rail material, and the availability of
technical defects. Such cracks (longitudinal, oblique, lateral ones) can emerge at a depth of 4-16 mm
from the running surface. Most often this occurs in the areas of stress concentration caused by the
presence of various types of inclusions or technical defects. It is now established that the main cause
of the internal cracks is the accumulation of plastic strains under the action of cyclic stresses. Such
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cracks are of particular concern, as their further propagation and penetration into the railhead can lead
to a complete destruction of the rail.

Considering that the presence of internal cracks at the early stages of their propagation can hardly
be diagnosed with the applied diagnostics equipment [4], the development of the methods to predict
the durability of rails by the criterion of the occurrence of internal cracks is of great scientific and
practical interest. Over the last 20 years, this problem has been an active area of research [5 — 12].

In this paper, the basic elements of the method for predicting the durability of rails by the criterion
of the occurrence of internal contact fatigue cracks based on the use of the kinetic theory of damage
and the structural model of the elastic-plastic deformation of materials are considered. The proposed
life assessment methodology involves the calculation of the material damage increment at each point
of the element as the load varies over time, and subsequent summation of this damage. Upon reaching
the ultimate value of the total damage, the structural element is believed to lose its load-carrying
capacity, i.e. a crack is formed in it. Its further behaviour under load should be considered in the
framework of the mechanics of cracks. To evaluate the durability of rails, this approach was first used
in [5, 6]. Despite a number of obvious simplifications (in particular, the authors considered only cyclic
loading of the contact area using distributed pressure calculated by the elastic theory of Hertz), the
authors were able to calculate the kinetics of the stress-strain state of the rail for only eight load cycles.
A forecast of durability was carried out by extrapolating the damage accumulation rate obtained in the
last two load cycles. Given that in reality the number of load cycles until the occurrence of a crack can
be from a few tens to hundreds of thousands, the accuracy of the forecast is, of course, low.

In view of the above, it becomes obvious that despite the substantial simplification of the real
problem, the computational costs for the implementation of such methods for predicting the durability
will be unnecessarily high. In this regard, we propose the following simplified method of the
durability calculation.

2. Research Technique

The initial data for constructing the geometric model were rail R65 and a locomotive wheel with
the tread diameter of 957 mm. A straight section of the track (6 m in length), along which a two-axel
bogie CNII-H3-0 with the centre distance of 1850 mm moves at a slow speed (dynamic effects are not
taken into account), was considered. The rails are laid with a canting of 1:20 on concrete sleepers, the
laying pattern is 1680 pcs/km (a distance between sleepers is 60 cm), and the mount type is KPP-5.
The axial load is 200 kN. The presented characteristics of the rail base stiffness in the longitudinal
(9,7-10" N/m) and vertical (3,75-10" N/m) directions were taken from [13].

With regard to the characteristics of the mechanical properties of the material, the existing
standards have no data on the elastic-plastic properties of the rail and wheel steels even in simple
tension, especially during cyclic deformation. Therefore, all the calculations were made using the
mechanical properties of carbon steel of pearlite class BS 11 [14], which is close in composition to the
steel used in rails P65.

3. Numerical Results

Based on calculation of the stress kinetics within one loading block, which corresponds to the
passage of one bogie through the reference section, the position of the dangerous point is located
within the reference section of the rail. The dangerous point is the point on the rail cross-section,
where the damage accumulated over one loading block is maximal. To calculate the damage, the
combined criteria can be used [6], which have worked well in the assessment of durability of
structural elements operating in contact. The position of the dangerous point in the rail cross-section
indicates the place of nucleation of the future crack. The history of variation of all components of the
active strain tensor during the first loading block is recorded for the dangerous point. Assuming that
the plastic strain increment is low, which is true for those areas of the railhead where internal cracks
are nucleated, the block cyclic loading is later modelled only for the dangerous point, using the
appropriate model of elastic-plastic deformation and the established law of changes in the components
of the active strain tensor. It is also believed that the rolling stock is composed of identical elements.
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In this case, it is expected that the position of the dangerous point will not change. The structural
model of cyclically unstable materials developed by the authors, which allows taking into account the
effect of deformation trajectory patterns on the regularities in cyclic hardening, was used as a model of
deformation. A detailed description of the model, relevant mathematical formulations and the method
for determining parameters from the results of basic experiments are given in [15, 16]. Based on these
calculations, we can determine the kinetics of damage accumulation in the dangerous point until the
start point of destruction. This approach will enable an acceptable solution in terms of accuracy
without using any expensive software and high-performance computing systems.

Let us consider an example of using this technique on a straight section of the track. Railway track
is a complex spatial structure, which includes not only rails, but also sleepers, pads, rail fasteners and
the ballast. All these components of the permanent way have a different shape, very different sizes, in
addition, they are made of different materials, have different mechanical and thermal properties, and
have an impact on the stress-strain state of the rails. In principle, it is possible to create a geometric
model of the track, which would include all of these elements. However, it should be borne in mind
that the accuracy of the solution of the boundary value problem in a finite element method is highly
dependent on the size of the finite element (the accuracy increases with a decrease in the size). At the
same time, with a decrease in the size the number of elements increases sharply, resulting in a
significant augmentation of computation costs or inability to solve the problem with the software used.
In this connection, it seems appropriate to divide the problem of track deformation under the influence
of loads from the rolling stock wheels into several stages, and use different geometric patterns for each
stage. In particular, when calculating stresses and strains away from the contact zone between the rail
and the wheel, other elements of the permanent track structure (pads, fasteners, sleepers, etc.) can be
considered as a base with the averaged mechanical properties. Observations have shown [1] that the
rail sections away from the contact zone (within three sleepers on the left and right of each bogie
wheel) are subjected to buckling and torsion (induced by a vertical load eccentricity). Thus, to
consider the impact of both bogie wheels on the rail deflections and ignore the influence of fixing
scheme on the stress-strain state of the rail, the length of a geometric model of the rail must be at least
6 m. In addition, the finite element mesh can be quite tenuous. Elastic bending strain in the rail section
was calculated by the finite element method using the said geometric model. In addition, it was loaded
with the moving pair of concentrated forces that correspond to axial load. To calculate the stress-strain
state of the rails in the contact zone between the rail and the wheel, the finite element method was
used. The geometrical model was a 600 mm long rail with a pivot bearing on the ends, which allowed
considering the effect of the rail deflection on the value of the contact patch. In the central part of the
rail, an area was found that was three times the size of the expected area of contact. In this region, the
finite element mesh was concentrated. The problem was solved in a three-dimensional elastic-plastic
formulation in two phases.

In the first phase of the calculation, the optimal size of finite elements was determined. To this
end, the problem was first solved in the elastic formulation, comparing the results of the numerical
solution with those of the analytical solution obtained in the case of contact between two elastic
cylinders with mutually perpendicular axes (Hertz solution). Only static vertical load on a wheel
(100 kN) was considered, which was applied as a uniformly distributed normal pressure on the inner
surface of the wheel hub.

It was found that with the average size of finite elements in the area of condensations (i.e. the
average length of the tetrahedron edges) of the order of 0.5 mm, the difference between the resulting
solution and the analytical solution does not exceed 4%. In addition, the maximum contact pressure
was 988 MPa; the size of the contact patch (the size of semi-axes of the ellipse) was 13.6 and 13.58
mm. The shape of the contact area was close to the circle, due to the proximity of the radii of the
railnead and the wheel (rolling circle). The center of the contact patch is located on the axis of
symmetry of the rail cross-section, which is explained by the coincidence of the values of the wheel
taper and the rail canting.
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Fig.1. Some results of elastic-plastic calculation — distribution of contact pressures (a),
equivalent stresses (b), normal stresses a,, (c) and shear stresses t,, (d)

A further decrease in the size of finite elements provides for a slight improvement of the
solution, but due to a significant growth in their amount, the time of the problem solution increases
appreciably. In case of increasing the size of finite elements in the contact patch, the quality of the
solution deteriorates greatly, and power surges can be observed, which are caused by poor surface
smoothing and the appearance of false contact points.

Taking plastic strains into account leads to a certain increase in the size of the contact pad and a
marked reduction of contact pressure (Fig. 1a) as compared with the elastic solution. The zone, in
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which plastic deformation takes place, is located inside the railhead within a short distance from the
surface. The point, at which the stress intensity has the maximum value (dangerous point), is located
at a depth of 3.32 mm. The nature of the distribution of equivalent stresses is shown in Fig. 1b. All
normal stresses are negative in the contact zone; the greatest of them by the absolute value is o,
(Fig. 1c). Shear stresses in the dangerous point are not large (Fig. 1d), so the direction of the
principal axes of the stress tensor in the dangerous point is close to the direction of the coordinate
axes. The value of the maximum shear stress T,,q, in the dangerous point is 269.9 MPa at the
maximum shift of ¥4, =0.412%.

A contribution to the total damage of the material is made both by the elastic cyclic strains
resulting from the rail bending, and cyclic plastic strains in the contact zone. The latter can be
accumulated due to a complex (non-proportional) loading.

4. Discussion and Generalization
Since the computational costs for the implementation of the considered methodology for
assessing the durability were sufficiently large, in a first approximation we considered only damage

caused by low-cycle fatigue and the rule of linear summation of damage. In addition, damage
1

accumulated in the i-th cycle of loading [5, 6] is determined as Aw; = PR where durability Ny at a
i
current level of stresses and strains is found from the solution of the non-linear equation
57)° 26 _ _ b+c
(FPYmax = - (28))™ + 57, (2n,)"™, )

where FP = <O'max)% + JAtAy is the damage parameter. Here, brackets (...) denote the operator

(x) = M%; Omax 1S the maximum stress, normal to the plane of crack propagation; Ae is the scope

of the normal strain in the direction of g,,4,; At and Ay are the scopes of shear stresses and shear
strains in the plane of crack propagation; J is the material parameter, which depends on the stress
state type; E is the elasticity modulus of the material. The other parameters are determined by means
of approximation of the curve of the fatigue life of the material obtained under uniaxial cyclic
loading (tension-compression or torsion) with the control of the strain amplitude. The plane of crack
propagation (critical plane) is defined as the material plane with the highest value of the damage
parameterFP. The material plane, in which maximum shear stresses are active, will be a critical
plane in this case, as all principal stresses in the dangerous point are compressive. For this plane, the
fatigue parameterFP, estimated by formula (1), has a maximum value of 0.2161. The orientation of
this plane in the dangerous point defines the initial position of the crack. Figure 2 schematically
shows the position of the critical plane relative to the coordinate axes and the direction of the wheel
motion.

As a first approximation, we assume that the position of the dangerous point is not changed
during loading. The fact that plastic strains are small enough confirms this hypothesis, and the
problem is solved in a geometrically linear formulation. Then for the dangerous point we obtain
a=24.18°, f=88.14°, which is close to the results obtained in [5, 6].

,1*6 A |
7

z

a b
Fig. 2. Position of the crack nucleation plane with respect to the coordinate axes and the direction
of the wheel motion: a — side view, b — top view
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The durability of the rail (the number of cycles to failure) at a given value of (FP),,q, Will be
12.2-106 cycles, which corresponds to the passage of approximately 245 million tons of gross cargo
at a given axial load. This value is minimal for the durability under the operating conditions taken in
this calculation, since for the cyclically hardening materials the durability will be maximal in the
first cycles of loading. As the material hardening, the value of the increment of plastic strain per
cycle decreases, and, therefore, the intensity of the damage accumulation declines. If we compare
this estimate with a durability warranty (180 million tons of gross cargo for the rail type P65
produced by OJSC MK Azovstal), it should be noted that this estimate corresponds to the moment
of the crack nucleation, but not its propagation up to the size limits. The authors are intended to
consider other factors that affect the durability of rails in subsequent publications. Of course, this
method of estimating the ultimate state of the rail is approximate, because it does not take into
account many factors that are difficult to assess (for example anisotropy of the mechanical
properties of the rail material, associated with the technology of rolling, heat treatment and
straightening of the rails, the effect of vibration, the imperfections of the rail track, the parameters of
the environment, and others.).

5. Conclusions

The main advantage of the developed method compared to traditional approaches (full-scale and
model experiments) is the possibility to conduct numerical experiments dedicated to the effect of
individual process and design factors or their combination on the theoretical life of the structural
element. The results of such numerical experiments can be used to optimize the design and
technological parameters of critical structural elements of railway track and rolling stock.
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OIIHKA JOBI'OBIYHOCTI PEMOK 3A KPUTEPIEM BUHUKHEHHS
BTOMHUX TPIINIUH

Y cmammi npedcmaeneno cyuacHi KOHyenyii GUHUKHEHHT MPIWUHY V 20108yl PEUKU BHACIIO0K
KOHmakmHoi emomu mamepiany. Haeedeno pezynomamu uuceibHo2o MoOeMO8AHHA KOHMAKMHOL
830€MOOII petiok ma KoIiC pyxomMoeo CKIA0y MemoOOM CKIHUEHHUX eleMeHmis. 3a0auy KOHMAaKmHoi
83aemo0ii  peuiku muny P65 i3 cmamoapmuum 3ani3HUYHUM KONECOM pO321A0anU Y HPYIHCHO-
RAACMUYHIT NOCMAaHO8Yl. YMosu 63aemodii 6ionosioanu pyxy noizoa Ha npsamit OiisHyi Kouii Oe3
kogsauHa. CyuacHa memooono2is OYiHKU O008208IYHOCMI KOHCMPYKYIL nepedbauae po3paxyHoK
APUPOCMY HOUKOONCEHHS. Y KOMCHILL MOuYi elemMeHma KOHCMPYKYii, OCKIIbKU HABAHMANCEHHS.
BMIHIOEMbCA 3 NAUHOM Yacy, | nooanvuie NiOCYMO8YBAHHS YUX NOwKoodcens. Ilicns OdocsaeHenus
2PAHUYHO20 3HAYEHHS 3a2abHO20 NOUWKOONCEHHS 868ANCAEMbCA, WO elleMeHm KOHCMPYKYIi empayae
C8010 Hecyuy 30amHicmb, MoOMoO 8 HbOMY Ymeoproemvca mpiwuna. Heseaoxcarouu na icmomue
CnpouerHs pednvbHoi npooaemu KOHMAKmHoi 83aEmMo0ii petiok 3 Koiecamu, 00UUCTI08ANbHI GUMPAMU
HA 8NPOBAOINCEHHST MAKUX MeMmOo0i8 NPOSHO3VEAHHSA 006208IYHOCHI 0YOYMb HAOMIDHO BUCOKUMU. Y
38'43KY 3 YUM 3aNPONOHOBAHO CNPOWEHUL MemOO PO3PAXYHKY 008208IUHOCHII PELIOK.

Knrouoei cnoea: 3aniznuunuil mpauncnopm, oegpopmayis i pytiHy8auHs, MiyHICMb 3aNI3HUYHOL KO,
aManiz  pyuHy8amnb, KOHMAKMHI HANPYICEHHA, KOHMAKMHO-GMOMHI NOUKOOJICEHHS, YUCETbHe
MOOEN0BANHS, MemMOO CKIHUEHHUX eeMeHmIs.
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AAPEPEHIIIAJBHO-I'POBA MOJEJIb 3AXHCTY TH®OPMAIIIL
JJIAA KOMIPIOTEPHUX CUCTEM TPAHCIIOPTHOI IH®OPACTPYKTYPU

Y cmammi poszensioaemvcs numanus HaAOiUHOCMi ma 3axucmy iH@opmayii Komn t1omepHux
cucmemax mMpaHcROPmMHOI IHDPACMPYKMYpU ma ORUCYEMbCA CUHMeE3 Ma aHani3 ougeperyianrbHo-
ieposux Mmoolenel ma memoodie MOOen08aHHs npoyecie Kibepuanady Ha cepgep KOMN IOMepHUX
iHopmayitino-diaeHocmuunux cucmem Oucmanyii  erexmponocmaydauns 3anisnuyi. Pospobneno
VHIIKOSAHY Oupepenyianbro-i2pogy Mooenv npoyecy KibepHanady Ha MyaAbMu3a0aqHuil cepeéep
IHOpMaYitiHO-0iacHOCMUYHOT KOMN TOMEPHOI cUCmeMU HUINCHbO20 PIBHA 3ANI3HUYI, AKA 0036074€
ompumamy OnmuMaIbhi cmpamezeii saxucmy iHgopmayii ¢ ymosax kibepamax. Ilpedcmasneno
pe3yrvmamu Mooent08anHs npoyecy Kibepamaxu, 0151 OYiHKU IHMeSparbHUX NOKA3HUKIE 3aXUeHOCi
cepeepy, NpU GUKOPUCMAHHI ONMUMANbHUX Cmpamezili no KodcHitl i3 @yukyiu. lloxazano eueiio
VHIiKo8aHOI MOOeni Komn tomepHo-iHopmayiliiHoi cucmemu, ma npusedeni epadixu nepexionux
npoyecis UMOoSIPHOCHI nepeby8aHHs cepsepy 8 3aXUeHOMY CIMAari ma UMOGIpHOCMI GIOMOBU cepeepy
no 6y0b sKill i3 YyHKYIOHATLHOCTELL.

Kntouoei cnosa: szaxucm ingopmayii, xibepuanad, kibepamaxa, cmpamecis Kibepsaxucmy,
cmpameeis Kibepranaody, oughepenyianbHo-iepoei Mooeii, epaposa Mooein.

Beryn. CtpiMKuil PO3BUTOK 1 YyCKJIQJHEHHS TEXHIYHUX KOMII IOTEPHHUX NPHUCTPOIB Ta CHCTEM B
TPAHCTIOPTHIH 1HPpPACTPyKTypi TpHU3BENM OO HEOOXigHOCTI 3a0e3nedeHHsT BHUCOKOTO piBHS
iH(OpMAIlIHHOIO 3aXUCTy Ta HaAIMHOCTI. JI0 TaKMX OCHOBHHMX 3aXOJiB MOXHA BiJIHECTH MOOYIOBY
CHCTEM 10 MOJYJIFHOMY TIPHHIMITY Ta 3 BUKOPUCTAHHAM (YHKIIH CaMOIIarHOCTHKH, IO aKTyaIbHIM
Ha cporogHi. Came BIPOBAUKEHHS CYYacHHX MIKPONPOLECOPHUX IPHUCTPOIB B TPAHCHOPTHIN
iHQpacTpykTypi Oyab sKOI Taiy3i, B SKOCTI KEpPYIYHX, IO03BOJIIO Ha AITOPUTMIYHOMY piBHI
peamizoByBatd (QYHKIIT CaMOJIarHOCTHKH, i3 BHUKOPHUCTAHHSIM pECYpCiB BJIACHOTO KepYyHUOro
MIKpPOIIPOIIECOPHOTO MPHUCTPOIO, 00 JOAATKOBUX JIarHOCTUYHUX BY3JIiB Ha HOr0 OCHOBI.

BripoBajpkeHHsT CHCTEM KOHTPOJIO Ta JIarHOCTHKH, J0 TPHUKIAAY Ha eIeKTPOCHEPTeTHYHHX
00’€eKTax 3ai3HUIN, Ja€ MOXIJIMBICTh IOJOBKUTH TEPMIHM EKCIUTyaTalllii OCHOBHOTO OOJaJHaHHS,
3a0e3Meuy€eThCsl MOXKIIMBICT CBOEYACHOTO BHKOHAHHS PEMOHTHHX POOIT, IO € 00O0B’S3KOBHUM, IPH
BpaxyBaHHI ()i3MYHOI 3HOMIEHOCTI OLIBIIOI YaCTHHH OCHOBHOTO €HEPreTUYHOrO O0JIaTHAHHS TATOBUX
MIiJICTaHIIIN, 1 THM CaMUM, 3a0€311eYyI0ThCSA YMOBH Oe3repeOiiftHOT poOOTH 3aJ1i3HUYHOTO TPAHCIIOPTY.
Tomy B OcHOBI oprani3amii KOpHOPAaTHBHUX KOMIT FOTEPHHX CHCTEM YIIPABIiHHS EJICKTPHIHUMHA
MepeKaMu 3aJli3HHIb 1, BIIMOBIJHO, JOKAIBHUX KEPYIOUMX MEPEX CHCTEM eNeKTPOIOCTA4yaHHS Ha
PIiBHI TATOBUX MiJICTAHIIIH, JIGKHUTh Oe3MepepBHUN KOHTPOJIh PEKUMHHX MApaMETPIB.

AHaJi3y10491 CTPYKTYpPYy KOPIIOPATUBHOI CHCTEMH MOHITOPUHIY Ta JIarHOCTHUKH HEPEXITHUX PEKUMIB
€JIEKTPOCHEPIeTHYHUX CHCTEM TPaHCHOPTHOI iH(pacTpykTypH [1], a came 3ali3HMYHOTO TPAaHCIIOPTY,
MOYKHa 3pOOMTH BHCHOBOK, III0 OJHHM i3 KIIIOYOBMX OO’€KTIB 10 HAJIMHOCTI € TOJIOBHHI CepBep
iH(OpMaIifiHOT Mepexi JMCTAHIIi eIeKTporoCTauyaHHs 3ami3Huii. Moro ¢yHKuii HomsAraiTh Yy
(dopmyBaHHI €1MHOTO iH(pOPMALiHOrO MpocTopy NepBHHHOI iH(opMalii, sika oTpuMyetscs i3 Phasor
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Measurement Units (PMUSs) [2] TAroBux miCTaHINA JUCTAHINT €IEKTPOIIOCTAYaHHS 3aJIi3HHUII, peasti3aii
npouenyp OOMiHy iH(opMamiero 3 MEHTPaTbHOI0 KOPIIOPATHBHOI MEpeXkero, BeIeHHI 0a3 TaHuX
TIEPBUHHOI aBapiiiHOI Ta KoMepIiiHOi iHpopmarlii. PazoM 3 THM, Taka MyJIbTH3aIJadHICTh TOJIOBHOTO
cepBepy OOYMOBITIOE CKIIaIHICTh 3aCTOCOBYBaHMX crcTeMu 3axucty iHdopmartii (C3I) [3] Ta HeoOXiHICTh
BUKOPHCTaHHS YTOYHEHHWX MOJeNe 3axucTy iHpopMarii IS OIHKA pPIBHA 3aXHIIEHOCTI IaHOTO
eneMeHTy Mepexi. Tak Sk Ha ChOTOJHIIIHIN JE€Hb MepeBaKHA OLTBIIICTh Bpa3lMBOCTEl iH(opMamiitHOl
0e3neKkn KOpIopaTHBHUX KOMIT IOTEPHUX CHCTEM MOHITOPUHTY Ta AiarHOCTHUKH BJIACTHBA KOMIIOHEHTaM Ta
TEXHOJIOTiSIM BEPXHIX PiBHIB i€papXii TpaHCHOPTHOI iHppacTpykTypu. [Ipu 11boMy iHTEerpaibHa HaoiHHICTD
HIDKHBOTO BUMIPIOBAIBHOTO PIBHS, NIPEACTABICHOI0 IPUCTPOSIMU PEECTPALLi B OCHOBHOMY BHU3HAYA€THCS
sgatHicTIO PMUs 3a0e3medyBaTn TOBHY (DYHKIIOHANBHICT 3rigHO cneuuikamii, Ta piBHEM Ix
PEMOHTONPUIIATHOCTI Uil  ONEPAaTHBHOTO BHSBICHHS Ta YCYHEHHS HECIPAaBHOCTEH B Ipoleci
ekcruTyararii. Y ¢okyci yBarum mepeOyBaroTh IOCIHIKEHHS TIOB’s3aHI 3 3a0e3MeueHHsIM HaJiiHOCTI
CTIMKOCTI CepBepiB Ta KOHIIEHTPATOPIB MaHWX BIAHOCHO 30cepekeHnX Kibepartak Ha peectpatopu PMUs
Ta TporpamHe 3a0e3leyeHHs KOPHOPATUBHOI KOMIT'IOTEPHOI CHCTEMH MOHITOPHHTY Ta HiarHOCTHKH
CIICKTPOCHEePTETHYHNX CHUCTeM 3aii3awii [4]. Ciix BiAMITHTH, IO T0 CUCTEM JiarHOCTHUKH, a OCOOJIMBO 10
JIIarHOCTUYHHUX CHCTEM CTPATETiYHUX 00’ €KTIB €HEPrOCHCTEM TPAHCIOPTHOI iHPPACTPYKTYPH CTaBISTHCSI
MIJIBUILICHI BUMOTH JI0 MOKA3HUKIB HaiiHOCTI. KpiM TOro, i3 MOMIMBOCTI 3acTOCYBaHHs iH(opMallii,
OTpUMaHOi 3 JOTNOMOTrOI0 IM(POBUX PEECTPATOPiB, ISl ONEPAaTUBHOTO KEPYBaHHS PpEKHMaMHU
EHeprornoCcTaYaHHsd, CIiaye, IO 3a0e3NedeHHs TapaHTOBAHOTO pPiBHS MOKAa3HUKIB HAMIHOCTI, TpH
MiHiMi3allii 3aTpaT Ha TeXHIYHE 0OCITYTOBYBAHHS € BaXKIIMBOIO HAYKOBOIO 3a1a4elO0.

AHaJji3 oCcTaHHIX JOCHiIKeHb i MOcTaHOBKAa MpooJjeMu. [ BUPIIICHHS 3a7a4 3HAXOKECHHS
MOJIeJIel TIpOoIIeciB Hamay Ha iH(hOopMaIlilo MyJIbTH3aJaqHOTO CePBEPY KOMIT I0TEPHO-1HPOpMAIIiifHOT
JMIarHOCTHYHOI CHCTEMH OO0 €KTIB EHEePrOCHCTEM TPAHCIOPTHOI iH(GPACTPYKTYpH, BHU3HAYCHHS
ONTUMAJIBHUX cTpateriii posnozainy pecypcie C3I Ta BU3HAUYEHHS rapaHTOBAHOIO PIiBHS 3aXHUIIICHOCTI
iHpopMallii, TOUUTBHUM € 3acTOCOBYBaHHs Teopii mudepenuianbHux irop (HAI) ta meromm Teopii
nmudepertianpanx nepersopens (D) [5, 6]. EdexTuBHICT MOJemMOBaHHA TPOIECiB KibepHamamy
metoaamu teopii JI Ta AIT oOymoBneHa psiioM 00CTaBUH sIKi omucaHi B [7].

Mera i 3aBaaHusi jaociaigkeHHsl. Po3poOutn audepeHmiaabHO-IrpOBY MOJIETb MPOLECY
kibepHarmagy Ha MYyJIbTH3aJadHHI CepBep KOMII IOTEPHO-IH(POPMAIITHIX MiarHOCTUYHUX CHCTEM
JIUCTAHINII EJIEKTPOIIOCTaYaHHS 3aTi3HUIN, fKa JO3BOJIIE OTPUMATH ONTHMATbHI CTpaTerii 3axucry
iH(opMmallii B yMoBax Kibeparak i 3a0e3neunt Oe3nepeliiHy poOoTy 3alli3HUYHOTO TPAHCIOPTY.

Marepiaau Ta meToau aociaimkenHs. Hexail cepBep y ckilajli CHCTEMH MOHITOPUHTY TIepeXiTHUX
PEKUMIB Yy NOTOYHMHA MOMEHT Hacy IepeOyBa€ B OJHOMY 3 THIIOBHX CTaHIB, Ta HiJX BIIMBOM
iH(opMaIliiHUX aTak a0o IiJl BIUIMBOM METOJIIB 3aXHMCTy iH(OpMAIlii 3MIHIOE CTAHH, 3 BiAMOBITHUMHU
HMOBIPHOCTSIMH, TIPOTSATOM JIESKOro d4acy 7, IO JOPIBHIOE TPUBAIOCTI iHTEpBay 3AiHCHEHHS
iH(QopMaIifHUX aTak.

te [0, T] (1)

Hns cknamanns audeperHmianbHUX piBHAHb KomMoroposa-Uenmena [8, 9], moOymyemo rpadoBy
mogens [10] mporecy Hamany Ha iH(OpMaIio, IpH BOMY WMOBIPHOCTI CTaHIB CHCTEMH BH3HAYHUMO
TaKUM YHHOM:

Pgo(t) — WMOBIpHICTH BIZIMOBM cepBepy — TMOpYLICHHS, ab0 He BUKOHAHHA Oyab-AKOi 3
nepenoaueHNX QyHKIIIH;

Pg,(t) — IMOBIpPHICTH BiJIMOBH KOMYHIKAIIil 3 CHCTEMOI HH)KHLOTO PIBHS;

Pgo (t) — IMOBIPHICTH BiIMOBH KOMYHIKAIIil 3 CHCTEMOIO BEPXHBOTO PiBHS;

Pr3(t) — IMOBIpHICTb BiAMOBHM (YHKLiH aAMiHICTpyBaHHs 0a3u JaHUX aBapiiHUX MapameTpiB;

Pg,4(t) — IMOBIpHICTD BiIMOBHU (YHKIIIH aJIMIHICTpYBaHHs KOMEPIIIHOT 6a3u JaHuX;

P (t) — iMOBIpHICTH 3a0€3ME€YECHHS CEPBEPOM MOBHOI (DYHKIIIOHATBHOCTI;

Ps, (t) — iMOBipHICTb 3a0€3MeUeHHsI KOMYHIKaiiHUX QYHKIIH 3 CHCTEMOIO HUKHBOT'O PiBHS;

Ps, (t) — iMOBipHICTb 3a0€31eUeHHs] KOMYHIKaiiHUX QYHKIIH 3 CHCTEMOIO BEPXHBOTO PiBHS;
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Ps3(t) —iiMoBipHiCTE 3abe3neueHHS (QYHKUiH aaMiHicTpyBaHHA Oa3W JaHMX aBapiiHHX
napameTpis;

Ps, (t) — iMOBIpHICTh 3a0e3nIeueHHsT PYHKITIN aIMiHICTPYBaHHS KOMEPIIHHOI 0231 TaHUX;

Psp4(t) — WMOBIpHICTh aTaky Ha KOMYHIKaLlilHI (YHKLIi 3 CHCTEMOIO HW)KHBOTO PiBHS, TP Ail
MeToiB 3axucTy iHpopmarnii (M3I);

Psgo (t) — IMOBIpHICTh aTaky Ha KOMYHIKamiiHi QyHKIT 3 CHCTEMOIO BEpXHBOTO PIiBHS, NpH il
M3,

Psp3(t) — iMOBIpHICTh aTaku Ha (YHKLIA agMiHiCTpyBaHHS 0a3u NaHWX aBapiiHUX MapaMeTpiB,
mpu mii M3I;

Psp,(t) — WMOBIpHICTh aTaky Ha (QYHKIH aJMIiHICTpYBaHHS KOMEpIiHOT 0a3u JaHuX, mpH il
M3I.

Ha puc. 1 npuBeneHo rpadoBy MoJIeNb Mpoliecy iHGOpMAIliiiHOT aTaky Ha CepBep.

Psa(to)

il il
OAWECS ZOANE

Psra(to) Psra(to)

Puc. 1. 'padoBa moaens npouecy iHpopManiinoi aTaku

VY By3nax rpady BkazaHO HMOBIPHOCTI CTaHiB, a HaJ| CTPUIKAMH MIEPEXO/iB, IO MEPEBOAATH CEPBEP
31 CTaHy B CTaH, BIIMIYCHO IHTCHCHBHOCTI IOTOKIB 3aXHCHUX it y;(t) Ta inpopmaniinux arak /; (t),
YiM 3a3HAYEHO iX HecTal[ioHapHy TMPHPOJY, 5Ka, B 3aralbHOMY BUIMAJIKy BH3HAYAETHCS
(GYHKIIOHATBHUMH YacomapaMeTPUIHUMHE 3aJIeKHOCTIMH.

SIk BUIHO 3 IPUBEICHUX BU3HAYCHD CTaHIB iH(OPMAIIiIHOT cucTeMu, Oe3BiIMOBHA pOOOTa CepBEpY
Sp nependayae 3a0e3nedeHHs MOBHOI (DYHKITIOHATBHOCTI, TOOTO OHOYACHOTO IepeOyBaHHS CHUCTEMH B
cTaHax S; .. S, 110 MOXKHA BBa)KaTH HE3aJISKHUMHU TOAiIsIMHU. Binmoa cepBepy Fo, mo Oymab-sKkiit i3
(G YHKIIOHAIBHOCTEH, BiJIIIOBIIHO, € TIOJIIE€I0, 1110 HACTAE MPU BUHUKHEHHI X04ua O OJHIET 3 He3aIeKHUX
BimMmoB F; .. Fy. Takum unHOM, U1 HiMOBipHOCTEH cTaHIB Sy Ta Fg MOokHa 3ammcaT:

Po(t) = [Ti1 Psi(t)

2
Pro(t) = 1 = [TA1(1 — Pri(D)). )

Ha ocHoBi rpadoBoi Mozeni 3amuiiemMo cucteMy AudepeHialbHIX PiBHSHB, IO OMUCYE TUHAMIKY
HE3aJIeKHUX aTak Ha (PyHKIIOHAIBHICTH MYJIbTU3aIa9HOTO CEpBEPY:

dPg;
(P88 = — 4 (0)Psi(£) + 24(6) P (1)

dpi—pti(t) =~ + m(O)Pspi () + 2(OPsi (O + i (OPR (D) (5

dPg;(t '
PrO - (OP(O) + M(OPsri(©), 1= 1.4

Jns fiMmoBipHOCTE# cTaHiB iHGOPMAaLIHHOI CHCTEMH CIIiJ BPaxOBYBaTH YMOBY HOPMYBaHH:, IIO
3aJa€ThCS Y BUTIISAL BUPA3y Ui OBHOI IPYIN MOMIM:
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Psi(t) + Ppl(t) + PSFi(t) = 1, i=1..4. (4)

TakuM, 9MHOM TSI IHTETPABHOTO PO3TIISALY MPOLECiB KiOepHamaay Ha cepBep CIia JOmoBHUTH (3)

piBHsHHsAMH (2) Ta (4), B pe3yibTaTi 40ro OTPUMYEMO MAaTEMAaTUYHY MOJEIbL PO3TIISIyBaHOTO
iH(hopMaIifHOTO KOHQITIKTY:

(Pso(t) = TTi=1 Psi(t);

Pro(t) = 1 = TTiz1(1 — Pri(t));

Psi(t) = 1 — Pp;i(t) — Pspi(1);

O — —0) + e (O)Pors(D) + 2OPsi(©) + (P () O

dPr; _
\ ;t_(t) = —p;(t)Pr;(t) + L;(t)Pspi (), i=1..4.

s BimoBiIHUX WMOBIPHOCTEW CTaHIB CIIPaBEeIJINBI TaKi MOYaTKOBI yMOBH:

{Pso(to) =1, Pro(to) = 0; ©6)
Psp1(to) = Psp2(to) = Psp3(to) = Psra(to) = 0.

Cucrema piBHSHb (5) J03BOJISIE BHU3HAYUTH PO3MOAUT WMOBIPHOCTEH mepeOyBaHHS cepBepa B
KOXKHOMY CTaHi MPOTATOM iH(GOpMAIitHOTO KOH(ITIKTY 3 YpaxXyBaHHAM IHTEHCUBHOCTEH MOTOKIB aTak
Ta 3axucHUX Aiit M3L.

B mHacnmimok Toro, mo B peajJbHMX YMOBax 3MiHa CTpaTerii CTOPiH OOYMOBIIOEThCS OaraTbMma
YMHHUKAMH, SKUX B OIJBIIOCTI BUMAJKIB BpaxyBaTH HE Ma€ MOMJIMBOCTI, MPUITYCTUMO, HeXai
CTparerii rpaBIiB PO3MOAiNeH] 3a iHIHHUMH 3aKOHaMH 3arajbHOTO BUTILSAY:

‘t, (7)

ne t — gyacoBuit aprymenT 3rigHo (1),
I, ] — KIIBKICTh IIEPEXO/IIB MK CTAHAMH Y PE3yJbTaTl YCHIIIHAX aTaK MOPYIIHUKA T Y HACIIIO0K
nii M3,
Ai Ta I —napameTpu anpoKCUMalil 3aKOHIB pO3MOLUTY CTpATEriii rpaBLiB.
Ha pecypcu 3axucHux fiii ujTa inpopManiiiHuX aTak A; HaKJIa1ar0ThCs OOMEXKEHHS BUTIISAY:

Hjmax(8) S B () S 1100, (0, (8)
A€ BIMIOBIAHO A; i (£), M (8) — MiHiManbHI Ta A0, (6), Hjopa,(t) — Makcnmanbhi

IHTEHCUBHOCTI IMTOTOKIB iHPOPMAIIifHAX aTaK Ta 3aXUCHUX MHii.

