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BUJATHI OII.

TPAHCHOPTHIN AKAJJEMII YKPAIHHU - 25 POKIB

Tpancnoptaa akagemis Ykpainu (TAY) — ue
BCEYKpaiHChKa TIpoMajichka HayKOBa OpraHi3alfis,
CTBOpEHa Ha JOOPOBUILHUX 3acalaX MPOBIIHUMHU
BUCHHMH 1 BUJIATHUMH iH)XCHEPaMH, KOJIEKTUBAMHU
HAyKOBHX 1 HaBUAIBHUX 3aKJIaJliB Ta IiIMTPHUEMCTB
cthepr TPaHCIIOPTHOTO KOMIUIEKCY IS IIUIECIIPS-
MOBaHOTO PO3BUTKY HAYKOBOi i HAYKOBO-TEXHITHOL
IUSTBHOCTI, MIJBUIICHHS €(EKTUBHOCTI TPAHCIIOP-
THOT'O KOMIUIEKCY, 3aXHCTy (haxoBHX IHTEpECiB,
KOOpIMHalii HayKOBO-IOCTITHUX PoOiT i BIpoBa-
JOKCHHS X pe3yJIbTaTiB, 0OMiHY JTOCBiIOM.

Axanemisi 3acHoBana 31 Oepesrs 1992 poxky
YcraHoBUMMH 300paMu Ta € HaWBHIOK (HOPMOIO
TPOMAJICHKOI OpTaHi3allii HayKoBOTO 3a0e3MeUeHHS
IHHOBAITIHHOTO PO3BUTKY TPAHCIIOPTY, €(EKTHB-
HOTO TPAHCIOPTHOIO 3a0e3ICUCHHST EKOHOMIKH
JICp’KaBU 1 CTBOPEHHS HOBUX BHUJIB TEXHIKH Ta Te-
XHOJIOT1H, TIABUIIEHHS PiBHS OE3MEeKH TPaHCIIOp-
Ty.

T'onoBHOIO MeETOIO misIbHOCTI AKameMmii € BU-
3HaueHHS TEPCIIEKTHB PO3BUTKY TPAaHCIOPTHOTO
KOMIUIEKCY YKpaiHu, y4acTh y (OpMyBaHHI U BU-
KOHaHHI TIporpaM HAayKOBO-TEXHITHOTO TIPOTpecy
B TalTy3i TPAHCIIOPTHOTO KOMIUIEKCY, CTBOPEHHI Ta
BJIOCKOHAJICHHI HAayKOEMHHUX TEXHOJOTIH A BU-
COKOKOMIT IOTEpH30BaHNX BHPOOHUITB MaiOyT-
HBOT0, TX KOMIUIEKCHOI aBTOMAaTH3allil, IUPOKOI
iH(popMaTH3allii, 0OXOPOHU JOBKIJLIA.

Axanewmis cmiBnpaioe 3 HarionansHoro aka-
JeMi€ro Hayk YKpaiHH, Taly3eBUMH aKaJIeMisMH
HayK YKpaiHu Ta akaJeMisiMu 3apyOiKHUX KpaiH.

Pimennssm 3arampHMX 300piB wicHiB TAY
y 2004 pori IIpesunenrom TAY OyB oOpanuii 3a-
CITy’)KEHWH Jisd HayKH 1 TexHiKK YKpainu, Jlaypear
HepxaBHoi npemii Ykpainu B ramy3i HayKH i TexX-
HIKHM, JOKTOp TEXHIYHHX HayK, mpodecop, peKTop
HarmioHanpHOTO  TPaHCIOPTHOTO — YHIBEPCUTETY
M.®. JIMUTpHUUEHKO.

Akaniemiss Mae perioHaJbHI HAyKOBI IIEHTPH

(IliBnennnit, Uentpansanit, 3axigauid, CXigHui Ta
[MiBHiuyHO-CXinHNUM), Ki 00’ €nHYIOTH 18 oOnacreit
VYkpaiHu.

Cxiganii Hayxosuii Llentp TAY OyB 3acHOBa-
Huit 27 xoBTHA 1992 poky. o ckmany Llentpy
BXOJATHh TepuTopianbHi BimmiureHHs (rinpomert-
poBcrke, JloHernpke, 3amopisbke Ta JlyraHceke),
AKi AirfoTh Ha minctasi cratyty CHI TAY rta Bia-
CHHX CTaTyTiB.

KepiBHUK HEHTpY — Hepluil Bile-mpe3uIeHT
TAY, akagemik [lmineko Onexcannp Mukonaiio-
BUY, IOKTOp TEXHIUYHUX Hayk, npodecop, Jlaypear
JepxaBHoi mpemii YKpaiHu B ramxysi HayKH 1 TeX-
HIiKH, peKTop JIHIMPpOIeTpOBCHKOTO HaIliIOHATHHOTO
VHIBEPCUTETY 3alli3HUYHOTO TPAHCIIOPTY iMeHi
akanemika B. JlazapsHa.

l'onosuoto Metorw aisuibHOCTI CHIL TAYV € BH-
0ip mepcreKTUB PO3BUTKY BITUYM3HSIHOTO TPAHCIIO-
pPTYy Ta TpaHCHOPTHOrO OyIiBHHULTBA, Y4YacTb
y po3po01Ii KOHIENTyalbHUX 3acal pedopMyBaHHS
TPAaHCIIOPTHOT'O KOMIUIEKCY YKpaiHu, mporpamax
(hopMyBaHHS HaIllOHAIBHOT MEpEekKi TPAaHCTIOPTHUX
KOPHAOPiB, PO3p0o0Ka Ta BUKOPUCTAHHS TEPEIOBUX
HayKOEMHHUX TEXHOJIOTiIH Y aBiaKOCMIYHIH, MOPCh-
Kiif, aBTOMOOLIbHIH, 3aTI3HUYHIA Ta IHIIMX Tajly-
34X TMPOMUCIIOBOCTI 1 TpaHCIIOPTY, peatizallis Bif-
MOBiJHUX NMPOEKTIB MOAAJBILIOTO PO3BUTKY TPaHC-
MOPTHO-JOPOXKHBOTO KOMILJIEKCY VYkpainu
3 ypaxyBaHHSIM BHMOT O OXOPOHU HaBKOJHUILIHBO-
r'o CepeloBUIIA.

3a pokwu cBoro icayBanHs Cxinnuit HaykoBuit
entp TAY HaOyB cTaTycy miiiOBOr0 KOOpIHUHA-
TOpa peaizallii riaHiB HayKOBO-OCIIHOT pOOOTH
KOJIEKTUBHHX YJICHIB, ITA0Y IMiTPUMKH PO3BUTKY
MDKHApOIHUX 3B SI3KiB Y Tajly3i TpaHCIIOPTHOI Ha-
YKH, CTaB BaXJIMBUM JIAHIIOTOM, 110 MTOEAHYE 3Y-
CHJUIA HAyKOBO-IOCTiIHUIIBKUX YCTaHOB, BUILIUX
HaBYAJIBHUX 3aKJIaJiB Ta MiIIPUEMCTB TPAHCIIOPT-
HOI raiy3i B CXiTHOMY perioHi YKpaiHu.
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CHUXEHUE UHTEHCUBHOCTH YHOCA YTI'OJIbHOH MIBLIIN
ITYTEM HUCITIOJIb30BAHUA CIIEIUAJIBHOI'O PACTBOPA

Heab. /[laHHoe wuccienoBaHue HampasieHo Ha: 1) pa3paboOTKy pacTBopa sl THOKPBITHS YIS
B JKCJIC3HOAOPOKHBIX BaroHax OTKPBLITOr'O TUIIA WJIN IJId MMOKPBITUA YT'OJIBHBIX IJ.ITa6eIlel>1 C ICJIbKO MUHUMMHW3ALlUU
YHOCA YTOJIbHOHM IbUIM; 2) CO3/IaHHe MaTeMaTHYeCKOH MOJEIH Ipolecca MoJlaud pacTBOpa Ha MOBEPXHOCTh YIJIA.
Metoauka. Jlns peumieHus] MMOCTaBICHHOW 3a7aun pa3paboTaH CIENHAIBHBIN pacTBOp, COAEpIKAalIUH JIeIIeBbIe
MIPOMBIIIUICHHBIE OTXOJbI M TIOJIYIIPOAYKTHl XUMHUYECKOTO MPOHU3BOACTBA. [IpoBenieH (pu3MUecknii SKCIEPUMEHT 110
OLIEHKE MHTEHCUBHOCTH YHOCA YTOJIbHOM IBUIM MPHU HCIIOJIB30BAHUM CO3aHHOTO pacTBopa. IlocTpoeHa matemaTn-
Yyeckass ~ MOJeNb, OCHOBaHHass Ha  INIPUMCHCHHWHM  ypaBHEHWH  JIBIDKCHHS — HMICAIBHOH  KHAKOCTH
U MaccorepeHoca. Pa3pa0oTaHHBIC YHCIICHHBIE MOJCIH COCTABISIOT OCHOBY IaKeTa MPUKIATHBIX HPOrpaMm
TSt OLICHKH KadecTBa 00paboTKH MIOBEPXHOCTH YIS CIICIHATbHBIM pacTBopoM.
PesyabTatel. [IpencraBieHs! pe3ysbTaThl IPOBEACHHOTO (PU3HUECKOr0 SKCIEPUMEHTA II0 OLIEHKE BEJIMYMHBI YHOCA
YrOJNBHOM IBUIM C IOCTPOSHHOM MOJENH YroidbHOrO InTadens npu oOpaboTKe €ro MOBEPXHOCTH CIICHHAIbHBIM
pacTBopoM U 6e3 00paboTku. ITokazaHo, 4TO MPUMEHEHHE MPEITI0KESHHOTO PACTBOPA JJIsl 00paOOTKH MOBEPXHOCTH
yrjl MO3BOJIACT CYHMICCTBCHHO YMCEHBUIUTL YHOC yFOHbHOﬁ NBUTH. DTO JaCT BO3MOXHOCTb CHHU3UTH BCIUYUHY
OKOHOMHYCCKUX IMOTCPh U YMCHBIIUTH YPOBCHL IIBUJICBOI'O 3arpsA3HCHUS BO3Z[yLHHOﬁ Cpe€abl B pa60q14x 30Hax.
[Ipeanoxensl pe3yNbTaThl BBHIYHUCIUTEIFHOTO AKCIIEPUMEHTA, MPOBEICHHOIO Ha 0a3e MOCTPOEHHBIX YHCIEHHBIX
Mmojeneil. Hayunass HoBM3HA. ABTOpamMM NpE/ACTAaBICH HOBBIH pacTBOp [yl OOpaOOTKM ITOBEPXHOCTH YIS
C LIENBI0 MUHUMHM3AIMH YHOCA YTOJIBLHOW MBUIM OT YTOJIBHOTO MITalelsl, MO3BOISIOMNI CYyIIECTBEHHO YMEHBIINTh
notepu yrias. Co3maHbl YHCICHHBIE MOJENH, IO3BOJISIOLINE YYECTh CYIISCCTBEHHBIC (DaKTOPBI, BIHUSIOLINE
Ha [polecc pacceMBaHHMs  pacTBopa B atMmochepe mpu  o0pabOTKe yriii B MOJyBaroHax.
IMpakTHYecKasi 3HAYUMOCTD. [IpeIoKeHHBI B paboTe pacTBOp UMEET HU3KYIO LICHY, TaK KaK MOXET OBbITh CO3-
JlaH Ha OCHOBE HCIIOJIb30BAHMS OTXO0B NPOMBIIUICHHBIX MPOU3BOACTB. [IprMeHeHne JTaHHOTO pacTBOpa MO3BOJISET
CYIIECTBEHHO YMEHBLINTh HHTCHCHBHOCTH YHOCA YrOJNBHOM MBUIM C IIOBEPXHOCTH YTOJBHOTO IITabens.
Paccmotpens! addektuBHble urnciaeHHbie Mosenu «diagnostic modelsy yis skcnpecc-pacuera mnpoiecca 00paboTKu
pacTBOpoOM rpy3a B mojyBaroHax. Mojienu MOTyT ObITh IIPUMEHEHBI IPH Pa3padOTKe CTPATEeruy Mojadd pacTBopa
Ha TOBCPXHOCTH I'py3a MpH Ppas3iMdHbIX aTMOC(l)epHI)IX YCIIOBUAX. HOCTpOCHHbIe YUCJICHHBIE MOJCIN MOTYT
CIY)KUTh JUIS Hay4yHOro OOOCHOBaHHS IIapaMeTpoB Iporecca 0o0pabOoTKH Tpy3a INpH pa3iIu4YHOW (opme ero
MIOBEPXHOCTH B MOJTyBaroHe.

Kniouegvie cnosa: yHoc yrompHOM mbUIM; IuTalbeNb YIJIsl; XUMHUYeckas oOpabOTKa yriisi; YHCICHHOE
MOJICTTMPOBaHKE; PU3NIECKHUI IKCTIEPUMEHT
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BBenenune

B YkpanHe mpoucxXoquT WHTEHCHBHAsS 100bIYa
yIIIsl, 4TO 00YCJIOBJICHO OOJIBIIMMH €T0 3amacaMu
Ha Teppuropuu crTpasbl. llpm noObrue yrus,
€ro  TPaHCIOPTHPOBKE BO3HUKACT  KOMIIIEKC
mpoosem [1, 2, 5, 7-9, 14, 16-18], rae MOXHO
BBIIETIUTH IBE, HaunOonee OCTpBIE.
[TepBass mpobiema — 3TO 3arpsA3HEHHE YTOJBHOM
MBUTBIO0 TIPUMAruCTPaIbHOW TEPPUTOPUN BO BpEMS
MepeBO3KH yTias B moayBaroHax [1, 2, 15, 18]

(puc.1).

Puc. 1. TpancropTupoBKa yris
Fig. 1. Transportation of coal

Bropas mpobiema — 3arpsa3HeHue pabounux 30H
BO3JIe mTadenelt yris (puc. 2), KOTOpble HaXOAAT-
Cs Ha TEPPUTOPUH INAXT, KOKCOXHMHYECKUX
MOPEANPUITAN U APYTHX OOBEKTOB.

Puc. 2. lltabGenu yris Ha TEPPUTOPUH IPOMBILIIEHHO-
ro o0beKTa

Fig. 2. Coal piles in the territory of the Industrial object

YHOC YroapHOW TMBUIM OT TOBEPXHOCTH
mradenell co3aeT MHTEHCHBHBIE 30HBI 3arpsizHe-
HUS BO3JIe HUX. B 3THX 30HAaX Haxomarcs paboOTHH-
ku npennpusatuii. Takum o0pa3oMm, BO3HUKaeT
yIrpo3a 3J0pOBbIO MPOU3BOACTBEHHOI'O MEPCOHANIA.
B ar1o#i cBs3M mpolOiiemMa 3arps3HEHHS YTOJBHOM

ObUTBIO  BO3AYIIHON Cpeibl Ha IPOHM3BOJICTBE
0CTaeTCs B YUCIIe 0CO00 aKTyaIbHBIX MPOOIIEM.

Ananu3 JIMTEPATYPHBIX UCTOYHUKOB

B nocjeaAHee BpEM: 3HAYUTCIIBHO ITOBBICHIICA

WHTEpEC K  pa3pabOTKe METOMOB  3aIUTHI
oT TIBIJICBOI'O 3arpsA3HCHUA pa60‘H/IX 30H
Ha NpUMarucTpaabHON TEPPUTOPUH

U Ha TEPPUTOPHUHU NPEIIPHUSITUH, I€ UCIOIb3YIOT
yroms [1, 2, 4, 5, 7, 8, 15, 17]. CymecTtByroT
pa3iaMuyHBIE METOABl pEIIeHUs 3TOM  3ajJayu.
Hanpumep, MOTYT HMCIOJB30BaThCS CIIELHUATIbHbIE
KPBIIIKH, KOTOpBIE YCTaHaBINBAIOTCS
Ha  nomyBaronsl  [15].  Takue  KpblIIKH
MO3BOJIIIOT CYIIECTBEHHO YMEHBIIUTH YPOBEHb
3arps3HEHMs [IPUMAarucTPajibHOW TEPPUTOPUH, HO
ABISIIOTCS.  O4eHb Jjoporumu. Hawmbonee wacrto
UIi  YMEHBLICHHS YHOCAa  YTOJBHOM  IBUIH
UCTIOJIB3YIOT CMauydBaHWE BOAOH IOBEPXHOCTH
TpaHCTIOPTHUPYEMOTo Tpy3a (puc. 3).

0 |

Puc. 3. [lonava BoJbI Ha yroJib B OJIyBaroHax
Fig. 3. Water supply to coal in gondola cars

AHanu3 ITUTEpaTypHBIX HMCTOYHUKOB ITOKAa3al,
9TO ONHUM W3 3(PQPEKTUBHBIX METOIOB 3aIIUTHI
OKpyXarolel Cpeibl OT 3arpsA3HEHUS YrOJbHOU
MBUTBIO SIBJIICTCS MPUMEHEHUE CICIMAIbHBIX pac-
TBOPOB, KOTOPBIMU 00pabaThIBaeTCs MOBEPXHOCTh
yrig [1]. OmHako, HE PEaKO ATH PacTBOPHI SBIIS-
I0TCSL JOPOTOCTOSAIINE, [TO3TOMY BO3HUKAET aKTy-
anpHas 3aj[ada 1Mo CO3/IaHUI0 JICHIEBBIX PacTBOPOB,
KOTOphIe O HAAEKHO 3aIWIIAN OKPYKAIOIIYIO
cpeny OT MoMNaJaHui yroJibHOW MbLIH.

Jlis yMeHbBIIIEHUST TBIJICBOTO 3arps3HCHUS pa-
0ounx 30H BO3je IMTabeneil yrisd NpUMEHSIOT 3a-
IIUTHBIC SKPaHbl, KOTOPHIC JOCTATOYHO YaCTO ObI-
BalOT MOpHUCThIMH. Hambonee mMpocThIM METOAOM
MBUIETIONABIICHUS ABISETCS 1M0/1ada BOJBI C IOMO-
IIBIO BOJSHBIX ITyIIEK Ha MOBEPXHOCTh YTOJIBHOTO
mrradens (puc. 4).

doi 10.15802/stp2017/99742
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Puc. 4. HpI/IMeHeHI/Ie BOAAHBIX MYHICK JIA ITOAAYX BObL
Ha MOBCPXHOCTL YIrOJbHOT'O mradenst

Fig. 4. The use of water cannons to supply water
to the surface of the coal pile

Kaxnplii W3 TpUMEHSEMBIX METOIOB HMEET
CBOM  JIOCTOMHCTBA M  CBOM  HEIOCTaTKH.
Tem He MeHee, aKTyaJbHOW 3aJayed oOcCTaercs
pa3paboTka 3KOHOMHYHBIX U 3(PPEKTUBHBIX METO-
JIOB  yMEHBIIEHUS YHOCAa YrOJbHOM  MbUIM
13 MOJTyBaroHOB WJIM OT IITabenei yris.

Hean

Henpro manHO# paboThl sBIsieTcs pa3paboTka
CHENUAIBHOTO PACTBOPA, MO3BOJIAIONICTO YMEHbB-
IIUTh YHOC TBUTM OT ITabens yris Wik OT Mo-
BEPXHOCTH CHIMYYEro rpy3a B MOJIyBaroHe.

Kpome storo craButcs 3ajmava mo pa3paboTke
MaTeMaTHYeCKOH MOJIeJIn Tpolecca paclbUInBa-
HUS  pacTBOpa  HaJl  TOBEPXHOCTBIO  YIJIS
B JKEJIE3HOJIOPOXKHBIX BaroHaX, KOTOPBIE MOCTY-
MaroT Ha MecTo 00paboTku rpy3a [7] (puc. 5).

Puc. 5. IlyHkT nmofauu pacTBOpa Ha MOBEPXHOCTb YISl
B IOJIyBaroHax: / — ¢opcyHku [7]

Fig. 5. Point of solution feeding to the surface of coal
in gondola cars: / — the injectors [7]

MeToauka uccjief0BaHMI

s yMeHbIIeHUsl IpoLecca yHOca yTOJIbHOM
NBITM TIPU TIEPEBO3KE Ipy3a KEJIE3HOAOPOKHBIM
TPAaHCIOPTOM WM HPH YHOCE OT YrOJIBHOTO
mrabessl MmpeliaraeTcs HCIOJIb30BaTh CIELUAllb-
HBII PacTBOp, COACpXAIUMM JAELIEBbIC NPOMBILI-
JICHHBIE OTXOAbl U HOJXYHPOIYKTHl XMMHUYECKOTO
IIPOM3BOACTB, & HMEHHO: OTPa0OTaHHOE TpaHC-
¢dbopmaTopHoe Macio, AuOyTHiadTANAT, OEH30II,
sManuT. Takue OTXOAbl MMEIOTCS B JOCTAaTOYHOM
KOJINYECTBE HA KOKCOXUMHYECKUX MPEANPHUATUAX.

Pa3paboTanHblil pacTBOp MpeACTaBIsIeT coOoi
BA3KYIO KHJIKOCTh TEMHO KOPHYHEBOTO IIBETA.
Ilojauy pacTtBOpa Ha IIOBEPXHOCTH Ipy3a
B [IOJIyBaroHe WM Ha IITa0eb yIJisi Ipeiaraercs
OCYILECTBIIATH C MOMOIIBIO (POPCYHOK.

Jisl OLICHKM CTENEeHU YMEHBIIEHUs IbIIeBbLIe-
JIEHUs1 OT IIOBEPXHOCTH YIUIA, IPU IPUMCHEHUH
pactBopa, ObLT MpoBeAeH (U3UUECKUI IKCIepH-
MeHT. B nabopaTopHbIX ycnoBusix Oblla U3rOTOB-
JIeHa MOJeNb YroJIbHOro mrabens B MacmuTade
1:10 (puc. 6).

Puc. 6. Monenb yroapHOTO mTa0eIs

Fig. 6. Model of coal pile

[lpu mpoBeneHWH >KCIEPUMEHTa Ha MOAETD
mradensi paBHOMEPHO IOJABAJICS NPEUIOKEHHbIH
pacTBOop Cc 0Opa3oBaHHEM Ha IMOBEPXHOCTH YIJISA
IUICHKU, TONIMHUHON 2—5 MM. C MOMOIIBI0 BO3IY-
XOIyBKH CO37aBajcsi BO3MYILIHBIM HOTOK, Halpas-
JEHHBIH Ha  MOJENb YIOJBHOIO  IITabens.
[Totox momaBasics B TeueHue 10 MUHYT.
Ilocne oOkOHYAHHMS HPOLYBKH IMPOUCXOOHI cOOp
BBIHECEHHOW YTOJIBHOM MBI M €€ B3BELIMBAHHE.
OnbITEl MPOBOAWINCH Kak uisi 0Opa0OTaHHOTO
pactBopoM mTabens, Tak © JUIA IOTabens,
He 00paboTaHHOT'O PacTBOPOM.

Pesynbrarel 00pabOTKM HEKOTOPBIX JKCIEPH-
MEHTANbHBIX JaHHBIX MpeAcTaBleHbl B TaOm. 1.

doi 10.15802/stp2017/99742
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31eck NOKa3zaHa MHTCHCHBHOCTB IBUICBBIICICHUS
OT NOBEPXHOCTH YTOJIHLHOI'O mrabeis IIpU UCIIO0JIb-
30BaHMM TNPENJIOKEHHOTO pacTBopa M 0e3 oOpa-
OOTKH YTOJIHOTO IITa0esNsi pacCTBOPOM.

Kak BumHO m3 Tabn. 1, mpUMEHEHHE MpPEIo-
JKEHHOTO PAacTBOpa JaeT BO3MOXKHOCTh CYIIECT-
BEHHO  YMEHBIIUTh  HMHTCHCHBHOCTH  YHOCA
YrOJbHOW MBUIM OT IOBEPXHOCTH  INTAOEIs.
OueBUIHO, YTO JAHHBIA PACTBOP MOXHO I10/1aBaTh
Ha IOBEPXHOCTh YIJII B MOJyBaroHax C IEJIbIO
YMEHBIICHUS] WHTCHCUBHOCTH IBUICBBIICICHHS
OT MOBEPXHOCTH TPAHCIIOPTUPYEMOTO Ipy3a.

Tab6numa 1

HNHTEeHCHBHOCTH MU CCHH erJ’lLHOﬁ NbLIH

Table 1
Intensity of coal dust emission
CkopocThb MurencuBHOCTH MurencuBHOCTH
BO3IYIIHO- | 3MHCCHHU YTOJBHON 9MHCCHH YTOJIBHOI
ro moToka | mbuIK (63 00paboT- neLH (Ipu 06pa-
KU MIOBEPXHOCTH 60TKE pacTBOPOM
YIS PACTBOPOM) MIOBEPXHOCTH YTJIS)
2,6 m/c 2,6-10"r/(em* ¢) | 0,2-10™*r/(eM” )
53m/c | 11,2.10"/(em’c) | 0,5-10™r/(cM® ¢)
7,8 M/c 13,5-10"r/(em*c) | 0,8-107r/(cm? ¢)

MartemaTHn4eckast MOJeJdb

Ha BTOpOM »Tame mccinenoBanmii OblTa pas3pa-
OoraHa MareMaTHueckas MoOJEIb IS pacydera
mpoliecca pachblUIeHHsT PacTBOpa Hal MOBEPXHO-
CTBIO yriusl B modyBaroHax  (puc.  5).
Pemienne naHHOW 3aJayu OCYLIECTBISIETCS B JBa
stama. Ha mepBoM 3Tame paccuuThIBaETCS TMOJIE
CKOPOCTH BO3IYIIHOTO TOTOKa Ha IyHKTE 00pa-
0OTKH Tpy3a C y4eTOM CKOPOCTH BeTpa, TypOy-
JieHTHOM nuddy3un ¥ MHTEHCHUBHOCTH TOJA4u
pactBopa. Ha BTOpoMm 3Tame ocyIiecTBiseTcs pe-
IIeHWe 3aJadll MaccolepeHoca — pacCenBaHUs
Kamejab pacTBOpa HaJx TIOBEPXHOCTBIO Tpy3a
B MIOJTyBaroHax.

MopenupyromuM ypaBHEHHEM Ha TIEPBOM
JTame pelieHus 3aJadd  SBISIETCS ypaBHEHHUE
JUTSL TIOTCHIIMAIa CKOpOCTH (YpaBHEHHE JIBUKCHUS
UjeaIbHOro 0e3BUXpeBOro motoka) [12, 13]:

o’ 0°

7¢9,0¢

ox~ oy
rac ¢ — noTeHuuall CKOPOCTH.

=0, (1

KOMHOHCHTLI BGKTOpa CKOpOCTI/I BO3IlyH.IHOF (0]
IIOTOKa CBA3aHBI C BCJII/I‘-II/IHOﬁ IIOTCHIIMAJIa
CKOpOCTI/I TAaKUMHU COOTHOIIICHUIAMMU:

oo

v=—01m1. 2)

ey
oy

Oox

[TocTanoBKa KpaeBBIX yCIOBUH Uil YpaBHEHUS
(1) paccmarpuBaetcs B padotax [12, 13].

MopgenupyronmM — ypaBHEHHEM Ha  BTOPOM
JTame peIIeHHs 33/7aud  SBISETCS  ypaBHEHHE
Maccomnepenoca [2, 3, 6, 10, 12, 13]:

oC ouC o(v—-w)C
—+ +
Ox oy

py = diV( pgradC ) +

N
+2.0,(1)8(x~x,0)3(y - %), (3)
i=1

rne C — KOHIIEHTpamusi pactBopa; U,V —
KOMITOHEHTBI BEKTOPa CKOPOCTH BO3AYIIHOTO TIO-
TOKa; W= ( ux,u},) — ko3¢ punmmenTs arMocdepHoit
G dysum; Q -
MHTEHCUBHOCTh IOJaYl PacTBOpa M3 (HOPCYHKH;
S(x—xl.)ﬁ( Y- yl.) — genbTa-GyHkius Jlupaka;
Xi» Vi —
pactBopa (popcyHkn); W, — CKOPOCTb IDaBHTALH-

TypOyJIeHTHOM

KOOpAHWHAThl HCTOYHHUKA SMHCCHUHU

OHHOTO OCEeaHUs Kallelb PacTBOpPa; f — BpeMsl.
TloctaHoBKa KpaeBbIX YCJIOBUH Ji JAHHOTO

ypaBHEHUs paccMOTpeHa B paborax [10, 12].
UucneHHOe WHTETPUPOBAHHE MOJAETHPYIOMINX

YpaBHEHHH BBINIOJHACTCS HA TPSIMOYTOJIBHOU
pasHocTHOW  cerke. [lpm  dopmupoBaHum
pacyeTHOW  00NacTH  MCHOJB3YETCS  METOJ

MapkupoBaHusi [12]. C mnoMompbro MapKepoB
3aaeTcs TMOJI0KEHNE JKEJIe3HOAOPOKHOTO BaroHa,
MOJIO’KEHUE (POPCYHOK.

Yucnennoe perenue. J{iis YMCIEHHOTO UHTETPH-
pOBaHMS ypaBHEHHS JUIS TIOTEHIMANa CKOPOCTH HC-
nojip3yercss Meroy Jlubmana [11]. st uncieHHOTO
WHTETPUPOBAHMA YpaBHEHHS MaccollepeHoca Hc-
TIOJIB3yeTCsl HesIBHAs Pa3HOCTHAs CXeMa pacIieruie-
Hus [12, 13]. Ha xaxmom 1iare pacieruieHus] Heu3-
BECTHOE 3HAUCHHE KOHLIEHTPALUH IbUTA HAXOIUTCS
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© H. H. Benses. A. A. Kapno, 3. H. fIxy6osckas, 2017

11



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIIpOneTpoBCbKOro
HAI[IOHAJIBHOTO YHIBEPCHTETY 3aIIi3HUYHOr0 TpaHcmopty, 2017, Ne 2 (68)

EKOJIOI'A1 HA TPAHCITIOPTI

M0 METOAy OeryIiero cdera. OTO MO3BOJISIET IONY-
YHUTh TPOCTOHN AJITOPUTM JIsl PacueTa KOHIICHTPAIIU-
OHHOTO TTOJIsl PACTBOPA Ha MYyHKTe 00pabOTKH rpy3a.

PesyabTartsl

BrimonHeHa mporpaMMHas peamu3anus paspa-
0OoTaHHBIX YMCICHHBIX Mojeneit. Ha puc. 7 moka-
3aHBl pe3yNbTaThl pacdyera KOHIIEHTPAIMOHHOTO
MoJIE pacTBOpa Ha TYHKTe 00paboTku Tpy3a,
mpy  Tojade  pacTBopa U3 (POPCYHKH.
B pacderHoii 001acTH HaAXOIATCS JABa MOJIYBaroHa,
W ToJa4ya pacTBOpa NPOMCXOIUT TPHU HAIHYUU
BETPOBOTO MOTOKA.

Puc. 7. KoHnieHTpannoHHoe moJie pacTBOpa MpH Mmoaade
€ro Ha MOJYBaroHsl C TPy30M

Fig. 7. The concentration field of the solution when
feeding it to the gondola car with a load

Kax BumHO n3 puc. 7 pacmpezeneHue pacTBopa
B  pacueTHOW o0mactTd —  HEPaBHOMEPHOE,
YTO BBI3BAHO CHOCOM KaIelb PacTBOpa BETPOBBIM
HOTOKOM. DTO 3HAYUT, YTO PACIpPEAEIICHUE PaCTBOPA
Ha IMOBEPXHOCTU Tpy3a Takke OyIeT HepaBHOMEp-
HbIM. Takum oOpa3oM, ogadya pactBopa Ha 0Opada-
TBHIBAEMBIIi OOBEKT MOJDKHA KOPPEKTHPOBATHCS B
3aBHCUMOCTH OT KOHKPETHBIX METEOYCIIOBHH.

Hayuynasi HoBU3HA 1
NPaKTHYeCKasi 3HAYUMOCTh

[Ipennoxken cnenuanbHBIA  PacTBOpP, IO3BO-
JISIFOINUEM  YMEHBIIUTh WHTCHCHBHOCTD MbLICBbBIIC-
JICHUs1 OT TIOBEPXHOCTH YTOJBHOTO IITa0esl.
Co3maHbl  YHCJICHHBIE MOJCNH, IO3BOJISIOIIUE
paccUMTBHIBATh MPOIECC PACCEMBAHHS pacTBOpa
Ha IyHKTE 00pabOTKH Tpy3a MpH MoAade pacTBopa
u3 (popcyHku. Monenu JaroT BO3MOXKHOCTh Y4ECTh
BJIMSIHUE CKOPOCTH BeTpa, TypOyJeHTHOH muddy-
31, MHTEHCUBHOCTH MOJIa4YX PACTBOPA Ha MPOLECC
(OpMHPOBaHUS €r0 KOHIICHTPAIIHOHHOTO TIOJISI.

[IpumeHeHne  TPEATIOKEHHOIO  pacTBOpa
MO3BOJIUT YMEHBIIUTH TMOTEPU YIS U YPOBEHb
3arps3HEHUS pabdodnx 30H BOJNM3HM IITa0eNei
WIH PSIJIOM C TPAHCIOPTHBIMUA MAaTUCTPAISIMHU,
I OCYIIECCTBIIACTCS EPEBO3KA YIS

BriBoabI

Paccmotper 3¢(eKkTUBHBIH METOJ yMEHbIIIE-
HUSI MHTEHCHBHOCTH SMHUCCHH YTOJBHOM TBUIH
OT TIOBEpXHOCTH MmTabenst myTeM 00paboOTKU
€ro cremuaibHeIM pacTtBopoM. CocTaB mpemio-
JKEHHOTO PAacTBOpa OCHOBaH Ha HCIOJIb30BAHUH
NPOMBIIIIEHHBIX OTXOJOB, IO3TOMY PacCMOTpPEH-
HBI B paboTe MOIX0J MOXKHO paccMaTpHBaTh Kak
BapUaHT yTUIM3ALUH TPOMBIIIIICHHBIX OTXOJIOB.

JanbHeliliee pa3BUTHE JAHHOTO MCCIEJOBaHUS
clleflyeT TpOBOAWTH B  00NacTH  CO3maHHA
MaTeMaTUYECKHUX MoJenein npouecca
00paboTKH mTadenei yris pacTBOPOM.
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SHUKEHHA IHTEHCUBHOCTI BUHECEHHA BYT'IVIBHOI'O ITAJTY
HJIAXOM BUKOPUCTAHHA CIIEHIAJIBHOT'O PO3YHUHY

Merta. [/lane nocmimkeHHs cripsMoBaHe Ha: 1) po3poOKy pO3UMHY ISl MOKPHUTTS BYTUDIA B 3aII3HUYHUX BaroHax
BIAKpUTOTO THIy ab0 Uil TOKPUTTSA BYTUIBHUX MITA0ETiB i3 METOI0 MiHiMi3alii BHHOCY BYTLIBHOTO IIHITY;
2) CTBOpEHHsI MaTeMaTUYHOI MOJIEN MpoLecy Mmojavyi po3urnHy Ha MOBEpPXHIO Byriuisl. Meromuka. [l BUpilIEHHS
MOCTABJCHOI 3a/Jadi  pPO3POOJICHWH  CHEHiaIbHUHA  PO3YHMH, M0 MICTHTh JICHICBI POMHCIOBI  BiIXOIU
Ta HaMIBIPOJYKTH XiMiuHOro BUpoOHULTBA. [IpoBeneHo di3uuHMil eKCIEpUMEHT 3 OLIIHKH IHTEHCHBHOCTI BUHOCY BY-
TUIBHOTO TIMIIy TIpU BHUKOPHUCTaHHI po3poOiieHoro po3umHy. [loOymoBaHO MareMaTWdHy MOJEINb, 3aCHOBaHY
Ha 3aCTOCYBaHHI PiBHSHb PyXy i€aJIbHOI piIMHU Ta MaconepeHocy. Po3polbieHi 4nuciioBi MoJieni CKIagaloTh OCHOBY
CTBOPEHOTI'0 ITaKeTa NMPHKJIaJHUX IPOrpaM JUIs OLIHKH SKOCTI 0OpOOKM MOBEPXHI BYTiUIA CHELiaIbHUM PO3UYHHOM.
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PesyabTaTu. [Ipeacrasieni pe3yapTaTi MPOBEACHOTO (i3UMYHOTO EKCIEPHMEHTY 3 OIIHKU BETMIMHU BUHOCY BYTiJb-
HOTO MUITy BiA moOya0oBaHO! MOJIENi BYyriIbHOTO mtaderns mpu oO0poOii Horo moBepXHi CHenialbHIM PO3YMHOM 1 6e3
00po0ku. [TokazaHo, 110 3aCTOCYBaHHA 3alIPOTIOHOBAHOTO PO3YHMHY Uil OOPOOKH TOBEPXHi BYTUJLIS JO3BOJISIE CYTTEBO
SMCHIIUTH BHUHOC ByFiHI)HOFO nuiy. ]_[e JI03BOJISIE 3HU3UTH BCIIMYNHY eKOHOMi'-lHI/IX BTpar
Ta 3MEHIIUTHU PiBeHb MUJIOBOT0 3a0pyIHEHHS IIOBITPSHOTO CEPEIOBHUINA B POOOYMX 30HaX. 3allpOIIOHOBAHI pe3yJIbTaTh
OOUYHMCITIOBAIBHOTO ~ €KCIIEpUMEHTY,  TPOBEJCHOro  Ha  0a3i  MOOy/[OBaHMX  YHCEIbHUX  MOJEINEH.
HayxoBa HoBH3Ha. ABTOpamMM Npe/CTaBiIeHUH HOBUIT PO3UMH JuIsi 0OpOOKH MOBEPXHI BYTUIISA 3 METOIO MiHiMizawil
BHHOCY BYT'UIBHOTO MY BiJl ByTUIBHOTO INTA0EINs, 10 JJO3BOJISE ICTOTHO 3MEHIIMTH BTpaTH BYriuis. CTBOpPEHO Ymnc-
JIOBI MOJIEN, IIO /103BOJISIIOTH BPAaxyBaTH ICTOTHI (pakTOpHW, IO BIUIMBAIOTH HA IPOLEC PO3CIIOBAHHS PO3YHHY
B atMocepi pu 06pod1i Byriurt B HamiBBaroHax. IlpakTuyHa 3HAYMMiCTh. 3allpOIIOHOBAHUI B POOOTI PO3UMH Mae
HU3BKY IiHY, TaK K MOXXE OyTH CTBOpPECHHII Ha OCHOBI BUKOPHCTAHHS BiIXOJiB MPOMHCIOBUX BHPOOHHUIITB. 3aCTOCY-
BaHHS JAHOTO PO3YMHY J03BOJISIE iICTOTHO 3MEHIINTH IHTCHCHBHICTh BUHOCY BYTLUTBHOTO TIJTY BiJI TOBEPXHi BYTLIFHO-
ro mrabens. Po3risHyTo edextuBHi uncioBi Mmojedi «diagnostic models» s ekcripec-po3paxyHKy Hporecy 00poOKu
PO3YMHOM BaHTaXy B MiBBaroHax. Moieni MOXXyTb OyTH 3aCTOCOBaHi IIpH po3pod1i cTparerii mogayi po3dyuHy Ha I0-
BEPXHIO BaHTaXy IPH Pi3HKUX aTMochepHNX ymoBax. [IoOymoBaHi 4HCIOBI MO MOXKYTh CIIY’KUTH JJISI HAYKOBOTO
OOIPYHTYBaHHS MapaMeTpiB MPoLecy 0OPOOKH BaHTaXKy TPH Pi3Hil GopMi HOro MOBEPXHI B HAIIBBATOHI.

Knrouosi crnosa: BUHOC BYTUIBHOTO MHITY; IITa0eh BYTULIL; XiMidHa 00poOKa BYTU/UIS; YHCENIbHE MOJCTIOBAHHS;
(i3MYHUIT eKCIIEPUMEHT
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REDUCING THE INTENSITY OF TAKEAWAY PULVERIZED COAL BY
USING SPECIAL SOLUTION

Purpose. The article is aimed: 1) to develop the coal coating solution in open railway cars or to cover coal piles to
minimize the coal dust losses; 2) creating a mathematical model of the process of the solution feeding to the surface of
coal. Methodology. To solve this problem, it was developed a special solution containing cheap industrial wastes and
semiproducts of chemical industries. It was conducted a physical experiment to assess the intensity of coal dust loss
when using the developed solution. A mathematical model based on the use of the motion equations of the ideal fluid
and mass transfer was developed. The developed numerical models are the basis of the application program
package created for assessing the quality of processing the coal surface by special solution.
Findings. The results of the conducted physical experiment to assess the magnitude of the coal dust loss on the model
of the coal pile in the processing of its surface with a special solution and without processing are presented in the arti-
cle. It is shown that the application of the proposed solution for surface processing of coal can significantly reduce the
coal dust loss. This makes it possible to reduce the amount of economic losses and reduce the level of air dust pollution
in work areas. The results of computational experiments carried out on the basis of the constructed numerical models
are presented in the article. Originality. Authors proposed a new solution for the coal surface processing in order to
minimize the removal of pulverized coal from the coal pile, which substantially reduces the coal losses. There were
created numerical models to take into account the relevant factors influencing the solution dispersion process in the
atmosphere from coal processing in gondola cars. Practical value. Solution, proposed in the article has a low price,
because it can be created on the basis of industrial production wastes. Application of this solution can significantly re-
duce the intensity of coal dust losses from the surface of the coal pile. There were considered effective numerical mod-
els «diagnostic models» for rapid calculation of cargo processing in gondola cars with the solution. The models may be
used in developing strategies of solution feeding to the cargo surface at various atmospheric conditions. The con-
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structed numerical models can be used for scientific substantiation of the parameters of cargo processing with various
forms of its surfaces in the gondola car.
Keywords: coal dust loss; coal pile; chemical processing of coal; numerical modeling; physical experiment
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MOJCUCTEMA MOJEJIEM 3KOJIOTMYECKOT'O MOHUTOPHUHT A
JJIA OHEHKHN COCTOAHUA ATMOC®EPHOI'O BO3YXA

Heas. Haydnast paboTta MOCBSIEHAa YCOBEPUIEHCTBOBAHUIO METOANKHU MPOTHO3a Ka4eCTBa aTMOC(HEPHOTO BO3-
JyXa IpHU BBIOPOCE OT CTALMOHAPHBIX UCTOYHUKOB 3arpsA3HEHUS M OT NEPEABHKHBIX HCTOYHUKOB 3arpsi3HEHUsL. Bbl-
0op Lenu CBsA3aH C TEM, 4TO B IOCIEIHEEe BpeMs YCHJIMJIMCH TPEOOBaHUs K KayecTBY NMPOTHO3HOW MH(OpMaIUU
0 COCTOSIHMHU aTMOC(EpHOro BO3AyXa, YTO BJIUET 3a cO00I MOAEPHHU3ALMIO CYIECTBYIOIIUX MIPOrHO3HBIX METOAUK.
B pabote npoBeaeHO yCOBEPLIEHCTBOBaHUE OJIOKA OLIEHKH U MPOTHO3a COCTOSIHUS aTMOC(EPHOTr0 BO3/lyXa B CUCTE-
M€ PErMOHAJIBHOTO 3KOJOTMYeCKOr0 MOHUTOPHHIA JUIS NMOBBIIICHUS YPOBHS SKOJOIMYECKOW 0e30I1acHOCTH NpH
TUIAHUPOBAaHMWHU W 3aCTPOWKE TEPPUTOPHH. YCOBEPIICHCTBOBAHHBINA OJIOK CITYXKHT JUIsS ONpE/IeNICHHs IoKa3areseit
KayecTBa aTMOC(EPHOro BO3AyXa M COCTOSIHHSI €r0 pecypcHOTo moTeHmmana. Meroauka. [t pemenns mocTas-
JICHHOHM 3a/1a4M MCIIOJIb30BAaH KOMIUIEKCHBIH METOJ MCCIIEAOBaHNH, KOTOPHIH 3aKII0OYaeTCsl B CHCTEMHOM aHAJIN3e
1 0000IIEHNH CYIIECTBYIONINX MCCIECIOBAaHNUHN MO NMPOoOIEeMe OLEHKH M IPOTHO3a COCTOSIHUS aTMOC(HEPHOTO BO3LY-
Xa, MPUMEHEHUH MHIYKTHBHOTO METOJA MPH IOCTPOCHUH MEpapXUUECKOil cucTemsl mojeneil. Ilpu onpenenennn
HoKa3aTelield BEpXHEro ypoBHS HUCIIONB30BAaH METOJ] SKCIIEPTHBIX OLCHOK. J{s pemenus nuddepeHunanbHbIX ypas-
HEHUIl a3pOANHAMUKI U MacCONEpeHOCca IPUMEHSIOTCSI KOHEYHO-Pa3HOCTHBIE MeToAbl. Pe3yibTaThl. Pazpaborana
CTPYKTypa MPOTHO3HOTO OJI0Ka 110 aTMOC(HEPHOMY BO3YXY B CUCTEME IKOJIOTMYECKOr0O MOHUTOPHHIA. BBINOIHEHBI
HCCJIeIOBAHUS TTOKa3aTesell kaduecTBa aTMOC(EpHOro BO3yXa M COCTOSIHUS €r0 PeCypCHOro MOTEHIUala ¢ UCI0JIb-
30BaHHeM pa3paboTaHHbIX Mojeneld. Hayunast HoBU3HA. ABTOpaMu 0O0OCHOBAHO UCIIOIBb30BAHUE UEPAPXUIECKOTO
psisa MaTeMaTHYeCKUX MOJIEINEH U1l KOMIJIEKCHOH OIIEHKH U MPOTHO03a COCTOSIHUSI aTMOC(EpPHOro BO3yXa B CIe-
HapHUAX COLHUO-3KOJOr0-3KOHOMUUECKOTO Pa3BUTUS U IPaJOCTPOUTENBLHON NESITEIbHOCTH PETHOHOB, YTO MO3BOJIAET
MOBBICUTh YPOBEHb HX OKOJIOTHUECKOH O€301macHOCTH Ha JTale BBINOJHEHHS IPOEKTHO-TIOMCKOBBIX padoT.
IIpakTHyeckast 3HaAYMMOCTh. [IpeCTaBICHHBI KOMIUIEKC MOJENEl MO3BONIIET O0ECICUUTh OLEHKY M IPOTHO3
COCTOSIHHSI aTMOC(EPHOTO BO3/yXa B CHCTEME 3KOJIOTHYECKOTO MOHUTOPHHTA C YIETOM HMPHUPOJTHO-KINMATHIECKUX,
COLMATIBHO-)KOHOMHUYECKHX OCOOCHHOCTEH PETHOHOB, MX PECYpPCHOTO NMOTEHNHAla M KOMIUIEKCHBIX TOKa3aTeneit
YCTOHYMBOTO pa3BHUTHUS TeppHUTOpUil. IIpeanoskeHHbIH TOAX0I MOKET OBITh UCIIONB30BaH B CHCTEME MOHUTOPHHTA,
KaK KpYIHBIX METaIoJIMCOB, TAK M MalbIX TropoJoB. OH MOXXET CIyXHTb HHCTPYMEHTOM II0 3KCICPTHOH OLICHKE
BHEJ[PEHHS B TOPOAAX PA3IHYHBIX MIPUPOAOOXPAHHBIX MEPOIIPHUSTHI.

Kniouegvie cnosa: 3arpsisHEHHE aTMOC(EpBI; SKOJIOTHYECKass OE30MAaCHOCTh; PECYPCHBIM MOTEHIMAT; MOHHUTO-
pHHT

BBenenue HaJIbHBIE aBTOMarucTpany. Jlo HemaBHero BpeMeHH
Juenp ObUT OHUM W3 HEMHOTMX OONACTHBIX IICH-
TPOB, HE MMEIOIINUM O0BE3IHBIX IOPOT, YTO Hera-
TUBHO BJIMSUIO HA COCTOSIHHE OKPY KAIOLICeH Cpeibl.

[lo nanHBIM HaOMIOAEHUH B TOCIEAHUE TOJBI
Kpusoii Por, Iuenp u KameHckoe BXOIAT B UUCIIO
15 roponoB cTpaHbl ¢ HauOOJBIINM YPOBHEM 3a-
rpsi3HeHus atMocepHoro Bo3nyxa. Takas cuTya-
1us Obl1a 00yCIIOBJIeHa IO OOJbIIEH YacTH MOBHI-
LICHHBIM COJEp)KaHHEM CHEenU(UIECKUX BPEIHBIX
BEIIECTB, TAKUX Kak (opmanbiaerui, genomn, ¢ro-
PHUCTHIA BOAOPOX, aMMMAK, a U3 YMCIAa OCHOBHBIX

Ha cerogusimauit nens J{HenponeTpoBckas 00-
JIacTh SBIISIETCS HamOollee XapakTepHBIM IpUMe-
POM TEXHOTEHHO HArpy>KEHHBIX PETHOHOB.

CornacHo cratganabM modtu 80 % BHIOPOCOB
BpeaHbix BemecTB aaioT Kpusoih Por, [duemnp
n KaMeHckoe, TOCKOIBEKY UIMEHHO B ATHX T'OPOJax
pa3MeleH OCHOBHOM MPOMBINIICHHBIA HTOTEHIIHUAT
0o0JacTi ¥ OHM UMEIOT 3HAYMTENBHBIN MapK mepe-
JIBUOKHBIX UCTOYHUKOB. Yepes JIHEemponeTpoBCKY1O
00JacTh MPOXOAAT 2 MEXAYHApOAHbIE U 3 HaIMO-
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npruMecel — B3BEIICHHBIX BEIIECTB, TUOKCHIA a30-
Ta, okcuaa yriepona [7, 11].

DKoJorryecKas CUTyalus ycyryOmsercs Tem,
YTO BBIOPOCHI B aTMoc(epy OCYIIECTBISIFOTCS He-
PaBHOMEPHO, a MPEUMYIIECTBECHHO B MPOMBIIILICH-
HBIX 30HAX.

OO0BeMbI BBIOPOCOB BPEIHBIX BEIIECTB OT CTa-
MUOHAPHBIX WCTOYHUKOB B pacyeTe Ha KBaJpar-
HBIH KHJIOMETP TEPPUTOPUU OOJACTH COCTABHIU
cBhime 22 T. B oTHenbHBIX roposiaX 3TOT MOKasa-
TeNb 3HAYMTENBHO MPEBBIINACT CPEHUM 0 obnac-

™1 (Kpusoit Por — B 30 pa3, Kamenckoe — B 28,
Huenp — B 9 pas) [13].

Junamuka BBEIOPOCOB B aTMOC(EpPHBIH BO3OYX
3arpsI3HSIONINX BEIIECTB OT CTAllMOHAPHBIX U Tie-
PENBIKHBIX UCTOYHHUKOB, a TAKXKE€ MO OTAEITHHBIM
BHJIaM aBTOTpaHCIOpTa NpeanpusaTuil Jlnenponer-
pPOBCKOW oOnacT 1Mo JaHHBIM [JaBHOro 00IacT-
HOTO YTPAaBIICHUS CTATUCTUKH 3a Tepuon ¢ 1992
roga no 2015 rox mpeacrasnena Ha puc. 1 u 2 co-
oTBeTcTBeHHO [11, 13].

3000 T
2500 4 - Bbl6p00b| OT CTauMOHapHbIX
MNCTOYHUKOB
2000 : =— = BbLIGPOCHI OT NEPEABMKHBIX
T NCTOYHUKOB
I
2 1500 4 BCEro
5
2
1000 1 e e mm e m e~
500 1
\ — —— — — — — — — —— —
0 i : : : : —
1990 1995 2000 2005 2008 2009 2010 2011 2012 2013 2014 2015

roga

Puc. 1. /lunamuka BBIOPOCOB 3arps3HSIOIINX BEIIECTB OT CTAMOHAPHBIX U TEPEIBIKHBIX
HCTOYHHMKOB BBIOpOCOB 1o J[HenponeTpoBckoit obnactu 3a nepuoxn 1990-2015 rr.

Fig. 1. Dynamics of emissions of contaminants from the stationary and movable sources
of emissions in the Dnepropetrovsk region for 1990-2015 years

35 —&— rpy30Bble aBTOMOOMNU
T 25 —f— accaxmpckune aBTobychbl
?3_: 20
o 15 —
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= 10 B aBToMOOUNIMN

0 Pe . o . o - ° : °. . o : o —@— criejuanbHble NerkoBble

aBTomMoOOUNMn
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Puc. 2. JIlunamuka BBIOpOCOB 3arpsi3HSIONIMX BEIECTB B aTMOC(EpHBIN
BO3JlyX OT OT/AEJBHBIX BU/IOB aBTOTPAHCIIOPTA MPEINPHUATHH 00J1acTH

Fig. 2. Dynamics of air emissions of contaminants from separate types of motor transport
of enterprises in the region
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B cnoxwusmretics cutyanun dddexTuBHAS pa-
00Ta pErHoHaJbHOW CHCTEMBI 3KOJIOTHYECKOTO
MOHHTOPUHTA SIBJSICTCS OJHOW U3 HEOOXOIUMBIX
Mep IO CTa0WIM3alUU W YIyYIICHUIO COCTOSHUS
OKpYXarollel MpupoHOM Cpebl.