InTeHcuBHOCTI A1t rpaBiiB 4;(t), Ta y (t), AIKi BU3HAYAIOTH PECYPCH CTOPIH I'PH, JICKATH Y MEKAX
3aMKHYTHX MHOXKHMH A € V; Ta M € V), sIKi B CBOIO 4epry 0OMexeHi B €BKIIiIoBUMH npocTopamu E,
Ta £, Bignosinuo [10-12].

[lig gac iHdopMmariiftHOro KOHQIIIKTY rpaBLi HAMAraloThCs TOCATTH MPOTHIICKHUX 1ineid. ['paBeup,
abo M3I, mo 3axumiaeThbes BiJl aTak, HamMaraeThes 3a0e3rnednTH (DYHKIIOHAJIBHY CTIHKICTh cepBepy
HUISIXOM TapaHTyBaHHs HOTO 3aXHMILEHOCTI, a TpaBellb, 10 aTaKye — JAOCSITHYTH BiIMOBH CEpBEPY Bil
o0cyroByBaHHs 1O TMEBHIH (QyHKIiOHAIBLHOCTI. JIJIs MBOTO TpaBellh, IO 3aXUINAETHCS Bij aTakw,
HamMaraeThCsl 3a0€3MeUNTH HAMEHIIUM Mporpai 3a paxyHoK BHOOpY Takoi BiiacHOi crparterii u;(t),
sKa MIHIMI3Y€ IJIaTy 32 YMOBH ii MaKCHMi3allil IHIIMM TpaBIeM, 0 GOPMaTi3yeThCs Y BUTIISLIL:
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Jin, max 1 (6 Pro®, A0, 1, ) ©)

IMopymauk MakcuMisye 1iaty |, mpu MiHiMizallii BIACHUX BTPAT ITiJ] 9aCc HAHECEHHS aTak:

lir(riflﬁf)%a ﬂjr('})lgEﬂl (t' Pro(®), 4:(0), 1 (t)) (10)

ITpu piBHOCTI mat 000x ctopin (9) Ta (10) BUKOHYETHCS CIiBBiTHOIICHHS:

P — : " opt opt opt
TR, amax I= max #jr(rtl)lgE#I =" (6 PO, AP O ®). (1D

Crparerii TpaBIiB A?pt(t) Ta u;.)pt(t)e ONTUMAIBHUMH JUIS PO3TJISAAYBaHOI TpH, a P%t(t)e
ONTHMAIBHOIO TPAEKTOPI€IO, SKa PO3PAaXOBYETHCS 3 CHUCTeMH piBHAHB (5) 3a kputepiem (11).
BigxunenHs Oyab-sSKOTO i3 I'PaBIiB BiJl CBOEI ONTHUMAJIBLHOI CTpaTerii, MPU3BOJAUTH A0 BiAMOBIIHUX
BTpar B 1uiati (11).

OTxe, TapaHTOBAaHUN PiBEHb 3aXHIIEHOCTI CEPBEPY MOCATAETHCS 32 PAXYHOK BHOOPY TpaBLIMHU

ONTHMAJILHUX CTpaTerii )l?pt(t) Ta u})pt(t)Z

1" (& PRI, AP0, 1P () = 1° (12)

e I — uiHa Tpu, 110 BU3HAYAE rAPAHTOBAHMIA PiBEHb 3aXMILEHOCT] CEpBEpY.
B ymoBax auHamiuHOro iH(OpMamiHHOTO KOH(DIIKTY, TuIaTy TpH [, MOXKHA MPEICTABUTH B
iHTerpagbHOMy BULIIAAL [6-13]:

1T
I = F fto PFO (t)dt, (13)
pu 0OMEXEHHSIX

0<I<1. (14)

IHTerpyBaHHs 3I1HCHIOETBCS B3IOBXK TPAEKTOPIi TPH BiJ MOYATKOBOI'O MOMEHTY uacy t =ty OO
MOMEHTY 3aKiHUeHHS iHpopMaIiiHOro KOHQUIIKTY t = T.

IIpencraBiennss audepeHUiaJIbLHO-ITPoBOI Monedi B o0jaacTi 300paykeHb. MoJearoBaHHS
MpoIecy Hamaay Ha (PYHKIIOHAIBHICTh CepBEpY 3 BUKOPHUCTAHHAM (5) B aHANITUYHOMY BUTISII €
CKJIaJHOI0 MaTEeMaTUYHOI0 MPOILENYypolo, sika TOoTpedye o0poOku Bemukoro obcary indopmarii y
pearbHOMY Ta IPUCKOPEHOMY Yaci.

st MonenroBaHHS TIpollecy Hamagy Ha iHpopMmamiio y pealbHOMY i NMPHCKOPEHOMY daci 0e3
BTpPaTH TOYHOCTI BHXiZHOI Mojem (5) MpOIOHYEThCS 3acTOCyBaHHs P-meperBopeHs [14-16], mro
MPEJICTARJISIOTh CO00I0 TU(epeHIiabHO-TeHIOpiBChKI niepeTBopeHHs ([ T-mepeTBopeHHs), Brepiie
3anpornionoBati akagemikom HAH Vkpainu [Tyxosum I'.€. [17, 18].

3acTocyBaHHSI P-TlepeTBOpEeHb Ma€ IepeBard y CKOPOYEHHI 00cAry OOYMCIIeHb YHCEITbHUMHU
METO/IaMHU, sIKa JIOCATAETHCS 32 PaXYHOK aHATITUYHUX MOMJIMBOCTEH JTAHOTO OMeEpaIiiifHoro MeTOoAdy.
[IpencrarnenHs BuxigHol Mojeni (5) B o0nacti 300paxeHs Metogom JIIT mo3Bosisie 30epertu TOUHICTb
BUXIJHOI MOJZIENI IPU BUKIIIOUYEHHI YaCOBOTO apryMeHTy. B pe3ynbTarti 4oro, MOIEIIOBaHHS MPOLECY
Hamajy Ha iHpOpMaLio 3BOIUTHCS 10 BUKOHAHHS apU(PMETHUHUX Olepaliil B 00s1acTi 300paskeHb.

P-niepeTBOpeHHAME Ha3UBAIOTHCS (PYyHKIIIOHABHI TIepeTBOpeHHs Buay [14, 15]:

X0 = [S] o (0= i (2) XK (15)

dtk H
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ne x(t) — opuriHai, 1o sBisiE CO00K0 Ge3nepepBHy, MO AU(EPEHIIIOETHCS HECKIHUCHHY KITBKICTh
pasiB i 0OMeXEHY pa3oM i3 BciMa CBOIMH MOXiTHUMH, (DYHKIIIIO JIHCHOTO apryMeHTy {;
X (k) — mosHaueHHs auDEPEHINIHHOTO 300paKCHHS OpHTiHANY, IO TMPEACTABISE COOOO
JMCKPETHY (TpaTdacty) GpyHKIIIO IIJIOYUCETBHOrO apryMenTy, e k=: 0, 1, 2,..;
H — macmrabuuit KoedimieHT, M0 Mae PO3MIPHICTh apryMeHTy U i yacto oOWpaeThcs piBHUM
Bi/IPi3KY Yacy, Ha IKOMY po3riisaaeTbest pyHkiis x(t).

B meperBopennsx (15) B miBiii YacTHHI 3HaXOJUTHCSA BHpa3 Uil MPSMOTO TMEPETBOPEHHS, IO
JI03BOJIsIE 3a opurinaiom x(t) 3uaiTu 300paxenns X (k), a mpaBopyd — 3BOPOTHE IEPETBOPEHHS, 1110
no3Bosisie 3a 300paxenusM X (k) orpumaru opurinan x(t) y ¢dopmi cremeneBoro psay Teiiiopa 3
nentpoM y touri t=0. Jludepenmianbui 300paxenns X (k) nasuBaroThes audepeHiiaabHuMu T-
crieKkTpamu, a 3HaueHHs T-QyHkuii X (k) mpu KOHKPETHHX 3HAUCHHSX apryMEHTy K Ha3MBarOThCS
JMCKpETaMu.

[TepeBenemo BuxigHy Moaeib (5) meTogoM P-niepetBopeHs Buay (15) B 0bmacts T-300pakeHsb, mpu
pOMYy MaclITaOHMH KoedimieHT H mpuitMemo piBHMM TpuBanocti iHdopmaniiinux arak 7. Toai,
cucTtema B 00J1acTi 300pakeHb MPHUiMEe BUTIIS:

(Pso(k) = ITi=1 Psi (k) ;
Pro(k) = 1= [Tiea (1 — Pey(K)) 5
J Psi(k) = 1 = Ppi(k) — Pspi(k);

Pri(k + 1) = = [(—(A(K) + M; (k) Psgi () + 4, ()P () + My ()P ()], 1)

Ppi(k +1) = kL [(=M;(k)Pr;(k) + A; (k) Pspi(K)], i = 1..4.

+1

ne P, (k), Ai(k), Mj(k) — nudepenniiini 300paxenns opurinanis ¢ynkuin F,(t), A;(t), H; ®
BIZIOBIHO.

3Bakar0uu Ha MPUIHATI TOMYIIEHHS, 110 CTPaTerii IpaBIliB y X0i iHpOpManiHHOTO MPOTUCTOSHHS
3MIHIOIOTBCS 3a JiHIHHUM 3akoHamH (7), IpH 1epexoi B 001acTh P-300pakeHb HEOOXiAHO BpaxyBaTH
B1acTMBOCTI T-100yTKiB Jupepenuianbuux 300paiens A;(k) P (k) ta M;(k)P,(k) [14-18], onun 3
JTOJIAaHKIB B SIKUX SIBIISI€ COOOIO cTami A Ta 4 MHOXKEHI Ha I[iTy CTeIiHb He3aJIeKHOTO 3MiHHOTO " (pm
m=1), B 3araJJbHOMY BHTJISI/I:

MNTR(k—1), k=1,
0, k<1,

u.TP(k—1), k=1,
Mj(k)Pz(k) = :ujTPz(k -1 = { JE
0, k<1.

A;(k)P,(k) = ;,TR,(k — 1) = {

(17)

3 ypaxyBaHHSM MEPETBOPEHBb JOOYTKIB B 00acTi 300paxens (18), cucrema crieKTpaibHUX PiBHSHB
(17) MmaTMeE BUTIISI:

(Pso(k) = ?:1 P;(k);

Pro(k) =1— ?:1(1 — Ppi(k));

) Psi(k) = 1 — Pgi(k) — Pspi(k); (18)
Pspi(k +1) = & [— (i + w)Pspi(k — 1) + A;Psi(k — 1) + piPpi(k — D];

T2 .
Prik +1) = = [=piPpi(k = 1) + 4iPspi(k — 1], i=1.4.

BukoprcToBYyI0UH ClIEKTpaJIbHY MOJIeNb eKcIiTyaranii cuctemu (19) ta mouatkoi ymoBH (6),
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BU3HAUYMMO JUCKPETH MMoBipHOCTEH Pr;(k), mpu k: = 0,1, 2..., B pe3yabTaTi OTpUMYEMO:

Pg;(0) = Pp;(1) :4 Pgi(2) = 0; (19)
Pri(3) = 1% (20)
T4—
Pri(4) = 5 (A = T?2}); 1)
Pri(5) = 1= (~2T2,22 — 27223 + 22); (22)
T4
Pri(6) = -, (—=T2wA? + T 23 + T*AF — T223 + 22). (23)

3rigHo apyroro piBasHHA cuctemu (19) ta Bupasis (20) — (24) oTpuMaeMo BiOBITHI AUCKPETH
HMOBIPHOCTI BiIMOBH CE€pBEPY:

Ppo(0) = Pro(1) = Ppo(2) = 0; (24)

Pro(3) = 1 - [T, (1 = S 47); (25)

Pro(4) = 1~ [Ty (1 = 5 (22 = T2A3)); (26)

Pro(5) = 1= [T (1 — T (<2722 — 27243 + 2)); @7)

Pro(6) = 1 — [Ty (1 — = (~T2u 2 + T4} + TH2E = T2A3 + 27)). (28)

3HaXOM:KeHHS ONTHMAJbHUX cTpaTeriii Kidep3axucrty. /[ oTpumaHHS IiHM TpuU B 00IacTi
300paskeHb CIIiJ 3acTocyBaTtu audepeHIianbHe neperBopeHHs (15) 10 BUpasy LiHU TpU B YACOBid
ob6umacti (13), Tomi orpumyemo [7, 13-16]:

w Pro(k
= Tiieg 2 (29)

3 BpaxyBanHsaM (30), BiATOBITHUM YHHOM B 00JaCTi 300paxkeHb Oy1eMOo pO3TIsSAaTH MaKCUMIHHHH
kputepiii (11), akuii popmanizyemMo y BUTIISIIL:

. . t t opt
min maxI= max minl = I*(t, Pry (K), AP, sk ) (30)
:u]'kEE;z Aik€EE) AiK€EE) ﬂjkEEy J

3HaiiieMo 1iHy rpu mijcTaBuBLIy quckpeTH (25)-(29) B (30), oTpumyemo:

Pro(k) 1 T 1 T4 1

I =Yoo =14, Q -5+ A - (-5 (A -T2+ A -
4 4

L= — (=22 a? = 2122 + 22)) + 2 (1 = [Ty (1 — o (=T2uA2 + T3 + T2 - T22% +

+22))). (31)

3naiinemo exctpemyMu QyHKuii (32) 171 4Oro BUPIMLIMMO cucTeMy airedpaiyHux piBHSIHb:

3o6ipruk nayxoeux npauyw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38

207



MATEMATHYHE MOJAEJIFOBAHHA

a1 [T . = T*
— [?’li] 1- H <1 - —/12>) + [— (22, - 3T2,12)] (1- 1_[ (-5 (-T2 +
L j=1,j%i j=1,j%i
4
[—( 2T2u,2; — 3T2A2 + Ai)] 1- 1_[ (1 _ —( 272,02 — 2T2 23 + Af))
f=

[ﬁ( 2T2uA; + 3T* A2 + AT*23 — 3T2 72

(32)

x[1- 1—[ (1——( —T2u 2 + Ty ,1,3+T4,1;?—T2,1,3+,1})> = 0;
=
4

al T6 o o
aw |- N fa- 1——( 2T2pA7 = 2T + A7) ) +
' Jj=1,j#i
4
[ﬁ’lzml - 1)] T 1_[ (1 __( T2upA? + T3 + T4 — T203 +/1?)>
Jj=1,j#i

Bepyun 1o yBarm yMoOBY He3aJIe)KHOCTI 3[iHiCHEHHsI KibepaTak, cTparerii 3aXucTy Ijsl KOXKHOI i3
iH(pOpMaLliiHKUX 3a/1a4 cepBepy MOXKHA BiJIIYKAaTH MPHUITYCTUBIIN BiJICYTHICTh KOH(IIKTIB MO iHIIHX
¢ysKIisx. Takum 9UHOM OTPUMYEMO:

(2L.T —/1 +o (,1 — 37203 + ( 2T2ud; — 3T2A2 + 4) +

|oa;"

{+ﬁ( 2T Ay + 3T* ;A2 + AT*A3 — 3T?2? +21;) = 0; (33)
ﬂ.__ 2 T 920m29 1y —

o T +168,1 (T?2;— 1) = 0.

BuxonaBmm BiAMOBiAHI TepeTBOpeHHs cucTeMH (34), OTPUMYEMO BHUpPA3H JUIA ONTHMATBHHUX
CTpareriii rpaBIiB B 00J1aCTi 300pakeHb:

60T*1?—402T22;+602
W =— L L ; u; = 16. 351
45T*2;—142T? T

2 ’

213 1 (34)
Ai = 45 TZ' Ai = 473;

[Ticnst mepexoay 10 yacoBoi o6macTi 3rigHo (15) oTpuMyemMo BUpa3M I ONITUMAIIBHUX CTpaTeTii

3aXHCTy Ta KibepaTak:

ui(t) ~ 16.35—;

35)
t (

Ha ocHnogi (3) ta (6) 3 BukopucranHsaMm (36) moOyJoBaHO MaTeMaTHYHY MOJEIh B CEPEIOBUIII
MATLAB (Simulink) Ta BUKOHaHO MaTeMaTHYHE MOJIEITIOBaHHSI IIPOIIECy 3MIHU HMOBIPHOCTEH CTaHIB
KOMIT FOTepHO-1H(OPMAIIHOT JIarHOCTUYHOI CHUCTEMH Ha TPAHCIOPTI B TMpOLECi 3AiHCHEHHS
KibepaTakd, pe3yabTaT SIKOT0 TIOKAa3aHO Ha pHC. 2.
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Puc. 2. T'padiku nepexinnux npoueciB iiMoBipHocTeii craHiB i-i pyHKUIi cepBepa mpu peaJizanii
KidepHananay 3 BHKOPHCTAHHAM ONTHMAJbHUX cTpaTeriii (36)

Sk MokHa 0auuTH 3 TPUBEINCHWX pe3ynbTaTiB (puc. 2), TpH BUKOPUCTAHHI OTPUMAHUX
ONTUMAJILHUX CTpATEeTiii TapaHTOBaHMI PiBeHb KMOBIPHOCTI 3a0e3MeUYeHHs 3aXHCTy OKpeMoi PyHKIiT
cepBepy B yMOBaX 30CepeKeHoi KibepaTaku Ha KiHEIlb YMOBHOTO Iepioay po3risiay ckiamae 0.73. B
TOM e dYac, IMOBIPHICTh BiMOBH cepBepy MO OKpewmii ¢yHkmioHanpHOCTI piBHa 0.06. Ilpm
BIIXWJICHHI TpaBIiB-yYaCHHUKIB iHGOpPMAaLiAHOrO KOHQUIIKTY BiJi ONTUMaIbHHX CTpaTerii
BIJIMOBIIHUM YHHOM 3MIHATHCS 3HA4YeHHS HMOBIPHOCTEH CTaHiB, MpOTEe 3HAYCHHA IUIATH HE
BiJINIOBiTaTUME MiHIMaJbHOMY.

[IpuBeneni rpadiku iMIOCTPYIOTH AWHAMIKY TIPOTiKaHHS iH(OpMamiiHOrO KOHQIIKTY B
PO3TIISAYBaHil cucTeMi B YMOBax 3/1iiCHEHHS aTaky Ha BUJiIEHY (YHKIIIIO0 0araTo3aiaqHoro cepepy
JIUCTAHIIII eNEeKTPONOCTaYaHHs 3ai3HUI. MOIeIoBaHHS MPoIecy KibepaTakd BUKOHAHO, IS OIliHKH
IHTETpaIbHUX TIOKA3HUKIB 3aXWINEHOCTI cepBepy Ha ocHOBI (2), (3) Ta (6), mpu BUKOpHUCTaHHI
ONTUMAaJILHUX cTpaTerii (36) mo KoxHii i3 QyHKIIH.

Ha puc. 3 npuBeneni rpadiku mepeximHUX MpoleciB WMOBIpHOCTI mepeOyBaHHS cepBepy B
3aXWIIEHOMY CTaHi Ta IMOBIPHOCTI BiIMOBH cepBepy MO OyAb-AKiil i3 (PyHKIIOHATEHOCTEH.

1 F

0.8 —

N\ -

PEUT)

Puc. 3. I'padiiku nepexignux mpomuecis iiMmoBipHocTeii cTaHiB iHpopManiiiHoi cucTemMn mpu peasizamii
Ki0epHanaay Ha 3arajbHy QyHKUiOHAJBHICTH cepBepa

Sk MoxHa OauuTH 3 TPHUBEJCHHUX pe3ynbTariB (puc. 3), MpPH BHKOPHUCTAHHI OTPUMAHUX
ONITUMANILHHUX CTpATeTiii rapaHTOBaHWI PIBEHb 3aXHUIIEHOCTI cepBepy B yMOBax Kibeparak Ha KiHEIlb
YMOBHOTO Tiepiofy po3risiny ckianae 0.28. B Toii e yac, IMOBIpHICTb BIIMOBH cepBepy IO Oyab-sKii
13 pynkuiit gocsrae 0.22.

BucnoBkn. I[IpoBefeHO  JMOCHIDKEHHS  3aCTOCYBaHHSA  METOMIB  JU(EPEHIIaIbHO-IrPOBOTO
MOJICJIIOBaHHA TpoleciB  KiOepHamamy Ta 3axucTy iH(opMamii pO3MMPEHO Ha Creliali3oBaHi
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iH(popMaIiHO-AIarHOCTHYHI Ta KEPYIOUi KOMIT IOTEpPHI CUCTEMH TPaHCIOPTHOI 1HQPACTPYKTYpH, a came
3QITI3HUI, IS SKUX CTaBIIATHCS ITABHINCHI BUMOTH BIJHOCHO HAMIMHOCTI, iHGOpMaIiiHOi Oe3rmekn Ta
Oesmepediitnoi  podotn. PozpobmeHo mudepeHmianbHO-IrpoBy MoAenb Tpoliecy KibepHamamgy Ha
MYJbTU3aJa4HUI  cepBep i1H(OpPMALiHHO-AIarHOCTUYHOT KOMIT'IOTEPHOI CHUCTEMH HIKHBOTO PIBHS
3aJII3HUIII, SIKa T03BOJISIE OTPUMATH ONITUMANTBHI CTpaTeril 3aXuCcTy iHpOopMaIlii B yMOBax KibepaTak.

B cratti oTprMano rpadikd M0 LTFOCTPYIOTH JUHAMIKY MPOTiKaHHS iH(popMamiiiHOro KOHGIIIKTY B
PO3IIsyBaHild CHCTEMI B YMOBAaX 3IiMCHEHHs aTakd Ha BUIUIEHY (QyHKIiI0 OaraTtozalaqyHoOro cepBepy.
Bukonano MmozemoBaHHS Tpolecy KidepaTaku, Uil OLIHKH IHTErpalbHHX TOKA3HHUKIB 3aXHIIEHOCTI
cepBepy AWCTaHIIIi eNeKTPONIOCTAYaHHS 3aJTi3HHIIL, TPY BUKOPUCTAHHI ONTHMAIIFHUX CTPATErii 10 KOXKHII
i3 ¢ynkuiit. [lokazaHo BUIIAN MOAETI KOMII IOTEPHO-IHPOpPMAIHOT JiarHOCTUYHOI CHCTEMH, Ta
npuBeieHi rpadiky MepexiJHuX MpoLeciB HMOBIPHOCTI mepeOyBaHHs CepBepy B 3aXHIICHOMY CTaHi Ta
WMOBIDHOCTI  BiJMOBH CEpBEpPY MAWCTAHINi €IEeKTPONOCTaYaHHS 3alli3HWIl 1o Oydap SKid 13
(YyHKIIOHATEHOCTEH, 110 He MOXKe 3a0e3neunTH Oe3nepediiiHy poOoTy 3ai3HIYHOTO TPAHCIIOPTY.

Pesyneratt poGOTH MOXKXYTh OyTHM BUKOpHCTaHi NpHu ()OPMYBaHHI IUIAHOBHX 3aXOMiB TEXHIYHOTO
00CITyTOBYBaHHS iCHYIOUHX, MiKPOIIPOIIECOPHHX MPUCTPOIB Ta CHCTEM TPAHCIIOPTHOI iH(PPACTPYKTYPH, SIKi
MalOTh AHAJOTIYHY MOXIYJBbHY CTPYKTYPY, a TaKOX, JJIsl OLIHKH TMOKA3HWKIB HAMIMHOCTI 1 BiATIOBiTHOL
KOPEKIIii, Ha eTami po3po0Ku CUCTeM, JyTsl Oe3epeOiiHOT poOOTH TPAHCIIOPTY.
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DIFFERENTIAL-GAME MODEL OF INFORMATION PROTECTION FOR COMPUTER
SYSTEMS OF TRANSPORT INFRASTRUCTURE

The article considers the reliability and protection of information of computer systems of transport
infrastructure and describes the synthesis and analysis of differential game models and methods of
modeling cyberattack processes on the server of computer information and diagnostic systems of the
railway power supply distance. A unified differential-game model of the cyberattack process on the
multi-task server of the information-diagnostic computer system of the lower level of the railway has
been developed, which allows to obtain optimal strategies for information protection in cyberattacks.
The results of modeling the cyberattack process are presented, to assess the integrated indicators of
server security, using the optimal strategies for each of the functions. The appearance of the unified
model of the computer information system is shown, and the graphs of the transient processes of the
probability of the server being in a protected state and the probability of server failure for any of the
functionalities are given.

Keywords: information security, cyberattack, cybersecurity strategy, cyberattack strategy,
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BUKOPUCTAHHS HEUPOHHUX MEPEXK B AJAIITUBHOMY
YIIPABJIIHHI EJIEKTPOMOBIJIEM

s nodonanns meoocmaui iHopmayii o0 napamempax i3006020 YUKLY eNeKMPOMOOIinL
BUKOPUCIOBYIOMbCS  HEUPOHHI  Mepedci, 3a O00NoMo2010 AKUX Nepeddaiacmvcs aoanmueghe
VAPABNIHHA, WO 00380JIA€ NPUCMOCOBY8AMU. eNeKMPOMODiIb 00 306HIWHIX YMO8 eKcniyamayiii, a
MAKOIC KOMNEHCY8AMU HEMOUYHOCMI MameMamuyHux Mooenel. Buxopucmanns imepamusenoi
onmumizayii napamempie 00360J8€ HAAAUWMOBYBAMU ONMUMANbHY POOOMY CUN0BOI YCMAHOBKU
enexkmpomo6ina (CYE) 6 npoyeci tioco pyxy. Lleii memoo 0036075€ UKOPUCMOBY8amuy €OUHUL NIOXiO
07151 00CNIONHCEHHSA PIZHUX NPOYECi8 He3ANEeNHCHO 8i0 NAPAMEMPUYHUX 0COOaUBOCMEl eNeKMPOMOODINis.
s npuckopenns adanmayii npogoosims HABYAHHA HeUpOKOHMpoaepa i Heupomepedcegoi moodeni 3
BUKOPUCIAHHAM eMAalOHHOI MOOeni YNpasninua, 6 AKocmi AKoi eucmynac abo OnmumanbHa
cmpamezis, abo cmpamezisi, KA OCHOBAHA HA JIOCIYHUX NPABULAX BUOOPY, OMPUMAHA 3d OONOMO20I0
MEMOOUYHO2O NPOSPAMYBAHHA  Olisl  0esIK020 3a0an020 3006020 yukny. 3a pe3yrsmamamu
00CiOdCcenHs 3anpoOnoHo8ano aneopumm aoanmayii. Ilpueedeni 6 cmammi 6upasu 00380JAI0Mb
30iliCHOBAMU A0ANMAyYilo CUNOB0I YCMAHOBKU HA OCHOGI 2UOPUOY 00 NOMOUYHO20 3008020 YUKTY HA
OCHOGI KOHYenyli HA8UaHHS HeUpOHeuimKo20 KOHmMpoaepy 3 NiOKpinieHusam. Lline HaguauHs Helpo-
HeuimKo20 KOHMpOaepy € OPMYSanHs MaKUX Kepyrouux 6naUGi6 cunogoi yCmanosxku, sAxi 6 cnpusiu
3MeHWEeHHIO K8AOPAMUYHO20 3HAYEHHS OYIHKU (DYHKYIOHATY AKOCMI YNPAGNIHHAL.

Knwuogi cnoea: Hetiponuni mepeoici, enekmpomodine, Cunoga yCmamoeKkd eneKmpomoois,
adanmuene YnpaeuinHs, HeupoKOHmMpoep.

Beryn. ¥V cydacHOMy CBITi JIIOJJMHA HAMATa€ThCSI 3pOOUTH CBOE YKHUTTS O€3MEUYHIM Ta KOM(POPTHUM
3a JIOIOMOTOK0 PO3pOOKM Ta BHKOPHCTaHHS CYy4acHHX TEXHOJIOTiH, OJHIEI0 3 TakUX € HEHpOHHa
Mepeka, Ky Hapaszi YCHIIIHO BHKOPUCTOBYIOTh B pI3HHMX Tamy3sx. HelponHi wmepexi
BUKOPUCTOBYIOTh TaM, Jie¢ HEOOXiJJHO BUPIIIYBaTH 3a/adi ONTHMI3allii, KOHTPOJIIO, YIPaBIiHHI Ta
nporao3yBaHHs. lIIMpOKMil CIEKTp BHUKOPHCTaHHS OOYMOBIIOETHCS TAKMMH BIIACTUBOCTSIMHU SIK
Oararo3asa4yHiCTh Ta JETKICTh y KopucTyBaHHI. HelipoHHi Mepexi nmpruBabiuBi 32 paxyHOK IPOCTOTH
BUKOPUCTaHHS ¥ iMiTallii poOOTH MO3KY JIFOJMHU. BUKOpHcTaHHS HEHPOHHOI Mepexi JUIsl ajganrtarii
CHJIOBOI YCTAHOBKM €JIEKTPOMOOUISL [0 pealbHUX YMOB PyXy B PEXHMI eKcIUTyaTamlii J03BOJISE
NOJ0JIaTH HecTauy iHpopMalii o mapaMeTpax i3J0BOro MUKy Ta 30BHIIIHIX YMOBaX eKCIUTyaTallii.
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MATEMATHYHE MOJAEJIFOBAHHA

AHaji3 oCTaHHIX MOCTiMKeHb i MOCTAaHOBKA MpoOJieMH. PilleHHs 3aBHaHHS ONTHMI3allii
VIOPaBIiHHSI CHJIOBOIO YCTAaHOBKOIO €NEKTPOMOOITS HAINTOBXYE HA P TPYIOHOINIIB, MOB'SI3aHUX 3
ineHTH(dIKaIicl0 MaTeMaTHYHUX MoOjeNe cuioBoi ycrtaHoBKH enekTpoMobins (CYE) sk o6'ekriB
yIpaBIiHH, @ TAKOXK 3 HEOTIKOM anpiopHoi iHdGopMmamii mpo napaMeTpH i310BOT0 HUKIY.

€ HeoOXigHICTH B po3po0Ii METOAUKH ajamnTamii cTpaTerii YImpaBIiiHHS CHJIOBOIO YCTaHOBKOIO
eJIeKTPOMOOIIA 3 MiA3apsSAKO0 MO0 YMOB €KCIUTyaramii 3 BUKOPHCTAHHSM HEUPOHHOI Mepexi st
MOJT0JIAaHHS HeJocTavi iHdopMartii.

Mera i 3aBaaHHsl JocJaigKeHHs1. BUKOpUCTaHHS HEWPOHHOI MepexXi I03BOJISE IMITYBaTH pyx
TPAHCTIOPTHOTO 3aco0y ¥ ajganTyBaTH WOTO [0 peallbHUX YMOB PYyXy B PEXHMI EKCILTyaTarfii.
Hetiponna Mepexa BiIpi3HSETbCS THM, II0 B MPOIECi PyXy TPaHCIOPTHOrO 3aco0y BOHA HE
MPOTPaMy€eThCs, @ HABYAETHCA. ICHY€E TpH ciocoOM HaBUYaHHS HEMPOHHOI MEpEXKi:

HaBYaHHA 3 CylepBai3epoM, KOJIU € yCi TaHi sl TPEHyBaHHS MOJEIi;

HaBYaHHA 0e3 CylepBaifdepa, Ko € Habip JaHWX, ajle He Ma€ YiTKUX BKa3iBOK TSI pOOOTH;

HaBYaHHS 3 ITiKPITUICHHSIM, KOJIHM 3HAXOIUTHCS OalaHC MK JOCTIKSHHSIM Ta alalTalli€ro 0 il

Pimenns 3aBmanHs onrumizanii ynpasminHg CYE HamrToBXye Ha psn TPYTHOIIB, MOB'S3aHUX 3
inenTudikamicro Matemarnyanx mozeneii CYE sk 00'ekTiB ympaBiiHHS, a TakoX 3 HEIOJIKOM
anpiopHoi iHdGopMariii o mapaMmeTpax i370BOTO KTy CTOCOBHO 30BHIIIHIX YMOB eKcruryarartii[1].

Marepiamm Ta Meromau aocaimkenHsi. OIHUM i3 CHOCOOIB MOJONAHHS 3a3HAYCHUX TPY/IHOIIIB €
BUKOPHCTAaHHSI KOHIIEMIIIi aIAIITHUBHOTO YIIPABIIHHS, KOJIA HH3bKAa TOYHICTh MAaTEeMaTHYHUX Mojeied i
HEJIOJIK anpiopHoi iH(OpMAaIlil 3alOBHIOIOTHECS 32 PAaXyHOK OLUIBII MOBHOTO BUKOPHCTAHHS ITOTOYHOL
iH}opmarii. Y npoMy BHUIAIKy XapaKTEPUCTUKH CHCTEMH YIPaBIiHHS JIOLUIBHO MPEACTABUTH Y BHUIJISII
MapaMeTpUYHAX JTaHWX, [0 33al0ThCS alPOKCUMYIOYNMH (YHKITSIMH, 2 HACTPOHKY BUPOOIISATH ILITXOM
iTepatiBHOI onTuMi3arii mapametpis. Ilpu 1pomMy cucrema aBromarnaHoro ympaeiiaHsa CYE moBuHHa
MaTd B CBOEMY CKJIai OJIOK ajamnTaiiii, 1o 3a0e3rnevye aCUMITOTUYHE HAOIMKCHHSI Jsy—J sy i npu t—oo
HUIIXOM HAJIAIITYBaHHS [AapaMeTpiB PEryIsTOpa, sSiKa HaBelleHa Ha puc. 1.
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Puc. 1. CucTeMa aJaNTHBHOTO KEPYBAaHHS CHJIOBOIO YCTAHOBKOIO €JIeKTPOMOGis

OnuuM 3 HAWHOUIBII TMEPCIEKTHBHUX 1 HEAOCHIDKEHUX IMIIXOMIB 10 peaji3aiii aJanTHBHOIO
YIPaBIIiHHS CHJIOBOI YCTAHOBKM € YIIPABIiHHS 3 BHUKOPHUCTAHHSIM HEHPOMEPEKEBOrO aJIalTHBHOTO
kputuka (Adaptive Critic), Bimomuit Takok sk «HaGnmkeHe aWHAMIYHE POTPaMyBaHHS
(Approximated Dynamic Programming). B 1poMy BHIamKy B CTPYKTYpHIH CXeMi CHCTEMH
ABTOMATHYHOTO YIPaBIIHHSI MIiCTUTBCs 070K — KpUTHK, 10 OIiHIOE SIKICTH POOOTH BCi€l cucteMu
ynpasninas. [Jlanuii miaxin nepexbavae ajmanramito cTpaTerii ynpaBiiHHA TiOPUIHOI CHIIOBOI
YCTaHOBKH Ha OCHOBI KOHIIETIIIi HaB4aHHs 3 migkpiruiernsm (Reinforcement Learning).
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PosrnssHeMO CTPYKTypy alanTHBHOTO PEryysTopa €JICKTPOCHIOBOI YCTAHOBKH, SIKUW peallizye
KOHIIETIIIII0 HEHPOMEPEKEBOTO YIPABIIHHSA 3 HEHPOMEPEKEBUMHU KPUTHKOM 1 MOZEIUTI0 00’€KTa
yIpaBIiHHs, HaBeAeHy Ha puc. 2 [3].

o §(k)
ApanTnsHuid perynatop BEC /J% ok +1) ‘L
Gr(k
x(k) — OuiHka
x(k) i BEC Er(k) AKOCTI
Orap(k +1) npaBAiHHA
Magsu, 4 ( Perynatop u(k) ynp
> Mos(K)
() eNKTpoCTaHLji
3(k)
AW,, AB,
Helpo- ANropuTM aganTawii moaeni
> koHTponep ’
—> .
() AW, ABy e(k) Mpys (k) sy, )
Mesu,, (K) Hepomepesxesa ApanTusHuii
2 pmo an Orap(k +1) KPUTUK 3(k)
x(k) s
AWy, ABy 0] [ ! AW AS Po3paxyHoK
AATOpATI aganTail AnropuTim aganrauii § nomuAKA
HelpOKOHTpoNEpa KPUTUKa THMuacoBo
piZHUL

Puc. 2. AnanTuBHUM peryJsiTop riOpuaHoi CHJI0B0oi YCTAHOBKH

B mporieci ¢pyHKIIOHYBaHHSI CHCTEMH aBTOMaTHYHOTO YIPaBIIiHHS TiOPUAHOI CHIIOBOI YCTAHOBKH
Ha K-M Kpori ympaBiiHHS 0O0YHMCICHHS KOe(illieHTa BUKOPUCTAHHS CICKTPONPHBOLY 3iHCHIOETHCS
HepokouTpoiepoM €=Fgsunc(X, Mgsuzd) , KU peamizoBaHuil y BHUIIIAAI TPUIIAPOBOI HEHPOHHOT
Mepeki MPSAMOro MOUIMPEHHS 3 aKTHUBALIMHOIO (QYHKIIEI0 HEHpPOHIB MPUXOBAHWUX WHIAPIB Yy BHIIIAAL
(yHKIIT rinepOoiYHOTrO TaHTeH A 1 JIIHIWHOTO HeHpOHa BUXITHOTO MIapy

(k) w (k) w(k) w(k)
Oras(k) | = Oras(k) | — M O1as (k) : std O1ap (k) €9)
MGSU.zd (k) MGSU.zd (k) k=0,N MGSU.zd (k) k=0,N MGSU.zd (k)

N3 = 2 (1 + exp (_2(W31 - [@(k) Orap(k) Mgy q(R)]" + B31))) -1, (2

N3, = 2: (1 + EXP(—Z (W3, - N3y '332))) -1, (3)
&(k) = W33 - N3 - B33, e(k) = &(k) - Ef_{{ {e()} + LVJ] {e()}, (4)
k=0,N k=0,N

ne Way, Wap, W33 — MaTpuili Baropux koeQilieHTiB HEHPOHIB HEPIIOro, APyroro i TpEThOro mapis
IHM mnelipokoHTpoOsEpa BiAMOBIIHO;
Bsi, B3y, B3z — BekTOpH 3CyBIB HEHPOHIB BiAMOBIAHUX MPOIIAPKIB;
CHMBOJI «:» B HOPMYETbHCSl BUPQXKEHHI 03HAYa€ MOEIEMEHTHUH PO3IIOIiT BEKTOPIB.
IToTiM perynsaTop cHI0BOI YCTAHOBKM BU3HAYA€E BEKTOP yrpaBiiHHS U=fgsy rg (€, Masuzd , X) BIAOBIIHO
JI0 BUpaKeHb, HaBeJleHHX B 1. 3.1.2. Kepyroui BIUTMBY TparuisiiOThCS Ha BXiJl 00’€KTa YIIPaBIiHHSL.
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OnmouacHo HeiipomepekeBa Moxens |Mpys , Orap ]T = Fgsump(& x, Mgsyzq) Ha mincrasi
MOTOYHOTO CTAaHy CHJIOBOI YCTaHOBKH 1 3aCTOCOBYBAHOTO YHPABIiHHS JA€ OL[IHKY ITapaMeTpiB CTaHy
CHCTEMM Ha HACTYIHOMY KpOIi yIpaBIIiHHSA, AKiI KPUTUYHI 3 TOYKH 30py OLIHKM (QyHKLIOHANa Jsy,.
HetfipociTroBa Momenp peayizoBaHa y BHUTIISAII IBOIIAPOBOI IHTEIEKTYalbHOI HEWPOHHOI Mepexi
MPSIMOTO TIOMIMPEHHS 3 aKTHBALIMHOIO (PYHKITIEI0 HEHPOHIB MPUXOBAHOTO APy Y BHUIIISIAI (YHKIIiI
rinepOoIiYHOro TaHreHca 1 JHIMHUX HeWpOHaX BUXIAHOTO MIapy

[ €k ] e(k) (1 €& 7N e(k) )

| o) |_| o) |_ y { w(k) } std 4 w(k) } ©)
O1a5 (k) Oras (k) von || Oras() oo || OrasC) (1

|7 Mgsy za (k) Mgsy.za (k) k Mgy za(k) } k Mgsy.za (k) }

Nis = 2: (14 exp (<2Way - (800 Gras(®) Fosya (O] +B4))) =1, (6)

[’{WDVS.zd(k)] _ [MDVSzd(k) std { I\ZIDVS(k) }+ M { ﬂ?nvs(k) } )
Orap(k + 1) Orap(k + D] =on U Orap (k) ron U Oras () )

ne Wy, Wy, — marpuni BaroBux KoegillieHTiB HeWpoHiB mepmioro i apyroro mpomapkis [HC
HEHPOKOHTpOIIEPa BiIOBITHO;
Ba1, B4, — BexTOpH 3CyBiB HEHPOHIB BiAMOBITHUX MPOIIAPKIiB;
CUMBOIN «*» TIpW JEHOPMYBaHHI BHXIJHOTO CHTHAIy IHTEIEKTYalbHOI HEWPOHHOI Mepexi
MO03HAYAETHCS MOCTIEMEHTHE MHOKEHHS BEKTOPIB.
AnanTuUBHUI KPUTHUK 3A1HCHIOE OLIHKY (QyHKIIOHATY SKOCTi ynpaBiaiHHA Jsv,(K) Ha qaHOMYy eTami
npu 00paHOMy YIpaBJIiHHI 1 IOTOYHUI CTaH CHUIJIOBOI YCTAaHOBKH, CIMPAIOYMCH Ha OL[IHKY MapaMeTpiB
CHUCTEeMH, 3iIICHEHOT HeMPOMEepe:KEBOIO MOIECILITIO

fsvu = Fgsukr (MDVS(k)»éTAB(k)'w) . (8)

AManTUBHUN KPUTHUK pEali30BaHUM y BHIVISAI IHTENEKTyalbHOI HEHpOHHOT Mepexi 3
apXiTEeKTyporo, MOI0HOI HEHpoMepeKeBOi MOIENi

Mesyza() | [ Mosv.za(k) Mesy.za(k) Mesy za(k)
Opas(k +1)| = |Orask + D= M 3 |Orap(k + 1) | ¢ std {|Opapk + D[ (9)
@ (k) w(k) k=onN w(k) k=ON w (k)

Ns = 2: (14 exp (<25, « [B00) Gras(®) Mosya (O] +Bs)) =1, (10)

Jsvu(k) = Wsy + N5y - Bs (11)

ne Ws;, Ws, — maTpuni BaroBux xoeimieHTiB HEHPOHIB MEPIIOTO 1 APYroro MpoIIapKiB Mepexi
HEHPOKOHTpOJIEpa BiAIOBIIHO;

Bs;, Bs, — BekTOpH 3CyBiB HEHPOHIB BI/IMOBITHUX MPOIIAPKIB;

VY psji BUMaJKIB MOXKIIMBA I10JIa4a HA BXOJH a/IalITHBHOTO KPUTHKA JIMCHUX 3HAYECHDb ITapaMeTpiB
I'CY Mpys(K) i Orys(k+1) 3amicTh IX OLIHKM HEHPOMEPEKEBOIO MOAENI. B 1boMy BHIAIKy
IHTEeNeKTyallbHa HeWpoHHAa Mepexa Fgsymp CIYXKHUTh TIIBKH JIJISI 3BOPOTHOTO MOIIUPEHHS TTOMILITKA
NpY HaJaTyBaHHI HEWPOKOHTpOJIepa B TPOIECi ajanTaiii CUCTEeMH aBTOMATHYHOTO YIPaBIiHHS
riOpuIHOT CHIIOBOT YCTAHOBKH.
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brnok apanramii 3a0e3neuye mapaMeTpUYHY HACTPOWKY (HAaBUAHHS) HEWPOHHOI Mepexi
HEHPOKOHTpOJIEpa, MOJIENI i aJalTHBHOTO KPUTHKA MUISIXOM HAJAIITyBaHHS BiJMOBITHUX MaTPHIlb
BaroBHUX Koe(iIi€HTIB i BEKTOPiB 3CyBiB HEUPOHIB.

MerToro HaBYaHHSI HEHPOKOHTpOJIepa € (HOpMYyBaHHS TAKMX KEPYIOUMX BIUIUBIB CHJIOBOI YCTaHOBKH,
SKi O CIPYSIIN 3MEHIIIEHHIO KBAAPATHIHOTO 3HAYEHHS OI[iHKY (DYHKITIOHANA SKOCT1 YIPaBIiHHS

1 & .
Enc = > ']gvu - min. (12)

HaBuaHHS mpoBOAWTHCS METOAOM 3BOPOTHOIO IMOIIMPEHHS MOMMIIKH 4Yepe3 HEMpPOHHI Mepexi
aJIalITUBHOTO KPUTHKA, MOAEI i, BIacHe, HelMpokoHTposepa. Kopekiisi mapamMeTpiB iHTENIeKTyaabHOT
HEHPOHHOI Mepexi HEHPOKOHTPOJIEPa 3AIMCHIOETHCS BiAMOBITHO 10 BUPAYKEHD

e
0E
AW3i(k) = vye - AW3i(k — 1) + Ayc - (1 — wiye) - aMI,V; (15)
W3 = W3, (k)
0E
AB3;(k) = vy¢ - ABgi(k — 1) + Aye - (1 — wye) - =25 (16)

0B3;
* |B3; = B3;(k)

ooc 90w — {wl - (Wl (WE W T (1= N}, )+ (= NBD} (a)

9ENC T . 9Enc 2 9ENc T .9ENC 2y -
= ' —_— —_ — . * J—
38, — V33 g, (1—N33) 4 3Ba; 32" 3p,, (1—N31); (18)
9Enc _ OEnc o7 . 9ENc _ OENC NT. (19)
= 31

OWs3 0Bz 32 OWsy,  8Bsy

0E 0E = = =
avgi = aBI;’f : [MGSU.zd' 9TAB(k)rw] (20)

Anc — KoeillieHT MIBUAKOCTI HABYAHHS 1HTEJIEKTYaIbHOI HEHPOHHOI MepeKi KOHTPOJIEpa;

V ne — KOSIIIEHT 1HEpLIHHOCTI HABYAHHSI.

V HaBe/IeHHX BHPa3aX CUMBOJ «*» MO3HAYAE MIOCTEMEHTHE MHOKECHHSI BEKTODIB, 3aIHC «{* }» — I-i
€JIEMEHT BEKTOPa, 3BE/ICHHSI BEKTOpa B KBaJIpaT repeadaydac moeJeMeHTHE BUKOHAHHS JaHO1 orepaltii.

Meroro HaBYaHHS HEHpPOCITHBOI MOJENI € YTOYHEHHS MPOTHO3IB MapaMeTpiB CTaHy CHCTEMH Ha
HACTYITHOMY KpOIIi YIIpaBIiHHS

— _ 2
Eyp(k) = = <[—MDVS(k) - [ Mpys (k) ) - min (21)

2 éTAB(k + 1) H_TAB(k + 1)
ne
Mpys(k) | _ (T Mpys(k) 1 _ Mpys(F) . Mpys(k)
[H_TAE(k +1)f <[9TAB(k +1) k%,N{ Orap (k) D ' k‘S;EO%V{ Oras (k) } 22)

— JiMCHI MapaMeTpy cTaHy riOpUIHOT CHIIOBOT YCTaHOBKH ITiCIIsi HOPMYBaHHSI.
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HaBuanHsi iHTENEKTyaabHOI HEHPOHHOI Mepexi MOJeNi MPOBOAUTHCS METOJIOM 3BOPOTHOTO
MOIUPEHHS TOMIIKH. [Ipy 1IbOMy KOpEeKIIisl mapaMeTpiB HeWpoMepexkKi 3A1HCHIOETHCS BIATIOBIAHO 110
BUPaXXCHb

Wyi(k + 1) = Wy (k) + AW, (k) , (23)
Byi(k + 1) = By;(k) + ABy; (k) , i = 1,2, (24)
e
— ) _ (1 — . 9Emp
AW, (k) = vyp - AW, (k — 1) + Ayp - (1 — viyp) W,y (25)
Wy = Wy (k)
0E
AB,i(k) = viyp * AByi(k — 1) + Ayp - (1 — viyp) - aBIZ? (26)
By = B4i(k)
9Emp _ [_MDVS(k) ] _ [_MDVS(k) 27)
B4z B42 = B42(k) QTAE(k + 1) HTAE(k + 1)
0E OE
aBAZf = 4T2 ) aBIZ: *(1— N4T1) (28)
£ T
9Emp _ 9EMD | 32 dEmp _ 9Emp | @ (29)
OW,,  0B,, 41 OW,, _ 0Bs, O1aB

MGSU.Zd

Amp 1 Vvp — Koe(ilieHTH MIBUAKOCTI 1 IHEPIIHHOCTI HABYAHHS 1HTEIEKTYaIbHOI HEMPOHHOT Mepexi
KOHTpOJIEpa.

HaBuaHHs ajanTUBHOTO KPHUTHKA TMOJSIra€ B TOMY, HIO0 ITEPaTUBHO YTOYHIOBATU OIIHKY
(yHKITIOHATY SKOCTi yIPaBIiHHS BiIMTOBIIHO JI0 MiKPITUIEHB, [0 HAAXOIATh.

Bupas miisa dyHKIIiOHATY SKOCTI yIpaBiIiHH Ha kK-My Kpoili Moke OyTH 3aliCaHO Yy BUTIISII

Jsvu(k) = X520 Wi Kpi -2k +) = X Kpi - 2i(k) + p - Jsyu(k + 1) (30)

bynemo BBaxatu, mo (yHKiii V4=V,4(t) i a=a(t), t € T, sKi BU3HAYAIOTh TATOBO-IIBUIKICHUI
PEeXKHUM ENIEKTPOCHIIOBOI YCTAHOBKH, € SpProJMYHUMH. B 1bOMY BHUMAJKy NOMHJKY aJalTHBHOTO
KPUTHKA MOYKHA TIPEJICTABUTH Y BUIJISII IIOMUIKH THMYacOBOi pi3HuLi [9].

5(k)A= Jsvu(k) = Xio1 Kpi -2 (k) — 'fSVy(ff +1)=
Jsvutk =1) = ¥ Kpi - 2i(k = 1) — p+ Jsy, (k) (31)

JI1s1 06GUKCIIEHHS TIOMIIKH THMYACOBOT Pi3HUII TOBMHHI BUKOPHCTOBYBATHCS OIIHKH . svu Ha JIBOX
HACTYIHUX, OJIMH 3a OJHWM KpOKax VIpaBliHHSI TPU OJHUX 1 THX € 3HAUCHHAX MapameTpiB
HEpOMEpEexKi aJanTUBHOTO KPUTHKA.

Kopexkuis napameTpiB HelipoMepeki aAaTHBHOTO KPUTHKA 3A1MCHIOETHCS 3 YMOBHU MiHiMizalii
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KBaI[paTI/I‘lHOI IIOMMIJIKH

Exr =%-82 - min (32)
3rigHo 3 BUpa3aMu
Wsi(k + 1) = Ws; (k) + AWg;(k) (33)
Bsi(k + 1) = Bs;(k) + ABs; (k) , i =1,2, (34)
ne
(k) = . (k — dow - (1 — . 9Ekr 35
AWs;(k) = vgg - AWsi(k — 1) + Agg - (1 — vkg) W (35)
Ws; = Ws; (k)
O
ABs;(k) = vgg - ABsi(k — 1) + Agg - (1 — vkg) - 631: (36)
Bs; = Bs;(k)
S = 6(k); = Wy SR (1= N3 ):(37)
** |Bs; = Bs, (k) o *
OExkr _ OEkR T
OWs,  9Bs, oL (38)
— T
Mgsy za
O O _ :
FTn = 35, “|Bras(k + 1) (39)

Ws1 = Ws, (k) Bs; = WBsy (k) w (k)

Akr 1 Vkr — KOGQIIIEHTH MIBUKOCTI 1 THEPLIHHOCTI HABUYAHHS HUPOMEPEKI aJallTUBHOIO KPUTHKA
BIJITOBIHO.

TakuM 4YMHOM, Ha KOXXHOMY KpOLi IOJIIIIIYETHCS 3aKOH YIPABIiHHS LULIXOM HaBYAHHS
HEHPOKOHTpOJIEPa, a8 TAKOXK IMiJIBUIIYETHCS 3AaTHICT CHCTEMH OIIHIOBATH ITOTOYHY CHUTYAIIFO0 BHACTIIOK
HaBYaHHS 1HTENCKTYaIbHOI HEMPOHHOI CHCTEMHU aJIaliTHBHOTO KpHUTHKA 1 Mozeni. Kopekiis mapamerpiB
HEWPOHHMX MEpEeX TPHUBAE JIO TUX Tip, MOKH HE OyAe MOCATHYTHH MiHIMyM (QYHKIIOHATY SKOCTI
YHpaBIliHHA Jsy, 200 Oyzie OTpUMaHa IPUHHATHA CTpATeris yIPaBJIiHHS VIS 33JJaHOT0 i3/10BOr0 LUKITY.

InTenekryanpbHa HEMpOHHA Mepeka HEHPOKOHTPOJIEpa, MOZETI 1 aZalTUBHOTO KPUTHKA MOXYTh
OyTH iHINIMOBaHI BHIIQJAKOBUMH 3HAUYCHHSIMH BaroBUX KOEQIIIEHTIB i 3CYBiB HEHPOHIB, PIBHOMIpHO
posnojiieHuMu B aianazoni [-1, 1]. B mpoMy BHIAAKy JOMYCTHUMi YIPaBIiHHS IPU JOBUIBHUX
3agar0unx 1 oOyprOIOYMX BIUIMBaxX TapaHTYIOTbCS YpaxyBaHHAM OOMEXEHb 00JacTi MPHUITyCTUMHX
PEXHMMIB B PETYIIATOPI €EKTPOHHOT CUIIOBOT YCTAHOBKH U = fGsy.rg (€, Mgsy za,V)-

OpmHak, Ui TIPUCKOPEHHS ajanTaiii JOMiIBHO TpOBecTH rmorepenHe «off-line» HaBuaHHS
HEWPOKOHTpOJIEepa 1 HelpoMepekeBOi MOJIeNi 3 BUKOPUCTAHHSAM €TaJIOHHOT MOJIeNT yrpaBiiHHA (puc. 3.)
Sk erasoHHa MOJENh MOXE BUCTYIATH YNPaBIiHHS 3 BHKOPHCTAHHAM JIOTIYHUX TPaBHI BHOOPY
cTparerii a0 onTUMAalbHA CTPATETis YIPABIiHHs, OTPUMAaHa IS ASSIKOr0 33JaHOr0 13/[0BOT0 IIUKITY.

B mporeci MogentoBaHHs pyXy aBTOMOOUIS Ha JESIKOMY 130BOMY LIMKJI1 ITPH BUKOPUCTAHHI MOJIEIi
ynpasniaasg ['CY oTpuMyrOTh MHOXKHUHY TOUYOK {&, ®i, 0i, Mgsy za,t ¥ {Masuzd, O7ap.1s € ®iy OTapis
Mgsuzd }, i =1,N, ne O74p,, — 3HAUCHHS CTYIEHS 3aPsKEHOCTI TATOBOI aKyMy/IATOpHOI GaTapei Ha
MOJJANTBIIIOMY KPOIIi yTIPaBIiHHS.
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Puc. 3. HapuaHHS HelipoKOHTpoJIepa i HelipoMepe:keBoi Mo/iesTi 3 BHUKOPHCTAHHAM €TaJOHHOI Moaesi
ynpaBJiiHHS

OyHKIiT HEeB’SI3KM BUXOJIIB HEHPOKOHTpOJIEpa Ta HeWpoMepekeBOI MoJeNi B j-i TOYII MOXKYTh
OyTH BU3HAUEHI:

Y6su.za (i W3j'B3j) = (& — &)

R J— (40)

% = Fgsuza(wi Orapi Mgsyzai Waj, Bsj), j=1,3

3anavya HaBYaHHA HEHPOHHHUX MepeX Fgsunc U Fosump 3BOMUTHCS K MOIIYKY MIHIMyMY ITUIBOBUX
(GyHKIIOHATIB BUAY

1 . . .
Jesunc(Wsj, Bsj) = 5 M1 Vogupa (b Wsj,Bsj),j = 1,3 = min (41)

1 . , .
]GSU.NC( W4ij4j) =N ZIiV=1 ‘/’GSU_MD(l: W4ij4j)r] =1,2 -» min (42)

Jnst BupinieHHs JaHoi 3ajadi MOXKYTh OyTH BHKOPHCTaHI BiJOMi METOIY HABYAHHS HEHPOHHHUX
Mepex. Bucoky eQexTHBHICTh Ipu HaBYaHHI HEPOHHUX Mepex Fgsync ¥ Fosump MOKazye anroputm
SGG(Scaled Conjugate Gradient Algorithm)[7].

3 MeToro 3anobiraHas edekTy nepeHaBYaHHs, MHO)KHHU BUXITHUX JaHUX MOXYTh OyTH PO3JiieHi
Ha HaBuanbHy (training set) i koutpombhy (validation set) miaMHOKHHY 3 BHKOPHCTAHHIM
BIIOBITHUX KOeQillieHTIB po30UTTS moAiOHO TOMy, SK 1€ POoOWIoCh B Tporeci ineHTHdikarmii
HeWpoMepeKeBOi MOJIeNi IBUTYHA BHYTPIIIHBOTO 3ropsiHHsI[8].

[TonepenHe HaBUaHHSA aJaNTUBHOTO KpHUTHKA Fgsyukr MOXKe 6yTI/I BUKOHAHO «On-line» 3
BUKOPHUCTAHHSIM ITOMHJIKM THMYAcOBOi Pi3HHII Oe3rocepeiHhO Mepes] 3alyCKoM Ipolecy ajlarTarii
cTparerii ympaBiiHHS TiOpHIHOT CHIOBOI ycTaHOBKH[4]. SIKICTh ympaBiiHHS TiOPUIHOK CHIIOBIIIO
YCTaHOBKOIO Ta MIBHJKICTH aJanTaiii cTparerii yrmpaBiIiHHA MOXHO MMOKPAIIUTH, SKIIO JIOTIOBHHTH
BXiJJHI BEKTOpa HEHPOKOHTpoJiepa Ta HEHPOMEpPEeKeBOi MOJENI aJaNTUBHOTO PEryJsiTopa CHIHAIOM
ineHTudikamii tumy i3moBoro nukiy. JlaHuit curHanm Moxke OyTH OTpUMaH B pe3yibTaTi aHami3y
xapakrtepy 3MiH QyHKIIH ©=m(t) Ta a=o(t) mm Mgsy s=Masu zd(t) B 1eKOMy KOB3HOMY THMYaCOBOMY
BikHI B po0oTax moka3zaHa e(eKTHBHICTh BHPIIICHHS 33[a4i 1IeHTU(IKAII] THUITy 130BOr0O IUKIY 3a
JIOTIOMOT'O0 caMo opraHizoBaHoro mapy KoxoHeHa Ta iHTeNeKTyadIbHUX CUCTEM MPSMOTO MOUTHPEHHS
3 eJIEMEHTaMH 3aTPUMKH CHTHAITY[7].

BucnoBku. {151 TATOBO-IIBUAKICHOTO PEXUMY, IO BU3HAYAETHCSA 33JaHUMH (QYHKLISIMH 3MiHU
IIBUAKOCTI aBTOMOO1IS 1 30BHILIHIX YMOB €KCIUTyaTallii, onTuMaiabHa crpateris ynpasiinas CYE
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MoOxke OyTH OTpMMaHa Ha IiJCTaBi METOIy AWHAMIYHOTO MporpamyBanHs. OIHAK, JaHUM TiAXig He
BKa3y€ KOHCTPYKTUBHOTO MUISAXY JUIsl MOOYIOBH CHCTEMH aBTOMATHYHOTO YIPAaBIiHHA B CHIY
HEOOXiHUX ampiOpHUX BIJOMOCTEH, 33/1al09nX 1 0OYPIOIOYHX BILTUBAX 1 BHCOKOI OOYMCITIOBATEHOIO
CKIaHiCcTIO anroput™My. OTpuMaHe ONTHMAaJIbHE YIPABIiHHA MOXE BHUKOPUCTOBYBATHCS IIPH
pO3po0IIi TOTIYHUX MPaBHI BUOOPY CTparterii ympaBIiHHA, a TaKOX HPHU HAyKOBOMY OOIPYHTYBaHHI
napaMeTpiB 1 xapaktepuctuk cucteM i arperatiB CYE. 3actocyBanns agantuBraoro ynpasmiaas CYE
3 BUKOPUCTaHHIM HEUPOMEPEIKEBOTO aJIalITUBHOTO KPUTHKA JO3BOJISE MOOIATH HEMOMIK anpiopHOI
iHpopMaLii o mapamerpax I3ZOBOTO LHWKIY Ta 30BHILIHIX yYMOB EKCIUTyaTallii, a TakoXX HHU3bKY
TOYHICT MATEMATHYHHIX Moe/Iei. Jlaruii miaxin nepegbadae ananTauito crparerii praBJ'IlHHH CVE,
sika 3abecredye acHMITOMATHYHE HaGmmkeHHs Jsy—J sy Ta U—U IpH t—00, Ha OCHOBI KOHIISMII]
HABYAHHS 3 M JKPITUICHHSIM.
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USE OF NEURAL NETWORKS IN ADAPTIVE ELECTRIC CAR CONTROL

To overcome the lack of information about the parameters of the driving cycle of the electric car,
neural networks are used, which provide adaptive control that allows you to adapt. electric car to
external operating conditions, as well as to compensate for inaccuracies in mathematical models. Use
of iterative optimization of parameters allows to adjust optimum work of power plant of the electric
car (PEC) in the course of its movement. This method allows you to use a single approach to study
different processes, regardless of the parametric features of electric vehicles. To accelerate
adaptation, the neurocontroller and neural network model are trained using a reference control
model, which is either an optimal strategy or a strategy based on logical rules of choice, obtained by
methodical programming for a given driving cycle. Based on the results of the research, an adaptation
algorithm is proposed. The expressions given in the article allow to carry out adaptation of the power
plant on the basis of hybrid to the current driving cycle on the basis of the concept of training of the
neuro-fuzzy controller with reinforcement. The expressions given in the article allow to carry out
adaptation of the power plant on the basis of hybrid to the current driving cycle on the basis of the
concept of training of the neuro-fuzzy controller with reinforcement. The purpose of training the
neuro-fuzzy controller is the formation of such control effects of the power plant, which would reduce
the quadratic value of the assessment of the quality of management.

Keywords: neural networks, electric car, electric car power plant, adaptive control, neurocontroller.
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TEOPETUYHI OCHOBHA OHIHKA IHGOPMATUBHOCTI O3HAK MOI3HO1
CUTYALII AJ1sA POBOTHU IHTEJIEKTYAJIBHUX CUCTEM KEPYBAHHA
JIOKOMOTHUBOM

Cmamms  npucesiuena npooOnemi  6npOoBAONCEHHs  THMENIEKMYANbHUX CUCIeM Kepy8anHsi Ha
mparnchopmi. Baxycnueum 3aedannam € oyinka ingopmayitinux napamempie pooomu cucmem KepyeamHsl.
B icuytouux pobomax mHe po3ciaAHYMO NUMAHHA GUSHAYEHHSI OOHO20 3 OCHOGHUX NApPAMempig
DYHKYIOHYBAHHS IOKOMOMUBHUX CUCMEM KepY8aHHs - IHpOpMayitina YiHHICMb OKpeMUx O3HAK NOi3HOL
cumyayii. Lle ne 0ae Mosxcau8ocmi 8USHAYUMU NOPSIOOK 0OPOOKU CUSHANIE HA 8X00T MA OYIHUMU IX BHECOK
Y npulinaAmmsa moz2o abo iHwo20 Kepylouozo piuwtenHs. Ilpuvomy inghopmamusnicme € 6enUUuHOIO
BIOHOCHOI0, WO BUPAICAEMbCA 8 PI3HIU IHHOPMAYIIHIL YIHHOCTI OKpeMOT 03HAKU 01 KAACU@IKayii pisHux
noisuux cumyayiu. Taxodxc HpoOpMamueHicmsb 03HAKU MOHCe 3ANeHCAMU 80 MUNY PilUaroyux npasui 8
npoyedypi kracugpixayii. Axicmv posniznasants mici abo iHwol noiznol cumyayii, 6 Kl 3HAXOOUMbC
JIOKOMOMUBHA Opueaoa, 3anexcums 6i0 AKOCMI 03HAK, WO BUKOPUCTOBYIOMbCS CUCIEMOI0 KNACUDIKayii.
Bupiwanvnum kpumepiem ingpopmamuernocmi 03Hax 6 3a0ayi po3ni3HABAHHA 00pPA3I8 NPONOHYEMbCS
senudUHAa 8mpam 6i0 NOMUIOK. /ISl 6USHAUeHHs KOAA HAUOLIbW IHHOPMAMUBHUX O3HAK NOIZHUX CUMYayill
BUKOPUCIAHO MemOoO 8UNAOK08020 NOWYKY 3 adanmayieto. Pe3ynomamu pobomu 0aroms MONCIUBICIb
onmumizyeamu pobomy agmomMamu308anux ma iHmeNeKmyaibHux CUcmem KepysaHHs noi300M 3a paxyHoK
3MeHueH s 00CA2I8 0OUUCTeHb A CRPOWEHHSL IX AN2OPUIMMY.

Kniouosi cnoea: noxomomus, ingopmayiina o3Haka, inmeneKmyaivbHa CUcmemd, KepyeaHs,
noisHa cumyayis, Kepy8anHs NOi300M.

Beryn. BukopucraHHsl iHTEJIEKTyalbHUX CHUCTEM KEpyBaHHS B TPAaHCIIOPTHIHM raiys3i € OJHUM 3
NEePCIEKTUBHUX 3aBJIaHb, 0 JJO3BOJIUTH 3HAYHO CKOPOTHTH PU3WKU HETATHBHOTO BIUIUBY JIFOJICHKOTO
¢dakropy Ha Oe3meKy Ta SAKICTh IepeBe3eHb. IHTeleKTyami3allisi Mpolecy KepyBaHHS TOTpedye
NPOBEICHHS JIOJATKOBUX JIOCHIKEHb 32 TaKMMH HalpsMKaMH: po3poOKa ONTHMI30BaHHX CTPYKTYP
0a3 3HaHb; YIOCKOHAJICHHS CHCTeM 30HMpaHHs MOTOYHOI iH(popMalii Ta AWUCTaHIIHOI mNepenadi
CUTHANIIB Ta JAaHuX [l]; BuU3HAUeHHs mapamMeTpiB Ta o0csriB iHQOpMAIiMHUX TOTOKIB, IO
OOpOOJISIOTBCSL  CHCTEMOIO  KepYBaHHS;  BIOCKOHAJICHHS CHCTEM DPO3Mi3HABaHHSA IOTOYHUX
TPAHCIIOPTHUX CHUTYyallld 3 BU3HAUCHHSIM HaMOLIbII HEOE3MEUHUX YMOB €KCIUTyaTallii Ta po3poOKu
ANTOPUTMIB BHXOJY 3 HHX, i Take iHIIe. OCHOBHUM 00’€KTOM, 3 SIKUM MpAIIO€ IHTENEKTyalbHa
cuUCTeMa KepyBaHHA, € iHQopMamiifHni noTik. Bim iioro obcAry Ta sSKiICHUX MapaMeTpiB 3aJIeKHUTh
OOTPYHTOBAHICTh Ta CBOEYACHICTh NPHUHATTS KEPYIOUMX pIllIeHb, MO Oe3rmocepeHbO BIUIMBAE Ha
0e3meKy pyxy Ta eKOHOMIiYHI TIOKa3HUKH IEpEeBi3HOro mpolecy. Po3MaiTicTh eKkcIiTyaTtaliiHiux yMOB,
i SIKUMH 3BUYAIHO PO3YyMIIOTh Bary i IOBKMHY M0i3/1a, OTO omip pyXy, MOPSAAOK MPOIYCKY HOi3aa
10 MIEPeroHax, MOTroJHI YMOBH, YCTaHOBJICH] MONEPEIKEHHIMH OOMEXEHHS IIBUAKOCTI pyXy Ta iH.,
CTaBHTH TlepeJi MAIIMHICTOM Y KOXKHIHM TIOT3/I111 3aBIaHHs BHOOPY 1 peanizallii panioHaIbHOTO PeXUMY
BEJICHHs 1I0i3/1a, [0 BIAMOBIiZAa€ came JaHuM ymoBaM [2]. TakuM YWHOM Il €KCIUTyaTalliiHI YMOBH
HEOOXiZHO TOCTIHHO BiACTEXXKyBaTH, KiIacH(iKyBaTH Ta HaJaBaTH iM HaJEKHY OLIHKY Iepen
BUKOPUCTAHHSM B CCTEMax KepyBaHHSI.
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AHaji3 ocrannix aociaimkenb. Ilimxogu 1mo 00poOku TexHiuHOI iH(opmanii, oTpumaHoi B
aBTOMAaTHYHOMY PEXHMi B TENepimHid dYac JocTaTHhO po3pobneri. B [3] posrisHyTOo mMpobiemu
TIBUIIIEHHS] TOYHOCTI TTapaMeTpiB, IO BUMIPIOIOTHCS, Y BEITMKOMACIITAOHNX 1HPOPMAIIHHIX CHCTEMax
ympaBniHHs. [lokazaHo, 0 BUKOPHCTaHHSA OAATKOBHX KaHAJiB BHUMIPY Ta IOJATKOBHX HENPSIMHUX
MTOKA3HUKIB JO3BOJISIE IMIBHINATH TOYHICTH BHUMIPSHHMX 3HAYCHH Ta OINIHOK IapaMeTpiB MaTeMaTHIHHX
MOZENIeH JOCTIKYBaHOI CHUCTEMH. BUKOpUCTaHHS [OJATKOBMX HENPSMHUX I1HOWKATOPIB JIO3BOJIAE
3MEHIIUTH PO3MIpP CHCTEMH Ta KUIBKICTh BHMIPIOBAJIBHOTO OONAJHAHHS, HE 3HWKYIOUM TOYHOCTI
BUMIPIOBaHMX MapaMeTpiB Ta TEXHIKO-eKOHOMIYHMX TOKa3HHKiB. B poboti [4] 3actocoBaHo Teopis
HEYITKUX MHOKHH Ta HOBa METOMOJIOTIS 0OpoOKw iH(opMaIlil mpu BH3HAYCHHI HAIIHHOCTI Ta OC3MEKH
CKJIATHUX cHcTeM KepyBaHHs. B poOoTi [5] IIpeactaBneno cTpykTypy iHpoOpMaIiiHO-I0riuHOI MOJETI Ta
HaBEJICHO XapaKTEPUCTUKY 3aco0iB 1 MeToAiB 300py Ta OOpOOKH JaHMX MpU OLIHII (QYHKIIOHAIBEHOI
HAaJIIITHOCTI orepaTopa aBialiiiHNX epraTuIHuX CUCTEM YTIPABITiHHSL.

Ane y BkazaHuxX po0OOTax He PO3IJSIHYTO NMUTAaHHS BU3HAUYEHHS OJHOIO 3 OCHOBHHUX IapaMeTpiB
iHpopmaii — iHpopManiiiHa HiHHICTE OKpeMHX O3HaK. B mux poOorax Bci KaHanu iHopmarii, 1o
HAJXOIATH 70 CUCTEM KepyBaHHS, BBAKAIOTHCSA PIBHOSHAYHUMH Ta IMIIX0AH 10 00poOku iHpopmarii 3
KOXKHOTO 3 HUX € OIHAaKoBUMM. lle memo 3HIWKye SKICTh MOJANIBIION0 BUKOPUCTAHHS BXiTHUX JaHHUX
Ta 30UIBIIyE Yac Ha 00pOOKY BXiqHOI iH(pOpMAaIi 32 paXyHOK MOCIIIOBHOTO PO3IJISAY BCIX CUTHAJIIB,
B HE3aJIS)KHOCTI BiJl HOTOYHOTO CTaHy TPAHCHIOPTHOTO 3200y Ta YMOB HOT'O eKCILTyaTallii.