Henn

YcuneHne MpPOrHO3HBIX (PYHKIUNA MOHUTOPHH-
ra, B 9aCTHOCTH IO aTMOC(EepHOMY BO3AYXY, SBIISI-
eTcsl He0OXOIUMBIM YCIOBHEM TIPU BHIOOpPE OMNTH-
MaJbHOTO CIieHapHs rpafocTpoeHus. Takas 3agaua
JIOJDKHA PaccMaTpPHUBATHCA KOMIUIEKCHO C yYETOM
MIPUPOTHO-PECYPCHOTO U MPOMBILIUIEHHOTO MOTEH-
uana, 3Q(HEeKTUBHOCTH MPUPOJOOXPAaHHBIX MEpO-
MPUATAR ¥ MEIUKO-OMOJIOTHYECKUX MOKa3aTenei
(3mopoBwe HacenmeHus). g pemeHus 3Tol 3a1a9u
HIMPOKO MCIIOJB3YIOTCS MaTeMAaTUYECKUE MOJENN
[1, 4, 14-20].

Lenpto gaHHOI paOOTHI ABISETCS yCOBEPILEH-
CTBOBaHME OJIOKAa OLIEHKM M MPOTHO3a COCTOSHHS
aTMoc(epHOro BO3/[yXa B CHCTEME PETHOHAIBHOTO
9KOJIOTHYECKOTO0 MOHUTOPHHTA JUIS TOBBIIIEHUS
YPOBHS 3KOJIOTHYECKOH 0€30MacHOCTH MPH IJIaHU-
POBaHUH U 3aCTPONKE TEPPUTOPHH.

MeTtoanka

TeppuTOpHH pPETHOHOB, Aa)ke HEOONBIINX IO
IUIOLAAN, C MX XO3SMCTBEHHBIMHU, COLUATIbHBIMU
U TNPUPOJHBIMM IIPOLECCAMU Ppa3BUTHUS, HECO-
MHEHHO, TPEJCTABISIOT COO0H OONBIINE CIOXKHBIE
CHCTEMBI, 00Janarolue CBOMCTBAMH CTOXaCTHY-
HOCTU U UEPAPXUYHOCTU CTPYKTYPBHL.

CTOoXacCTHYHOCTD MOBEACHUSI CUCTEMEBI OIpe/ie-
JISIETCSL TEM, YTO BCE TOKA3aTelH €€ Mo CBOeH IMpH-
polie W BBUIY HAW4YWs OMMOOK MCXOIHBIX IaH-
HBIX SIBJIAIOTCSl CIIy4ailHBIMA BEJIWYMHAMH, CIIy-
YaiiHBIA XapakTep HOCAT M IPOTEKAIOLINE B CHUC-
Teme mpoueccel [12]. K HUM  oTHOCSTCS
XO35UCTBEHHOE, COLMAJIBbHOE pa3BUTHE TEPPUTO-
PUU U pa3BUTHE MPUPOAHOI Cpellbl O] BO3IEHCT-
BHEM TE€X WJIA UHBIX CLEHAPHUEB.

AHAJIOTUYHO MOXHO BBIIEIUTh HEPAPXHUIO B
npuponHoi cpene. CBOWCTBO H3MEHYHBOCTH BO
BPEMEHU SPKO BBIPAXKEHO BO BCEX CTPYKTypax
paccMaTpUBaEcMOM CHCTEMBI: HENPEPHIBHO H3Me-
HAETCA XO3SUCTBEHHAs [EATEIbHOCTb, COLUYM,
MIPUPOJIHAS Cpeaa.

Takum o00pa3oMm, Uil ONUCAHUS COLMO-DKO-
JIOTO-?KOHOMHUYECKOTO PA3BUTHUSI TEPPUTOPUHU HE-
00XOMMO CO37]aBaTh HE OJHY MOJENb, a LENIYI0

HEpapXUYECKYI0 CUCTEMY B3aMMOCBA3aHHBIX MOJIE-
neit. CTpaTeruss pa3BUTHS PETHOHA MOXET OBITh
BbIOpaHA TOJBKO HA OCHOBAHUM IMPOTHO3A IOCIE/-
CTBUH OT BHEAPEHMS PA3NUYHBIX aJbTECPHATHUBHBIX
CILIEHapUEB Pa3BUTHS, OCKOJBKY SKCIIEPUMEHTHI 10
pean3anuy 3TUX BAPUAHTOB Ha PEalbHBIX TEPpPHU-
TOPUSAX YPEBAThl BO3MOXHBIMU HETATUBHBIMU pe-
3yJIbTaTaMU JIJIs1 OKPY>Karollel cpelibl U HaceNeHUsl.

OmHuM U3 DJIEMEHTOB MOJCTUPYIOMIET0 KOM-
IJIeKCa SBJSICTCS aTMOCQEPHBIH BO3IyX, XapaKTe-
pUCTHKa KOTOPOTO (OPMHPYETCS Ha OCHOBAHHUU
pelieHus 3a1aud OLICHKN W MPOTHO3a 3arpsS3HeHUS
BO3AyXa Ul CIIOKHUBILIEWCS XO35SHCTBEHHOHN nes-
TEJIBHOCTH M 33JaHHOTO (BBIOPAHHOTO) CLIEHApUs
pa3BUTHSI PETMOHA HAa HEKOTOPBIM CIPOTHO3UPO-
BAHHBIA Iiepuox BpeMeHH. I KOMIUIEKCHOM
OIIEHKM H TIPOTHO3a COCTOSHUS aTMOC(HEPHOTO
BO3IyXa W MpeaHa3HaueHa pa3padbaTeiBaeMass MHO-
rOypoBHeBasi MaTeMaTHueckas mojens [10].

B cooTBeTcTBHH C TaKOM TEXHOJIOTHEH ITOMCKa
pemreHusi MpoOIeMbl BO3HUKAIOT M COOTBETCT-
Bylomye TpeOOBaHUS K TMIOACHCTEME OICHKH
Y MPOTHO3a 3arpsi3HEeHUsi aTMoc(epHOro BO3IyXxa,
KOTOpasi JOJIKHA COAEPKaTh NEPEUUCICHHBIE BbI-
me YypoBHH WH(MOPMAIIMOHHO-MAaTeMaTHIeCKOTO
obecreyecHus.

CormnacHo MNPUHATOM  METOMONOTHH, IPO-
rpaMMHOE 0OeCITedeHHE MOACUCTEMBI TTPOTHO3a U
OLICHKH 3arps3HEHUs aTMOCHEPHOI0 BO3IyXa,
TaKKe Kak U MaTeMaTHYeCKOe, UMEET MHOTOYpPOB-
HEBYIO CTPYKTYPY, BKIIIOUAIOMIYIO B ce0s orpeje-
JICHHE COCTOSIHMSI PECYpPCHBIX IOKazarelied W To-
Ka3aTelel KauecTBa BO3AyXa, MOJETH OIpenese-
HUSA MHTETrPaJbHOIO IOKa3aTelsl 3arpsi3HEHUs aT-
Mochepsl, pacnpocTpaHeHus ITACCUBHBIX
puMeceil, MOAENN PaclpOCTPAaHEHUS 3arps3He-
HUU OT MOIIHBIX TOYEYHBIX UCTOYHUKOB, TOCTPOE-
HUSA N0JIEH KOHLIEHTPAUUK U U30JMHUMA O JaHHBIM
mmMepenni [3, 8, 9], a Taxxe meronuky OHJI-86
(mporpamma «D0JI-TIUVTFOC»), pekoMeHI0BaHHYIO
MUHUCTEPCTBOM 3KOJIOTMM U MPUPOAHBIX peECyp-
coB [5].

CTpyKTypa MpOrpaMMHOT0 OOecTeyeHHs! MOoJ-
CHUCTEMBbI OLEHKH MU MPOTHO3a 3arpsi3HEHUS aTMO-
chepHoro BO3MYyXa B CHCTEME DKOJIOTHYECKOTO
MoHuTopunra «lIpuaHenpoBbe» MpencTaBIcHA
B pabore [10].

JaHHBIM KOMIUIEKC MOJeNeil UCHoIb3yeT B Ka-
YECTBE MCXOJIHBIX JIAHHBIX XapaKTePUCTHKUA XO-
3IMCTBEHHOH ACATEIILHOCTH, KaueCTBa >KHU3HU, 3a-
IIUIIEHHOCTH aTMOC(EepHOro BO3AyXa, ero (husu-
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YECKOTO W XWMHYECKOTO 3arpsi3HEHUs, a TaKxke
JaHHbIE MOHUTOpWHTA. Pe3yipTaThl pacuera o
MOJENSM TO03BOJISIIOT OLEHUTh YPOBEHBb KadyecTBa
aTMoc(epHOTO BO3/yXa C YYETOM COCTOSIHUS €Tr0
PECYPCHOTO IIOTEHIIHANAa B CBS3H C COIMAIBHO-
YKOHOMHUYECKUMHU MTOKA3ATEISIMU.

Juis ontuMu3anym paboT Mo CUCTeME YKOJIOTH-
yeckoro MoHuTopuHTa «llpnaHenpoBre» M yiyd-
HICHUIO KOOPAMHAIIMKA MEXIY ee aODOHEeHTaMH Obl-
1 pa3paboTaHbl (OPMBI HpeAcTaBieHHs HHGOp-
Mauuu B LleHTp ynpaBieHUs MOHUTOPUHIOM [6].

[ocrymienue NaHHBIX COTJAcHO pa3paboTaH-
HBIM (opMam, MO3BOJSIET OOecneunTh yHH(DUKa-
[IUI0 HaKaIUTUBAIOMIelicss nHpOpMaInK, a TakKe ee
WHTETPAINNI0, YTO IOCITYKHUT OCHOBOHM (hopmmpo-
BaHMsI 0aHKa IKOJOTMYECKUX JAHHBIX, a HE TOJIBKO
WH(POPMAITMOHHO-CITPABOYHON CHCTEMBI, HCIIOJNb-
30BaHHE KOTOPOW CO3MaeT OmpezesieHHbIE TPYIHO-
CTH IUIA MOTpeOuTeNel 3a cueT CHWIKEHUS olepa-
TUBHOCTH B €€ DJKcIulyarauud. Vcmonp3oBaHue
0a3pl AaHHBIX OyJeT TakkKe CIIOCOOCTBOBATH IIO-
BBIMIEHUIO OOBEKTUBHOCTH KOHTPOJIS M TPOTHO3a
COCTOSIHUSI OKpY’Kalolleld NpUPOIHOU CpeAbl, 4TOo
COYETAeTCs C BHICOKOM CKOPOCTBIO MOYYEHHUS HH-
(dopMani W, COOTBETCTBEHHO, CBOEBPEMEHHBIM
MIPUHATHEM aJEKBATHBIX pelIeHuil [2], MOCKOIbKY
chopMHUPOBaHHAs U TOCTOSIHHO IOTOTHSIOIASCS
0aza TOCTY)XHT OCHOBOH HWH(PpOPMAITMOHHOTO
obecrieueHus] BBIPAOOTKH YIPABICHYECKHUX pellie-
HUH 10 NPHUPOJONOIB30BAHUIO M MPHUPOJOOXPaH-
HOW JIesITeTbHOCTH.

B o6mieti cioxHocTH paspaborano 62 dhopmbl
JUISL CaMbIX Pa3NIMYHBIX OPTaHW3aIMid U BEJIOMCTB,
BIaICIONMX (WM TIONYYaroIIuX) 3KOJOTHUECKYIO
nHpopMaIio. OTi (GOPMBI IIPOIILIN COTIACOBAHHE
B TE€X OPraHU3alHsiX, KOTOPBIE SBISIOTCS MOCTaB-
IIMKaMH COOTBETCTBYMoIeld nHpopmanuu. Cpeau
sTixX (popMm mHPOpManHO 00 aTMOc(EepHOM BO3-
Iyxe coniepkar 27. DTO TaHHBIE O METEOYCIOBUIX
B CJIydae Ype3BbIYAHHBIX CHUTyallMd M Ha BECh Iie-
PHOJT BOCCTAHOBUTEIBHBIX padOT, pe3ybTaThl Ha-
OMromeHmid 3arpsi3HEHUsT aTMocdephl Ha CTaIro-
HapHBIX IIOCTaX W MOA(aAKETHHBIX HAOIIOACHUIA
B 30HE AEATEIHHOCTH MPENNPHATHH, Pe3yIbTaThl
pasuaMmoOHHOTO KOHTPOJIS, YPOBEHH CyMMapHOTO
3arpsi3HEHUS BO3IYIIHOTO OacceifHa B JKUJIBIX paii-
OHax, JaHHbIE O KaTacTpo(OOMacHBIX OOBEKTaX
MU KatacTpo(OOMacHBIX CHTYyalHsX, IaHHbBIE 00
00pazoBaHNH, WCITOJIB30BAaHUN M 00€3BPEKUBAHUH
NPOMBIIUIEHHBIX OTXOJOB Ha MNPEANPHUITUSX 00-
JIacTH, JaHHBIE O HAJIWYUM U JBIKEHUH TOKCHY-

HBIX OTXOJOB IO OTAETHHBIM BEIIECTBaM II0 TOPO-
JaM O6HaCTI/I, HUHTCHCHUBHOCTh JIBHKCHHUA aBTO-
TpaHCIOpTa, BBEIOPOCHI B aTMocdepy OT CTalHo-
HApHBIX W TEPEIBIKHBIX UCTOYHUKOB B KPYITHBIX
ropoaax o0JacTH.

Wudopmarus, npeacrasicHHas B Gopmax, mo-
3BOJISIET, 00ECTICYNTh UCXOIHBIMU JTAHHBIMU MOJIe-
U PpaCIpOCTPAaHEHHs NACCHBHBIX NpHUMecedl u
pacrpoCcTpaHEHUs 3arpsA3HeHH OT MOIIHBIX TO-
YEeYHBIX UCTOYHHUKOB. [laHHBIC I MOAeJel onpe-
JIeNIEHUs] COCTOSIHUSL PECypCHOTO TOTEHIIMala
M KadecTBa aTMOC(EPHOrO BO3IyXa 3TH (OPMEI
MOTYT O0€CHEeUYUTh JHIIb YacCTUYHO, IOCKOJBKY
B HUX HET JaHHBIX O (U3NYECKOM 3arps3HEHUU
(akycTHYeCKOM, IITYMOBOM, DJIEKTPOMArHUTHOM),
WHTCHCUBHOCTU IMCPEMEIICHUA BO3QYIIHBIX Macc,
CIOCOOHOCTH PA3IOKEHUsI B aTMOC(EPHOM BO3IY-
Xe BpPEIHBIX BemecTB (yabTpaduosneToBas paana-
1S, BIMSHUE TPO3), YPOBHE HOHH3ALMU aTMO-
cdepHOro BO3myxa. DToN MHPOpManuend ObUIO ObI
JKEJIATeIbHO JOMOIHUTH (hOPMBI, JaHHBIC IS KO-
TOpbIX oOecmednBaioT LleHTp mo rumpomereopo-
JIOTHM M CHCTEMa 3KOJIOTUYECKOTO0 MOHHMTOpPHHTA
r. Iaenp. Takxke orcyrcTByeT MH(MOpMAIUS KO-
HOMHYECKOTO XapakTepa. BeeneHue Takux JaHHBIX
MO3BOJIMIIO OBl 0OecreunTh U3 GOpM IMpeCTaBiIe-
Hus uHpopMmanuu B LleHTp ympaBiieHUss MOHUTO-
PUHTOM TIOJTHONIEHHYIO paboTy MakeTra ¢ yd4eToM
BCE€X PErUuOHAJIBHBIX, COLOMUAJIBHBIX, 3KOHOMHUYEC-
CKUX M 3KOJOTHYECKUX 0COOEHHOCTEH paccMaTpH-
BaeMOU TEPPUTOPHH.

[TepBoHauanbHBIA 3TAN UCCIENOBAHUN COCTOUT
B ONpCACICHUN CBOJHBIX MHTETIPAJIBHBIX ITOKa3a-
TeJel COCTOSHUS PECYPCHOTO MOTEHIIMAIA U Kade-
cTBa aTMOC(HEPHOTO BO3yXa B YCIOBHIX paccMar-
pUBaEMOM TEPPUTOPUM B JTAHHBII MOMEHT BpeMe-
HHU, BKJIOYAIOIIMX OCHOBHBIE CHCTEMOOOpa3ylo-
e WX IIOKa3aTeNd W 3HAYeHUs ITOKa3aTeleH,
SIBISIFOLIMXCS HOPMOHM JUIsl JAHHOW TEPPUTOPUU
[3]. IIpu sTOM 3amMIIEHHOCTH aTMOCQEpHl s
Pa3IMYHBIX JIAaHAMA(THO-KIMMATUYECKUX YyCIIO-
BHH OTpeeNseTcs B KaXIOM KOHKPETHOM CIIydae
B 3aBHCUMOCTH OT IIOKa3aTeliel ee cTerneHu (He-
3alUIleHHas, ciaabasi, yCIIOBHAS W HAZE)KHAs).

Jns gocTrkeHusi MOCTaBIEHHOW Ieu pas3pa-
0OTaHBI CTPYKTYpa M COCTaB IMOKa3aTenel cocTos-
HUS PECypCHOTO MOTEHIMANIa U Ka4ecTBa BO3IyXa,
METOJIMKa arperupoBaHusl U HOPMHUPOBAHHS ITOKa-
3areneii, Croco0 OIpeaeNieHnusT BECOBBIX Kod(du-
LUEHTOB IOKa3aTejeldl C HCIOJIb30BaHUEM JKC-
MEPTHHIX OIEHOK, a TaKXKe MoKa3aTelel i ycio-
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BUIl paccMaTpUBaeMOU TEPPUTOPHUH.

OTH MareMaTH4ecKue MOJETH MO3BOJISIIOT OTpa-
3UTh OCHOBHBIC CBSI3M W 3aBHCHMOCTH DPEaJbHOTO
00BEeKTa, TO3BOJIUTE B OOLIEM OINpPEAENUTECSA C Ha-
NpaBJICHUEM DPa3BUTHs PEeruoHa Oe3 JeTalbHOM Xa-
PaKTEPUCTUKH COCTABIISFOLIAX COIMAIIBHO-
NPUPOAHO-TEXHOTEHHOTO KOMIUIEKCA, B TOM HYHCIIE
0e3 0coboil TeppuTOpHANBHOW meTanmm3army. OHU
IIPEHA3HAYEHBI IS [PEIBAPUTEIIEHON CPAaBHUTEINb-
HOH OLIGHKH CLIEHapHEB Pa3BUTHS PErMOHA C TOUKHU
3peHUs BIMSHUS MX Ha 3arpsisHEHHE aTMOC(HEpHOro
Bo3ayxa. CUuTaeTcs, 4To TakKue MOJEIH MOTYT OBITh
WCIIONB30BaHbl Ha 3Talle MPOEKTHO-TIOMCKOBBIX pa-
00T 1Mo pazpaboTKe 3a7au pePOpPMUPOBAHHS, CTPYK-
TYpPHO MEPECTPOUKU 1 Pa3BUTHSI PETUOHA.

Pe3yabTaTthl

Pa3paborana cTpykTypa IpPOTHO3HOTO OJIOKa
1o arMoc(epHOMY BO3JIyXYy B CHCTEME IKOJIOTHYC-
CKOTO MOHUTOpPHWHTA. BBITIONHEHBI HCCIIeOBaHUS
nokasaresieil KauecTBa aTMOC(EpPHOTO BO3IyXa
U COCTOSIHUSI €r0 PEeCypCHOrO IMOTEHIMala C HC-
MTOJIb30BAaHUEM pa3pabOTaHHBIX MoOeNeh. Pe3yin-
TaThl pacyeToB MPEACTABJICHHI B paboTax [3, 8, 9].

Hayuynasi HoBU3HA 1
NpaKTHYeCcKasi 3HAYUMOCTh

OO0OCHOBaHHO HCIONB30BaHUE HEPAPXUIECKO-
TO psiZia MaTeMaTHYECKUX MOJIENeH Ui KOMILIEKC-
HOH OIIEHKH M IPOTHO3a COCTOSHUS aTMOC(EPHOTO
BO3JyXa B CIIEHApHAX COLHO-3KOJIOT0-3KOHOMHU-
YECKOTO PAa3BUTHS U I'PaIOCTPOUTEIBHON JEATeINb-
HOCTH PETHOHOB, YTO ITO3BOJIIET ITOBBICHTH YpO-
BEHb HX JKOJOTMYECKOH Oe30MacHOCTH Ha 3Tare
BBITOJTHEHHUS TIPOCKTHO-TIOUCKOBBIX padoT.

C wuCcnonp30BaHNEM KOMILUIEKCHBIX IIOKa3are-
neit pazpaboTaH GJIOK OLIEHKHM U MPOTHO3a 3arps3-
HEHHS aTMOC(EPHOTO BO3JyXa B CHCTEME DKOJO-
TMYEeCKOT0 MOHUTOPHUHTA.

BriBoabI

IIpencraBiieHHBI KOMIUIEKC MOJEJIEH I03BO-
jsieT 00ecTeYnTh OLEHKY M IPOTHO3 COCTOSHHS
aTMOC(EPHOIo BO3JyXa B CHUCTEME 3KOJIOIMIECKO-
r0 MOHMTOPHHIA C YYETOM IIPHUPOJHO-KIUMATH-
YECKHUX, COLMAIBHO-DKOHOMHUYECKUX OCOOEHHO-
CTEH pPErroHOB, COCTOSHUS PECYPCHOTO NMOTEHLINA-
na atMocdepsl U KOMIUIEKCHBIX ITOKa3aTenel yc-
TONYMBOTrO Pa3BUTHUS TEPPUTOPUIL.
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NIJJCUCTEMA MOJEJIEH EKOJIOTTYHOTI'O MOHITOPUHTI'Y JIJIS
OIIHKHU CTAHY ATMOC®EPHOI'O ITIOBITPA

Mera. HaykoBa poboTa npucBsSY€HA YAOCKOHAICHHIO METOIUKHU IPOTHO3Y SKOCTI aTMOC(EPHOTO MOBITPS MpH
BUKHJI BiJ CTalliOHAPHUX [DKEpET 3a0pyIHEHHS Ta BiJ IMEpeCcyBHUX DKepel 3a0pyaHeHHs. Bubip metn mos's3anmii
3 THM, II0 OCTaHHIM YacOM HOCHIIMJIACS BUMOTH /IO SIKOCTI ITPOTHO3HOI iH(popMarii mpo ctaH aTMOC(epHOTo MOBiT-
ps, MO TSTHE 32 COO0I0 MOAEPHI3aIiI0 iCHYIOUHX MPOTHO3HUX MeToAuK. B poOoTi mpoBeneHo ymockoHaneHHs 6710-
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Ky OL[IHKH Ta MPOTHO3Y CTaHy aTMOC()EPHOro MOBITPSI B CUCTEMi PEriOHaIBbHOIO €KOJOTIYHOTO MOHITOPUHTY ISt
MiABHUIIEHHS PIBHA €KOJIOTiYHOI O€3MeKH MpH IUTaHyBaHHI Ta 3a0yI0Bi TepUTOpiid. BrockoHaneHuil GIOK CITy>KUThH
JUIs  BH3HAYEHHS IOKa3HHKIB SKOCTI arMOC(EpHOTO0 TMOBITPS Ta CTaHy MWOr0 pPECYpCHOr0 MOTEHIialy.
Metoaunka. J{is po3s’si3anHs qudepeHIiaIbHuX PiBHIHb aepOJMHAMIKH 1 MacoIepeHOCy 3aCTOCOBYIOTHCS KIHIIEBO-
pi3HHLEeB] MeTonu. J[s BUpilIEHHS MOCTaBIeHOT 3a1a4l BUKOPUCTAHO KOMIUICKCHUI METOJI IOCHI/PKEHb, SIKUH T10-
JISITa€ B CHCTEMHOMY aHaJIi31 Ta y3arajJbHEHHI ICHYIOYHX TOCIIKCHB 13 MPOOJIEMH OI[IHKH Ta MPOTHO3Y CTaHy aTMO-
c(epHOTro MOBITPSI, 3aCTOCYBaHHS 1HIYKTUBHOTO METOAY IpH 100y 10Bi iepapxidHoi cuctemu moxesneil. [Ipu Bu3Ha-
YEeHHI ITOKa3HUKIB BEPXHBOTO PiBHS BUKOPUCTAHUI METOJI €KCIIEPTHHX OLIHOK. J{J1s po3B’si3aHHs AU epeHIiaIbHUX
PIBHSIHB a€pOAMHAMIKH Ta MAaCOIEPEHOCY BXKMBAIOThCS KIHIEBO-Pi3HMIIEB] MeToan. Pe3yasTaTn. ABTopaMu po3po-
OIrleHa CTPYKTypa MPOTHO3HOTO OJIOKY IO aTMOC(epHOMY IOBITPIO B CHCTEMi €KOJIOTI9HOTO MOHITOPHHTY. BukoHa-
HO JOCJIIJPKEHHS ITOKa3HHKIB SKOCTI aTMOC(HEPHOTO HOBITPS Ta CTaHy HOTO peCypcHOro MOTEHIialy 3 BUKOPUCTaH-
HSM po3poOiieHnx mozeneil. HaykoBa HoBu3Ha. OOIpyHTOBAHO BHKOPHCTAHHS 1€PapXiuyHOro psiy MaTeMaTHYHHX
MoOJeNnel IS KOMIUIEKCHOI OLIHKM Ta MPOTHO3y CTaHy aTrMoc(epHOTO MOBITPS B CLEHAPIsAX COI0-EKOJIOro-
€KOHOMIYHOTO PO3BUTKY Ta MiCTOOYIIBHOI MiSUTBHOCTI PETiOHIB, IO TO3BOJISE MiIBUIINTH PIBEHb iX €KOJIOTIYHOT
0e3meK Ha eTami BUKOHAHHA MPOEKTHO-MOMIyKoBHX pobiT. IlpakTuyHa 3HaunMicTh. IlpeacraBnenuii KoMIuiekce
MoJIelield 103BoJIsi€ 3a0€3MeUnTH OLIHKY Ta IIPOrHO3 CTaHy aTMOC(EPHOTro MOBITPSI B CUCTEMI €KOJIOTIYHOTO MOHITO-
PHHTY 3 ypaxyBaHHSIM HPHUPOJHO-KIIMAaTHYHHX, COLIAIbHO-CKOHOMIYHHX OCOOJIMBOCTEH PErioHiB, X pecypcHOro
MOTEHIIaAJTy Ta KOMIUICKCHUX ITOKa3HUKIB CTAaJIOr0 PO3BUTKY TEPUTOPiH. 3anponoHOBaHMH MiIXiJ MOKEe OyTH BUKO-
pHCTaHUil y CUCTEMi MOHITOPHHTY, SIK BEJIMKMX METAIOJICIB, TaK 1 MaJUX MicT. BiH MOXe CIIy>KUTH IHCTPYMEHTOM
10 eKCTIEPTHIH OLIHII BIPOBAKEHHS B MiCTaX Pi3HUX NPHPOJOOXOPOHHUX 3aXOJIiB.
Kniouosi crosa: 3abpynHenHs atMocdepy; ekosioriuna 0e3neka; pecypcHU MOTEHIIa; MOHITOPHHT
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SUBSYSTEM OF MODELS OF ECOLOGICAL MONITORING
FOR ESTIMATION OF THE STATE OF ATMOSPHERIC AIR

Purpose. The article is devoted to the improvement of the method of forecasting the quality of atmospheric air
when discharging from stationary sources of pollution and from mobile sources of pollution. The choice of the goal
is due to the fact that recently the requirements to the quality of the forecast information of the atmospheric air have
increased, which entails the modernization of existing forecast methods. The work has improved the unit for assess-
ing and forecasting the state of atmospheric air in a system of regional environmental monitoring to improve the
level of environmental safety in the planning and development of territories. The improved unit serves to determine
the quality indices of atmospheric air and the state of its resource potential. Methodology. For the decision of the
put task the complex method of researches, which consists in the analysis of the systems and generalization of exis-
tent researches after the problem of estimation and prognosis of the state of atmospheric air, use of objective method
at the construction of the hierarchical system of models, is utilized. For determination of indexes the method of ex-
pert estimations is top level used. For the solution of differential equations of aecrodynamics and mass transfer uses
finite-difference methods. Findings. The structure of prognosis block is developed on atmospheric air in the system
of the ecological monitoring. Researches of indexes of quality of atmospheric air and state of its resource potential
are executed with the use of the developed models. Originality. The use of a hierarchical series of mathematical
models for a comprehensive assessment and prediction of the state of atmospheric air in scenarios of socio-
ecological and economic development and urban development activities of the regions is justified by the authors,
which makes it possible to raise the level of their ecological safety at the stage of carrying out design and prospect-
ing works. Practical value. The presented complex of models allows to estimate and forecast the state of atmos-
pheric air in the system of environmental monitoring, taking into account the natural and climatic, socio-economic
characteristics of the regions, their resource potential and integrated indicators of sustainable development of the
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territories. The proposed approach can be used in the monitoring system, both large megacities and small towns. It
can serve as a tool for expert assessment of the implementation of various environmental measures in cities.
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THE INTRODUCTION OF THE MOST POWERFUL RAILWAY OF THE
EU, AND ITS SUPPORT WITH ECONOMIC ANALYSES

Purpose. The purpose of the research is to support with results and present one of the most powerful (German)

railways’ relationships with the economy and its network coverage. To prove that the railway has a strategic
significance within the connection of economic regions. Methodology. We select the country with the highest
capacity from the EU countries, then in respect of the given country we present its homogeneity and connections.
We look for those points in the given country, where the greatest quantities of goods are placed on rail. Then we
compare this with the country’s GDP map and look for a relationship between the rail network and the country’s
GDP. Findings. The railway creates the country’s ideal economic centre of gravity. It is clear that the country can
be divided into two major regions, the northern and the southern part. Originality. The railway system has been
studied rarely from an economic point of view, with GDP correlations. The method can serve as a useful research
base to the economic analysis of any area, where we are interested in the importance of railways.
Practical value. In case of any economic or geographical area, the importance of the railway can be determined,
and it can be shown that how important role the railway can play in an economic region.
Keywords: competition; railway freight transport; GDP

Introduction

In this article we present Europe's most
powerful railway system. Further, we examine its
components, in particular from the aspect of freight
transport. First, we examine FEurope's freight
transport data and determine where the largest rail
freight flow in Europe is. Second, we present the
railway density in Europe and deduce conclusions
about the fact whether it is in direct proportion to
the freight flows. Third, we take a closer look at
Germany‘s dispatch points, which we divide into
two main groups. Finally, we draw parallels
between the railway dispatch points and the GDP-
producing regions.

Research procedure

In our research we move step by step and
examine the flow of goods from a quantitative and
qualitative point of view, we determine the
dispatch points, the network, and the other factors
connected to the network, such as GDP. One of the
essential questions of the research is the goods’
volume, distribution. It is shown in Figure 1 that in
freight ton kilometres the best is Germany in
European context, and in passenger transport it
also plays an outstanding position. In the
following, we will present the reasons for this and
examine why the German railway could become an
outstanding player in Europe, and why it is so
important for the German economy.
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Fig. 1. Passenger and freight activity (2012) [18]

As a first step, we examine the distribution of
shipped quantities in Germany in respect of
international, domestic and transit traffic. Figure 2
shows that the nationally dispatched goods make
up the largest proportion. This is followed by the
international, and then the transit traffic. By
examining the structure of the German rail market,
it can be determined that it tries to keep roughly in
balance all three types of traffic. This is
advantageous, because if any of the three segment
should fail, the German railway would be able to
optimal operation [1, 18].

In contrast with the above, it is clearly visible
in Figure 2 in case of Turkey, that the rail freight is
made up exclusively from domestic traffic, so it is
very vulnerable, however, their rail share can be
increased on international level.

By examining Hungary, it is visible that most
of the volume of goods transported is made up by
the international traffic. From this we can conclude
that it would be necessary to target an increase in
its own flow of goods to make the ratio roughly the
same.

In case of Austria, it can be determined that it
has the same structure as Germany, only the
quantities differ from each other. Thus, from the
European cyclorama it can be concluded that only
Germany and Austria has such a composition in
terms of traffic, which can be said to be in
equilibrium broadly. With regard to other
European countries, Hungary is also close to the
equilibrium distribution.
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Fig.2. Rail transport of goods by country in 2014 — in billion tkm [15]

As a second step: So far it has been found that
the role of the railway is the largest in Germany
within Europe with respect to both passenger and
freight transport. You may wonder that in this case
whether Germany has the densest railway network
or not. If this condition is not available, then it is
difficult to meet the conditions for optimal
operation.

In Figure 3, we see Europe’s rail density, not
surprisingly, one of the densest rail network is
located in Germany (marked as hue, the darkest are
the densest area approx. 200 km/1000 km?). It also
confirms that why the rail freight volume is the
best here.

As a third step we examine that if a dens
infrastructure is available, then where good
dispatches are formed [2].

In Figure 4 the places, where dispatches
occurred in Europe, can be seen marked with blue
dots. These may be land or sea points. From the
network it is clearly visible that these point are
concentrated in the area of North Germany, where
the network is also the most powerful. In addition,
nearly 20 of such dispatch point is located in the
area of Germany [6]. Later on we will discuss that
points located in the south [21].

As a fourth step: we examine the distributions
by good types. From this we can conclude how
homogeneous the rail freight market of Germany is
in respect of the goods. We examine the volume of
the goods traditionally carried by rail [12, 13].

The pie chart (Figure 5) show the quantity
transported in million ton-kilometres in Germany.
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It is visible in Figure 5 that a significant
proportion of rail goods is linked to heavy
industry, such as mining, coke, petroleum and
chemical products. It is also clearly visible that the
structure is not homogeneous, so if the transport of
any product is terminated by chance, then the rail
is able to continue to operate safely. However, if
we examine the composition in a complex way,
then it ca be seen that each is related to heavy
industry. Hereinafter we have to reckon with that
in Germany the capacity of conventional power
plants is permanently reduced, or they even want
to abolish the operation of conventional coal-fired
power plants. Currently the coal power plants are
still dominant in the German energy production,
the energy they produce was 44% of the electricity
in 2014 (26% from lignite, and 18% from hard
coal). The combustion of lignite causes the greatest
greenhouse gas emission. In order to reduce
emissions, the German government launched a
process that will reduce carbon consumption in the
country [17].

In Figure 6 the 3 main components of energy
production of Germany are visible. It can be seen
that the coal consumption is more and more
reduced, while the renewable energies are

Saxony-Anhalt
i Sachsan-Anhall

increased. On the long term the rail must reckon
with this.

As a fifth step: we examine where Germany
generates the largest part of GDP [8]. We assume
that the rail also has an important role there. We
can also confirm with the fact that Germany is
built on heavy industry economy. Figure 7:
“Germany’s GDP map” [4, 5, 7]. Based on the map
we can have two important statements:

Firstly: where dispatch is done in North
Germany, an outstanding value is not generated in
terms of the country’s GDP. Its explanation is that
we talk about port traffics. So there the goods only
change modality [3].

Secondly: the dispatch point in South Germany
are the most important for the German economy.
The finished products are produced there, and the
industrial centre of the country is also there.

A more detailed examination should also be
carried out in connection with the dispatch
locations to determine the high points in terms of
dispatch.

As a sixth step: we examine in which regions,
cities of Germany the dispatch of goods happens
by rail (Figure 8).

Per Capita GDP in Euros*
M 50.000-54.999
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Fig. 7. GDP per capita of the German states [9, 16]
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Fig. 8. Transport — Rail transport in Germany [14]
Table 1
Regional breakdown [14]

City million tons
Baden-Wiirttemberg 15.186
Bayern 24.621
Berlin 1.191
Brandenburg 19.286
Bremen 5.663
Hamburg 27.275
Hessen 9.385
Mecklenburg-Vorpommern 4.349
Niedersachsen 40.373
Nordrhein-Westfalen 69.002
Rheinland-Pfalz 8.726
Saarland 6.665
Sachsen 13.563
Sachsen-Anhalt 36.56
Schleswig-Holstein 3.77
Thiiringen 3.556
Germany 289.171
Conclusions

As a first step: We examined the structure of
rail market in Europe, and found that Germany
plays a very important role both in terms of freight
and passenger transport. There we chose Germany
for further examination.

As a second step: we approached Europe’s rail

network along the network aspects and found that
the density of the railway network is the largest in
Germany.

As a third step: we examined where the
dispatch points in Germany are. We divided the
points roughly into two main points. The first
group is located in North Germany (sea traffic), the
second group in South Germany.

As a fourth step: we examined the distributions
by good types and came to the conclusion that we
talk about goods traditionally with heavy industry.
Fortunately, the type of goods is less concentrated,
so if the distribution of any goods is terminated,
then it will less affect the rail freight market.

As a fifth step: we examined Germany’s GDP
according to regional distributions, and found that
the aforementioned South Germany area is the
most powerful in the country. So the rail
infrastructure is essential for the region [7, 22].

As a sixth step: by regions, we examined where
and in what quantities dispatches happened. We
found that we can divide the area of Germany into
two main parts, the first is the northern part, which
contains rather sea traffic, while the southern part
is the capital strong part of Germany.

As a final conclusion it can be determined that
the rail has a strong and outstanding role
economically until today in Germany [10]. The rail
passes along where the country’s economy is the
most powerful, it connects the northern and
southern regions, which is very important for the
economy. The economic goods produced can be
easily and quickly forwarded to those points,
where a greater demand is generated for that. In
Figure 8, which illustrates the dispatch points, it is
clearly visible that for example in Hamburg the
dispatch of goods is great, but the country’s GDP
map shows that the GDP is small compared with
those of the country, so in respect of this city the
modality change of goods arriving by the sea is in
the background of high dispatch rate.

During our research, we examined the
railway’s environment from an economic (GDP)
and a network point of view, searched for the
network’s graph points, that is the dispatch places.

Conclusions can be drawn that the railway still
plays a very important network connecting role in
Germany. The railway creates the country’s ideal
economic centre of gravity. It is clear that the
country can be divided into two major regions, the
northern and the southern part.
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The northern part’s operations rather refer to
trade, while the southern part clearly refers to
domestic production. Presumably, this structure
can be said to be optimal, since currently the rail
market operating in Germany is highly ranked in
Europe [4].

According to the study of H. Mitwallyova,
V. Jankovic, the German rail freight market is

highly ranked mainly because it operates very
efficiently in the EU rail freight market [11]. The
EU15 members are much more effectively
operating than the later connecting EU Member
States, except for Estonia [18]. The explanation for
this is they employ less employees for the same
work, and use advanced technologies and IT
systems
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IMPEJCTABJEHHS HAUBLIBII NOTYKHOI 3AJII3HULII €C TA
HNIITPUMKA I POBOTH 3A JOIIOMOI'OI0 EKOHOMIYHOT'O
AHAJII3Y

Meta. HaykoBe ocCiipkeHHsI Ma€ 3a METy NPEJCTaBJICHHsS €KOHOMIYHHMX BIJIHOCHH Ta OIJISLA Mepei OAHiel 3
HAWMOTYXHINIKMX 3ali3HUIb (Ha npukiaai HiMeudnHu), a TakoX HiATBEPKEHHs TOTO, IO JaHa 3aJi3HHLS Mae
CTpaTeriyHo Ba)XJIMBE 3HAUCHHS JJIs 3B'SI3KiB MK €KOHOMIYHUMH perioHamu. Meroauka. Y crarti oOpaHa kpaiHa 3
HaMBHIIIOIO NPOAYKTHBHICTIO cepex kpaiH €C. TakuM 4MHOM, aBTOp IPEICTABISIE OJHOPIAHICTD TA Y3TOPKEHICTh Y
JlaHii KpaiHi. Y craTTi aHaJi3yeTbes, e B LIl KpaiHi HalOUIbIa KUTBKICTh BaHTaXKiB MEPEBO3UTHCS 33 JONOMOTOI0
3aiizHuni. [ToTiM mi faHi MOPIBHIOIOTHCS 3 KapTOIO BaJIOBOro BHYTpimHBOro npoaykry (BBII) Ta 3Haxomurbcs
3B'SI30K MK 3ami3HHYHOI0 Mepexeto i BBII kpainu. Pe3yabTaTu. 3aii3HULS CTBOPIOE iMealbHUN €KOHOMITHUH
eHTp Kpainu. BodeBump, m0 KpaiHy MOKHA PO3AUINTH Ha JBAa OCHOBHUX PETIOHW — MIBHIYHUHA Ta ITiBICHHHU.
HaykoBa HoBu3Ha. 3B's130K cuctemu 3amizHUIBL Ta BBII i3 ekoHOMIUHOiI TOYKM 30py BHBYAETHhCA pimko. JlaHa
METOJIMKa MOK€ BUKOPHCTOBYBATHCS B SIKOCTI KOPHCHOI 0a3| JJISl MPOBEJCHHS €KOHOMIYHOTO aHami3y Oyab-sSKOTro
pEeTioOHy, ¢ IIKaBIATHCS TNHTAHHSIM BaXJIWBOCTI 3aii3HUmbG. IIpakTuyHa 3HayuMicTh. VY Oynap-sKoMy
E€KOHOMIYHOMY a00 reorpadiuHOMy pEerioHi MOXHa BH3HAYMTH BAXIIUBICTH 3aJII3HUII Ta MMOKa3aTH il poib st
PO3BUTKY JIaHOT'O €KOHOMIYHOTO PErioHY.

Kniouosi crosa: KOHKYPEHILiS; 3aTi3HUYHUNA TPAHCHIOPT; BaHTAXHUH TpaHcopT; BBIT
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NMPEICTABJEHHUE CAMOI MOIIIHOM )KEJIE3HOH JOPOI' EC N
IMOJIEP)KKA EE PABOTBI C TIOMOIIBIO DKOHOMHUYECKOI'O
AHAJIN3A

Hean. HayuHoe ucciieioBaHre UMEET CBOCH IIEIIBIO MPEICTABICHHE SKOHOMUYECKAX OTHOIICHUH U 0030p ceTu
OJTHOI M3 caMbIX MOIIHBIX JKEJIE3HBIX Jopor ( Ha mpuMmepe I'epMaHny), a Takke MOATBEPXKIECHHE TOTO, YTO JIAaHHAS
JKEJIe3Hast J0pora UMeeT CTPAaTerMuyecKd BaKHOE 3HAUCHHE JUI CBA3EH MEXIY SKOHOMHUYECKUMH pErHOHaMHU.
Metoauka. B crarbe BeIOpaHa cTpaHa Cc caMOW BBICOKOW Npou3BoauTedbHOCTHIO U3 cTpaH EC. Takum oOpazom,
aBTOp MPEJCTaBISET OQHOPOMHOCTh U COTIACOBAHHOCTh B JAHHOW CTpaHe. B craThe aHamusupyercs, rie B 3TOH
CTpaHe HanOOJIbIIEe KOJIWYECTBO TPY30B IEPEBO3UTCS C MOMOINBIO JKEIE3HOW HOpOrH. 3aTreM 3TH JaHHbIC
CPaBHMBAIOTCS C KapTOH BaJlOBOro BHyTpeHHero npoxaykra (BBII) m Haxomurcst cBsI3b MEXIY JKEIE3HOIOPOKHOM
cetpto U BBII crpansl. Pesyabrarbl. JKene3znas mopora co3gacT HIEalbHBIA 3KOHOMUYECKUH LIEHTP CTpaHsbl.
OueBUIHO, YTO CTPaHy MOXKHO Pa3AeiINTh Ha JBA OCHOBHBIX PETHOHA — CEBEPHBIN U 10kHbIH. HayuyHas HoBH3HA.
CBs13p cucteMsl kene3Hslx gopor U BBII ¢ sxoHOMHYecKol TOYKM 3peHHs u3ydaercs peako. [lanHas MeTonmka
MOJKET HCTIONIb30BaThCs B KaUeCTBE MOJIE3HOM 6a3bl A1 MPOBEACHUS YKOHOMHYECKOI0 aHaJIn3a JI000ro peruoHa, B
KOTOPOM HHTEPECYIOTCS Ba)KHOCTBIO JKelle3HbIX Jopor. IpakTuyeckasi 3HaYUMOCTh. B 11000M SKOHOMHUYECKOM
WM TeorpapMueckoM pEerMoHe MOXKHO OIPEJENUTh Ba)KHOCTh JKEJIE3HOM JOPOTH U 10Ka3aTh €€ Poilb IS pa3BUTHUS
JJAHHOTO SKOHOMHUYECKOTO PETUOHA.

Kniouesvie cnosa: KOHKypeHIUS; KeJIE3HOJOPOKHBIN TPaHCIOPT; rpy30B0i TpaHcnopt; BBII
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CHOICE OF THE OPTIMAL PARAMETERS OF MEASURING THE
SHAFT ROTATION FREQUENCY OF THE HYDRAULIC
TRANSMISSION OF THE LOCOMOTIVE USING
MICROCONTROLLER

Purpose. The article provides for finding solution to the problem of developing and improving the means for
measuring tachometric data of the previously created information and measuring system for testing hydraulic loco-
motive transmission by substantiating the optimal sensor design and signal processing algorithms. At the same time
first of all it is necessary to start from the possibility of modifying the already existing test bench for hydraulic lo-
comotive transmissions at the Dnipropetrovsk diesel locomotive repair plant «Promteplovoz». Methodology. In the
work, the researchers proposed a methodology for modifying the sensor design and the algorithm for processing its
signals. It is grounded on previous developments of tachometric sensor of the optical type on the basis of D-2MMU-
2 sensor of the microprocessor automated test bench system of hydraulic locomotive transmission in the locomotive
repair plant conditions. Selection of the necessary measurement algorithm and the number of sensor teeth is substan-
tiated by calculating instrumental and methodological errors. Also, the studies aimed at identifying the source of
interference in the measurement of rotational speed are described and solution for its elimination has been found.
Findings. For the designed rotation speed sensor of the optical type based on the existing D-2MMU-2 sensor, the
authors analyzed the dependence of the methodological and instrumental errors. Based on the obtained data more
rational variant of the rotation speed calculation algorithm is proposed, and the number of teeth of the sensor disk is
justified. Further, the main source of measurement interference was established and a method for improving the
hardware of the hydraulic locomotive test bench was proposed. Originality. There were conducted the studies ac-
cording to the methodological and instrumental errors of the designed rotation speed of sensor. The mechanisms of
interference filtering arising from the sensor rotation speed fixing were proposed. Additional studies have shown the
need for a hardware revision of signal conditioner scheme. Practical value. Conducted studies make it possible to
establish a rational number of sensor disk teeth, which allows improving the measurement algorithm. It was also
performed a hardware improvement of signal conditioner scheme from the sensor, helping to get rid of interferences.
The results of measurements in studies are the initial data to perform further studies in order to determine the techni-
cal condition of hydraulic transmission UGP 750-1200 during factory testing after repair.

Key words: tachometer sensor; 2MMU-D-2; hydraulic transmission; hydraulic transmission test; testbench; in-
formation-measuring system

diesel locomotives and military equipment with
Introduction hydraulic transmission. Also, there is no standardi-
zation of the production of these test-benches.

As part of the work for improvement and
modernization of the existing hydraulic transmis-

Today in Ukraine, the hydraulic transmission is
tested using the outdated test-benches designed in
Soviet times, in particular at the repair plants of
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sion test-bench at DZRT «Promteplovoz» plant it
was revealed that the installed thereon analogue
control devices are out-of-date. In the first stage of
development in accordance with the plant test pro-
gram the most necessary and critical 13 process
parameters were selected. Information about which
received from the sensors is processed by the mi-
crocontroller and PC [9].

Information about the rotation frequency of the
drive motor, the generator, the turbine shaft is
measured using D-2MMU-2 tachometer sensors
[6], which transmit the pre-processed analogue
signal to a special converter and then to ATMEL
microcontroller for its further processing and
transmission by USB 2.0 interface to the computer
[9].

D-2MMU-2 sensor is nothing but an alternator,
which has a critical flaw — at relatively low speeds
(established experimentally at about 80 min™") the
voltage amplitude produced by the alternator is not
sufficient for the normal error-free measurements
(at speeds of about 60 min™', the amplitude is about
1V, and at 2000 min™ — 40 V). It is clear that at
very low speeds the amplitude will be several tens
of millivolts. To measure such a low voltage in the
plant conditions is practically impossible, since,
firstly, long communication lines from the test-
bench to the measuring equipment may have low
voltage blanking and, secondly, at the plant there is
a large number of different sources of electromag-
netic interferences, which may be laid on commu-
nication lines and erroneously recorded as the be-
ginning of rotary motion on the test-bench.

On the basis of available equipment of hydrau-
lic transmission testbench it was designed the rota-
tion frequency sensor of optical type based on the
existing sensor 2MMU D-2 [13]. According to the
results of plant tests using the sensor prototype it
was established the necessary and sufficient time
for scanning the control sensor microcontroller,
which allowed making changes in the measure-
ment algorithm.

Purpose

In the calculations, it was found that changes in
instrumental and methodological errors [4], which
may be a result of missing and/or averaging the av-
eraging, require further investigation. Also, as a re-
sult of the tests, the measurement statistics were
obtained, which indicates the presence of interfer-

ence that requires the development of filtering
mechanisms. It is necessary to identify the exact
nature of the interference, which in turn can sim-
plify, and, perhaps, completely eliminate the filter-
ing mechanisms by making corrections to the hard-
ware and software part of both the sensor and its
interface circuit with the computer of the test bench.

To improve the designed sensor [13] (in order
to choose a rational number of the disk teeth and
the optimal algorithm for calculating the rotational
frequency), it is necessary to calculate the instru-
mental and methodological errors that arise during
the measurements. Obviously, the instrumental
error should increase in proportion to the increase
in the number of teeth (due to inaccuracy in their
manufacture), and the methodological error on the
contrary should fall with the increase in the num-
ber of teeth.

Methodology

To calculate the instrumental error, let us repre-
sent the calculation of the rotation frequency
o using the known formula:

L

= .60 [min™], 1
SR [min"] (1)

()

where ® — is the measured rotation frequency
[min']; L — arc length between the teeth [mm];
R — distance from the disc center to the middle of
the tooth height [mm]; T —propagation time of the
infrared ray of optocoupler of the arc L (period of
the signal) [sec].

If the measurement error T is neglected, then
the relative measurement error [13] has the form:

SZTa (2)

where A, — is the difference between the actual

and theoretical length of the arc L [mm].

Substituting (1) in (2), it is obtained a formula
for calculating the relative error (instrumental),
taking into account the dependence on the number
of teeth:

8inst = M ’
2nR

where N — is the number of teeth of the sensor disk.

When using the formula (1) for measuring the
rotational frequency the acceleration that may oc-
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cur is not taken into account, as a result of which a
methodological error arises. To calculate the
methodological error, we will calculate the rota-
tional frequency using the following formula:
o= 60 [min™'] (3)
™ .

Without considering the instrumental error, the
actual rotational frequency can be expressed in terms
of the measured rotational frequency at the end of

the next measurement period (under the condition of
uniform acceleration) according to the formula:

(O (V]

meas

+aT [min],

“4)

where ®,, — actual rotational frequency [min’l];
®neqas — Measured rotational frequency [minl]; a—
acceleration [min'/s*]; T — delay time introduced
by the measurement algorithm [sec].

It follows from (1) that 7' =t.

It was calculated and established that the per-
formance of all assembler commands involved in
the measurements is quite small value. The influ-
ence of this error g, is illustrated in Fig. 1.

As it can be seen from Fig. 1, under the given
technical conditions, this error is extremely small
and it can be neglected.

In this case, the absolute methodological error
will have the following form:

act

A=o,, —©,,, [min'].

meas

Taking into account (3) and (4), the formula for
the relative (methodological) error is:

&4%

& & & <

a-60

€

meth —

a-60 )
meas n

The graphs of the dependence of the instrumen-
tal and methodological errors on the number of
teeth in the disk with different input parameters are
shown in Fig. 2 and Fig. 3.

As it can be seen from Fig. 2, approximately
starting from the value of the rotational frequency
equal to 200 min™, it is enough to use a wheel with
one tooth (intersection of methodological and in-
strumental errors is the optimum point). Fig. 3
shows that at ® = 20 min”, to minimize the

error it is sufficient to use about 9 teeth. The accel-
eration a was chosen as high as possible.

Summarizing the obtained result, and also in
order to simplify the calculating algorithm of rota-
tional frequency, it was decided to modify the cal-
culation algorithm as follows: up to 50 min™ (valid
at the average acceleration a = 1.15 min™/s* [13])
to perform calculations as earlier, taking into ac-
count each period of the signal from the sensor (for
a disc of 10 teeth). Starting from the rotational fre-
quency greater than 50 min™ it was decided to take
into account the duration of ten signal periods from
the sensor as one measurement period, i.e. simulate
a single-tooth disc. This condition practically does
not contradict the conclusions made in the work
[13], as there it was justified the sufficiency of
using every 8" sample of the rotational frequency.
In the process of testing the projected sensor the
interferences were detected (Fig. 4).