Po6oTu 3 Bu3HaYaHHA MiHHOCTI iH(GOopMaIiii [6-9] mo3Bos0Th (hopMai3yBaTi mapaMmeTp o0csATy Ta
BaXIUBOCTI iH(opmanii. Lle € mixcTaBoro A BU3HAUEHHS JAHUX, IO MOTPEOYIOTH MEPHIIOUYEProBoi
00poOKH. AJie TpH HASBHOCTI COTEH KaHANIB, MO SIKKX iHPOpMAIlisl HAIA€ETHCS A0 CHCTEMH KepyBaHHS
MOi370M, HEOOXITHO PO3POOHUTH yIOCKOHAJICHY METOIOJOTIO, 32 SIKOI0 OyTy BUKOHAHO PaH)KyBaHHS
OTPUMAaHMX CHTHAIIB Ta IX BHECOK Yy IPUIHATE PillIeHHS 3 KepyBaHHS ToKoMOTHBOM [10].

Merta pocaimkenHs. SkicTh po3mizHaBaHHs Tiel a00 iHINOI MOI3HOI CUTYaIll, B AKIH 3HAXOIUTHCS
JIOKOMOTHBHA OpUTajia, 3aJIe)KUTh Bijl SKOCTi 03HAK, IO BUKOPUCTOBYIOTHCSI CUCTEMOIO Kiacupikarii .
OCHOBHOIO XapaKTEepPHCTUKOI O3HaKu € 1i iHdopmaTuBHICTh . [Ipumdomy iHGDOpPMATHBHICTE €
BEJIMYMHOIO BiJIHOCHOIO, IO BHPAXAEThCs B Pi3HIM iH(GOpMamilHii MIHHOCTI OKpeMOi O3HaKW ISt
knacugikamii pisHUX MOI3HUX CHUTyalil. TakoX iHPOPMATHBHICTH O3HAKH MOYXKE 3aJIeKaTH BiJl THITY
pilrarounx mpaBwil B MpoIeaypi knacudikarii.

CydJacHi JTOKOMOTHBH OONaJHaHI TOTYXHUMH CHUCTEMaMH [1arHOCTHKH, KOHTPOIO TOTOYHUX
napamMeTpiB pyxy Ta BXiJTHHX CHTHaTiB. TOMy B pO3MOPAPKEHHI CHUCTEM pO3IMi3HaBaHHS o0OpasiB
NOI3HUX CHUTYallil 3HAXOAWTHCS MHOKMHA O3HAK, II0 MOXKE€ HaJlidyBaTH MICKUIbKAa COT UIEHIB.
BukopucTanHs BCi€l CyKyIHOCTI 03HaK MOKe OyTH HEAOLIJIbHE 3 HACTYNHUX npuuuH. KoxHa o3Haka
notTpedye okpemMoro iHGopMaIiiiHOro KaHaly st 11 KOHTPOJIIO, 10 YCKJIaIHIOE iHTepeHCHY YacTUHY
CUCTEMH, 10 PO3POOIISETHCS, Ta MPU3BOAUTS JIO 11 370poskeHHs. Apyruii GpakTop — e BUKOPUCTAaHHS
o0uncmoBaIbHUX pecypciB 6opToBoi EOM, siki Ha AaHMII MOMEHT € X04 1 IOCTaTHBO MOTY>KHUMH, ajie
Ha JIOKOMOTHUBIB Oa)kaHO MaTH MaKCHMajbHY IIBUJIKICTh POOOTH CHCTEMH, IO HEMOXIHMBO TPU
00poO11i 1 aHami3i Takoro MUPOKOTO CIEKTPY JaHWX. TakuM YMHOM 3aBIaHHS OLIHKH Ta BHOOPY
1H(POPMATUBHHUX O3HAK TP PO3IMi3HABAHHI IMOI3HUX CUTYallill € aKTyaIbHHM Ta J[O3BOJUTH ITiBHUIIIUTH
e(eKTHBHICTh JIOKOMOTHBHOI CHCTEMH PO3IMi3HABaHHS 00pa3iB.

[MapameTpu, 10 BH3HAYAIOTh YMOBH pyXy IMOi3/la, 3MIHIOIOTBCA B pe3ylbTari Jii OaraTtbox
¢akropiB. Jleski 3 HUX B3a€EMO3AIEKHI, OKpEMi € HE3aIEKHUMH, aJie iXHIi BIUIUB MOXKE BUKIAKATH
3MiHy B IIMPOKHMX MEXKax IapaMeTpiB, II0 BU3HAYAIOTh XapakTep pyxy noizma. Bce me 3nauno
YCKIIQJHIOE PETYIIIOBAHHS TIOTYKHOCTI JIOKOMOTHBA ¥ BHOIp palioHaJIbHOTO PEXKUMY BEJCHHS I1013/1a,
BUMara€ BiJl MAaIIWHICTIB cnenupiyHUX npodecifHuX HAaBUYOK, OOYMOBJICHHX TEOPETUYHOO
MiATOTOBKOIO 1 MEBHUM MPAaKTUYHUM JOCBIIOM.

Bubip indopmaTuBHOro HaGopy o3HaK AJIs1 Po3Ni3HABAHHA MOBHMX cuTyauii. [lonepeanii
CKJIaJ] O3HaK 3aJa€Thcs HePOpPMani30BaHUM MUISXOM, HAa OCHOBI JIOCBily Ta OCOOHMCTHX TepeBar
cneniamicra. PopManbHI METOIU 3aCTOCOBYIOTHCS IO HaB4yarouoi BUOIpKHM A AN MEpeBipKu wi€l
BUXIJTHOI CUCTEMH Ha JOCTATHICTH 1 He0OXigHicTh. Cepea yCiX MOXKIIMBHX CHCTEM O3HAK JI0CTATHHOIO
BB2)XKaEMO CHUCTEMY, sika Tipu 3amanux S 1 D 3abe3neuye Butpatu N, 110 HE MEPEBUINYIOTH MEBHOTO
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nopory No. ITix Butpatamu N TyT po3ymierscst BapTicTh BumiptoBanHs o3Hak (Ny) i BapTicTh BTpar,
BUKJIMKAHUX TOMUIKaMu posmizHaBauss (N,):

N=N,+N,. (1)

HeoOximHOIO € mocTaTHSA cHCTeMa MiHIManbHOI ckimamHocTi (BaprocTti). Tak mo ¢dakTHdHO Ha
HaBYAIBHIN BUOIpII A BUpIIIy€eTHCS TIepeOOpHE 3aBIaHHS TUITY

p=argminN(X,)/C,D,AN,, 2)
peB

ne C=<cy, ¢, .., > — TEPETTiK MOI3HUX CUTYAIliH, IO PO3TIIAIAETHCS
D — tun pimarouoi ¢pyHKmii;
B — MHOXWHA BCiX MOXKJIMBUX CHCTEM O3HAK;
X — iHbopMaTHBHA MHOKHHA OMTUCYIOYNX O3HAK;
N — Butparuy;
No — moporose 3HaYeHHsI BUTpAT.

s 3amaua ommowacHoi minimizamii Ny i N, Bnepmme Oyna chopmynsoBana B [11]. Butpatu Ha
BHMIPIOBAaHHS 3aJIe)AaTh BiJI TOTO, CKUTBKH 1 KMX O3HAK MOTPiOHO BUMIPIOBATH 1 SIKE€ YHCIO PO3PSIIIB
NOTPiOHO Uil TIPEJCTaBICHHS pE3yJbTaTiB BHMIPIOBaHb. 31 3pO3yMUIMX NPUYMH OCHOBHA yBara
MPHUIUIETECA  3MEHIIEHHIO KUTBKOCTI BUMIPIOBAaHMX O3HAK, TOOTO TOMIYKYy iH(QOpMAaTHBHOL
migcucTeMy 3 N o3HaK (X,) cepen g o3HaK BUXigHOI cucteMH (Xg).

Busnauenns ingopmaruBHocTi oxpemux o3Hak. BupimansHuM kputepieM iH(QOpMaTHBHOCTI
O3HAaK B 3ajaui po3Mi3HaBaHHA 00pa3iB MPOMOHYEThCS BeIUYWHA BTpaT Bia moMmiok R. HaBiTh sikmio
PO3MOJLIA TEeHepaNbHOI CYKYITHOCTI BiloMi, OOYHCIEHHS BTpAT TMOB'I3aHO 3 MOYX€ BEITHUKUMH
BUTpaTaMy MalIMHHOTO Yacy. Y 3B'I3Ky 3 UM pOOIATHCS cHpoOu 3HAWTH Kputepii, OLIBII MPOCTO
00YHCITIOBaHI 1 pa30M 3 THM JKOPCTKO KOPEIIOI0Yi 3 OLIHKOIO BTpaT R.

Slkmo pos3momin peamizamiii  KOKHOTO 00pa3y MiANOPSAKOBYETECS HOPMAaIbHOMY 3aKOHY 3
JliarOHATBHUMH MaTPHIIMA KOBapiariii (IpyM IbOMY MOBEpXHI PIBHOI MIUIBHOCTI SIBISIOTH COOOIO
chepu 0HAKOBOTO pajiiyca), TO MipOr TPYIHOIII po3mizHaBaHHs D, Hazaa nmpornopuiiHOI O9iKyBaHUX
BTpAT, MOXKE CITy’)KUTH CepeIHE 3HAYEHHS EBKIIIIOBOI BiJICTAHI M MaTeMATHYHHMH OYiKyBaHHSIMH
BCix map obpasis [12]:

D-W/CHY o). ®

ij-1
ne p(ij) — eBKITiZIOBA BiICTAHB Mi’K MATEMATHIHUMH OUiKYBAHHSAMH i-TO Ta j-TO 00pa3iB.

B Tepminax teopii iHpopMaIllii Mipor TPYAHOII PO3IMi3HABAHHS CIYXXHUTh €HTPOITist H pO3IMoIiiiB
HIIJTBHOCTI #iMOBipHOCTI 00pa3iB. Hexail po3mominm oOpas3iB K crpoekToBaHi Ha OAHY Bich X, IO
BUMIPIOEThCS 3 TOYHICTIO t 710 Tpamaltiit (puc. 1). IMOBIpHICTh monaanHs peatisaiiii i-ro oopasy j-1o
rpanarito nopisaroe P(j/i). TlincymyBaBim 1yist j-i rpajartii HMOBIpHOCTI BCiX 00pasiB, MU OTPHMAEMO

t
BENMUMHY H = Z H,P, . Buecox i-ro 06pasy B If0 CyMy, TakK II0 €HTPOIIis j-1 rpajamii BUpaKaeThCs
=1
TaKUM 3HaYCHHSIM
H, =—(rlogr, +r,logr, +..+rlogr +...+1 logr) . 4)

3 MNPpUHIUITY a,Z[I/ITI/IBHOCTi eHTpOHi'l' BUILIMBAE, 110 3arajlbHa HEBU3HAYEHICTh npu pO3Hi3HaBaHHi

t
06pa3iB 3a o3Hakow x Mae Burmsig H, =ZH jPJ- . SIKIIO MoYaTKOBAa HEBHM3HAUYEHICTH CHUTYyAaIIii
j=1
nopiBHioBana 10g K, To xinbkicTk iH(popMarii Iy , ogepiKyBaHol B pe3ysbTaTi BAMIPIOBaHHS O3HAKH X,
nopiBHIoe Hy — Hy .
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P(oA

k //\x

:

2
/D
/
JANUER
01 2l [ oes v t1 t x

Puc. 1. Po3noain o6pa3sis

[Ipu BU3HAYEHHI MOI3HOI CUTYAIlii HEMA€E MOMUIMBOCTI OTPUMATH 3aKOHHW pO3MojiiiB oopasis. Lle
MOB’SI3aHO 3 HEBEJIUKUM OOCSTOM CTATUCTHYHHUX JIaHUX, SIKIi MOYKHA JIOCTOBIPHO OTPHUMATH IIiJ| 4yac
pyxy. Y mmX ymMoBax JOLIIHHO BHKOPHCTOBYBAaTH METO/H, SIKi HE BHMAraroThb IOOYJOBH MoJeiel
pPO3MOJTYy 1 CHUPAIOTBCA HAa KOHKPETHI O00’€KTH, HasSBHI B HaBYallbHIA BHOIpIi. 3a LUMHU
npeneeHTaMi OyayeThesl BUpilIanbHa (GyHKIisS (HampuKiaa, mpaBwio K HaHOMMKYMX CYCimiB),
PO3MI3HAETECA KOHTPOJbHA TIOCTIAOBHICTB, 1 32 KIJIBKICTIO OTPUMAHUX TTOMWJIOK BHHOCHTHCS OITiHKA
iH(QOpMaTHBHOCTI OKpeMoi 03HAKH a00 IX CUCTEMHU.

MosknuBi # 1HIII CITOCOOM OLiHKM 1H(POPMATUBHOCTI. ['iM0TE3a KOMIIAKTHOCTI JJTa€ HaAM OCHOBY ISt
OIIHKK 1H()OPMATUBHOCTI TPOCTOPY O3HAK dYepe3 MPOSB XapaKTEPUCTHK KOMITAKTHOCTI. 3 Hel
BUTUIMBAE, IO IS XOPOIIOTO PO3Ii3HABaHHA 00pa3iB OakaHOo, 0O BifCTaHI MK CBOIMH TOYKaAMH
KOXHOT0 00pa3y Oy MajauMH, a BiJICTaHI 0 TOYOK iHIIUX OOpa3iB MO MOXJIMBOCTI BEJIMKHMH. A
SKIO OMYKJI 000IOHKH Pi3HUX 00pa3iB HAKJIAAAIOTHCS OHA Ha OJIHY, TO Oa’kaHo, 00 BOHU SIKOMOTa
OlbIIIe BiAPI3HsUIMCS 3a CBOIMHU po3Mipamu. KommnaktHicTs (11ibHICTh) W; 00pasy i, mpeactaBieHOro

B HaBYaJIbHI# BuOipmi M;toukamu 1,2,....t,...1,...,m;, MOXHa XapaKTepH3yBaTH CEPEIHBOIO TOBKHHOIO
pedep MoenHyYOTo X TOBHOTO rpada:
m;
W, =@/C2)D r(tl) . ®)
tI=1
Taxox kommaktHicTs W TOWOK 1,2,...,S,...V,...,M;, [0 IPEACTABISIOTE 00pa3 j, Mae BUIIIAA
m.
J
2
W, =(@/C) D r(s,v). ©6)
s,v=1

Po3necenicTh 00pa3iB y MPOCTOPI XapaKTEPUCTUK MOYKHA OLIIHIOBATH Y€pe3 CEPEIAHIO BiJICTaHb MK
ycima rmapamu TOYOK 3 pi3HHX 00pa3iB:

W(i, j)=@/mm)> r(t,s) mat=1+ m,s=1+m, @)

Ha mincraBi ckazaHoro iHpOpMaTUBHICTh TPOCTOPY O3HAK THM OiJIbIlie, YAM OiJIbIlIe BETHYHUHA
J=W(, ))/(W, +W,). (8)
Ouiaky iH(OPMAaTUBHOCTI O3HAK IMOI3HOI CUTYyalii MOKHA OTpUMATH 1 Oe3MOCepeIHO B MPOLECi
no0yZ0BM BUPILIATBFHOTO NpaBWIa y BUIVIAAI JepeBa TUXOTOMIUYHUX MOIUIIB BUOIPKH 38 OKPEMHUMHU
o3rakamu [13]. TIpumycTuMo, 1110 € MOKIIMBICTH PO3MUIMTH O3HAKy X TiTbKM Ha aBi rpamartii: x<l i
x>|. TlomuBUMOCS CKjaj peajisaimiif, moO MOTpanmwid B Iii rpagamii. SKmo B mepmriii rpamarii
BUSABUTBCS My peanisariii i-ro o6pasy i m, peamisariii V-ro odpasy,
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TO HEOJHOPITHICTh CKIIAAY M€l rpajamii MOXKHA OLIHUTH BETUYUHOIO

R = Zk: m,m, , (€)]

v=i+l
TO 3MEHITICHHS HEBU3HAYEHOCTI IMICII OTpUMAaHHS iHGOpMaii Bix 03HAKH X, TOOTO iH()OPMATHBHICTH
03HaKu x, MokHa ouinuty Benmmunnow J, = (R, —R')/ R, . SIkmo R*=0, To inpopmarusHicTh 03HaKH

Jy Oyme MakKCUMaJbHOK 1 JOpiBHIOBaTH OAWHMIN. SKmo R’ He 3MEHIIWIO [MOYaTKOBOL
HEeBU3HAYEHOCTI, TO Jy=0 i1 03HaKa x IPUPOIHO BBAXKATH HEIH(POPMATHBHUM.

SIKmo BimOMO, IO O3HAKM HE 3aJeXaTh OJHA BiJ OXHOI, TO MOXXHA 3 IOTOMOTOI0 OIHOTO 3
OTMMCAaHMUX METOJIB OLIHUTH iHHOPMATHUBHICTH BCiX J 0O3HAK BUXiJHOI CUCTEMH 1 MOTIM BUOpATH 3 HUX
N HaifOinp iHGOpMATUBHUX. AJie B peEalbHUX TaONMINX MAHUX 3aJIEKHICTh MK O3HaKaMH
CIIOCTEPIra€ThCsl AyK€ YacTo. A SKIIO O3HAKH 3aJeXKHi, TO MpU BHOOpI HaWOLIBII iHHOPMATHBHOIO
MiICICTEMH OIIHKaMH 1X 1HAMBIAyaIbHOT iIHPOPMATHBHOCTI KEPYBATHCS HE MOXKHA.

CknaHICTh BUKOPUCTAHHSI HaBEACHOTO MiAXOIY IMOJISATae B OTPUMAaHHI JyXe BEIUKOI KUTBKOCTI
KOMOiHaIii UIT yMOB pOOOTH IJIOKOMOTHBHOI OpWraad, MO MPHOIM3HO CKJaaae Oinmblie 10%,
BuxonanHs mepebopy 1ux KOMOIHAIii 3aliMe POKHM TPH MOTOYHIN MOTYXHOCTI OOYHCIIOBATHHHUX
3aco0iB. ToMy HEOOXiIHO PO3POOUTH aNrOPUTM OLIHIOBAHHA 1H(QOPMATHBHOCTI O3HAK, MPUUHATHUAN
JUTSI peatizailii Ha pyXOMOMY CKJIaJi.

Cepen anropuTmiB, 10 3700y7IH HAHOUIBITY pO3MOBCIOKEHICTS [14,15], MoKHA BHIIINTH METOL
OCTiI0BHOTO cKopoueHHs (amroputm Del), meton mocmimoBHOro nomaBanHs o3Hak (amroputM Add),
METO/I BUTIAIKOBOTO MOIIYKY 3 ananTtaiieto (anmroputM BITA).

Anroputm Del monsirae B Takomy:

1. BukoHy€eThCS OIIHKA TOXWOKH pO3ITi3HaBaHHS MpY BUKOpUCTaHHI BCix W o3HaK .

2. BUKJTIOYa€eTHCS 3 CHCTEMH TIEpIiia O3HAKA 1 3HAXOAUTHCS TIOMIITKA, sIKY AafoTh pernra (W-1) o3Hak.

3. Ilepra o3HaKa MOBEPTAETHCA B BUXI/IHI JIaHi, a IpPyra BUKIIOYAETHCS 1 3HAXOAUTHCS TIOMUJIKA B
HoBoMy (W-1)-mipHOMY mpocTopi.

4. o omepallito MOYEPrOBOro BUKIIOYCHHS OHI€T 03Haku mpoBoasaTh W pasiB. Cepen oTpuMaHuX
BEJIMYMH BU3HAYAIOTh caMmy Mally. BoHa BKake Ha O3HAaKy, BUKIIOUEHHS SIKOi 3 CHCTEMH OYI0
HallMEHII BiAYyTHUM.

5. BUKIIOYAOTh IO O3HAKy 3 CHCTEMH 1 NPUCTYNarTh 10 BunpoOyBanHs W-1 o3Hak, 1o
3MIIMINCH. IX MOYeproBe BUKIIOUEHHS 3 CHCTEMM JIO3BOJIMThH 3HAWTH HaHOLIbI iHQOpMATHBHY i
3HH3UTH pO3MipHICTh npoctopy A0 W-2. Li mpouemypu MOBTOPIOIOTHCS CTIIBKH pa3, IOKH B CUCTEMI
HE 3aJIMIIUTHCS 3aJaHe YHCIIO O3HAK.

AnroputM Add BiIpi3HAETHCS Bifl TONEPEIHBOTO JIHIIE THM, [0 TIOPSIOK TEPEBIPKH ITiJICHCTEM O3HAK
nounHaeTbcss He 3 W-MipHOro mpocTopy, a 3 OomHOBUMipHHMX mpoctopiB. Crnouatky Bci W o3Hak
TIePEBIPSIFOTHCS Ha iIHPOPMATUBHICTb. J[J1sT IIbOTO pOOUTHCS PO3Mi3HABAHHS KOHTPOJILHOI ITOCTIZIOBHOCTI TI0
KOKHIH 3 03HaK OKpeMO i B iHpOpMaIliiiHy TiICUCTEMY BKITFOUAETHCS O3HAKA, M0 Jaja HaMEHIe YUCIIO
nomMwiok. [Totim 10 Hel Mo 4ep3i 10JarThesl BCi 03HAKH MO ofHIA. OTpuMaHi JBOBHMIpHI i IPOCTOPH
OLIIHFOFOTHCH 32 KiJIBKICTIO TIOMIJIOK PO3ITi3HaBaHHA. BubnpaeTscst HalOLIbIn iHGOpMaTHBHA Tapa O3HAK.
Jo Hei TakuM jke NUIIXOM IiIOMpaeThCsl HAMKpamia TPeTs O3HaKa 3 THX, IO 3aJMINIINACH, 1 TaK
MPOAOBXKYETHCS IO OTPUMAHHS CUCTEMH 3 TIOTPIOHOIO KIJIBKICTIO O3HAK.

TpyAOMICTKICTh LFOTO AITOPUTMY NMPHUOJIM3HO Taka Xk, SK i anroputMmy Del, oqHak pesynbrary,
onepxxyBani anroputMoM Add, 3a3Buuaii kpare, Hixk y Del. [losicHIoeThCs T1e# hakT BIIMBOM Manoi
MOKAa3HOCTI HaBYaJbHOI BUOIPKU: MIPU ONHOMY 1 TOMY K 00cCs3i BHOIPKM UMM BHIIE PO3MIPHICTh
NPOCTOpPY O3HAK, TUM MEHIIIE OOIPYHTOBAHICTh OJIEP)KYBAaHUX CTATUCTUYHUX BHCHOBKIB (Y HAIIOMY
BUIAJIKY — OL[IHKH 1H(OPMATUBHOCTI).

OO0u/Ba OMUCaHUX ATOPUTMY JIAI0Th ONITUMAJIBHE PIllIEHHS] HA KOYKHOMY KPOITi, aJie 1ie He 3a0e3reuye
roOaIbHOTO  onTHMyMy. [l ocnabieHHsT BIUTMBY TIOMIJIOK Ha TEPIIMX KPOKaX —aJrOpUTMY
3aCTOCOBYEThCS pesiakcauiiinuid Meroa. B anropurmi Add HaOupaeThes eBHa KiIBKICTh iHGOPMATUBHUX
O3HAaK 1 MOTIM YacTHWHA 3 HUX BHUKIIOYAETHCS MeTogoM Del. MoxkiuBa i 3BOpOTHA CTpaTerisi: CrovaTky
npaifroe anroput™ Del, micist CKOpOUYSHHS BUXIIHOI CUCTEMH Ha JIEKIJIbKAa O3HAK BKJIFOUAETHCS arOPUTM
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Add, sxuii moBepTae B CHUCTEMY IOMIJIKOBO BHUKIIOUYeHi 3 Hei o3Haku. [IOBTOpeHHS LUX Mpouexyp
(asroputv DelAdd) mpomoBKyeThCsl 10 OTPUMaHHS CHCTEMH 3 HailOimbIn iHQOpPMaTHBHUX O3HaK. B
[16] Bka3aHo, 1m0 aHasi3 HABEJCHUX METO/IB TO3BOJISIE 3pOOMTH BUCHOBOK PO MEPEBAry alrOpUTMy
BITA nan anropurmamu Add, Del ta Del Add.

BukopucTaHHsi MeTOQy BHIAJKOBOr0 IOIIYKY 3 ajanTauni€lo Il BH3HAYEHHSl KoJia
HaHOIbI iHpOpMATHBHUX 03HAK MOI3HMX cuTyauiii. [lepmr 3a Bce BU3HAYAETHCS MEpeNTiK MOI3HUX
CUTyalidd, M0 MiJJIATaloTh PO3MI3HABAHHIO NpW KepyBaHHI MoizgoM. s pi3HUX BHIIB PyXy
(BaHTaXHUH pyX, IBUIKICHUHA pyX, CTaHLiliHa poOOTa JTOKOMOTHBA, TOILIO) BiH MOXKE BiApi3HATHCS.
Hami neoOximHo oTpuMaTi MHOKHHY W 03HaK moi3HOI cuTyamii. BoHa OymyeThcsi HA OCHOBI JaHUX,
0 JOCTYIHI OOPTOBiH CHCTEMi JiarHOCTUKHM JIOKOMOTHBA Ta MAIWHICTY MiJ 4Yac Moi3aku. B
pe3ynbTaTi aHamizy iH(GOpPMAIifHUX IOTOKIB, III0 BHHUKAIOTH MPH KEPyBaHHI IMOI3J0M, OTpUMaHa
MHOHMHA O3HAK, 1[0 CKJIAZA€THCA 3 TAKUX YICHIB!

W, — BHJIKICTh PYXY;

W, — BIJICTaHb 7|0 CUTHAITY;

W3 — 3Ha4CHHS CUT'HAJLy IOIepeny;

W, — Maca Ioisay;

W5 — [TOJIOYKEHHST KOHTPOJIEpY MAIlIMHICTa;

Wg — ITOJIOYKEHHS TalbMIBHOT'O KpaHy MaIlllMHICTa;

W7 — THCK B TaJIbMiBHI¥ Marictpaii moi3ay;

Wg — TIOTOYHHIA TPOQisb K0T,

Wy — HACTYITHUH MPpoQiTb KOii;

Wy — CUTHAJ OYKCYBaHHS;

W1 — BUTBHICTB KOJIiT TIOTIEpEY;

W1, — IpOCIIiiyBaHHs cTaHIiil (a0o po3’izny);

Wj3 — CTPYM HaBaHTaXXCHHS TATOBUX EJIEKTPOABHUIYHIB;

W14 — IIOTOYHE 3HAYEHHS OOMEKEHHS HMIBHUIKOCTI;

W5 — PI3HHUIS MiXK MMOTOYHUM Ta rpadikoOBHM 4acOM CITiyBaHHS;

Wi — 3arajibHa OIliHKa CTaHy €Killa)KHOT YaCTUHH JIOKOMOTHBA;

W7 — 3arajpHa OIliHKa CTaHy CUCTEMH Tepeadi MOTYKHOCTi JOKOMOTHBA;

Wig — Icux0(hi310J10T19HI XapaKTEPUCTHKH JIOKOMOTHBHOI OpUTaIH;

W1g — 4ac J100u;

Wy — 4ac BiJi TOYaTKy pOOOTH JIOKOMOTHBHOI OpUTaIH;

W>1 — METEOPOJIOTiYHI YMOBH;

Wy, — 3arajibHa OI[iHKa CTaHy rajibM Moi3ay (3a JaHUMH MPOOHKX rallbMyBaHb);

W3 — HasIBHICTb B T10i3]1i OCOOJMBUX Ta PO3PSIHUX BAHTAXIB, a TAKOXK JIFOJICHKUX BaroHIB;

Wy4 — BIAXWJICHHS BUTPATH €HEPrOpeCypCiB HA TATY BiJl HOPMU;

W5 — OTIepaTHBHUH MJ1aH poOOTH JIOKOMOTHUBHOT OpHrau.

KoxHa 03Haka HOpPMaIi3yeEThCS 32 BIIOMUMHU QJITOPUTMAaMHU B 3QJIE)KHOCTI BiJl TOTO, SKOTO THITY
BeJIMYMHA — SKiCHAa a0o0 KuTbKicHAa. B pesymbTaTi Ha BXiJl CHCTEMH pO3II3HABAHHS IOAAOTHCS
HOpPMAJTi30BaHi CUTHAJIH, IO 3HAXOAAThCA B iHTepBadi Bix 0 1o 1.

P03i6’emo ymoBHWMiA Bifpizok (0-1) Ha W 0HaKOBHX JIIISTHOK 1 31CTABUMO KOXKHY JIJISTHKY 31 CBOEFO
03HaKO¥O: |-T1a [MiisHKA BiAMOBINA€E MepIIiid o3Halli, 2-ra — Ipyrii i 1. 1. KoxHa mifisHKa Mae MUPUHY
1/W (puc. 2).

'Wé6

W‘I WxIWﬂ}WmlWx II\VIJ}NISI\W{\ ’IS}NIﬁ Wl‘i\VlXI\/V]"\Vle\NSl}x\"}]l\ :}1kN24IW1

Puc. 2. IloyaTkoBHil po3noaia AUIAHOK, 1110 BiANOBIIAKTH 03HAKAM NOIBHUX CUTYallii

Wi l\/\’ll\\",‘vl \V4|V\"5

Jlpyrum eTaroMm y BHIAJIKOBOMY MOPSIKY OOUPAEThCS HU3KA 3HAYCHD B OJIMHUYHOMY iHTepBayi. Ti
JOUISHKY, B SIKI TOTPalMIM i BHUNAAKOBI 3HAUY€HHS, BHUKOPHCTOBYIOTBCS sl BU3HAUEHHs 00Opasy
noi3Hoi cutyamii. SkicTe wi€l BUMaaKoBO OOpaHOi MiJACHCTEMH OLIHIOETHCS 332 OJHUM 3 KPUTEpiiB,
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HATPUKIIA, 32 KUTBKICTIO OJIEP’KyBaHUX TIOMUJIOK PO3ITI3HABAHHS (.

Omnucana mporeaypa BUMaJAKOBOr0 BHOOPY MJICHCTEM O3HAK 1 OIIHKH iX SIKOCTi MOBTOPIOEThCS K
pa3. Po3risg oTprMaHOro CIHCKY OIIHOK O, O, ...0,... Ok, JI03BOJIIE BUOPATH HAMKpAILy i HAUTIPITY
3 migcucrem. Ha mii mifgctaBi poOHMTHCS MpoLeaypa «3a0XOYEHHS» 1 «HOKapaHHSM): IUISHKH,
BiJITIOBi/THI O3HAKaM, AKi MMOTPAIIA B HAUKPAIY TiACHCTEMY, 320X0UYIOTHCS IIUISIXOM PO3IIUPEHHS iX
MK Ha BenuuumHy h, a JiISHKY, BIiAMOBIIHI O3HaKaMH 3 caMoi HEiH()OPMATHBHI ITiJCUCTEMH,
KaparoThCsl THUM, IO 1X IIUPUHA 3MEHINYEThCS Ha Beauuuny h, mpu yomy h<1/W. CymapHa noBxuHa
BCIX JISHOK TaK 1 3aJIMIIAEThCSA PIBHOIW oauHUIN. OTpUMaeMO JESIKUI HOBUW PO3MOILT IiISHOK
O3HaK MOI3HKUX CHUTYyaIliii (puc. 3).

Wi|W2 W4 We [W7 |WS| | W0 [WHWI2WI13[W 14 Wi6 WIW IqW200W21 W22 [W23IW 24[W 25

W3  Ws W9 Wis W17

Puc. 3. Po3noain AinsiHOK, N0 BiANMOBIa10Th 03HAKAM MOI3HUX CUTYAWii, micas npouexypu
«320X0YCHHS-MTOKAPAHHS»

3 puc. 3 BUIHO, IO 03HAKU W3, W5, Wg, W15, W17 € KITOKAPAHUMU», TOOTO BOHM HAWTIPIIE BILTUHYIIH
Ha SKICTh PO3ITi3HABaHHS 00pa3y CHTYaIlil.

[Ticast mpOro BUTIAIKOBUM YHHOM BHOHPAIOTHCS 1 BUMPOOOBYIOTHCS HOBI MiACHCTEMH. AJie Terep
HWMOBIPHICTh TIONIAIaHHS O3HAK Y IIi MMiICUCTEMH HE OJJHAKOBA: 3a0X04CHI 03HAKH, MIPEICTABICHI OUIBIII
HIMPOKAMHU CMYKKaMH, MaroTh OiJibllie IIAHCIB YBIMTH B 4YEproBy MiJICUCTEMY, HiX MOKapaHi. 3a
pe3ynpTaTaMu BHIIPOOYBAaHHS IIi€l TapTii MiACHCTEM Tporexypa anpantaiii (ITOKapaHHA Ta
320X0YCHHS) MMOBTOPIOETHCA. SIKIIO MEeBHA O3HAKA BHITAIKOBO MOTpAIUIIE 1 B HAWKpalry i HalTipury
MiJICUCTEMH, TO TOBKHHA 11 JUISHKU 3aJIMIIAE€THCS HE3MIHHOO. SIKIIO 5K BOHA PETYJIAPHO ONMUHAETHCS
y ckiaai caMmoi iHpOpPMATHBHOI MiJCUCTEMH, TO JOBXKHWHA HOTO MIJSHKH 3POCTAE 3 KOXKHUM KPOKOM
amanrarnii. Takok O3HaKa, MO0 CHUCTEMAaTUYHO MOTpAIUIsie€ B caMmy HeiH()OPMAaTHBHY IiJICHCTEMY, 3
KO>KHUM KPOKOM CKOPOYYE JOBXKHHY CBO€ET TUISHKU 1 THM CaMHUM 3MEHIINYE HMOBIPHICTh BKJIIOYCHHS B
BUTIIPOOOBYBaHI MiJIMHOKUHU O3HAK.

[Ticst meBHOT KUTPKOCTI IUKJIIIB TOMIYKY Ta aJamnTarlii mporec cTabili3yeTbes: AUISHKA O3HAK, IO
MaloTh HaHOUTBITY iH()OPMATHUBHICTH, 3alMalOTh MPAKTUYHO Bech Binpizok (0-1) i BumpoOyBany
miicucTeMy BHOMpAIOThes ONHI U Ti 3k o3HakH. Lleii akT cimykuTh CUTHAIOM JI0 3aKiHUEHHS MpoIecy
BHUOOPY MiJCHCTEMH HAWOLIBI iHPOPMATHBHHUX O3HAK.

Jis peanizarii omucaHoro METoAy BU3HAYEHHS 1HQOPMATHBHOCTI OKPEMHX O3HAK BEACHHS MOI3AY
0ys10 po3po0JICHO KOMIT'IOTEpHY mporpaMy. Jo BXiJHMX JaHUX L€l mporpamMu Oyjo 3aHECEHO BCi
JIBILATH I1SITh O3HAK KEPYBaHHS IOI37I0M, IO HaBeEHI BHIIE. AJTOPUTM POOOTH MpPOTpaMu
nependavae JeKinbka NecITKiB iTepariii. Kpurepiem 3ynuHKE poOOTH MpOrpaMH € JOCATHEHHS
OJIHIEI0 3 O3HAK MiHIMAJbHOI IMOBIPHOCTI MOMNAJaHHS B IIJCUCTEMY OIIIHKA IOTOYHOI IOI3HOI
cuTyarlii, TOOTO JOCSATHEHHSI MAKCUMATbHOI BEIMYHHU «ITOKAPAHHS».

BucHoBku. Sfxicte posmizHaBaHHS Ti€i a00 iHIIOI TMOI3HOI cWTyamii, B SKid 3HAXOIUTHCS
JIOKOMOTHBHA OpHUTrajia, 3aJIeXKUTh Bifl SKOCTI O3HAK, III0 BUKOPHCTOBYIOTHCS CHCTEMOIO KiacHudikariii.
BupimansauM KpuTepieMm iHQOPMATHBHOCTI O3HAK B 3ajadi po3Mi3HaBaHHS 00pa3iB MPOMOHYETHCS
BeJIMYMHA BTpAT BiAg momMuiok. s Bu3HaueHHS Kojia HaHOiIbIl iHQOPMATUBHUX O3HAK IMOI3HHX
CUTyalid BHKOPHCTAHO METOJ BHUIIAJKOBOTO IMOIIYKY 3 ajanrauiero. B pesynprari anamizy
iH(pOpMaLliHHUX MMOTOKIB, IO BHHUKAIOTh MPHU KEPyBaHHI MOI370M, OTpUMaHa MHOXKHMHA O3HAaK, IO
CKJIagaeThes 3 25 uieHiB (Wl — MBHAKICTH pyXy; W2 — BIICTaHb JIO CUTHANY; W3 — 3HAUEHHS CUTHAITY
nomnepeny; w4 — Maca TOI3Qy; W5 — IOJIOKEHHs KOHTpoJjiepy MamuHicta T. 1.). Ilicns mesnoi
KUIBKOCTI LIUKJIIB MOIIYKY Ta aJanTallii Mpolec cTadlli3yeThes: TIISTHKH O3HAK, 1110 MalOTh HAWOLIBIITY
iHpOpMATUBHICTh, 3aliMalOTh NpPaKkTUYHO Bech BiApizok (0-1) 1 BumpoOyBaHy mijcucTeMy
BUOMPAIOTECS OJHI U Ti % o3Haku. lled ¢akT coy UTh CUTHAJIOM JIO 3aKiHYCHHS MPOIECY BHOOPY
niicucTeMy HalOIIbII 1HQOPMATHBHUX O3HAK.
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PesynbTaTroM BUKOPHCTAHHA METOy BHUIAIKOBOTO MOUIYKY 3 aJanTali€lo € OTpUMaHHs HaHOiIbII
iHQOpMaTUBHUX O3HAK TOI3HOI CHUTYyallii, Ta BiACIKaHHS HaWMEHII iH(OPMATHBHHUX 3a PO3POOICHIM
kputepiem. Lle mae MOXITMBICTH OITUMIZYBaTH pOOOTY aBTOMAaTH30BaHMX Ta IHTENEKTYyaTbHIUX CHCTEM
KepyBaHHS MOi3/I0M 32 paXyHOK 3MEHIICHHS 00CATIB 00YKMCIICHb Ta CIPOLICHHS IX allTOPUTMY.
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THEORETICAL FUNDAMENTALS OF ESTIMATABILITY ASSESSMENT OF TRAIN
SITUATION SIGNS FOR WORK OF INTELLECTUAL LOCOMOTIVE CONTROL
SYSTEMS

The article is devoted to the problem of implementation of intelligent control systems in transport.
An important task is to assess the information parameters of the control systems. In the existing works
the question of definition of one of the basic parameters of functioning of locomotive control systems -
information value of separate signs of a train situation is not considered. This does not make it
possible to determine the order of signal processing at the input and assess their contribution to the
adoption of a control decision. Moreover, informativeness is a relative value, which is expressed in the
different information value of a particular feature for the classification of different train situations.
Also, the informativeness of the feature may depend on the type of decisive rules in the classification
procedure. The quality of recognition of a train situation in which the locomotive crew is, depends on
the quality of the features used by the classification system. The decisive criterion for the
informativeness of the features in the problem of pattern recognition is the magnitude of losses from
errors. To determine the range of the most informative features of train situations, the method of
random search with adaptation was used. The results of the work make it possible to optimize the
operation of automated and intelligent train control systems by reducing the amount of calculations
and simplifying their algorithm.

Keywords: locomotive, information sign, intelligent system, management, train situation, train
management.
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MODEL AND METHODS OF MANAGEMENT OF EFFICIENCY OF USE
OF PRODUCTION AND TECHNOLOGICAL POTENTIAL OF ROLLING
STOCK OF RAIL TRANSPORT

The article considers the problems management of efficiency of use of production and
technological potential of rolling stock of rail transport. It is investigated that to improve the
efficiency of functioning requires a comprehensive solution of many problems, with the rational use of
labor, material and labor resources.

A set of many tasks aimed at improving and ensuring the level of efficiency of rail transport
facilities and systems is considered.

It is investigated that in order to achieve the required level of efficiency of rolling stock operation it
is necessary to improve the management process by system model of the set of problems of efficiency
of use of production and technological potential of work of rail transport.As a result of solving the
problema mathematical model of the set of problems was proposed, which became the basis for
building a system model of the set of problems. The decomposition method and AllFusion Process
Modeler software were used to build the system model.

The paper considers the task of ensuring the required level of efficiency in the use of production
and technological potential of rolling stock and the proposed ways to solve it. There is also a
comprehensive review of objects, systems and processes, which involves their identification, providing
a formalized description. On the basis of which a model and method of diagnosis were proposed,
which inopen the possibility of interaction between the management of the subsystem of diagnostics
and planning of work of objects and systems of rolling stock on the basis of the actual technical
condition. The solution in this way will increase the indicators of the main aspects of production and
technological potential, which is the purpose of this work.

Keywords: diagnostic method, model, decomposition, system analysis, system, production and
technological potential.

Introduction. The main laws of construction, operation, development and adaptation of production
and technological potential of rolling stock should be based on the principle of functional unity of their
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objects and systems, which are described in the following sequence, taking into account the system
patterns and sequence:

Production and technological potential

Systems that
implement the
relevant processes

Processes that ensure the

Objects |5 required state of objects

Fig. 1. Components of production and technological potential

The efficiency of production and technological potential largely depends on the complex solution
of many Qj problems, which are focused on achieving high end results of rail transport with the
rational use of labor, material and financial resources [1, 5].

The set of Qy tasks is a necessary condition for the functioning and ensuring the required level of
efficiency and quality of work of rolling stock. Many Q; tasks are formed taking into account the
organizational, technological, technical, economic and social aspects of rail transport.

Organizational aspects of work include the level of organization of labor and production.

Technological aspects necessitate the search for new technological solutions for production
processes in order to intensify the use of production and technological potential of rolling stock.

Technical aspects characterize the technical equipment of production processes, as well as
technical performance of facilities and systems of rail transport.

Economic aspects characterize the efficiency of use in the work and production of all types of
resources and the ultimate effectiveness of the functioning of systems and facilities of rail transport.

The set of Qj tasks that is necessary to ensure the required level of efficiency of the rolling stock
rolling stock must comprehensively take into account all aspects of its work.

The purpose and objectives of the study. The purpose of the study is to study the methods and models
of management of the efficiency of use of production and technological potential of rolling stock for rail
transport for improving the indicators of the main aspects of production and technological potential.

Obijectives of the study: 1. Analyze problems management of efficiency of use of production and
technological potential of rolling stock of rail transport. 2. Investigatemany tasks aimed at improving
and ensuring the level of efficiency of facilities and systems of rail transport. 3.
Analyzecomprehensive consideration of objects, systems and processes, which provides for their
identification and provides a formalized description. 4. Develop a modeltasks of efficiency of use of
production and technological potential of work of rail transport. 5. Suggest methods thatinopen the
possibility of interaction between the management of the subsystem of diagnostics and planning of
facilities and systems of rolling stock.

Materials and methods of research.To study the effectiveness of the use of production and
technological potential the work of rail transport needs to streamline many tasks Qj in accordance
with the tasks and objectives set before the operation of rail rolling stock. For this purpose it is
necessary to divide by the method of decomposition of the system analysis into two subsets and to
present system model of set of problems of efficiency of use of production and technological potential
of work of rail transport [2-5]:

Qi = Qi {Qikl’Qikz} — QW Qu* = Qs (1)
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where Q,'— a subset of tasks, the solution of which ensures the achievement of the required level
of quality of production processes due to the efficiency of the rolling stock of rail transport;

Q,” — a subset of tasks, the solution of which ensures the rational use of resources;

| — types of resources i = 1,2,..., [ used to solve new optimization problems;

k — stages of the life cycle of rail rolling stock k=1,2, ......... , K.

Also, the main aspects that affect the efficiency of the use of production and technological potential
were investigated and analyzed, as a result of which many tasks were identified [4, 7]. On the basis of
which the system model of problems of efficiency of use of production and technological potential of
work of rail transport by a method of decomposition by means of the AllFusion Process Modeler
software is presented. The model is modeled withfunctional diagrams, which are based on the IDEFO

standard and presented in the form of a context diagram (Fig. 2) and in the form of a decomposition
diagram and descriptions (Fig. 3).

USED AT: AUTHOR: Holub DATE: 01.11.2021 . WORKING READER DATE | CONTEXT:
PROJECT project REV: 01112021 DRAFT
RECOMMENDED TOP
NOTES: 12345678910 PUBLICATION
Resources i used Stages k of the life
o solve new cycle of rolling
optimization stock rolling stock

problems

Tasks and
objectives of rail
rolling stock

System model of problems of efficiency
of use of production and technological
potential of work of rail transport

production and
technological
potential

Many problems of
efficiency of use of
production and
technological
potential of work of
rail transport

Personnel to
ensure and
implement
indicators of
efficient operation
of rail fransport

NODE TTE System model of problems of efficiency of use of |""**

A-0 production and technological potential of work of ]

<

Fig. 2. System model of problems of efficiency of use of production and technological potential
of work of rail transport by means of the context diagram

The main criteria for the systematic solution of many problems Qikthe quality and efficiency of the
operation of the rolling stock of rail transport, taking into account all aspects of its activities. Criteria
are formed on the basis of the formula of system analysis:<quality><><efficiency>.

Many tasks are formed on the basis of system criteria Qik, which provide optimization of the
relevant processes [6] and the final results of the operation of facilities and systems of rail transport.

The problem of ensuring the required level of efficiency in the use of production and technological
potential of rolling stock was considered.
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Fig. 3. System model of problems of efficiency of use of production and technological potential
of work of rail transport by means of the diagram of decomposition and the description

The main purpose of operation is presented in the form of a mathematical model:

UjeU Ui

maxH:mSa{ICi—(iA +AHi+AAiI|, (2)

where rJlaa(H— maximum profit for the i-th period of time with the rational use of labor, material

and financial resources;

IC;— income from efficient operation of rail transport in the i-th period of time;

Ai — labor and material resources spent on the operation of production processes of rail transport in
the i-th period of time;

Ayi — overhead for the i-th period of time;

A, — depreciation accruals for the full restoration of fixed assets.

Depreciation accruals are mostly used to form the investment fund required for the modernization
and technical re-equipment of rail transport facilities and systems.

Given the complexity of production processes of efficient operation of rail transport, a
mathematical model for managing the efficiency of use of production and technological potential of
rolling stock in the form of:

T = Too T Tt T Ty )i =1,2,3,0., 1;4 =1,2,3,...,Q, (3)

where T, — model of functioning of production processes of rail transport on the i-th period of
time;

T, — model of functioning of separate production processes of rail mobile transport on the i-th
period of time.
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Models of functioning of separate production processes can be set on a set of tasks Qik, the
solution of which in the system unity [6] on the basis of wide application of modern methods and
information technology ensures the achievement of high results of efficient operation of rail transport.

The paper considers the issue of solving at different levels of the hierarchy of production and
technological potential of many problems Qy that providesformation relevant system requirements,
which are based on a comprehensive consideration of all facilities and processes of production and
technological potential of rail transport. Comprehensive consideration of objects, systems and
processes involves their identification [7-10], which provides a formalized description.
Identificationincludes a study of structural and functional features of facilities and systems of
production and technological potential of rail transport .. Required list of key parameters that are
diagnostic features of subsystems and components of rolling stock, a set of inspection methods and a
list of defective conditions for each type of technical means [6, 7]. Diagnostic assessment is
determined by the task of classification:

X = (X1, %2, 00, %0) 2 Y = (Y1, Y25 0004, ), (4)

where are the diagnostic parameters of objects and systems, which are presented in the form of a
hierarchy; Y - many state classes of objects and systems.X = (x4, x5, ..., Xp,).

The obtained fuzzy model is used to assess the actual technical condition Y * depending on the
monitoring of data on the parameters X* [5] of the rolling stock of rail transport. At kcomplex
consideration of objects, systems and processes the one of problem is the imperfection of methods of
diagnostics of objects and systems of rolling stock in terms of accessibility of data processing and
decision-making on quality assurance and repair planning [11], including in conditions of uncertainty
[13, 15]. In this situation, it is advisable to use intelligent technology to solve diagnostic problems that
are complex and difficult to formalize. In contrast to classical approaches [15], they allow to analyze
not only preliminary data on the operation of systems and objects, but also the knowledge and
experience of specialists [16, 17].

Mechanisms of the intelligent decision support system [12, 14] can be implemented using fuzzy
inference systems, in combination with optimization and clustering methods. This approach allows the
use of statistical data and expert opinions in the development of diagnostic models and increase the
reliability of assessing the condition of objects and systems of rolling stock [5, 6, 16].

Fuzzy rules are generated by an expert. They mimic the logic of experts in assessing the state of
objects and systems of rolling stock and form a knowledge base built on a hierarchical principle [16,
17]. Thus, a comprehensive assessment of the general condition of rolling stock can be obtained, as
well as an assessment of its condition of the elements, which is the basis of the technical aspect of
production and technological potential of rail transport management efficiency.

The rules of the intermediate and resulting databases, hierarchically linked, are written in the format:

if (x{ = giy and xs = g}, and .....and x}; = gy, ; with the weight wy),
theny, =dip, f =1,q,
if (yy =dyjand y, = d,j and .....and y; = d;; with the weight w;),
thenY = hj,j =1,z

where g ™ — is a fuzzy term that is an attribute of the estimate x,', dif, dij are fuzzy sets that
estimate the state iy of an element or system of rolling stock, h; — is the value derived from jth rules of
classes S e{sy, ....s;} for real assessment of the state of rolling stock.
As a result of the actual assessment of the technical condition of rolling stock is defined as the class
with the maximum degree of membership [14]:

Y = arg'{sl,SZ,...,sl} max(.usl (Y), Us2 (Y)r ey Ut (Y)) ’ (5)
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where nie pg, (Y) = aggvj:ﬁ]:st (,uj(X)) is the degree of number of system members and objects

of key diagnostic parameters of values to classes s;,t = 1,[;
1i(X) = w;j * (minl, (aggvf:d}:et((uf(Xi)))> - the degree of implementation of the jth rules

characterizing the state of rolling stock;
tr(X;) = wp * (min (yf(x{), ""!Mf(xrili))) - the degree of compliance fth rules characterizing

the qualitative state ith the element.

Thus, the proposed method of diagnosis opens the possibility of interaction between the management of
the diagnostic subsystem and the planning of rolling stock facilities and systems based on the actual
technical condition, which will improve the main aspects of production and technological potential.

Creating a system model for managing the efficiency of use of production and technological
potential of rolling stock [6] of rail transport is a key element of the approach. The efficiency of its
management allows to collect data on the operation of facilities and systems of rolling stock and use it
to improve the performance of components of many tasks of production and technological potential
and efficiency of decision-making aimed at operational costs of optimization.

Conclusions. Analyzed the problem of efficiency of management of production and technological
potential of rail rolling stock.Based on the system criteria, a set of Qik tasks has been formed, which
provide optimization of production processes and final results of operation of facilities and systems of
rail transport. The system model of problems of efficiency of use of production and technological
potential of work of rail transport by a method of decomposition is developed. The method of
diagnostics of objects and systems of a rolling stock is offered,which will increase the indicators of the
main aspects of production and technological potential.
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MOJAEJIb TA METOAU YIIPABJIIHHSA E@EKTUBHOCTI BUKOPUCTAHHS
BUPOBHUYO-TEXHOJIOTTYHOI'O HIOTEHOIAJTY PYXOMOI'O CKJIAAQY
PEMKOBOI'O TPAHCIIOPTY

Y cmammi posensnymo npoOnemu  ynpagninus e@exkmuenocmi SUKOPUCMAHHA  GUPOOHUYO-
MEXHONI02IYHO20 NOMEHYIATY PYXOMO20 CKIady pelikogoco mpancnopmy. [ocniodxceno, wo 0as
B00CKOHAIEHHS eeKmUusHOCmi pyHKYIOHYB8AHHA HeOOXIOHO KOMNIEKCHE BUPIUEeHHS MHOMNCUHU 3004y,
npu payioHanbHOMy 6UKOPUCANHI MPYO0GUX, MAMEPIANbHUX MA MPYOOBUX PECYPCis.

Pozenanymo xomniekc MHOMCUHU 3a0ay, AKI CHPAMOBAHI HA NOKpAWwjeHHs ma 3abe3neyents
BU3HAYENO PIGHS epeKmUusHocmi PYHKYIOHY8aHHs 00 €Kmig i cucmem petikogoco mpaHcnopmy.

Hocnioaceno, wo 015 0ocacHeHHs HeoOXIOH020 PIBHA eheKmuUsHOCmi (PYHKYIOHYBAHHS PYXOMO20
CKAA0y NOMPIOHO 80OCKOHAIUMU HpOYeC YNPAGNiHHA 3a OONOMO20K) CUCHMEMHOI MOOenb MHONCUHU
3a0ay egekmusHocmi GUKOPUCMAHHA BUPOOHUYO-MEXHONIO2INHO20 NOMEHYIATy pOOOmU pelKo6020
mpaucnopmy. Y pesynomami supiuientsa nocmagneHoi npooiemu 6yio 3anponoHo8aH0 MAmeMamuity
MOOeb MHOMCUHU 3a0ay, KA CMAld OCHO8010 0/l N0OY008U CUCMEMHOI MOOeni MHOXNCUHU 3a0ad.
Ilpu nobyoosi cucmemnoi Mmooeni GUKOPUCTNOBYBANU MemOoO OeKOMNO3Uuyii ma npocpamHe
3abesneuenns AllFusion Process Modeler.

B pobomi poszenanymo 3adauy wjoodo 3abe3neuenHs HeobXiOHO20 PIBHS eeKMUBHOCMI BUKOPUCTIANHS
BUPOOHUYO-MEXHONO2IYHO20 NOMEHYIANY PYXOMO20 CKAAOY PelKO8020 MPAHCNOPMY ma 3anponoHOAHI
wiaxu il eupiwenns. Takoo Hageoeno KOMMIEKCHUll pos3ensio o0 ’€kmig, cucmem i Npoyecis, AKull
nepedbauae ix idenmugbixayiro, wo 3abesneuye ¢popmanizoeanui onuc. Ha ocuosi uozo 6yno
3anponoHOBAHO MOOETb Ma Memoo OIAZHOCIUKU, WO GIOKPUBAIOMb MOICTUGICMb 83AEMOOI] YNPABIIHHA
niocucmemoro OiazHOCMUKY ma NIAHY8anHs pobomu 00 €Kmie i cucmem pyxomoeo CKIady HaA OCHOSI
Gaxmuunoco mexniuno20 cmauy. Bupiwienns makum wisixom 003601umb NIOGUWUIMU  NOKAZHUKU
OCHOBHUX ACNEKMIE BUPOOHUYO-EXHONO0IYHO20 NOMEHYIAT, WO € MEMOol0 OaHOi pobomil.

Knwuogi cnoea. memoo oiacnocmuxu, mMooeib, O0eKOMNO3UYis, CUCMEeMHUL AHANI3, cucmemd,
BUPOOHUYO-MEXHOIOCTYHUL NOMEHYIAIL.
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MODELING OF SYSTEM FOR MONITORING OF RISKS IN THE TRANSPORT

The article deals with the actual problems of modeling the processes for monitoring risks in
transport. This monitoring involves determining the state of transport objects, as well as procedures
for minimizing the consequences of situations caused by the onset of risks. The article discusses the
problems of effective creation of system for monitoring of risks in transport based on the use of
appropriate models. The article proposes modeling this system based on situational-semantic model.
The approach proposed would contribute to recognition of risks and generation of management
decisions to eliminate their consequences. The proposed situational-semantic model allows: to
predict the behavior of complex transport objects and transport infrastructure objects; take into
account the possibility of emergence of new transport objects and processes for ensuring their
functioning in conditions of minimizing possible risks; respond adequately to local and global factors
of influence on transport objects; dynamically change the structure of the system; take into account
new data to predict the development and improvement of relevant transport objects; predict the
development of processes to ensure minimization of risks and the consequences of them.

Keywords: model, modeling, information system, transport risks, monitoring of processes, semantic
measures, situational-semantic measures.

Introduction. Transport is always associated with certain risks. Studying these risks, determining
the degree of their impact on the functioning of transport objects and transport infrastructure objects is
a complex problem. This is due to the fact that, firstly, there are several classes of risks in transport, in
particular:

Technical risks: production, technological, innovative.

Economical risks: property, commercial, financial, credit and interest rate.

Social risks.

Environmental risks.

And, secondly, each of the risks is associated with a large number of dynamically changing factors
of influence. Therefore, the monitoring of risks, the development of appropriate information systems is
an important and urgent problem. The creation of such complex systems will be optimal if it is based
on the use of models of objects and processes in transport.

Modeling of risk monitoring systems in transport would facilitate the timely recognition of risks
and the generation of solutions to eliminate their consequences.

Analysis of recent research and problem statement. When building a complex technical system,
which is a system for monitoring of risks in the transport [1 — 4], it is important to choose the method
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of presenting knowledge about the subject area (transport industry). Among the main types of models
of knowledge representation should be noted [5 — 8]:

1) production model — a model based on rules, allowing to present knowledge in the form of
proposals such as: "If a condition, then an action™;

2) semantic network — an oriented graph in which concepts and objects are represented as vertices,
and relations between objects are represented as arcs;

3) frame model — a model based on frames, which consist of a finite number of slots, each of which
has a name and meaning.

4) ontological model — a conceptual construction based on some global categories (space, time and
quality).

The construction of an intelligent safety management system for complex transport complexes is
considered in [9]. In [10], a multilevel model of an object-oriented intelligent system is proposed. The
principles of designing complex systems are considered in [11].

These works do not consider the case when objects are dynamic, can function under conditions of
certainty and knowledge about objects is heterogeneous. This can lead to incorrect risk assessment, as
well as to an erroneous assessment of the feasibility of the operation of the transport objects or
transports infrastructure objects. Therefore, the problem of developing a model of system for
monitoring of risks in the transport is relevant.

The purpose and tasks of the study. In this work, when modeling of system for monitoring of
risks in the transport, a systematic approach was used, as well as analysis methods and a classification
method.

The main goal of this work is to develop a model of the system for monitoring of risks in the
transport. As such a model, a situational-semantic model was proposed [12].

Materials and methods of research. Modeling of system for monitoring of risks in the transport
(transport objects and processes for ensuring their safe operation without risks) can be based on
different models, the choice of which is determined by the tasks set (in our case, this is minimizing the
consequences of existing risks or minimizing the chances of their occurrence) and the subject area (
transport industry).

The authors propose to use modeling based on a multi-level model of a special class of semantic
networks (SM) — situational-semantic networks (SSM), in which situations determine not only the
description of the model at any of its levels, but also the transition from one level to another [13].

The SM that is used is a system of knowledge of the subject area (the transport industry, its
individual components: transport objects and transport infrastructure objects (bridges, train stations,
hotels, etc.).

This has a certain content in the form of a coherent image of a specific network model of the
system for monitoring of risks in the transport.

The nodes of this model correspond to transport objects or transport infrastructure objects
(concepts of the subject area, system components, constituent elements of the process of ensuring the
functioning of a transport objects or transport infrastructure objects (either with minimal risk
(economical, technical, environmental, social), or with the presence of minimization procedures the
consequences of the onset of risks).

Arcs reflect the relationship between all objects of the considered domain.

Formalization of the SM is possible provided it is systematized.

For example, in the model, the functions of relations between concepts are systematized using the
following features:

relationships (for example, "abstract - concrete”, "whole - part”, "cause - effect");

conditions for the application of relations;

links (conjunctive, disjunctive, exclusive OR).

SM can be given by three:
Msmz{GsmaHsmaUsm},
where G, — set of elementary transport object and transport infrastructure object (nodes),Gsw#9;
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Hsm — set of connections between nodes (arcs), Him < (Gsm'Y Gem);

dom(Hsm) W ran(Hgm) = G,

where dom(Hgm) = {y € Gsm| I X € Gem,(X,Y) € Hsm}, ran(Hgm) = {y € Gam| I X € G, (X,Y) € Hsm},
that is, any SM node is incident to at least one SM node.

Usm — set of loads on elements from a set Hsm. Gsm = {Gssm i}, where

G’smi — i-th node SM,

Hsm = {Hm}, where H’m;— j-th arc,

Usm = {U’smjk}, where U’y jx— k-th load on the j-th arc of the SM.

When constructing a SM, the number of elements and their connections is not limited, and the
systematization of relations between objects (transport and transport infrastructure) of the network is
necessary for the subsequent formalization of the processes of monitoring risks in transport.

Systematization of SM relations is a complex problem and depends not only on specific transport
objects or transport infrastructure objects, but also on the processes occurring in them and possible
risks both as a result of their functioning and for their functioning.

In particular, it depends on the processes of ensuring the functioning of transport objects and
transport infrastructure objects without economical, technical, environmental and social risks and
monitoring these risks.

When systematizing SM relations, an important role is played by the hierarchy of relations between
objects, which can be divided into:

generally valid (characteristic of almost all objects),

significant (characteristic of many objects),

specific (characteristic of individual objects).

Obijects are understood as transport objects and/or transport infrastructure objects.

There are the following types of SM [14]:

1. Logical-semantic, describing a transport object in terms of the subject area (in our case, the
transport industry), including all consistent statements and facts.

2. Structural and functional, considering a transport object or a transport infrastructure object) as
integral, dividing it into separate important elements.

3. Cause-and-effect, used to describe the dynamics of complex processes of ensuring the
functioning of transport objects and transport infrastructure objects safely or with minimal risks
(economical, technical, environmental, social).

The authors propose an SSM, which also takes into account the situational monitoring of the risks
of transport objects and transport infrastructure objects.

All situations, according to which modeling of the system for monitoring of risks in the transport is
carried out, can be divided into:

regular,

non-standard.

Standard situations can be divided into:

generally significant,

significant,

specific.

The use of situations and their typification contributes to the multilevel structure of the proposed
model (SSM) of system for monitoring of risks in the transport.

Formally, the SSM can be set as follows:

Mssmz{GssmaHssmaUssma Sssm}a

where G — Set of transport objects and transport infrastructure objects (nodes), Gsm#9;

Hssm — Set of connections between nodes (arcs), Hssm © (Gssm'Y Gssm);

dom(Hssm) W ran(Hssm) = Gssm,

where dom(Hgm) = {y € Gssm| 3 X E Gssm,(X,Y) € Hssm}, ran(Hsm) = {Y € Gesm| I X € Ggemy (X,Y) €
Hssm}, that is, any SSM node is incident to at least one SSM node;

Ussm — Set of loads on elements Hggm;
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Sesm — Set of situations in which functioning occurs SSM.

Gesm = {G’ssmi}, Where:

G’wmi— i-th node SSM;

Hssm = {H’ssmj}, Where Hgpj— j-th arc SSM;

Ussm = {U’smi}, Where U j— j-th load on the j-th arc SSM;

Sesme = {S°smi}, Where S’ — situation that determines the semantics of the i-th node SSM.

Route (path) — a sequence of nodes Xj,...,Xx 0f the network Mg, such that

Pssm 1k = {(X11X2)a- () (Xk—laxk)} = HssmX Hssm-

Path Pssm 1x = {Xu....,Xk} leads from node x; to the node Xy.

Route (path) Psm xy from node x to the node y is a cycle, if none of the nodes appears in it more
than once, the arc (x,y) € Hssm and its beginning x coincides with its end y.

Analysis of the results of the execution of the model (SMM) provides for reporting the situations
in which the transport object was (or was not) (the process of ensuring the security of the transport
object). Monitoring is carried out which situations for the object (transport or transport infrastructure)
are unattainable and impossible.

Analysis of the functioning of a transport object based on the SSM provides quantitative and
qualitative characteristics of its states. If deficiencies are found in the SSM, then the model is modified
several times until a model is obtained that is adequate to the transport object.

SSM components and their actions act as events. Examples of events can be, in particular:
situational determination of the route on the SSM, according to which the values of the criteria that
determine the situation are calculated.

Each event can happen once, many times, or never happen. This means that the event is blocked
and will not be implemented until the appropriate conditions are met.

The situational nature of the model is determined by the functioning of transport objects and the
corresponding class of tasks.

In order for an event with respect to a transport object or a transport infrastructure object (the
process of ensuring the functioning of a transport object or a transport infrastructure object without
risks (economic, including economical, technical, environmental, social)) to take place, situations must
arise in which this event can be implemented.

Situation - a set of conditions for the occurrence of an event.

The event is implemented if the conditions for its implementation are met.

The condition can be unfulfilled (its capacity is zero), fulfilled (its capacity is equal to one),
fulfilled with an n-fold margin (its capacity is n, where n is a natural number).

Indicators of quantitative assessment of the SSM: connectivity, reachability, redundancy,
compactness. Connectivity index vy, for SSM with n nodes:

1 n n ( )
_ C
Y= 12; {
Indicator of redundancy a =y — 1.
1 n n
Indicator of reachability &, = n—ZZZaf;’) ,
i=1 j=1
n n
Indicator of compactness Comp = >, > a5 .
i=1 j=1

aiﬁc) ) afj‘ ,aij‘-’ — elements of the corresponding adjacency, reachability and distance matrices.

The SSM of the system for monitoring of risks in the transport should be:
reliable; adequate;
purposeful;
simple and understandable for the user;
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complete; reliable;
such that it assumes the possibility of modification.

To adequately reflect the connection between input and output in the SSM, the concepts "state™ and
"situation" are used.

The state z(t;) is a set of properties (states, situations) of the SSM, the knowledge of which at the
moment of time t; allows us to determine its behavior at the moments of time t> t;.

Modeling of system for monitoring of risks in the transport, processes for ensuring the functioning
of transport objects and transport infrastructure objects in conditions of minimizing risks and/or
eliminating their consequences should begin with:

descriptions of all elements of the model of;

determining the content of these components and areas of change.

For the full functioning of the system for monitoring of risks in the transport, it is necessary to
determine:

the time interval in which the SSM of the system for monitoring of risks in the transport operates;

input and output impacts on possible risks (economical, technical, environmental, social) and areas
of their possible changes;

the set of characteristics of the state of the subject area (and / or its individual objects) and the area
of their possible changes.

Note that within the framework of one SSM, several variants of its submodels can be built
(depending on situations, factors of influence, criteria for assessing risks, etc.) The constructed model
reflects expert knowledge about possible risks in transport, the reasons for their occurrence and and
ways of their elimination or minimization.

There are two approaches to constructing an SSM [15].

1. « From abovey. At the initial stage, the core of the SSM is built, which is further completed
with the help of separate blocks of the model. Individual components of the model can be dynamically
completed to the core of the SSM.

2. «From below». At the initial stage, the core of the SSM is built, which is further completed
with the help of separate blocks of the model.

The model allows you to:

clear cognitive analysis,

dynamic modeling,

forecasting trends in the development of the transport system and its individual subsystems
(individual transport objects and transport infrastructure objects),

forecasting the quantitative values of the criteria characterizing the risks in transport;

analysis of model cycles, including life cycles; - analysis of the stability of the process,

analysis of structural resistance to disturbing and control influences,

topological analysis of the structure of the model.

Topological analysis, calculation of system indicators of transport objects and transport
infrastructure objects can also be carried out for the SSM.

The formation of control actions involves the implementation of the adjustment of the SSM.

A model correction is understood as:
changing the structure of the model (adding or removing any objects, factors and relationships
(connections) between them),

change in values characterizing objects, factors and connections.

Users are prompted to make one of the following decisions:

make adjustments to the initial SSM;

to develop a new SSM.

Let's consider an example of risk assessment.

To build the SSM of the system for monitoring of risks in the transport, the factors necessary for
assessing risks, the relationship between them, and their significance were identified.
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At subsequent stages, when constructing an SSM, factors that characterize the individuality of
transport objects and transport infrastructure objects can be used.

The values of the connections between the vertices are assigned based on expert knowledge (their
opinions, judgments, forecasts, etc.). The judgments were obtained by interviewing experts in the
subject area under consideration — the transport industry.

Figure 1 shows the risk assessment model using the principle «from belows.

Here:

v1 is the number of tasks;

v2 — the speed of execution of work to eliminate the consequences caused by the risks;

v3 is the number of expert assessments of risks and their consequences;

v4 — the onset of a situation caused by the emergence of a risk;

v5 — minimization of economic risks;

v6 — system reliability,

v7 — the ability of transport objects and objects of the transport system to function without the
manifestation of negative environmental consequences;

v8 — external factors affecting transport objects and transport infrastructure objects;

v9 — the number of errors made by users of the system;

v10 is the time taken to create the system; v11 - financial costs for creating the system;

v12 is the number of system users;

v13 — qualification of system users;

v14 — violation of normal operation;

v1l5 — emergency.

Z]

0,9

V7

Fig. 1. Risk Assessment Model
(Source: designed by the authors)
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The relationships shown in Figure 1 can be interpreted as follows:

for example, the relationship v3 — v6 with a weight of 0.9 means that if the value of the parameter
of the vertex v3 increases (decreases) by 10%, then the value of the parameter of the vertex v6
increases (decreases) (sign "+") by 9%;

the relationship v10 — v9 with a weight of — 0.7 means that if the value of the vertex
parameter v10 decreases by 10%, then the value of the vertex parameter v9 will increase ("—" sign)
by 7%.

Conclusions. The proposed model (SSM) of system for monitoring of risks in the transport:

allows predicting of the behavior of complex transport objects and transport infrastructure objects
in the context of monitoring possible risks;

takes into account (due to its dynamism) the possibility of the emergence of a new type of transport
objects (and transport infrastructure objects) and processes for ensuring their functioning in conditions
of minimizing possible risks;

responds adequately to local and global factors of influence on transport objects and transport
infrastructure objects;

dynamically changes its structure;

allows you to take into account new data for more accurate forecasting of the development and
improvement of the relevant transport objects and transport infrastructure objects;

allows predicting of the development and improvement of processes to ensure minimization of
risks, their complete absence or elimination and minimization of consequences due to the onset of
situations caused by the emergence of risks.
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Kocmanmun Tkauenxo™, Onvea Tkauenko, Onexcanop Tkauenko
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MOJEJIIOBAHHA CUCTEMHU MOHITOPUHI'Y PU3UKIB HA TPAHCIIOPTI

Y emammi pozenadaromucsa axmyanvhi npobaemu Mooemno8ants npoyecié MOHIMopuHey pusuKie Ha
mpancnopmi. Taxuii MOHimOpuHe nepeddauae U3HAUEHHS CIMAHY MPAHCNOPIMHUX 00'€EKMiB, a MAKOH#C
npoyedypu MiHimMizayii HacLioOKie cumyayitl, BUKIUKAHUX HACMAHHIM PUSUKIE.

Y cmammi posensoaromuvcs npobremu eghexmusHo2o0 CmEOpeHHs. CUCeMU MOHIMOPUHSY PUSUKIE
Ha MPAHCHOpMi HA OCHOBI BUKOPUCMAHHA GIONOBIOHUX Moldeiel. Y cmammi NponoHYyEMbCA
MoOenoeamu CUCmemy MOHIMOPUHEY HA OCHOBI CUMYayiliHO-CeMaHMU4Hoi Mooei. 3anponoHo8anull
nioxio OyOde Cnpusmu GU3HAHHIO PUBUKIE | (DOPMYBAHHS YNPAGIIHCOKUX DIUleHb WOOO0 YCYHEHHs iX
HacioKi8. 3anponoHogana cumyayitiHo-ceMaHmuuna mMooenb 0036015€: NPOSHO3Y8AMU NOBEOTHKY
CKAAOHUX MPAHCNOPMHUX 00'€kmie ma 00'€kmie mMpaHcnOpmuoi iHGpacmpyKxmypu, 8paxosygamu
MOJCTUBICIMb NOABU HOBUX MPAHCNOPMHUX 00'ckmig | npoyecie 0 3a0e3neueHHst ix QYHKYionyeanns
8 YMOBAX MIHIMIZAYIT MONCIUBUX PUSUKIB, AOEKEAMHO peazyeamu HA JOKAAbHI i 2100a1bHi hakmopu
BNIUBY HA MPAHCHOPMHI 00'€Kmu,; OUHAMIYHO 3MIHIO8AMU CIPYKMYPY CUCMEMU; 8PAX08Y8AMU HOBI
Oani 01 NPOSHO3YBAHHS PO3GUMKY | B0O0CKOHANEHHS BIONOBIOHUX MPAHCNOPMHUX 00'€Kmis;
NPOCHO3Y8AMU PO3BUMOK NPOYECis, Wo 3abe3neuyoms MIHIMI3ayio pu3uKie ma ix HACIIOKIE.