O peas?| Oeas
()

i 4 VAV

. ©p, min -1

N,ép ;59 .»h@ ©

Fig. 1. Dependence of the deviation €, of the measured rotational frequency from
the actual rotational frequency introduced by the execution time
of the assembler commands of the microcontroller
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inst
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& th
™ 1, tooth
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Fig. 2. The graph of the dependence of the instrumental and methodological errors

on the number of teeth in the disk at ®

...8

meas

=200 min™', ¢ =10 min’'/s*, AL =2 mm

inst

— gmeth
1, tooth

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Fig. 3. The graph of the dependence of the instrumental and methodological errors

on the number of teeth in the disk at ®,,,

As can be seen from Fig. 4, there is some kind
of interferences in the signal from the sensor, as
indicated by the spectrum of the signal obtained
using the fast Fourier transform [1, 5].

These low-frequency interferences are easily
filtered, for example, by arbitrary finite impulse
response (FIR) filter [5, 11]. For this purpose, the
FIR filter of the 10™ order was used filtering the
frequencies up to 10 Hz. As one can see from Fig.
4 has filtered the supposed interferences partially.
However, there are visible residual beatings of un-
known origin. Of course it is impossible to assert
that this interference is of a different nature or it is
the specificity of the hydraulic transmission opera-

=20 min’, @ =10 min''/s>, A, =2 mm

tion (high-precision reference sensor is not available
at the factory). These residual interferences can
also be easily filtered by moving average algorithm
[12] for example, as it is shown in Fig. 5.

But the expediency of such an action is ex-
tremely doubtful. Firstly, it is unknown whether
this is the interference (presumably, in the plant's
environment there would be more high-frequency
interferences). Secondly, it is possible that such
deviations in the signal can be caused by some
fault of the software or hardware parts of the de-
signed test bench. As a result, it is necessary to
conduct additional studies.
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Fig. 4. Interferences obtained during sensor tests
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Fig. 5. Filtration of interferences using the moving average algorithm

As a result of studies the errors in the program
part of the stand were not found. But a potential
source of interference was found in the hardware
(electronic) part of the stand.

The pulse driver (which go to the input of the
microcontroller) was nothing but a Schmitt trigger
CD40106BM [8] manufactured by Texas Instru-
ments. And, as it is known, such triggers have a
wide range of thresholds for both operation and
release of the logical unit. This effect is shown in
Fig. 6 taken from the official documentation.

Since the fronts of the incoming pulses from
the sensor are quite heavily overloaded (as it is
shown in Fig. 7), the signal at the output of the
driver (Schmidt trigger CD40106BM) will always
be of unequal duration, taking into account the
specificity of its operation shown in Fig. 6.

Guaranteed
Trip Point Range
15

*MINIMUM HYSTERESIS
SPREAD (=02 Vpp)

129

INPUT VOLTABE (V)

Vop(Vi

Fig. 6. Range of thresholds
for operation and release
of the Schmitt trigger CD40106BM [8]
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Fig. 7. Oscillogram of the front of the signal
coming from the sensor

Analysis of the existing microcircuits of single-
pass Schmitt triggers showed that they have similar
characteristics, as well as for the Schmitt trigger
CD40106BM. The way out of this situation is the
use of two-input Schmitt triggers, where it is pos-
sible to set a fixed operation voltage due to the use
of backward communication. The study of the
market of existing microcircuits of two-input
Schmitt triggers and operational amplifiers was
conducted. As a result, it was found that the use of
microcircuits of two-input Schmitt triggers is not
rational: the operational amplifier makes it possible
to set operating voltage more flexible and accurate
with minimal deviations, and its cost does not
exceed the cost of the Schmit trigger. Therefore, it
was decided to make own pulse driver using the
operational amplifier LM 124 [10].

The driver is constructed according to the
scheme shown in Fig. 8

Usup
R3 /?70};?—&0%;7 U} aut
£0
R4 4

Fig. 8. Scheme of the pulse driver
on the operational amplifier

To calculate the driver [3, 7], the following in-
put conditions are accepted:

The supply voltage Uy, =4.7 V;

The operate voltage U,, =3 V;

The maximal voltage at the output of the ampli-
fier, the received one 1-2 V less than the supply
voltage U= 3.46 V;

The minimum voltage at the output of the am-
plifier is Up, = 0.3 V.

The driver is constructed according to the
scheme in Fig. 8.

To calculate the positive feedback resistor R2,
it is necessary to determine the hysteresis AU of
the amplifier. It has been experimentally estab-
lished that AU = 0.3 V is sufficient for stable
operation. Resistor R/ was selected with a nominal
of 39 kOhm. Accordingly, based on the results of
calculations, R2 = 452.4 kOhm.

To form the bias voltage EO of the operating
point of the amplifier switching, it is calculated by
the formula:

EO0O=U,,

Thus, £0 = 2.85 V. Resistor R4 was selected
with a nominal value of 3.3 kOhm. Correspond-
ingly, according to the results of calculations
R3=2142.11 Ohm.

To check the accuracy of calculations, it is also
necessary to calculate the operating and release
voltages of the operational amplifier. To do this, the
speed of switching a,,, is required, which for the
selected amplifier is 0.1 V/ms [3, 7]. The operating
voltage Uj_,; is calculated by the formula:

R1 R2
1 = U e +EQ +a,,.
R1+R2 R1+R2

UO
The release voltage U1—0 is calculated by the

formula:

=U_ Rl +EO0 R2 -a,,
R1+R2 R1+R2

U1—>0

According to the results of calculations,
U,,,=3V,and U, , =2.55V. Simulation of this

calculated circuit of the driver confirmed the accu-
racy of calculations. The oscillograms of the opera-
tion simulation are shown in Fig. 9.

Real tests of the new pulse driver were also car-
ried out. The graph of the performed measurements
is shown in Fig. 10. As can be seen from Fig. 10
there is practically no interference in the results
obtained. This allows us to talk about identifying
and complete eliminating the source of data distor-
tion in the developed hydraulic transmission test-
ing system. In this case, the application of digital
filtering algorithms is not necessary.

—0
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Fig. 9. The oscillograms of the driver operation simulation

Findings

For the projected optical sensor of the rota-
tional frequency based on the existing D-2MMU-2
sensor, the analysis of the methodological and in-
strumental errors was performed. Based on the data
obtained, a more rational variant of the frequency
calculation algorithm was proposed, and the num-
1
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900
800
700 |r
600 |
500 J
400

300

200

100

i]

0 5000 10000

ber of teeth of the sensor disk was justified. The
nature of the interferences that occur during data
collection was investigated. As a result, the main
source of measurement distortion was established
and the method for improving the hardware of the
hydraulic locomotive test bench, which eliminated
this source, was proposed.

e

ms

15000 20000 25000 30000

Fig. 10. The graph of the performed measurements of the rotational frequency using
the pulse driver based on the operational amplifier

Originality and Practical Value

The studies of the dependence of the methodo-
logical and instrumental errors of the designed ro-
tational frequency sensor were conducted. Rational
mechanisms for filtering the interferences that oc-
cur when fixing the rotational frequency have been
proposed. Additional studies have shown the need
for hardware refinement of the signal conditioner
circuit. The conducted researches allowed estab-
lishing a rational number of the sensor disk teeth,
which made it possible to improve the measure-
ment algorithm. It was also proposed hardware
improvement of the signal conditioner circuit from

the sensor, which made it possible to get rid of in-
terferences. The results of the measurements
during the studies are the initial data for further
research to determine the technical state of the hy-
draulic transmission UGP 750-1200 during the
factory post-repair tests.

Conclusions

The dependence of the instrumental and
methodological errors of the developed tachomet-
ric sensor of the optical type was investigated.
Based on the studies carried out, it is proposed to
modify the algorithm for calculating the rotational
frequency as follows: up to 50 min" (valid at the
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average acceleration ¢ = 1.15 min™'/s* [13]) to per-
form calculations taking into account every second
period of the signal from the sensor ( for 10 teeth
disk), and starting from the rotational frequency
greater than 50 min™' to take into account the dura-
tion of ten periods of the signal from the sensor as

was found that the use of a 10-tooth disc is ra-
tional. In order to eliminate distortions in the
measurements, calculation and testing of the pulse
driver from the sensor based on the operational
amplifier LM 124 was performed on the basis of
the used Schmitt trigger CD40106BM.

one period, i.e. to simulate a disk with one tooth. It
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BUBIP OIITUMAJIbHUX ITAPAMETPIB BUMIPIOBAHHA YACTOTH
OBEPTAHHS BAJIA I'IIPABJIIYHOI ITIEPE/IAYI TEIIVIOBO3A 3
BUKOPUCTAHHAM MIKPOKOHTPOJIEPA

Merta. CrarTs nependadae 3HaXOMKEHHS PIMICHHS 3a1adi PO3pOOKH Ta YIOCKOHAJICHHS 3aCO0iB BUMIipIOBaHHS
TaXOMETPHUYHUX JaHUX paHille CTBOPEHOI iH(OpMAaIiifHO-BUMipIOBAIFHOI CHCTEMH BHIIPOOYBaHB TiApaBIIIdHUX
nepenay TEMJIOBO3IB IIUIIXOM OOIPYHTYBAaHHS ONTHMaILHOT KOHCTPYKLIT AaTYNKa Ta aJITOPUTMIB OOPOOKH CHIHAITY
Big HpOrO. [IpH 1IbOMY BINIITOBXYBAaTUCS HEOOXIIHO, B MEPIILY YEPry, BiJi MOKIMBOCTI Mo diKallii Bke ICHYI0YOT0
CTCHIy BUIIPOOYBaHb TiIPaBIIYHUX Mepeay TeIUIOBO3IB Ha JIHIIPONETPOBCHKOMY 3aBOJIi MO0 PEMOHTY TEILUIOBO3IB
«IIpomremoBo3». Meroanka. Y po6oTi fociifHUKaMH OyJia 3aIpOITOHOBAaHA METOMKA MoandiKanii KOHCTPYKIIiT
JlaTYMKa Ta alropuTMy oOpoOKM Horo curHaniB. BoHa crimpaerscst Ha nornepeiHi po3poOKH TaxOMETPUYHOTO JIaT-
YHMKa ONTHUYHOTO THITy Ha OCHOBI narunka J[-2MMYVY-2 MikponpouecopHoi aBTOMaTu30BaHOi CHCTEMH CTEHIOBHX
BHUIIPOOYBaHb TiPaBIIYHAX Tepefad TEIUIOBO3IB B yMOBaX TEIUIOBO30PEMOHTHOTO 3aBoay. OOrpyHTOBaHO BHOIp
HEOOXiTHOTO alTOPUTMY BHMIpPIOBAaHB 1 KUTBKOCTI 3yOIliB JaTYMKA MUIIXOM PO3pPaxyHKiB iHCTpYMEHTaIBHOI Ta Me-
TOAMYHOT MOXMOOK. TakoX omucaHi IOCIHi/KEHHS, CIPSIMOBaHI Ha BUSBJICHHS JUKEPENa MEPEHIKOA MPpH BUMipax
4acTOTH O0OEPTAaHHS Ta 3HANIEHO PIMIeHHS MIOAO Horo ycyHeHHs. Pe3yabraTn. [ CipoeKTOBAaHOTO JaT4YMKa Jac-
TOTH 00epTaHHS ONTHYHOTO THITY Ha OCHOBI BK€ icHyrodoro gatymuka J[-2MMY-2 aBropamu 0yj0 BUKOHAHO aHANTI3
3aJIe)KHOCTI METOJIMYHOI Ta iIHCTPYMEHTAJIBHOI MOXMUOOK. 3alIpOIIOHOBAHO, HA OCHOBI OTPHMAaHUX JaHUX, OUTBII pa-
LIOHAJILHUIM BapiaHT aJrOPUTMY PO3pPaxyHKy 4acTOTH OOEpTaHHS, a TaKoX OOIPYHTOBaHA KiNbKICTh 3yOLIB IUCKa
nmatauka. J{ami 0yJ0 BCTAaHOBJICHO OCHOBHE JKEPEIIO TIEPEIIKO BUMIPIB Ta OYB 3alpOlOHOBAHUIN CIOCIO YI0CKOHA-
JICHHSI anapaTHOI YaCTHHU CTEH]ly BUIPOOYBaHb TiIpaBlivHUX Nepenay TeruioBosis. HaykoBa HoBu3Ha. Byiu npo-
BE/ICHI JIOCII/DKEHHS 3aJI€KHOCTI METOAWYHOI Ta IHCTPYMEHTaIbHOI MOXMOOK CHPOEKTOBAHOTO JaTYMKa YacTOTH
oOepTaHHs. 3anponoHOBaHI MeXaHi3MHU (uUIbTpamii ImepenKkos, o BUHUKAIOTh NpH (ikcanii yactotu oOepTaHHS
JaT4uKoM. J[01aTKOBI JOCIHIIKEHHS MMOKa3aiId HEOOXiJHICTh alapaTHOTO JIOONPAIIOBaHHSA cXeMH (opMmyBada cur-
Hairy. [IpakTuyna 3HaYuMicThb. [IpoBeneHi MOCTiIKECHHS JO3BONMIA BCTAHOBUTH PAIliOHANBHY KiTBKICTH 3yOIliB
JIMICKa JAaT4YMKa, IO Jajio MOXKIIMBICTh YAOCKOHAJIHUTH ajrOPUTM BUMIpIOBaHb. Takox Oys0 BUKOHAHO arapaTHe Io-
JNImeHHst cxeMu (popMyBada CUTHAIY BiJ JaTYHKa, 0 JO3BOJIMIIO MO30YTHCS MEpeInKo . Pe3ynpraTti BUMipioBaHb
MIPH JOCTIKEHHIX € BUXITHUMU JAHUMH JUISI BUKOHAHHS MOJJANTBIINX JOCIKEHb 13 METOI0 BU3HAYCHHS TEXHIYHO-
ro crany rigpasnigaoi nepenadi YI'TI 750-1200 mix gac 3aBOCHKUX MICIIPEMOHTHHUX BUIIPOOYBaHb.

Knrouosi cnosa: tTaxomerpumunmii natunk; J-2MMY-2; rigpaBiiuna mepenada; BUIpoOyBaHHS Tigporepenad;
BHIIPOOYBANBHUH CTEHIT; iHPOPMAaIliifHO-BUMIpIOBaIbHA CHCTEMA
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BbIbOP OIITUMAJIbHBIX TAPAMETPOB U3BMEPEHUA YACTOTbI
BPAIIEHUA BAJIA THAPABJIMYECKOU ITIEPEJAYM TEIIJIOBO3A
C UCITIOJIb3OBAHUEM MUKPOKOHTPOJIVIEPA

Hean. CraThst MpeaycMaTpUBaeT HAXOXKICHUE PEICHHUS 3a/a4d pa3padOTKH M yCOBEPIIEHCTBOBAHUS CPEIICTB
M3MEPEHUS TaXOMETPHUYECKUX AAaHHBIX paHee CO3JaHHOW MH(POPMAIMOHHO-U3MEPHUTENILHON CHCTEMbI HCIIBITAHUH
THPABINYECKUX TepeAady TEIUIOBO30B IyTeM OOOCHOBAHUWS ONTHUMATIbHONW KOHCTPYKIHMM JATYMKa M alrOPUTMOB
00paboTkK curHana ot Hero. [Ipu 3TOM OTTaNKHUBATHCS HEOOXOIMMO, B IIEPBYIO OYEPE.lb, OT BO3ZMOKHOCTH MOJIH-
(uKanuy yxe CyHIECTBYIOIIET0 CTEH/Ia UCTIBITAHUN THIPABINYECKUX Mepeaad TeIIoBO30B Ha J[HenmponeTpoBCcKOM
3aBoJie II0 PEMOHTY TerioBo30B «IIpomTemnoBo3». Meroauka. B pabGorte uccienoBaressiMu Obula IpeIoXKeHa
METOIMKa MOJU(HKAIIMK KOHCTPYKIMH JaTYMKa U ajJroputMa o0padoTKH ero curuanoB. OHa onupaeTcsi Ha Ipe/ibl-
Jymye pa3padOTKH TaXOMETPUUECKOTo JaTyMKa ONTHYECKOTro THIIAa Ha ocHOBe Jarurka J[-2MMYVY-2 mukponporec-
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EKCIUTYATAIIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

COpPHOI aBTOMAaTH3UPOBAHHOM CHUCTEMbI CTEHJIOBBIX UCIBITAHUHN THAPABIMUECKUX MEPeaay TEIJIOBO30B B YCIOBUSAX
TEIUIOBO30PEMOHTHOTO 3aBoja. OOOCHOBaH BHIOOP HEOOXOMMMOIO AJITOPHUTMA H3MEPEHHIA M KOJUYECTBA 3yOheB
JlaTYMKa IMYTEM PAcYETOB MHCTPYMEHTAIBHOM M METOAMYECKOHN morpemHocTed. Takke omMcaHbl HCCIEAOBaHUSA,
HaIpaBJICHHbIC HA BBISABICHUE HCTOYHUKA ITOMEX MPU U3MEPEHUSIX YaCTOThI BpallleHus, U HAlICHO pelleHue Mo ero
ycTpaneHuto. Pe3yabTarthl. /{15 COpOEKTUPOBAHHOTO JaTUYMKA YaCTOTHl BPAIICHUS ONTHYECKOTO THIA Ha OCHOBE
yXe cymecTBytomero natauka J-2MMYVY-2 aBTopaMu OBUT BBITIOJTHEH aHAIN3 3aBECHMOCTH METOANYCCKON U MHCT-
pyMeHTanpHOH norpemHocteil. [IpemroxkeH, Ha OCHOBE MMOMYYSHHBIX JaHHBIX, OOJiee pallOHAIBHEBIN BApHAHT aJIro-
puTMa pacu€Ta 4acTOTHI BpAIlCHUs, a TAaK)Ke 0OOCHOBAHO KONIMYECTBO 3yOheB JricKa naTdmka. Jlajgee ObIT yCTaHOB-
JIeH OCHOBHOW HMCTOYHMK TIOMEX HM3MEPEHHH M OBUT MpPEeUIo’KeH CIOCO0 YCOBEPIICHCTBOBAHUS amlapaTHOW 4acTh
CTEeHJIa UCITIBITAHUI THAPABIMYECKUX Iepenad TeroBo3oB. HayuyHas HoBU3HA. BbuTH mpoBeneHBl HCCIIEIOBAHU
3aBHCHMOCTH METOINYECKOH M MHCTPYMEHTAJIBHOMN IMOTPEIIHOCTEH CIIPOSKTHPOBAHHOTO AATYMKA YacTOTHI Bpallle-
Hust. [IpeayoskeHbl MEXaHU3MbI (DHUITBTPAIIHH TTOMEX, BOSHUKAIOIIUX MPH (PUKCAIMK YaCTOTHI BPAIICHHS JATIUKOM.
JIoTOTHUTE IBHBIC MCCIICOBAHUS TOKA3aIl HEOOXOIMMOCTh aImapaTHONH A0Pa0OTKU CXeMbl (OPMUPOBATEIS CHUT-
Hana. [lpakTuyeckasi 3HaUMMOCTh. [IpoBe€HHbBIE HCCIEIOBAHUS MMO3BOJIMIN YCTAHOBUTH PallMOHAIILHOE KOJIHYe-
CTBO 3yOBeB TUCKA JaTYHMKA, YTO JaJ0 BO3MOXKHOCTH YCOBEPIICHCTBOBATH allTOPUTM M3MepeHuil. Takke ObLIO BHI-
MOJTHCHO amapaTHOE YIyYIICHHE CXeMbl (DOPMUPOBATENSI CHTHAJIA OT JIATYMKA, YTO MO3BOJIIIO H30ABUTHCS OT II0-
Mex. Pe3ynbrarel u3BMepeHuil Ipu UCCIIEOBAHUSX SIBISIFOTCSI MCXOJHBIMU TAHHBIMU JJISI BBIIIOJIHEHUS NajdbHEHIINX
HCCIEIOBAHUH C LENIBIO ONPENETICHUS] TEXHUUECKOT0 COCTOSIHUS ruapasnuueckoi nepenaun YI'TI 750-1200 Bo Bpe-
MsI 3aBOJICKHX ITOCIICPEMOHTHBIX UCTIBITAHUH.

Kniouesvie cnosa: taxomerpuueckuid gartuuk; J-2MMYVY-2; ruapaBiauueckas —repenaya; HUCIHbITAHUA
TUApOIIepeaay; HCIBITATSIFHBIN CTEH/T; HHPOPMAIIMOHHO-U3MEPUTENBHAS CHCTEMA
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METOJIUKA CTBOPEHHSI IHTEJEKTYAJIbHOI
ABTOMATH30BAHOI CUCTEMM YIIPABJIIHHSI JJOCTABKOIO
BAHTAKIB HA 3AJII3HUIII

Meta. HaykoBa pobota mMae 3a MeTy aHaii3 (pyHKI[IOHYBaHHS iCHYrO4Ol1 iH(QOpPMAIIHHOT CHCTEMH 3aJTi3HUIL,
AK CXOBHMIIA JaHUX, Ta pO3MNIAA LUIXIB TEpexXoay IO IHTEIEKTyalbHOI CHCTEMH  YIPaBIIHHS,
y T. 4. 3 BUKOPUCTAHHSIM CEMaHTHYHOro miaxoxay. Hapasi HeoOxijHa 3MiHa nmapajurMu aBTOMaTH30BaHOTO yIPaB-
JIHHS epeBe3eHHIMH, 1110 00YMOBIIIOE 3MiHY MOJIEIIi YITPaBIiHHS eKCIUTyaTaliiHo poboToro 3amizHumi. s pos-
poOKM Ta BIpOBaIKEHHS HOBOI crcTeMH Kiacy Business Intelligence HeoOXinHe cTBOpeHHs pOpMaTi30BaHUX 3HAHB
MpO TEPeBI3HUHA TpoIlec 3ali3HWI, Y T. 4. y BUTIIAAI OHTOJIOTIH, SK Monem Ta 3aco0y Qopmaiizamii 3HaHB.
Hogi 3HaHHS OTPeOYIOTH BUKOPHUCTAHHS TEPMiHIB Ta IMOHATH, IO Bi0OpaXaroTh HOBI MPOIECH Ta 00’ €KTH yIpaB-
JHHA B eKCIUTyaramiiHiii poOoti. Mertoauka. Ilpm dopmamizanii 3HaHP HEOOXiTHO abcTparyBaTHCh
BiJl KJIACHYHUX BH3HAYCHb, TAKUX SK COPTYBaJbHA, BAHTA)XKHA, TEXHIUYHA a00 MUIBHUYHA CTAHII, 3aJi3HUYHUHN BY-
3071, PO3BUHEHHUH 3aTi3HUYHHUHA BY30J i T. iH. YHi()iKOBaHI MOBM MOJEIIOBAaHHA IJISl IIPOCKTYBaHHS aBTOMAaTH30Ba-
HUX CHCTEM BHKOPHCTOBYIOTH HMOHATTS: KaTeropii 00’€KTiB, JiarpaMu KjaciB, CTaHIB, MOCIIJOBHOCTI, AisUTLHOCTI,
KOMITOHEHTIB, BiTHOIIEHb MDXK BJIACTHBOCTSAMH TOIIO. L{i MOHATTS MO3BOJNSIOTH (hopMaii3yBaTu 3HaHHS, IPUBECTH
JIO OJJHOTHUITHMX IPEACTABICHb Ta BUKOPHCTOBYBATH iX Ul MOJENIOBAHHS NPOLECIB YIPABIIHHS JIOCTABKOIO BaH-
taxy. Pesyabratm. [lani mnpo wuwac 3aificCHeHHA TOJIH Ipolecy JOCTaBKM BaHTaXy, BIIXWICHHS
y mIaHi-rpagiky BpaxoBYIOThCS B TEOPETHKO-MHOXHHHIA MOJIENI clieHapiiB rmpouecy noctaBku. OAMH i3 KOHIENTIB
MOJIeTI BiAXHiIeHHs Bix ruiaHy (3 6a3u 3HaHb cucremu ACKBITY3—€) no3Bossie BpaxyBaTH BIUIMB MOXKJIMBUX (ak-
TOpIB Ta YMOBHU peaybHOi eKcInTyaTaniiiHoi pobotu. HaykoBa HoBM3HA. Po3risaHyTi numaxu ¢opmanizaiii 3HaHb
Npo MepeBi3HUH Mpollec K nepeIyMoBU (pOpMYBaHHS IHTEJIEKTYaIbHOTO 1HQOpMAIIHHOro 3a0e3rneueHHs CUCTEMU
ynpasiiaHs. [Io6ymzoBaHO TEOPETHKO-MHOKHHHI MOZEI YIPaBIiHHSA JOCTaBKOIO BAaHTAXY VIS CKIIaJaHHS CIICHAPiiB
MpoIleCy JOCTaBKH, HABEICHI MPUKIAJAA BHUKOPHCTAHHS 3aC00iB 00’ €KTHO-OPIEHTOBAHOTO MOJICIIOBAHHS
JUIsl aIrOpUTMi3alil TexHoyoriyHux npouecis. [IpakTnyHa 3HaYMMicTh. ABTOPOM 3alpOIIOHOBAHI HOBI TEPMIHU
Ta TOHATTS, 1[0 BiJOOpPa)kat0Th JIOTICTHYHI Oi3HEC-TIPOIICCH Ta JMO3BOJIAIOTH Iepeitu 10 (dopmaiizailii 3HaHb
Ta CTBOPEHHS 3aca]l IHTENEKTyaJIbHOI CUCTEMH YIIPABIIHHS JOCTaBKOIO BAaHTAXKIB Ha 3aJII3HUIII.

Kniouosi cnoea: iHTenexTyallbHa CHCTEMa YIPAaBIiHHS; (QOpMalli3oBaHi 3HAHHS; 3acO0M INPOEKTYBaHHS;
aBTOMAaTU30BaHi CUCTEMH; eKCILTyaTaliiiHa po00Ta; TEpMiHOJOTIs 3aJi3HHUIL; TPOIIEC TOCTABKH BAaHTAXY

MaTH30BaHi TEXHOJOTil, IO BUKOPUCTOBYIOTHCS
MIpH yTIPaBIIiHHI TIPOIlECaMU TIEPEBE3CHb, € 3HAU-
HOIO MIpOI0, CHCTEMaMH 300py Ta nepeaadi TaHuX,

Beryn

YrpaBniHHS BaHTQXHUMHU TIEPEBE3CHHAMH 3a-

J3HUII BXE HE iCHye 0e3 aBTOMAaTH30BaHOI CHC-
temu. OOk poOOTH MiIPO3TITIB 1 BCi€T 3aITi3HMII],
(inaHCcOBa Ta OOJIIKOBAa 3BITHICTH, TEXHOJOTIUHI
(cyTo 3aMi3HWYHI) JOKYMEHTH, PO3PaxyHKOBI JO-
KyMEHTH 3a HaJlaHi MOCIYTU Ta iHIIe 3AiHCHIOETh-
cs B iHQOpMamiiiHii 6a3i — equHIN aBTOMaTH30Ba-
HI CHCTEMi YTIPaBJIiHHSA BAaHTAKHUMHU TIEPEBE3CH-
Hsmu Ykpaanizauii (ACK BIT V3-€). Ane us cu-
CcTeMa, [0 MICTHTh BeJIMYE3HHU OOCAT JaHUX
Mpo BCi omeparttii 3 00’ €KTaMu yTpaBIIiHHSA, 3aJIH-
nraeTbes 1Mo cyTi iHdopmamiiiHow. IcHytoui aBTO-

II[0 YaCTO 3I1MCHIOIOTHCS TIOAUHOIO, a OTXKE 13 Bij-
CTaBaHHSIM BiJl pealbHOTO Yacy BUKOHAHHS Olepa-
i, 3 HACTYMHOI iX OOPOOKOI s CKJIaJaHHsS
TEXHOJIOT1YHUX, OOJIKOBUX, (JIHAHCOBHUX JOKyMe-
HTIB, 3BiTIB PO BUKOHaHY poOOTy Ta iHIIOI JOKY-
MeHTarii [1, 14, 15].

Indopmariiiina cucTeMa 3alli3HUII ABISIE COOO0I0
riraHTChKE CXOBHINE JAHUX, II0 OMUCYIOTh BHKO-
HaHy poOOTy, 1 JIMIIE KOHCTaTyIOTh IIPOIIECH,
0 BXXE BiAOyNMCh. 3HAYHA KUIBKICTH JOBIJIOK,
3BITIB BUKOPHCTOBYETHCS AJISl aHali3y poOoTH 3a-
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mizaumi. Tak, HampWKIam, TEepCOHAT AUPCKIIiit
Ta 3aj1i3HMIL YKpaiHW, 10 BIIMOBIAa€E 3a IJIaHy-
BaHHA poOoTHM Ha 100y, MOYMHAE CBid poOOUMiA
JICHb 3 YeTBEPTOi TOIWHY paHKy. B ruianyBaHHI po-
00TH, 5K 1 y OUTBIIIOCTI TIPOIIECIB YIIPaABITIHHS 3aJTi3-
HUYHAMH TIEPEBE3CHHSIMHU BaHTAXIB, HE JIUBIISTYNCDH
Ha TOTaJlbHE BIPOBA/HKEHHS KOMIT IOTEPHHUX TEXHO-
JIOTi# Ha BCiX poOOUYNX MICIIX, BAKOPHUCTOBYIOTHCS
migxomau, mo 0a3yloThesl HA EBPUCTUYHUX METONAX,
BJIACHOMY JIOCBiJ/Ii YIIPaBIiHIIIB Ta MUCIHUIUTIHI BH-
KOHaHHS HakasiB. 3 iHINOro OOKy, BiJ 3aJi3HMIL,
K BiI cdepu 00CITyroByBaHHs, 0i3HEC-OTOUYECHHS
BUMarae mpo30pocCTi Jii, TOTPUMAaHHS JIOTiCTHYHUX
TIPUHIIMITIB TIPU TOCTABI[i BAHTAXKIB, 10 TIOB’SI3aHO 3
TOYHUM TPOTHO3YBAaHHSAM, Ta IMONANBIINM JOTPH-
MaHHSIM BCTAQHOBJICHUX YaCOBHX IapaMeTpiB JOTO-
BOpY MiX yYaCHHKaMH TiepeBe3eHb. Lle Bce 3ymoB-
JI0€ HEOOXITHICTh Tepexomy Bia iH(opmamiiHOl
CHCTEMH, SIK CXOBHUINA TAaHUX Ta CHCTEMH PO3paxy-
HKIiB JIOKYMEHTIB 1 3BITiB, IO iIHTENEKTyaJbHOI CHC-
temu (IC). Y KOHTEKCTI 3a3HaYEHOTO Cepell OCHOB-
aux (yskmii IC [2, 9] ocobmuBo BakiwBI 3amadi,
AKi 0a3ylOTbCS HA CHCTEMi MIATPUMKH NPHHHSITTS
pimrennst (CIIIP) nucnerdepchkuM amapaTom, 3a-
Jladi IJIaHyBaHHS Ta MPOTHO3Y BUKOHAHHS POIIECY
nepeBe3eHb, a TAKOX YIPABIHHS JOCTaBKOIO BaH-
TaXiB.

B Toii ke yac, OHI€I0 3 OCHOBHMX TEHAECHIIN
po3putky IC chOTrOfHI, SIK TIOKa3y€e aHai3 CBITOBUX
1 BiTYyM3HAHUX fociipkens [10, 17, 18], € Bukopuc-
TaHHS aBTOMAaTH30BaHOI PO3POOKH MPOTPAMHOTO
3a0e3MeYeHAsT Ha OCHOBI 00’ €KTHO-OPI€HTOBAaHUX
MoJIeNiel peaMeTHOT 00J1acTi Ta NMEBHUX CEMaHTH-
YHAX KOHCTPYKIiH. AKTyallbHUM JJIS TTiABHUIICHHS
CepBICiB y Oi3HEC-TIPOIIECcax € TAKOXK BIIPOBAKCHHS
CEMaHTHYHHUX TEXHOJIOTIH. Y CBITI BXe ICHY€E 3HA4-
Ha KUIBKICTh TNPOTPaMHHUX MPOAYKTIB  KJacy
Business Intelligence (BI) [3, 19], mporpamaux 3a-
cO0IB Ta TEXHOJIOTIH, IO CHPsIMOBaHi Ha BHOIp 00-
IPYHTOBAaHMX pillIeHb Ha MiJCTaBi iHTEJIEKTyalbHO-
TO aHai3y JaHuWx, Hampukian, Data mining [21].
OynkrmionyBanas Bl TexHomoriit cnpsMoBaHO Ha
HAKOMHMYEHHsI 3HaHb Ta TeHEPyBaHHs HOBUX.

Bci i 3acobu Ta cucTeMu BUKOPUCTOBYIOTH (ho-
pMai3oBaHI 3HaHHA TIPO TPEIMETHY OOJIACTh
(ITIpO). Taxi 3HaHHS BHKOPUCTOBYIOTHCSI TIPH TUIa-
HYBaHHI pOOOTH B peajlbHOMY PEXHMi Yacy, MOze-
JIFOBaHHI, IPOTHO3Y PO3BUTKY CUTYAIlild Ta MPH PO3-
pob6rti CIIITP.

Merta

Meroro 1i€l poboTH € aHaii3 (YHKIIOHYBaHHS
iCHyr04Oi  iH(OpMAaIidHOI CHUCTEMH 3aJi3HHIIL,
SK CXOBHIIA JTAHUX, PO3IJIAM LULAXIB IEPEeXomy 10
IHTEJIEKTYJIbHOT CHCTEMH YTIPABIIHHS, y TOMY YH-
CITi 3 BUKOPHUCTaHHIM CEMaHTHYHOTO Tinxony. Bpa-
XOBYIOUM Cy4YacHi 3ajadi €KOHOMIKH, Oi3Hecy, pi-
BEHb PO3BHUTKY TEXHOJIOTIH y CBiTi, HEOOXiTHA 3Mi-
Ha MapaJurMi aBTOMaTH30BAHOTO YIPaBIiHHS ITe-
peBezeHHsAMH. 7SI PO3BUTKY iCHYIOUOI CHCTEMH
ACK BII Y3-€, 3 moximBorw TpanchopMmarrieto
apXiTEeKTypH Ta (YHKIIOHATEHUX BIACTHBOCTEH
cucteMd ab0 pO3pOOKK Ta BIPOBAHKEHHS HOBOI
cuctemu piBas Bl, HeoOXiqHO cTBOpeHHS QopMai-
30BaHUX 3HAHb PO TIEPEBI3HUI TPOIIEC 3aTi3HUII,
Yy TOMY YHCII Y BUIJISII OHTOJIOTIH, SIK MOJiei 1 3a-
co0y dopmamizanii 3Hanbe [3, 12, 16]. OHTOMOTIT —
6a3u 3HaHb (b3) cremianbHOTO BHIY 13 CEMAaHTHY-
HOW iH(popmartiero mnieBHOi [IpO. Kommonentu, 3
SAKAX CKJIQJAIOTBCS OHTOJIOTII, 3alexaTh Biji mapa-
JIUTMU TIO/IaHHSI.

MeTtoauka

IMpu dopmanizanii 3HaHb HEOOXiAHO abcTpary-
BaTHCh BiJl KIIACHYHHUX BU3HAYEHB, TAKHUX K COPTY-
BaJhbHAa a00 BaHTaXXHA, TEXHIYHA, TIISTHKOBA, TYIIi-
KOBa CTaHIIisl, 3aJ1I3HUYHUI BY30JI, pO3BUHECHUH 3a-
J3HAYHUMA By301 i T. iH. Ta i1 y peaqbHOMY KHTTI
HE iICHy€ COPTYBAJIbHOI CTaHIli 0e3 SKOICh BaHTaX-
HOi poOotu. | HaBmaku. Kpim Toro, onwvc mporiecis,
II0 HAJAETHCS MIPU PO3POOII CUCTEM IMPALFOIOUNMU,
Mae cy0’€eKTUBHHIA XapakTep 1 9acTo He BimoOpaxae
CyTi TIOJIIH, 110 BiIOYBaIOTHCS B MIMCHOCTI [8].

3 iHmoro 00Ky, iCHYIOTh YHi(IKOBaHI MOBH MO-
JIEIFOBAaHHs ISl TPOEKTYBaHHS aBTOMATH30BaHMX
CHCTEM BHKOPHCTOBYIOTHCA, IO OMEPYIOTh TaAKHMHU
MOHATTSIMH, SIK KaTeropii 00’ €KTiB, miarpaMu Kja-
CiB, CTaHIB, IOCIIJIOBHOCTI, DISUIbHOCTI, KOMIIOHEH-
TiB, BITHOIIICHh MIXK BIACTHBOCTSMH, TomIo [5, 20].
I{i mOHATTS J03BOJIAIOTH (HOpMaITi3yBaTh TEXHOJIO-
TIYHI MPOIECH, MPUBECTH JI0 OJHOTUITHUX TPECTa-
BJICHb OCHOBHUX 00’€KTIB 3aJI3HUII Ta HAOYHO II0-
Ka3aTH iX B3a€EMO/IiIO0.

TexHoorist a00 CleHapii MOCTIJOBHOCTI CTaHIB
YH Omepariiii XapakTepu3yeThCsi OOy I0BOIO Tpadid-
HOTO 300paXKCHHS, OPIEHTOBAHOTO Ha Bi3yalli3aIliro
Ta (popMaTi3ailito MpoLecy, B TOMY YHCII 3aco0amu
UML [5] mns HacTYymHOTO HakKJIaJaHHS Ha 4YacOBY
BiCb.
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CrarionapHui

Micue

»  BiactuBocTi

3HaXOXKCHHA

00 exT

Pyxomnit

- BiactuBocTi

Toxii 3 06’exTOM
(omepauii):
— | - IpuOyTTS

- BiZINIPaBIEHHS
- HAKOITMYECHHS
- 3aTpUMaHHS

- peMOHT

| 3B’SI30K Mix
00’ ekTaMu

Cran:

A
\ 4

Tonii, onepamiit

—» [ToC/1iIOBHICTE

Cranis

P - pyx »|  Binxunenns
- OUiKyBaHHSA

A

Puc. 1. Kareropii ysaBneHb 11 CKIIaJaHHS JiarpaM KJIaciB, CTaHiB, TOCIITOBHOCTEH

Fig. 1. Representation categories for diagramming the classes, states, sequences

Poshopmysanns

do/ C62 ol e —

\

IlepecranoBka
do/C64 —

do/ C65

|
TloyaTok 3aTpUMKH
do/ C67 S

éﬁ_
Odopmnenns
JIOKYMEHTIB Ha TI0i3]1

Binnpapnenns
1 do/ C66

|, ( Kineus sarpumin
Kinens 3atpumkn ¥

TIpu6yTrs 06’ ekTy
do/ C61

1
\* ®opMyBanus
do/ C63

do/ C68

-

®

Puc. 2. [liarpama mistipHOCTI (ceHapiii 3acobamu UML) 3 pyxoMum 06’ €KTOM yIIpaBIiHHSI
Ha CTallioHapHOMY 00 €KTi

Fig. 2. Activity diagram (scenario by means of UML) with a moving control object on immovable object

AblctparyBanHs Bia crenudiku 3ami3HULI Ha-
pa3i  sBIsie  coOOK  HAWOUIBIIY  CKIIAJHICTH
y PO3yMIHHI €TaliB MEePexXoay A0 IHTEICKTYyaIbHOI
CHCTEMH YIPAaBIiHHS MpPOLECaMH BaHTAXKHUX IIe-
peBe3eHb. 3OIMCHUTH Takuid NepexiJ MOXKJIHBO

JIUILE 3MIHMBIIN NAPAAUTMy YIPaBIiHHSI €KCIUTya-
TaIIfHOI0 POOOTOI0 3ai3HUIN TPU IepeBe3CHHI
BaHTaxiB. [IpoGiema nossrae y Tomy, Mo 3aimi3-
HUIIS, SKa ICHY€ Ha IPOIIi CBOiX KJIi€HTIB, eeKTu-
BHICTb POOOTH BHMIpIOE B TIOKAa3HUKaX, IO
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HE MalOTh IPSIMOTO BiHOIICHHS JIO SIKOCT1 00CITy-
TOBYBaHHS OTPUMYBadJiB IIOCIYT, HE BiJoOpaka-
I0Th €()EeKTUBHICTH JOTICTUYHHX TPOLECIB MpH
MEpeBe3eHHI  BaHTaXiB. 3MiHA  TapajgurMu
VIIPaBIIHHAS CKCIUTyaTaIliifHOI0 poOOTOr0, IO J0-
3BOJIUTH OTEpyBaTH (popMai3oBaHUMH 3HAHHSIMH,
MOB’s3aHAa 3HAYHOKO MIpOI0, 31 3MIHOK TIOHSTh
Ta TEPMIHOJIOTI.

OcHOoBHa Maca TepMiHIB 1 iX BH3Ha4YCHb
y chepi TpaHCIOPTHOI CHUCTEMOJIOTIi CTBOpIOBa-
mch B 60-70-X pokax MHUHYIIOTO CTONITTS. Te3ay-
pyc  3aNmi3HMYHMX  TEepeBe3eHb  CKJIaJaBCs
e Ha COTHIO POKiB panimie. Ha choronHi, 3a nei
MPOMIXKOK Yacy TPaHCIIOpPTHA HayKa 1 IMPaKTHKa
3HAYHO pO3BHHYJACSA. ToMy BUHHKAE HEOOXiTHICTh
neperjsiy TepMmiHosoriuHoi cucremu [4, 7],
IO TOB’SI3aHO 3 TEOPETUYHHMHU 1 E€MITIPUIHUMHU
JOCITIKEHHSMH B c(hepi TPaHCIIOPTY.

Ockinbku mpoOiieMa CyTTeBa 1 OaraTopiBHEBa,
a TepMiHIB 0arato, poO3rJISHEMO YacTHHY 3 HHX,
a caMe: TEpMIHOJNOTIIO, sIKa BIJICYTHA, ale
HEOOXiTHA JJIT CTBOPEHHS CHCTEMH, Y TOMY YHUCII
ABTOMAaTH30BaHOI, YNPABIiHHS JOCTaBKOIO BaHTa-
Ky, SIKa € aKTyallbHUM HalpSIMKOM pedOopMyBaHHS
IisTeHOCTI 3amizHumi. Opranizailis IMepeBe3CHHS
«TOYHO B CTPOK» € HEOOX1JIHOI yMOBOIO 3a0e3rie-
YEeHHS SKOCTi 00CITyroBYBaHHsI KIi€HTIB 3aJI13HUII,
MOTpUMaHHA (DIHAHCOBUX YMOB VY JOTOBOpPax
3 OTpUMyBadaMH Mochyr. J[ius mporHo3yBaHHS
peanbHUAX TEpMiHIB JOCTaBKH IPU HAAaHHI MOCITY-
TH BUKOPHUCTOBYETHCS MOJICIIOBAHHS IPOIECIB
[11, 13] 3 BuKOpHCTaHHSAM BXE (GopMaTi30BaHUX
3HaHb Ha IiJICTaBl HOBOT TEPMIHOJIOTI.

Busnauenns 1. JlocraBkoro BanTaxy (/IB)
Ha3WBAIOTHCSA ITUICCTIPSIMOBAHI 3MiHM HABKOJIHIII-
HBOTO TTOJIOKEHHS BaHTaXYy, BIIOPSIKOBaHI B 4aci,
AK pe3yJbTaT OisSUIbHOCTI OKpeMHXx abo mapalelb-
HUX CHUCTEM.

Busnauenns 2. [InanyBanus [B 31ilicHIOEThCS
MOTIEPEAHIM CKJIaJaHHsIM CLEHapilo TOCTAaBKU BaH-
TaXy 32 HOPMAaTHBHUMH JOKyMEHTaM abo eBpHcC-
THYHO, BUXOIIYHM 3 IOCTaTHHOT'O JOCBIIYy OCOOH,
IO CKJajgae cleHapiii (excreaurop, AWCIETYEp,
JIOTICT Ta iH.).

Buznauenns 3. CrieHapii TOCTaBKH BaHTaXY
(CJIB) — e MOXIJIMBHI BapiaHT peaisallii rinore-
TUYHOI, JIOT1YHOT MOCIiAOBHOCTI CHTYAIlil TpoIie-
Cy JOCTaBKM BaHTaXy y BUTIISAII JEeKJIapaTHBHO-
rpadiqHOTO OMHCY, CKIAIEHOTO EBPUCTUIHUM
METO/IOM Ha OCHOBi €KCIIEPTHOI OLIIHKH.

3aznaunmo, mo CJIB He € ¢yHKIiE dacy,
TOOTO TIOCNTIIOBHICTh CHTyalliii HE HakKjaJcHa
Ha TUMYaCOBY Bich, Ta0. 1.

Tabnums 1

Iepenik moxiii 1yis1 ckJIagaHHA CleHAPIiB
npoiecy A0CTaBKU

Table 1

The list of events for compiling the scripts
of delivery process

Ci-ct

IToxii 3 06’ exTOM CIo1 | CI2 N

1. Hpubyrrst C6, x x x

2. PozopmyBanHs
Co,

3. ®opmysanns Co, x x

4. IlepecranoBka
BaroHa 3 BAaHTAXXEM
Ha BiJINPaBICHHS
Co,

5. Ilomaua nokomMo-
tHBa C6

6. BignpasieHus
BaHTaxy C6

7. IlouaTox 3aTpuM-
KU BaroHa 3 BUHHU X
xiienTa C6,

8. Kinenp 3aTpumMku

Barona CoOyg

[Ipu mporHo3yBaHHI 4acOBHX XapaKTEPUCTHK
cutyanii C/IB BOHa mepeTBOPUTHCS B ILIAHOBY
peamizallifo TpoIecy AOCTaBKM BaHTaxy (IUIaH-
rpadika). [Ipuknan takoro miaH-rpadiky HaBene-
HUU Ha puc 3.

Busnagenns 4. [Iman-rpadix JoCTaBKHA BaHTaXyY
(T'IB) — 3arBepmkeHuid TaH-rpadik y BHUIJISAL
TUTAHOBOT TMOCTIIOBHOCTI CHUTYallid Ta MOMiH, 3 3a-
3HaveHHsM 4acy ix BukoHaHHs (KTi), abo i3 3a3Ha-
YEHHSM YaCOBUX IHTEPBAIIB MIXK MOTISIMH.
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TpuBanicTs BUKOHAHHS

IMepenix pobounx orepaii y yaci

omepaii

L | L |t 13

Hanxomxenns 3a-
SIBKH Ha TIOPOJKHI

1 Barouwu Bij KJlicHTa-
BiJITIpaBHHKA BaH-
Taxy

[Nonaya nopoxxHix
BaroHiB Ha i 13H1

2  IUISXH KII€HTa-
BiJINPaBHUKA BaH-
Taxy

3aBaHTa)KEHHS Ba-
TOHIB Ha Mia i3HOMY

3  nuxy Kii€HTa-
BiJIIIpaBHIKA BaH-
Taxy

Hakonuyenus Ba-
TOHIB Ha CTAHIIT
npuiimManHs 1 op-
MyBaHHA 1101312

13

3HaxO0IKEHHS Baro-
HIB y TOi3/1i 0 BiJI-
MIPaBIICHHS. HOBOMY
KITIEHTY-
BiJINIPaBHUKY BaH-
Taxy

14

3aranbHuil yac, tij

Puc. 3. [Tnan-rpadik BUKOHAHHS TEXHOJOTIYHUX
omepanii 3 Bu3HaueHIME KUT

Fig. 3. Scheduled plan for the implementation
of technological operations with the determined
control-time points

[Ipu po3pobui turaHy-Tpadika BHU3HAYAIOTHCS
TUTAaHOBI 3HAYEHHS KOHTPOJIBHO-YaCOBHX TOYOK
(KYT) [6, 10]. Lli TOYKM BH3HAYAIOTH Yac MOYATKY
tn 1 49ac 3aKiHYeHHSA fn+1 KOXXKHOI TEXHOJOTTYHOL
orepartii, tij — gyac 3MiHCHEHHS i- OTIepartii.

Buznauennss 5. Ilpouec noCTaBKM BaHTaxy
(ITAB) — mnocmimoBHICT (aKTUYHUX TMOMIH 3
00’€KTOM JOCTaBKH (BaHTa)Ke€M, BarOHOM), TIpH Tie-
pemilenHi #ioro y 4aci ta npoctopi (KYT?).

Amnani3z ¢axktnaaux peanizariii [1JIB mokasas,
110 BOHU YHIKaJIbHI — HEMa JBOX peajIi3alliil mporie-

Cy JOCTaBKH BAHTaXYy, SKi O TOBTOPHIIM B TOYHOCTI
OJIVH OJTHOTO.

Busnauenns 6. Binxunenns y rpadixky nocras-
ku BaHTaxy (Bimxunemns ['JIB). ¥V Ilpomeci B
3MIHCHIOETHCS KOHTPOJIh 3a BiaxmieHHIM ( AKYT )

dakTnuHExX 3HaueHb yacy (KYT?) Bin BusHaue-
HUX TuiaHoM-Tpadikom (KTij) mepioguvno, 3 TO-
TpiOHOIO AT KOKHOI CUTYyallii 4acTOTOO.

BuzHauenns 7. YmpaBiiHHS TOCTaBKOIO BaH-
TaXy — 3aXOJAH, SKI CHOPSMOBaHI Ha JOTPUMaHHS
I'/IB, a came: yacoBuX mapameTpiB 3000B’s3aHb,
BCTaHOBJICHHX JOTOBOPOM 3 KJIIIEHTOM Ta MiHIMi-
3artito BigxuieHs ( AKYT ) mpu poXoKeHH] KOH-
TPOJIEHO-4aCOBHX TOYOK a00 y YacOBHX iHTEpBa-
JlaxX MiX 3aIJTaHOBaHUMHU TIOISIMH.

Pe3yabTaTn

JlaHo IS KOHTPOJIIO TOCTABKK BaHTAXy BIAIO-
BimHo I'/IB 3a tabmuigzamu ACK BIT Y3-€ maroth
BUTIISI/, HaBeleHWd y Tabn. 2. 3amuc iHopmarrii
3MIHCHIOETHCS TIEPIOUYHO, 3 MOTPIOHO IS KOXK-
HOI cutyaii yacroror. Jlani AKYT , At Hakomu-
9yIOThCS B iH(GOpMaITiitHii 0a3i 1y HaCTyIHOI y4a-
CTi y MOJIETISIX, SIKi BUKOPHCTOBYIOTBCS ISl TIPOTHO-
syBanHs ['[IB, naHi SKOro MakCUMaabHO HAOIMKEHI
JI0 peaJlbHUX YMOB €KCILTyaTaIliiHOTO MPOIIeCy.

Homenxkmnarypa 00’€KTiB 1 Cy0’€KTIB CIICHAPHOTO
BinoOpaxeHHs [IB sBmse coboro Omusbko 35-40
MHOXUH, III0 MIiCTSTh (hOpMaITi3oBaHi €1eMeHTH, SIKi
y CBOK 4Yepry € TeX MHOXUHaMH. TeopeTuko-
MHOXXMHHA Mojenb [10] mporecy AOCTaBKA Mae
BUTJISI

M1:0n x06 xC6 xCy xCm xT — Kyr"*xT

ne On — muoxuHa onepartiit [T/1B;

06 — MHOXHWHA CTalliOHAPHUX 00’ €KTIB (3ai-
3HUYHUX KOJIIH 1 CITOPY, MIJISTHOK);

C6 — MHOXHHA Cy0’€KTIB yNpaBISIOYHX i
npuiiMatouux pimenHs o [1/1B;

Cy — muoxuna CIIB, cuenapiiB mporecis 1o-
CTaBKH BaHTaXiB;

Cm — MHOXHMHa NPOCTOPOBUX CTaHIB BaHTa-
XKIB;
T — peanbHuil yac.

Poskputtss momeni Cy 3a muHoxunHoro CJIB

Ma€ BUTJISI:

M>:0n xS xDxt, =Cy ;
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M3:06 xATxT - 0n XT ;

M4:D XOn XI —>Cm

ne S — MHOXUHA cutyauii [1/IB;

D — mHOXUMHA oIl mporiecy TOCTaBKH BaH-
Taxis, Coi ;

AT — MHOXWHA IHTEpBANIB Yacy BHKOHAHHS
onepariii [1/1B;
{, — MHOKMHA IHTE€PBAIIIB Yacy MiX ITOTisIMH:

l
t, =t AL,

n . " .
At] — cepenHi (IPOTHO3HI) BIIXWIIEHHS BiJl HOp-
MaTHUBHOTO Yacy, 3a JaHuMu AKYT 1Mo momisx;

I — iHpopMaris.

Tabnuns 2
Cru1aj 1aHMX PO Yac 3ilicHeHHs moaii
Table 2

Data composition on time of events

Hopmatus-
IMoxii 3 06’exToM | HHUH Yac mo-
Coi ITiHA, orepartiit T daxr. At
;
[MTpubytTst _ 20:02 _
Po3dopmyBanus 25 xB 40 xB 15 xB
10 rox 1 roxn
DopMyBaHHS 8 rox 50 xB 15 xB 25 xB
[lepecranoBka
BaroHy 3 BaH- 30 xB 27 xB -3 xB
Ta)keM Ha BIJI-
MIpaBICHHS
ITogaua moxo- 40 xB 1 rox 40 xB
MOTHBA 20 xB
Binnpasnenns 20 xB 35 xB 15 xB
BaHTaXy

VYnpaBmiHHS TOCTaBKOIO BaHTaXy, IO HampaB-
neHo Ha gotpumanHs ['JIB, a came yacoBux mapa-
METpiB 3000B’S3aHb, BCTAaHOBJCHHUX JOTOBOPOM
3 KIEHTOM, MOTpe0y€e BU3HAYEHHS MaKCHMAIbHO
pearlbHOTO0 4Yacy TOJiil 3 00’€KTOM YIpaBITiHHAL
Jani ipo gac 3miicaenns noxin [1/IB, BigxuneHHs
y ['IB BpaxoBYIOTECS B MOJIEJi MPOIIECY J0CTaB-

k. OuH 3 KOHIENTIB MOJIENi — CepeaHe (IPOTHO-
3He) BiaxuieHHsS 3 6a3m 3HaHb cuctemu ACK BII
V3-€ — no3Bomisie BpaxyBaTH BIUIMB MOYJIMBHX
(akTOpiB Ta YMOBH peaJbHOI eKCILTyaTamiiHO1

POGOTH.