Kntouoei cnosa: mooensb, molentosauHs, iHopmayiiHa cucmema, pUu3uKu Ha MPAHCNOPMI,
MOHIMOPUH2 NPOYECI8, CEMAHMUYHI MePediCi, CUMY ayiliHO-CeManmMUyHi Mepexci.
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MOJEJIb B3AEMOBIUINBY EKOJIOTTYHUX ACIIEKTIB TA HOPMYBAHHSI
EHEPI'TI HA TAI'Y ITOI3AIB B JIOT'ICTHULI 3AJII3HUILD

Y cmammi pozenanymi numanHs eKono2iuHo20 0nO0amKy8aHHs BUKUOIE BY2IEKUCTIO20 2a3) KpaiHamu
E€gponeticoko2o co03y Ma MemoOONO2iA PO3PAXYHKY GEIUNUHU GUKUOIE 3 GUKOPUCIANHHAM HOPMAMUBHUX
OoKymeHmig Yxpainuu. Bcmanosneno nenpucmocosamicms Memoouky OaHUX PO3PAXYHKI6 HAULO Kpaitu 00
PeanvHux YMo8 eKchayamayii nio 6naueoM MpAaHCKOPOOHHO20 6y2leye8o20 ONOOAMKYBAHHA Mda
«Emissions Trading Systemy. 3anpononosano mamemamuuny mooens 6nIUGY eHEPLOLEHEPYIOUUX CIIAHYITL
Oepoicag ma ix 6KIAOY 6 3a2anbHUll eHepeoOananc Kpainu Ha eKONO02IUHY 6apmicmb ma MAcu 6UKUOIE
1 xBmeo0 cenmepayii  enexmpoenepeii. Busnauena — enuuuna  empam — ereKmpoenepeii  npu
MPAHCIOPMYBAHHI i1 i0 eleKmpoCmanyii 00 enleKkmpopyxomozo cKiady ma 6pPAXO8aHO 6 3d2aJIbHill
senuuuni siopaxysans 3a «Emissions Trading Systemy ons mepedic 3anisnuys nocmitinoeo ma 3miHHO20
cmpymy. Posenanymo na 6asi peanvHo2o NApKy mA208020 PYXOMO20 CKIAOY 3ANi3HUYb MA Mepedici
JIoGiCMUYHUX JUHIL CXeMu Mapuipymis pyxy mpausumuux ma micyesux eawmaoicis. llpoananizoeano
RACNOPMHI XAPAKMEPUCMUKU IOKOMOMUBIE MA BU3HAYEHO BeIUUUHY BUKUOIB T 8I0pAXy8aHb npu pobomi Ha
HOMIHANIHOMY DeXCuMi ma XOonocmomy Xooi. Bukonano pospaxynok numomux HOpm 01 00panux
Mapupymia cnioyéanHs ma noisHux ymos. Becmanosneno 3azanvui sumpamu, apmicmo ix ma eenuuunu
BUKUOIB Ui ONOOAMKYBAHHS OOPAHUX MAPUIPYMIG, MA UIHAYEHO HA iX 6a3i payioHATbHUX eKOHOMIYHUX Md
EKONO2IYHUX IOZICIUYHUX JIEHIU PYXY Noi30i6.

Knrwowuogi cnosa: nopmyeanns eumpam, 6UKUOU Y2NEKUCTIO20 2A3Y, eHePeOPecypCU, MAmeMamuiHe
MOOENI0BAHHS, MALOBUL PYXOMULL CKIAO, eKONOTUHI NOKASHUKU, TO2ICIMUKA NEPeBe3eHb.

Beryn. IIpu poGoTi eHeproreHepyrounx MOTYKHOCTEH KpaiH, B YaCTHHI THX, IO 3aCHOBaHI Ha
NPUHIMIIT TEPEeTBOPEHHs XIMIUYHOI €Heprii BUKOIIHOTO MajiBa HA EJIEKTPUYHY EHEPril0 T'OJOBHOTO
reHeparopa, B cuily 0araTOKOMIIOHEHTHOCT] CIIOKMBAHOTO MalMBa W 1HIIMX YMHHUKIB, BUSBISETHCS
IIKIJJIMBAN BIUIMB Ha BCi chepu Hamroi rutaHetd. JIroaMHa — HEBi'€MHA YacTHHA JOBKULIS TOCTPO
BiJ[uyBa€ Oy/b-sIKi HEraTUBHI 3MIHHM BHKIIMKaHI BIULTUBOM TeXHOC(EpHU Ha apeas Horo NpoKuBaHHS. Y
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OPI'AHIBALIA NEPEBE3EHD I BE3IIEKA TPAHCIIOPTY

3B'A3Ky 3 [MM BHHHUKJA TMOTpeda OWIHKK BIUTMBY 3ac00iB BUPOOHHWITBA Ha AOBKULIS Ta HOTO
€KOHOMIYHA JIOIUIbHICTh 3aCTOCYBaHHA. BH3HAaYeHHS] KOHIIEHTpAIlii MIKiITNBUX PEUOBHH, aHATI3 Ta
MOITYK NUISAXIB iX 3MEHIIEHHS — HEBiA'€MHA YacTHHA IOJITHKA AEpKaB, IO BXOAATh M0 KioTchkoro
MPOTOKOIY, BIAMOBIAHO A0 3acizanHs Big 1997 p. kpainu mignucantu (y TOMy 4uCHi YKpaiHa) B3sUTH
Ha ceOe 3000B'I3aHHS 31 3MEHIIIEHHS BUKHUAY MAapHUKOBHX Ta3iB Ta IHIIMX MIKiATUBAX PEUOBHH Ha
NEBHUH BIICOTOK Ul KOXKHOI IEpKaBH BiJl BEIMUMHHM BUKUAY Ha OYyLIy HAcEJNCHHA. Y JOCKOHAIECHHS
KOHCTPYKIi €HepreTHYHOro Ta TPaHCIIOPTHOTO KOMIUIEKCIB, SIK OCHOBHHMX 3a0pyIHIOBAdiB JTOBKiJJISA
B YKpaiHi, eKOJIOTIYHUIA Ta €HepreTHYHUH ayJquT, KOHTPOJb TEXHIYHOTO CTaHy — BCE€ 1€ TTOBUHHO
CTaTH HAWBAXXIIMBIIIMMH HAPAMKaMH y (PYHKITIOHYBaHHI Ta PO3BUTKY 3ai3HUYHOI Tamys3i.

AHaji3 OCTaHHIX JOCTiIKeHb i MocTaHOBKA mMpoOjeMH. 3pOCTaHHS I[iH CHEPropecypciB Ha
CBITOBUX pHHKaxX Ta 30UIbIIEHHA TMOAATKIB 3a 3a0pyTHEHHS OTOYYIOUOTO CEPEAOBHILNA CTHUMYIIOE
PO3BUTOK HAayKOBO-TEXHIYHOTO mporpecy. He muBHO mo Oe3miu (axiBIiB MPHUCBATHIM CBOI Iparli
€KOJIOTIYHOMY KOHTPOJII0, HOPMYBaHHIO €HEPropecypciB Ta MaTeMaTHYHOMY MOJICIIFOBAHHIO
pamioHaJbHOTO OanaHCy €KOHOMIuHOi Ta eKkosoriuHoi ckiagoBoi. Ha meprmiomy etami anamizy
MPOOIIEMAaTHKH HEOOXiTHO BU3HAYUTHICH 3 ICHYIOUMMH PEajIisiMi Ta CTAHOM €HEPTeTHKH, sl YKpaiHu
e nobpe BigoOpaxeHo B pobotax [1-2]. XapakTepucTuka THIB MaJUB, SIKi 3aCTOCOBYIOTHCS Ha
termosux enektpocrannisax (TEC), Temnosux enekrponentpassix (TELL) i B ABUryHax BHYTPIIIHBOTO
3TOPSIHHS, X EJIEMEHTHOTO CKJIaay, TEIUIOTBOPHOI CIIPOMOXHOCTI Ta OCHOB TeOpii TOpiHHS J00pe
OMHCaHO B MAPYYHUKY [3] — IO Ja€ MOXIUBICTP BHU3HAYHTH EKOJOTiUHE HaBaHTaKEHHS | Kr
BUKOPHUCTAHOTO pecypcy. BpaxyBaHHs BIITMBY €KOJOTIYHOI JisSUILHOCTI Ha 3alli3HUYHOMY TPaHCIOPTI
(il cyTh, aKTyallbHICTh, MICIIe 1 pOJb) BimoOpaxkeHo B mpausx [4-5]. Pobotu [6-7] BHCBITIIOIOTH
E€KOHOMIYHY aKTYyaJbHICTh €KOJIOTI3allil 3aIi3HUIII 3 TPUBEICHHSAM pEaTbHUX MPUKIIAAIB Pi3HUX KpaiH
cBiTy. Ha apyromy ertami HeoOXigHO BHKOHATH €KOHOMIYHHIN Ta €KOJOTIYHHU aHAli3 TPAHCHOPTHHUX
3ac00iB 3aJi3HUIIb, 110 3HAKILIO CBOE BimoOpakeHHS B [§], Ta €KOJIOro-eKOHOMIYHOI e()eKTHBHOCTI
(GYHKIIOHYBaHHSI TEPUTOPIaIbHO-BUPOOHUYHUX i PEKUMIB POOOTH MiANPHEMCTB 1 JTIoKOMOTHBIB [9-10].
Cepen nux cmix Bumimata podoru [11-13], B skiii copMoBaHi MPUHIKIK PEXUMI3AIli TATOBOTO
PYXOMOTO CKJIaJy Ta OnTHMi3allii BUTpaT pecypciB Ha Tsry. B mpamsx Ocunoa [14] chopmynboBani
OCHOBHI TIJIXOAW [0 BHPIIIEHHS piBHSHb TITH TMOi3/1iB, BCTAaHOBJICHHsS BEJIMYMH BUTpPAT Ta
MpOaHaNIi30BaHIi CHJIM IIO BIUIMBAlOTh. BWKOPHCTaHHS OCBiY EKOJOTIYHOI CTIHMKOCTI MICBKOTO
TPAHCIIOPTY TPOTATOM SKUTTEBOrO MUKy [15] Ta cmiBcTaBieHHs HOTo 3 peanisMH 3ali3HUYHOTO
KOMIUIEKCY [ 16] npoTH/Iie MOBTOPY MOMUJIOK aBTOPIB Ta (POPMYE KaPTUHY €KOJIOTTUHOT OS3IEKH.

AHalni3 iCHYIOYMX HOPMAaTHBHHMX JOKYMEHTIB 3 HOPMYBAaHHS BUTpaT MNaJIMBHO-EHEPIeTUYHHUX
pecypciB Ha TATY TOi3/1iB, METOIUKH PO3PaXyHKY Ta BCTAHOBIEHHs KOe(]iliEHTIB HOPMOYTBOPIOKOUNX
piBHSHb BCiX BuUpoOHWUMX miapo3ainiB AT «Ykp3ami3HUI» TOKa3aB TOCTPY HEOOXIIHICTH Yy
MPOCYBaHHI €KOJIOTIYHUX MMUTaHb, SIK TAKUX, IO € YACTUHOI METOOJIOTii HOpMYBaHHS, Ta po3poOii i
BITPOBA/PKCHHI HOBUX METOIWK Ha 3amiHy ctapuM [17]. Bukopucranus npari [18] Ha perioHanbHHX
¢imisx, Qimisx Ta HIMUX CTPYKTYPHUX MiAPO3IiNax MPU3BOJAUTH O 3MEHIIEHHS E€HEPrO€MHOCTI
BUPOOHMIITBA 1 SIK HACIIIOK KUJIbKOCTI HIKIJJIMBUX BUKHJIIB B aTMO-, T1JIpO-, JIiTO- 1 Oiocdepu Haioi
wiaHeTd. ToMy BHpIIIEHHSIM TNPOOJEMH € CTBOPEHHS MaTeMaTH4HOI MOJENi B3a€MOBIUIMBY
€KOJIOTIYHUX AacCIleKTiB Ta HOPMYBaHHS €HEprii Ha TATY IOI3/[iB B JIOTICTHII 3alli3HUIb, SKa Oyze
HarpaBJieHa Ha OTPUMAaHHS €KOJIOTIYHOTO Ta eKOHOMIYHOTO OanaHCy.

Mera i 3aBnanHs qociaigkeHHs. [IpoananizyBaty icHyr0Uy METOIUKY OOJIIKY BUKHIIB IIKiIJTUBUX
peuoBHH. PO3rIsiHyTH peasibHYy JIOTiCTHUHY MEpPEeXy TpPAHCIOPTYBAaHHS IIOTOKIB TpPAaH3UTHUX Ta
MICIICBUX BaHTaXiB. BCTaHOBHTH e€HeproreHepyrouuii BIUTUB (32 THIIOM €JIEKTPOCTAHII) B
eHeprocuctemi Ykpainu Ta BenuuuHy BukuaiB CO, Ha roaumHy ix pobOotu. BusHauntn BennyuHy
BiJJpaxyBaHb BYIJICIIEBOTO MOJATKY Ta KiJIbKICTb BHKHIIB TPAHCIOPTHUM MOTOKOM 3a MapLIpyTaMHu
clligyBaHHs. BCTaHOBUTH €KOHOMIYHY Ta €KOJIOTIYHY BapTiCTh IIEPEBE3CHb.

Martepiai Ta MeToau aociaixkeHHs. [1o0ai3allisi CBITOBOr0 PUHKY JIOTICTHYHUX IIEPEBE3CHD Ta
0opoTb0a KpaiH 3a eKoJIori3amilo BCiX BUIIB TPAHCIOPTY HAKJIaga€ CBii BIIOMTOK Ha OMOJATKYBaHHS
HIKIIJMBUX BHUKHMIIB Ta KIHLEBY BapTICTb NPOAYKTY B KpaiHi mpusHaueHHA. Tak €BpoIenchKe
TpaHCKOpAOHHe ByrierneBe onogaTkyBanHia (TBO) mpoaykmii noOyBHHX Ta TMPOMHCIOBUX
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MiATNPUEMCTB 3HIDKYE KOHKYPEHTHY 3/4aTHICTH cOOIBapTOCTI TOBapiB W pecypciB KpaiH He WiCHIB
€sporneiicbkoro coro3y (€C) mo piBHS BTpatd puHKY 30yTy (y 3B’S3KY 3 €KOHOMIYHHUM IPOTPAIIOM
BapTOCTI MOPIBHSHO 3 IHIMMMH). Tak K OCHOBHA YacTHHA MPOAYKIi ekcropty Ykpainm B €C €
MIEPENTiKOM LBOTO CIUCKY, a KiHleBa BennuuHa TBO 0a3yeTbest Ha 007Ky BUKUIIB BYTJIIEKHCIIOTO Ta3y
Ha BCiX eTamax (BUAOOYTOK, mepepoOka, 30epiraHHs Ta TPAHCIIOPTYBaHHA), a TPAHCIOPTHA CKJIAI0Ba
3aiimae 6mu3bKo0 30...40% KiHmeBoi co6iBapTOCTI MPOAYKIIii i OCHOBHUI 00’ €M MEpEeBE3eHb MPHUIIAIAE
Ha 3aJTI3HUYHUHA KOMIUIEKC BUHMKAE MUTAHHS OLIHKU JOLIIBHOCTI ICHYIOUMX MaplIpyTiB MEepeBe3eHb
BaHTaxXiB. KpuTHuHUM (akTOpoM € Takok 0coOiIMBicTh reorpadivyHoro (Ha mUIAXax BaHTaXKOMOTOKIB
MDK €Bpororo Ta A3i€r0) Ta cTpareridHoro (OCHOBHA YAaCTHHA IIEpEBE3CHh BaHTAXIB B YKpaiHi
NpUNanae Ha 3aJi3HUYHUNA KOMIUIEKC ¥ BiH MPOEKTyBaBcs miJ Benuki 06’emu 3a yaciB CPCP, Ttomy
BTpaTa TpPaH3UTHUX TOTOKIB MOXE MPHU3BECTH JO0 3HHULICHHS OKPEMHX CTPYKTYpHHX Ta
IHQPACTPYKTypHHUX €JIEMEHTIB JaHOTO KOMIUICKCY, SICKPaBUM MPUKIAIOM TaKOro BIUIMBY €
pO30MpaHHs «HEMApHHUX/TIAPHUX KOJIi» Ha TIeperoHi, NPUHMaIBHO-BIAIPABHUX KOJIH TapKiB,
3MEHIICHHS TaTy Ta 00’ €JHaHHS BUPOOHWYMX MiAPO3/iNiB XapKiBCHKOTO 3aIi3HUYHOTO By3Jia — BCE
11e TMPU3BOJUTE N0 MiABHINEHHs coOiBapTtocTi onuHUI mpoaykmii AT «Ykp3ani3HUIi», 3MEHIICHHS
MPOIMYCKHOI 3/IaTHOCTI Ta CTIHKOCTI KOMILIEKCY ITIKOBHM HAaBaHTA)XCHHSM) PO3TAlllyBaHHS YKpaiHU.
BaxnuBuM pakTopoM € TaKOoXK MiJBUIICHHS BYTJICLEBUX KBOT B paMKax TOpriBii Bukuaamu B €C (1o
cucremi Emissions Trading System (ETS)) 3 30 eBpo/1 Tony (B 2020 poui) mo 50 eBpo/1 Tony (B
TpaBHi 2021 poKy), a TaKOX IIe Mall0 BiHOIIEHHS ¥ O PO3IMIMPEHHS CIUCKY TOBApiB 1 MPOAYKIIi y
BIJTHOIIICHHI SIKUX BBOJUTHLCA JaHa cucteMa. Ha Hanry aymKky B MallOyTHROMY JIaHWM Tepenik Oyne
PO3ILIMPEHO 10 BCi€l 0e3 BUHATKY MPOMYKIIii, a BEMTMUHUHA OMOJIATKYBAaHHS Oy/e TIIbKH 3pOCTaTH.
IcHyrO4a MeTOAMKA BETMYMHHI BUKHUIIB IIKIUTMBOI PEYOBHHH NPOIIOHYE BU3HAYATH 33 (POPMYJIOIO:

4 21- Ly -G,
Ky 10" -Cyy (0001~ "7 == ~0000974 G, )-t

E,. = "% , 1
XYi B (1)

ei

ne  Kyy — xoedillieHT MmKiAIMBoi peYoBUHNA (U1 OKCHIIIB a30Ty KNOX =5,72, 11st OKCUIB BYIJIELO
KCOX = 3,475, 11 BUKHIIB BYTJICBOIHIB KCmHn =5,46);
Cxy — KOHIIGHTpaLlisl BUKUIIB 3a0pyAHIOI0UO0] PEYOBUHHU 32 pe3yJbTaTaMH 3aMipiB, %o;

Lgir — TEOPETUYHO HEOOXiJHA KUIBKICTh MOBITPS JUIsl 3ropaHHs | Kr majauBa - JUIS JU3EIBHOTO

nanuBa (MOIEKyY/IApHA CTPYKTYpa SIKOTO MO€E CIIiBBimHOMmeHHs pedosun O =0,5%, C"=86%, H" =13%,

$"=0,5% Ta cepemHiii MacoBiil yacTHHI KHCHIO B oBiTpi 0,=0,232) cKianae Lgir =14,32 xr;

Gt — dakTvHa BUTpaTa IU3EIHHOTO TIANINBA, T/C;
C02 — KOHIICHTpAIIis KHCHIO y BiANIPaibOBaHUX Ta3ax, %o;

P,; — eeKTHBHA MOTYXKHICTH JM3€JIsl TETUIOBO3a Ha i-My pEXHUMi BUNIPOOYBaHHS 4K poboTH, KBT;

t — 9ac, MPOTATOM SIKOTO 3JIIHCHIOETHCSI BIUTHB Ha €KOJIOTIIO.

Hepmonikom naHO1 METOAMKM € 3aCTOCYBAHHS JIMIIE A0 TEIUIOTATOBOTO PYXOMOTO CKJady, IO B
yMOBaxX pPO3BUHYTOi eHeproreHepyrouoi cucremun Ykpainm ta TBO i ETS moxxe mpusBectn 1o
E€KOHOMIYHHX Ta Tajy3eBUX BTpar. [IpyruM BaKJIMBHM HEIOJIIKOM € TpUB’si3Ka A0 P, (B pealbHHX
YMOBaXx €KcIUTyartalii BCTAHOBUTH AY)Xe BaKK0). ToMy NMpPOMOHYETHCS iHIIA METOAMKA M aJrOPUTM,
OCHOBA SIKOI € MOBHE 3ropsiHHs ejgeMenTiB nanusa: Byrieiio (C), Boxaro (H) Ta cipku (S). ITonpaska
HeJIonay MOBHHHA OyTH 3/11HCHEHA TUTBKH ITICHIsI €KOJIOTTYHUX BUIPOOYBaHb 001 JHAHHSI.

B ymoBax 30epekeHHsI TPAaHCTIOPTHHX TOTOKIB, Ta SIK HACIIIOK 3aJII3HUYHOTO KOMILIEKCY Y KpaiHH,
PO3MIIIHEMO TPAH3UTHI W BHYTPIIIHI KOPWUAOPW NPSMYBaHHS BaHTaxXiB Bif craHuii Bamyiikn
(Pociiicbka (enepartisi) uepe3 craniito Kym’sHcbk-CopTyBaibHHN (3 MOXJIMBHM IPUEIHAHHIM B
XBICT I0i3/la BaroHiB MpPOJAYKII BHYTPIIIHBOIO BUPOOHHITBA) JIO CcTaHIii HOBOMOCKOBCBHK-
JHinpoBceKuUii.
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[TepmuM eTanmoM MOBHHHO CTAaTH aHAJI3 MOI3HUX YMOB TPAHCIIOPTHOI JIOTICTHKH MiX BKa3aHUMHU
cranmisimu. Ha pucynky 1 300pakeni morictuuni minii [liBnennoi, Jlonenpkoi ta IIpuaHinpoBcbKoi
3aM3HALG 32 BHJOM CTPYMy Ta THIOM TATH. SIK BHAHO 3 puHCYHKY 1 Ha maHiil mimpHumi AT
«YKp3aJli3HUL» Y CBOEMY TEPEIIiKy Ma€ BCi BUAM CTPYMY ¥ Ha OKPEMHUX JUTLHUIISA TEIUIOTSTY. 3MiHa
TUIy TATOBOTO PYXOMOTO CKJIaJy BUMAarae po3riisid, Ha KOXKHOMY IUIedl eKCIUTyaTaiii, BChOTO
nepemiky oAuHUIb. [lepmmM BaXXIIMBUM MPOMIXKKOM € M KOPAOHHUH mepexif Bix cT. Bamyiiku mo
ct. Ky’ ssacpk-CopTyBalibHU# 3 TPOXOHPKCHHSIM MUTHOTO Ta MPUKOPJAOHHOIO KOHTPOJIFO Ha BKAa3aHUX
ctaHiisx. OCHOBHUM JIOKOMOTHUBOM €KCIUTyaTarlii, Ha Aanii aiuteHui, € BJISOC. Big ct. Kyn’sHcbk-
CopTtyBasIbHIH, HE3aJIE)KHO Bl HAMTPSIMKY BaHTaKOTIOTOKY, ¥/1€ 3MiHa POy CTPYMY IO cT. I 'pakoBo Ta
cT. CBATOTipChK TOMY 3acTOoCOBYIOTh BJI82M. Ilpu HemocTaTHil KiJIBKOCTI JOKOMOTHBIB TOJIBIHHOTO
CTpYMY JKHMBJICHHS MOKJIUBI 3yIMMHKHA Ha BKa3aHUX CTAHIIIAX CTUKYBAHHS JUIsl 3aMiHU JIOKOMOTHBA. 3
6oky IliBgeHHOT OCHOBHIM BaHTa)XHUM JIOKOMOTHBOM TOCTiitHOTO cTpyMmy € BJI11, 3 60ky loHempkoi
samizanmi — BJIS, mokomoTuBHMN mapk [IpuaHimpoBCchKoi 3alli3HHAIN MPEACTABICHUN B OCHOBHOMY Y
Burisini BJIS Ta BJI11. Ha ninbHUISIX TEIUIOTSATHM TEPEBE3C€HHS BEIMKOBAHTAXHHUX COCTaBiB
nokmageHo «Ha toiedi» 2TE116 — OCHOBHOrO BaHTa)KHOTO TETUIOBO3Y BKa3aHUX 3ali3HUIb. Ha
pUCYHKY 2 300paskeHI TpPaHCHOPTHI KOPHIOpW pyXy BaHTaxiB Big cr. Bamyiiku 1o cr.
HoBoMockoBChK-/[HINPOBChKUM, IX MPOTSKHICTH, CEpPell SKUX Ha CHOTOIHIIIHIA Yac OCHOBHUM €
MO3HAYCHUI CHHIM KOJIbOPOM; 3€JIeH] Ta YepBOHI JIOTICTUYHI JIiHiT € pe3epBHUMHU.
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Puc. 2. 'padiune 300pakeHHs MOKJIMBHX MOTOKIB BaHTa:KiB 3i cTaHuii Baxyiiku 1o cranmii
HoBoMockoBchK-/IHIiNpoBCchKHiIi

JpyruM BaXJIMBHM €TalloM € aHajli3 eJEeKTPOreHEepYIOUYHMX CTaHIlid €HerocucreMu YKpaiHu, iX
BKJIJy, 300paKeHHsI SKOTO HaBeJeHO Ha pucyHKy 3 3a iHdopmariero Bim HEK « YKPEHEPI'O», B
3arajibHUl eHeproOajaHc Ta BU3HAYCHHS BEJIMYMHU BYTJICIIEBUX BUKHUJIB NpU BUpoOieHHi 1 kBT-roxq
enekTpoeneprii. [yis uporo y npomixkok gacy 3 01.07.2019 no 01.11.2021 B tabnumi 1 BU3HAYUMO
CepeHil eeKTPOreHEePYOUHi BIUIMB KOXKHOTO JPKEpEa eJIeKTporeHeparii.

Tabauys 1. CepeaHiii eJleKTporeHepyr04nii BIVIUB Ta BeJIUYNHA BTPAT B MepeKax eJieKTpoeHeprii
Ykpainu Ta ejqexkrponocrayanus AT «Ykp3amizuuui»

Cepepi Bicaz Bingcotox . Brparu Brparu
Tun B BKJIay B Cepeniii eJIeKTpOeHEepTii CJIEKTPOCHEPIT B
.. | eHeprocucTemy KK [1-2] mepexax AT
EJIEKTPOCTAHIIT N €HEeprocucTemMy B Mepexax . .
VYkpainu P, Vipaiam. % Kegy %0 Vipainn [1], % «YKp3aJi3HULI»
MBm-200 patHi, P ' [17-18], %
AEC 9072,03 56,97 25 Ha MOCTIHHOMY
TEL] 1326,84 8,33 31 CTpyMi:
CEC, BEC, Cb 868,79 5,46 12.5...25 15 12,11
TEC 3714,99 23,33 31 Ha 3MiHHOMY
I'EC 785,29 4,93 90...93 CTpyMi:
I'AEC 156,83 0,98 88...91 11,6

3rigno 3 Tabu. 1 ta puc. 3 equHUM mKepenom Oeznocepeanix BukuiiB CO, B atmocdepy € TEC ta
TELl, xiMiyHa OCHOBa SKWX TIOKIIQJICHa B MPOIECI OKUCIICHHS TBEPIUX, PIIKUX YW Ta30momiOHUX
namuB. [lpm 1poMy OyJeMo pO3TsAaTH TiJbKH MPOIEC IEepPeTBOPEHHs XIMIUHOI eHeprii

3o6ipruk nayxoeux npauyw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38

251




OPI'AHIBALIA NEPEBE3EHD I BE3IIEKA TPAHCIIOPTY

oesmocepennbo Ha TEI[ Ta TEC i He Oynmemo BpaxoByBatu Bukuau CO, mpu BUAOOYTKY,

TPaHCTIOPTYBaHHI Ta 30epiraHHI MaJINB.
A, MBrrox

20000

15000

uTigpoakKyMy 1:0k04i e1eKTPoCTaHMil
uTizpoeaexTpocTanmii

10000 # Ten1oBi erexTpocTaHmii

u Constuni eeKTpocTaHMii, BITPOBi
eJeKTPOCTaRmil Ta CTaHNii Ha Glomaausi

# Ten10Bi e1ekTponeHTpaTI
5000

¥ AToMHI eeKTpocTaHNIl

01.07.2019
01.082019
01.09.2019
01.10.2019
01.11.2019
01.12.2019
01.01.2020
01.02.2020
01.03.2020
01.04,2020
01.05.2020
01.06.2020
01.07.2020
01.082020
01.09.2020
01.10.2020
01.11.2020
01.12.2020
01.01.2021
01.02.2021
01.03.2021
01.04.2021
01.05.2021
01.06,2021
01.07.2021
01.082021
01.09.2021

01.10.2021
01.11.2021

Puc. 3. T'padiune 300pa:keHHs eJIeKTPOreHEePYIOYNX MOTY:KHOCTEMH Ta iX BKJIaAy B 3arajbHy
eHeprocucTeMy YKpaiHd Ha 00paHOMY MPOMIKKY 4acy

3rinno 3 manmmu HEK «YKPEHEPI'O» Ha po3riissHyTOMy HOpPOMIXKY 4acy CepelnHid BKiIazg
BCTaHOBJICHOI IOTYXKHOCTI B €HEProcucTeMy YKpaiHu OJIOKiB 10 NMPAIOI0Th HA BYT1JUTI aHTPAUTOBOT
Ipymny, Ta30BOi IPyNH Ta Ha ra3y HaBexeHO B Tabmuui 3. [IpuBenemo B Tabnwii 2 XiMiuyHHNA CKIas
OCHOBHHX TEIUIOTBOPHUX EIEMEHTIB BKa3aHUX MaluB 3riAHO AaHuX [3] mis anamnizy. st BU3HAYCHHS
MUTOMOI TEIUIOTHU 3TOPSHHS CKOPUCTAEMOCS (HOPMYJIOL0:

:(Qc'kc"‘QH'kH +Qs -Ks) -Kep , (2)

a 100

ae Qc, Q. Qs — KUIBKICTB TEIUIOBOI €HEPrii 10 YTBOPIOETHCS MpHU crantoBaHHi Byrielto (C), BOIHIO
(H) ra cipkwu (S), M/]rc/xe;
Kc, Ky , Kg — BiICOTOK BMICTy B Maci KOXKHOTO €JI€MEHTY;
Kp — KOeQiIlieHT KOpEIALii Ha HarpiB MOBITPS, HE i1CAIBHICTB IPOLIECY OKUCIICHHS Ta CyMIllll B ITAJIHBI.
Pe3ysnbraTtu po3paxyHKy Ta BXiJHI 3HaU€HHS OOJIIKY MMTOMOI TEIIJIOTH 3TOPSHHS I PI3HUX THITIB

BUKOIHUX MalMB HaBeAeMo y Tabmumi 3. Po3paxyHOk BenauuumHM BimpaxyBanb (3a ETS) 3
eNIeKTPOCHEePrii BiANOBIHOT Irpynu nanuBa (4;) IPONOHYEThCS 3iHCHIOBATH 3a (HOPMYIIOHO:

_ Eco2 . dEVRO (3)
10°- (Prey; + Prgc) - K.,

ne Eco, —kimbkocti Bukuais CO, npu po6oTi eHepro6I0Ky Ha BiIIOBIXHOMY THUIIl HAIHBA, /1200,

dgvro — BapTicTh kBOTH 1O cucteMi ETS, dgrg =50espol/m ;
Presy s Prie — BIANIOBIZHO CepenHiii BKIa B eHeprocucteMy YKpainu npotsrom 1 ron, MBm-200;

K,, — BiacoTok BrutkBy B 3araisHomy BupoOHuuTei TEL[ i TEC, %.
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Tabnuys 2. EHepreTH4Hi XapaKTepUCTHKH THITIB MAJIHUB SIKi 32CTOCOBY€ETHCSI /I/Isl BAPOOHUITBA
enexkrpoeHeprii Ha TEC Ta TEILL Ykpainu ii 1M3e1bHOI0 NaJMBA IKe BUKOPUCTOBYIOThCS Ha TEMJIOBO3aX
AT «Yxp3amisHULi»

IIutoma TemnoTa
I'pyna manuBa C, % H, % S, % kKP 3TOpSHHA (,

Moc/m
Byrimns aarparmmrosi (Anthrazit) 915 53 1 1,21 31056,03
Byrimns rasosi (Gaskohle) 86,2 3,75 1 1,21 27813,14
I"a3 (TpyOonpoBinHmii) 71,25 23,75 0 1,32 43073,86
Jlu3enbHe manuBo 86 13,3 0,15 1,11 42319,75
KinmpkicTh TemoBoi eHeprii mpu
cramoBanHi Q, M/[ic/xe 328 141 9,28

Hust oGumcnennst kinpkocti Bukuais CO, BimmosinHoi rpynn mnamusa (Ecq ) mpononyerscs

CKOpPHUCTATUCA BUPA30M:

_ ke 'j\/lco2 -3600-k,, '(PTEL( + Pryc)

Eco, = 4
. M -q-k,, -100 @

ne Mo, , M — Binnosiano momsipua maca CO; ta C, M = 442/ monv, M =122/ monw;
3600 — mepeBinuuit koedimient 3 MBm B M/{xc;
K., — cepenniit Bincorok KKJ| TEC Ta TEL,

BusHaueHHs 3arajpHOI BEMWYMHH BiapaxyBaub (3a ETS) 3 emexrpoeneprii (4x) MPOMOHYETHCS
3MIHCHIOBATH 32 (HOPMYIIOF0:

I
Kec - pl'zAi K,
AK — i=1

®)
10000
ae P, —cymapuui Bincorok Bkinany TEC 1 TELL B eneprocucremy Ykpainu, p; =3166;

| — kinbKicTh rpyn nanuBa, 1=3;

— xoedilieHT 301IBIIEHHS BTPATH EJIEKTPOECHEPTII B Mepekax YKpaiHu.

Kec 6 y

Bennuuny kinbkocti Bukunie CO, musensHoro namsa ("““Ecg”) Ha HOMiHaibHOMY peskuMi
pOoOOTH Ta XOJIOCTOMY XO/Ii TPOMOHYETHCS BU3HAYATH BHPA3OM:

ke Meo, -G
C CO, HOM , (6)

HOM E menn __

€% " M.-100

ne G,,,, — BUTpaTH IaMBa Ha HOMIHAILHOMY pexxuMi, it TeroBosy 2TE116 G, =0,920m .

menJ

I[J'ISI BHU3HAYCHHA KUIBKOCT1 BHKH/IIB C02 AU3CIIbHOTO ITaJIMBa ( ECOZ ) Ha XOJIOCTOMY XO/1

— Gy, =0,03m.
Toni st 00Ky 3araibHOI BEMWMYMHM BigpaxyBanb (32 ETS) 3 1 kBt oTpumaHoi MOTYKHOCTI

migcraBuMo 3amicte G

HOM

teruoBody 2TE116 (AY™) nponoHyeThCsl BAKOHYBATH 3a (POPMYIIOO:

meni d

A'ff"” _ Eco2 - EVRO (7)

e

Je P, — NOTYyXHICTb TArOBOIO PYyXOMOI'O CKJIaJly Ha HOMIHAJIbHOMY PEXHMI Ta XOJIOCTOMY XOAl,

aust 2TE116 BignosinHo "' P, =4500xBm ta ™ P, =32,5kBm .

PesynbTatu po3paxyHky ECoz Ta A 7151 KO)KHOTO THITY BUKOITHOTO MajIBa U 3araibHOTO0 Ay B
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eHeproOananci kpainu, 1mo 3actocoByethcss Ha TEC wm TEILl VYkpaiam, W Iu3eapbHOrO maiauBa
teroBo3y 2TE116 3BeneMo n0 Tadbmui 3.