HaykoBa HOBM3HA Ta NPAKTUYHA
3HAYMMICTB

PosrnsanyTi mwisxu dopmarmizarii 3HaHB TIPO
MEePEeBI3HUI Tpollec SIK MepeayMoBH (HOpMyBaHHS
IHTETeKTYaJIbHOTO iH(pOpMaliitHOTO 3a0e3medeHHs
cuctemu yrpaiiHHA. [loOyaoBaHO TeopeTHKo-
MHOXHMHHI MOJIEJi yIPaBIliHHS JTOCTABKOIO BaHTa-
Ky JUISL CKJIaJaHHs CIICHApiiB TOCTaBKH Ta BHU3HA-
yerns KUT mpornecy mocTaBku, HaBeJeHI MPHUKIIA-
iy BUKOPHUCTAHHS 3aco0iB 00’ €eKTHO-
OpIEHTOBAaHOI'O MOJICIIOBAHHS JIJIsl allrOpUTMi3alii
TEXHOJOT1YHUX TMpOoUeciB. 3ampoloHOBaHI HOBI
TEPMIiHHU Ta TMOHSTTS, IO BiAOOPa’KarOTh JOTiCTHY-
Hi Oi3HEC-TIpoLecH, 00’ €KTH YIIPABIIiHHS B €KCILIY-
aTarliifHiil poOOTi Ta TO3BOJISAIOTH MEPEUTH 10 (o-
pMaitizanii 3HaHb.

BucnoBku

Hns popmyBaHHs 6a3u 3HAHD 1HTEIEKTyalbHO-
ro iHdopMamifHOrO 3a0e3MEeYeHHs CUCTEMHU
VIIPaBITIHHS, 30KpeMa MPOIeCaMy yTIPaBIIiHHS JI0-
CTaBKOIO BaHTaXy, iCHyl0oUa aBTOMaTH30BaHa CHUC-
tema 3amizauni ACK BII Y3-€ norpebye Hapo-
nTyBaHHS (YHKIIOHATHHUX BIIACTUBOCTEH CHCTe-
Mu. CTBOpEHHsI Ta BHUKOpPUCTaHHsS (QopMai3oBa-
HUX 3HaHb NPO TMEPEBi3HUH Mpolec 3ali3HMLI, Y
TOMY YHCII Y BHIJIAJ[I OHTOJIOTIH, JO3BOJIUTH PO3-
poOKy Ta BIPOBAHKCHHS IHTEICKTYyaIbHHUX, PIBHS
BI, cuctem, 1mo peanizyroTh MiATPUMKY TPUAHSTTS
pillleHHs, YOpaBIiHHS B pealbHOMY 4Yaci, 3a/I0BO-
JTBHSAIOTh CYJacHHM BHMOTaM Oi3HecC-TIPOIleciB Ta
YYacHHKIB TpPaHCIIOPTHOTO pHHKY. DyHKIiOHY-
BaHHSI CUCTEMH YIIPaBJIiHHS 3 MOXIIHUBICTIO pOOOTH
Yy BIIKPUTOMY pO3IOAIICHOMY iH(pOpMaLiHHOMY
MPOCTOPi CTBOPUTH YMOBH IMOCTIHHOTO OHOBJICHHS
3HaHb, 1[0 HAJIXOMAATH i3 30BHIIIHBOTO CEPEIOBU-
Ia, Ta B3AEMOJII 13 CyYacHUMH IPOrpaMHUMH
IPONYKTaMu CBiTy. [lng mporo, B mepury uepry,
HEOOXiZIHO TMEepPEeOCMHUCIICHHsI BIIAaCHE 3aJTi3HUYHUX
TEXHOJIOT1H Ta OB’ A3aHO01 3 HUMHU TEPMiHOJIOTi.
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A. 1. KUPUYEHKO""
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METO/UKA CO3JAHMA UHTEJUVIEKTY AJIBHBIX _
ABTOMATHU3UPOBAHHbBIX CUCTEM YIIPABJIEHUA TOCTABKOU
I'PY30B HA KEJIE3HOMH JIOPOT'E

Hesas. Hayunas pabota umeeT cBoel menbpio aHATN3 (PYHKIIMOHHUPOBAHMS CYIIECTBYIOUIEH HH()OPMAIIMOHHON
CHCTEMBI JKEJIE3HOM JOpOrH, KaK XpaHWIMINA AAaHHBIX, M PAaCCMOTPEHHE MyTeH Iepexoja K MHTEJUIEKTYalbHON
CHCTEME YIpaBJIEHHs, B T. U. C UCIOJIb30BaHUEM CeMaHTHYecKOro noaxoaa. Celiuac HeoOX0Ma CMEHa Napaurmbl
aBTOMAaTU3HUPOBAHHOTO YIPABIICHUS MEPEBO3KAMH, YTO OOYCIIOBIMBAET M3MEHEHHE MOJEIH YIpaBICHUS
9KCIUTyaTal[HOHHON padoToil skene3Hoi goporu. s pa3pabOTKK W BHEAPEHHUS HOBOM CHCTEMBbI Kiiacca Business
Intelligence HeoOxoxnuMo co3nanue (GopMaaM30BaHHBIX 3HAHWH O MEPEBO30YHOM IPOLECCE JKENE3HOH TOporH, B
TOM 4HCIIE B BHJIE OHTOJIOTMH, Kak MOJAENIM M cpeacTBa (opMmaiu3anuu 3HaHWil. HoBble 3HAHUS HYXIAIOTCS
B HCIIONb30BAHWM TEPMHUHOB U TOHATHH, OTPAKAIOIIMX HOBBIE TIPOIECCHI M OOBEKTHI  yNpaBICHUS
B OKCIUTyaTalMOHHOM pabore. Mertoauka. Ilpm ¢dopmanmsanum 3HaHMA HeoOXoauMoO abCTparmpoBaTHC
OT KJIACCHYECKHX OIPEAEICHIH, TAKMX KaK COPTUPOBOYHAS, TPy30Basi, TEXHUUECKAs WM y4acTKOBas CTaHINH, XKe-
JIE3HOJJOPOXKHBIN y3€l, Pa3BUTOHN KEJIE3HOJOPOXKHBIN y3el W T. I. YHU(HUIMPOBAHHBIC S3BIKA MOJACIHPOBAHUS
JUIl TPOEKTUPOBAaHHS aBTOMATU3UPOBAHHBIX CHCTEM WCIIONIB3YIOT IOHSTHS: KaTeropuu OOBEKTOB, AMATPAMMBI
KJIACCOB, COCJOBHM, IIOCIECJOBAaTEIbHOCTH, JESTENbHOCTH, KOMIIOHEHTOB, OTHOIICHHH MEXIy CBOHCTBaMH.
OTH MOHATHS MO3BOJISIIOT (OPMATU30BaTh 3HAHMS, NMPUBECTH K OJHOTHITHBIM IPEJCTABICHHUSM M HCIIOJIB30BAThH
UX JJI MOJICIMPOBAHUS MIPOIIECCOB YIPABIEHUS JOCTaBKOW Trpy3a. Pesynbrartel. /laHHBIE O BpeMEHH COBEPILICHUS
COOBITHH Ipollecca JOCTaBKH Ipy3a, OTKJIOHEHUS B IUIaHe-rpaMKe YYUTBHIBAIOTCS B TEOPETHKO-MHOXKECTBEHHOMN
MOJIEN CLIEHapUeB Iporiecca JocTaBku. OJIMH U3 KOHIENITOB MOJIETIM OTKJIOHEHUS OT IjIaHa (¢ 0a3bl 3HaHUH CHCTe-
Mbel ACK BII ¥3-E) nosBosnsier ydecTb BIMsSHHE BO3MOXKHBIX (PaKTOPOB M YCIIOBHUS peajbHON 3KCILTyaTallMOHHON
pabotsl. Hayunasi HoBu3Ha. PaccmorpeHsl myTH ¢GopManu3anuy 3HAaHHH O IEPEBO30YHOM IIpoIecce Kak
MIPEANIOCHIIKN (POPMHUPOBAHUS MHTEIUICKTYaJIbHOTO MH()OPMAIMOHHOTO oOecredeHust cucteMbl ynpasieHus. [o-
CTPOEHBI TEOPETUKO-MHOKECTBEHHBIC MOJICJIN YIIPABICHNUS IOCTABKOH Ipy3a IJIsl COCTaBJICHHUS CLIEHAPHEB TIpoliecca
JOCTaBKH, IIPUBEICHBI IPUMEPHI HCIIOIB30BAHMS CPEACTB 00BEKTHO-OPHEHTHPOBAHHOTO MOJICTHPOBAHNUS AJIS ajlro-
PUTMH3ALUH TEXHOJIOTHYECKHUX Mporeccos. [IpakTHyeckas 3HAYMMOCTb. ABTOPOM NPEIOKEHBI HOBBIE TEPMUHBI
U TIOHSTHS, OTPaKAIOLINE JTOTUCTUYECKHE OM3HEC-IIPOLIECCHI, MO3BOISIOIINE MEPEHTH K (HopManu3auy 3HAHUN U
CO3JJaHUI0 OCHOB MHTEJJIEKTYaJIbHON CHCTEMBI YIIPaBJICHHs I0CTAaBKOM I'Py30B Ha 5KEJIE3HOH Jopore.

Kniouegvie cnosa: MHTENNEKTyalbHAs CUCTEMa YIIPABIECHHS; ()OPMaIN30BaHHbIC 3HAHUS; CPEACTBA MPOEKTHPO-
BaHMSA; aBTOMAaTH3MPOBAHHBIC CHUCTEMBI; SKCIUTyaTallMOHHAs paboTa; >KEIE3HOAOPOXKHAS TEPMHUHOJOTHS; IPOIECC
JIOCTaBKHU Tpy3a
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CREATION PRINCIPLES OF INTELLIGENT AUTOMATED DELIVERY
MANAGEMENT SYSTEMS AT THE RAILWAY

Purpose. The paper is aimed to analyze the functioning of the existing railway informational system, as the data
storage, consideration of the ways to changeover to intelligent management system, including the application
of semantic approach. It is necessary to change the paradigm of automated traffic management; this determines
changing the paradigm in railway operation management. The development and introduction of new Business-
Intelligence-type system requires the formalized knowledge on railway transportation process to be implemented,
including in the form of ontology as the model and means to formalize the knowledge. New knowledge requires
using the terms and concepts to describe the new processes and management objects in railway operations.
Methodology. Formalizing the knowledge one should abstract away from classical definitions such as marshaling
or freight station, train station, division station, dead-end station, railway junction, railway hub etc. Unified Model-
ing Languages for engineering the automated systems use the definitions: the objects’ categories, the class diagrams,
statechart diagrams, sequence diagrams, activity diagrams, component diagrams, link diagrams in properties etc.
These concepts enable formalizing the knowledge, bringing to homogeneous representing and using them for
modeling the management processes of goods delivery. Findings. The data on timing the events of goods delivery
process, breakings of schedule are taken into account in set-theoretical model on scripting scenarios for goods deliv-
ery process. One of the concepts in the model on breaking of schedule (from the knowledge base of the system ASK
VPUZ-E enables to take into account the influence of possible factors and the real railway operations conditions.
Originality. The ways to formalize knowledge on railway transportation process as the major premise to form intel-
ligent informational software for management system were analyzed. The set-theoretical models on goods delivery
management for scripting goods delivery process’ scenarios have been developed in the paper, the examples
of using the means of object-oriented modeling to construct algorithm for technological processes have been given
as well. Practical value. The author suggests new terms, definitions and concepts describing the logistic business
processes and enabling to changeover to formalizing the knowledge and to forming the conditions of intelligent
management system of goods delivery on railways.

Keywords: intelligent management system; formalized knowledge; means of engineering; automated systems;
railway operations; railways terminology; goods delivery process
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CREATION OF EXPORT-ORIENTED NETWORK OF GRAIN
ELEVATORS IN UKRAINE

Purpose. The scientific paper highlights improving the efficiency of export rail transportation of grain cargoes
in Ukraine by introducing shipper routing and concentration of loading at the terminal grain elevators.
Methodology. According to the experience of the USA and Canada, one of the most effective ways to reduce costs
in the grain to-port supply chain is a shipper routing of the rail traffic. Shipper routing for transportation of grain
cargoes involves the concentration of their loading on the multiple junctions. The junctions are proposed
to be selected with the use of cluster analysis methods. For the formation of the grain loading concentration areas the
authors used methods of set theory and multi-criteria optimization. Findings. Based on agglomerative cluster analy-
sis algorithm, the junctions on a network of Ukrainian railways are selected and the areas of possible concentration
of grain loading are formed. DSU-algorithm allowed distinguishing the overlapping and non-overlapping areas of
concentration. The problem of selecting non-overlapping areas of the grain loading concentration is formalized as
the problem of multiobjective integer programming with boolean variables. The solution of this problem by a modi-
fied simplex algorithm allows selecting on the railway network of Ukraine 24 districts of possible grain loading
concentration, which cover 70 stations and at minimal additional cost provide routing of about 7.5 million tons of
grain per year. Originality. The originality of the work lies in the fact that the authors developed the mathematical
procedure for selection of junctions and concentration areas of grain loading at the Ukrainian railway network, tak-
ing into account the economic efficiency of the process. Practical value. Application of the developed method of
grain loading concentration for the formation of unit trains will significantly reduce the logistics costs in the supply
chain of grain to Ukrainian ports for export and, consequently, increase its competitiveness in foreign markets.

Keywords: grain export; elevators; rail

Introduction

Grain is one of the main export goods of
Ukraine. Over the period from 2006 to 2016, the
share of its value in the total value of goods ex-
ported from Ukraine increased from 3.5 to 16.5%.
In 2015/2016 marketing year among grain
exporters, Ukraine, with an indicator of 38.7 mil-
lion tons, took the third place, behind the United
States (78.5 million tons) and the European Union
(52.2 million tons). Significant volumes of grain
were exported by Argentina (36.2 million tons),
the Russian Federation (34.6 million tons), Canada
(27.7 million tons) and other countries [14]. One of
the ways to increase the competitiveness of domes-
tic grain in the world market is to build an effective
logistics system. For Ukraine, this task is espe-

transportation;

shipper routing; loading concentration

cially important, as the share of logistics costs in
the cost of domestic grain is about 35%; for com-
parison, the share of logistics costs in the grain cost
in the European Union is 12 — 16%, the United
States — 9 % [10].

In 2016 in Ukraine, about 97% of grain exports
were made through seaports, while 63% of grain
cargo was delivered to sea ports by rail. Therefore,
increasing the efficiency of grain cargo transport-
ing by rail and water transportation is one of the
key tasks that must be addressed to reduce logistics
costs. The need to develop logistic schemes for the
grain delivery to ports with the participation of rail
transport is also conditioned by the need to in-
crease Ukraine's energy independence. The railway
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transport of Ukraine performs about 90% of the
turnover of electric power with the use of domestic
energy carriers. On the contrary, 72% of oil
products consumed in Ukraine are used for the
needs of motor transport; while 80% of oil prod-
ucts are imported by Ukraine [4].

Significant progress in reducing the cost of
grain transportation was achieved in the US and
Canada in the late 20th, early 21* century.

Changes in grain logistics in the United States
began in 1972-1973 in response to a sharp increase
in demand for grain in the world market [25].
These changes led to a change in the number, ca-
pacity and location of elevators throughout the
country, improvement of the technology of grain
transportation by railways and their tariff systems.
Similar changes have occurred since the 1980s in
Canada.

Prior to the reform process, the logistics system
for grain delivery by the North American railways
was similar to that operating on the Ukrainian
railways. Empty carriages for the transportation of
grain were sent to technical stations, where from
the groups of 1 to 25 wagons were approached to
the loading stations. After loading, the wagons
were sent to technical stations for making up of
trains according to the composition plan. In 1965,
the USA began to use technology to transport grain
for export to seaports by route shipments [23]. The
efficiency of grain transportation by routes is con-
nected with a reduction of station costs, the more
rational use of the capacity of wagons and the
throughput and carrying capacity of railways. At
the same time, this technology requires the devel-
opment of access roads and loading capacity of
elevators [20].

Further technical and technological innova-
tions, state policy aimed at market development led
to a change in the volume, quality and cost of rail-
road services associated with the transportation of
grain. The end of the 1970s — the beginning of the
1980s was the period of economic deregulation of
the railway transport. The US Congress adopted a
number of documents, the most important of which
were: “Railroad Revitalization and Regulatory Re-
form Act” of 1976 [24] and “Staggers Rail Act” of
1980 [28]. These laws significantly simplified for
the railways the procedure for closing inactive ar-
eas and also gave considerable freedom in the for-

mation of tariff policy. As a result, inactive areas,
which constituted about 20% of the network, were
closed, in addition a significant number of low-
activity sections were converted into railways, in-
dependent of the 1st class railways [29]. Tariff pol-
icy of railways has also undergone significant
changes. The railways switched from tariffing of
freight in proportion to the ton of cargo to single-
car rate, multiple-car rates, unit train and multiple
origin unit train rates, stimulating shippers, on the
one hand, to the maximum loading of wagons, and,
on the other hand, to the concentration of grain
traffic. In the 1990s, the Burlington Northern rail-
way (BNSF after 1996) introduced the technology
of grain transportation by shuttle train [22]. This
technology implies the use of a special tariff,
which is lower than that for the transportation of
grain by group shipments by 46—52%. At the same
time, the shipper must be able to ensure loading of
the train of 75-120 cars during the limited time
(about 15 hours) [27]. Trains move between the
points of loading and unloading according to a
rigid schedule in accordance with the contract for
6—9 months, without remarshaling and uncoupling
of train locomotives at the loading station [26]. In
response to changes in grain transportation condi-
tions in the United States, there were significant
changes in grain production and storage systems.
Between 1980 and 1998, the number of agricul-
tural enterprises decreased by 15%, while their size
increased by 11%. The total number of elevators
decreased due to a significant reduction in the
number of country elevators, while the number of
terminal elevators increased, and the number of
terminal elevators increased, ensuring the shipment
of grain to the railway transport in lots sufficient
for the formation of routes [21]. Technical specifica-
tions for elevators that provide shipment of grain
lots for the formation of routes are presented in [25].
The average distance of to-elevator grain delivery
by farmers increased from 19 to 51.5 km [22].

In general, despite the fact that the cost of grain
production in the USA, as a rule, is higher than in
the main competing countries, the effective logis-
tics system ensures its competitiveness in world
markets.

The logistic system of grain transportation in
Canada underwent similar changes. In response to
discounts provided by railways when increasing

doi 10.15802/stp2017/99952

© D. M. Kozachenko, R. V. Vernigora, R. S. Rustamov, 2017

57



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchKkoro

HAI[IOHAJIBHOTO YHIBEPCHTETY 3aIIi3HUYHOr0 TpaHcmopty, 2017, Ne 2 (68)

EKCIUIYATALLA TA PEMOHT 3ACOBIB TPAHCIIOPTY

the amount of shipment, there occurred a consoli-
dation of elevators. Between 1994 and 2003, the
number of grain elevators decreased by 62%, while
their total loading capacity decreased by only 8%.

The domestic logistics system for the export of
grain cargo is characterized by the dispersion of
the grain loading over a large number of railway
stations. So, at present in Ukraine grain loading is
carried out at 630 stations, however, as the analysis
of statistical data showed, for about 420 stations
(67%) the volumes of average daily grain loading
do not exceed 1 wagon. In addition, the loading at
some stations is extremely uneven: for example,
only 24 stations (4%) conducted the grain loading
on more than half of the days a year, while 50% of
the stations spent no more than 34 days a year for
grain loading [9, 15].

The negative result of this is a significant turn-
over of wagons, which in 2016 was about 9.9 days
[17], inefficient use of locomotive traction at the
initial and final stages of transportation, significant
operating costs associated with car servicing at
stations. The existence of such a logistics system is
possible because of the absence in Ukraine of dif-
ferentiated tariff rates for wagon, group and route
shipments, as well as the availability of stand-by
grain hoppers in the 2000s. However, the combina-
tion of such factors as sharp increase in grain pro-
duction, critical wear of grain carriers and stiffer
competition in the world grain markets make it
necessary to improve the logistics infrastructure
and technologies for grain transportation. In these
conditions, the experience of the USA and Canada
can be used in Ukraine, which consists in increas-
ing the loading capacity of elevators, on the one
hand, and using routes for the grain transportation
with special tariffs, on the other hand.

Purpose of the study

The purpose of the study is to develop
a methodology for the formation of a network of
grain loading concentration areas to ensure the
shipper routing of rail transportation of grain to the
seaports of Ukraine for export.

Methodology

The choice of terminal elevators (junctions) and
grain loading concentration areas is a very com-
plex multivariate and multifactor optimization task.

At the same time, it is necessary to take into ac-
count the existing infrastructure of the junctions
and the possibilities for its development, the
volumes of grain loading at the stations, the addi-
tional costs associated with storing grain, unit train
loading, delivering grain to junctions by road and
the costs of transporting grain by rail to ports.

Formulation and formalization of the problem.
The task of determining the areas of possible grain
loading concentration and the corresponding junc-
tions, where the grain will be loaded in unit trains,
can be formulated as follows.

There are a lot of S grain loading stations on the
railway range S = {s|, $», — §; 5.), where z —is the
total number of grain loading stations. The dis-
tances /; between each pair of stations s; and s; (s;,
s; € S) can be represented by the distance matrix L
[16]:

[

z1

Ly L. 0

Each eclement of the set § (station) is
characterized by a number of parameters and can
be represented by the structure:

s;={I,N,c,q,p,T.K}, (1

where [ —station identifier (ECP code) [16]; N —
station name [16]; ¢ — station class; ¢ —average an-
nual volume of grain loading, wag.; p —capacity of
the elevator facility for one-time storage of grain,
ths. tons; T — vector characterizing the distance
from the station to the main seaports; K — vector
characterizing the volume of additional capital in-
vestments for the development of the station infra-
structure when loading grain unit trains.

Each element of the vector T is the number of
the tariff zone corresponding to the distance from
the given station s; (s; € S) to one of the seaports
where grain is transshipped for export [7]:

T, ={t,.t5,...1, }

Each element of the vector K corresponds to a
certain amount of additional capital investments
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that are required for the development of the station
(elevator and railway) infrastructure with the
weekly loading of 1, 2 and 3 unit trains, respec-
tively:

K, = {kky, k).

Average annual volumes of grain loading g; for
each station are determined on the basis of statisti-
cal processing of the data obtained from UFACS-
UZ-E (Unified Freight Automated Control System
of UZ). Data on the class of each station and the
capacity of its elevator facility can be obtained
from TIS of the stations using AWS TIS.

On the basis of the indicated initial data it is
necessary:

— from the set S to select a subset S (S = S) of
the junctions Sy (Su*ES*, u=1, 2, ..., m), where
grain loading of unit trains will be carried out;

— for each junction s, (type U) to determine the
loading concentration area R, (u=1, 2,...,m), i.e. a
set of stations s, € S (type V), from which the de-
livery of grain by road to the junction s, will be
organized:

*
R, :{I,,Q,,s ,sl,sz,...,sv,...,sf}, s, €8,

where /. — identifier of the concentration area;
0O, — total annual grain loading at all stations of the
area, wag.

When forming loading concentration areas, it is
necessary to observe the following conditions:

— the distance from U-station su* of the area R,
to any J-station of the area s, (s, € R,) must not
exceed the maximum specified value /,.x (when
solving this task it is assumed that /,,,,=30 km):

(Vs, R )(Vs, eR )1, <L),
v=12,...,.f, u=12,.,m

u?’

— the total annual volume of the grain shipped
at the concentration area stations R, must be not
less than the minimum specified value Qi (When
solving this task, it is assumed that Q,;;=3000
wag/ year, which ensures the shipment of at least 1
unit train with grain per week):

(VRu )(Qr 2 Qmin )’ u= 1,2,...,111 (2)

And, finally, the solution of the task of select-
ing junctions and areas of grain loading concentra-

tion should ensure minimum total costs associated
with the routing of grain transportation for export
to ports. In aggregate, these costs can be repre-
sented as

m

m m

road st utr
DES D BN+ B+
u=l1 u=1 u=l1

m m
+3ES S B min

u=1 u=1

3)

where E'*¢ — additional costs for transportation of
grain to the junction of the area R, by road, min.
UAH; E!' — additional costs for grain storage at
the junction of the area R, for making up a unit
train, mln. UAH; E" — costs for transportation of
grain to ports by unit trains from a junction of the
area R,, min. UAH,; E;l— costs for carload trans-
portation of grain to ports from the stations of the
area R,, min. UAH; E,i“f — additional reduced costs

associated with the development of elevator and
rail infrastructure of the junction of the area R,
min. UAH.

The article describes the developed methodol-
ogy for solving this problem, which is based on the
methods of cluster analysis, set theory and multi-
criteria optimization.

Findings

Determination of junctions for loading of unit
trains based on the cluster analysis. The solution
of this problem involves the separation of the ini-
tial set of grain loading stations S into two subsets
— 8", which includes junctions of possible loading
concentration (U-stations), and S’, which includes
stations where the loading of grain routes is im-
practical. Considering the significant number of
grain loading stations (more than 600), cluster
analysis methods can be used effectively to obtain
these subsets [6, 13].

Cluster analysis is a method of grouping (clas-
sifying) multidimensional objects, based on the
representation of the results of individual observa-
tions by points of a suitable geometric space with
the subsequent allocation of clusters of these
points. The task of cluster analysis methods is to
select such homogeneous spaces in the original
multidimensional data that the objects within the
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cluster are “similar” in a certain sense to each
other, and objects from different clusters are “not
similar”.

To select the set of junctions S, an agglomerate
algorithm of direct classification was used [6]. In
agglomeration algorithms, unlike divisive algo-
rithms, each classifiable object in the beginning is
a separate cluster. At each step of the algorithm,
the two closest clusters are combined. This hap-
pens until the number of clusters reaches the cer-
tain, in most cases, the predetermined value (in our
case, two clusters). It is advisable to use divisive
algorithms when the initial population must be di-
vided into a sufficiently large number of clusters
(more than 10) [13], which does not correspond to
the conditions of the problem of grain loading sta-
tion classification.

An important factor in the effectiveness of clus-
ter analysis is the choice of parameters by which
the classification of objects (in this case, railway
stations) is performed. As noted in [6], with the
increase in the number of indicators used to clas-
sify objects, its quality is reduced. In this connec-
tion, from the set of parameters characterizing the
freight station (2), based on the methods of disper-
sion analysis and Sheffe multiple comparisons [1],
and taking into account the expert estimates, the
following informative parameters were singled out:
station class — ¢, annual volume of grain loading —
g, available capacity of elevator infrastructure — p,
additional costs for the development of elevator
and railway infrastructure to ensure the loading of
grain unit trains — ky, &y, ks. It should be noted that
obtaining of specific values of the vector ki, &, k3
in monetary terms for each station is a very labori-
ous task. In this connection, the authors used pa-
rameterized dimensionless values k|, k», k3 in the
range [0; 1]; while k=0 means that additional
funds are not required for the station infrastructure
development to form j of grain unit trains per
week, and k=1 —formation of j of grain unit trains
per week at a given station is impractical due to the
need for significant investments in infrastructure,
in the rest of the cases — 0 < k<1. The specific
values of the parameters k, k», k3 for each station
are determined expertly on the basis of the analysis
of its infrastructure.

Since the information parameters of the stations
selected for classification are measured in different

units and have different ranges of values, we car-
ried out their standardization. For this purpose, the
effectiveness of several methods for standardizing
data considered in [3, 13, 19] was researched.
Herewith, the “reference” classification was per-
formed expertly, during which a set of 35 grain
loading stations were divided into two clusters: U-
stations and F-stations. The effectiveness of each
of the standardization methods was evaluated ac-
cording to two criteria: probability of erroneous
classification — P, (as compared to a “reference”)
and value of the total intragroup dispersion — Dy,.
The studies performed on a computer with the help
of the “Statistica” package showed that the best
results (Po= 4-7 %) were obtained with the stan-
dardization of data by maximum and by range, the
worst results were obtained with standardization by
dispersion.

During classification, an important role is also
played by the choice of the distance between the
individual objects. The distance between the two
objects a and b is the value of the distance d,,
which is the greater, the less similar are the objects
a and b. When choosing the method of classifica-
tion to obtain the training sample, we compared 6
distances in order to determine the most suitable
for the solution of the problem posed [6, 13, 19]:
the Euclidean distance, the Manhattan distance, the
Brey-Curtis distance, the Chebyshev distance, the
Canberra distance, the power distance.

To select the most effective distance with the
help of the “Statistica” package, their comparative
analysis was performed while classifying the “ref-
erence” set of stations. The effectiveness of each
distance was also assessed by the indicators P, and
D,,. The study of the distance effectiveness showed
that the best quality of the classification of grain
loading stations was obtained using the “Canberra”
distance (P,=3-5 %). The worst results were ob-
tained using the Chebyshev distance (P.~=30—
35%).

At each step of the agglomeration algorithm of
the cluster analysis, two clusters are combined, the
distance between which is minimal. This raises the
problem of determining the distances between in-
dividual clusters. The method of calculating this
distance is determined by the adopted cluster strat-
egy. When determining the most effective classifi-
cation algorithm, we studied seven cluster methods
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[3, 6, 19]: “nearest neighbor”, “furthest neighbor”,
“group mean”, “centroid”, “quadratic”, “flexible”,
Ward's method. The comparative analysis of the
application of these methods for the classification
of the “reference” set of grain loading stations, per-
formed with the help of the “Statistica” package,
showed that the closest results to the “reference”
classification were obtained using the “flexible”
unification method and Ward's method (P, = 5—
7%). The worst results were obtained using the
methods of “nearest” and “furthest” neighbor
(Per = 25-35%).

Thus, using the agglomeration cluster analysis
method based on the “flexible” unification method
and the “Canberra” distance between objects, the
initial set of grain loading stations S was divided
into two subsets — S*, which includes the junctions
of possible loading concentration (U- Station) — 43
stations in total, and S’, which includes the sta-
tions where the loading of grain unit trains is not
relevant — 587 stations in total.

Determination of areas of possible grain load-

ing concentration. Based on the found subset of
junction stations S the areas of possible grain
loading concentration R, (5) are formed, according
to the territorial proximity of V-stations to the junc-
tion U-station (6). For each junction station s, at
the first step of the formation procedure of the cor-
responding area R, (5): O,=q., f=0, (O,€R,, feR,,
quesu*). Next, the i-th row of the distance matrix L
(1) corresponding to the station s, is analyzed and
those stations s;€S (j=1, 2,—z), for which the condi-
tion /; < [y (6) is true, are included in the set R,.
At the same time for the area R, the following pa-
rameters are recalculated:

Q;~:Q;~+qj’ f=r+1 (qj‘esj)-

With the help of this procedure, the set R = {R;,
Ry,..., Ry,..., R,} was formed, which includes 43
areas (m=43) of the possible grain loading concen-
tration (Table 1).

Table 1
Areas of possible grain loading concentration
. Loading at . .
No. Region Junction station s, Total loading, station s, Stations o_floadmg concentra-
wag / year tion area R,
wag / year
| 2 3 4 5 6
| Chernihiv Linovitsyi 9831 2288 Priluki, Piryatin
Palmira, Maryanovka,
2 Cherkasy Drabovo-Baryat. 8897 2905 Grebenka
3 Chernihiv Priluki 8496 5675 Linovitsyi, Galka
Drabovo-Baryatinskaya,
4 Poltava Grebenka 8325 365 Maryanovka,
Piryatin, Lazorki
. Sula, Belovodyi,
5 Poltava Yuskovtsyi 8175 1077 Andreyashevka, Lokhvitsa
6 Cherkasy Uman 8148 1151 Hristinovka, Potash
7 Cherkasy Palmira 8119 3089 Drabovo-Baryatinskaya,
Zolotonosha-1
8 Poltava Romodan 7895 3110 Mirgorod, Horol, Sencha
9 Poltava Piryatin 7708 1868 Maryanovi, Linovitsy, Lazorid,
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Continuation of table 1

Drabovo-Baryatinskaya,
10 Cherkasy Maryanovka 7676 2538 Piryatin, Grebenka
11 Cherkasy Nosovka 7353 2426 Nezhin, Bobrovitsyi
. Sumy, Syrovatka, Basyi,
12 Sumy Toropilovka 7121 5016 Golovashevka
Toropilovka, Syrovatka,
13 Sumy Sumy 7121 1047 )
Basyi, Golovashevka
14| Sumy Syrovatka 7010 590 Basyi, Toropilovka, Sumy,
Boromlya
15 Cherkasy Hristinovka 6876 5134 Uman, Monastyrishche
. Romodan, Gogolevo,
16 Poltava Mirgorod 6813 3273 Melashenkovo
17 | Poltava Sula 6744 4417 Yuskovtsyi, Andreyashevka
Lohvitsa, Sencha
. . Koristovka, Korolevka,
18 | Kirovohrad Aleksandriya 5875 732 .
Pantaevka, Schastlivaya
19 Cherkasy Monastyrishche 5725 591 Hristinovka
20 | Kirovohrad Korolevka 5632 708 Schastlivaya, Koristovka,
Aleksandriya
. Romnyi, Yuskovtsyi,
21 Sumy Belovodyi 5495 1835 Andreyashevka
22 Cherkasy Zolotonosha 1 5214 2125 Zolotonosha 1, Palmira
23| Poltava Horol 4768 1108 Romodan, Veselyiy Podol,
Petrovka
24 Sumy Romnyi 4418 2154 Belovodyi, Andreyashevka
25 | Kirovohrad Novoukrainka 4221 1537 Pomoshnaya, Kapugtmo,
Pletenyiy Tashlyik
26 Kiev Ustinovka 4106 866 Fastov-1, Belaya Tserkov
27 Poltava Seleshchina 4105 1683 Karlovka, Bozhkov
28 Poltava Karlovka 4020 2251 Seleschina, Lannaya
29 Kiev Yagotin 3911 3911 -
30 | Cherkasy Gorodishche 3823 418 Korsun, Signacvka,
Tsvetkovo
31 | Kirovohrad Koristovka 3758 2075 Aleksandriya, Korolevka,
Pantaevka
. . Vapnyarka, Knyazhevo,
32 Vinnytsia Kryzhopol 3640 1197 Popelyuhi
33 Lugansk Starobelsk 3570 3570 -
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End of the table 1

34 | Kirovohrad Pomoshnaya 3498 1563 Novouk'ramka,

Lyudmilovka
. Fedunka, Sagaydak,

35 Poltava Reshetilovka 3494 3064 Brateshki, Umantsevka

36 Vinnytsia Vapnyarka 3423 1494 Knyazhevo, Kryizhopol

37 Vinnytsia Knyazhevo 3423 732 Vapnyarka, Kryizhopol

38 | Khmelnitsky Kamenets-Podol. 3248 3248 -

39 Kharkiv Savintsy 3163 1955 Zakomelskaya, Balakleya

40 Kharkiv Zakomel'skaya 3149 824 Savintsyi, Izyum

41 Poltava Globino 3108 2237 Veselyiy Podol, Rublevka

Im. Tarasa Shevchenko,

42 Cherkasy Kamenka 2948 880 Fundukleevka

43 | Kirovohrad Kapitanovka 2833 350 Signaevka, Novomirgorod,
Serdyukovka

In total m=43 areas included »n=82 stations: 43
junction (U-stations) and 39 non-junction (V- sta-
tions). The condition (6) is not fulfilled for the re-
maining non-junction stations, i.e. they are located
from the nearest junction station at a distance
greater than /.

For each formed concentration area R, (R, — R)
the condition (7) is checked i.e. the sufficiency of
the total annual volume of grain loading at the sta-
tions of the area for sending of at least one grain
unit train per week from the corresponding junc-
tion station s, . If the condition (7) is not fulfilled,
then this area is excluded from further calculations.
As can be seen from Table 1, the total volumes of
annual grain loading in concentration areas on the
basis of Kamenka and Kapitanovka stations are
less than O,,;,=3000 wag/year; therefore, the areas
R4, and Ry; are excluded. Thus, in the list of m=41
area there are n=76 stations (41 junction U-station
and 35 non-junction V-stations). It should also be
noted that some areas include only junction sta-
tions: Ry (Yagotin), Rs; (Starobelsk) and Rsg
(Kamenets-Podolskiy), own grain loading at which
exceeds Omin.

Selection of effective areas of grain loading
concentration. Analysis of Table 1 shows that the
majority of the obtained sets R, (u=1, 2,..., 41) are
overlapping, i.e. one or several elements (stations)
of one set (area) are simultaneously elements of

other sets (arcas). For example, Lazorka non-
junction station belongs to the areas R4 (Grebenka)
and Ry (Piryatin), while Linovitsyi junction, in ad-
dition to the R, area, is also part of the areas R;
(Priluki) and Ry (Piryatin). At the same time, there
are several disjoint sets, the elements of which are
part of only one set, for example, R;; (Nosovka),
R29 (Yagotln)

Thus, in the resulting set R it is necessary to se-
lect the subset R', all of m" elements of which
(loading concentration areas R,, u=1, 2,..., m*) are
mutually disjoint sets. Herewith, the total volume
of grain loading in the final subset R* must be the
maximum, and the total amount of costs associated
with the concentration of grain loading and the
making up of grain unit trains must be minimal (3),
Le.

e
ZQr(i) — max
i=1

E(R") - min

{Q(R*) —>max _
“)

lﬂ*
ZEi — min
i=1

The required subset R° < R is the union of dis-
joint sets R: (u=1, 2,..., m"), for which the objec-
tive function (4) reaches an extremum.

To solve this problem, the following procedure
was developed. Initially, disjoint and overlapping
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subsets R, (u=1, 2,..., m) are distinguished in the
original set R (Table 1). For this purpose, one of
the DSU (disjoint set union) algorithms can be
used [2, 12]. The result of this algorithm is the ma-
trix G = |g,| (w=1, 2,..., m; v=1, 2,..., m), where
each row u and column v correspond to a certain
set (concentration area) R, and R,, respectively
(Table 1), and each element of the matrix g,, is a
list of stations s; (s; € ), which are simultaneously
included in the areas (sets) of R, and R,. In case if
gw= {J}, the sets R, and R, are disjoint and are
included in the resulting subset R < R. If g,#
{J}, then the sets R, and R, are overlapping;
herewith the following options are possible:

— common elements of the sets R, and R, are
only junction U-stations (for example, areas of
concentration Rz, —Kryzhopol, R;s —Vapnyarka, R3;
— Knyazhevo);

— common elements of the sets R, and R, are
only non-junction V-stations (for example, An-
dreashevka station for the areas R;; —Sula and Ry, —
Romnyi);

— common elements of the sets R, and R, are
both junction and non-junction stations (for exam-
ple, the areas R, —Toropilovka and Ry, — Sumy).

It is necessary to redistribute common elements
for all pairs of overlapping sets R, and on their ba-

sis to form such sets R’ , that the objective function

(4) reaches an extremum. The above problem (4)
can be solved by methods of the optimal set parti-
tioning theory [8]; however, these methods are ra-
ther laborious and require a considerable amount
of computation. The specificity of this problem
allows us to obtain a solution by more simple
methods.

We transform the matrix G into the matrix
X=x. (w=1, 2,..., m; =1, 2,..., n), in which each
row u corresponds to a certain set (area) R,
(Table 1), and each column ¢ — to a definite U-
station or V-station. Each element of the matrix is
the Boolean variable x,, = {0; 1}, which takes the
values x,, = 1, if the station s, can be included in
the concentration area R, (s,€ R,), and x,, = 0
otherwise (s, R,). Each station s, corresponds to a
certain value of the average annual amount of grain
loading ¢, (1), as well as a certain parameter e,,,
which characterizes the value of additional costs
when the station s, is included in the loading con-
centration area R,. st Ru. The objective function

(4) in this case takes the following form:

Z z q,x,, —> max Z Z q,%,

u=l t=1 u=l t=1

m n m n
Z Z €%, —> MIN _Z Z CurXur
u=l t=1

u=l t=1

= — max

)

It should be noted that determining the values
of the parameter e, for each grain loading station
directly in monetary terms is a very complex and
time-consuming task. In this connection we ac-
cepted the parameterized scale of values e, {1;
10}, when e, = 1 corresponds to the minimum
level of additional costs when including station s,

into the concentration area R, , and e,, = 10 — to the

maximum. The specific values of ¢, for each sta-
tion at the stage of preliminary calculations are
determined expertly.

Let us state the constraints of the problem:

(Vs, )(i x, <

u=1

0, t=12,..,n (6)

(VR:)(quxm >0 v quxm =0)u=12,.,m
t=1 1=1 (7)

(Vs, & R)(x, =0), u=1,2,...m; t=1,2,...n (8)

The constraint (6) means that each station s, can
be included in not more than one concentration

area R, but it can be included in no area. The con-

u

straint (7) determines that the total volume of load-
ing for each concentration area R, must not be less

than Qi (2), otherwise this region is excluded,
and the stations included in it are redistributed
among other areas. The constraint (8) excludes the

possibility of adding the station s, to the area R: ,if
this is not provided in the original set R (see Table

1).

The problem (5)-(8) in the above formulation is
a multi-criteria (vector) optimization problem [18];
herewith, the peculiarities of the problem make it
possible to assign it to problems of integer-linear
programming with Boolean variables [11], for the
solution of which it is expedient to transfer to a
one-criterion optimization problem. For this pur-
pose, we used the method of linear convolution
with the standardization of criteria [5]; the objec-
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tive function (11) in this case takes the following
form:

m n

m n
0 0
(9, 2, 207 %, =, D D €01%,) = max
u=1 t=1 u=1 t=1

where ¢ ,e), — normalized values of the parame-

ters of grain loading stations; w,, w, — weight coef-
ficients of the optimization criteria, the specific

values of which (in the range [0; 1]) are deter-
mined expertly

The resulting problem was solved with the help
of the simplex method, modified for problems with
Boolean variables [11]. As a result, the subset R’,

. . . . . . *
was formed, which is a union of disjoint sets R, ;

* .
each such set R, corresponds to a certain area,

where the grain loading concentration is the most
effective (Table 2).

Table 2
Effective areas of grain loading concentration
No. Multiple junction s, Stations of loading concentration area R: To\tj;gl;);:;:g,
1 Drabovo-Baryatinskaya Maryanovka, Grebenka 5808
2 Priluki Galka 6208
3 Uman Potash 3014
4 Romodan Horol, Sencha 4622
5 Piryatin Linovitsyi, Lazorki 4805
6 Nosovka Nezhin, Bobrovitsyi 7353
7 Toropilovka Sumy, Syirovatka, Basyi, Golovashevka 7121
8 Hristinovka Monastyirische 5725
9 Mirgorod Gogolevo, Melashenkovo 3703
10 Sula Yuskovtsyi, Lohvitsa 5911
11 Aleksandriya Koristovka, Korolevka, Pantaevka, Schastlivaya 5875
12 Zolotonosha 1 Zolotonosha-1, Palmira 5214
13 Romnyi Belovodyi, Andreyashevka 4418
14 Ustinovka Fastov-1, Belaya Tserkov 4106
15 Karlovka Seleschina, Lannaya 4020
16 Yagotin - 3911
17 Gorodishche Korsun, Signaevka, Tsvetkovo 3823
18 Kryzhopol Vapnyarka, Knyazhevo, Popelyuhi 3640
19 Starobelsk - 3570
20 Pomoshnaya Novoukrainka, Lyudmilovka 3498
21 Reshetilovka Fedunka, Sagaydak, Brateshki, Umantsevka 3494
22 Kamenets-Podolskiy - 3248
23 Zakomel'skaya Savintsyi, Izyum 3149
24 Globino Veselyiy Podol, Rublevka 3108
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In the final solution, 70 stations are included in
24 grain loading concentration areas, which, with
minimal additional costs, provides the maximum
total volume of grain loading by unit trains with
109344 wag. per year.

Originality and practical value

The originality of the work lies in the fact that
the authors, based on the modern mathematical
apparatus of cluster analysis, set theory and multi-
criteria optimization, developed the methodology
for the formation of grain loading concentration
areas on the Ukrainian railways network that takes
into account both infrastructure-technological and
economic factors.

Application of the developed method of grain
loading concentration for the formation of unit
trains will significantly reduce the logistics costs in
the supply chain of grain to Ukrainian ports for
export and, consequently, increase its competitive-
ness in foreign markets.

Conclusions

The performed researches allow drawing the
following conclusions.

1. Ukraine is one of the world's largest grain
exporters. At the same time, one of the main prob-
lems in the export of Ukrainian grain is a high

share of logistics costs, which reaches 35% of the
final cost of production.

2. More than 95% of the grain is exported
through the seaports of Ukraine, whereto the
delivery is carried out mainly by rail transport by
carload. One of the ways to reduce costs in the lo-
gistics chain of grain delivery to ports is the rout-
ing of rail traffic. The experience of the USA and
Canada shows that the introduction of grain unit
trains allows reducing the share of logistics costs
up to 9%.

3. To organize the shipper routing of grain
transportation by rail it is necessary to form a net-
work of terminal elevators for grain loading con-
centration. Delivery of grain from linear to termi-
nal elevators can be carried out by road.

4. The selection of junction stations and grain
loading concentration areas is a complex task,
which is proposed to be solved on the basis of clus-
ter analysis, set theory and multi-criteria optimiza-
tion.

5. Using the developed methodology, there are
selected 24 areas of possible grain loading concen-
tration on the Ukrainian rail network, which cover
70 stations and, with a minimum additional cost,
provide for about 110,000 ths. wag. per year of
unit trains (more than 7 million tons of grain).
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CTBOPEHHS EKCIIOPTHO-OPICHTOBAHOI MEPEKI EJIEBATOPIB
B YKPAIHI

Meta. B HayKkoBiii poOOTI HEOOXiTHO AOCIIIUTH TTMTAHHS MiJBUIICHHS e()eKTHBHOCTI €KCIIOPTHHUX 3aJTI3HUYHUX
NepeBe3eHb 3PHOBHX BaHTAXKIB B YKpaiHi 32 paXyHOK BIPOBaKEHHS BiANPAaBHUIILKOT MapLIpyTH3allii Ta KOHIEH-
Tpalii HaBaHTa)XEHHsI 3epHa Ha BY3JIOBUX ejeBaTopax. Meroauka. Sk cimunth nocsin CIHIA i Kananu, ogHum i3
e(peKTUBHUX HAINpPSIMKIB 3HIKCHHS BUTpAT y JOTICTUYHOMY JIAHIIO31 JOCTABKH 3€pHA B IOPTH € BiIIPaBHUIbKA
MapIIpyTH3allis 3aJli3HIYHHUX IIepeBe3eHb. BinnpaBHuIbKa MapIIpyTH3aLlisl IepeBe3eHb 36pHOBUX BaHTAXIB IEpea-
0ayae KOHIIEHTpAiIO iX HAaBaHTa)XCHHS Ha BY3JIOBUX CTaHMLIsAX. BHOIp By3/I0BHX CTaHIIiH NPONOHY€EThCS 3/1HCHIOBA-
TH 3 BUKOPHCTAHHAM METOJIB KilacTepHOro aHamisy. [ns ¢popmyBaHHs paifoHIB KOHIEHTpALll HAaBaHTAXXSHHS 3epHA
BHKOPHCTaHI METOM TeOpii MHOXWH 1 OaraTokpuTepiaabHOi onrtuMiszaniii. Pe3yiabTaTn. Ha ocHOBI arimomepaTiBHO-
TO aNTOPUTMY KIIACTEPHOTO aHaJi3y Ha MEpeKi 3ai3HUIb YKpaiHU BUALICHI BY3JIOBi CTaHIII Ta copMoBaHi paiio-
HU MO>KJIMBOI KOHIICHTpAIlii HABaHTAXXEHHA 3epHa. 3 BUKopHcTaHHsIM DSU-anroputMmy BuaiJieHI epeciuHi i Heme-
peciuHi paifoHM KoHIeHTpamii. 3amgada BHOOPY HENEPECIYHHX paioHIB KOHIEHTpamii HaBaHTa)XEHHS 3epHa
(opMmamizoBaHa SK 3amada OaraTOKPUTEPiabHOTO MIUIOYHCIOBOTO TPOTpaMyBaHHS 3 OyJIeBUMH 3MiHHHUMHU.
VY pesynbTatri po3B's3aHHA 1€l 3a1adi 3a JOMOMOrol0 MOANU(IKOBAHOTO CHUMIUIEKC-METOAY Ha MEpexi 3aji3HHLb
VYkpainu BUaiIeHO 24 palilOHM MOXIIMBOI KOHIGHTpallii HaBaHTaXEHHsI 3€pHa, sIKi OXOIUTIOI0Th 70 cTaHWii Ta npu
MiHIMaJBHUX J0JATKOBUX BUTparax 3a0e3NedyroTh BiANPAaBHUIIBKY MapLIpyTH3allilo OJM3bKO 7,5 MIH T. 3epHa B
pix. HayxoBa HoBH3Ha. Ha OoCHOBI cyyacHOro MaTeMaTH4HOTO arapaTta aBTOpaMH po3po0JieHa METOANKa BHOOPY
BY3JIOBUX CTaHIIM Ta paioHIB KOHIEHTpalii HaBaHTaXEHHs 36PHOBMX BaHTaKiB Ha MEPEXi 3ali3HUIb YKpaiHH 3
ypaxyBaHHSIM €KOHOMIUHOi edeKTuBHOCTI mporecy. IIpakTuyna 3Ha4YMMicTh. 3acTOCYBaHHS pO3POOICHOT
METOAMKH KOHLCHTpalil HaBaHTaXXECHHs 3epHa 11 (HOpPMYBaHHS BiIIIPaBHULBKUX MapUIPYTiB JTO3BOJUTH CYTTEBO
3HM3HUTH JIOTICTHYHI BHUTPAaTH B JIAHIIO31 IOCTa4aHHs YKPAaiHCHKOTO 3epHa B MOPCHKI IOPTH Ha EKCHOPT i,
BiJMOBiTHO, MiABUIIUTH HOTO KOHKYPEHTOCIIPOMOJKHICTh Ha 30BHIMNIHIX PUHKAX.
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CO3JAHUE SKCHHOPTHO-OPUEHTUPOBAHHOM CETU
IJIEBATOPOB B YKPAUHE

Heab. B HayuHol pabore HEOOXOOMMO PacCMOTPETh BOINPOC MOBBILICHUS! 3(P(PEKTUBHOCTH 3KCIOPTHBIX
KEJIC3HOJOPOKHBIX EPEBO30K 36PHOBBIX TPY30B B YKpauHE 3a CUET BHEIPEHUS OTIPABUTEIBCKON MapIIpyTH3AIIUH
W KOHIEHTpalMH IOTPY3KH 3€pHa Ha y3/OBBIX aneBaTopax. Meroamka. Kak cunerenscrByer onbiT CLIA u
Kananpl, omHuM 13 3¢ (GEKTUBHBIX HApaBJICHUH CHIXKEHUSI PACXOJOB B JIOTHCTHYECKOM IIENM JOCTaBKH 3€pHa B
TIOPTHI SIBJISICTCS] OTIIPABUTENBCKAST MapIIPYTH3AIHS JKEJIE3HOIOPOKHBIX MepeBo30K. OTIIpaBUTENbCKAsT MapIIPYTH-
3aIys TIEPEBO30K 3€PHOBBIX I'PY30B MPEAyCMaTPUBAET KOHLECHTPAIMIO X MOTPY3KH HA y3JIOBBIX CTaHIMAX. Bribop
Y3JIOBBIX CTAHIMH MpeAIaraeTcs OCyIECTBIATh C UCIOIb30BaHNEM METOAOB KiIacTepHOro aHanmuza. st ¢popmupo-
BaHMs PallOHOB KOHLIEHTPALMH MOTPY3KH 3€pHA UCTIOIb30BAaHBI METO/IBI TEOPHH MHOKECTB U MHOTOKPUTEPHUAIBHOMN
ontuMuzanuu.  PesyabTarel. Ha  ocHOBe ~ arfioMepaTMBHOTO — alropuTMa  KIACTEPHOTO  aHaIM3a
Ha CETH JKEJIE3HBIX JOPOT YKpPaWmHbI BBIACIEHBI Y3JIOBBIE CTAHIMM W CHOPMHUPOBAHBI PAHOHBI BO3MOKHOM
KOHIIGHTpauuu mnorpy3ku 3epHa. C wucrnons3oBanueM DSU-anroputMma BbIIENEHBl MEpeceKarolmuecs H
HellepeceKalomuecss paifoHbl KOHLEHTpalUM. 3afadya BbIOOpa HEMEPECceKaloIUXcs pPalloHOB KOHIEHTpPALUH
HOTPY3KH 3epHa (popManu30BaHa KaK 3ajJada MHOIOKPUTEPHAIBHOTO IIEJIOYHCIEHHOTO IPOrPAMMHPOBAHHS C
OyneBbIMH TIEPEMEHHBIMU. B pesynbraTe pemieHust 3TOH 3aladd ¢ MOMOIIBI0 MOJIU(PUIIMPOBAHHOTO CHUMILIEKC-
METO/Ia Ha CETH JKEJE3HBIX JOpOr YKpaumHbI BbIIENCHO 24 paiioHa BO3MOXKHOM KOHLEHTPAILMH IOTPY3KH 3€pHA,
KOTOpble OXBarblBaloT 70 cTaHOMH W TPH MHUHUMAIBHBIX JIOMOJHUTEIBHBIX Ppacxomax o00ecrednBaioT
OTIPABUTENBCKYIO0 MapUIPYTH3ALHUIO OKOJIO 7,5 MutH T. 3epHa B To1. HayuHass HoBu3Ha. Ha ocHOBe coBpeMEHHOTO
MaTeMaTH4ecKOro ammapara aBTopaMH pa3pa0oTaHa METOJMKa BHIOOpa Y3JIOBBIX CTAaHIMH ¥ paiioHOB
KOHIIEHTPALlMK TOTPY3KH 3CPHOBBIX TPY30B Ha CETH JKEJE3HBIX JOPOT YKpPaWHBl C YYETOM SKOHOMUYECKON
s dextuBHOCTH nporiecca. [IpakTnyeckas 3HaYNMOCTb. [IpuMeHeHne pa3pab0oTaHHOW METOOUKH KOHICHTPALUU
HOTPY3KH 3epHa ISt (hopmupoBaHus OTIPABUTEIBCKUX MapIIpyToOB MIO3BOJIUT
CYIIECTBEHHO CHU3UTH JIOTUCTUYECKHE PACXOJBl B IIENN IIOCTABKM YKPAWHCKOTO 3€pHA B MOPCKHE MOPTHI HA 3KC-
opT U, COOTBETCTBEHHO, MMOBLICUTL €I'0 KOHKypeHTOCHOCO6HOCT]: Ha BHCIIHUX PBIHKaX.

Kniouesvie  cnoea: SKCIOPT  3€pHA; JJIEBATOPBI;  JKEIE3HOJOPOXKHBIE IEPEBO3KH;  OTIPABUTEIHCKAS
MapHIpyTH3AIHST; KOHLIEHTPALHS HOTPY3KH
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HHPOBJIEMBI OPI'TAHU3AIINU TACCA’)KUPCKHUX IEPEBO30OK HA
KEJIE3HBIX TOPOI'AX CHIA

Heasn. B pabore HE0OX0MMO IPOBECTH MCCIIEIOBAaHNE OPraHM3allly PabOTHI JKEeJE3HOAOPOKHOTO TPAHCIIOpTa
CIIIA npu BBINOJHEHUU AcCAXXUPCKUX NepeBo30ok. MeToauka. VccneoBaHus BRIOIHEHBI HA OCHOBAHUY aHAIH3a
JUTEPaTypHBIX UICTOUHUKOB M OTYETHBIX JAHHBIX O Haccaxupckux nepesoskax B CIIA. Pe3yabTaThl. HeratusHb-
MH TEHACHIMSAMH B paboTe MaccaXnpCKOro KOMITIEKCA JKEIE3HBIX J0pOT YKpaWHBI SBISIOTCS MaJcHHE 00BEMOB
MIEPEBO30K, NMPOTPECCUPYIOIIEEe CTApEeHNE ITOABMKHOTO COCTaBa M 00IIasi yOBITOYHOCTH 3TOTO BHJIA JEATEILHOCTH
JUIsl YKp3aJM3HbIIU. B 3TOH CBSI3M akTyaJlbHOHM 3aiayeil [UIsl OTEUECTBEHHOIO KEJIE3HOJOPOKHOIO TPAaHCIOPTA SIB-
nsiercst mposefeHue pedopm orpaciu. B cBs3u ¢ 3TUM OBLT M3y4YEH ONBIT OPTaHU3ALMH IACCAKUPCKUX NEPEBO30K
Ha xene3HbIX fopor CIIA, 0coOeHHOCThIO KOTOPBIX SIBIISIETCS] KpaiiHE BBICOKAS CTEIICHb KOHKYPEHIIMN MEXIY BH-
JaMH TpaHCTopTa. B pe3ynbraTe BBHIIOJHEHHOTO aHAIM3a YCIOBHI paboThl xene3Hbix gopor CIIA u YikpauHs
yCTaHOBJIEHBI 00IIMe ycIoBUs (DYHKIMOHMPOBAHUS JKEJE3HBIX JIOPOT 00EUX CTpaH, CBSI3aHHBIX C obecreueHHeM
MEPEeBO3KU MAaCCAXKUPOB. Y CTAHOBJICHO, YTO OOLIMMH YCJIOBUSIMH BBITIOJHEHHS JKEIE3HOJOPOXKHBIX MACCAKUPCKUX
nepeBo3ok s CIIIA u YkpauHs! SBIsS€TCS JOTALIMOHHOCTh 3TOTO BHJIA JESITEIHHOCTH U COBMECTHOE HCIIOJIb30Ba-
HUE UHQPACTPYKTYPHI JUIS TIEPEBO3KH I'PY30B, M MAcCAKUPOB. B 3T0i cBsI3M, pu pa3paboTke 1MoaxonoB K pedop-
MHPOBaHHIO MACCAKUPCKOTO XO3SHCTBA JKEJNE3HBIX IOpOr YKpauHbI, LEeNecO00pasHbIM SIBIISETCS HCIIOIb30BAHHE
ombita CIIIA 1o onenke o0ImecTBEHHOH 3P PEKTUBHOCTH JKEJIC3HOAOPOIKHOTO TPAHCIIOPTA, BIUSIHUS ITACCAKUPCKUX
MEPEBO30K HA YCIOBHS IPOITyCKAa I'PY30BBIX IOE37I0B, COBMECTHOTO HCIIOIB30BAHMS KEIC3HOIOPOXKHOW MH(ppa-
CTPYKTYPBI TPY30BBIMH U MacCaKUPCKUMHU KoMmanusamu. Hayunasi Hopu3Ha. B pabote aBTOpOM yCTaHOBIECHBI 00-
Mmye TEHACHIMH B PAa3BUTHUM MAaCCAKUPCKUX IKEIEe3HONOPOKHBIX mnepeBozok B CIHA u B VYkpause.
IIpakTHYyeckass 3HAYUMOCTb. Y CTaHOBJIEHHbIC B PE3YJIbTATE UCCIECIOBAHNS METOABI OpraHM3aluy paboThI macca-
JKMPCKOTO KOMITIEKca jKesle3HoAopokHOTo TpaHcmopTa CIHIA MoryT ObITh afanTHPOBAaHBI AT PELICHUS MPoOIeM
B PAa3BUTHH MACCAKUPCKUX IEPEBO30K Ha KEJIE3HBIX JOporax YKpauHsb.

Knrouegvie cnosa: xene3HOIOPOKHBIN TPAHCIIOPT; MACCAXKUPCKUE IEPEBO3KH; JKEIIE3HOI0POXKHAsA HHPACTPYKTypa

BBenenue HOCTBIO KOTOPBIX SIBIISIETCS KpaliHE BBICOKAs CTe-
NeHb KOHKYPEHIMH MEXAY BHIAMH TPAHCIIOPTA.
OKcIulyaTallMOHHAs [UIMHA CETH JKEJIEe3HOMO-
poxubrx gopor CIHIA cocraBmser 225 TBIC. KM
[27]. Hdond ABYXIYTHBIX W MHOTOIYTHBIX JHHHUH
cocraBiser nopsiaka 10 %. [Ipeobnamaromum Bu-
JIOM TSTH SBISIETCS TEIUIOBO3HAS, C IIOMOLIBIO KO-
TOpPOH OCYIECTBISAIOTCS MEpeBO3KH Ha 99 % certn.
B CHIA pa3BUTO TSAKEIOBECHOE IBHXKEHUE IPY30-
BbIX 10e3/10B. [Ipu 3TOM cpefgHuil BeC rpy30BOro
nmoe3zia O6pyrro cocrapiseT 5,6 Thic. T. XKenesHo-
JOpOKHAash MHQpacTpyKTypa B IOAABISIOLIEM
OONBLIMHCTBE CIIy4acB HAXOAUTCS B YaCTHOM cOO-
CTBEHHOCTH TPY30BBIX JKENE3HBIX Jopor. I'pyso-
Bble KEJIE3HONOPOKHbIE TMEPEBO3KH  SBISIOTCS
BKHEUIIEH OTpacipl0 3KOHOMHKHU cTpaHbl. Ha
JIOJIF0  JKeJIe3HOopokHOTo TpaHcmopta B CIIIA
npuxoAsaTcs okoiio 29 % HAIMOHAIBEHOTO TPY30-
obopota [27]. B menom, nepeBo3ky rpy3os B CILIA

’Kene3sHOOOPOKHBIN TPaHCHOPT SBISETCS OJ-
HUM M3 OCHOBHBIX II€PEBO3YHKOB IMaCCAKUPOB
B YKkpauHe. HeraTuBHBIME TEHACHIIUSIMHU B padoTe
MacCaXXUPCKOTr0 KOMILIEKCA KEJIEe3HBIX JOPOr YK-
paWHbBl SIBIIIOTCA TaJeHue OOBEMOB IEPEBO3OK,
MPOTPECCUPYIOIIEEe CTapeHUE MOJBUKHOIO COCTa-
Ba U 00I1ass YOBITOYHOCTh 3TOTO BUJA JCITEIBHO-
CTH AJis1 YKp3adu3HbIUU. B 3TOM CBSI3U aKkTyanbHOU
3a7a4eil Juisi OTEYECTBEHHOTO KEJIE3HOIOPOKHOTO
TpaHCIOpTa SABJISICTCS MpoBeaeHue pedopM oTpac-
. HeoOxouMo OTMETUTh, YTO TE K€ MPOOIEMBI
OpraHu3alyy MAaCCAKUPCKUX MEPEBO30K, KOTOPHIE
CTOSIT B HACTOSIIEE BPEMS TEPE]] KEIEIHOIOPOXK-
HBIM TPAHCIOPTOM YKpauHbl, BOSHUKAIU U Ha XKe-
JIE3HOJAOPOKHOM ~ TPAHCHOpPTE APYrHUX CTpaH.
B uactHOCTM TOKa3aTeNbHBIM i1 YKpauHbl MO-
JKEeT OBITh OMBIT kee3Hbix gopor CIIA, ocoben-
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BBITIOJHAIOT OKOJIO 560 Kene3HOJOPOKHBIX KOM-
nanuit. [Ipu >ToM OHHM KiIaccUDUIUPYIOTCA Ha
clenyrolue Kiacchl: KOMINaHuM | kmacca, permo-
HaJIbHBIC KOMIIAHUH, JIOKAIBHBIE  OIEpPaTopshl
n S&T omepatopel. OCHOBHOW 00BEM T'PY30BBIX
MIEPEBO30K BHITIOJHSIIOT JKeJe3Hble Joporu I xmac-
ca, Ha JONI0 KOTOpbIX mpuxoaurcs 69 % rpyso-
obopora orpacmu. K xommanusm [ kmacca oTHO-
caTcs ceMb kene3Hbix gopor: BNSF Railway
Company, Canadian Pacific Railway, CN, CSX
Transportation, Kansas City Southern Railway
Company, Norfolk Southern Railway Company
u Union Pacific Railroad.

HannonanbHast >KeNe3HONOPOXKHAS MACCaXKUP-
ckas xoproparus Amtrak obcmyxuBaeT 601ee 500
nyHkToB B 46 mratax CIIA, oxpyre KomymoOus
u Tpex npoBuHIMAX KaHanel, oOmas mpoTsHkéH-
HOCTh €€ MapIIPyTOB COCTaBJIsie€T 34 ThIC. KM.
Ckopoctb moe3noB Amtrak gocturaer 241 xm/gac.
B teuenne 2016 ¢uHAHCOBOrO rojja Kopropammei
onu10 TIepeBe3eno 31,3 muH. maccaxwupos [7]. [ac-
CaKUPCKUE NEPEBO3KH B PETHOHAIBHOM U IIPUTO-
pomHOM cooOmiennn, kpome Amtrak, obGecrieun-
BalOT emie 18 >Kele3HOJOPOKHBIX OIEPaTOpPOB.
PervonanbHbele U IPUTOPOJHBIE NIEPEBO3KU IIacca-
JKUPOB, KaK ¥ MacCaKUPCKUE MEePEBO3KHU JTAIbHET0
CJIEIOBaHMs, BBIMOIHAIOTCS MIPEUMYIIECTBEHHO Ha
JUHUAX KOMIIAHMH, 3aHMMAIOLIMXCS TPY30BBIMH
[epeBO3KaMU. B 1eaoM Ha 100 JAJIBHHUX U NpU-
TOPOJHBIX JKENEe3HOAOPOXKHBIX nepeBo3ok B CHIA
npuxoautcs okojo 0,3 % HalMOHAJIBHOrO macca-
)upoobopora [9].

OTnryreM B OpraHHU3alllM PHIHKA XKeJe3HOI0-
POXHBIX NepeB030K YkpauHbl ot CIIA sBusercs
TO, YTO B YKpaumHe 3TOT PHIHOK HAaXOAUTCS B MO-
HOTIONIBHOM cocTosiHUH. Kak Tpy30Bble, Tak U mac-
CaXMpPCKUE TMEPEBO3KH Ha CETHU OCYLIECTBIAIOTCS
roCcyJapCTBEHHON MOHOIOIUEN — YKP3aIU3HBILICH.
[To amamoruu ¢ CIIIA B YkpanHe *KeIe3HOI0POXK-
HBI TPAaHCHOPT SBIISETCS OJHUM M3 OCHOBHBIX
MIEPEBO3UYMKOB I'Py30B, OJHAKO OH MIPAET ropasno
OoJiee BayKHYIO POJIb IIPU IIEPEBO3KE [1ACCAXKHUPOB.
Ha nomro xenesHomoposkHoro tpancropra B 2016
rogy mpuxoaumiock 57,9 % rpy3oobopota [2]
n 36,1 % maccaxxupoobopora [5] Bcex BHIOB
TpaHcropra. ['py30BbIe IEpeBO3KHU SBISIOTCS MPH-
OBUIBHBIMU U JOXOIBI OT HUX OOECIeYHBalOT CO-
JepxaHue MHQPACTPYKTYypbl, B TOXE BpeMsl Iac-
Ca)KUPCKUE IIE€PEBO3KH SIBIIIIOTCSA YOBITOUHBIMHU.
Heo0xoaumMo OTMETHTh, YTO Ha 3aKOHOJATEIHHOM
ypoBHE B YKpauHe [6] mpeaycMOTpEeHbl MEXaHU3-

MBI TOJJCPKKH JKEIE3HOIOPOKHBIX IMACCAKHP-
CKHUX MEPEBO30K KaK CO CTOPOHBI TOCYAapCTBEHHO-
ro, TaK ¥ MECTHBIX OroxkeToB. OJHAKO 3a BpeMs
HE3aBHUCUMOCTH 3TH MEXaHU3MBl HE HCIOJb30Ba-
JUCh ", PaKTUIECKHU, TOKPHITHE YOBITKOB OT Tac-
CKUPCKUX TIEPEBO30K OCYIIECTBISETCS HCKIFOUH-
TENBHO 33 CYeT MPUOBUIBLHBIX T'PY30BBIX, YTO CY-
MIECTBEHHO CHIDKAET MPHUBICKATEILHOCTD Kele3-
HOJIOPO’KHOTO TPAHCIIOPTA JIJISi HHBECTHUIIHA.

Hean

Lenpto paboThl SIBASIETCSl MCCIIEAOBAHUE Opra-
HHU3aIUH paboThl KEJIE3HOJJOPOKHOTO TPAHCIIOpPTa
CILA mpu BBINOTHEHNH TACCAKUPCKUX TEPEBO30K.

MeTtoaunka

HccnenoBanusi BBINOJIHEHBI HAa OCHOBAaHUM
aHaJIM3a JUTEePaTyPHBIX MCTOUYHUKOB M OTYETHBIX
JIAaHHBIX 0 Maccakupckux nepenoskax B CIIA.

Pe3yabTaTthl

Amnanmu3 uctopuu xenezHeix gopor CIIA [8]
MOKAa3bIBAET, UTO M3HAYAIBHO OHU MNPEICTABISIIH
co00if YaCTHBIE KOMITAHWHU, KOTOPBIE MEPEBO3HIN
KaK Tpy3bl, Tak W maccaxknpos. [Iuk maccaxupo-
o0opota >kene3HogopokHoro tpancrnopra B CILIA
npuxoautcs Ha 20-e roapl XX Beka. HanGombimee
YUCIIO TIEPEBE3CHHBIX MACCAKUPOB IKEJIE3HO0-
poxkusIM TpaHcroptoM CIIA 6BIIO JOCTUTHYTO
B 19441945 rr., xorga, B CBS3H C OTPEOHOCTAMU
BOCHHOW 2KOHOMHKH, TPAKITAHCKUH aBTOMOOWIIh-
HBIH TpaHCIOPT OBUT CYIIECTBEHHO OTpaHHuYeH
B TOIUIMBE M JAPYTUX MAaTEpUAIBHBIX pecypcax.
[Tocne 1945 r. npoucxoansio yCTOWYMBOE CHUXKE-
HUE 00BeMa MACCaKUPCKUX TEPEBO30K, KOTOPHIE
CTan yOBITOYHBIMH IS YAaCTHBIX YKEJIE3HOI0POXK-
HBIX KOMIIAHWH, KaK B JaJbHEM, TaK W B TPUTO-
pomHOM coobmennn. K 3tomy mpuBenn aBe oc-
HOBHBIE NPUYMHBL. Bo-NepBEIX, B OTIMYHE OT CBO-
UX OCHOBHBIX KOHKYPEHTOB — IIEpPEBO3YHKOB aBTO-
MOOWJIBHOTO ¥  aBHAallMOHHOTO  TPaHCIIOPTA,
KOTOpbIE IOJB30BATKNCh OOIIECTBEHHOW WH(}pa-
CTPYKTYpOH M MMENN BO3MOXKHOCTH IPHBIIEUEHUS
cpencTB U3 (henepanbHOTO W MECTHBIX OFOKETOB
JUTSL €€ Pa3BUTHS, KEJIE3HOIOPO)KHBIE TEPEBO3UNKA
B CUIA, BBIMONHAIONINE TEPEBO3KH Ha COOCTBEH-
HOW WH(PACTPYKType, ObUIM OTpaHWYEHBI B TIPU-
BJIeYeHUN OOIIeCTBEHHBIX cpencTB. boiee Toro,
rOCyJapCTBEHHbIE = WHBECTHIIMM,  BIIOKCHHbBIE
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B pa3BUTHE KEJE3HOIOPOKHOU ceTh B KOHIle XIX
— "avyayie XX BEKOB, ObLIU BO3BPAIIICHBI KEJIE3HO-
JIOPOKHBIMUA KOMIIAHUSIMH B TeueHHe BTopoit mu-
poBoil BOUHBI. BO-BTOpBIX, »Ke€le€3HbIE HOPOrU
CHJIBHO YCTYTANHA DPa3BUBAIOMIMMCS aBHAIIMOHHO-
My M aBTOMOOMJIBHOMY BHIaM TPaHCIIOPTa B CKO-
pPOCTH ¥ MOOWIILHOCTH TIEPEBO30K, a TaKKe B THO-
KocTH cepBuca. Jlns ymeHbIneHus: (pUHAHCOBBIX
MOTEPh OT YOBITOUHBIX MACCAKUPCKHUX IMEPEBO30K
KEIJIE3HOIOPOKHBIC KOMITAHUW HAuYald BBIACIATH
MOJIpa3/ie]ICHNs], BBHIMOJHSAIONUE ITaCCAKUPCKUE
MEPEBO3KH B OT/AENBHBIC MPEATPHATHS, KOTOPHIE,
BIIOCJIEICTBUH, MPEKpAILAId CBOIO AEATEIBHOCTb.
B otBer Ha ObIcTpOE TasieHne 00BEMOB TTACCAKHP-
CKHX TiepeBo3oK B 1970 romy OBULT NMPHUHAT 3aKOH
0 KEJIe3HOIOPOKHBIX TTACCAKUPCKUX TEPEBO3KAX,
KOTOpBIM OblTa co3naHa HarmoHanpHas xeiae3Ho-
mopokHast koproparus (Amtrak). DTuM ke 3ako-
HOM OBUIO pazpemieHo (eaeparbHOMY MPAaBUTEINb-
CTBY HCIIONIb30BAaTh JIMHUM YAaCTHBIX KEJIE3HOHO-
POXXHBIX KOMIIAHWH AJIS BBITOJHEHHS MACCAXKUP-
ckux TepeBo3ok. ObecrieueHne (HUHAHCOBOM
ycroitunBocTr Amtrak IocTUranoch 3a cyeT rocy-
JapcTBeHHBIX noTanuil [17]. MHorue xommnaHuw,
BEITIOJHSIOIINE PETHOHAIBFHBIE W TPUTOPOIHBIE
MEPEeBO3KH, TEPENUId B COOCTBEHHOCTh MECTHBIX
aIMUHHUCTPALNHA, KOTOPbIE CYOCHIMPYIOT MEPEBO3-
KM U3 cBomx OrokeToB. Kak mpaBwmio, mpuropos-
HbIe KOMITAHMH BBITIOJIHSIOT MIEPEBO3KU C UCIIOJb-
30BaHUEM HH(PACTPYKTYpPhI TPY30BBIX KEIE3HBIX
nmopor. PazBuTue COBPEMEHHBIX TOPOJICKUX PEeilb-
COBBIX CHCTEM CBSI3aHO CO CIEIHabHBIM II0CIa-
Huem Konrpeccy Ilpesunenta Kennequ B 1962 r.,
Kacaromerocsi MOIIEP KU Pa3BUTUS TOPOJICKOTO
00IIIeCTBEHHOTO TpaHCTIOpTa. TspKemble perbCcoBhIe
CHCTEMBI B TOpojax, NpelHa3HAuYeHHbIC AJIST Mac-
COBOH TMEpeBO3KM MAacCa)XMPOB, MOIYYAIOT 3JIEK-
TPOIIUTAaHHUE OT TPETHETO pelbca U PYHKIHOHHUPY-
I0T Ha oTnaeneHHol wuH(ppacTpykrype. Jlerkue
PEIIbCOBBIE CUCTEMbI (DYHKIIMOHUPYIOT KaK Ha BbI-
JISJICHHOM, CIEeIUalbHO CO3JaHHOW WH(PaCcTPyK-
Type, Tak U Ha OBIBIICH WHOPACTPYKType Keyes-
HBIX JIOPOT; KpOME TOTO, UMEIOTCSl JIMHUH, Pado-
TaloIIe B CUCTEME TOPOJICKOTO JBWKEHUS, a TaK-
xKe JTUHAH, MMEIOIIIHe BBIXO]I Ha
JKEJIe3HOAOPOXKHYIO ceTh. Takum obpaszom, B CIIA
B HACTOSIIEE BpeMs Pa3inyaroT CICAYIOIIUE BUIBI
JKEJIE3HOAOPOKHBIX MACCAKUPCKUX TEPEBO30K [8]:
— TopoJickue mepeBo3ku (urban rail transit);
— MPUTOPOAHBIE epeBO3KH (commuter rail);

— TIAaCCaXXUPCKHE YKEIE3HOIOPOKHBIE TIEPEBO3-
ku (passenger rail).

B nenom xapakTepHBIMH OCOOCHHOCTSIMH I1ac-
CaXKHUPCKUX JKEIIE3HOAOPOIKHBIX IIEPEBO30K
B CIIA sBisiercs MX TOTalMOHHOCTH U HCIIONB30-
BaHHE MACCAKUPCKUMH KOMITAaHUSAMU I TIEPEBO-
30K WHQPACTPYKTYyphl TPY30BBIX KOMIAHHUHA. IJTH
(akTOpHl W OMpenaesseT OCHOBHBIE HAIPaBICHIS
HAy4YHBIX MCCJICIOBaHMIA B JaHHOH cdepe.

C IOTalMOHHOCTBIO MACCAKUPCKUX MEPEBO30K
CBSI3aHBI UCCIIE/IOBAHMUS, HAIPABJICHHbIE HA!

— 000CHOBaHKE MOJJICPIKKHU KeJIe3HOAOPOKHO-
ro TPaHCIOPTa CO CTOPOHHI (eAepaIbHOTO U Me-
CTHBIX OIO/)KETOB;

— obocHOBaHHE TIIeIeCO00Pa3HOCTH Pa3BUTHS
JKEJIE3HOAOPOKHOTO TPAHCIIOPTA.

CoBMECTHOE HCIOJB30BaHHUE JKEIE3HOJOPOK-
HOW HMH(PACTPYKTYPHI PA3TUIHBIME KOMITAHUSMHU
BBI3BAJIO HEOOXOIUMOCTH BBITIOJHEHHS HCCIIEA0-
BaHUM B BOIIPOCAX:

— BIMAHUS TACCAXUPCKHUX MEPEBO30K Ha IPO-
MyCKHYI0 CHOCOOHOCTh JKEJIe3HOJOPOKHBIX Ha-
IIpaBJICHU;

— HccheoBaHne TpeOoBaHWN K WHPPACTPyK-
Type Ul COBMEMICHHOTO JBIKEHHS TPY30BBIX
Y TIACCAXUPCKUX TTOE3/I0B.

[IpakTHueckn Cc MOMEHTa CBOETO CO3JaHUS
KOHIICTIIASA TOCYIAapCTBEHHOW Komrmanmm Amtrak
KPUTHKYETCS B Pa3NUYHbIX CTaThsix [28]. OcHOB-
HBIMH apTyMEHTaMH B €€ MOJAEPIKKY SBISIOTCS.

Bo-nepBbIX, HECMOTpsI Ha HaJIM4YUE 3HAYUTEINb-
HBIX 3amacoB HedTH, ocHOBHYIO ee uacTh CIIA
UMIIOPTUPYET. B ATON CBSA3M KEIE3HOAOPOKHBIM
TPAHCIIOPT paccMaTpHUBaeTCs Kak 0Oojee JHepro-
s dexTuBHbI g dxoHoMuku CIIA mo cpaBHe-
HUIO C aBTOMOOMIIBHBIM U aBUAI[IOHHBIM.

Bo-BTOpBIX, (YHKIMOHUPOBAaHHE aBTOMOOUIIb-
HOTO TPAHCIIOPTa CBSA3aHO C BBICOKOH aBapHiiHO-
CTBIO. B 3THX yCIIOBUSX 7KEIE3HOIOPOKHBIN TpaHC-
MOPT paccMaTpuBaeTcst Kak Oojee Oe30macHbIi.

B-tpetpux, He Bce rpaxamane CIIA wumeroT
BO3MOKHOCTh YIPAaBJIATh aBTOMOOWISIMH B CBSI3U
C BO3PacTOM, OCOOCHHO B YCJOBHSAX CTapeHHs Ha-
CEJICHUS, a TAK)KE B CBSA3H C COCTOSTHUEM 370POBBSI.
B 3TuX yClOBUSAX >KENE3HOMOPOXKHBIA TPaHCHIOPT
obecriednBaeT MOOMIIBHOCTE HACENICHHS C OTPaHu-
YEHHBIMH BO3MOKHOCTSIMH.

B-ueTBepThIX, aBTOMOOWJIHHBIA W aBHUAIMOH-
HBI TPAHCIIOPT SIBIAIOTCS OCHOBHBIMH HCTOYHH-
KaMH 3arpsi3HEHUs okpyxatomeit cpeasl. [Toatomy
MOJIepXKKa  JKEJIE3HOJIOPOKHOTO  TPaHCIOpTa
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obecrnedrBaeT MEHBIITYIO Harpy3Ky Ha SKOJIOTHIO.

W, HakoHel, BBICOKasi MPOBO3HAsI CIIOCOOHOCTh
JKEJIEe3HOAOPOKHOIO  TpPaHCHOpPTa  IO3BOJIAET
YMEHBIIUTh 3arpy3Ky TOPOACKHX YJIWIl U yMEHb-
MIUTH YHCIIO TPOOOK Ha TOPOTax.

B nacrosmiee Bpems B CILIIA mpoucxonut auc-
KyCcCHs O I1eTecoo0pa3sHOCTH CO3JaHHs CETH CKO-
POCTHBIX W BBICOKOCKOPOCTHBIX JKEJIE€3HBIX JOPOT,
aHaJOruYHOU eBporeiickoii [12, 13]. B wactHOCTH
B [26] nmpuBeeHA METOIMKA OLICHKH 3(PPEKTUBHO-
CTH CO3JIaHHUS BBICOKOCKOpOCTHOM ceTH. [Ipu Tex-
HUKO-9KOHOMHUYECKOM OOOCHOBAaHHHU €€ Pa3BUTHUS
MpeaaraeTcsi YYuThIBaTh PACXOJbl HA CTPOUTENb-
CTBO W JKCIUTyaTaIlul0 CETH, PacXOJbl, CBsI3aHHbBIC
¢ BeOpocamu CO,, pacxofsl, CBS3aHHBIC C TEpe-
Ipy3KOM aBTOTPAaHCIOPTHOM CETH, PacXoisbl, CBs-
3aHHBIE C TPAHCIOPTHBIMHU TpoucHiecTBUsAME. He-
00X0MMO OTMETHTh, YTO B TPYAaX YKPAHMHCKHX
yueHbIx [1] paccMaTpuBaInCch BOIPOCH O HEOOXO-
JUMOCTH OLICHKM BIIUSHUS JKEJIE3HOJOPOKHOIO
TpPaHCIIOPTAa HAa COIMAIBFHBIE H JKOJOTHYECKHE
MpoOJieMBl O0IIECTBa, OJHAKO JaHHAs METOIUKA
TpeOyeT JanbHEeNIIero COBEPIICHCTBOBAHHS.

VYuureiBas To, uro B CIIIA naccaxupckue nepe-
BO3KHM MPEUMYIIECTBEHHO BBHITIOIHAIOTCS Ha JKeJe3-
HOZIOPOXKHOW WH(]paCTpyKType, TNpHUHAIIeKAIIEH
TPY30BBIM KOMITAHUSM, U YIPABISIOTCS TUCTIETYEP-
CKMM aIlliapaToM 3THX KOMIAaHWH, BO3HMKAET 3Ha-
YUTENBHOE YHCIO BOIPOCOB, CBSI3AHHBIX C IPENoc-
TaBJICHUEM UH(PACTPYKTYPbI AJIs IEPEBO3OK.

AKTyaJbHOCTB TTPOOJIEMBI OIIEHKH MPOITY CKHBIX
CITOCOOHOCTEH KeJIe3HOAOPOKHEIX JTUHUHN CBA3aHA
C TOBBIIIEHHEM Beca OTHPABUTENBCKUX MapIIpy-
TOB, YBEIIMYCHHEM OOBEMOB IEPEBO30K WHTEPMO-
JABHBIMH TI0€3aMH{, YBEITMYCHWEM YHCIa WU TI0-
BBIIIEHUEM CKOpOCTEH ABIKEHHUS MacCaKUPCKHUX
M0e3/10B. AMEpPUKaHCKHUM yYE€HBIM U3BECTHA METO-
KA OmpeelieHHs] TPOMYCKHOH CcrocoOHOCTH
B moe3nax (BaroHax), TpaAWLIMOHHAs U1 TOCY-
nmapcte EC u CHI' [2, 21], onHako Takod MOAXOx
KPUTHKYETCS W3-32 CJIOXHOCTH €ro IMPHMEHEHUS
JUTST OTICHKW W3MEHEHHs KaueCTBEHHBIX IOKa3aTe-
Jieil paboTHI JKENE3HBIX JOPOT M, COOTBETCTBEHHO,
SKOHOMHUYECKHX MOTEPh B YCIOBHUAX, KOTZIA TIOTOK
MOE3/I0B SIBJISIETCS HEOTHOPOTHBIM M YacTh ITOE3-
noB crenyer 0e3 coOironmeHus rpaduka. B aroit
cBsA3M, Ha xene3Hblx noporax CIIIA B kauecTBe
KpUTEpUS JUIS OLEHKH YPOBHS 3aIlOJIHEHUS TPOITY-
CKHOU CIIOCOOHOCTH 3JIEMEHTa TPAHCIIOPTHOW WH-
(bpacTpyKTyphl MUCIOJIB3YETCS BPEMSI €ro mpocie-
JIOBaHWUSA TPU JBIKEHWH T[0€3/la B IIOTOKE IO

CpPaBHEHUIO C YHCTBIM BPEMEHEM IIPOCIEIOBAHUS
JTAHHOTO JIEMEHTA.

OMmupuyeckue (QyHKIUU JUIsl OICHKH CBS3H
MEX]ly TPOMYCKHON CITOCOOHOCTBHIO W BEIMYMHOMN
3a/IEp’KKU TIOE€3JI0B Haudalld MPUMEHAThCA ¢ 60-X
ronoB XX Beka.

B [15] nmns oueHKU CBA3M MEXAY BpeMEHEM
xona 1moe3na T ¥ mpoImyCKHOW CITOCOOHOCTRIO Ke-
ne3HoA0pokHON HUK C MPEeAIoKEeHO HCIOIb30-
BaTh TUNIEPOOITY

C(1,-T,)

T=hi-—y—¢

; T, <1, V<C,

rae Tp — BpeMd Xoja Ipu OTCYTCTBUHU JPYTUX IO-
€3/10B B MOTOKE; T4 — TOPU30HTAJIbHASI aCUMIITOTA
BPEMEHHU X071a; } — 00beM MepeBO30K.

OCHOBHAas CIOXHOCTb IPUMEHEHUS IMIIUpUYE-
CKUX MOJICJIEN CBA3aHa C OIpeNeNIEHHEeM UX mapa-
METpPOB. B 3TOM CBA3M LENbId psAl UCCIEAOBAHUN
HaIlpaBJIeH HA MOCTPOCHUE aHAIUTUYECKUX MOJE-
JIed, B KOTOPBIX JIJIS pacuyeTOB UCIOJIB3YIOTCS Ma-
paMeTphl MOe37I0B U y4acTKOB. B oOiieM ciyuae
MPOJOJKUTENBHOCTh JIBUXKEHUS IMoe3na i-i KaTte-
TOpUM TIPeJIaraeTcs OLIEHUBATHh C MOMOIIbBIO BbI-
paxenus [18]

k
7; :T‘O,i +ZMZJDIJ ’

j=1
race Tbi — HYUCTOC BpPEM:A XO0Ja IO YYAaCTKy IIOC3/1a

i-i1 kareropuu; M ;,D, — 4YUCIO W TPOAOIKH-

§2y
TEIBHOCTH 3aJIEPXKKHU M0e3/1a i-i KaTeropuu IMoe3-
JIOM j-ii KaTerOpHu; k — YMCII0 KaTeropuid Oe310B.
PazBuTHEe KOMNBIOTEPHOHW TEXHUKH HPHUBEIO
K CO3JIaHHI0 Pa3HOOOpa3HBIX WMHTAIMOHHBIX MO-
Jiesielt IpoITycKa MOTOKOB MOE3/I0B MO JKEJIE3HOI0-
POXHON MHPPACTPYKType, KOTOphIE B HACTOSIIEE
BpEMs U SABJSIFOTCS OCHOBHBIM METOJIOM HCCIIEN0-
BaHUs JaHHOW mpoOnemsr [20]. B kadectBe mpwu-
MEpPOB HCCIIEOBAHUI MOTYT OBITH NPEICTABIICHBI
paboThI [24], TIIe UCCIEMYIOTCS BOMIPOCH! BITHSHUS
qrciia ¥ CKOPOCTH MAaCcCaXMPCKUX TOE3/I0B Ha 3a-
JIEp’KKU TPY30BBIX, a Takxke [23], rae uccieayorcs
BOIIPOCHI 3aJI€PKEK B MOTOKE U3 TPEX TUIIOB MOE3-
JIOB: TTAaCCaXXUPCKHE, MHTEPMOJAIbHBIE TPY30BbIE U
OTIIpaBUTENLCKNE MapUIpyTHl. B HacTosmee Bpems
pabota xene3nbix qopor CIIA mpenMyiecTBEHHO
HalpaBJieHa Ha NEPEBO3KY MAacCCOBBIX I'PY30B OT-
MPAaBUTEIBCKUMH MapIIpyTaMH. YUHTHIBas, YTO
MUHHUMAaJIbHBIE PACXOJbl NPH TaKUX MEPEeBO3KaAX
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JIOCTUTAIOTCA TIPH OTHPABICHUN TMOE3/I0B MOJHON
MAacchl ¥ AJIUHBI, TO ABIKEHUE Ha KEJIe3HBIX JOPO-
rax OpraHU30BBIBAETCs 0€3 KECTKOTO COOMIOACHHS
rpaduka IBUXEHHS TOE370B U OIEPATHBHOM pe-
IIeHNN KOHMIUKTHBIX CUTYaIlNi MEXITy Moe3IaMu
JqucreTyepckuM ammapatoMm. lloaTomMy B ocHOBY
MPOrPaMMHBIX KOMIUIEKCOB, MOAETUPYIOIIUX IIPO-
MTyCK TMOTOKA MOE3/I0B, MOJIOKEHBI aTOPUTMBI BBI-
0opa mpuopHTeTa OTIPABICHHS MOE3IOB Ha Tepe-
roHsl [16]. YcnoxkHeHHe CTPYKTYpHI MOE30MOTO-
Ka paccMaTpHUBaeTCsl aMEPUKAHCKAMH YUYEHBIMHU
KaK OJlHAa M3 OCHOBHBIX NPUYMH YBEIMYEHHS 3a-
TpaT BPEMEHHU Ha JIOCTaBKY TPY30B U CHUXKCHUS
3¢ (EeKTUBHOCTH HUCTIONB30BAHUS TOJIBUKHOTO CO-
craBa. B 3TO! CBS3U BBINOJHAIOTCSA HUCCIEIOBAHUS
10 3 (peKTUBHOCTH OpraHU3aluy ABMKEHHS 1T0€3-
noB 1o rpaduky [11].

[IpoGiieMBbl COBMECTHOTO TPOITyCKa TPY30BOTO
U TACCAXUPCKOTO TOE3/I0MOTOKOB XapaKTEPHbI
u anst Yxpaunbsl. OcoO€HHO OCTPBIMH OHHM CTaJH
TOCTIe OpraHM3allid YCKOPEHHOTO JBMKeHus. [Ipu
3TOM, B COOTBETCTBHH C TPUMEHSEMBIM B Y KpanHe
MOJIXOJIOM, BJIMSHUE YCKOPEHHOI'O MAacCaXXHpPCKOTo
JIBUKEHHUS Ha TPOIYCKHYH) CIIOCOOHOCTH IKEIe3-
HOJOPOXKHBIX JIMHUN OIleHUBaeTCs Kod(pduimen-
ToM cheMa [3]. B To e Bpems, BIUSHHUIO YCKO-
PEHHBIX TOE€37I0B Ha 3aJep’KKHU TOE3I0B JIPYIux
KaTeropui B OTEYECTBEHHOW HAayKe yAEJNSIETCS ro-
pa3zo MeHblllee BHHUMaHHME M JaHHas IpobiieMa
TpeOyeT JOMOTHUTENFHOTO HCCIEIOBAHHS.

3a/1aun MOBBIIIEHUS MTPOMTYCKHON CITOCOOHOCTH
TaKk)Ke aKTyaJbHBI IS JKEJIe3HBIX JOPOT Y KpanHbI.
B ycnoBusix opueHTalMu Tpy30MOTOKOB Ha MOp-
CKHE TIOPTHI, a TaKKe NEepPEeBO30K IacCaKUPOB
B HaIlPaBJIIEHUH YEPHOMOPCKHX KYypOpTOB W 00-
paTHO OJHUM W3 METOJIOB TOBBHIIICHUS TIPOITYCK-
HOW CHOCOOHOCTH KEJIE3HBIX AOPOT MOXKET OBITH
00e3TMYeHHOE UCTIONh30BAHNE IyTeH Ha JBYXITYT-
HBIX y9acTKaxX.

CyLIeCTBEHHBIM MPEUMYIIECTBOM OpraHu3a-
MU CMEIIAHHOTO TPY30BOTO M TIACCAXKHPCKOTO
JIBUKCHHS SBISIETCS CHIDKEHHE PAacXoJl0B Ha CO3-
JaHWE HOBOH TPAHCIOPTHOH WHQPACTPYKTYpHI.
OnHAaKO COBMECTHBIH MPOIMYCK MaCCaKUPCKHUX
M TPY30BBIX ITOE3[0B MO OAHON HH(PPACTPYKType
BBI3BIBACT ILIEJBIH psAJ MpoOJIeM, CBA3aHHBIX C H3-
MEHCHHSIMH TPeOOBaHMI K KOHCTPYKIIMU MTyTH, €r0
COJIep)KaHUIO M OpTaHW3alluu IMepeBo3ok. Jlocra-
TOYHO OCTpPOM KakK JJid YCJIOBUN YKpauHbl, Tak
u s yenouit CLIA siBnsieTcst pazpaboTka Tpebo-
BaHUU K MH(PACTPYKType, oOecreunBaromei mo-

BBIIIEHHE CKOPOCTEW IBIKEHHS MACCAKHUPCKUX
MOE3/I0B B YCJIOBUSIX TSXKEIIOBECHOTO JIBHIKEHHUSI
rpy30BbIX moe310B. OgHUME U3 Hanboiee OCTPBIX
MPH 3TOM SIBISIOTCS BOIPOCHI TIPOCIIETOBAHUS
KPUBOJIMHEMHBIX YYacCTKOB B IIaHe. B 3TOM cBs3u
B CIIIA BBIIOTHSIOTCS HMCCIEIOBAHUS BOIPOCOB
YCTaHOBJICHUSI PAlMOHAIFHOTO BO3BBHIIICHUS Ha-
pykHOTO penbca [25]. IloBpImeHne CKOPOCTH Tac-
CaKUPCKUX TIEPEBO30K Ha CYIIECTBYIOIIEH HHPpa-
CTPYKTYp€ AOCTHUTaeTCsl, KaK MPaBUIIO, 3a CYET BbI-
TIOJTHEHHSI OTHENFHBIX MPOEKTOB MO PEKOHCTPYK-
UM U MoJepHu3anuu WH(pacTpykTypsl. B [14]
MpeacTaBieHa METOIMKA, OCHOBAaHHAs HA HCIIOJIb-
30BaHUM TEHETUYECKHUX aJlrOpPUTMOB, OTOOpa IMpo-
€KTOB, 00€CIIeYNBAarOIasi ONTHMAaIbHOE CHIDKEHHUE
MPOIOJKUTENILHOCTH TEPEBO30K M YMEHBIICHHUE
AKCIUTYaTAIllHOHHBIX PacXOJI0B.

JpyruM BakKHBIM BOTIPOCOM CMEIIAHHOTO HC-
MOJIb30BaHUS KEJIEe3HOAOPOXKHOW HHPPACTPYKTY-
pBl ATl TPY30BOTO M TNACCAKUPCKOTO JIBHXKEHHSI
SIBIIIETCS  CHEMaNu3anusi WHOPACTPYKTYPBl IS
BEITIOJTHEHHUST TIEPEeBO30K. B COOTBETCTBHM C 3TUM
B CIIIA BbLAENAIOT TPU BHIOA COBMECTHOIO WC-
MOJIb30BaHUA HHPPACTPYKTYpHI [22]:

— COBMECTHOE WCIIONIb30BaHNE ITyTeH, Korma
MacCa)KUPCKUe M TPY30Bble TOe€3[a CIEAYIOT II0
OJTHUM U TEM K€ IyTSIM;

— COBMECTHasl IOJI0OCa OTYYXKIEHHUS, KOorma
MacCaXUPCKUe M TPY30Bble TOe€37a CIEAYIOT II0
pasHBIM IYTSIM, OCH KOTOPBIX PAacHOJOKEHBI Ha
paccrostHuH 110 25 dyToB (7,62 M);

— COBMECTHOE HCTOJb30BaHHE KOPHIOpa, KO-
r7la MaccaXHpCKue M TPY30Bble MOe3/a CIEAYIOT
0 Pa3HBIM MYTSAM, OCH KOTOPBIX PacIOJIOXKEeHBI Ha
paccrostarm oT 25 10 200 dyToB (7,62—60,96 ™).

UccnenoBanust B JaHHOM 00nacTu CBS3aHBI
¢ (opmanuzanyeil B3aMMOOTHOIICHUH MEXAY Tpy-
30BBIMH JKEIIE3HOJIOPOKHBIMU KOMIIAHUSAMH U TIac-
CaKMPCKUMH TIEPEBO3YMKAMH TIPH Pa3HBIX CIIOCO0axX
COBMECTHOT'O UCTIONIb30BaHUsI HHYPACTPYKTYPHI.

WHTepec k 3amadaM pas3ieieHus NaccaKupcKo-
TO W TPY30BOTO IBWKEHHS TI0 pa3HBIM HarpaBie-
HUSIM BO3HHMK B YKpawHe IpU BBEIECHHH yCKOPEH-
HOTO JBIKeHHUs. B wacTHOCTH, 3Ta mpobnema oc-
BemeHa B pabore [4]. OmHaKo, YIUTHIBas TO, UTO
KaK TPy30Bble, TaK M MAaCCAKUPCKUE MEPEBO3KH
OCYIIECCTBISIOTCS  YKp3alU3HbILEH, MPOOIEMBI
COBMECTHOTO HCIIOJIb30BaHUSI HH(PACTPYKTYPHI
TOKa HE SBJSIOTCS KPUTHYECKHM. B TO e Bpems,
npoueccsl  peQOpPMUPOBAHUS SKEJIE3HOJOPOKHOM
OTpaciii y>ke TPHUBEIN K CO3JaHHI0 Y KPamHCKOH
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YKEJIE3HOIOPOKHOU CKOpPOCTHOM KOMIIaHUH
(Y3IIK) 1 mogpa3yMeBaroT CO37aHUE JPYTHUX Mac-
CaXUPCKUX KOMIIAHUU KaK B COCTaBe YKp3allu3-
HBIIM, TaK ¥ HE3aBUCHMBIX OT Hee. B atux ycno-
BUSX aKTyaJlbHOCTh IPOOJIEMBI CIEeIHaTn3alluu
UHQPACTPYKTYpBl JUIS  BBITIOJHEHHUST TPY30BBIX
Y TIACCAKUPCKHUX MEPEBO30K M pa3paboTke Tpedo-
BaHUH K B3aWMOJICUCTBUIO TPY30BbIX U MACCAXKHUP-
CKHX NEPEBO3UYMKOB OyA€T MOBHIIIATHCS.

Hayqﬂaﬂ HOBHU3HA U MPaKTHYECKasA
IHEHHOCTDH

Hayunas HOBHM3Ha pabOTHI COCTOUT B TOM, YTO
B HEell YCTaHOBJICHBI OOIIUE TCHICHINH B Pa3BUTHU
MACCKUPCKUX  HKEIEC3HOJOPOKHBIX  MEPEBO30K
B CIIIA u B Ykpaume.

[IpakTHueckas I[EHHOCTh pPabOTBl COCTOUT
B TOM, YTO YCTAHOBJICHHBIC B PE3YJIbTATE UCCIIEIO-
BaHMsSI METOJbl OpraHHW3alud pabOThl MACCAXKHP-
CKOT'O KOMIIJIEKCA JKEJIe3HOIOPOKHOTO TPAHCIIOPTA
CIIIA wmoryT OBITh aJanNTUPOBAHBI JJIS PEIICHUS
npo0ieM B Pa3BUTUU MACCAKUPCKUX MEPEBO30K HA
KEJe3HBIX JIoporax YKpauHsbI.

BoiBoabI

BrInostHeHHBIE MCCIIEI0OBAHUS TO3BOJISIIOT ClE-
JIATh CJICITYIONTHE BBIBOIBI:

— TIACCaXXUPCKHE HKEIE3HOIOPOKHBIE TEPEBO3-
ku B CIHA u YkpanHe MMEIOT psii OOIIMX YepT,
OCHOBHBIMH U3 KOTOPBIX SBISIOTCA MX JOTALUOH-
HOCTh M COBMECTHOE HCIOJIb30BaHNE UHPPACTPYK-
TYPHI C TPY30BBIMH ITEPEBO3UNKAMU;

— OJIHOM W3 OCHOBHBIX INPHYMH COKPAIICHUS
MaccaxupooOopoTa  IKEINEe3HOJOPOKHOTO TpaHC-
mopta kak B Ykpawue, Tak u B CIIA sBisercs
MPOUTPHIII SKOHOMHYECKOH KOHKYPEHIIUH allbTep-
HATHBHBIM BUAAaM TPaHCIIOPTA; MPEOJONCHUE YKa-
3aHHOM mpobnembl B CIIIA mocturHyto 3a cuer
CO3JIaHHS TIACCAKUPCKUX TIEPEBO3YMKOB, COBEp-
HICHCTBOBAHMS METOAOB OLIEHKU BIUSHUS pa3HBIX
BUJIOB TPaHCIOPTa Ha SKOHOMHUYECKYIO, COIHAIIb-
HYI0 B DKOJIOTHYECKYIO c(hephl XKH3HU 00IIecTBa
1 pa3pabOTKHU METOMOB MOAJIEPKKH TTACCAKUPCKUX
JKEJIE3HOAOPOKHBIX TEPEBO30K 3a CYET CPENICTB
(hemepalbHOTO ¥ MECTHBIX OIOKETOB;

— COBMECTHOE HCIOJIb30BAaHHE  JKEJIE3HOJO0-
POXHOI MHPPACTPYKTYPBHI MACCAKUPCKUMHU H TPY-
30BBIMH TI0€3/IaMHU TMPUBOJIUT K YXYAIICHHIO yCIIO-
BUH TIPOIyCKa TOCIETHUX; ISl OLEHKH BIWSHUSI
YBEIUYEHHS YUCIIa U CKOPOCTH MAaCCAKUPCKUX T0-
€3/10B Ha IKCILTyaTaI[HOHHBIC PACXOJIbl, CBSI3aHHBIE
C TPY30BBIMH NIEPEBO3KAMH TI0 aHAJIOTHH C JKeJe3-
HeiMu oporamu CIIIA HeoOxoaumo pa3paboTaTh
METOABI OLIEHKH HEOJTHOPOAHOCTH TIOTOKA MOE3/I0B
Ha Ka4eCTBEHHBIC IMOKAa3aTeN pabOTHI YKENE3HBIX
JIOpOT.

CIIMCOK UCITOJIbB3OBAHHBIX NCTOYHMKOB

Bapam, FO. C. Ponp 3ami3HUYHOTO TpaHCHOPTY YKpaiHH B 3a0€3MEUCHHI CTaJlOTO PO3BUTKY CYCIIIHCTBA /
1O. C. bapam, 1. I1. Kopxenesuu // BicH. JIHinmponeTp. Hall. YH-TY 3a]i3H. TpaHcIl. — [JHinporeTpoBchk, 2008.
— Bumn. 24. — C. 201-206.

BanTaxni nepeseserns y 2016 porui [Dnextponnsiii pecypc] / [epxaBHa ciry>x6a CTaTUCTHKH YKpaiHW. —
Pexum noctyma: http://ukrstat.gov.ua/operativ/operativ2016/tr/vp/vp_u/vpl1216 _u.zip. — 3ari. ¢ skpaHa. —
IIposepeno : 31.03.2017.

Kozauenko, JI. M. [ocnimkeHHs: koe(dilieHTIB 3HOMY B YMOBaxX IMPHCKOPEHOrO Ta MIBUAKICHOIO PyXy
nacaxxupebkux moiznis / JI. M. Kozauenko, O. 1O. ITamaxos, H. O. Jlorsinosa // BicH. Axaa. MUTHOI ciyx0Ou
VYxpainu. Cepist: Texniuni Hayku. —2014. — Ne 2 (52). — C. 110-116.

Kypran, H. b. OntuMu3zanus paboTsl MyTH Npy NepepaciipeieIeHUH IPy30BbIX U NacCaKUPCKUX MTOTOKOB Ha
ceTH xkene3Hsx gopor Ykpaunsl / H. b. Kypran, M. A. 3as // TIpoGiieMbl TpOEKTUPOBAHUS U CTPOUTEIHCTBA
JKEIEe3HBIX JTOPOT : MEXKBY3. ¢0. Hayd. Tp. / JambHEBOCT. TOC. YH-T IyTel cooOmeHms. — Xabaposck, 2011. —
C. 27-38.

[Macaxwupcbki nepesesenns y 2016 pori [Dnexkrponnsiii pecypce] / JepxkaBHa ciy0a cTaTUCTHKA YKpaiHU. —
Pexxum poctyma: http://ukrstat.gov.ua/operativ/operativ2016/tr/pp/pp_u/ppl1216 u.zip. — 3arin. ¢ 3kpaHa. —
IIposepeno : 31.03.2017.