Tabnuys 3. PesyabraTn po3paxyHky Kinbkocti Bukuais CO; ta Bizpaxysans TBO (3a ETS) pisuux
rpyn najuBa Npu BUPOOHUITBI elekTpoeHeprii B Ykpaini Ta Ha TemioBo3i 2TE116

I'pyna nanusa Krecsren, %0 Ky, %0 E002 y m Kee [1] | 4, espo/xBm-200
Bruus BYTiLs 14,55 45,95 2906,44 0,0627
AQHTPAIMTOBOI TPYITH
BruiuB Byruuist ra3oBoi 10,38 32,79 2181,72 0,0660
Tpynu 1,15
]rBar:;HB TpyOOIPOBOJHOTO 673 21,26 754,98 0,0352

$=p,=31,66 =100 ¥=5843,14 Ax=0,0211

Temnotsra (TemoBo3 2TE116)

Jliserbiie MAMEO | wovErer —2.9m | YELS=0,09m | "MAw =00322 | YA =0,0011

BpaxoByroui mani 3 Tabnwmi 1, a came BTpaTh €lIeKTpOeHeprii B cucTemi eHepromocradanHs AT
«YKp3ali3HHUIl», OTPUMAEMO BEJIMYMHY BapTOCTI BiapaxyBaHb (3a ETS) - mis mocriitHOro crpymy:
A7xk=0,0237 espo/xkBm-200; misa 3minHoro crpymy: A =0,0235 espo/xBm-200. Toni BpaxoByouu

THITH TATOBOTO PYXOMOT'O CKJIaay KinbKicTh BHKHIIB CO; ( Eé’g‘z ) Ta BeMMYMHA CYMHU OIOJAaTKyBaHHS

(4) OynyTh BU3HAYATHUCh 32 BUPA3aMH:

A=A-A, (8)
. A
By == 9)
EVRO

ne A — TOAWHHI BUTPaTH eNEKTPOeHeprii B HOMIHAIFHOMY pEeXHMi a00 Ha XOJOCTOMY XOi
TATOBUM PYXOMHM CKJIAZIOM, KBm-200.

i TEenoTAroBOro pyxoMoro ckjaay B BHpasi (8) 3aMicTh TOAWHHHX BUTpAT €JICKTPOCHEPTii B
HOMIHAJIFHOMY pEXHMiI 9 Ha XOJIOCTOMY XOJi HEOOXigHO IiJCTaBUTH TOAWHHY TIOTYXXHICTbH

TEIUIOBO3Y BIINOBIHO Ha HOMiHaNBHOMY pesxuMi (Jurst teruoBosy 2TE116 " P, =4500xBm) ta Ha

xonocroMy xoxi (quist TeroBosy 2TE116 P, =32,5xBm ). 3BeeMo oTpuUMaHi JjaHi Ta CIiBCTaBHMO
3 MACMOPTHUMH XapaKTEPUCTHKAMU PYXOMOTO CKJIaly Ta HaBeaeMo B Tao. 4.

Tabnuys 4. IlaciopTHI XapaKTepUCTHKH 00PAHUX THIIB TATOBOI0 PYXOMOI0 CKJIaxy

Cepist TPC BJIS BJI11 BJISOC BJI82M 2TE116
IoryxHicTb, KBT 3656 4529 5956 5588 4500
KK 0,896 0,88 0,899 0,847 0,293
3uinHa Bara, T 184 184 190 200 276
T'oxunHI BUTpaTH eIeKTPOeHeprii (KBT'I‘O,H) qu 4080 4980 6625 6600 9200
nanuBa (Kr) B HOMIHAJIBHOMY PEXUMI
ToaunHi BUTpaTH enekrpoeHeprii (kBT-ro) un 129 129 50 160 30
nayiuBa (Kr) Ha XOJIOCTOMY XO/Ii

. HoM = 3a2 3,1284~
TonuuHI co, M 1,93392 2,36052 3,11375 3.102° 2,898

. XX = 3ac 0,07584=
TonuuHI Eco2 ,m 0,061146 0,061146 0,0235 0,0752" 0,02093
Tomunna 724, espo 96,70 11803 | 155,69 1155?5’412_ 144,90

e o=

Tomurna ™4, eepo 30573 | 30573 | 1175 3?;77962. 1,05

IpuMiTKa. = - IOCTIHHUI CTPYM; - 3MiHHUH CTpYM
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[cHyrOUMIt miaXix po3paxyHKy HOPMH BUTPAT SICKTPUYHOI SHEPrii, IS SNIEKTPOPYXOMOTO CKIIAIy,
Ta TAJIMBA, IS TeTUIOTATH, 3rigHo [14, 17] BUKOHYIOTH 32 BUpa3aMHu:

e=ey K, KK -K +7"-(Ae +Aep)+e, (K +0. K7 ), (10)
n=n0-KW-Kq-K,.-KT-KT.C.+2'-AnT+nX Ky +O,-K§ -ny (11)

Je €p,N, — BIANOBIIHO BHXIJHI HOPMH BUTpAT €IEKTPOEHEPrii Ta AW3ENILHOTO MaluBa, sKi

BU3HAYAIOTHCSI TATOBO-CHEPTETUYHUM MACHOPTOM JIOKOMOTHBa, KBm 200/10 muc. m.xm.6p Ta
ke/10 muc. m.xm.op |

K, — koeoilieHT, KU BpaXxoBye 3MiHy ONOpY I0i31a B 3aJI€XKHOCTI BiJl 0COOIMBOCTEH HOro
(bopmyBaHHS;

Ky — KOeQIiuieHT BIUIMBY CTYIECHs BUKOPHCTAaHHS BaHTAXOMIAHOMHOCTI BAaroHiB (B JaHOMY

BUIIAJIKY BiTHOILICHHS CTATUYHOTO HAaBAHTAXXCHHS Ha BICh 110 17,5 m);

K, — koedimieHT cKIaaHOCTI HOPMOBAHOT TiTBHUIII;

K. — temnepaTypHuii koedinieHT HOpPMOBAHOTO HEPIOY;

K ¢ —KoedilieHT KU BpaxoBy€e TEXHIYHUIT CTaH JIOKOMOTHBA;

Z' — KUTBKICTh 3YIMHOK, sKi niepeadadeHi rpadikoM pyxy moizaiB Ha 100 moizmo-km;

Ae,, An_ — BIJNOBIIHO BUTPATH €JIEKTPOCHEPrii Ta JM3EIBHOIO NAIMBA HA BIJHOBICHHS KiHETHYHOI
€Heprii, BTpaueHoi Npu raibMyBaHHi, kBm-200/10 muc. m.km.0p ta ke/10 muc. m.xm.op;

A, — BUTpaTH eJIEKTPOEHEPTil Ul eIeKTPOBO3iB IIOCTIHHOrO CTPyMy B peocTaTax IMpH pyIIaHHi Ta
po3ToHi, kBm-200/10 muc. m.xm.op;

€; — BUTPATH €JIEKTPOEHEPTii HA TOTIOMKHI MAIMHK JIOKOMOTHBA, KBn1-200/10 muc. m.km.op;

Ky,

€JIEKTPOBO3a B XOJAY Ta Ha CTOSHKAX, OTPUMAHHX SIK YaCTHHA HOMIHAJIBHOI MOTYXHOCTI, PaKTHUIHO
BUKOPHCTAHOI /T 00CITyrOBYBaHHS JOKOMOTHBIB;

Ny — BUTpATH AM3EIBHOIO MajaMBa Ha XonocTuil xix mpu K, =1;

K, — BignmosigHO KoedillieHTH BHKOPHCTAaHHS TOTYXKHOCTI JOHOMDKHEX —MAlIiH

Ky — koe(ilieHT X0JI0CTOro X0y JIOKOMOTHBA, BUPAXKEHHUH BIJHOIICHHSIM 4acy XOJOCTOTO XOAy
JI0 3arajibHOTO Yacy pyxy Hoizza;

K — xoediuieHT Xx0s0cToi poOOTH aAM3eis, BUPAKEHUH BiJHOIICHHSIM 4acy poOOTH aM3elns 3a
100y 710 3arajbHOI TPUBAJIOCTI CTOSHOK;

O, — Koe(illieHT CTOSHKOBOTO 4acy, SIK BIHOIIEHHS 4acy 3yNHHOK, Iepen0adeHux po3KiIagoM

pyXy, JI0 3aTaJIbHOTO 4acy pyxy mnoisja.

Po3i6’emo MmapmipyTH, 300paxeHi Ha PUCYHKY 2, Ha IUIedi OOCIyroBYBaHHS JOKOMOTHBaMHU 3a
TUIIOM TSITOBOTO PyXOMOTO CKJIany, ix mpoTsukHicTiO (L) Ta exBiBasieHTHU migiioMoM Oe3 00Ky CHI
inepuii (i,) # 3Bememo no tabmumi 5. [pu npomy mapmpyr Ne2 po3i6’emMo Ha JBa MapmipyTH —
HEPILNi 3 IKUX BPaXOBY€E HeCTady eJEeKTPOBO3IB MOJBIHHOTO CTPYyMY *KHBJICHHS, a IPYTHi — iX MOBHY
HasBHICTb.

Tabnuysa 5. Iliedi 06cTyroByBaHHs 32 THIIOM TATOBOI'0 PyXOMOI0 CKJIAAY Ta iX MPOTSLKHICTIO

Tarosi miedi Tun TAroBoro pyxomMoro ckiamy L, xm
BJIS | BJIIl | BJSOC | BJIS2M | 2TE116 ie, %0
Mapmpyt npsmyBaaas Nel
Nel Banyiiku - Kyn’ ssaepk-CopTyBaJIbHUH ° 74|+0,11
Ne2 Kym’sucpk-CopryBaneHuil - Xapkis- o 135[+1,17
CopryBanpHHA '
Ne3 XngiB—CopTvyBaanHﬁ - o 266/+1,48
HoBomockoBChK-/IHITPOBCHKUI
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Mapuipyt npsimyBasHst Ne2a

Nel Banyiiku - Kyn’sHcbk-CopTyBasIbHUIM [ 74|+0,11
Ne2 Kyn’sstHcbk-CoptyBanbHuii - ['pakoBo ° 64|+0,54
Ne3 I'pakoBo - KpacHorpan ° 148|+1,32
N94. KpaCHovrpaL[ - HoBOMOCKOBCBHK- o 98/+0,21
JHINpOBChKUI

Mapmpyt npsimyBaHHst Ne26
Nel Banyiiku - Kyn’sHcbk-CopTyBasIbHUIM [ 74|+0,11
Ne2 Kyn’staepk-CopTyBaibHui - o 212[+1,12
Kpacnorpan
N93». KpaCHovrpaL[ - HoBOMOCKOBCBHK- o 98/+0,21
JHINpOBChKUI

MapmipyT npsimyBasHst Ne3
Nel Banyiiku - Kyn’sHcbk-CopTyBasIbHUIM [ 74|+0,11
Ne2 Kyn’sitncbk-CopryBanbHui - JIuman ° 100/+0,17
N93. .HI/IMaEI - HoBoMocCKOBCBK- o 270[+1,52
JHInpoBCchKUit

[TprumHa HasIBHOCTI KOPOTKOTO TUieya o0cmyroByBanHs «Banyitku — Ky’ ssHepk — CopTyBaIbHUN
TPaH3UTHHUX TOTOKIB BaHTXKiB 3aCHOBaHA Ha MPOXOHKEHHI PUKOPAOHHOTO, MUTHOTO Ta KOHTPOJIO 3
00Ky ciyx0 Oe3nekr 000X KpaiH Ta BUMOTOIO JI0 IOKOMOTHBHOT OpUTaay MpOCIiayBaTu 0e3 3yMmuHOK
Ha TIPOMDKHUX CTaHINAX ¥ Ha NUIAXY CIIiyBaHHS MICJIS MPOXOIKEHHS KOHTPOJIIO.

Posrnsinemo BaHTakHWI m1moi3x Baroto 4018 m Opyrro chopmoBanmii 3 49 4-0x BicHHX
HAIIBBATOHIB, HA MiAMIMITHAKAX KOYCHHS, HABAHTAKECHNX BYT1ILIAM, TeMIeparypa ciigysanss +10 °C.
3rigHo Tpadiky pyxy HOi3niB (B YaCTHHI BCTAHOBJICHHS Yacy MEPETIHHOTO XOAY BaHTaXXHOTO TI0I3/1a)
BCTAaHOBHMO IIBUIKOCTI pPyXy (BUKOPHCTaBIIM TaONUII0 5) Ha KOXKHOMY TSITOBOMY IIIedi Ta
chopmyemo Tabnumiii 6-7. HopMu BUTpAT eNeKTPOSHEPTii 3TiHO TArOBO-SHEPreTHYHMX NacopTiB [17]
(mmst 3MiHHOTO 1 TIOCTIHHOTO cTpyMy BJI82M Bpaxyemo Ha 0a3i BifcTaHe# CTaHIi CTUKYBaHHS).

Tabnuys 6. HopmyBaHHsI BUTpAT eHeprii mo aiibHuuam 1 i 3 mapmipyTiB npsimyBaHHS

Mapuipyt npsimyBanHs Nel MapuipyT npsimyBaHHs Ne3
Howmep marosoro mieta Nel Ne2 Ne3 Nel Ne2 Ne3
HIBHAKICTE PYXY, kM/200 47,99 46,95 48,33 47,99 51,7 51,4
€y, kBm-200/10 muc. m.xm.6p 56,6 55,6 62,9 56,6 56,4 54,3
KW 1 1 1 1 1 1
Kq 0,923 0,924 0,923 0,923 0,920 0,920
Kl- 1,057 1,499 1,655 1,057 1,085 1,657
KT 1,022 1,022 1,022 1,022 1,022 1,022
7' 0 0 0 0 0 0
ey, kBm-200/10 muc. m.km.op 3,63 9,28 6,95 3,63 8,42 6,54
Kﬂ 1 1 1 1 1 1
e, kBm-200/10 muc. m.kxm.6p 60,06 87,98 105,15 60,06 65,96 91,14
A, kBm-200 1785,91 477254 11238,06 1785,91 2650,15 | 9887,22

Tabnuysa 7. HopMyBaHHSI BUTPAT eHeprii mo AinbHUIAM 2a i 26 MapuIpyTiB NpsiMyBaHHS

Howmep Tsarosoro mieda MapmpyT npsimyBanHs Ne2a MapmpyT npsimyBanHs Ne26
Nel Ne2 Ne3 Ned Nel Ne2 Ne3
1 2 3 4 5 6 7 8
IBUIKICTE PYXY, KM/200 47,99 47,84 48,17 39,18 47,99 47,99 39,18
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€, KBm-200/10 muc. 56,6 56,5 62,8 - 56,6 56,9 -
M.KM.0p
Ny, ke/10 muc. m.xm.6p - - - 15,9 - - 15,9
K, 1 1 1 1 1 1 1
Kq 0,923 0,923 0,923 0,931 0,923 0,923 | 0,931
K, 1,057 1,165 1,571 1 1,057 1,468 1
K. 1,022 1,022 1,022 1,012 1,022 1,022 1,012
K, e - - - 1,14 - - 1,14
7' 0 0 0 0 0 0 0
&y, kBm:200/10 muc. 3,63 3.64 6,98 - 3,63 9,08 ;
M.KM.0p
K, 1 1 1 - 1 1 -
Ny | xe/10 muc. ) ) ) 2,22 ) ) 222
M.KM.0p
Ky - - - 0,3 - - 0,3
e, kBm-200/10 muc. 6006 | 6573 | 100,05 ; 6006 | 87,87 ]
mM.Km.6p
n, x2/10 muc. m.km.op - - - 17,74 - - 17,74
A, kBm-200 178591 | 1690,28 | 5949,34 - 178591 | 748521 -
G, ke - - R 698,69 - - 698,69

OTpuMaHi BETWYHH BHTpAT eJeKTpoeHeprii 4 Ta ausenbHoro mnamuBa G (tabmumi 6-7)

BUKOPUCTAEMO JUISi BCTAHOBJICHHS PE3yJIbTYIOUMX 3HAUCHb BEJIMYHMH BUKUIIB Eé‘gz Ta BapTOCTi

BijpaxyBanb A (3rimno ETS) 3a mapmpyramu cinigyBaHHS BaHTaXXHOTO TIO131y BHKOPHCTABIIH
tabuuii 4-5 ta popmynu (8-9), pe3yiabTaT po3paxyHKy 3BEIEMO B pe3ysibTyrouy Tadiuito 8. OmxHak

IJid TEIJIOTATHM BCTAHOBJICHHSA PE3YJIbTYIOUUX 3HAUCHbL BCIWMYHH BI/IKI/II[iB Eélgz HEMOXIIUBO

obuncnuty 3a BUpazoM (9) ockimeku B (opmym (8) oOmik ¥me uepe3 HeOOXimHY BHUTpaTy
eJIEKTPOCHEPrii, 110 € aHaJOroM CepelHbOi e(EKTHBHOI MOTYXHOCTi. TOMY TPOMOHYETHCS Macy
Bukuaie CO, BU3HAuaTH 32 PIBHSHHAM (6) i3 3aMIHOIO BUTpPATH NajlMiBa HAa HOMIHAJILHOMY pPEXHMIi

3az

G,,,, Ha dakruuny. Tozi BapticTh Binpaxysanb 4 (3rigHo ETS) € 106yTok dpro Ha Eg)

HOM

Tabnuys 8. Pe3ynbTylovi 3HaYeHHsI BeJIMYUH BUKU/IIB Ta BapTOCTi BipaxyBanb (3rizno ETS)
32 MApIIPyTaAMH NPSIMYBAHHSI BAHTAXKHOI'O M0i31a

Tsrosi mieyi A4, espo é’gz ,m
1 2 3
MapmpyT npsimyBasHs Nel
BJISOC BJI82M BJI11 BJISOC BJI82M BJI11
Nel BanyI/iKH - Ky’ aHCBK- 41,97 ) ) 0,84 ) )
CopTryBajbHUIA
Ne2 ' Kyn HHCBK-COPTyBaHBHHH - _ 112,63 ) ) 225 )
XapkiB-CopTyBaJbHUH
Ne3 Xapkl}a-CopTsz{nLHnH - ) ) 266,34 ) ) 5,33
HoBomockoBChK-/IHITPOBCHKUI
>=420,94 >=8,42
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MapuipyT npsimyBasHst Ne2a

BJISOC BJI11 2TE116 BJISOC BJI11 2TE116
Nel Banylxixn - Kyn’stHCbK- 41,97 ) ) 0,84 ) )
CopryBanbHUH
Ne2  Kynm’saucek-CopTyBaibHUN - 39,72 ) ) 0,79 ) )
I'pakoBo
Neo3 I'pakoBo - KpacHorpan - 141,00 - - 2,82 -
N94 KpaCHOFPaI[ - HoBOMOCKOBCBHK- ) ) 110,16 ) ) 2.20
JHINpOBChKUI
>=332,85 X=6,66
MapmpyT npsimyBaHHst Ne26
BJISOC BJI82M | 2TE116 BJISOC BJI82M | 2TE1l16
Nel Banylxixn - Kyn’stHCbK- 41.97 ) ) 0,84 ) )
CopryBanbHHN
Ne2 Kyn’ sacpk-CopTyBansHuii - ) 176,65 ) ) 3,53 )
Kpacnorpan
N93. KpaCHOFPaﬂ - HoBOMOCKOBCBHK- ) ) 110,16 ) ) 2.20
JHInpoBCchKUit
>=328,78 X=6,58
Mapupyt npsimyBanHs Ne3
BJIBOC BJI82M BJI8 BJISOC BJIS2M BJI8
Nel BaJ'IYI/\I’I(I/I - Ky’ ssHcbk- 41,97 ) ) 0,84 ) )
CopTyBajabHUI
Ne2  Kyn’sHcbk-CopryBanbHUH - ) 62,28 ) ) 1,25 )
JIluman
N93. .HI/IMaHv - HoBomockoBCBK- ) ) 234,33 ) ) 4.69
JIHINpOBCHKUI
>=338,57 X=6,77

s obmiky 3arajbpHOi COOIBapTOCTI MEPEeBE3eHb BAaHTAXIB BPaxyeMO Tapud) Ha €JIEKTPOCHEPriio 3
EHEepropyvHKY Ta BapTICTh 3aKyIMiBIi TajiBa 4Yepe3 CHCTEMY JCPKAaBHMX 3aKyMoK. 3TigHO 3
inenTudikaropom 3akynok UA-2021-10-20-013322-b, ID nomepa a64e3908cal44e81848f28f9e303 a627
ta igentudikaropy miany UA-P-2021-10-20-002636-c sk 3amoBHuka «®Dimist «Llentp OyniBenbHO-
MOHT@)XHHUX pOOIT Ta ekcrutyatauii OyaiBenb i cropyn» AKIIOHEPHOIO TOBapUCTBa «YKpaiHCbKa
3aTI3HUIL» TUTAHYEThCS 3aKkymiBig 70470 miTpiB qusensHOro manmsa Ha cymy 2031650,10 rpuBeHsb,
110 B IepepaxyHKy BapTocTi 1 kxr (mpu mepeBigHoMy koedimieHTi 0,8435, sik Takoro mo BiAmoBijae
JIUCTONAAY MICSII0 Ha BUpOOHWMYMX miapo3auiax [liBaeHHOi 3ami3uui) ckiane 34,18 rpH/kr, ToAi
srigao kypcy HBY na 08.11.2021 (30,0969 rpu/1 eBpo) Bapricts cknane =1,14 eBpo/kr. CepenHs
BapTicTth 1 kBTTo enexTpuaHoi eHeprii, 3rimHo nanux TOB «YkpaiHchka eHepreTndyHa Oipikay 1o €
TUIOIIAJIKOIO TOPriB Ha Ykpaiui, B mepioq 3 01.112021 mo 08.11.2021 cknana 3,56 rpa/kBTrox, 1o B
nepepaxyHky 3a kypcom HBY cxiazne 0,12 eBpo/kBtroz.

Komrropuchy iHpopMmariito BuKopuctaeMo st (hOpMyBaHHS Pe3yJIbTYyIO4Oi Tabmuii 9, sk Takoi,
IO MOKaKE EKOHOMIUHY JIONIIbHICT MAPUIPYTiB PYXY TPAH3UTHHUX UM MICIIEBUX BAaHTXKHUX TOI3/IB
i1 BIJIABOM HOPMYBaHHSI BUTPAT €HEPrii Ta eKOJOTiYHHX acleKTiB B HOPMOYTBOPEHHI 3aCHOBAaHHMX
Ha TBO ETS i mpuHumnax kpaiH y4acHuKiB, y Tomy uucii Ykpaina, Glasgow climate change
conference.

SAx BumHO 3 Tabsuii 10 kpurepiit Makcumizallii eKojIori3allii TPaHCIOPTY MPOJIArae MapIIpyTOM
cmigyBaHHs Ne20 - 3a KpuUTepissMU BUKUAIB eMicii mapHukoBoro razy CO; Ta BapTOCTi BiapaxyBaHb
TBO srigno ETS. 3 exoHoMiyHOT TOUKM 30py (3a pe3ysbTaraMd NPHUBEACHUMH B TaOmuui 9)
JIOLIJIBHUM € MapuipyT ciigyBaHHs Ne3, 110 MiJBOJNTh CHCIIATICTIB 3aIi3HUIL 0 [1aTOBOI CUTYAIIii 3
BUOOPY €KOJIOTTYHOT O€3MEKH TPAHCIIOPTY Y1 €KOHOMIYHOI e(h)eKTUBHOCTI (DYHKLIOHYBaHHS Taly3i.
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Tabnuys 11. BapricTs mepeBe3eHHs 32 00PaHMMHU MapIIPYTAMH NPSIMYBaHHS BAHTAKHUX MOi3iB

Homep CoGiBapTicTh nepeBe3eHs C 3a HOPMYBaHHSIM €HEPropecypciB . 4
32 HOMEpOM IIIeY, €6P0 C ZCT +2,
MapupyTy Z + 1+ €6DO —
IPsIMYBAaHHS Nel Ne2 Ne3 Ned t=1 -
€6po
Nel 214,31 572,70 1348,57 - 2135,58 2556,52
Ne2a 214,31 202,83 713,92 796,50 192757 2260,42
Ne26 214,31 898,23 796,50 - 1909,04 2237,82
Ne3 214,31 318,02 1186,47 - 1718,79 2057,37

BukopucTanHsl 3apOIIOHOBAHMUX METOJIB B3a€MOBIUIMBY E€KOJIOTIYHUX aCMEKTiB Ta HOPMYBaHHS
€HEePropecypciB Ha TATY MOI3AIB JO3BONUThH MIABUIMUTH KOHTPOJb, 3MEHIIUTH BUKUAU Ta BUTPATy
NaJIMBHO-eHEpreTHYHUX pecypciB. [IpoTe qana Meromuka moTpedye MacoBOi MpaKTHYHOI anpoOarii Ha
BUPOOHUIITBI, pOOOTH 3 KOPETYBaHHS MMOKa3HUKIB BUKUAIB MiJ BINIMBOM TEXHIYHOTO CTaHy CHIIOBOTO
obmamHaHHsA eHeprocucTteMu Ykpainu Ta AT «YKp3ami3HHIN», ¥ TOBHOI MEPEOIiHKH KUTTEBOTO
MUKy TATOBOT'O PYXOMOTO CKJIaay Ha 0a3i Bimpaxysanb TBO 3rinao ETS B po3paxyHkoBoMy niepioJii.

BucHoBku. BukonaHo aHami3 iCHYHOYOI METOIMKUA OOJIKY BHUKHIIB IIKI[UIMBUX PCUOBHUH.
PosrnsiHyTO peanbHy JOTICTUYHY MEpEeXy TPAHCIIOPTYBAaHHS IOTOKIB TPaH3UTHUX Ta MiCLEBUX
BaHTaXiB. BCTaHOBIEHO €HEProreHepylYHid BIUIMB (32 THIIOM EJEKTPOCTaHINi) B €HEProCHUCTEeMI
VYkpainn Ta BenuuuHy BukuIiB CO, Ha TomumHy iX poOoTH. Bu3HaueHO BenuuHy BiApaxyBaHb
BYTJICHIEBOTO TOAATKy Ta KUIBKICTh BUKHIB TPAHCTIOPTHHM IOTOKOM 33 MapUIpyTaMH CJiJTyBaHHS.
BcraHOBIEHO €KOHOMIUHY Ta €KOJIOTIYHY BapTICTh IIepeBe3eHb. B momanmpmioMy AOIIIBHO
BIIPOBAJUTH MaTeMaTHYHE MOJEJIOBAHHS Ta IIEPEBECTH 3allPOIOHOBAaHY MOJENb B INPOrpaMHUI
NPOAYKT W 3alpOBagUTH B JIOKOMOTHBHE T'OCHOAAPCTBO, IAMCIETYEPU3ALIIO JIOTICTHYHHX TOTOKIB
BAaHTAXIB 3 METOIO 3HIDKECHHS PECYPCIB HA TATY, EKOJIOTIYHOTO HAaBAaHTAXXEHHS TPAHCIIOPTY Ta MacOBOI
MPAKTHYHOT arpooartii.
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MODEL OF THE MUTUAL INFLUENCE OF ENVIRONMENTAL ASPECTS
AND ENERGY RATIONING ON TRAIN TRACTION IN RAILWAY LOGISTICS

The article deals with the issues of environmental taxation of carbon dioxide emissions by the
countries of the European Union and the methodology for calculating the amount of emissions by
regulatory documents of Ukraine. It is established that our country's methodology is not adapted to
real operating conditions under the influence of cross-border carbon taxation and the "Emissions
Trading System". A mathematical model of the impact of power generating stations of states and their
contribution to the overall energy balance of the country on the environmental cost and mass
emissions of 1 kWh of electricity generation is proposed. The amount of electricity losses during its
transportation from the power plant to the electric moving warehouse is determined and is taken into
account in the total amount of deductions for the "Emissions Trading System" for DC and AC railway
networks. Schemes of transit and local cargo routes are considered on the basis of a real fleet of
traction rolling stock of Railways and a network of logistics lines. The passport characteristics of
locomotives are analyzed and the amount of emissions and deductions during operation at Rated mode
and idle speed is determined. Specific norms for selected routes and train conditions are calculated.
The total costs, their cost and the amount of emissions and taxation of selected routes are determined,
and rational economic and environmental logistics lines of train traffic are determined on their basis.

Keywords: cost rationing, carbon dioxide emissions, energy resources, mathematical modeling,
traction rolling stock, environmental indicators, transportation logistics.
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®OPMYBAHHSA PAIIIOHAJIBHOI MAPIIPYTHOI MEPEXI JOCTABKH
TAPHO-IITYYHUX BAHTAKIB

DopmyeanHsi payioHATbHOI MAPWPYMHOL Mepedci CHpuse c80e€4acHomy 1 0OesnepediliHomy
BUKOHAHHIO NOCMABOK NPOOYKYii ma Oinbut epekmusHitl 63aemo0ii Opeanizayili-noCmayaIbHUuKis,
OpeaHizayili-00epaicysayie ma agmomparncnopmuux opeauizayiu. OOHax y Oauuil yac éce OiIbUI020
3HAYeHHS NOYUHAIOMb HAOYBAMU NUMAHHA NIOGUWEHHSA DIGHA MPAHCNOPMHO20 00CIY208)8AHHSA
KIIEHMIB, SKI 6 PUHKOBUX YMOBAX 20CNOOAPIOGAHHS MICHO NO8'S3aHI 3 NPoOIeMOI0 cepsicy i AKOCmI
Haoawusi nocaye. 10 sikicmio nepesezeHv Cai0 po3ymimu 30amMHICMb AGMOMPAHCNOPMHOL 2any3i
3a0080bHAMU  NOMpeOU NIONPUEMCIE | HACENeHHs 68 MPAHCNOPMHOMY 00CIY208Y8AHHI 3
MiHIManbHuMU — eumpamamy. Takum 4UHOM, RHOCMAE NUMAHHA  (DOPMYBAHHA  PAYIOHANLHOL
Mapuipymuoi mepexci, sKka 0 nidsuwyeana AKicmb 00CHY208Y6AHHS KIIEHMIE 3 MIHIMATbHUMU
sumpamamu. Bukopucmanus exoHomixo-mamemamuuHux memooié ma iH@POPpMAYitiHUX MexXHON02il
npu opmyeanti payioHaIbHOI MapUPYMHOI Mepedici 00360J15€ OMPUMAMU CUHEP2eMUYHULL egheKm, a
came npu 3HUNCEHHI 3A2ANbHUX SUMPAm, NIOGUWUMU pieeHb AKocmi 00cnyeo8ysantsa. DopmyeanHs
PAyioHanvbHOl  MApUpYmMHOI  Mepedici 34  3aNPONOHOBAHUM — ANCOPUMMOM  O0380JIAE  BUSHAYUMU
sUMpPamMu Ha OOCMABKY 8AHMAIICIE MA PiBeHb 00CIY208Y8AHHA BAHMANCOBLACHUKIE NPU 3A3HAYUEHIL
KibKOCmi Oucnemuepie ma asmomobinie Ha niOnpueMcmei ma HaO0amu NIONPUEMCINEAM NPAKMUYHI
PpeKomMeHOayii no Kitbkocmi Ouchnemuepis ma asmomodinie, HeoOXiOHUX O/ 3a0080JeHHS nomped
KIIEHMIG 31 3MEHUWEHHAM GUMPAM HA 00CMABKY MA NIOBUWEHHAM Di6HS AKOCHI 00CIY208)8AHHS.

Knrouoei cnoea: mapwpymua mepedsica, SaHMANCOBIONPAGHUK, BAHMANCOO0EPICYBAY, MAPHO-
WMYYHI 6AHMAICT, pecpeciina MOOe/b,3a2albHi BUMPAMmU, PiGeHb IKOCHII.

Beryn. dopmyBaHHS pauioHaJIbHOI MapLIpyTHOI MepeXi MO03BOJISIE TOYHO BHM3HAYUTH 00CAT
MEPEeBE3CHb Ta KIJIBKICTh aBTOMOOLIIB, 110 3/1IHCHIOIOTH I1i IEPEBE3CHHS 3 MOCTAYaIbHUIIBKO-30yTOBUX
MiANPUEMCTB, CIIPHUSIE CKOPOUYEHHIO MPOCTOI0 aBTOMOOUTIB i/ HABAHTKEHHSM 1 PO3BaHTAKEHHSM,
e(eKTUBHOMY BHMKODHCTAHHIO PyXOMOTro CKiany. Takok (opMyBaHHS pauioHaJbHOI MapLIpyTHOL
MEpexXi JT03BOJISAE IMiBUIIATH MPOIYKTHBHICTh aBTOMOOIIB MPH OJXHOYACHOMY 3HIKEHHI KUTBKOCTI
PYXOMOTO CKJIay, 10 HaJXOAUTh Ha MiIIPUEMCTBO NIPU TOMY K 00cs3i iepeBe3ens [1-2].

SIKII0 BMKOPHCTOBYIOTHCSl palliOHaJbHI MaplIpyTH NPH JOCTaBLi BAaHTaXIB Ta JOTPUMYIOTHCS
CTPOKHM IOCTaBKM BaHTaXiB, TO 3alacu CHOXHBA4YiB MOXYTh CKopouyBaTHcs B 1,5-2 pasu, mo
3a0e3MeYnTh 3MEHIICHHS BHUTpPAaT Ha CKjiIaayBaHHs. HeoOximHicTh (opMyBaHHs pallioHAIBHOT
MapHIPYTHOI Mepeki OOTPYHTOBYETBCSI 1 THM, 1[0 CTBOPEHI MapIIPyTH AAal0Th MOXKIIHMBICTH CKJIAJAaTH
NPOEKTH MOTOYHUX IJIaHIB Ta ONEPATUBHHUX 3asBOK HAa TPAHCIOPT, SIKi BHXOASTH 3 ONEPAaTUBHHUX
JTAHUX TIOA0 OOCHTIB IepeBe3eHsb [3].

AHani3 ocTaHHiX AocaikeHb 1 mocTaHoBKa mpo6JeMu. DopMyBaHHS —palliOHAILHOI
MapLIPYTHOi Mepexi 3abe3neuye pyx aBTOMOOUIIB 3a palioHAIbHUM (ONTUMaJIbHUM) MapLIpyToM, e
Jla€ MOKJIMBICTh 3MEHIIUTH MpoOirk 0e3 BaHTaxy, 30UIBIIMTH KOe(ilieHT BUKOPUCTAaHHS NpoOiry i
MPOJIYKTHBHICTH PYXOMOTO CKIIA/Ty, @ TAKOXK 30UTBIINTH PEHTA0CNBHICTh TIepeBE3CHb [4].

3o6ipruk nayxoeux npauyw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38

262



OPI'AHIBALIA NEPEBE3EHD I BE3IIEKA TPAHCIIOPTY

Icnye Oarato meroniB pimieHHS 3amad 1o (OPMYBAaHHIO pamioHaIbHOI MapIIpyTHOI Mepexi
JIOCTaBKH BaHTaXIB, ACSAKi 3 HUX IpeICcTaBlIeHH] B TabmuiIi 1.

BukopucranHsIM TOYHHX METOMIB 3aiiManmuch Taki aBropm sk Mimrep C, Takkep A, benman P,
Xenn W, Kapu P Ta inmi. Haii6insImmm He01ikoM TPH BUKOPHCTAHHI TAKMX METOMIB € Te, IO MPH
301TBIICHH] TTYHKTIB 00 13y iHOI pilIeHHs 3a/1a4i CTae HEMOXKIUBUM [5].