[po 3anmizHMYHMA TpaHcnopt [DnekTpoHHBIH pecypc] : 3akon Ykpainu Bin 04.07.96 p. Ne 274/96-BP. —
Pexum goctyma: http://zakon2.rada.gov.ua/laws/show/273/96-sp. — 3arn. ¢ 3kpana. — IIpoepeno :
31.03.2017.

Amtrak National Facts [DnexTponHslit pecype]. — Pexxum nocryna: https://www.amtrak.com/national-facts. —
3arun. ¢ akpana. — [Iposepeno :10.01.2017.

doi 10.15802/stp2017/99986

© P.T. Kopobsesa, 2017



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIpOneTpoBcbKOro
HAI[IOHAJIBHOTO YHIBEPCHTETY 3aIi3HUYHOr0 TpaHcmopty, 2017, Ne 2 (68)

EKCIUIYATANIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Brock, T. J. An Overview of US Commuter Rail [Onextponnsiii pecypc] / T. J. Brock, R. R. Souleyrette. —
2013. -  Pexum  pmoctyma:  http://www.ktc.uky.edu/files/2013/10/Commuter-Rail-Report FINAL-
KTC 13 18 .pdf. — 3armn. ¢ sxpana. — [Iposepeno : 31.03.2017.

Bureau of Transportation Statistics. National Transportation Statistics; «Table 1-40: U.S. Passenger-Miles
(Millions)»  [Dnektponnblii  pecypc]. —  Pexum  pmocryma:  https:/www.rita.dot.gov/bts/sites/
rita.dot.gov.b/files/publications/national transportation_statistics/html/table 01 40.html. — 3arun. ¢ skpana. —
IIposepeno : 10.01.2017.

Bureau of Transportation Statistics. National Transportation Statistics; «Table 1-50: U.S. Ton-Miles of
Freight» [OnexTpoHHBII pecypc]. - Pexxum JIOCTYTIA: http://www.rita.dot.gov/bts/sites/
rita.dot.gov.bts/files/publications/national transportation_statistics/html/table 01 50.html. — 3arxn. ¢ sxpana. —
IIposepeno : 31.03.2017.

Harrod, S. A tutorial on fundamental model structures for railway timetable optimization / S. Harrod //
Surveys in Operations Research and Management Science. — 2012. — Vol. 17, Ne 2. — P. 85-96. doi:
10.1016/j.s0rms.2012.08.002.

Johnson, B. E. American intercity passenger rail must be truly high-speed and transit-oriented / B. E. Johnson
//'J. of Transport Geography. —2012. — Vol. 22. — P. 295-296. doi:10.1016/j.jtrangeo.2012.01.018.

Lane, B. W. On the utility and challenges of high-speed rail in the United States / B. W. Lane // J. of Transport
Geography. —2012. — Vol. 22. — P. 282-284. doi:10.1016/j.jtrangeo.2012.01.030.

Model for optimal selection of projects to improve running time and operating cost efficiency on passenger rail
corridors / H. Tang, C. T. Dick, B. M. Caughron, X. Feng, Q. Wang, C. P. L. Barkan. // Transportation
Research Record: J. of the Transportation Research Board. — 2016. — Ne 2546. — P. 33—42. doi: 10.3141/2546-
05.

Mosher, W. W. A Capacity Restraint Algorithm for Assigning Flow to a Transportation Network /
W. W. Mosher // Hihway Research Record. — 1963. — Vol. 6. — P. 78.

Mu, S. Efficient dispatching rules on double tracks with heterogeneous train traffic / S. Mu, M. Dessouky //
Transportation Research. Part B: Methodological. — 2013. — Vol. 51. — P. 45-64. doi:
10.1016/j.trb.2013.02.004.

O'Dea, W. P. The role of the passenger train in the United States: A cost comparison of the common carriers /
W. P. O'Dea // Transportation Research. Part A: General. — 1991. — Vol. 25. — Iss. 6. — P. 429-442. doi:
10.1016/0191-2607(91)90020-q.

Petersen, E. R. Over-the-Road Transit Time for a Single Track Railway / E. R. Petersen // Transportation
Science. — 1974. — Vol. 6. — P. 65-76.

Plant, J. Handbook of Transportation Policy and Administration (Public Administration and Public Policy) /
J. F. Plant, V. R. Johnston, C. E. Ciocirlan. — Boca Raton : CRC Press, 2007. — 656 p.

Pouryousef, H. Hybrid simulation approach for improving railway capacity and train schedules /
H. Pouryousef, P. Lautala // J. of Rail Transport Planning & Management. — 2015. — Vol. 5. —Iss. 4. — P. 211-
224. doi: 10.1016/.jrtpm.2015.10.001.

Pouryousef, H. Railroad capacity tools and methodologies in the U.S. and Europe / H. Pouryousef, P. Lautala,
T. White // J. of Modern Transportation March. —2015. — Vol. 23. — Iss. 1.— P. 30-42.

Resor, R. R. Shared-Use Corridors: Survey of Current Practice and Recommendations for the Future /
R. R. Resor, T. R. Hickey // Transportation Research Record: J. of the Transportation Research Board. — 2005.
— Ne 1930. — P. 38-43. doi: 10.3141/1930-05.

Shih, M.-C. Impact of Passenger Train Capacity and Level of Service on Shared Rail Corridors with Multiple
Types of Freight Trains / M.-C. Shih, C. T. Dick, C. P. L. Barkan // Transportation Research Record: J. of the
Transportation Research Board. —2015. — Ne 2475. — P. 63—71. doi: 10.3141/2475-08.

Sogin, S. Simulating the effects of higher speed passenger trains in single track freight networks / S. Sogin,
C. P. L. Barkan, Mohd Rapik Saat // Proc. of the 2011 Winter Simulation Conf. — Phoenix, AZ, United States,
2011. —P. 3684-3692. doi: 10.1109/WSC.2011.6148061.

Superelevation Optimization for Mixed Freight and Higher-Speed Passenger Trains [Qnekrponnsiii pecypc] /
C. T. Dick, L. Sehgal, C.J. Ruppert Jr., S. Gujaran // Proc. of the American Railway Engineering and
Maintenance-of-Way  Association Annual Conf. — Orlando, FL, 2016. — Pexum gocryma:
http://railtec.illinois.edu/articles/Files/Conference%20Proceedings/2016/Dick-et-al-2016-AREMA .pdf. — 3aru.
¢ akpana. — [Iposepeno : 31.03.2017.

The full cost of high-speed rail: an engineering approach / D. Levinson, J. M. Mathieu, D. Gillen, A. Kanafani
// The Annals of Regional Science. — 1997. — Vol. 31. —Iss. 2. — P. 189-215.

doi 10.15802/stp2017/99986 © P.T. Kopobsesa, 2017

77



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIpOneTpoBcbKOro
HAI[IOHAJIBHOTO YHIBEPCHTETY 3aIi3HUYHOr0 TpaHcmopty, 2017, Ne 2 (68)

EKCIUIYATANIA TA PEMOHT 3ACOBIB TPAHCIIOPTY

27. Types of Railroads [Diekrponnsiii pecypc]. — Pexxum nocryma: https://www.aar.org/todays-railroads/our-
network?t=typesofrailroads — 3arm. ¢ sxpana. — [IpoBepeno :10.01.2017.

28. Vranich, J. Help Passenger Rail by Privatizing Amtrak [Dnexrponssiii pecypc] / J. Vranich, E. L. Hudgins ;
Cato Institute. — 2001. — Pexxum moctyma: https://object.cato.org/sites/cato.org/files/pubs/pdf/pad419.pdf. —
3arn. ¢ skpana. — [Iposepeno : 31.03.2017.

P.T. KOPOBMOBA"

"Ka. «Yupapmninns exciuyarauiiiHoro po6oToroy, JIHinponeTpoBchKuil HaLiOHaIbHHIT YHIBEPCHTET 3aIli3HHYHOIO TPAHCIIOPTY
imeHi akaziemika B. Jlazapsina, Byn. Jlasapsna, 2, ninpo, Ykpaina, 49010, ten. +38 (056) 373 15 70,
ex. momTa rgkorobyova@rambler.ru, ORCID 0000-0002-6424-1079

MPOBJIEMHA OPTAHI3AIIIL ACAXKHUPCHKHUX IEPEBE3EHB HA
SAJIIBHUIAX CIITA

MeTta. B po6oTi HE0OXiJHO MMPOBECTH JOCIIKEHHs opraHizauii podotu 3amizHnuHoro tpancrnoptry CILIA npu
BUKOHAHHI NacaXHPChKUX IepeBe3eHb. MeToauka. JlocimimpKeHHs BUKOHAaHI Ha IIJCTaBl aHaNi3y JIiTepaTypHHX
JOKEpeI Ta 3BITHUX JIaHUX Mpo nacaxupcbki nepeBeseHHs B CIIIA. PesyasTaTn. HeraTuBHUME TEHACHLISIMH B PO-
00Ti Maca)KUPCHKOr0 KOMIUIEKCY 3aJi3HMIb YKpaiHU € MaiHHs 00CSTiB IepeBe3eHb, IPOrpecyroue CTapiHHs pyXo-
MOTO CKJIaIy Ta 3arajibHa 30UTKOBICTh IIPOTO BHUIY JISUTBHOCTI UL YKP3aMi3HHLI. Y 3B'A3KY 3 IIUM aKTyaJIbHUM 3a-
BIAHHSAM JUTS BITYM3HSIHOTO 3ATi3HHYHOTO TPAHCIIOPTY € MPOBEACHHS pedopM ramysi. Y 3B's3Ky 3 1uM Oyio BUBUe-
HO JOCBiJ] OpraHi3alii macaxupchbkux rnepeBe3eHb Ha 3anizHUIX CIIA, ocoOnuBicTIO SKUX € BKpall BHCOKUH CTY-
MiHB KOHKYPEHIIii MX BHIaMHU TPAHCTIOPTY. 3a MiJACyMKaMH BUKOHAHOTO aHali3y yMoB poboTH 3amizauis CIIA Ta
YkpaiHu BCTaHOBJICHI 3arajibHi YMOBH (DYHKIIIOHYBaHHS 3aJi3HUIL 000X KpaiH, MOB'I3aHUX 13 3a0e3MeUeHHsIM Tie-
pEeBe3eHHsI MacaxupiB. BcTaHOBIICHO, IO 3aralbHUMH yMOBAaMM BHKOHAHHS 3QJII3HUYHHUX ITaCaXHUPCHKHUX IepeBe-
3enb s CHIA i Ykpainu € noraunidHicTh [OT0 BUIY IiSUIHOCTI Ta CHUJIbHE BUKOPUCTAHHS iHPPACTPYKTYpH IS
NIEPEeBE3CHHS BaHTAXIB 1 MacaXUpiB. Y 3B'SI3Ky 3 IMM, NMPHU po3poOLi MiAX0AiB 10 peopMyBaHHS HMaCAKUPCHKOTO
rOCIIOJIapCTBA 3aJII3HULL YKpaiHH, JOUUILHUM € BUKOpucTaHHs nocBiay CILIA 1mono ouiHkM cycniibHOT e(eKTHB-
HOCTI 3aJII3HUYHOTO TPAHCIIOPTY, BIUIMBY Haca)XKUPChKUX MEPEBE3CHb HA YMOBH IPOITYCKY BaHTaXXHUX I013/1iB, CITi-
JHHOTO  BHKOPUCTAHHS 3QJII3HUYHOI 1HQPAaCTPyKTYpH BaHTOKHMMH Ta MAaCaXUPCBKUMHM  KOMIIaHISIMH.
HaykoBa HOBH3HA. B po0OoTi aBTOPOM BCTaHOBJIEHI 3arajibHi TEHICHIIII y PO3BUTKY MACAKUPCHKHUX 3aITI3HUIHUX
nepeBeseHs B CIIIA ta B Ykpaini. [IpakTtnyna ninnicTb. BcTaHoBNeHI B pe3ynbTaTi JOCTiIKEHHS METOIN OpTaHi-
3amii poOOTH MacaXUPCHKOTO KOMILIEKCY 3ali3HUIHOTO TpancmopTy CLIIA MoxyTh OyTH amanToBaHi IS BHPIIICH-
HsI IpO0OJIEM PO3BUTKY ITACAXKHUPCHKHUX MIEPEBE3CHb Ha 3alli3HULAX Y KpaiHu.

Kntouosi  cnoea: 3anmi3HWYHHMA TPaHCIOPT, MACAKUPCHKI IEPEBE3CHHS; 3ali3HHM4YHA I1H(PacTpyKTypa

R. H. KOROBIOVA

"Dep. «Management of Operational Work», Dnipropetrovsk National University of Railway Transport named after Academician
V. Lazaryan, Lazaryan St., 2, Dnipro, Ukraine, 49010, tel. +38 (056) 373 15 70, e-mail rgkorobyova@rambler.ru,
ORCID 0000-0002-6424-1079

ISSUES OF ORGANIZING THE PASSENGER TRANSPORTATION ON
US RAILWAYS

Purpose. The paper focuses on a study of the US railway transport organization management during passenger
transportation. Methodology. Studies were carried out on the basis of the analysis of literature sources and reporting
data on passenger transportation in the USA. Findings. Negative trends in the work of the passenger complex of the
Ukrainian railways are the slowdown in the volumes of transportation, the progressive aging of the rolling stock and
the overall activity running at a loss for Ukrzaliznytsia. In this regard, the actual task for domestic rail transport is
the implementation of industry reforms. Therefore, the paper presented the study of the experience of organizing the
passenger transportation on US railways, whose peculiarity is the extremely high degree of competition between
modes of transport. As a result of the conducted analysis for working conditions of the US and Ukrainian railways,
the general conditions for the functioning of the railways in both countries connected with passenger transportation
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securing have been established. It was found that general condition for execution of railway passenger transportation
for the United States and Ukraine is the subsidization of this activity and combined use of infrastructure for the
freight and passengers’ transportations. In this connection, when developing approaches to reforming the passenger
economy of Ukraine's railways, it is advisable to use the experience of the United States in assessing the social ef-
fectiveness of rail transport, the impact of passenger transportation on the conditions of freight trains handling, and
combined use of railway infrastructure by freight and passenger companies. Originality. The author determined the
general trends in the development of passenger railway transportation in the US and Ukraine. Practical value. The
resulted methods of organizing the operation of the US railway passenger transportation complex can be adapted to
solve problems in the development of passenger transportation on the Ukrainian railways.
Keywords: railway transport; passenger transportation; railway infrastructure
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INFLUENCE OF CONTACTOR CONTACT PRESSURE IN POWER
CIRCUITS OF ELECTRIC STOCK ON THEIR PLASTIC
DEFORMATION AND FUSING

Purpose. The work is aimed at conducting the study to obtain the results that will quantify the influence of con-
tactor contact pressure in power circuits of electric stock on the highest current value 7, , that does not cause plastic

deformation of contacts; and on the current value /- incipient fusion of contacts taking into account the operation

conditions. Therefore, such a study targeted to establish the contact fusing causes is relevant.

Methodology. The paper proposes an engineering method for determining the currents /, and [fs , taking into ac-

count the value of contact pressure, electrodynamic forces of contact repulsion F

~dr > as well as the pressure influ-
ence on the values of such forces. Findings. Taking the contactors 1ISVADS (locomotive ChS8) and 7SP1 (locomo-
tive ChS4) as an example, the authors conducted the calculations and found that the peak pressure force increases

the currents /, and [/ 4 for these contactors by 11.8%; 15.5%; 11.8%; and 15.4% respectively (compared with the

specified currents at the minimum pressure force). Influenced by F,

contactor decreased by 13.8...31.8%, and for 7SP1contactor the value F,

edr

the pressure force of contacts for ISVADS

may be greater than the pressure force.
This can lead to spontaneous shutdown of the closed contactor that is not provided by the control circuit. Ensuring
during operation the maximum allowable pressure force of the contacts F slightly affects the value F,, , com-

c

pared with the case when F, has the minimum permissible value (in event of a fault in the heating circuit I, for

contactors ISVADS and 7SP1 is reduced by only 2.45% and 2.59% respectively). Originality. The authors for the
first time presented a quantitative assessment of influence of contactor contact pressure in power circuits of electric
stock on their plastic deformation and fusing using the proposed engineering method.
Practical value. The results obtained during the research allow solving the problem for developing measures aimed
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to improve the reliability of the heating circuits of electric locomotives ChS8 and ChS4. The proposed method of
determining /, and [ can be used to quantify the influence of pressure of the main electric contacts mounted in

power circuits of electric stock of all series, if during the operation there are cases of plastic deformation, fusing,

welding of such contacts, in order to improve the reliability of power circuits.
Keywords: contact pressure; plastic deformation current, fusing; pressure force; repulsion; shock current; contact

resistance

Introduction

Practice shows that there are cases in operation
when power contacts of contactors in power cir-
cuits of electric stock are fused and sometimes
welded. For example, the above effects were re-
corded during the operation of the electric locomo-
tives ChS8 when the contacts of 1SVADS type
contactor in the heating circuit of carriages were
fused before the short circuit (SC) response time in
the given circuit. The time of SC inception until
the short-circuit response is 0.08 sec [1, 2].

Purpose

The work is aimed at conducting the study to
obtain the results that will quantify the influence of
contactor contact pressure in power circuits of
electric stock on the highest current value /,, that

does not cause plastic deformation of contacts; and
on the current value /,— incipient fusion of con-

tacts taking into account the operation conditions.
Therefore, the study targeted to establish the con-
tact fusing causes is relevant.

Methodology

We know that contact performance is deter-
mined by thermal processes in them [4, 5, 7, 10—
12, 17-22]. Herewith the crucial is relationship
between the energy losses in the contact connec-
tion 4, and the heat dispersion energy 4, ,, which

is output into the environment during the same
time. The currents that are larger than the nominal
ones significantly hinder the work of contacts. This
gives rise to phenomena that can lead to dangerous
consequences. The increasing current, for example,
in SC mode in the heating coil under consideration,

(dI/dt)>0 causesAd=A —A,, which can lead

to overheating of contacts. A certain value of un-
balanced energy A4 can initiate plastic deforma-
tion of the contact surfaces and even fusing of
these surfaces.

The main indicator of the quality of contact
connection is voltage drop AU, on it

AU, =1Ir,, (1)

where / — current through contacts, », — con-
tact resistance.

The current rapid changes, peculiar to SC
mode, lead to increase of the electrodynamic forces
that reduce contact pressure, while this reduction
increases the contact resistance 7,. Higher r, fur-

ther increases AU_, caused by the rise in current.
The ratio between the currents /, (the highest

current which does not cause plastic deformation
of contacts), /, (incipient fusion current) and the

currents at certain modes in the heating circuit of
the electric locomotives ChS8, ChS4 are specified
in [1, 2]. This study raises the problem to study
quantitatively the dependence of contact resistance
r, of the contactors ISVADS (locomotive ChS8)
[13] and 7SP1 (locomotive ChS4) [15] on the con-
tact pressure force at different operation modes of
heating circuits [9].

Let us consider first the influence of the value
of the contact pressure force F,, caused by the
springs, of 1SVADS-type contactor on the current
value 7, in nominal mode. The contact pressure
force F, for this contactor may be in the range of

80 N to 100 N [13]. Transition resistance at nomi-
nal mode [14, 16] is as follows:

p, |T-0,
r = — —C Py 2
¢ nom 2 F::-C ( )

where p, — specific electrical resistance of con-
tact materials at nominal mode, Ohm-cm

G, — specific crease-resistance of contact ma-
terials;

¢ — the number of contact points;

F, — contact pressure force, N.
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Specific electric resistance p, of contact mate-

rials at nominal mode (when permissible excess
temperature of contacts at ambient temperature of
40 °C by DSTU 2773-94 does not exceed 80 °C):

3)

— specific resistance at 0 °C,

pt :po (1+XsrT)’

where p,
Ohm-cm
Y, — temperature coefficient of specific resis-

1 .
tance, Aegree 10°°

T =40°C+80°C=120 °C.
Material of the contacts is silver (silver lining).
Py, =1.5 mkOhm-cm=1.5-10" Ohm - cm;

1
Xw =4 ————; ¢=3 (for surface contacts);
degree-10
specific crease-resistance for silver contacts

G, =303-10 N/cm® [13, 15, 16]. Then:
P, =1.5-10°(1+0.48)=2.22-10° Ohm-cm,
According to (2) when F, =80 N:
222:10° [=-303-10°

¥ oms = =22.1-10° Ohm
' 2 80-3
According to [6]
0.56-AU.
[d = r—s s (4)

cnom

where AU, — voltage drop in the contact that

corresponds to material softening. For silver
AU_ =0.09 V [14]. In figures:

~0.56-0.09

& 221.107°
When F, =100 N:

~2.22-10° [m-303-10

cnoms

=2280 A

=19.76-10"° Ohm

2 100-3
- 0.56-0.0_96 _1550 A
19.76-10

Thus, ensuring of the maximum pressure force
F,=100N during operation of the contactor
ISVADS increases the value of current [/, that
does not cause plastic deformation of contacts by

w.loo % =11.8%

compared to the
2280

current value /,, at the minimum allowable value
of the pressure force F, =80 N.

For contactor 7SP1 [13, 15, 16]:
— contact pressure force F, may be in the

range of 90 N to 120 N;
— contact material is cadmium copper;
¢ =2 (for linear contacts);
1

degree-10°

= Ouep =505-10° N/crn2 ;
~ Pogy =2.15-10° Ohm-cm .
Then

Proy =2.15-107 (1+Mj= 2.82:10° Ohm-cm
‘p 1000

2
S0y 8510 Ohm
90-2

AU, =0.12 V [6].
0.56-0.12

“ = 41.85-10°
When F, =120 N:

. ~282:10°° th-SOS-lO2
120-2

cnom.cp 2
0.56-0.12

“r = 36.24-10°
Thus, ensuring of the maximum pressure force
F, =120 N during operation of the contactor 7SP1

= Anep = 2.6

When F, =90 N:
_2.82:10°

T nom.cp 2

=1605 A

=36.24-10"° Ohm

=1854 A

in nominal mode increases the value of current
I, that does not cause plastic deformation of

1854 -1605

contacts by -100 % =15.5 % com-

pared to the current value 7, at the minimum al-
lowable value of the pressure force F, =90 N.
Further, we consider the effect of the force F,

on the current value /. For contactor ISVADS:

— fusion temperature for silver is 7; =960 °C
[16];

- AU, =0,37 V[6];

At the beginning of fusion according to (3):

4-960
L =1510° 1+
ptst ( 1000

j: 7.26-10° Ohm-cm.
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When F, =80 N according to (2):

-6 P
2126007 1303007 g 5510 Ohm
2 80-3
58-A
[fs,s :M [6]
I/;:nom.fs
In figures
- O.58~0.3_76 2060 A
72.27-10

When F, =100 N:

P _ 7.26-10° |x-303-10°
cnom.fs.s 2 100 . 3
_0.58-0.37
b 64.64-10°
Thus, ensuring of the maximum pressure force
F,=100N during operation of the contactor
ISVADS increases the by
3320-2969
2969
fusion current value at the minimum allowable
value of the pressure force F, =80 N.

For contactor 7SP1:
— fusion temperature
T, =1083 °C [16];

- AU, =043 V[6];
At the beginning of fusion according to (3):

=64.64-10"° Ohm

=3320 A

fusion current

100 %=11.8 % compared to the

for copper

Prsep =2.15-106[1+%J=8.19-106 Ohm - cm.

When F, =90 N:
-6 2
o _8.19-10 [n-505-10 121,510 Ohm
- 2 90-2
According to (5):
~0.58-0.43

=—"""" -2053 A
B 121.5.10°

When F, =120 N:
_8.19-10’6 1-505-10°

¢ nom.fs.cp 2 120-2
~0.58-0.43
B 1052107

=105.2-10° Ohm

=2370 A

Thus, ensuring of the maximum pressure force
F =120 N during operation of the contactor 7SP1

increases the fusion current by

2370-2053

2053
fusion current value at the minimum allowable
pressure force F, =90 N.

100 % =154 % compared to the

Further we define the electrodynamic repulsion
forces F,,. between the contacts, under which the
contact pressure is reduced, resulting in increased
contact resistance 7,. It is necessary to assess the

value of the forces F

edr

compared to the forces F,.
May the effect of F,, lead to contact breaking?
These forces are equal to [12]:
Fa =2 107111{3}

25,

)

where D and 7, are the sizes indicated in Fig.
1;

I — current in heating circle at appropriate
mode.

27,

\ 4

-
-+

,-—-—-—-—-._.--""'"_"""""'-—""'_""\______/-\

Y
~

A
Y

D

- -
- >

Fig. 1. Scheme of current flow lines in the contact

Fig. 1 shows a conventional scheme of the cur-
rent lines approach to the contact point. At the sec-
tions ao—a'o’ and ob—ob' the currents have op-
posite directions and there are the electrodynamic
repulsion forces between them. In case of alternat-
ing current the electrodynamic repulsion force
pulses with double frequency compared to the cur-
rent frequency, varying from zero to the maximum
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value without changing the sign (as in the expres-
sion (5) the current [ is squared). Radius 7, of the

creasing area (cm) is determined by the pressure
force in the contacts and resistance o__ [12]:

Cr.s

rO = VF;/nGcr,s : (6)

The most (shock) values of F,, will be in SC

mode when there is no load on the heating coil. [3]
For electric locomotive ChS8 (contactor 1SVADS)
the shock currents i, during short circuit in the

heating circle equal to [1, 2];
i}, =3981.9 A when U, =19 kV
i, =5239.8 A whenU, =25 kV
iy =6078.7 A when U, =29 kV.
U, is voltage in the contact network: the mini-

mum allowable in operation (19 kV), nominal
(25 kV), the maximum allowable (29 kV). SC took

. . i
place at the time point, when, o, — @, =5, where

o, is the phase angle U, for the first time point of
SC. @, — is the angle between the vectors U, Tta
and /, in SC mode.

U, and I, are voltage and current in the trac-

tion transformer SC study during short-circuiting
of heating coil. We consider the most difficult op-

. T L
tion when SC for o, — @, =3 is at the electric cir-

cuit section of from the heating coil clamp to the
first electric furnace in the car. Such SC can result
from the breakdown of high voltage cable lines,
inter-car connection isolation (which is most like-
ly), erroneous actions of service personnel, etc. [8].

For calculations we take the average of the con-

tact pressure force F =90 N,
.. =303-10° N/em®*, D=3 cm [2].

According to (6):
r, =+/90/7-303-10* =0.03 cm.

According to (5):

E" =2-107-6078.7 h{ > 03] =286 N

when U, =29 kV.

F!,. =2-107-5239.8°In 31215 N
“ 2-0.03

whenU, =25 kV.

edr

F' =2-107-3981.9%In Lj:lm N
2-0.03

when U, =19 kV.
Pressure force F, =90 N under the influence
of the forces F, will decrease in the range from

edr
HJOO %=13.8 % to 28.6
90 90

100 % =31.8 %.

Thus, under the influence of electrodynamic
repulsion forces in this case the ISVADS contactor
contacts will not be disconnected, but the contact
pressure is significantly reduced, leading to a sub-
stantial increase in contact resistance, instant in-
crease in contact energy losses and therefore to
increased contact fusing.

For electric locomotive ChS4 (contactor 7SP1)
the shock currents ijin the same condition, that

the short circuit is occurred at time point when
o, — @, =g, equal to [1, 2]
i}, =7076.8 A when U, =19 kV

i" =9313.4 A whenU, =25 kV
i" =10801.7 A when U, =29 kV.

For calculations we take F, =90 N,
ey =505-10° N/em®, D=3 cm [2].

According to (6):

ry =+/90/1-505-10% =0.024 cm.

According to (5):

¢.A.B

F" =2.107-10801,7*In 3 =96,5 N
2-0,024

b

when U, =29 kV.

F' . =2:107-:9313,4’In 3 =71,73 N
* 2-0,024
whenU, =25 kV.
F! ,=2-107-7076,8"In 3 =41,3 N
* 2-0,024

when U, =19 kV.
Thus, under the influence of electrodynamic
repulsion forces (F/, =41.3N<F =90 N and
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F!' =7173N<F =90N) the 7SP1 contactor

contacts of will not be disconnected, but the con-
tact pressure is significantly reduced, leading to a
substantial increase in contact resistance, instant
increase in contact energy losses and therefore to
increased contact fusion.

However the electrodynamic repulsion force
=96.5N>F =90 N and the contactor 7SP1

can disconnect liberally, bearing SC current. Thus
a powerful electric arc arises that first of all will
fuse the contacts. It should be noted that the
scheme does not provide the circuit breaking by
the contactors 1ISVADS8 and 7SP1 in current. Giv-
en that on the electric locomotives ChS8 and ChS4
the currents #,, i}, i are equal to several thou-
sand amperes, it can be stated that for the time
t=0.08 sec [2] (until the main switch deenergizes
the circuit of the electric locomotive) the fusion
process will pass its active phase. The fused metal,
spraying in all directions, can cause a fire in the
chamber, where contactors 1ISVADS and 7SPlare
mounted.

Let us consider the effect of the contactor con-
tacts pressure on the value of the electrodynamic
repulsion forces at SC in the heating circuit. For
example, we consider SC at U, =25 kV, when

F "

edr

T
oy — P, :E.

Contactor ISVADS: i, =i} =5239.8 A. When
F, =80 N according to (6):

7, =+/80/m-303-10% =0.029 cm.

F,,, =2-107-5239.8°1n 326N
. 2-0.029

When F, =100 N

r, =+/100/7-303-10% =0.032 cm.

F, =2-107-5239.8’In SRS RUSY VN,
© 2-0.032

Thus ensuring of the maximum allowable pres-
sure force F, =100 N during operation of the con-

tactor ISVADS reduces the electrodynamic contact
repulsion force F,, at SC in the heating circuit by

21.6-21.07
21.6

-100 % =2.45 % compared to the

value F,;, at the minimum allowable force
F, =80 N.
Contactor 7SP1: i, =i} =9313.4 A. When

F_ =90 N according to (6):

r =+/90/7-505-10% = 0.024 cm.

3

F, =2-107-9313.4In| ———— |=713 N
© 2-0.024

When F, =120 N
1y =+/120/7-505-10* =0.027 cm.

F. =2-107.9313.4° ln[;j =69.5 N.
2.0.027

edr

Thus ensuring of the maximum allowable pres-
sure force F, =120 N during operation of the con-
tactor 7SP1 reduces the electrodynamic contact
repulsion force F,; at SC in the heating circuit by
71.3-69.5

69.5
ue F,, at the minimum allowable force F, =90
N. That is to say, both for contactor ISVADS and
for contactor 7SP1 ensuring of the maximum al-
lowable pressure force F, during operation does

-100 % =2.59 % compared to the val-

not significantly affects the value F,, compared

to the case when F, has the minimum allowable
value.

Findings

Taking the contactors 1SVADS (locomotive
ChS8) and 7SP1 (locomotive ChS4) as an
example, the authors conducted the calculations
and found that the peak pressure force increases
the currents 7, and [, for these contactors by

11.8 %; 15.5 %; 11.8 %; and 15.4 % respectively
(compared with the specified currents at the mini-
mum pressure force). Influenced by F,, the pres-
sure force of contacts for ISVADS contactor de-
creased by 13.8-31.8 %, and for 7SP1contactor the
value F,, may be greater than the pressure force;
this can lead to spontaneous shutdown of the
closed contactor that is not provided by the control
circuit. Ensuring during operation the maximum
allowable pressure force of the contacts F, slightly

affects the value F

edr

compared with the case
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when F has the minimum permissible value (in

event of a fault in the heating circuit F,_ for con-

edr

tactors 1ISVADS and 7SP1 is reduced by only 2.45
% and 2.59 % respectively).

Originality and practical value

The paper for the first time presented a quanti-
tative assessment of influence of contactor contact
pressure in power circuits of electric stock on their
plastic deformation and fusing using the proposed
engineering method.

The results obtained during the research allow
solving the problem for developing measures
aimed to improve the reliability of the heating cir-
cuits of electric locomotives ChS8 and ChS4. The
proposed method of determining /, and /, can be

used to quantify the influence of pressure of the
main electric contacts mounted in power circuits of
electric stock of all series, if during the operation
there are cases of plastic deformation, fusing,
welding of such contacts, in order to improve the
reliability of power circuits.

Conclusions

1. The proposed method of determining the in-
fluence of the contact pressure of contactors in the
power circuits of electric stock on their plastic de-

formation and fusing can be used for all series of
electric locomotives and trains.

2. Ensuring the maximum allowable pressure
force during operation of the contactors ISVADS8
and 7SP1 increases the value of current that does
not cause plastic deformation of contacts, respec-
tively by 11.8 % and 15.5 %, compared with the
value of this current at the minimum allowable
value of the pressure force. Herewith the fusion
current of the contacts increases respectively by
11.8 % and 15.4 %.

3. The electrodynamic contact repulsion forces
during SC in the heating circuits of the electric lo-
comotives ChS8 (contactor 1SVADS) at the con-
tact network voltage of 19 kV, 25 kV, 29 kV are
respectively equal to 12.4 N, 21.5 N, 28.6 N,
which leads to a significant increase in contact re-
sistance, instant increase in contact energy losses
and therefore to increased contact fusing. These
forces in the heating circuit of the electric locomo-
tives ChS4 (contactor 7SP1) are equal to 41.4 N (at
19 kV), 71.73 N (at 25 kV) and at 29 kV the repul-
sion force is 96.5 N, that is more than the mini-
mum allowable pressure force of 90 N. Therefore,
the contactor 7SP1 can disconnect liberally, bear-
ing SC current, and that is not envisaged by the
scheme.

4. The results of the research can be used in the
development of measures to improve the reliability
of power circuits of the electric stock.
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BIIVIMB HATUCHEHHS KOHTAKTIB KOHTAKTOPIB Y CUJIOBUX
KOJIAX EJIEKTPOPYXOMOI'O CKJALY HA IX IIJIACTUYHY
JAEDPOPMAIIIIO TA IIVIABJIEHHSA

MeTa. Y po60Ti HEOOXIZHO MTPOBECTH JIOCIIPKEHHS JJIsl OTPUMAaHHSI Pe3YJIbTATiB, SIKi JI03BOJIAThH KiIBKICHO OLi-
HHUTH BIUIMB HATHCHEHHS KOHTAKTIB KOHTAKTOPIB Y CHJIOBHX KOJaX CICKTPOPYXOMOTO CKIIaay Ha 3HAYCHHs HaiOi-

JIBIIOTO CTpyMy [, , IO He BUKJIMKAE TIACTHYHOI AedopMarlil KOHTAKTIB; Ta Ha 3HAYEHHS CTpyMy [~ — MOYaTKy

TUIABJICHHSI KOHTAKTIB i3 ypaxyBaHHSIM YMOB eKcIuTyaTalii. ToMy Taki JOCIiKEHHs 3 METOI0 BCTAHOBJIEHHS IPUYNH
PO3IUIAaBJIEHHS KOHTAKTIB € aKTyalbHUMH. MeToamka. 3anpollOHOBAHO IHXKEHEPHMH METOJl BH3HAUCHHS

crpymis [ Ta [, i3 ypaxyBaHHSM BEJMYMHM HATHCHEHHS KOHTAKTIB, BU3HAYEHHs CJNEKTPOJAMHAMIYHUX CHJI

Bi,HHITOBXyBaHHH KOHTAKTIB F a TaKOX BIUIMBY HaTHUCHCHHS Ha 3HA4YCHHA TaKuX CHIIL.

€.J.B 2
PesyabTaT. Ha npukiani koarakropiB 1SVADS (enextpoBo3 UCS8) ta 7SP1 (enextporo3 UC4) micist mpoBeneHNX
aBTOPaMHU PO3PaxyHKiB BCTAHOBIEHO, 1O 3a0e3MeYeHHs MAKCUMAIbHOI CHIIM HATMCHEHHs 30inburye ctpymu [, Ta

I . nus BraszaHux koHrtakTopiB Ha 11,8 %; 15,5 %; 11,8 %; ta 15,4 % BinnoBinHo (B MOPIiBHSHHI 3 BKa3aHUMH

CTpyMaMH TIpH MiHIMalbHil JoMycTuMil cuii HatucHenHs). Iin BiumBom F, | | cHjla HATHCHEHHS! KOHTAKTIiB KOH-

taktopa 1SVADS 3menmnyerbes Ha 13,8...31,8 %, a nus kontakropa 7SP1 3Hauenns F,_ Moxe cratu Ginbiie

e.1.B
3a CHJIy HaTUCHEeHHs. lle Mo)ke IpHU3BECTH O CaMOBUIBHOIO BIIKIIOYEHHS KOHTAKTOpa MiJl CTPyMOM, IO HE Iepes-
6adeHo cxeMor0 KepyBaHHA. 3a0e3MedeHHs NpH eKCIUTyaTallil MaKCIMAaJIbHOI JOMYCTUMOI CHJIM HATHCHEHHS KOHTa-

KTiB F, HEe3HauHO BILUIMBAE HA 3HA4YeHHA F, Yy TOpiBHAHHI 3 BUMAAKOM, Komu [ Mae MiHiMaibHE JIOMyCTHME

€. K

3Ha4eHHs (IIPH KOPOTKOMY 3aMHMKaHHi y Koqi onanenns F_ . s kontaktopiB 1SVADS8 ta 7SP1 3meHunyeTbes

Bchoro Ha 2,45 % ta 2,59 % BignosinHo). HaykoBa HOBM3HA. ABTOpaMH BIIEplIe JaHa YMCEIbHA OILIHKA BILIMBY
HAaTUCHEHHS KOHTAKTIB KOHTAKTOPIB y CHJOBHX KOJaX €JIEKTPOPYXOMOIO CKJaay Ha IX IUIACTHYHY
nedopmarniro Ta TUIABJICHHSA 3 BUKOPHCTaHHIM 3aIpOIIOHOBAHOTO IH)KEHEpPHOTO METOxy.
MpakTuyna 3HaYMMicTb. OTprMaHi B XOMi TOCTIIHKEHb Pe3yIbTaTH JO3BOJITIOTH BUPINITYBATH 33434y MO PO3pOOII
3axO[iB MO0 MiIBUIICHHS HAIIHHOCTI poboTH Kin omaneHHs enekTpoBo3iB UCE ta YC4. 3anponoHOBaHUN METON

13 BU3HAUYECHHS [ﬂ Ta Irm MOXEC 6yTI/I BI/IKOpI/ICTaHI/Iﬁ JIIsL KIJIBKICHOT OI_[iHKI/I BIUIMBY HATUCHCHHS I'OJIOBHUX KOHTAK-

TiB €JEKTpOamnapaTiB, IO CTOATh Y CHJIOBHX KOJaX €JEKTPOPYXOMOTO CKJIaay BCiX Cepiil, AKIIO MpH eKCIUTyaTarii
MaroTh MicClle BUIIaJIKH IJIaCTHYHOT AedopMallii, I1aBiIeHHs, 3BapIOBaHHs KOHTAKTIB [[UX alapaTiB i3 METOO ITiJBH-
IICHHS Ha{IHHOCTI pOOOTH CHIOBUX KiJI.

Knwouogi crosa: HaTHCHEHHA KOHTAaKTiB; CTPYM IDIaCTHYHOI nedopmanii; IUIABJICHHS; CHIa HATHCHEHHS;
BIJIIITOBXYBaHHS; yJApPHUN CTPYM; OITip KOHTAKTiB
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BJIUAHUE HAKATHUA KOHTAKTOB KOHTAKTOPOB B CHJIOBbBIX
OENAX SJIEKTPOIIOJABUKXHOI'O COCTABA HA UX
IINIACTUYECKYIO JE®@OPMAIINIO U IIVIABJIEHUE

Leanb. B pabore HEOOXOAMMO MPOBECTH UCCIIEAOBAHUE ISl TIOJIyYEHUS PE3yJIbTaTOB, KOTOPbIE TIO3BOJIAT KOJIHU-
YECTBEHHO OIICHUTH BIIMSHUAE HaXaTHsi KOHTAKTOB KOHTAKTOPOB B CHJIOBBIX I€MaxX 3JEKTPOIOABIKHOTO

cOCTaBa Ha 3HAYeHHE HAMOONbIIEro Toka [, KOTOPHIH He BHI3BIBAET IUIACTMYHOH Jedopmalum KOHTAaKTOB;

U Ha 3HA4YCHHC TOKa 1 — HavJaJla TIIJIaBJICHUS KOHTAKTOB C Y4YC€TOM yCHOBI/Iﬁ OKCIUTyaTaluu.

i

Meronnka. IIpenyosien uH)eHepHbIi MeTo onpenesienus TokoB [ u [, (C y4eToMm 3HaueHMs aBJICHHUS KOHTaK-

TOB), QJICKTPOAMHAMUYCCKUX CHUJI OTTAJIKUBAHHUA KOHTAKTOB F a TaKXC BJIMAHHUA JaBJICHHA Ha 3HAYCHUA

3.71.0
takux cui. PesyabTaThl. Ha npumepe konrakropo 1SVADS (anekrpoBo3 UCS) u 7SP1 (anmektporo3 UC4) mocie
IMMPOBCACHHBIX aBTOpaMU pacY€TOB YCTAaHOBJICHO, YTO 06ecnequI/Ie MaKCUMaJIbHON CHIIBI JaBJICHUA YBCJIMYUBACT

Toku 1 L1 I . s ykasaHHbIX koHTakTopoB Ha 11,8 %; 15,5 %; 11,8 %; 15,4 % cOOTBETCTBEHHO (B CpaBHEHHH

C YKa3aHHBIMHU TOKaMU IIpU MUHHUMAJIBHO ,Z[OHyCTHMOﬁ CHJIe ,Z[aBJ'IeHI/IH). HO,Z[ BJIMSAHUEM F;.n.o cujia JaBJICHUSA KOH-

TakTOB KOoHTakTopa 1SVADS ymenbuiaercs Ha 13,8...31,8 %, a s kontakropa 7SP1 3nauenue £ & MOXeT cTath

0
Gosbllie cribl AaBIEHUS. DTO MOXKET IIPUBECTH K CAMONPOU3BOJIBHOMY OTKIIFOUEHHIO KOHTAKTOpA MO TOKOM, YTO
HE TIPEeIyCMOTPEHO cxeMoi ympasieHus. OOecnieueHne TPH IKCIUTyaTaMM MAaKCHMAaJIbHOW JOIyCTHMOM
CUIBl JaBJCHHS KOHTAKTOB [ HECYIIECTBCHHO BIMACT Ha 3HaueHue I/ B CPaBHEHHM CO CIy4aeM, KOraa

3.4.0 °

F; UMEET MHUHHUMAJIBHOEC IOIIYCTUMOEC 3HAYCHUE (HpI/I KOPOTKOM 3aMBIKaHUHW B MTE€NU OTOIUICHUA F;.;lo

i koHtakropoB ISVADS wu 7SPl ymenpmaercs Bcero Ha 2,45 % u 2,59 % COOTBETCTBEHHO).
Hayunasi HoBU3HAa. ABTOpaMH BIIEpBBIC JlaHA KOJIMYECTBEHHAsI OLICHKA BIIMSHUS JaBJICHHS KOHTAaKTOB KOHTaKTOPOB
B CHJIOBBIX IIeTIaX 3JICKTPOIOBIKHOTO COCTaBa Ha MX IUIACTHUYECKYIO Ae(OPMAIMIO U TUIABJICHHE C MCIIOJIb30BaHH-
eM MpPEUIOKEHHOr0 HWHXeHepHoro Mertona. IlpakTuyeckasi 3HAYMMOCTB. [loNMydeHHBIE NPU HCCICIOBaHUH
pe3ynbTaThl MO3BOJSIOT pelIaTh 3ajady pa3paOOTKM MEpPONPHUATHHA 0 IOBBINICHHIO HAJEKHOCTH paboThI

ueneii orornenus snekTposo3oB UC8 Ta UC4. Tlpennoxennsiid meton mo onpenenenuto [, u I MoxkeT GHITH

UCTIOB30BaH I KONMYECTBEHHON OLICHKU BIIMSAHMS JABJICHUS TIABHBIX KOHTAKTOB 3JIEKTPOANIApaTOB, KOTOPHIE
CTOAT B CHJIOBBIX LETIAX 3JIEKTPONOJABUKHOTO COCTaBa BCEX CEPHUi, €CIIM MPH SKCILIyaTallMd UMEIOT MECTO CIIy4Yau
TUIACTUYECKOW JieopMaliny, TUIaBJIeHUs, CBAPUBAHUS KOHTAKTOB 3THX alllapaToB C IEJbI0 MOBBILICHUS HaJIe)KHO-
CTH pabOThI CHJIOBBIX LIETICH.

Knrouesvie crnosa: NaBieHHe KOHTAKTOB; TOK IUIACTHYECKOW AedopMaluy; IUIABICHUE; CHJIa JABJICHUS; OTTAl-
KMBAaHUE; YAAPHBINM TOK; COIPOTUBIIEHUE KOHTAKTOB
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MOJIEJTIOBAHHS EPEXIJTHOI KPUBOI HA OBMEKEHII AIISTHIII
MICIHEBOCTI

Mera. ¥ crarTi HeOOXiTHO PO3IIITHYTH MOJAJBLINI PO3BUTOK METOY F€OMETPHYHOTO MOJIEIOBAHHS IIEPEXiTHUX
KPHMBHX, SKi BJIAIITOBYIOTHCS MDK HPSMOJIHIHHUMH Ta KPYrOBUMH JAUISTHKAMH 3aJli3HUYHUX KOJIH Ta OyIyIOThCS
Ha MICIIEBOCTAX, PEJbe] SIKMX OOYMOBIIIOE TTEBHI OOMEXEHHSI Ha PO3MIPH MEPEXITHUX KPUBHUX 3AJTI3HUYHOTO IIUISXY.
Metonuka. PiBHSHHS niepexisiHOi KpuBOi OepeThcs B MapaMeTpHYHOMY BHTJISI, JIe TApaMETPOM BUCTYIAE JOBKHHA
JIyT'l MOJICJIbOBaHOi KpUBOi. BUXITHUMH TaHUMU TIPH MOJIETTIOBaHHI BUKOPHUCTOBYIOTHCSI KOOPIMHATH TIOYATKOBOI TO-
YKHM TIepeXiZHOI KpUBOI Ta KyT HaXxwily B HIH JOTHYHOI, pajalyc Koja KpYyroBoi IUISHKM Ta Hapamerp, SKUH
€ 0OMEeXEHHSIM TIPH PO3MIIIIEHHI TUISTHKH 3ali3HUYHOTo nurixy. [lepexiqHa KprBa MOJETIOETHCS 38 YMOBH, KOJIU PO3-
MO 1 KPUBHHHU Bil JOBKUHH AYyTM — HATYPaJbHOTO TMapaMeTpa — IiJIOPSAKOBYETHCSA KyOiuHIM 3aeKHOCTI.
st 3a1eXHICTh MICTHTh YOTHPU HEBIIOMHUX KOe(illieHTH, HEBIIOMOO TaKOXK € TOBXKHHA AyTru. HeBimomi koedimieHTH
BU3HAYAIOTHCS B MPOLECI MOJICITIOBAHHS [IepeXiqHOT KpHBOi. 3aCTOCYBAaHHS TPAaHUYHHUX YMOB, HOJIOXKEHDb JudepeHiia-
JBHOT TeOMeTpii MO0 PO3MOALTY KyTa JOTHYHOI IO MOAEITBOBAHOI KpUBOT (B IOYAaTKOBOI 710 KiHIIEBOI TOYOK Tepexi-
JIHOT KPUBOI Ta pO3paxyHKy KOOpJAMHAT KiHIIEBOI TOYKHM KPUBOI) J03BOJISIE 3BECTH 3a/lauy MOJIEIIIOBAHHS TIePEeXiaHOT
KPHBOI JI0 BU3HAUCHHS JIOBXHMHH JIYTHW 1€l KpHBoi. be3nocepeiHbo TOBKMHA MepexiqHol KpHBOT 3HAXOUThCS B IIPO-
1eci MiHiMizaMii BIIXWIICHHS IEHTpa KoJia KPYTroBOi JJISTHKY [UISXY BiJ 10ro MOTOYHOrO 3HA4YEHHs, SIKe BUXOAUTS TTiJ|
Yac MouIyKy J0BXHHH Oyru. PesyabTaTu. [IpoBeeHHS 00UMCITIOBAIBHOTO €KCIIEPUMEHTY JIOBEJIO MOXKIIMBICTH MOJIE-
JIOBAaHHS  TEpexifHoi KpHBOi MDK TNPSAMOJIHIMHUMH Ta KpPYrOBUMH peHKaMd 3ali3HUYHOIO  LULIXY
Ha JUTAHII MicIieBOCTi oOMexkeHoro posMipy. HaykoBa HOBH3HA. ABTOpaMu po3po0IeHO METOI T€OMETPHUIHOTO MO-
JIEITIOBaHHS TIEPEXiTHIX KPUBUX MK MPSAMOJIHIHHAMHI Ta KPYrOBUMH JUISHKAMHE 3aJli3HUYHOTO IDIIXY B YMOBaxX 00-
MEKEHHX PO3MipiB MICIIEBOCTI, Ha SIKiif MpoKiIanatoThes periku. [lepexinHa KprBa MOAAETHCS B HATYPAJIbHIl mapaMeT-
pu3amii 31  3acCTOCyBaHHSAM  KyOI4HOI  3aJ€KHOCTI  PO3MOAUTY KPWUBHHM  BiA  JOBXKHHH 11  IOyTW.
IIpakTHyHa 3HAYUMICTH. 3aTIPOITOHOBAHMI METOJ MOACTIOBAHHS IEPEXiTHUX KPUBUX B yMOBAaX OOMEXEHUX PO3Mi-
PiB MiCIIEBOCTi TO3BOJISIE 3 BUCOKOIO TOYHICTIO OTPUMYBATH IIi KPUBi B MIMPOKOMY [Tiara3oHi BapilOBaHHA [E€OMETPHY-
HHMX TIapaMeTpiB MPSMONIIHINHKUX 1 KPYTOBUX JUISTHOK 3aJII3HMYHOI KOJIIT Ta mapameTpa, SIKMH BUCTYIae OOMEKEHHIM
NIPY MOJICJIIOBAaHHI NIepeXiiHOi KpHBOI. MeTo; MOXKHA PEKOMEH/1yBaTH B PAKTUKY OYAiBHULTBA 3aTi3HUYHUX KOJIH.

Kniouosi crosa: TeomeTpudHE MOJICITIOBAHHS; IEPEXiHa KpUBa; 0OMEXeHa MUITHKA; KpUBHHA KPHBOi; KyOiuHa
3aJIOKHICTh PO3NOILTY KPUBUHU
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Beryn

Y mpoMHCIOBO PO3BUHEHUX KpaiHax, A0 SKHX
HaJISKUTH 1 YKpaiHa, 3aJIi3HHYHUI TPaHCIOPT Ha-
JNEXUTh A0 chepu MaTepiadbHOrO BHUPOOHHIITBA,
CBOEPITHOIO TIPOIYKITIEI0 SKOTO € TacaKHPCHKi,
BaHTa)KHI Ta 3MillIaHI BAHTaXO0-ACAKUPCHKI TIepe-
Be3eHHsA. 3a Oynb-sKMX 00CTaBUH Oe3neka pyxy
3aJTI3HUYHOTO TPAHCIOPTY € OJHWM 3 HaiBax-
JIMBINIMX MHUTaHb Horo ekcrutyatamii. [Tpu oMy
0co0IMBI BHUMOTH BHCYBAIOTBCSI JO Te€OMETpii
3aIi3HAYHOI KOJTii.

VYnamryBaHHSI peKOBOi KOJIii Ha KpUBHUX 11 Iii-
JSHKax Mae€ HU3KYy O0COONMBOCTEH, 3yMOBICHHX
crienQikoro B3aeMoii Kouii i pyXoMoro ckiamy,
3MiHaMu KoH(irypamii Komii Ha KpPHUBOIIHIHHUX
IUISTHKaX 1 HAsBHICTIO TaK 3BaHUX MEPEXiTHUX
KPUBUX, fAKi 3’€IHYIOTh KPYrOBi KpWBi 3 IpUJIsTa-
FOUMMH TIPSIMUAMU peiikaMu a0o 3’ €THYIOTh KPYTOBi
KpHBI Pi3HUX pajiyciB KpuBHHHU. Bizomo, mo npu-
3HAUEHHSIM TMEpeXiHUX KPHUBHX € 3a0e3leueHHs
TUTABHOI 3MIHM KPUBHWHH B MICISX 3’ €THAHHS JiJs-
HOK KOJIii 3 pi3HUMHU CTATAMH KPUBUHAMH PEHOK.

[IpoekranTamu 3ami3HUYHOI KOJii OCOOIHMBA
yBara MPHIUIETHCS YIAIMITYBAHHIO TEPEXiTHUX
TUISTHOK TIPH BHCOKHX IIBHIKOCTSIX PYXY IOTSTIB,
3aCTOCYBaHHI KONIHHHMX KPHBHX Majloro pajiyca,
IpU pyci pyXOMOTO CKJIaay BEIHWKOI BarW Ta 3Hay-
HO1 06a3M MK KoJjiecaMHu. Y Cy9acHHX yMOBax, KO-
JU  MIBUAKICTh MMAaCAXHUPCHKUX TMOTATIB  Csrae
200 km/ron i Oinmblie, BUMOTH JO SKOCTI Tepe-
X1THUX KPUBUX CYTTEBO 3POCTAIOTh.

IlimBuIeHHS TIBUIKOCTI PyXy IMOi31iB, X BaH-
TaXKOITI THOMHOCTI Ta 3a0e3ledeHHs] Oe3MeKnu pyxy
Ha KPUBOJIHINHUX JISHKAX KOJMii 3HAYHOIO MipOIO
BH3HAYAETHCA TEOMETPHUYHOIO JOCKOHAIICTIO TIe-
PEXiTHUX KPUBHUX IUX AUISHOK. ['eoMeTpuyHe Mo-
JENMIOBAaHHS MEPeXifHUX KPUBUX 3ali3HHYHHUX
KON € BaXJIMBUM HAyKOBO-TEXHIYHUM 3aBJaH-
HSIM.

HaykoBi jocmigpkeHHsT B Taly3sX NPUKIAIHOT
Ta OOYHCIIOBAaJIbHOI TEOMETpii, KOMII FOTEPHOI
rpadikd OCTaHHIM YacOM IOCSTIN 3HAYHUX YCIi-
XiB y cdepl aHANITUYHOTO MOJaHHs OOBOJIB 1 TO-
BEPXOHb Pi3HUX TEXHIYHUX JAeTaner Ta ix Bizyaui-
3amii 3a momomorord EOM. Ile mae MOXIHMBICTB
CHOAIBATUCS, MO 3aCTOCYBAaHHS JIOCATHEHb Ili€l
rajgy3i HaykKd 10 T€OMETPUYHOTO MOJICIIOBAHHS
MEPeXiTHUX KPUBUX 3ANI3HUYHOI KOIii JTO3BOJIUTH
MIIBUITATH SKICTh IX TMPOSKTYBAHHS 1 CHPHUITHME

MIIBUIIECHHIO OC3MEeKH PyXy Ha IUX AY)KE BaKIIH-
BHUX 1 OJIHOYACHO HEOE3MEUHUX JIUISHKAX IILISAXY.

TakuM 4YMHOM, DPO3B’sI3aHHA 3ajadi, fKa IO-
CTaBlieHa B Mid poOOTi, a came: BIOCKOHAIIEHHS
METOJIB TEOMETPUYHOTO MOJENIOBaHHS TIepe-
XITHUX KPUBHX 3QJII3HUYHOI KOJIii, € aKTyaJbHUM,
BOHO Ma€ He TUTBKH BAXXIIUBE TEOPETHYHE, i Mpak-
TUYHE 3HAYCHHS.

AHai3 OCTaHHIX JOCTIKeHb 1 IyOJiKaIii.
OcHOBH Teopii HepexiIHUX KPUBUX Ha 3ali3HUILI
Oynm 3aKiajieHi Ha TOYaTKy MHHYJIOTO CTONITTSA i
HaOyJIM TOAANBIIOr0 PO3BUTKY B POOOTAax BITUM3-
HSHUX 1 3aKOPJIIOHHUX NOCHigHMKIB [1, 4, 8, 9, 12,
15-19, 22-25]. ¥ mux podoTax HNpOIOHYETHCS TIe-
pexifHI KpWBiI THOJaBaTH KIOTOimaMH, Kapmioima-
MU, pajioizamu. mapa0dojaMu pIi3HHX CTEICHiB,
JeMHIcCKaTaMu bepHyITi, Ma)XOpaHTHUMH, TPYXK-
HUMH, MIBUIAKICHUMH Ta IHITUMH MaTeMaTHIHUMHU
KPHBHMHU.

VY nitepaTypi NpUIiieHO AOCTaTHHO YBard Iu-
TaHHIO MOJEIIOBAHHS KPHBHUX JiHIM Ans pi3HUX
MPaKTUIHUX JAOJATKIB, y TOMY YHCII 1 THX, Kl 3a-
CTOCOBYIOTBCSI IPH ONHKCI KPUBUX, MPUAATHUX IS
MMOJaHHS 3aMi3HUYHOI Koiii [2, 3, 11, 15, 20]. As-
TOPH ITUX POOIT 3aCTOCOBYIOTH SIBHY, HESBHY, ITa-
pameTpu4Hy GOpMHU ONHCY KPUBHX.

MogenoBaHHIO KPHBONIHIHHMX OOBOAIB Yy
HaTypaabHIN rmapameTpu3arii MIPUCBSTICHI
nyOmikamii [3, 11, 13, 14]. ¥ poborax [3, 14]
PO3MIISIHYTI MUTAaHHS T€OMETPUYHOTO MOJETIOBAH-
HSl KPUBUX JIiHIN 3 KyOI9HUM PO3IIOALSIOM KPUBUHU
B 3aJIKHO BiJl JOBXUHH TYTH.

OcTaHHIMH pOKaMW B 3aJi3HUYHIH cIpaBi
3HayHA yBara NPUIUIAETBCS PO3POOII TPOEKTIB
BHCOKOIIBUAKICHUX 3aJII3HUYHUX NUIAXiB. [Ipo me
CBiYaTh, 30KpeMa, HACTYMHI MyOJiKaiii BITYU3-
HSHUX HaykoBIiB [5—7, 10]. Sk Buine Bigmidanocs,
MiABUINEHHS IIBUIKICHOTO PEXUMY PYXY IOI3ZIiB
BUMarae 3acTOCyBaHHsI OUTBII peTebHHUX MiAXOMIB
JO TEOMETPUYHOTO0 MOJENIOBAaHHA MepeXiTHUX
KpUBUX, JI€ OJHUM 13 OCHOBHUX YHHHUKIB €
po3moai KpuBHHU KpuBoi. CaMe Ie IOCITYKHIIO
OCHOBHUM MOTHBOM JJISl pO3POOKH HOBOTO METO.Y
MOJICJTFOBAHHS TEpEeXiTHUX TUISTHOK 3aJli3HWYHHUX
NUISXIB 13 3aCTOCYBaHHSM HATYypaJIbHOI IapameT-
pu3arlii KpUBHX, IO 1X MOAAIOTb.

Meta

Mertoro 11i€i CTaTTi € MONaNbIINI PO3BUTOK Me-
TOAY TEOMETPUYHOTO MOJICTIOBAHHS TEPEXiTHUX
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KpUBHX 3alli3HUYHHUX KOJiH, sSKi OymyroThcs Ha
MiCIIeBOCTi, peibed SKOT 3yMOBIIOE TICBHI 0OMe-
JKEHHSI Ha TeOMEeTpilo MepexiiHoi KpHBOi, sKa
BIIAIITOBYETHCSI MK TIPSAMOITIHIHHOIO Ta KPYTOBOIO
IUISHKaMH 3aJ113HMYHOI KOJIi.

3po3ymisio, M0 MUTaHHS MOJETIOBAHHS Tepe-
XiZHUX KPHBHX He € HOBUM. Moro BupileHHIO
MIPUCBSYEHO JOCTATHRO ITyOIIKAIliil K y BITYM3-
HSHIN, Tak 1 3apyOixHill nmiTeparypi. ABropu Oa-
raTboX poOiIT, SKi PO3TIIAIAI0Th 1€ JTyXKE BaKITUBE
JUTSL 3aJ1I3HUYHOTO TPAHCIOPTY MHTAHHS, BHKOPH-
CTOBYIOTH Pi3HI MaTeMaTHU4HI KpWBi I 3abesrie-
YeHHS IUIaBHOI, HE CTPHOKOMOMIOHOT 3MiHM KpH-
BUHH B MICIAX NEPEXOAy BiA MNPAMOTIHIHHMX
TJISTHOK TIISAXIB IO KPYTOBHX.

s poboTa € MpPOJOBKEHHSAM OCIIIKEHb, SKi
BUKOHYIOThCS aBTOPAMH 3 T€OMETPUYHOTO MOjIe-
JIIOBaHHS KPUBHX JIIHIN 13 3aCTOCYBaHHSIM 33JITaHUX
3aKOHIB PO3MOJiy KPHBHHU Ta 3aJaHUMH 3HAYCH-
HAMHU KpPUBHHM B TpaHMYHMX Toukax [3, 11, 13—
15].

MeTtoanka

VY mpakTtuni OyAiBHUITBA 3alMi3HHYHHUX LUIAXiB
HETNOOIMHOKI BUTIA/IKH, KOJH Y 3B'A3KY 3 penbedom
MiCIIEBOCTI 200 uepe3 iHIIi AKi-HeOYIb TPUIHHAMHE
HEOOXiZIHO TPOKIJIANAaTH KOJIII0 Ha OOMEXeHid 3a
po3mipamu ginsHI MicueBocti. [1in oOMexeHHIM
OynemMo po3yMmiTH HasiBHY B PO3MOPSIKEHHI MPO-
eKTaHTa BiJICTaHb BiJl IOYATKY TEpeXiHOI KpUBOI
Ha TPSAMOJIHIMHIA MINSHII KONl A0 JOTUYHOI,
MPOBEJICHOT 10 KPYroBoi MUISHKH NUIAXxy. [lpm
IFOMY JOTHYHA J0 KPYTOBOI JUISHKH MPOBOAMTH-
csl TEPIEHAUKYISIPHO N0 TepeadadyBaHOroO IMpo-
JTOBJKEHHS TIPSMOITIHIHHOT peikn nuixy (puc.l).

ABTOpH 11i€1 pOOOTH MPONOHYIOTH MOJIETIOBATH
TUIOCKI TepeXiHi KpHBI 3 BHKOPUCTAHHIM iX
HaTypalbHOI MapamMeTpu3aii, sika nepeadavae Ha-
SIBHICTh 3aJIS)KHOCTEH JEKapTOBUX KOOPAMHAT MO-
JICIbOBAHOT KPUBOT BiJl JOBXKHHH i AYTH.

[loObynoBy  mepeximHOl  JUISHKH — ILISAXY
3MIHCHIOBATUMEMO 3 BUKOPUCTAHHIM KPHUBOI, KPH-
BHHA SKOI OMHUCYETHCS KyOIYHOIO 3aJICXKHICTIO Bif
JIOBXKUHH 11 AYTH S:

k(s)=as® +bs* +cs+d. (1)

Koedinientn a, b, ¢ 1 d mi€ei 3amexHOCTI BU3HA-
YaIOThCS B MPOLIECI MOJCITIOBAHHS KPHUBOI.

Puc. 1. [lo ycrporo nepexiqHoi KpuBoi

Fig. 1. To the structure of the transition curve

IIpu  po3B’s3aHHI  NUTaHHS  BHU3HAYEHHS
HeBimomMux KkoedirmieHTiB 3anexxnocti (1) 3a rpa-
HUYHI YMOBH NPUHAMAETHCS, 10 B IOYATKOBIN TOY-
a B KIHIIEBIN TOYIll — BEIMYWHI OOEPHEHIN pamiycy
KpYroBoi AUISIHKH HUIAXY. Takok NpHiMaeThes,
0 B TMOYATKOBIHM 1 KiHIEBill TOoukax mepeximaHol
KpHBOi MOXigHA Bif ii KPUBUHU IO JOBXKHHI JTYTH
JTIOPIBHIOE HYJIIO.

3a 03HaUYCHUX TPAHUYHUX yMOB, MOXHA BCTa-
HOBHTH, 10 KOeQIIlieHTH ¢ i d MarOTh JOPIBHIOBa-

TH HYJIIO.
Koeditientn a i b BU3HAYAIOTHCS 32 YMOBH, 1110
BiIOMi  KOOpIWHATH KIHIEBOI TOYKH TIpA-

MOJTIHIMHOI AUISHKY NUIAXY, KyT HOTO HaXWiIy IO
TOPU30HTANIBHOT OCi, a TaKOoX pajiyc KoJjia, IO
OTHCYE KPYTOBY JUISHKY IILJISAXY.

Bimomoto € Takox i BemuumHa A, sika 00yMo-
BIIIOETBCS  OOMEXKEHMMHU pO3MipamMH  JUISTHKH
MICIIEBOCTI, /€ MaroTb OYyTH MNpPOKJIalIeHi piiku
3aII3HIYHOTO TIISAXY.

Bigznaummo, mo i MOOYIOBH IIepeXimHOT
KpPHBOT HEOOX1THO, KpiM Koe(DillieHTiB @ 1 b, TakoXk
3HATU AOBXHUHY AYyTH S i€l KPUBOI.

3 audepeHmmiaibHol TeoMeTpii BiIOMO, IO TH-
(depeHmian KyTa, yTBOPEHOTO MiX JOTHYHOIO O
KPHUBOI Ta BiCCIO a0CIHMC, BUBHAYAETHCS JOOYTKOM
nmudepeHItiana JOBKUHY TyTy Ha il KpUBUHY

do = k(s )ds,

e k(s) — KpUBUHA KPUBOI.

[HTEerpyBaHHAM IILOTO BHpPA3y MOKHA BH3HAYH-
TH 3aJIEXKHICTh PO3MOAUTY KyTa HAXWIy JOTHIHOI
JI0 KpUBOT BiJI JJOBXKUHH i1 TyTru
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e ¢(0) — KyT HaXWTy JOTUYIHOI B ITOYATKOBIH TOU-
1l KpUBOi, TOOTO B TOYI 4 (IUB. puc. 1).

3 ypaxyBaHHSM rPpaHUYHHX YMOB, sIKi 3aCTOCO-
BYIOTBCS JIO 3aKOHY PO3MOJTYy KPUBHHU JJISI Ha-
IIOTO BHIIAJKy, OCTATOYHO OTPHUMAEMO HACTYITHY
3aIeKHICTh PO3MONINY KyTa HaXWiIy JOTHYHOI JIO
KpPHUBOI BiJ ii JOBXKUHH:

3
N N

= |1-—=1 2
RS? 28 @

(P(S ) =0, +
ne S — MOBKMHA JTyTH TepeXiqHoT KPUBOT MiXK TOY-
Kamu A 1 B, sika Ha TIOYaTKy MOJICTIOBAHHS € BEJH-
YHHOIO HEBIJIOMOIO.

3a3HauuMO, M0 Ha I[LOMY KPOIli MOJICITIOBAHHS
TaKOXX HEBIJOMUMHU € KOOPJUHATH TOUKH B. Are i3
3aJeKHOCTI (2) MOKHa mpu s =S 3HAUTH BHpa3
JUTSE OOYHMCIIEHHS KyTa B KiHIEBIH TOYII ITepexiaHoi
KpHBOT:

S
Pp =0+ 3)
2R
KoopnuHatu Touku B — KiHIIEBOT TOYKH Iepe-
XiTHO1 KpHBOI, SIKa TOMAETHCSA B HATYPAIbHIN TTa-
pameTpu3allii, BA3HAYal0ThCS 33 BUPA3aMH:

N
Xp=Xx,+ J.cos o(s)ds;
. 4)

Vg =Yy +J.sin(p(s)ds.
0

AmHanizyroun Bupasu (2)—(4) MOXHA TPHUUATH O
BHUCHOBKY, 1110 B HUX €JIMHOI0 HEBIJOMOIO BEIUYH-
HOIO € JIOBXKWHA JYTH IEePeXiTHOi KpUBOi S .

JoBxuHy i€l AyTM MOKHA BU3HAYUTU YHCIIO-
BUM METOJIOM, 30KpeMa, METOAOM MiHimizarii
¢yHKIIOHANMA, 3a SKUHA Bi3bMEMO BIJICTaHb MiX
meaTpoM C Kojia KPYroBoi IUISTHKA Ta TOYKOIO
Cl, sika BU3HAYAETHCS THMYACOBO IIiJ] 4Yac poOOTH
anropuTMy MiHimizamii. Bxazanuii pyHKIIOHAN
MOJKe OyTH 3aIMCaHUM HACTYITHUM YHHOM

f:\/(xc_xc’)2+(yc_yc')2- (5

st miHiMIzarii 11soro (yHKIOHATa B POOOTI
3aCTOCOBAaHO BHUCOKOC(DEKTUBHHI alTOPUTM, 3a-
nponoHoBaHuil Xykom—Jlxuscom [21].

OTxe, 331aBLIIMCh JIESIKOIO BETMUMHOIO TOBXKH-
HU TIepeXiqHoi KpUBOi, MO’KHA BH3HAYHTH 3a (Pop-
MyJnamu (4) KOOpJMHATH AESKOT MPOMIKHOI TOUKH
B. 3a mepue HaOmMKEHHS OOBXHHU IeEpeximaHoi
KpHBOi OEpeThCsl 9acTKa Bijl BETHUYNHA OOMEKCHHS
A. Koopnunatu touku C — I[eHTpa Kojla KpyroBoi
JUISTHKY BU3HAYaIOTHCS 3a (popMynaMu:

Xc =X +Rsin@y;
Ye=yp —Rcos@y.

3 iHmoro OOKy i KOOpAMHATH MOXKHa po3pa-
XyBaTH 32 HACTYITHUMH BUpa3aMu:

Xo z(yA _yC)Sin(pA CoOSP, + X, cos’ ¢yt
+xosin? @, +(A=R)coso ,;
Yo =vye +xe —xc)tge,.

Ha miacraBi 3ampomroHOBaHOTO TIiAXOXy MO
TEOMETPUYHOTO MOJEIIOBAHHS TMEPEXiIHUX KpH-
BHX Ha OOMEXeHill JISHII po3poOiieHO Tporpamy
pO3paxyHKIB 1 Bi3yalizamili OTpHMaHHX pe3yiIb-
TaTiB Ha expani [IEOM.

PesyabTatn

Ha puc. 2 y rpadivaoMy BHIIISII HaBEIEHO pe-
3yJIBTAaTH PO3B’sA3aHHS TECTOBOI 3aj1aui, OB’ A3aHOT
3 MOJICTIOBAaHHSAM TEpeXiHOi KpWUBOI Ha oOMe-
skeHi# pinsH. [IpsMoniHiliHa AiNSHKA NUISXY Ma€e
KyT HaxwiIy J0 Oci X, SKui mopiBHIOE 60°; BOHA
3aKiHgyeThes B Toumi A. HeobximHo moOymyBaTh
MEPexXiIHy KPHUBY MiX NPSAMONIHIHHOIO Ta KPYro-
BOIO TiISHKaMH KoJjii. Pamiyc KpyromBoi mimsHKH
nopiBHioe 500 M. OOMEXESHHSM ISl MOJICITIOBaHHS
nepexigHol KpuBOi BHCTyMae Bigpizok DM, skuit
BiAnoBinae mapameTrpy A (aus. puc. 1). Y posrius-
HyTOMY Tipukiagi A = 850 m.

Pesynprarom MojenmtoBaHHS € TIOOY/I0OBaHA Iie-
pexiJgHa KpuBa, SKa MOYMHAETHCA B TOYI A 1 3a-
KiHYy€ThCS B 3HameHiit Touri B. bymm pospaxo-
BaHI KoopauHaTH Touku C, sKa € IEHTPOM KPYro-
BOI NUISHKYM NUIAXy. Bimpizok BE, AOTWYHHEH 10
KOJIa KPYTOBO{ IJITHKH, € JOJaTKOBUM Bi3yaJIbHUM
MiATBEPXKEHHSIM TOTO, 1110 Binpizok CB, npoBee-
HUH 13 Touku B (TOYKM MOYATKy KPYroBOi IiJIsH-
KH), € IEPIICHANKYIISPHAM JI0 TOTHYHOI BE.
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ano -

400 ¢

0

Puc. 2. TectoBuii mpukiaa moOy10BH NEpEXiaqHOT

BennunHa moxuOKH, sSKa po3paxoByBaiacs 3a
dopmynoro (5), B TecTOBiM 3amaui CcTaHOBUJIA
0,3675 mm.

HaykoBa HOBH3HA Ta
NPAKTUYHA 3HAYUMICTh

HaykoBa HOBM3HaA TonArae B YAOCKOHAJICHHI
MiIX0Ay 0 TeOMETPUYHOTO MOJETIOBAaHHS Tepe-
XITHUX KPUBHX MIX TPSAMOTIHIHHUMH Ta KpyTo-
BUMH piKaMU 3aJIi3HUYHOTO IIISXY B yMOBax 00-
MEXKEHOI JITHKM Ha OCHOBI 3aCTOCYBaHHS KyOiu-
HOTO PO3MOJily KPUBUHH TIEPEXiTHOI KPHUBOI Bif
JMOBXUHM ii DyrW Ta BIIOMUMH ii 3HAYCHHSIMHU B
[IOYATKOBI1H Ta KIHIEBII TOUKAX.

3anpornoHoBaHUN METOJ MOJICTIOBAHHS Iepe-
XITHAX KPUBHUX MOXE OYTH 3aCTOCOBAaHUM IIPH

S

200 400 00 200 x

KpUBOi HAa OOMEXKEHIN TIIISHITI

Fig. 2. The test example of construction of transition IPOCKTYBAHH1 HE TIIPKH 3I3HUIHOTO TIUIAXY, aJIe
curve in a limited area H KpUBOJIHIMHUX OOBOMIB TEXHIYHUX BHUPOOIB
T B . pI3HOTO  KOHCTPYKTHBHOTO  O(OpPMIICHHS  Ta
. Taxum unnoM, Touka B € 3aKiHMCHHAM NEPe-  1inwoporo npusHateHHs.
X1JTHOT KPUBOI Ta MOYaTKOM KPYTOBOT JUISHKY IILISI-
Xy, SKHH MOJICIIOCThCS Ha OOMEKEHIM JISHIT BHCHOBKH
MICIIEBOCTI. _
Hagenemo Benmmumanm koopawHat Touok C i C', Hposeneni PO3paxyHKOBI HAOCIIJKCHHSA

MIATBEPAWIINA TIPaIe3IaTHICTh 3alPOITOHOBAHOTO

SKi OyJTM OTpHMaHi PH PO3B’A3aHHI B Ili€] TECTOBOI
3ajaui:

X, =629,3145 M, y. =40,8108 m;

Xo =629,3143 M, y. =40,8105 m.

MiAXOAy OO MOJENIOBaHHS TEPEeXigHUX KPUBUX
MIX TPSAMOIIIHIHHUME Ta KPYTOBUMH JTIJITHKAMH 32
HasIBHOCTI OOMEXEHb Ha MicLeBOCTi. MeTon Moxe
OyTu momupeHuii Ha TO0YIOBY MepexigHOi KpUBO1

MDK JOBOMa KPYTOBUMH IUISHKaMH 3aJli3HUYHOL
KOJIii.
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MOJEJUPOBAHUE NMEPEXOJHON KPUBON HA OTPAHUYEHHOM
YYACTKE MECTHOCTH

Heasn. B cratbe HEOOXOANMO PacCMOTPETh JAJIbHEWIIEe pa3BUTHE METOJd I€OMETPUUECKOT0 MOJICINPOBAHUS
HEPEeXOAHbIX KPUBBIX, KOTOpBIE pa3sMELAIOTCd MEXAy NPSIMOJUHEHHBIMH U  KPYIOBBIMH  Yy4acTKaMH
JKEJIE3HOIOPOKHBIX ITyTEH W CO3MAI0TCA HAa MECTHOCTSX, pesibed) KOTOPHIX OOYCIOBIMBAET OINpEJCIICHHBIC
OTPaHMYCHUS Ha pa3Mepsl MEPEXOJHBIX KPHBBIX XKEIE3HOIOPOXKHOTO IMyTH. MeToauKa. YpaBHEHHE NEpex0IHON
KpHBO#l Oepercsi B apaMeTpHUUECKOM BHJE, TJI€ B KauecTBE IapaMeTpa yKa3bIBaeTCs JUIMHA TYTH MOJEIHPYEMOM
KpHBOH. B KauecTBe MCXOIHBIX JAHHBIX NMPH MOAEIHMPOBAHUH NMEPEXOJHOM KPHBOM HCIOIB3YIOTCSI KOOPIMHATHI
Ha4yaJIbHOM €€ TOYKM M YroJl HAaKJIIOHa B HEH KacaTeJIbHOW, paJuyC OKPY>KHOCTH KPyrOBOM ydacTKa M Iapamerp,
KOTODBII BBICTYNAeT B KaueCTBE OTPaHUYCHHUS IPU Pa3MELICHUH y4yacTKa Kelle3HOJopoxHoro myTtu. IlepexonHas
KpHUBasi MOACIHPYETCS IPU YCIOBUH, UTO paclpe/ieieHHe €€ KpUBU3HBI OT JUIMHBI TyTH — HAaTypaJbHOTO IapameTpa
— ONMCBIBAETCSl KyOMYECKOW 3aBHCUMOCTBIO. DTa 3aBUCHMOCTh COJEPIKUT YEThIPe HEU3BECTHBIX KOA(PPHIUEHTa,
HEHM3BECTHOM TakxKe sBisieTcs JuinHa Ayru. KosadduuneHTsl KyOnueckoi 3aBUCHMOCTH M JIUTMHA JYTH TIEPEX0IHON
KpUBOH, KOOPIMHATHI €€ KOHEYHOM TOUKM, Yrojl HAaKJIOHa B HEHW KacaTeNbHOW ONpeAesstoTca B IpoLecce
MOJICTIMPOBAHMSI TEPEXOAHOW KpHBOW. [IprMeHeHHe TpaHWYHBIX YCIOBHH, NOsoXeHWH nuddepeHmansHoR
TEOMETPUH MPUMEHHUTEIBHO K PpaclpeleiCHHUIO yIila HAKIOHAa KacaTelbHOM K MOJAENIMpyeMod KpuBOH (OT
HaYaJbHOM 10 KOHEYHBIX TOYCK IMEPEXOTHOUW KPHUBOW M pacdera KOOPIUHAT KOHEYHOW TOYKM KPHBOK) ITO3BOJSET
CBECTH 3a/1a4y MOJICITMPOBAHMS MIEPEXOTHOI KPUBOH K ONPEAEICHHIO [UIMHBI TyTH 3TOH KpuBoi. HemocpencTseHHO
JUIMHA TIEPEXOAHONW KPHUBOW HAXOAWTCA B MPOIECCE MUHUMH3ALUHM OTKIOHEHHUS LIEHTPA OKPYKHOCTH KPYTOBOTO
ydJacTKa MyTH OT €ro TEKYIIEro 3HAa4eHMs, MOIy4aeMOoro MpH MOUCKE AIMHBI Oyrd. Pedyabratsl. IIpoBeneHHBIN
BBIYMCIIUTENbHBIA  OKCIIEPUMEHT JIOKa3al BO3MOXHOCTh MOJEIMPOBAHUS ITIEPEXOAHONW KPHUBOH  MEXOY
MPSIMOJIMHEHHBIMA U KPYTOBBIMU DPEIbCAMHU JKEIE3HOAOPOXKHOTO ITyTH Ha y4acTKE MECTHOCTH OIpaHMYEHHOTO
pasmepa. Hayunas HoBHM3HA. ABTOpamMH pa3pa0OTaH METOJA T'€OMETPHYECKOTO MOAEIHMPOBAHUS IMEPEXOTHBIX
KPHUBBIX MEXIY MPSIMOJMHEHHBIMUA U KPYTOBBIMU yYaCTKaMHU KeJIE3HOIOPOKHOTO MYyTH B YCIOBHSIX OTPaHUYEHHBIX
pa3MepoB MECTHOCTHU, Ha KOTOPOIl MpOKJIaAbIBAIOTCS penbehl. IlepexonHas kpuBas NPEeNCTaBIAETCS B HATYPAIbHON
napaMeTpu3aluy ¢ MPUMEHEHHEM KyOW4ecKOW 3aBHCHUMOCTH pAacIpeleNieHHsT KPUBH3HBI OT JUIMHBI €e IyTH.
IpakTnyeckass 3HAYMMOCTb. [IpennoKeHHBI METOX MOACIUPOBAHUS IEPEXOJHBIX KPUBBIX B YCIOBUSAX
OTPAaHWYCHHBIX Pa3MEPOB MECTHOCTH MO3BOJISIET C BBICOKOM TOYHOCTBIO TOJIy4aTh 3TH KPHUBBIE B IIMPOKOM
JMarla30He  BapbHUPOBAHUSI  T'€OMETPHUYECKHX  MapaMeTpoB  NPSAMONMHEWHBIX M KPYTOBBIX  YYacTKOB
JKEJIE3HOIOPOKHOTO MyTH W MapaMeTpa, KOTOPBIH BBICTYNAET OTPAHHMYCHHWEM IPH MOJCIMPOBAHMHU II€PEXOIHON
KpHBOH. MeTo MOKHO PEKOMEH/I0BAaTh B IPAKTHKY CTPOUTEIIHCTBA KEJIE3HOLOPOKHBIX Iy TEH.

Kniouegvie cnosa: reoMeTpUuecKOe MOACINPOBAHHUE; MEPEXOIHAST KPUBAs; OTPAHUUCHHBIA yJacTOK; KpPUBH3HA
KpHBOI1; KyOHuecKas 3aBHCUMOCTb; PaclpeelICHUEe KPHBU3HBI

V. D. BORISENKO", S. A. USTENKO*"

"Dep. «Computer Engineering», V. A. Suhomlinskiy Nikolayev National University, Nikolskaya St., 24, Nikolayev, Ukraine,
54030, tel. +38 (0512) 71 30 25, tel. +38 (063) 304 75 26, e-mail borisenko.valery@gmail.com, ORCID 0000-0002-0857-0708
"Dep. «Computer Engineering», V. A. Suhomlinskiy Nikolayev National University, Nikolskaya St., 24, Nikolayev, Ukraine,
54030, tel. + 38 (063) 479 90 61, e-mail ustenko.s.a@gmail.com, ORCID 0000-0003-4968-1233

doi 10.15802/stp2017/99942 © B. 1. bopucenxo, C. A. Ycrenko, 2017

98



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

Hayxka Ta nporpec Tpascrnopty. BicHuk J[HIIPOIETPOBCHKOTO
HaI[iOHAIFHOTO YHIBEpPCHTETY 3ali3HHYHOT0 TpaHcnopty, 2017, Ne 2 (68)

IHOOPMALIMHO-KOMYHIKALTIMHI TEXHOJIOT'Ti TA MATEMATUYHE MOJIEJTIOBAHHSI

MODELING THE TRANSITION CURVE ON A LIMITED TERAIN

Purpose. The article highlights further development of the method of geometric modelling of transition curves,
which are placed between rectilinear and circular sections of railway tracks and are created in localities, the relief of
which causes certain restrictions on the size of the transition curves of the railway track. Methodology. The equa-
tion of the transition curve is taken in parametric form, in which the length of the arc of the modelled curve is used
as a parameter. As initial data in the modelling of the transition curve, the coordinates of its initial point and the an-
gle of inclination in it are tangent, the radius of the circumference of the circular section and the parameter that is
used as a constraint when placing a section of the railway track. The transition curve is modelled under the condition
that the distribution of its curvature from the length of the arc - the natural parameter - is described by a cubic de-
pendence. This dependence contains four unknown coefficients; the unknown is also the length of the arc. The coef-
ficients of the cubic dependence and the length of the arc of the transition curve, the coordinates of its end point, the
angle of inclination in it of the tangent are determined during the simulation of the transition curve. The application
of boundary conditions and methods of differential geometry with respect to the distribution of the slope angle of the
tangent to the simulated curve (from the initial to the end points of the transition curve and the calculation of the
coordinates of the end point of the curve) allows us to reduce the problem of modelling the transition curve to de-
termine the arc length of this curve. Directly the length of the transition curve is in the process of minimizing the
deviation of the circumference of the circular path from its current value obtained when searching for the arc length.
Findings. As a result of the computational experiment, the possibility of modelling a transition curve between a
rectilinear and circular rail track in a region of a limited size has been proved. Originality. Authors developed a
method for geometric modelling of transition curves between a rectilinear and circular section of a railway track in
conditions of limited terrain size, on which rails are laid. The transition curve is represented in the natural
parameterization, using the cubic dependence of the curvature distribution on the length of its arc.
Practical value. The proposed method of modelling the transition curves in conditions of limited terrain size allows
obtaining these curves with a high accuracy in a wide range of geometric parameters of rectilinear and circular sec-
tions of the railway track and a parameter that acts as a constraint in the modelling of the transition curve. The
method can be recommended in the practice of building railways.

Keywords: geometric modelling; transition curve; limited area; the curvature of the curve; a cubic dependence;
curvature distribution
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CHCTEMA NOJJEPKKU AKAJEMHUYECKOI YECTHOCTH J1JI51
YKPAUHCKHNX YHUBEPCUTETOB

Henb. Craths mOCBSIIEHAa pa3paboTKe METOMWKH OO0ECTeueHus] aKaJeMUIeCKOW T0OpPOCOBECTHOCTH
YHHUBEPCUTETa, B OCHOBY KOTOpPOH ImoJjiokeHa Web-OpueHTUpOBaHHAs CHUCTeMa MOJJIEPKKH aKaJeMUIeCKOn
YECTHOCTH, SBIISIOIIEHCS COCTAaBHOM YacThl0 WH(QOPMAIMOHHONW CHCTEMbI YIpaBieHHs 00pa30BaTelIbHBIM
npoueccoM. CucremMa MOJUIEPKKH HaIpaBlieHa Ha YCTAHOBJICHHE aKaJIEMHYECKOH YECTHOCTH KaK OCHOBHOM
MHCTUTYLUOHAJIIBHOM ILIEHHOCTH, KOTOpas IIOMOXET YMEHBIINTb KOPPYNLHIO, IUIaruar, JIpyrue BHUJbL
akajgeMuieckoil HedecTHOoCcTH. MeToamka. MeTouka pelicHHs MMOCTABJICHHOHN 3a7adyll OCHOBaHA Ha MOCTPOCHUH
WH(POPMAIIMOHHOW CUCTEMBI YIIPaBJICHUS 00pa30BaTEIFHBIM MPOIIECCOM CO BCTPOSHHBIMHE JIEMECHTAMH YIIPABICHUS
Ka4eCTBOM, a MH(OPMAIHOHHAS TOJICUCTEMA MOJJICPKKU aKaJIeMHIECKOW H0OPOCOBECTHOCTH SIBISETCS €€ HEOTh-
eMIIeMbIM KOMITOHEHTOM. Pe3ynbraThl. [Ipemiaracmas uHGOpMalMOHHAs CHCTEMa TTO3BOJISIET PEalu30BaTh YPOB-
HH: MOHUTOPHHTAa 00Pa30BaTEILHOTO MPOIIECCa; ayuTa BHYTPEHHHUX MPOIECCOB, HEOOXOMIUMOTO Uil TIOCTPOCHUS
3G GEKTUBHON CHCTEMbl YIPABICHUS KAueCTBOM; OIIGHHBAHUS JIOCTHIKEHHI YYaCTHHKOB 00pa30BaTENbHOTO
nporiecca; (hopManIu3alii B3aUMOJCHCTBUs YYaCTHUKOB oOpa3oBaTtenbHOro mporecca. CucremMa HarpaBieHa Ha
CO3/IaHME HOBOT'O aKaJeMHUYECKOT0 00IIeCTBa, OCHOBAHHOTO Ha MPUHLIUIAX: 1) OTKPBITOro A0CTyna K HH)OPMAIIH,
IIPU KOTOPOM JIOCTYH INUPOKOI OOIIECTBEHHOCTH K MH(OpMAlMK rapaHTUpyeT ydacTtue, popMHpOBaHHE YyBCTBA
OTBETCTBCHHOCTH M COIMAIBHOTO KOHTPOJIS; 2) MPO3payHOCTA MHGOPMAIIUH, O] KOTOPOi MOHMMAETCS e aKTy-
aNBbHOCTh, KadecTBO, JOCTOBEPHOCTH; 3) OTBETCTBEHHOCTH BCEX YYAaCTHHKOB O0pa30BaTEIbHOrO IpOLECCa;
4) W3MEPUMOCTH, TMpPH KOTOPOW JrO0OE JelCTBHE B 0OOpa30BATEIBHOM IPOLECCE MOHKHO OBITh H3MEPHMO;
5) meTarpHOCTH ONMHCAHUS JCHCTBUH, Pe3yIbTaTOB U MPOLECCOB; 6) MOMICPKKH, MO KOTOPOH MOHMMAIOTCS aBTO-
MaTHYECKUE CPEIICTBA PEaM3alliy MPUHIIUIIOB OTKPHITOTO JOCTYIa K HHQOPMAIINH, €€ TPO3PAYHOCTH, OTBETCTBEH-
HOCTH BCEX YYaCTHHKOB 0Opa30BaTEIbHOrO MPOIECcca, M3MEPUMOCTHU, AETATBHOCTH, MOJJIEPKKH. [IpakTudeckas
peanu3aipss HMHOOPMAIMOHHOW CHCTEMbl OCHOBaHA HAa CO3J@HUM EIUHOTO YHHBEPCUTETCKOrO XPaHMIHIIA
undopmanuu. s OCYIIECTBICHHS aHAIM3a TAKOE XPAHWIIHUINE JOJKHO OBITh OPraHM30BaHO KakK THIEPKYO,
MMEIOLIMH JI0CTATOYHOE KOJMYECTBO H3MEpPEHUH, HANpHMEp, MO CTyASHTaM, MpernojaBaTelisiM, AUCIMIUINHAM,
ayJMTopusM, o0Opa3oBaTeNbHbIM IporpamMmaM W IwiaHam. HaywHasi HoBM3HA. BriepBbie npemioxeHa HoOBas
YeTBIPEXYPOBHEBAsl KOHLENIUs WH()OPMALMOHHON CHCTEMbl MOAJCPKKH aKaIeMHUYECKOH T0O0pPOCOBECTHOCTH.
IpakTnyeckasi 3HAYMMOCTBL. [IpeiockeHHAass aBTOpaMH CHUCTEMa IO3BOJISET COKPATHUTh  IPOSIBICHHUS
HET0OPOCOBECTHOCTH B aKaJIEMHUUCCKOM CPE/ie M CIIOCOOCTBYET MHTEIPAIMU YKPAHHCKUX YHUBEPCUTETOB B EBporty.
[IpencraBnennbie uaen OYOyT pEaTM30BaHBl B IMHJIOTHOM IPOEKTE HH()DOPMAIMOHHONW CHCTEMBI YIPaBICHUS
00pa30BaTEIEHBIM IPOIECCOM JJIsi XePCOHCKOI'0 HAIIMOHATBHOTO TEXHHISCKOTO YHUBEPCUTETA.

Kniouegvie cnosa: akanemMudeckas 4eCTHOCTbD; JOOPOCOBECTHOCTh; CUCTEMA IMOJICPIKKU aKaJeMUYEeCKON 4ecT-
HOCTH; TIPO3PAYHOCTh UHPOPMAITUH; OTKPBITHIA JOCTYI K HH()OpMAIHH

BBenenue NmeHHO B yueOHBIX 3aBEJeHHSIX MPOU3PACTAET
HOBO€E MOKOJICHHE HAIlMOHAJILHOW 3JIUTHI, HEKOTO-
phIe MPEACTABUTENN KOTOPOTO YK€ Uepe3 JECITOK
JIET HEM30EKHO OKaXyTCs y Biaactu. OT HUX 3aBH-
cut Oyaymiee cTpaHbl. ECiim MBI XOIWM CO3/1aTh
o011ecTBo, KoTopoe Oyzaer mpusHaHo B Espore,
HAIIIM MOJIOJbIE CICUHAIMCTEI JOKHEI HE TOJIBKO
MoJTy4aTh MPOQecCHOHATbHBIE 3HAHUS M HAaBBIKH,

YueOHble 3aBeNeHHs MPHU3BAHBI BBHIIOJIHATH HE
TONIbKO oOpa3oBarenbHBIC 3a7aud. BaxHeimei
U TIpY 3TOM HE MEHEe CIOXHOMU SIBISIETCS BOCIUTA-
TenpHas 3ajava. Pojib yHUBEPCUTETOB, KOJUIEDKEM
U JPYTHX 00pa3oBaTeIbHBIX YUPESKACHHUN SIBIISICTCS
ONpeAeISIONICH, B TOM YHCIIE U B BOCIUTAHUU YBa-
YKEHUSI K 3aKOHY .
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HO W TIPUAEP’KUBATHCS 3aKOHOB ¥ OOIIEIPHHSATHIX
MOpANBHBIX U 3TUYECKUX MpaBUi U HOpM [1-5].

Takum oOpa3oM, akageMudeckas I0OpOCcOBe-
CTHOCTh W YECTHOCTh WMeeT (yHIaMEHTaIbHOE
3Ha4YeHHWe, IT0ITOMY JOJDKHA CTaTh OCHOBHBIM
MPUHLIMIIOM aKaJeMHYECKOM KU3HU.

AkanemMudeckas JTHKa O3HAa4yaeT akaJieMHude-
CKYIO0 YECTHOCTHb W TIPEAIOJIaraeT, YTO CTYJEHTHI
W TIpenojaBaTeld HEYKOCHUTENBHO CIEAYIOT KO-
JIEKCy 4eCTH, JOBEpHsl, YBAKEHUS U HECYT OTBET-
CTBEHHOCTH 32 CBOM JISHCTBHS, HAIIPUMED, BBIIIOI-
HEHUE 3aJaHMi, HAaMCaHUe U MMy OIHKAIUIo padoT,
OLICHMBAaHWE 3HAHWK M OOMEH MMM B Mpolecce
o0OydeHus1, TIPEToIaBaHusl U HAYYHBIX HCCIIEJ0Ba-
Hui. Pa3zButHe akageMUYECKON STUKH — 3TO OC-
HOBHOE CPEJCTBO, C MOMOIIBIO KOTOPOTO YHHUBEP-
CUTETHl MOTYT BHOCHUTH PEallbHBIA BKJIAJ B TIO-
CTpOEHHE [TUBUIM30BAHHOTO OOIIECTBA.

Bomnpocsl KyJBTUBHPOBaHUS aKaJIeMHYECKON
MOPSIOYHOCTH B YKPAMHCKUX YHHUBEPCUTETaX
U JIpYruxX 0Opa30BaTENbHBIX YUYPEKIACHUSX OCO-
OCHHO aKTyaJIbHBEI IO CJICTYIONTAM TpHIUHAM [6].
Bo-mepBbIX, ecTh yOenuTelIbHbIE CBUAETEIHCTBA
TOTO, YTO 32 TOCJIETHUE TOJbI YNUCIIO TPOSBICHUN
aKaJeMIIecKkoil HemoOpOCOBECTHOCTH 3HAYUTEINb-
HO YBEJIMYHIIOCH, TIPY 3TOM CIIHMCHIBAHHUE U TJIaru-
aT y’Ke€ B CPEJHMX LIKOJIaX CTaj HOCUTh MacCOBBII
xapaktep. CrenoBaTenbHO, YHHBEPCHUTETAM IMPH-
JeTCsl BCe dYalle HMMeTh Jell0 C MpolieMaMu,
KacaloUIMMHKCS aKaJeMHUECKOM MOpsSJ0UYHOCTH.

Bo-BTOpBIX, IMEET MECTO «KPU3UC MOPSIOYHO-
CTH« B OOIIECTBE B IEJIOM, YTO MOPOXKAAET U
«KpU3HC aKaJeMHYECKOW MOPSITOYHOCTH B YHHU-
BepcuTeTaXx B 4YacTHOCTH. OIBIT aKaJeMHU4ecKOn
HEZOOPOCOBECTHOCTH, KOTOPBIA MONyYalOT CTY-
JIEHTHl B YHUBEPCUTETAaX, YUUT UX M B JNajbHEH-
IIeM, T1OCJIe€ OKOHYAHUSI YHUBEPCUTETOB, C JIETKO-
CThIO HE TMPHACPKUBATHCS HOPM M HaApyIIaTh 3a-
KOHHI [7, 8].

[TosTOMy yHHBEpCUTETHI, KaKk U Apyrue odpa-
30BaTeNbHBIE YUPEKACHUS, YacTO SBISIOTCS IIO-
CIIETHUM IIAaHCOM Ha TPEOJIOJIEHHE «KPH3HCa T0-
PAAOYHOCTH» M, CIEJOBATEIbHO, HECYT OCOOYIO
OTBETCTBEHHOCTh. Beab MOHSATHO, YTO €cliu TIpHu-
BBIYKH MOPSIOYHOCTH HE OYAyT MPUBUTHI CTYACH-
TaM TMpexie, YeM OHU 3aKOHYAT yueOHBIE 3aBejie-
HUS U MOMIYT paboTaTh, TO OYEHb MaJOBEPOSITHO,
YTO JJaHHBIE TPUBBIYKH CMOTYT OBITh Pa3BUTHI
B HUX TO3%e [9].

3HaueHHE aKaJIeMHUECKOW STUKU B Pa3BUTUHU
oOmiecTBa IMOAYEPKUBAIIOCH MHOTHMHU €BPOIICH-

CKUMH W aMepHUKaHCKUMH wuccienoBarensimu. C
MoMeHTa NpuHATHS bononckoit xaptum [10-12]
€BPONENCKNEe YHHBEPCHUTETHI MBITAIOTCS OIpele-
JUTh JTHYECKUE I[ENH BBICIIETO OOPa30BaHUs
B YCIIOBHSIX OONBIINX M3MEHEHHH, 00yCIOBIEHHBIX
pa3BUTHEM MaccOBOTO OOpa30BaHHS W HOBBIMHU
OTHOIIICHUSIMU C ITPABUTEIHCTBAMH.

IloBeneHne CTyneHTOB B  YHHBEPCHUTETax
W KOJUIEJKax IOJDKHO OCHOBBIBATBHCS Ha YETKO
MPOMUCAHHBIX MOPAJIBHBIX U ITHYECKUX HOPMaX,
KOTOpBIC B Pa3BUTHIX CTpaHaX MPUHATO HA3bIBATh
KOJIEKCOM YeCTH. AMEPHUKAaHCKUE YHHBEPCUTETHI
npuoOpeNH OTPOMHBIN OMBIT B CO3JAaHHHM TaKUX
KOJIEKCOB YECTH, TJie OCHOBOW STUYECKHX OTHOIIIE-
HUM TIpernogaBaTesiel U CTyICHTOB ABJISIETCS TOHSI-
tHe «academic integrity» (akageMuveckas IMopsi-
JIOYHOCTB), KOTOPOE, B CBOIO OYepe/b, OIPEes-
0T B TEPMHHAX TSTH (PyHAAMEHTANBHBIX HEHHO-
creit [12, 15]:

—  YeCTHOCTH;

—  JIOBEpHS;

—  CIIPaBeIIMBOCTH;

—  YBaXCHUS;

—  OTBETCTBEHHOCTH.

OnHako, B YKPaUHCKUX YHHBEPCHTETAX OTCYT-
CTBYIOT CTaHAApThl aKaJeMHYECKOTO ITOBEICHHS
JUTS CTY/IGHTOB M TpernojaBaTeneii. bomee Toro,
B PEaJbHOCTH IMPEHMYIIEeCTBA UMEIOT Kak pa3 Te,
KTO yMEET UCKYCHO CIIHCBHIBaTh, 3aMMCTBOBAThH pe-
3yJAbTaThl ~ YYyXOTO  TpyHda, JAOTOBapHUBATHCA.
A yYMHBIM W 4YeCTHBIM CTyAEHTaM, HaoOOpoT,
YUUTBCS CTAHOBUTCS CKYYHO U TsDKeNo. CTyIeHTHI
OOBIYHO HE TOJBKO OBICTPO aaNTHPYIOTCS K KOp-
PYMIIUPOBaHHOW YHUBEPCUTETCKOW cpene, HO
W BBIHOCST 9TH TPUBBIYKH M3 YHUBEPCUTETOB IIO-
Clle X OKOHYaHHMS M HECYT UX 3aTeM IO KHU3HH.

Beigenmum Takke clenyromme TOCIEICTBUSL
MIPOSIBJICHUN aKaJIeMHIeCKOH HE0OPOCOBECTHOCTH
[4]:

— HepalMoHAIBHOE WCIOJIb30BAHHE BPEMEHHU
mperoaBareieii, B TOM 4ucie Ha 0opb0y ¢ Iiia-
THaTOM, YTO CHIIKAeT MPECTHKHOCTh MX TpyAa M
Ka4ecTBO 00yUYCHUS;

— akasieMuyecKkas HeIoOpPOCOBECTHOCTh BIIEUET
3a coboil HayyHyH0 HEZOOPOCOBECTHOCTh, UTO
TOPMO3UT pa3BUTHE HAYYHBIX HCCIEIOBAHUNA |
CYIIECTBEHHO CHIKAeT uX 3(h(heKTUBHOCTS;

— aKajieMu4ecKkass HeJTOOpOCOBECTHOCTh IIPH-
BOJIUT K 3HAYMTEILHOMY CHIKCHHUIO YPOBHS KOH-
KYpEHTOCIIOCOOHOCTH Kak CTYyJIEHTOB, TaK M Ipe-
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NoJjaBaTeNell U yU4eHbIX, KOTOPBIC PEkKe yUaCTBYIOT
B pa3JIMYHbIX KOHKYpCax MW MNPOCKTaX, BbBIUI'PbIBA-
10T TPaHTHI U T.J.;

— CHW)KaeTCcs MPEeCcTHX YYeOHBIX 3aBEICHHH,
JIOMTYyCKAIONINX aKaJIEMHYECKYI0 HeI00pOoCcoBeCT-
HOCTh W He OOpIONIMXCSI C €€ TNPOSBICHUSIMH,
a TMOJTOMY BBIMYCKAIOMMX OOJBIIOE YHUCIO He-
KOMITETCHTHBIX M HEBOCTPEOOBAHHBIX CIEIHAIHU-
CTOB.

XyKe BCEro TO, YTO HOBEUIIHME IOCTHXKEHHS
B 00JIACTH HAyKH W TEXHOJIOTHil, B MIEPBYIO Oue-
penb HH(HOPMAITMOHHBIX, CYIIECTBEHHO 00JIEryaroT
IlaruaT ¥ 3auMCTBOBaHHs, a pa3paboTaHHbIC
IpOrpaMMBbl OOPHOBI € TIATMATOM IMOKa HEI0CTa-
TouHO d(exTuBHE. boppba 3a akageMHUIECKYIO
JIOOpOCOBECTHOCTh ~ OCTaeTcsi  NPEepOraTHBOM
OTJCNBHBIX YKPAUHCKUX YHUBEPCHTETOB, KOTOPBIM
HeOe3pa3inyHa WX penyTanus. B To xe Bpewms,
B HOBOM 3aKOHE O BhIcIIeM oOpa3zoBaHuu [5] mpo-
OsiemMa OOpHOBI C aKaJIEMUYECKUM IUIATHATOM Kak
CpeaM CTYJCHTOB, TaK M CPEIU YUCHBIX MOJHATA
Ha HAI[MOHAJILHBIA YPOBCHb.

Takum 00pa3oMm, co3pena HEOOXOJUMOCTb
NPOBENICHHUS OOIIMPHBIX HCCICAOBAHUNA M CO3Ja-
HUAS KOHKPETHBIX DJIEMEHTOB CHCTEMBI OOpPHOBI
C aKaJeMHUYecKOi HeI00pOCOBECTHOCTBIO, MONY-
YUBIIEH IIMPOKYIO pacnpocTpaHeHHOCTh [9].
CIIO)XKHOCTh 3TOM 3amadum  OOYCJIOBJIGHA TEM,
4TO yKe copMupoBanachk TeHepalys IMeaaroros,
MPHUBBIKIIUX JOCTATOYHO CBOOOIHO IOJIB30BATHCS
HAYYHBIMH 3aUMCTBOBAHHUSIMH.

Hean

Ienr manHO¥ CcTaThU — MPEUIOKUTH METOIUKY
obecriedeHns1 aKaJeMU4ecKoi JT0OpPOCOBECTHOCTH
YHHUBEPCUTETAa, B OCHOBY KOTOpPOH TOJIOKEHA
MH(pOPMAITMOHHAs CUCTEMa yIpaBlieHHs 00pa3oBa-
TENBHBIM TIPOIIECCOM, W TIPEJICTABHUTH pa3padarhl-
BAaEMYIO aBTOpamMu Web-opueHTHPOBaHHYTO
MH(POPMAITUOHHYIO CHUCTEMY MOJUICPIKKU aKaJIeMH-
4EeCKOM TOOPOCOBECTHOCTH.

Cucrema  HampaBi€Ha Ha  yCTaHOBJICHUE
aKaJIEeMIYEeCKOM YECTHOCTH KaK OCHOBHOM HHCTH-
TYIIMOHAIBHON  IIEHHOCTH, KOTOpas TIIOMOXKET
YMEHBIIUTh KOPPYIUUIO, IUIAruatr, APYTHE BHUIbI
aKaJIeMIIeCKON HEUYECTHOCTH, a TakKe IOCTPOUTH
4ecTHOE H  JI0OPOCOBECTHOE  OOIIECTBO, YTO
OyZer comelcTBOBaTh JalIbHEWINCH WHTErpaiuu
YKpPauHCKHUX YHUBEpCUTETOB B EBporry.

MeToauka

IlepBOTIpUYNHBI «KpHU3UCA AKAIEMHYECKOHN I10-
PSAOYHOCTHK B YHHBEPCUTETaX YKpPaWHBI, HCKa-
JKAIOIUX B TIEPBYIO OYepelb OTHOIICHUS MEXIY
MpernojaBaTeeM ¥ CTYICHTOM, CJeIyeT WCKaTh
B CJICTYIOIUX 0COOCHHOCTSX [3]:

1. YKkpauHCKHE CTYACHTHl HE UMEIOT CTaHIapTa
aKaJIeMUIecKOTO TIOBEACHWS, y HUX HeT TaKkke
Y TPaHUIBl HETIPUEMIIEMOCTH aKaJIEMUYECKOTO I10-
BEJICHHUS.