Tabnuya 1. Metonu ¢popMyBaHHA palioHAJIBLHOT MAPIIPYTHOT Mepesxki

Hassa metony PisHOBHA MeTORY
JluHaMidHE IporpaMyBaHHS
Touni MmeToan HinouncensHe mporpaMyBaHHS

MeToz rijoK 1 MexX

MeTo/1 BUIIaIKOBOTO MOLIYKY

Habnwxenni meTogu Mertoz JIoKanpHOI orrTuMizarii

Mopudikaiiii TOYHHX METOJIIB
EBpuctuuni meronu

Bukopucranusam HaOmmkeHUX MeToniB 3aniManuch bakaeB O.0., Bopkyr A.lL, I'eponimyc B.JI.,
Kutkos B.1., Jloenpkuii C.€., [TanoB C.A., [Ipocos C.H. Ta inmmi. AHami3 BAKOHAaHUX pOOIT OKAa3ye,
10 HAMOLIBII MHUPOKOTO 3aCTOCYBAHHA OTPUMAIIA METOAM arperyBaHHs MOYaTKOBOi iH(opmarii, 1o
nepeadayvaroTh 3BEICHHS JACKUILKOX MYHKTIB PErioHy B OAWH. AJie CITijl BiIMITUTH, 110 TIOKU HE iCHYE
dbopmMaizoBaHKX TpaBHiI arperyBanus [6-9].

B po6oti [10] aBTOpOM HaBeAeHI pe3yNbTaTH BU3HAYCHHS HAWOLIBII e()EeKTHBHUX METOMIB
OTEPAaTUBHOTO TUIAHYBAaHHS TEPEBE3CHHS BaHTAXIB MaJMM{ MapTiIMH B BHU3HAYCHHX cdepax
TPaHCHOPTHOTO OOCIYTOBYBaHHSI.

Hocnimxennst [11] mpucBsveHi BU3HAYCHHIO 3aKOHOMIPHOCTI BIUIMBY 3MIHHOTO TOMUTY Ha
pe3yJbTaTUBHICT MPOLIECY IMEPEBE3€Hb, IO CIPHUSE IiJABHIICHHIO S(EKTUBHOCTI IUIAHYBaHHS i1
VIpaBIiHHS TPAHCIOPTHOK CHCTEMOIO JOCTaBKM TapHO-IITYYHHX BaHTaXIB Yy CKIaJHHX YMOBax
BEJIMKUX MICT.

TakuM YMHOM, aHaNi3 ICHYIOYHMX JOCHIKCHb TOBOJAWTH AKTYaJIbHICTh HANPSAMKY ITiIBUICHHS
e(eKTHUBHOCTI IOCTaBKH BaHTAXKiB 32 PaXyYHOK BUKOPUCTAHHS PalliOHATBHOI MapIIPYTHOI MEPEXKI.

Mera i 3aBaaHHs JOCTiMKeHHS. METOI MOCIIDKEHHS € MiJBUIICHHS €QEeKTHBHOCTI poOOTH
TPaHCIOPTHO-EKCIIEUTOPCHKUX MiANPHEMCTB 32 paxyHOK (OPMYBaHHS PalioOHaIbHOT MapHIpyTHOT
Mepexki JOCTABKH TApHO-IITYYHUX BaHTaxiB aBToMoOisiMu DOIT «JlymeHko».

B po6oTi nmoctaBieHi 3a1a4i Mo MPOBEACHHIO TEOPSTUYHHX Ta €KCIIEPUMEHTAIBHHUX JIOCIIHKEHb 110
(GopMyBaHHIO palioHaJbHOT MapIIPYTHOI Mepexi JOCTaBKM TapHO-IITYYHHX BaHTaXIB Ta
MIPOBE/ICHHIO aHAi3y OTPUMAHMX PE3YJIbTATIB JOCIIHKCHHSI.

Marepiaau Ta Metoau aocaimkeHHs. OgHMM i3 3HAYHUX OO'€KTIB MOKIAJaHHSI EKOHOMIKO-
MaTeMaTHYHUX METOJIB Ta KOMI'IOTEPHOI TEXHIKM € aBTOMOOUILHWH TPaHCIOPT. 3 BUHUKHEHHSIM
PUHKOBUX BiTHOCHH JIOKOPIHHO 3MiHHBCSI XapakTep i YMOBU poOOTH MiANPHEMCTB, IO 3aHMAalOThCS
BaHTaxonepeBe3eHHssMU.  [llupokuii  po3BUTOK HaOyma podoTa TpPaHCHOPTHO-EKCIETHIIHHIX
KOMIIaHil, SKi Jady MOMJIMBICTH 30CEpEANTH B PyKax aBTOTPAHCIOPTHHKIB iH(OpMAII0 Tpo
Maii0yTHi mepeBe3enns [12,13].

ExoHOMIKO-MaTeMaTn4Hi METOJM IUIaHYBaHHS € 3aco00M, IO Ja€ OCHOBY ISl BHPIIICHHS
0araTb0X BaKKHX NpoOJIEM IUIaHyBaHHS 1 yNpaBiliHHS. 3acTocyBaHHS iH(OpPMaLiHUX TEXHOJIOTiH
JIO3BOJISIE 3JIMCHIOBATH PO3PaxXyHKU 31 CKJIAJlaHHA ONTUMAaJbHHUX IUIaHIB, BU3HAYAIOYHM HaAHKpammi
BapiaHT 3 MOXKJIUBHX [14, 15].

OpHuM 3 HaWBaXIUBIIIMX 3aBIaHb NPU PO3PaxXyHKY BUTpPAT AOCTABKH BaHTAXIB € CKJIAIaHHS
ONITUMATILHAX MapHIPYTiB PyXy PYXOMOTO CKJIaAy. 3aBJaHHs CKIIQJIaHHs PalliOHATBHUX MapIIpyTiB €
0CcOOJIMBO aKTyallbHUM, TaK SIK JIOCTABKA TAPHO-IITYYHUX BAHTAXIB Yy JIOTICTHYHIN CHUCTEMI € 3HAYHO
JOPOXKYOI0, HI’K I0CTaBKa MaCOBHX BaHTaXKiB.
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s dhopMyBaHHS pallioOHAIBHOT MAapIIPYTHOI MEPEXki JOCTaBKH TapHO-IITYYHUX BaHTAXIB Yy
SKOCTI KpHUTEpif0 ehEeKTHBHOCTI B JOCTIDKCHHI TNPUHHATI 3araabHi BUTpaTH (3,,.) Ta piBeHb
obciyroByBanns (R)

3..=f(N,N,)—min,

— £(N,,N,) - max. @

ae N, — KUIbKICTb AUCIIETYEPIB, OCIO;
N, — KiJbKiCTb aBTOMOOLIIB, OJ.
IIpu upomy 1inboBa GyHKIIsSI Oy e mpeacTaBIeHa 3aeKHICTIO

3,.= /(0. 1[N, N, ]) > min,

: , ©
_f(Q f[N N ])—>max.

ne Q— obcsr maprii BAHTaKy, T;

| — inTepBan HaAXOKEHHS 3aABKH, TO1.;
[,\]0, NJ — perioH BaHTaKOBIANPaBHUKA Ta BAHTAXK0O/IEP)KyBaua BiAMOBITHO.

OOcsar maprii BaHTaxXy, IHTEpBal HAAXOKEHHA 3asBKM, PETiOH BaHTAXKOBIANpaBHHKA Ta
BaHTA)KOOJIEP)KyBaya € BUIAQJKOBHMH BETMIMHAMH, OCKITBKH MH HE MOKEMO 3 BIIEBHEHICTIO CKa3aTH,
AKi 3HaYeHHS OyIyTh MPUIMATH IIi BETMIHHH, TaK SK IMOMHUT HA IIEPEBE3CHHS, IHTePBAT HAIXOHKEHHS
3aBKM HE € TMIOCTIHHUMH BeJIMYMHAMH, Ta 3ajexarb Big Oaratbox ¢akTtopiB. Perion
BaHTQ)KOBIJNPaBHUKA Ta BAaHTAXOOAEP)KyBada TAKOX BHCTYIAIOTh BUIAJKOBUMH BEIMYUHAMH,
OCKLTBKM MU HE B 3MO3i CTBEP/KYBaTH B SKOMY 3 MPEICTABICHUX PEriOHIB BUHUKHE HEOOXiTHICTH
MIEPEBE3CHHS BAHTAXIB.

PosrisiHeMo BHIIQJIOK, KOJM BiIOMi PETiOHM BaHTa)KOBIANPAaBHUKA Ta BaHTAXXOOAEP)KyBaya, sKi
MOJKYTh 3HAXOJIUTHUCH B iHTepBaii Bix 1 10 4, Toxi 1iMbOBa (PYHKIIISI MATUME BUTIISIIT

= f(N,.N,,0,I) - min, 3)
R=f(N,,N,,Q,T)—max.

Cucrema oOMeKeHb JIJIS MUTbOBHUX (DYHKIII MaTUMeE BHTJISI]T

0
L20N, <A (4)

ne Q — oOcsr BaHTaXIB JIJIs TIEPEBE3CHHS, T;

max

q]—[
A, — o0ikoBa KinpKicTh aBTOM0OLIIB Ha ATII, ox.

s BM3HAuYEHHS BiACTaHI JIOCTAaBKM HAHOCHMO TEPUTOPII0 YKpaiHM B MacmTaldl Ha CHCTEMY
KOOPJIMHAT, MPUIMAEMO 1110 JOBXKMHA Kpainu ckiamae 1000 km, a mmpuna — 700 kM. Tak sk B qaHii
po0OTi NpHitHATO, 0 TepuTopis YKpaiHu moineHa Ha 4 perioHd, OTKe MICIisl HAHECEHHS Ha CUCTEMY
KOOPJIMHAT KOXKHHI PErioH OTPUMYE CBOi KOOPJIMHATH, & CaMe:

1 periox (18; 6),
2 perioH (10; 3),

— MaKCHMaJlbHa BaHTa)KOIMIAHOMHICTh aBTOMOO1IIS, T;
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3 perioH (10; 9),
4 perioH (3; 6).
st mpoBeneHHs pO3paxyHKiB BiICTaHI JOCTaBKH BUKOPHCTOBYEMO HACTYITHY 3aJIEXKHICTh

Ly =6 =) m0)" + (% =¥ y) s (5)

Je W, —napamerp macmraly 1o oci X,
W, — napamerp mMaciuraby o oct Y.

Jist monanbMx pospaxyHkis npuiivaemo |, =50,a [, =58,3.

Anroput™ GOpMyBaHHS MapIIPyTiB CKJIANAETHCS 3 HACTYTHUX CTAIliB.

Ha nepuiomMy erar BUKOHYETBCA OHiHKa NOoNMTY Ha NEPCBE3CHHA, TOOTO MMPOBOAUTHCA (bOpMyBaHH)I
CyKyHHOCTi 3ajBOK Ha ICPEBC3CHHA: BU3HAYAECTLHCA pCFiOH BaHTa)KOBiZ[HpaBHI/IKa Ta BaHTAXOOJACPIKYyBa4a,
IUTBOBI €TIEMEHTH, 0OCSTH BiATIPaBICHHS.

Ha mgpyromy erami BupilIyeThCs TpaHCIIOPTHA 3ajada. 3arajlbHi BHTpPAT Ha JOCTABKY TapHO-
HITYYHOTO BaHTa)XKy BU3HAYAIOTHCS TAKUM YHHOM

33a2 = 31—3 + 34 (6)

ne 3,3 — BUTPAaTH Ha BUKOHAHHS TIPOIECY HAIXOKEHHS 3asBKH, TIPOIIECY ONPAIFOBAHHS 3asBKH Ta
nporiecy opopMIICHHS TOKYMEHTaIlil, TPH.;
34 — BUTPATH HAa BUKOHAHHSA IPOLECY JOCTABKH BaHTAXKY, I'PH.

BI/ITpaTI/I Ha BUKOHAHHA IPOHECY HAAXOMKCHHSA 3adBKHU, IMPOLCCY OIpallOBaHHA 3adBKU Ta
nporiecy opopMIICHHS TOKyMEHTAITi1

3,,=31 N (7)

pis

ne 311 1 — 3apO0iTHa IIATHS OJIHOTO JIUCIETYEPA, TPH.;

N, — kinekicTs mucnerdepis, o

BI/ITpaTI/I Ha BUKOHAHHA NPOLECY JOCTABKHU BAHTAXKY

nocm

34 =3 + 33,14 + 3Hp + 31;1)0;) + 30,\4 ! (8)

ne 3,, — 3MiHHA CKJIa[I0Ba BUTPAT HA TPAHCIIOPTYBAHHS BAHTAXKY, TPH.;

3 .e; — MOCTiiiHA CKJIa/I0Ba BUTPAT HA TPAHCIIOPTYBAHHS BAHTAKY, TPH.;
3Hp — BUTPaTU HA HABAHTAKECHHS - PO3BAHTAKEHHS, I'PH.;
3¢Op — BATPATH Ha (OPMYBaHHS MaplUIPyTy, TPH.;

30M — BUTPATH HA 3aMOPOKYBAHHSA I'POIIOBUX KOH.ITiB, T'PH.
31100’1‘ = Slq ’ t}:{ ’ (9)

ne S, — nocriiiHa cKiagoBa co6iBapTOCTI TPAHCIIOPTYBAHHS, TPH./TO/L.;

tu — 4ac JOCTaBKH, TOI.
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3MiHHA CKJIaZIOBA BUTPAT Ha NICPECBEC3CHHA

3 =8 L (10)

3Mm 1rem ’

ne S, — 3MiHHA CKJ1a10Ba COOIBAPTOCTI TPAHCHIOPTYBAHHS, IPH./KM;

1km

L — Bimcrans 1OCTaBKH, KM.
Butpatu Ha HaBaHTaXEHHS - PO3BAHTAXKCHHS

3np = Sl‘t ’ th1 (11)
e 1, —yac HABAHTAXKEHHS-PO3BAHTAKEHHS BAHTAXKY, TOJL.
Butpatu Ha GOpMYBaHHS MapIIPyTy
_Qa
3([)01) - Slq .tq)op ) (12)
ae S;, — cobiBapricTh 1 rox podboTH aucneTYEpa, IPH./TO.;
t(bop — yac (opMyBaHHS MapuIpyTy, TOJI.
BuTpaTy Ha 3aMOpOKyBaHHS TPOIIOBHUX KOIITIB
Il (13)
~365-24-100

ne C,, —BapricTs | T BaHTaXy, IPH./T;

Q — obcsr maprii BaHTaKY, T;

@ — KOoe}illieHT, BpaxOBYIOUUH BTpPAaTH B HACHIJOK 3aMOPOKYBaHHS T'POLIOBUX KOIITIB MPH
3IifiCHEHHI JOCTaBKH BaHTaxYy, %o/piK.
Yac 10cTaBKM MOXKHA PO3PaXyBaTH 3a TAKOI0 (GOPMYJIOH0

t,=—, (14)

ne V' — MIBUIAKICTH CIIOMYYCHHSI, KM/TO/I.

Yac HaBaHTaKEHHS Ta PO3BAHTAXEHHS U1l OOPTOBUX aBTOMOOLIIB PO3PaxoBYeMO 3a (OPMYIIOI0

¢ —p. 42+2:Q-1) (15)
b 60

st BU3HAaUeHHsI piBHS 00CIIyTOBYBaHHS BUKOHYEMO TaKi Jil:

NIPY HaJIXOJKCHHI 3asIBKY MEPEBIPSEMO UM € BUTBHUN AUCTIETYEp, SKHI 3MOXKe IPUHHATH 3asBKY Ha
00CIIyrOBYBaHHS; SIKIIO TaK — 3asBKY MOYUHAIOTH O0POOIIATH;

3 3asBOK, SIKi HATIUNDIHM, GOPMYEMO MASTHHKOBI MapIIpyTH 3 3BOPOTHIM BaHTAXHUM MPOOITOM;
3as1BKH, SIKi He MOKITMBO 00’ €IHATH B MapUIPYT BiIXUJISIFOTHCS;

MIEPEBIPSEMO UM € BUIBHUN TPAHCIIOPTHU 3aci0; SKIIO TakK, 3asiBKa 00CIYTOBYEThCS, BUKOHYETHCS
TIEPEeBE3CHHS, SKIO TPAHCIIOPTHHIA 3aCi0 BICYTHIH — 3asBKa BiXUISETHCA.

s dopMyBaHHS MapIIpyTiB BUKOPUCTOBYEMO (OPMYITY

N, =N_1, (16)

ne NO' — PETiOH BaHTAXXOBIAPaBHUKA i-1 3aBKH,

N, ' — perion BanTa)x00TpUMyBaua j-i 3asBKH.
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BusnauenHs piBHS 00CIyrOBYBaHHS PO3PaXx0OBYEMO 3a (HOpPMyIIOr0

R = Mogen | 17)

ne N . — KUIbKICTh 00pOOJIECHUX 3asBOK, OJ1.;

obcn
Ny — 3aranpHa KiTbKiCTh 3aABOK, AKi HAMIMIIIM HA MiAIPUEMCTBO, Of.

[TapameTpamu MOTOKY 3asiBOK y JaHii poOOTI BUCTYHAIOTh TaKi MOKa3HUKH, K 0OCAT BaHTaXy Ta
1HTepBaJl HAAXOMKEHHA 3aiBKH. [10Tik 3asiBOK MpeacTaBisie cOOOI0 CYKYITHICTH 3asBOK Ha TOCIYTH,
IO TOCHiAOBHO HaAXOAATh Ha MiANPUEMCTBO. s TMOTOKY 3asBOK YHUCIOBI XapakTEPUCTUKU
BHUCTYIAIOTh BUITAIKOBHIMH BEIMUNHAMH.

BxigHumMu naHMMU JUIS TIPOBEEHHS PO3PaxyHKIB € KUIBKICTh TUCIETYEPiB, IO MPUHMAIOTH Ta
00CIIyroBYIOTh 3asiBKH, SIKi HAAIMIUTA Ha MiANPHEMCTBO, KiIBKICTh TPAHCHOPTHUX 3ac00iB, perioH
BaHTA)KOBI/NPaBHUKA Ta BAHTA)KOOTPHMYBAUa, IHTEPBAJ HaIXO/PKCHHS 3aBKH Ta 00CAT TIEpEBE3CHHSI.

[aTepBam  HamXOMKEHHS 3asiBKH, OOCAT TIEPEBE3CHHS, PETIOH BaHTAKOBIANpPaBHUKA Ta
BaHTXXOOTPHMYyBaua € BUIAJKOBHMH BEIMYMHAMH, Ha sKi ocoba, IO NpHUiiMae yMIpaBIiHCHKI
pillIeHHs, HEMa€ BILIUBY.

KinpkicTp nucmeTdepiB Ta KUTBKICTh TPAHCIIOPTHUX 3acO0iB € BEIMYMHA KEPOBaHA Ta MOXeE
MpHUIiMaTH 3HAuYCHHS, ske JopiBHIOE 1, 3 abo 5. B Xxomi MpoBeICHHS EKCIEPUMEHTY IPOBOIUMO
JIeB’SITh cepiil Ta I’ ATh JOCIIIIB.

Ha ocHOBI mpoBemeHWX pO3paxyHKIB IPOBOAMMO perpeciiHmii aHamiz naHux. Ilicns
MIPOBEIICHHS PO3PaXyHKIB MiTh0Ba (YYHKIIiS MPUitMae HACTYITHHHA BUTIIS

R=0,017+0,128-N, +0,046-N_;

18
33a2 =1314,75+1609,1- N, +2955,4- N - (18)

[lepeBipka Momenmi Ha MOXIMBICTH i MPAKTUYHOTO 3aCTOCYBAaHHS IPOBOIHUTHCS IO KPUTEPIIM
TOYHOCTi, HAAIMHOCTI Ta aJeKBaTHOCTI. Bci mapameTpn TOBHHHI BHKOHYBATHCS OJHOYACHO.
HeBinnoBiiHICTh OAHOMY i3 KpUTEPIiB 03HAYAE BIACYTHICTh MOJIEI SIK TAKOBOI.

Ha ninnpuemctsi @OII «Jlynenko» € aBa qucneTdepy, siki IpuiMaroTh Ta 0OpOOISIOTH 3asIBKH, Ta
YOTHUPU AaBTOMOOLT, SKi MOXYTh BHKOHYBAaTH Li IepeBe3eHHsS. [HTepBan HaIXOIDKEHHS 3asBOK
OIMCYETHCS CKCIIOHEHI[IAIbHIM 3aKOHOM DO3MOJIJICHHS, a MaTeMaTW4YHE OYiKyBaHHS CKJIaaae 3
TroJVHU. BijcTaHb MOCTaBKM OMHCYETHCS HOPMAIBHUM 3aKOHOM, a MaTeMaTh4yHe OYiKyBaHHS
nopiBaioe 500 kM. OOcsr naptii BAaHTaXXy TaKOX OIUCYETHCS HOPMAJbHUM 3aKOHOM PO3MOAIICHHS, a
MaTeMaTH4yHe O4iKyBaHHs ckiazgae 10 T.

[MpoBoauMo GopMyBaHHS MapUIpyTiB 3 3asBOK, SKi NPHHAHATI A0 o0O0ciayroByBaHHs. Jlis
bopMyBaHHsS MapHIpyTy HEOOXiAHO, 100 PErioH BaHTAXOOJEP)KyBada i-01 3asBKH JIOPiBHIOBAB
pEerioHy BaHTa)XOBiNpaBHUKA j-0i 3asBku. DopMyemo nepiuii Mapiipyt 3 3asBku Nel ta N5, Tak sk
perioH BaHTaxoojAepKyBaua 3asBku Noel JIOpIBHIOE peErioHy BaHTaKOBiANpaBHUKA 3asBku NoS5 i
JOpIBHIOE 4-OMy perioHy. AHaloOridHO (OPMYEMO PEINTY MapmpyTiB. Pe3ymbratH po3paxyHKIiB
npezacTaBieHHi puc. 1.
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Safexa Perion Perior IaTepean Yac JucnerdepH AeToMODLTE
EBAHTAKO- | BAHTLEO- | HATXOLKEHE | HAIXOKEH 1 7 1 7 3 )
E1OIpaE- OTPHMY- HA, rog.. I HA
HHEA EBa"a

1 4 4 5,03 13,03 1=3(28.74)
2 2 2 0.22 13.26 T
3 2 3 234
3 3 3 0,88
5 1 7 1326 70,74 e
3 1 2 0.11 2085 6=2(29 85)
7 2 4 043
z 3 3 0.30
9 2 4 12,84 43,33 0=15(61,99)
10 2 1 200 45,532 10=14{34.9)
11 2 2 0,79
12 3 1 1,84
13 4 3 2,69
14 1 1 4.06 34,90 +
15 4 2 7.10 61,99 +
16 2 2 0.80
17 1 1 8,78 71,57 17=18(72.21)
18 1 4 0,63 7221 +
19 4 3 262
20 1 2 10,48 8531 20=23(103.4)
71 3 3 769 28.00 ¥
22 El 3 6.25 9425 T
23 2 2 9.13 103.4 +
74 1 z 0.51 103,51 S

Puc. 1. EnemenT pe3yjbTaTiB POPMYBaHHSI MapUIpPyTiB

[TpuBoIMMO TPUKIIA] PO3paxyHKY BiJICTaHi JOCTaBKU Aj1st 3aaBKH Ne 5 3 periony Ne 4 B perion Ne 2

L, , =/((3-10)-50)% + ((6—3)-58,3)? =391 km.

Jns po3pobieHnx MapHipyTiB NEpeBe3eHHS pO3paxOBYEMO 3aralibHi BHTpPATH Ha JIOCTABKY Ta
piBeHb SIKOCTI oOcimyroByBaHHs. st (GOpMyBaHHS pamioHadbHOI MapHIPYTHOI MEpexXi TOCTaBKH
BaHTaXIiB, Ta JOCITHEHHS €KOHOMIYHOTO e(eKTy MPOMOHYEMO PO3TIISTHYTH MOXIIHBI KOMOiHAIi 3
KUTBKOCTI 0OCITYTOBYIOUHX JTUCIIETYEPiB Ta aBTOMOOILTIB. 3alpONOHOBaHI BapiaHTH MmojaHi B Tab. 2.

Tabnuysa 2. Pe3yJbTaTH PO3paxyHKiB

o L CymapHi .

Kinbkictb Kinbkicts . . . . Cymapuuii

. .. . cepenHi Barosuit PiBenn Baroswii o

BapianT | aBTOMOOLNIB | AMCTIETUYEPIB, . . BaroBUit
BUTpaTH, | KoeQilieHT | 0OCIyroByBaHHS | Koe]imieHT L.

oxl. oxl. KoedirienT

TpH.

1 1 1 5704 1 0,248 7 8
2 1 3 11776 3 0,544 5 8
3 1 5 17756 6 0,464 6 12
4 3 1 9132 2 0,24 8 10
5 3 3 15170 5 0,664 3 8
6 3 5 20991 8 0,88 2 10
7 5 1 12530 4 0,24 8 12
8 5 3 17932 7 0,648 4 11
9 5 5 24083 9 0,92 1 10

ITicns mpoBeaeHHs NOPIBHIIBHOTO aHai3y Ul NOJAJIbIINX PO3PaxyHKiB oOupaeMo BapiaHT Ne2,
TaK SIK CyMapHHiA BaroBuii koeimieHT HaliMEHIIHH.

OniHKy eKOHOMIYHOro egeKTy Bix (OopMyBaHHS paL[iOHAIBHOI MapIIPYTHOI MeEpexXi JOCTaBKH
BAaHTAXIB MPOBOAMMO Ha MiACTaBi CyMapHHX CepelHiX BHTpaT Ha JIocTaBKy. ExoHOMiuHMI epexT
npUAMaeMo SIK PI3HHUIIO CyMapHUX CEpEJHIX BUTpPAT Ha JIOCTAaBKY MiXK 0a30BHM BapiaHTOM, TOOTO
BUTpaTH Ha JIOCTAaBKYy BaHTaXIB TPH OOCIYroByBaHHI JBOMa JMCIETYEpaMH Ta YOTHpMa
aBTOMOOUIAMH, Ta ONTHMAIBHUM (3allPOIIOHOBAaHA KOMOIHALis 3 IUCIETYEpiB Ta aBTOMOOLTIB Micis
(bopMyBaHHS palliOHATEHOI MAPIIPYTHOT MEPEKi).
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CyMmapHi cepelHi BUTpaTu 1o 6a30BOMY BapiaHTy CKianu 12726 rpH, Mo ONTUMAIILHOMY BapiaHTy

nmopiBHIOIOTH 11776 rpH. [IpoBomnMO po3paxyHOK €eKOHOMIYHOTO e(heKTy
E =12726-11776 =950 rpH.

[Tpu upomy piBeHb 00CTyroBYBaHHA miaBHIIMBCS 10 0,544.

BucnoBku. IIpoBenenuii perpeciiiHuii aHaji3 JT03BOJIMB OIIHWUTH BIUTUB ITapaMeTPiB MapIIpPyTiB
JOCTaBKM Ha €QEeKTHBHICTb OOCIYrOBYBaHHS BAaHT2)XKOBJIACHUKIB Ta 3arajbHi BUTPATH Ha JOCTABKY.
Byno Bu3HaueHo, mo 31 30UIBIIEHHSIM KIJIBKOCTI JHUCIETYEPiB Ta KILTBKOCTI aBTOMOOLTIB piBEHb
0o0cITyroByBaHHS Ta 3arajibHi BUTPATH HA JOCTaBKY BAHTAXIB 301JIBITYIOTHCS.

TakuM YMHOM, BHKOPHCTaHHS pAaLliOHAIBHOI MapIIPyTHOI MEpeXi MTOCTAaBKH TapHO-IITYYHHX
BAaHTAXIB, BH3HAYCHOI Yy IOCHIPKEHHi, JO3BOJNUTH MiINPUEMCTBY OTPUMATH EKOHOMIYHHN e(eKT
po3mMipom 950 rpH IpHU HAJIEKHOMY PiBHI 00CITyrOBYBaHHS BAaHTa)KOBJIACHUKIB.
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FORMATION OF A RATIONAL ROUTE NETWORK FOR DELIVERY
OF CONTAINERIZED CARGOES

The formation of a rational route network contributes to the timely and uninterrupted delivery of
products and more efficient interaction of supplier organizations, recipient organizations and trucking
organizations. However, at present, the issues of increasing the level of customer service, which in
market conditions are closely related to the problem of service and quality of service, are becoming
increasingly important. The quality of transportation should be understood as the ability of the
trucking industry to meet the needs of enterprises and the public in transport services with minimal
costs. Thus, there is a question of forming a rational route network, which would improve the quality
of customer service with minimal costs. The use of economic and mathematical methods and
information technologies in the formation of a rational route network allows to obtain a synergistic
effect, namely by reducing overall costs, improve the quality of service. The formation of a rational
route network according to the proposed algorithm allows to determine the cost of delivery of goods
and the level of service of cargo owners with the specified number of dispatchers and cars at the
enterprise and provide companies with practical recommendations on the number of dispatchers and
cars needed to meet customer needs. service.

Keywords: route network, consignor, consignee, containerized cargo, regression model, total
costs, quality level.

3o6ipruk nayxoeux npauyw AYIT. Cepis « Tpancnopmui cucmemu i mexunonozii», 2021. Bun. 38

270



3MICT

TEXHIKA I TEXHOJIOT'II

Hanuenko C.B., @omin O.B., Bamyna I'.JL, Jloécvka A.O., /lepuzemnn C.B., 5
Puoin A.B. OOrpyHTYBaHHS BHUKOPHCTAHHS HANOBHIOBAYIB B CKJIQJOBUX HECYUHUX
KOHCTPYKITI BAHTQXKHUX BaroHiB
Iyzup B.I., Kpawenin O.C., Jauyn IO.M., Ob6o3nuir O.M., Ilanamina O0.0., | 14
3adeceneyy B.l. Bubip crparerii yTpuMaHHS JIOKOMOTHBHOTO TMapKy IIpH
3ampoBa/KEHHI CepBiCy
3enenvko I0.B., Kanumoem M.B. BUrotoBiieHHsS COpOLIITHOTO TOJIOTHA 3 KOMITO3UTHHX | 24
MaTtepialiB K 3aci0 I JiKBigamii po3auBiB HEOE3MEUHNUX PEYOBHH Ha TPAHCIIOPTI
Jlyopagin FO.®., Trkauenko B.Il., Cnieéax O.M. IlinBumenas eHepreTudHoi | 36
e(eKTUBHOCTI TSTOBOTO €JIEKTPONPHUBOJIA €IEKTPOBO3a 3MIHHOTO CTPYMY
Sulym A., Safronov O., Gladkykh 1., Lupitko N. Study of performance indicators of 52
transport machine-building and railway industry enterprises in a pandemic condition
covid-19
Cynum A.0O., Xo3a I1.0. Konueniii kepyBaHHs eHEPTeTUYHUMH MPOLIeCaMu Ha 63
SJIICKTPOPYXOMOMY CKJIaJli 3 HAKOMTUIYBadaMy CHEPTii
Paokesuu M.M., Canponosa C.I0., bpaiikosecvka H.C., Tkauenxo B.IL 80
Y 10CKOHAJICHHSI METOIMKH TEXHIYHOTO JIIarHOCTYBaHHS NACAKUPCHKUX BaroHIB
Azapkoe I.B. MopentoBaHHs pyJIbOBOTO KEpyBaHHS TpoJielidyca 3 MiJCHIIoBaYeM 88
PYJIBLOBOTO MPUBOJTY HA 0a3i €ICKTPOABUTYHA 3 POTOPOM, IO KOTHTHCS
Mozuna B.I., Kosmaneuv M.B., Mopneea M.O. ExcniepumeHTanabHi mociimkeHHs | 107
TEIUIO0OMIHY TPU OXOJIOJKEHHI BOJM Ta KOHJEHCALlIl MapH B TEIUIOBO3HUX PaIiaTOPHUX
CEeKILIIAX
Pasnwk B., /lepe¢’anuyk A., Iloczopenoe C. YI0oCKOHaNEHHS MeXaHIuHOI rajpmoBoi | 115
CHCTEMH MAacCaXMPChHKOT0 BaroHa
Mapmunoe I0.B., Ilempenxo O.M., Jlwooapcokuii b.I. Ouinka Ta mnepcrnekTusu | 125
PO3BHUTKY JI1()TOBOTO rocroiapcTBa Y KpaiHu
O3yny A.b., liooapcokui b.I. IlepcieKTHBHI el1eKTpOMEXaHI4HI aMOPTU3aTOPU 133
Riabov L., Sapronova S., Tkachenko V., Goolak S., Kersys R. Calculation of traction | 141
and energy characteristics electric rolling stock with asynchronous traction electric drive
Mapmunoe 1. E., Kanaoyxin 1O. €., Tpyghanosa A. B. Kouueniist KUTTEBOTO UKy | 153
MacaKUPChKOTO BaroHa
Canponosa C.IO., Tkauenko B.Il, bpaiikoecvka H.C., 3yo €.I1. HayxoBuii miaxing g0 | 164
METO/1iB 30UTBIIICHHS] JKUTTEBOTO IIUKITY KOJICHHUX Map PyXOMOTO CKJIaly 3ali3HUIb

MATEMATHUYHE MOJIEJIFOBAHHS
Hlepouna FO0.B. Ilpunmunu 1o0ya0BH  y3arajJbHEHOI MareMaThuyHoi wmojeni | 173
T1IpaBIIYHOTO TaCUTENSI KOJTUBAHb MACAKUPCHKOTO BaroHa
Jloecvka A.0., @omin O.B., Ckypixin /I.I., bonoapenko B.B. KomOinatopuuii miaxin | 185
JI0 TIOIIYKY BiJIMOB y CUCTEMI €JIEKTPOOOIaTHAHHS BaroHiB
Kosarchuk V., Agarkov O., Tverdomed V. Life assessment of rails by criterion of | 194

occurrence of fatigue cracks




Boponko 1.0. [lndepenuianbHo-irpoBa Moieib 3axUCTy iHGopmarii s komn rotepuux | 201
CHCTEM TPAHCIIOPTHOI iHPPACTPYKTYPH
Becena M.A., Knumenko LIO., Menvnixosa FO.I. BukopuctanHs HEMpOHHUX Mepex B | 213
aIAITUBHOMY YIIPAaBIiHHI €JIEKTPOMOOiIeM
TI'opobuenko O.M. TeopeTHM4HI OCHOBU OLIHKH 1H(OPMAaTUBHOCTI O3HaK MoOi3HOI | 223
cutyanii Ui poOOTH IHTENEKTyaTbHUX CUCTEM KepYBaHHS JIOKOMOTHBOM
Kulbovskyi I., Holub H., Andonova S., Saiapina I., Tkachuk M. Model and methods of | 232
management of efficiency of use of production and technological potential of rolling
stock of rail transport

OPT'AHI3ALISA TEPEBE3EHD I BE3IIEKA TPAHCIIOPTY
Tkachenko K., Tkachenko O., Tkachenko O. Modeling of system for monitoring of risks | 239
in the transport
bapuoin M.A., Kapawyk B.O., Kneuyvka O.B., Kipiyesa O.B., /[»cyc B.C. Monens | 247
B3a€MOBILUIMBY €KOJIOT1YHUX AacCleKTiB Ta HOPMYBaHHs €Heprii Ha TATY MOi3/1iB B
JIOTICTHUII 3a113HULb
Ilomaman H.B. ®opmyBaHHS paliOHATBLHOI MapIIPYTHOI MEpeXi JOCTaBKM TapHO- | 263

IITYYHUX BaHTAaXiB




Hayko60-eupoonuye 6uoanHs

Scientific and production edition

36IPHUK HAYKOBUX ITPAIlb
JTEP’KABHOTI'O YHIBEPCUTETY IHOPACTPYKTYPHU TA TEXHOJIOT'TH
COLLECTION OF SCIENTIFIC PAPERS
OF THE STATE UNIVERSITY OF INFRASTRUCTURE AND TECHNOLOGIES

Cepis «TpaHcnopTHI cucTeMH i TEXHOJIOTI»

Series «Transport Systems and Technologies»

Bunyck 38
Issue 38

Binmosiganeauii 3a Bumyck [. O. Casrmina

[Mignucano o apyky 30.11.2021 p.
Ywm. npyk. apk. 15,87. O6i.-pun. apk. 21,17
Haknaz 50 npum. 3am. Ne 2166-09/21

HanpykoBaHo B IpyKkapHi pelakiiifHO-BHIaBHUYOTO BiIJILTY
Jlep>kaBHOTO YHIBEpCHTETY iH(PACTPYKTYPH Ta TEXHOJOTIMH.
Cainourso npo peecrpauito Cepis JJK Ne 6148 Bin 18.04.2018.
03049, m. Kuis-49, Bymn. 1. Orienka, 19.
https://tst.duit.in.ua/