2. CTyIleHThI He OCYIIECTBISIOT CaMOCTOSATEIb-
HBIA BBIOOP Y4YeOHBIX JMCIUILIAH U IMPerojaaBaTe-
Jiel, UX YUTAIOIIKX, & COOTBETCTBEHHO, U HE YYBCT-
BYIOT OTBETCTBEHHOCTH 3a CBOH COOCTBEHHBIN BBI-
0op. HeynmuBuTeNbHO, YTO OHM TBITAIOTCS TPONTH
Kypc 00y4eHUS] ¢ MUHUMAJIbHBIMH YCHITHSIMU.

3. OTCYTCTBYIOT WHAWBUAYAIIbHbIE TPACKTOPHH
obyuenus [10]. CTymeHTHl TOCEIIaloT BMECTE BCE
3aHATHS B TCUCHHE IISITHU JIET, YTO IMPUBOIUT K aKa-
JNIEMHYECKOMY Tapa3sUTU3MY: CJIa0ble U JICHUBBIC
CTYZCHTBI HE TIOCEIIAIOT 3aHATHSI, 3aTeM 3alMCTBY-
FOT KOHCIIEKTHI y TOOPOCOBECTHBIX CTYAEHTOB, CIIH-
CBHIBAIOT 33/1a4M, IOJIb3YIOTCS MOMOIIBIO XOPOIIUX
CTYZEHTOB BO BpeMs 3k3ameHoB. [Ipu atom m00po-
COBECTHBIE CTYIEHTHI TaKKe IMOJBEPTarOTCS BIHSA-
HUIO TPYTIBI, CTAHOBITCS PaBHOIYIIHBIMUA K 00Y-
YEHHUIO U HE MBITAIOTCI MaKCUMAaJIbHO peau30BaTh
CBOY TOTEHINAJ, TAK KaK BMECTO TTOJIOKUTEIHHBIX,
VM HaBSI3BIBAIOT OTPHUIIATEIBHBIE PUMEPHI TIOBEIE-
HUSL.

4. HW30brToyHOE “‘HakaymMBaHue”  JEKIASIMU
M CBOETO POJa «IPECCHPOBKAK HE TMOOMIPSIOT CTY-
JICHTa AaKTHBHO MEICIUTh, peIlaTh MPOOJIEMEI,
a B pe3ysbTaTe CTAHOBHUTCS HEWHTEPECHBIM M CaM
mporiecc 00y4YeHus], TIOCTPOSHHBIN MCKIFOYNTENHFHO
Ha 3allOMHHAHHHM, 0e3 KaKoH-THOO MPaKTUYECKOH
HaIpaBIEHHOCTU U OTBETCTBEHHOCTH.

5. CTyneHThl UMEIOT 3aKOHHOE IPAaBO JIBaXKIIBI
nepecaaTh SK3aMeH, YTO CHUMAET C MPermoaaBaTess
OTBETCTBEHHOCTh 32 JOOPOCOBECTHOCThH OIICHHBA-
HUS 3HaHWA. B wTOore mpemopaBaTenb MOCBAIIAET
3HAYHTENFHYIO YacTh CBOETO BPEMEHH HE XOPOIINM
CTYIEHTaM, KOTOPbIE CMOIIIA OBl IPUHECTH TIOJIH3Y
OOIIECTBY, a IUIOXHM, KOTOpPBIE BpPSIl JIU CMOTYT
BOCTIOJIB30BAThCSl Pe3yJIbTaTaMH CBOETO OOy4YEeHHS
Teneps win B OynymeM. Benencreue atoro, npermno-
JlaBaTelld YyBCTBYIOT HEYBAKEHUE CO CTOPOHEHI Clia-
OBIX CTYIEHTOB, U BCSYECKU CTAPAIOTCS HE CTABUTH
TUIOXUM CTY€HTaM HEYIOBJIETBOPUTEIBHBIX OIle-
HOK, 4TOOBI 3aT€M HE TPATUTh Ha HUX CBOE BPEMS.
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Eme onHo# mpuurMHON HEyA0BIETBOPUTEIBHBIX
ITUYECKUX OTHOIICHWH MEXIy MpernoaaBaresieM
U CTYJIEHTOM SIBJISICTCS TIeperpy3ka y4eOHBIX IUIa-
HOB, KOTOpasi HE CIOCOOCTBYET MHTEIUIEKTYAIbHO-
MY Pa3BHTHIO MOJIOJIOTO YeJIOBEKa, JIMIIAs €ro, TaK
Ha3bIBA€MOW TBOPUECKOW BOJIH.

BerImrenepeunciieHHple TPUYUHBI HE TOJIBKO HC-
Ka)Xaf0T B3aMMOOTHOIICHUS MEXAy CTYACHTOM W
NpernojiaBaTesieM, HO U KPUTHYECKHA BO3JICHCTBYIOT
Ha y4eOHBIN MPOIECC, CHUXKAsh KaueCTBO O0yUYCHHSI.
KoHeuHO, B HEKOTOPBIX YHHBEPCHTETAX Y KpauHBI
JEWCTBYIOT CaMOCTOSITENIFHO pa3padOTaHHbIE MOJe-
JIM YOpAaBJICHUS KAueCTBOM, HO IMpHUEMIIEMOU 3(-
(heKTHBHOCTH OHH He 0OecreuuBaroT [6].

3ameTrM, 9TO HOBas peAakIisd 3aKoHa YKpau-
Hel «O BBICIIEM 00Opa3oBaHUU [5] ompenenseTr co-
BOKYITHOCTh TIPOLIEAYP W MEPONPUSATHH, COCTaB-
JSIIOIIUX CHCTEMY OOecreueHHs By3aMH KadecTBa
00pa3oBaTeIbHOM JESITEIBHOCTH:

«2) OCyIIECTBIICHHE MOHUTOPHUHTA U TIEPHO/IU-
YEeCKOTO MepecMOTpa 00pa30BaTEIILHBIX MTPOTPAMM;

3) eXeromHoe OIICHWBAHWE COWCKATEJICH BHIC-
mero o0pa3oBaHUs, HAYYHO-TICJTATOTUISCKUX U TIe-
JTArOTHYECKUX PabOTHUKOB BBICIIETO y4eOHOTO 3a-
BEJICHUS M pEryJIsipHOE OOHApOIOBAaHWE pe3yibTa-
TOB TaKUX OICHOK Ha O(QUIIMATIBHOM CalTe BBICIIIC-
ro yd4eOHOro 3aBelieHUs, Ha WH()OPMAIIMOHHBIX
CTEH/IaX U JIFOOBIM JIPYTHM CITIOCOOOM; ...

...5) obecreueHre HATMYIUS HEOOXOIUMBIX pe-
CYpPCOB Uil OpraHM3aliy 00pa3oBaTENbHOTO IPO-
1ecca, B TOM YHCJIe CaMOCTOSITEIBHOW paOoThI CTy-
JIEHTOB TI0 KKI0H 00pa30BaTeIbHOM MporpaMme;

6) obecnieyeHue HanM4uus HMHMOPMAIIMOHHBIX
cucteM s d3PQPEKTUBHOTO yIpaBieHUs o0pa3zoBa-
TEBHBIM TIPOLIECCOM; ...

...8) obecnieueHue 3(pPekTUBHON CUCTEMBI TIpe-
JIOTBPAIICHUS. W BBISBICHUS aKaJIEMHUYECKOTO TLia-
rmata B Hay4yHbIX paboTax paOOTHHKOB BBICIINX
yueOHBIX 3aBEJICHWI W COMCKaTeled BhIcIIero oo-
pasoBaHus; ...»

Takum 00pa3oM, METOAWKA PElIeHHUsS ITOCTaB-
JICHHOW 3a/1a4X MOKET OBITh OCHOBaHA Ha ITOCTPOe-
HUM MH(OPMAIIMOHHOW CUCTEMBI yIIpaBlicHHUs 00pa-
30BaTENbHBIM TIPOIIECCOM CO BCTPOCHHBIMHU 3Jie-
MEHTaMH YIpaBJIE€HUS KadecTBOM, a HWH(opMarm-
OHHasg TOJACUCTEMa TIOAJCPKKU aKaIeMHUECKOH
JOOpPOCOBECTHOCTH MOJXKET SIBISITHCS €€ HEOThEM-
JIEMBIM KOMIIOHEHTOM.

Pe3yabTaTthl

CoBpeMeHHbIe YHHBEPCHUTETHI SABJISTFOTCA
3HAYUTENBHO 00Jiee OTKPHITBIMH M JAWHAMHUYHBIMH
OpraHu3aIMsAMH, 3HAUYUTEIHHO JIy4Ile MPHUCIIOCO0-
JICHHBIMA K COBPEMEHHBIM WH(POPMAMOHHBIM TEX-
HOJIOTHAM, Y€M 3aMKHYThle W HETHOKHE y4perkie-
HUS U3 OPOLUIBIX JIET.

CnoxwuBmiasics  TpakTUKa  HCIOJIB30BAHUS
WH(OPMALIMOHHBIX CHUCTEM [UIsi yIpaBleHus oOpa-
30BaTENBHBIM MPOLECCOM M y4eOHBIMH 3aBeICHHMS-
MA B LEJIOM MO3BOJSIET  KOHCTAaTUPOBATh,
YTO HE XBaTaeT WHTETPUPOBAHHBIX CHCTEM, KOTO-
pole Obl OOBEAMHSIIM TIOACHCTEMBI YIpaBICHUS
y4eOHBIM  TIPOILIECCOM, CTyIeHTaMH, KaJpaMu
U ApyruMu pecypcamu. Ha ceronHsiHui 1€eHb HET
JIOJDKHOM TIpO3payHOCTH MEXIy EnnHO#N rocynap-
CTBEHHOW JJIEKTPOHHOU 0a3oii B cdepe oOpa3oBa-
HUS W WHPOPMAMOHHBIMH CHCTEMaMH, HWCIONb-
3yIOIIMMHUCS B YHHBEpCHUTETaX. B To ke Bpems, jo-
Kanu3anus 3apyOeKHBIX MPOTPaMMHBIX MPOIYKTOB

MpEACTaBISIET coboi HEMPeOI0TUMYI0

mpobiieMy W3-3a  CleNU(UKH  HAIMOHAILHOTO

00pa30BaTENBHOTO 3aKOHOAATEIILCTBA.
IMpennaraemas  uHGOpPMAIMOHHAS  CHCTEMA

(puc. 1) MO3BOIIIET pean30BaTh YPOBHHU:

A) MOHHUTOpHHTa 00Pa30BaTEILHOTO TPOLIEcca;

b) ayaura BHyTpeHHHMX MPOIIECCOB, HEOOXOU-
MOTO Isi TOCTpoeHUs A((HEKTUBHON CHCTEMBI
YIIpaBJIEHUS KA4ECTBOM;

B) oueHuBaHMS JIOCTMKEHUI  YYaCTHUKOB
00pazoBaTeIbHOTO MpoIlecca;

I') popmanmmzaruy B3anMOIEHCTBUS YIACTHUKOB
00pa3oBaTeIBHOTO MpoIiecca.

Cucrema sBIsieTCS HHCTPYMEHTOM CO3aHHS
HOBOTO aKaJeMHYECKOTO OOIIecTBa, OCHOBAHHOTO
Ha CIEAYIOLIUX IPUHIIUIIAX:

— OTKPBITOTO JIOCTyNa K MH()OpPMALUU: AOCTYI
IIMPOKOW OOIIECTBEHHOCTH K MH(QOPMAIIUK rapaH-
TUpPYET y4acTue, (JOPMHUPOBAHHE YYBCTBA OTBETCT-
BEHHOCTHU ¥ COI[MAILHOTO KOHTPOJIS,

— TPO3pPavyHOCTH WH(POPMAIMH: aKTYaIbHOCTD,
KadecTBO, TOCTOBEPHOCTH [1].

— OTBETCTBEHHOCTH BCEX YYaCTHHKOB 00pa3zo-
BaTEIBHOTO MPOIIECCa;

— WU3MEpUMOCTH: 1to0oe nelicTBre B 00pa3oBa-
TEJILHOM TIPOLIECCEe JOJKHO OBITH H3MEPHMO;

— NIeTaJbHOCTU: HMMEETCS B BHUIY OOIIMPHOE,
HO He M30BITOYHOE ONHCaHUE JICUCTBUH, pe3ybTa-
TOB H IIPOLIECCOB;
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— MOJJICPKKH: aBTOMATHUYECKHE CPEJICTBa pea-
JIM3alli IMIPUHIHUIIOB.
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Puc. 1. YpoBHU HHGOPMAITMOHHON CHCTEMBI
Fig. 1. Levels of the information system

MoHuTOpUHT ~ 00pa3oBaTeNFHOTO  Mpoliecca
HCIIOJIb3YETCs JIYUIIMMU YHUBEPCUTETaMH Y Kpau-
HBI, HO METOJBl M KPUTEPHU €T0 OCYIIECTBICHUS
TpeOyeT rapMOHH3aIMH C €BPOICHCKON MPaKTH-
KOW.

PeliTuHrOBOE OlLIEHUBaHKE CTYJEHTOB U MPEMO-
JaBaTellell TakXKe paclpoCTPaHEHO BO MHOTHX
y4eOHBIX 3aBEJICHUAX, HO B OOJBIIMHCTBE M3 HUX
KOHEYHBIE OIEHKH HEe WMEIOT MPaKTHIECKOTO
3HAa4YeHHsA, — OHM HE CIy)KaT WHCTPYMEHTOM aHa-
JU3a CUTyallud M MoTHWBauuu. bonee Toro, mpak-
TUYECKU HE MPOBOJUTCS CHUCTEMaTHuecKasl CTaTH-
cTHYecKasi 00pab0oTKa HaKOIUIGHHOW HH(OpMaIINH,
a yX ee OOHapoJOBaHME M BOBCE HOCHT CIydYaid-
HBII Xapakrep.

Aynut 00pazoBaTeNbHOW JAEATENbHOCTH YHH-
BEPCHUTETOB TECHO CBS3aH C yNpPaBICHHEM KadecT-
BoM. [l obecnieueHus 3PPEKTUBHOCTH yIpaBie-
HUSl KauecTBOM TpeOyeTcsl OpraHuM30BaTh TIIy0o-
KU aHanu3 uH(pOpMAaIy, MoaydaeMoil B IpoIiec-
ce MOHUTOPHHIa 00pa30BaTeNbHON ACSITEIHHOCTH.

[IpakTnueckas peanusanus WHOOPMAIUOHHON
CHCTEMBI OCHOBaHa Ha CO3/aHUU EIMHOTO YHUBEP-
CHUTETCKOTO XpaHUJIHIIA nH(pOpMaII.
Jns ocymiecTBieHHsT aHalW3a TAaKOE XPaHUIUIIE
JIOIDKHO OBITh OPraHW30BaHO Kak THIIEPKYO,

HMEIOUIMNA  JJOCTATOYHOE  YHUCJIO  HM3MEpPEHHUH,
HampuMmep, M0 CTYJIEHTaM, IIPeroaaBaTelIsaM,
JTUCIMILTAHAM, ayIUTOpUsSM, O00pa30BaTEeIbHBIM

IIporpaMMmam H IUTaHaM.

Baxueiimelt cocrapisonei nWHOOpPMAITHOH-
HOU CHUCTEMBI YIpaBJICHHUsI 00pa30BaTEIbHBIM IIPO-
LIECCOM SIBIISIeTCS MHQOPMAIMOHHAs IOJACHCTEMA
MOJIICPKKH  aKaJIEeMHUIECKOH T0OpPOCOBECTHOCTH,
OXBaThIBAOILASl YACTh IIPOLECCOB YpoBHEN B u I

Takas WHpOpMaMOHHAA MOJACHCTEMAa IOJDKHA
ObITb OCHOBaHa HA MPHHLUUIE OTKPBITOCTH.
[Ipo3pauHblii 10AX0J, OCHOBAaHHBIM Ha OTKPBITOM
Joctyne K uH(popManuu 00 yclieBaeMOCTH CTY-
JIEHTOB, II03BOJIUT OPraHU30BaTh 00pa30BATEINb-
HBI Tpolecc TakuM o0Opa3oM, 4YTO, Halpumep,
caMH CTYIEHTHI U IperojaaBaTeny OyayT BHOCHUTH
BKJIaJ| B MPEAYNPEKACHNUE BBICTABICHUSA HE3aCIy-
KEHHBIX OIICHOK, a, CIEJl0BaTeJIbHO, B obecmeue-
HHUE aKaJeMHYeCcKoil TOOPOCOBECTHOCTH M Tpedy-
npexxaeHue koppynuuu [13].

HakannuBanue wuHpoOpManud o0 pasIUYHBIX
dbopmax ydacTus TperofaBaTeyieii B 00pazoBa-
TEIbHOM TIPOIIECCE TAaKKe JacT BO3MOXKHOCTh
BBITMIOJIHEHUSI PAa3IMYHBIX AHATUTHUYECKUX 3aIpo-
COB.

VYkazaHHbIE HMCTOYHUKHA HWHQOpManuu OyayT
OTKPBITHIMHU AJI1 JETAJBHOTO aHajIM3a U MO3BOJIAT
MIPOBOJUTH aBTOMATHYECKHE PpacdeThl HTOTOBBIX
OIICHOK CTYJEHTOB, a TaK)kKe PEeHTHHIOB IIperoja-
BaTenieid B eanHol (opme. OCHOBHOM MPUHLIMT —
3TO IIMPOKAas AOCTYIHOCTh HH(pOpMaLuu U n30aB-
JIEHUE OT PYTHHHON OyMa)KHOW paboThI, KOTOpas
3aHMMaeT MHOTO BPEMEHH U TPEeAOCTaBIIAET
BO3MOKHOCTb YMBIIIUIEGHHOTO BHECEHHUS JIOXKHOU
nHpopMaIIm.

OTKpBITOCTh JTOCTyIa MOXET OBbITh 00ecreueHa
MyTeM IIOCTPOEHUS Be0-OpHUEHTUPOBAHHON
nHpOpMaMoHHON cucteMbl. Kpome Toro, moxer
OBITh OOECIIeYeH eAMHOOOPA3HBIN CTHIK JIsl 0OMe-
Ha wuHpopMmauueil ¢ EnumHOH ToOCymapcTBeHHOI
AJIEKTPOHHOM 6a30ii B cepe 0Opa3oBaHUsI.

WndopmanmonHass mnojacucreMa IMOAICPKKH
aKaJIeMUYECKOH JTOOPOCOBECTHOCTH BCTPAMBACTCS
B CUCTEMY B3aMMOOTHOILIEHHH CTyJEHTa W Nperno-
nmaBarens (puc. 2), dhopMamusys psx Hporeayp,
HampyMep, BBIJAYM CTYAECHTaM HHIAMBHYaTbHBIX
3a/laHuil WIK 331aHui B MaJbIX TPyMNax, U KpuTe-
pHEB, HANpUMeEp, OLEHUBAHHUSA  PE3YJIbTATOB
BBITIOJIHEHUS 3aJJaHAN CTYJCHTaMHU.
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CrygaeHr

IIpenongaBatens

MpOLEAYPHI

HNudopmanmoHHas OJACHCTEMA TOICPIKKH
aKaJIeMHU9IeCKOil TOOPOCOBECTHOCTH

Puc. 2. ®opmanmzanus B3aMMOOTHOIIIEHUH CTYICHTA
1 TIpenoaBaTens

Fig. 2. Formalization of the student-teacher relationship

[Moncucrema pazpadarsiBaeTCs IS MPENOIaBa-
TEIBCKOI'0 COCTaBa U CTYJICHTOB YHUBEPCUTETOB,
JUI  aclIUPaHTOB W HCCIEAOBaTeel, a TakkKe
JUTS IIKOJIBHBIX yYUTEJIel U ITKOJHHUKOB.

OcHOBHasl e Mjesl COCTOUT B BOCIIUTAHUU He-
3aBHCHMOCTH,  OTBETCTBEHHOCTH,  4YECTHOCTH,
TBOPYECKUX CIIOCOOHOCTEH CTYJCHTOB W CITylIaTe-
neid. DTO MPUBEAET K COKPAICHUIO PUCKA TUIarua-
Ta U HEYECTHOCTH, YTO MOBBICUT Ka4eCTBO 00pa3o-
BaHUsI W OyZeT crnocoOCTBOBaTh —aJanTalluu
Kk EBpomneiickomy o01miecTBy.

CucremMa TIOMOXET CTYJICHTaM OCO3HATh Ba-
HOCTh aKaJeMHUYECKON YECTHOCTH, HEOOXOIUMOMN
JUISL TIOJTyYeHHs TPOYHBIX 3HAHWHU, MPEAOCTaBUT
BCEM YYacTHHKaM o00pa30BaTeNB-HOro mpolecca
BO3MOXXHOCTh H30€kaTh KOPPYIIUH, IUIaruarta
U Ipyrux GopMm akageMuIecKkoil HEeUETHOCTH.

B JjomomHeHwe K moOACUCTEME TOMJICPKKH
aKaJeMHYECKOW JTOOPOCOBECTHOCTH B YHHBEPCH-
TeTe HEOOXOJAMMO CO3JaTh CHCTEMY JSTHYCCKHX
NpaBWI, SIUHYIO JUIs TIpenojiaBaTesied U CTy/IeH-
TOB.

He Moxer OBITH OBYX MoOpanei — OTHIEIBHO
JUI TIPEToAaBaTeNlsi W OTACIBHO I CTYNCHTA,
MOTOMY 4YTO 3TO YHW)KAaeT CTyJCHTa W JeNlaeT
€ro maccMBHbIM. HampoTuB, 3HaHWE BCEX MpPaBUI
CO3J1aeT YCIOBHS, MPU KOTOPBIX CTYJCHT YUUTCS
OBITH CAaMOCTOSITENIFHBIM M HHUIIHATHBHBIM, MOTO-
MY 4YTO IMOHUMACT, YTO UMCHHO 3TUYCCKHUEC HOPMBI,

a HE BOJIOHTAPU3M AJAMHHHCTPALUU OIPENEISIIOT
€ro BO3MOXXHOCTH, OOSI3aHHOCTH U  TIpaBa.
OTH mpaBwia, KOTOPbIE MOXHO OOBEIUHUTH,
HampuMep, B KOJEKC YeCTH, JTOJKHBI OBITh TaKu-
MH, 9TOOBI TPHICPKUBATHCS 3THX TPABWI OBLIO
TIOJIE3HO BCEM.

OpHako, KOJEKC YeCTH HY)KHO HE TOJIBKO JIeK-
JapupoBaTh, HO W pPa3paboTaTh MEXaHHW3M €ro
3amuThl. Kaxaplii U3 y4yacTHHKOB 0Opa3oBaTellb-
HOT'O Tpoliecca — aAMUHUCTPATOP, MPENoiaBaTeib
WIH CTYJEHT — JIOJDKeH WMETh KaK O0S3aHHOCTH,
TaK W Pa3BUTLIC IpaBa JJId 3alWUThI COGCTBGHHI)IX
B3TJIJI0B M [TOCTYTIKOB.

Hayuynasi HOBU3HA M mpaKTHYeCKasi
3HAYMMOCTh

BriepBrie npensioxkeHa HOBasi 4ETHIPEXYpPOBHE-
Basi KOHLENUUs MH(OPMALMOHHOW CHCTEMBI IOJ-
JEpKKA ~ aKaJeMHYeckoil  Hemo0pOCOBECTHOCTH
(puc. 1), xoTopast TO3BOJISIET COKPATUTh MPOSABIIE-
HUS HEJOOPOCOBECTHOCTH B aKaJEMHUUECKON cpefe
U CHOCOOCTBYET MHTETPALMN YKPAUHCKUX YHUBEP-
cuteToB B EBpory.

BoiBoabI

Takum 00pa3oM, B yHHBEPCUTETE MOXKET OBITH
CO3/1aHa MOJIEh OTHOIIEHHWHA CTYAEHTOB H IPEMO-
naBaTesicii, OCHOBaHHAs Ha BEPXOBECHCTBE JTHUKHU
U BCELETIO MOJACpKUBaeMasi Ha WHCTUTYIIMOHATb-
HOM YpOBHE C WCIOJIB30BAaHHEM COBPEMEHHBIX
MH(DOPMAITMOHHBIX CHCTEM.

MOHO TPEANONIOKHUTh, YTO HAUOOJIEE CIIOK-
HOW 3a1a4eil Oyner o0ecreunTh s MperoaBare-
JIel ¥ aIMAHUCTPAIIUN HEOOXOANMOCTh HEYKOCHH-
TETFHOTO COOJIOJCHUSI dTUYSCKUX HOPM KOJeKca
4ecTH. DTH KaTerOpuu YYaCTHUKOB 00pa3oBaTellb-
HOTO TIpoIiecca JOJIT0oe BpeMs YyBCTBOBAIH ceOs
TeMH, KTO BCeTJa MpaB, U U3MECHHUTh TAKYIO IMO3HU-
U0 OyJeT ropa3io TpyIHEEe, YeM Y CTYICHTOB
[2].

IIpencraBnennple ugen OyAyT peaM30BaHbBI
B MMUJOTHOM TIPOCKTe MH(POPMAIMOHHONH CHUCTEMBI
yIpaBIeHHS o0pa3oBaTeIbHBIM MPOIIECCOM
IUIsT XepCOHCKOTO HAMOHAIBFHOTO TEXHHYECKOTO
YHUBEPCHUTETA.
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CUCTEMA NIATPUMKU AKAJEMIYHOI YECHOCTI A1
YKPAITHCHKUX YHIBEPCUTETIB

Mera. CraTTs npHUCBSYCHA PO3POOII METONMKH 3a0e3MeveHHs] aKaJIeMiqHOI YeCHOCTI YHIBEPCUTETY, B OCHOBY

aKoi TokiameHa Web-opieHTOBaHa cHCTEMa MIATPUMKH aKaJeMidHOi YeCHOCTI, fKa € CKJIaJOBOI0 YACTHHOIO
iH(popMaIiifHOI CHCTeMH YHpaBIiHHA OCBITHIM mporiecoM. CHcTeMa HiATPUMKH CIPSMOBAaHA HAa BCTAHOBIICHHS
aKaJeMivyHOi YECHOCTI SIK OCHOBHOI 1HCTUTYIIITHOT IHHOCTI, SKa JOMTOMO>KE 3MEHIIINTH KOPYIIIIifo, TUIariaT Ta iHIi
BUJIM aKaJeMiuHol HeuecHoCTi. MeToauka. MeTonrka BUPIMICHHS [TOCTABJICHOrO 3aBJIaHHs 3aCHOBaHA Ha MO0y IOB1
iHpOpMAIIHOI CUCTEMH YIpaBJIiHHA OCBITHIM HpOLIECOM i3 BOYZOBaHMMH €JIEeMEHTaMH YIPABIIHHS SIKICTIO, a
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iHpopMmariifHa TiACHCTEMa MIATPUMKMA — aKaJAeMIdHOI CYMJIIHHOCTI € i HeBiZ'€eMHHM KOMIIOHEHTOM.
PesyabtaTn. IlpomoHoBaHa iH(popMaliiifHa cucTeMa MO3BOJISIE peajli3yBaTH pPiBHI: MOHITOPHHTY OCBITHBOTO
MPOLIECY; ayANTy BHYTPILIHIX MPOIECiB, HEOOXIAHOTO Ui MOOYIOBH €(pEeKTUBHOI CUCTEMH YMPABJIIHHS SKICTIO;
OLIIHIOBaHHS JIOCSATHEHb YYaCHHMKIB OCBITHBOTO ITpollecy; (opMaiizanii B3aeMoii y4acHHKIB OCBITHBOTO ITPOIIECY.
Cucrema crnpsMOBaHa Ha CTBOPEHHS HOBOTO aKaJIEMIYHOTO CYCHIUJIbCTBA, 3aCHOBAHOIO HAa MpPUHIMIAX:
1) BigkpuTOro mocTymy 10 iHopMalii, npu SKOMYy JOCTYH IIMPOKOi I'POMAJICHKOCTI JI0 HEl TapaHTyE y4acTb,
(opMyBaHHS IMOYYTTSI BIIIOBIHOCTI Ta COLIaJIbHOTO KOHTPOIIO; 2) Ipo30opocTi iHdopMarii, i sIKOK0 po3yMieThCs
il aKTyalbHICTh, SIKICTb, JIOCTOBIPHICTD; 3) BIJIIOBIAIBHOCT] BCIX YYaCHHKIB OCBITHBOTO Ipouecy; 4) BUMIpHOCTI,
npu sIKid Oynbp-sKa il B OCBITHBOMY TpOIleCi Mae BHMIpIOBAaTHCS; 5) JETANBHOCTI ONMWCY [iH, pe3yJbTaTiB
1 TIporieciB; 6) MATPUMKH, Iif SIKOIO PO3YyMIIOTHCS aBTOMATHYHI 3aCO0M pealtizalii MPUHIUIIB BiIKPUTOTO TOCTYITY
migTpuMku. [IpakTudHa peanizaiis iHQOpMAIliifHOT CHCTEeMH 3aCHOBaHA Ha CTBOPCHHI €UHOTO YHIBEPCHUTETCHKOTO
cxoBuma iHdopmarii. s 37ificHEHHS aHai3y Take CXOBHINE ITOBHHHO OyTH OpraHi3oBaHe fK Tilepkyo,
10 Ma€ JOCTATHIO KUTBKICTh BHMIPIOBaHb, HANPHUKIAJA, TIO CTyACHTaM, BHKJIagadaM, TUCHHILUTIHAM, ayAUTOPisIM,
OCBITHIM mporpamam Ta riaHaM. HaykoBa HoBu3HA. Briepie 3anpomnoHOBaHO HOBY YOTHPHOXPIBHEBY KOHIIETIIIIIO
iHpOpMAIIHHOI CUCTEMH MiATPUMKH akaaeMiuHoi cyMiniHHOCTI. [IpakTHYHa 3HAYMMIicTh. 3anpoNOHOBaHA aBTO-
paMu cucTeMa JI03BOJISIE CKOPOTHUTH MPOSIBH HEJOOPOCOBICHOCTI B aKaJJeMIYHOMY CEPEJOBHIIII Ta CIPHSE iHTErparii
YKpaiHCBKUX YHiBepcuTeTiB y €Bpomy. [IpexcraBneni inmei OyayTb pearti3oBaHi B MIJIOTHOMY HPOEKTI
iHpOpMAIiHHOI CHCTEMH YINPABIiHHS OCBITHIM HpPOLECOM JIsi XEPCOHCHKOIO HAliOHAIBHOTO TEXHIYHOTO
YHIBEPCHUTETY.

Kniouosi crosa: akanemidHa YeCHICTh; CyMIIIHHICTb; CHCTEMa HiATPUMKH aKaJeMiuyHOI YECHOCTI; Mpo30picTh
iH(pOopMaii; BIAKpUTHI JocTyn A0 iHdopMmarii
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ACADEMIC INTEGRITY SUPPORT SYSTEM FOR UKRAINIAN
UNIVERSITIES

Purpose. The article is devoted to the development the methodology for providing academic integrity in the
university. The methodology is based on Web-oriented academic integrity support system, developed by the authors,
which enters into the information system of learning process control. Academic integrity support system is aimed at
maintaining academic integrity as a basic institutional value, which will help to reduce corruption, plagiarism and
other types of academic dishonesty. Methodology. The methodology of problem to solve is based on the develop-
ment of the information system of education process control with the integral elements of quality control. The in-
formation subsystem of academic integrity support is its basic part. Findings. The proposed information system
allows us to fulfill the following levels: educational process monitoring; audit of internal processes, which is neces-
sary for developing the effective quality control system; assessment of achievements of educational process partici-
pants; formalization of the interaction of educational process participants. The system is aimed at the development
of new academic society based on the following principles: 1) open access to the information, at which the access of
wide audience to the information provides participation, forming the sense of responsibility and social control; 2)
transparency of the information, by which its relevance, quality, reliability are meant; 3) responsibility of all mem-
bers of educational process; 4) measurability, at which any action in educational process should be measured; 5)
detail of describing the actions, results and processes; 6) support, which is meant by automatic tools of the realiza-
tion of the principles of open access to the information, transparency of the information, responsibility of all partici-
pants of educational process, measurability, detail, support. The practical realization of information system is based
on the development of a common repository of university information. The repository should be organized as a hy-
percube having abundance of dimensions, for example by students, teachers, courses, rooms, educational programs
and plans. Originality. The new four-level concept of the information system of academic integrity support is first
proposed. Practical value. The proposed system allows increasing dishonesty in academic society and gives rise to
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the integration of Ukrainian universities into the Europe. The proposed ideas will be represented in the pilot project
of information system of learning process control in Kherson National Technical University.

Keywords: academic integrity; work ethic; academic integrity support system; information transparence; open
access to the information
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CLHEHAPHO-TIPELIEJAEHTHBIN MOAXO0/1 K YIIPABJEHUIO
TETEPOTEHHBIM AHCAMBJIEM JIJMHAMUYECKUX OFHEKTOB

Heanb. Crares mocesiieHa pa3pab0oTKe METO/1a MHTEIEKTYalbHOT0 KOOPMHAIMOHHOTO YIIPABJICHUS CII0KHBIM
reTeporeHHbIM aHcaMOeM anHaMudecknx o0bekToB. MeToauka. Pemenne moctaBieHHON 33/1a4d OCHOBAHO HA HC-
0JIb30BaHUM CLIEHAPHO-TIPELIEICHTHOTO MOAXO0/1a, MPEICTABIISIONIEr0 aKTHBHOCTh TMHAMUYECKHX OOBEKTOB B BHJIE
1a0JI0HOB, aJANTHPYEMBIX K H3MEHSACMbIM YCIIOBHSM BHEIIHEH CpPeJIbl C TIOMOIIBIO CIieHapHueB. Jiis aganranuu cie-
HApUEB HCIONB3YETCS aNTOPUTM YAOBIETBOPEHUSI KPUTHUYECKH BayKHBIX BPEMEHHBIX OrpaHudeHuil. [IpennoxeHHbIin
METOJ, TO3BOJISET aIeKBaTHO OTPAXKaTh HAKOILICHHBIN OIBIT U 3HAHU 110 TPYNIIOBOMY YIIPABICHUIO JUHAMUYECKHUMU
00BEKTaMH, OCHOBBIBASICh HA HCIIOJIb30BAHUHN CTEPEOTHUIIOB MOJOOHBIX PEIICHUH 1O YIPABICHUIO OOBEKTAMH B CXO-
KHMX CUTyaluax. PacCMOTPEHBI OCHOBHBIE JJIEMEHTBI PEHICHU MTPELENEHTOB: YIPABIAIONINE BO3IECHCTBHUSA, ONIEpaLui
yIpaBJeHus, ClieHapuy, I1aHbl. Pe3yabTarsl. PeanusoBana ruOpuaHas cucteMa ynpasiieHuUs], HDKHUH YPOBEHb KO-
TOpPOY BBITIOJIHEH HAa OCHOBE TMOpHIHOW cucTeMbl BPU3 u coderaer mojacucTeMy, OCHOBAaHHYIO Ha MpEICCHTaX,
C IIOJICUCTEMOM, PeaIu3yIOLEN MOJENb ABUKEHUS U SBIAIONICHCSA BENyILEH, B TO BpeMs KaK IIPeLeICHTHAs [I0ACUC-
TeMa SIBJIETCs BeIOMOH. BepXHuii M cpelHMiT YPOBHM CHCTEMBI YIIPABJICHHS BBHIIOJHEHB! B BUE THOPUIHOI COOBI-
THITHO-OpueHTHpoBaHHOH cucteMbl MYCCOH, Biirouaromieil B ce0sl ClieHapHO-TIPELEICHTHYIO TTOJICHCTEMY, Xpa-
HUWIHIIE TPELEICHTOB M MOJCUCTEMY BBIYHMCIICHHS POCTPAHCTBEHHBIX 00JacTell, OCHOBaHHYIO Ha Mojenu. CueHa-
pUM W TPUITEPHl ISl KKIOTO Kiacca COOBITHH OIMMCaHBl C IOMOIIBIO s3bIKa omnucaHus creHapueB SCDL.
Hayunast HoBu3Ha. BriepBble mpeuioxkeHa TpexXypoBHEBas CHCTeMa KOOPAMHAIIMOHHOTO YIpaBJICHHSI aHcamOiem
JIMHAMUYECKHX OOBEKTOB, OCHOBAHHAs! Ha CIIEHAPHO-TIPELIEACHTHOM TO/IX0/IE, IIPH 3TOM Ha HI)KHEM YPOBHE peajv-
3yeTcsl yNpaBIECHHE OTACIBHBIM JUHAMUYECKUM 00BEKTOM, HA CPEJHEM YPOBHE peann3yeTcss KOOPANHAIMS COBMECT-
HO JBHXKYIIUXCSI OOBEKTOB, & HA BEPXHEM YPOBHE OOCCIICUMBAETCS YNPABICHHE XOJOM BBIIOIHEHHS MHCCHU IS
aHcamOJIs AMHaMHYECKUX 00BEKTOB B LiesioM. [IpakTuyeckas 3HaUnMocTh. [IpeioskeHHbIi T0aX0/] HEe YyBCTBUTE-
JICH K HETOYHOCTH W HEIOJIHOTE HAOJIOJICHUH, OH MO3BOJISIET CHU3UTh MH()OPMAIIMOHHYIO HAarpy3Ky IpU aHaju3e
TEKyIIel CUTyalluH, COKPATUTh 3aTPaThl BPEMEHH Ha NPUHSATHE PEIICHHH, TOBBICUB TeM CaMbIM 3()()EeKTHBHOCTh KO-
OpMHAIMK aHcaMOJIsl TMHAMHYECKHX OOBEKTOB B IPOLIECCE BHIMOJHEHHS MUCCHU. Ba)KHBIM yCIIOBHEM peann3aiuu
CIIEHapHO-TIPEILIEACHTHOIO METO/Ia YIPaBJIeHHs SBIsETCS OOeclieueHne J0CTaTOYHOW KOMIICTEHIIMH, YTO TO3BOJIUT
CBOEBPEMEHHO HaXOJUTh YMECTHBIH MPEIEAECHT U BEIOMPATh aJIeKBATHOE MHOXKECTBO CLICHAPUEB YIPaBJICHUS, a TaK-
K€ CHHXPOHHM3aIMs 0a3 MPeIeZeHTOB KaXJ0ro N3 TMHAMHYECKHX 00BEKTOB 110 BPEMEHH U COJIEPIKAHHIO.

Kniouegvie cnosa: muHaM4ecKnii OOBEKT; CUTYallMOHHOE BO3MYIIEHHE; KOOPAMHALNS; MPELEICHT; CIIeHapHii;
YIPaBJISIONIEE BO3AEHCTBUE; IPOTOTUI; OTPAaHUYECHUE; aJalTalus]

BBenenue CUTYyallMi, a Tak)Ke MIUPOKOro Kiacca 3aja4 BOCH-
HOTO XapakTepa TaKue TPYIIBl MOTYT BKIIOYaTh
B ce0sl BO3IyIIHbIC, HaABOAHbIC, ITOABOAHBIC, Ha-
3eMHble U apyrue Bunsl JJO.

Cospemennbie JIO He 00s3aTeNBHO THUCTAHIIN-
OHHO YIIPABIIIOTCS UEJIOBEKOM-ONEepaTopoM HIIH
KOMITBIOTEPHOI mporpammoit. OHH MOTYT OBITh T10-
CTaTOYHO aBTOHOMHBIMH, OCHAIIEHHBIMH CIIOKHBI-
MU JTaTYMKaMH, UCTIOTHUTEIHHBIMH MEXaHU3MaMH,
OOPTOBBIMHU KOMIBIOTEPAMU JJISI HMHTEIUIEKTYaIbHO-

Ha ceromnsmHuii JIeHb MOSBWINCH CIOKHBIE
TEXHUYECKUE CHUCTEMBI, BKIIOYAIOIINE MHOXKECTBO
(Tpymmel) MUJIOTUPYEMBIX W OECHWIOTHBIX JIHHA-
Mudeckux 00bekToB (J10), paboTaronimx coBMeCT-
HO 110 HEKOTOPOU 3aJaHHOU IporpamMme (MUCCHH).
Jns pemeHUs MHOTOOOpPAa3Wisl CIOXHBIX TpaHC-
MOPTHBIX M MTOMCKOBO-CIIacaTeNbHBIX 3a7ad, 33134
MIPEeIOTBPAIIECHUS U JIOKATU3AlUN YPE3BBIYaiHBIX
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ro ynpasieHus. Takum oOpa3om, aBToHOMHBIE J[O
JIOJDKHBI UMETHh BO3MOXHOCTH TPUHUMATH CBOU
COOCTBEHHBIE PEUIeHHS B JAWHAMHYHOHN, YaCTHIHO
HaO0I0JTaeMOM U HETIPEICKa3yeMOH Cpe/ie.

TpaguiMOHHO JJisi KOOPJIWHAIIMU TPYIIOBBIX
neiictBuid JIO B CI0KHBIX, IJIUTEIbLHBIX, MHOTOIIC-
JIEBBIX ¥ MHOTOATAITHBIX OMEPANUIX HCIIOIB3YIOT-
cs OMOWHCIHMPUPOBAHHBIC METOJbI, OCHOBAHHBIC
Ha TOBEJCHUN POS WK CTad (KakK y MTHI] WIH Ha-
cekoMbIxX) [12]. Tem HE MeHEE, BO MHOTHX CITyJasx
ucnons3oBanre rpynnsl 1O B Buge pos (cram)
SBIIIETCS. UPE3MEpPHO JOPOTHM pEUIeHHEeM. OTO
O0COOCHHO Ba)KHO JJISi BOGHHBIX MPHUMEHEHHH, T/
CTOMMOCTh yHUBepcaIbHBEIX JIO MOXeT OBITh
BEeChMa 3HAYUTEIIBHOM.

I'pynmer IO MoryT OBITH OpraHU30BaHBI T'O-
pas3zo cioXHee, 4eM pOii; OHM MOT'YT OCHOBBIBAThb-
Cs Ha OMpPEAeNICHHOM IMOPSIAKE MOCTPOCHUS U KOH-
KpPEeTHBIX poiisix mis kaxkaoro /{0 B aToM mopske.
B T0 xe Bpems, JIO mODKHBEI aBTOHOMHO BBIOH-
paTh COOTBETCTBYIOUIMM CLEHApUWA aKTUBHOCTH
B JMHAMHUYECKOW CpeJie B paMKaX CBOEH poiu.

Takum o0Opa3om, Trpymnma MOXeT MPEACTaBIATH
coboit ynopsnoueHHoe MHOKecTBO JIO ¢ pasmuu-
HBIMH POJIIMU U (PYHKIUSIMHU, KOTOPBIE COBMECTHO
¥ OJTHOBPEMEHHO BBIMIONHSAIOT CBOM CIIEHAPUH aK-
TUBHOCTU B PaMKax 3aJJaHHOW MUCCHUU JJIS JOCTHU-
JKEHUS TOCTaBJIeHHOW menu. M3-3a pazHooOpasus
¢byHKIMiA, Ha3HaueHust U poner JJO B rpymme Ta-
KHe TPYIIHl Ha3bIBAIOT T'€TEPOTeHHBIMH aHCamO-
nsMu. B 1o xe Bpems, uem 0Ooliee CIIOKHOHM SIBIISI-
eTCS CTPYKTYypa U (PYHKIIUU aHCAMOJIS, TEM CIIOXK-
Hee xoopamHarmmsa J1O. IIpobnema, xotopas pac-
cMaTpuBaeTcss B JaHHOM  cTaThe, CBS3aHA
C KOOpJWHALMOHHBIM YIIPABIICHUEM T€TEPOrCH-
HbIMH aHcamOsamu 0.

B pamkax amcamOis /10 momkHBI OBITH B CO-
CTOSIHUM O0INATHCS, KOOPJIMHUPOBATHCS U COTPY/I-
HU4YaTh Apyr ¢ apyrom. CymecTByeT MHOTO IOJ-
XONOB Il ympaBieHus ancamOmsmu IO um 006-
HIMpHAas JIUTepaTypa mo aroMmy Bompocy. Ilpu aTom
MpoOJieMbl KOOpAMHAIMU H coTpyaHuuecTBa 1O
B aHcaMmOJie MOTYT IIMPOKO BapbUPOBATHCS OT U3-
OeraHusi CTOJIKHOBEHHM IO pacipeeieHHOro Iia-
HupoBaHus [12].

BonbmmHCTBO MCcnemoBarenelt yAensiid BHH-
MaHHe PEIICHNI0 KOHKPETHBIX 33/1a4 KOOPAWHAINN
pOsI, UCTIONB3Ys MPOCTHIE HAOOPH! MPABWII, UMHUTU-
pyIoIIHe MOBEJeHNE B €CTECTBEHHBIX CHCTeMax [2,
5]. Takoif mogxom TpeOyeT JHITL OTPAaHHMYESHHOTO

o0beMa HHGPOpPMAIMKM U SBISETCS YCTONYMBBIM
K OTIETbHBIM HeyzJadaM, TeM HE MEHee OH OIupa-
€Tcsl Ha YCTaHOBJIEHHE KOHCeHcyca Mexny 1O, uro
MOJKET 3aHUMaTh MHOTO BpPEMEHH, — HEMpPUEeMIIEMO
MHOTO JIJIs1 IPUJIOKEHUH peaIbHOro BpeMeHHu [6].

B Gomee crokaON hopMe KOOpAWMHAITUS H CO-
tpyaaudectBo JJO TpeOyroT (hopManbHOTO onwca-
HUS MpaBWI U mpouenyp. B ocHoBHOM jns 3Toro
UCTIOJIB3YIOT HOAXOIbI, OCHOBAHHBIE HA MOJEIIX
U IpaBWiIaX, a TaKKe METOAbl aJrOPUTMHU3ALUH
mpoueayp B3aumoaeucTaus [4].

OnpHako CcIIOKHOCTh B3ammozeictBus JO He
MIO3BOJIAET HCIIOJIb30BAaTh HANPSAMYIO IIOAXOJ Ha
OCHOBe Mojeinied. B To e BpeMs alpuopHOE Io-
CTPOEHHME HCUEPIBIBAIOIIETO MHOXECTBA IPAaBUI
KOOpIMHALMN HE MPEACTaBIACTCS BO3MOKHBIM,
a TIpOBEpKa 3TOr0 MHOXKECTBa HEOCYIIECTBHMA
B CHCTEMax PeaJbHOr0 BPEMEHH, OITOMY MOAXO]
Ha OCHOBE IPaBWJ TaKXe SIBJSIETCS HEmpueme-
MbIM. XOTs 3TH HOAXOJbI U MO3BOJIAIOT JETAIBHO
ONMCHIBaTh M aHAJIM3UPOBATH MOBEACHHUE TPYTIIHI
JO, HO uX TPYOHO alanTHPOBaTh K PELICHUIO pe-
ANbHBIX 33Jad HABUIAlMM U B3aUMOJEHCTBUS
B CJIOXKHBIX YCIOBHSX [1], Tak Kak B CIOXHBIX Ha-
BUTAIIMOHHBIX YCIOBHIX Ha CTECHEHHBIX y4acTKax
MPOCTPAHCTBA OpHU BbICOKOU muoTtHocTH JO u un-
TEHCHUBHOCTH HMX IepeMEIIeHUs] BO3HHUKAIOT IIpO-
TUBOPEUYHs] MEXIy 3HAYUTEIbHBIM O00BEMOM HWH-
¢dopmaru, TpeOyromel HeMeaIeHHONH 00paboTKu
UL IIPUHATHS peIleHUH, U Ae(UIIMTOM HMEoIle-
rocsi BpeMeHHU Ha MPUHATHE PELIeHNH.

Teopetuko-rpadoBeie CTpyKTyphl [3] mHOTAA
UCTIOJIB3YIOTCA AJI YHPOILICHHsS Habopa IIpaBuI
B3aUMOJICHCTBHSI, IIO3TOMY B3aUMOJEHCTBUS MO-
TyT OBITH TPEACTAaBICHBI B BUE I'padoB WM BHUp-
TyaJIbHBIX CTPYKTYD, I'/Ieé BEPLIMHbI pacCcMaTpUBa-
forest kak JO, a pebpa — Kak OTHOIICHUS MEXKITY
HuMH. TeM He MeHee IpY UCTIOIb30BaHUH JAaHHOTO
MOOX0JA M3-32 €ro BbBICOKOW BBIYMCIUTEILHOM
CJIOKHOCTH TPYIOHO TapaHTHPOBATh OCTATOUHYIO
MPOU3BOAUTENHHOCTh [4]. Jlpyrue BO3MOXKHBIC
METOJBl YHpOILEeHUs HaOopa MpaBWJI, TaKHE Kak
rudpuan3anus, abCcTparupoBaHue, CTaTUCTHYCCKAs
OIIeHKa, BpEMEHHas JIOTHKa TaK)Ke IOABEPIKEHBI
9TOMY HEJOCTaTKy [7].

Heanb

IIpennonoxxum, 49To aHcamOIb (GopmMupyercs
u3 rpynnbl oecnunotHeix 1O mis onpeneneHHOR
MHUCCHH ITyTeM NPUMEHEHHS OTpaHWYEHUN Ha HX
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¢ynkumu u ponu. Torma moenenue 1O B 3TOM
aHcaMmOJie TIOTYUHSAETCS OOLIMM IMTpaBHUIIaM, CIEIH-
¢buaaRIM s TaHHOTO Kiacca JIO, n orpaHmdnBa-
€TCsI: ero POJIbI0 B MUCCHHU, TEXHUYECKHMH Xapak-
TEPUCTUKAMH, ONPEACIAIONIMMHI €0 BO3MOKHOCTH,
THIPOMETEOPOIIOTUIECKUMU (PAaKTOpaMU W JIEHCT-
BUSIMH TIPOTHUBOACHCTBYIOIIUX POTHBHUKOB.

Takum o00pa3oM, akTHBHOCTH Kaxkporo JO
JIOJDKHA CJIeI0BaTh OCHOBHBIM mpuHOUNam: J1O
JIOJDKHBI OBITH OCBEIOMIICHBI O CBOEH POJIU B MFIC-
cur; 1O JOKHBI OCYLIECTBIATH OecHpephIBHOE
HAOIIOJICHHE /IS TIPEIOTBPAICHHST CTOIKHOBEHUH
W WCIIOJIb30BaTh KaHAJBl KOMMYHHKAIUW IS
obecnieueHus crabunbHOCTH aHcamoOinsg; JIO mon-
JKEH CTPEMHTBHCS K JOCTHKCHUIO CBOMX 33/1ad4
B MUCCHH aHCaMOJIsl.

Henbto nanHO# paboThl sIBIsiETCS pa3padoTKa
METO/Ia HMHTEIUIEKTYyaJbHOTO YNpaBlICHHUS CIIOXK-
HeIM aHcamOnem J[O amsi CHIKEHHs pHCKa aBa-
PUMHBIX CHUTYyallMi B YCJIOBHUSAX BO3JEHUCTBUS HH-
TEHCUBHBIX JMHAMUYECKHX, HABUTAIMOHHBIX U
CUTYaIlMOHHBIX BO3MYIIIEHUH B Pa3UYHBIX TOYKAX
MPOCTPAHCTBA.

MeTtoanka

B crarbe mpemmaraercsi HCMONIB30BaTh CIIEHAP-
HO-TIPEUEACHTHBINA MOAX0] K KOOPAUHUPOBAHHOMY
YOPaBICHHUIO TeTeporeHHbIMU aHcamOysiMu  J[O,
Oym3kuii K [8], U CIieHapHil aKTUBHOCTH B Ka4ecT-
BE€ OCHOBHBIX JMHAMMYECKHX COCTABIISIIOLINX Ipe-
MIEJICHTOB, B OTIMYHE OT KIJIACCHYECKOTO IIpere-
JIEHTHOTO TOAXO0/a, TAe IPEIENeHTH paccMaTpu-
BaIOTCS KaK CTaTUYECKUE.

Ilogxon Ha OCHOBE NPELENEHTOB IPEIIOKEH
B [10] mns pemeHuss mpoGieMbl KOOpAMHALIUU
B Oonprmx rpymmnax JJO Ha OCHOBE CIEAYIONIMX
NPEANOJIOKEHUN: aKTUBHOCTh B3aUMOJEUCTBUS
JO BocmpousBoAnMa W MOBTOpsSE€Ma; aKTUBHOCTD
B3aumozeiicteuss JIO He MOXeT ObITh OmHCaHa
B BHJIE aICKBATHBIX MOJEJECH WM YETKO ompene-
JICHHBIX TTPABUJII W/HITH TIPOLIEAYD.

Takum 00pazoM, MBI MOXKEM OMHCATh AKTHUB-
HOCTh B3auMmojcicTBuii JIO B BHae IIaOJOHOB.
OTO 03HAYaeT, 4TO CYLIECTBYIOT OIpEACICHHBIC
CTEPEOTHUITHI KOOPIUHAIIUHN ISl CXOKUX CUTYaIlui,
U €CIH CYIIECTBYET BO3MOXKHOCTh HAKOIUICHUS
1a0JI0HOB TPYIIIOBOTO B3aUMOJICHCTBHS AJISL pas-
JIMYHBIX KJIACCOB CUTyalUil, Mbl MOKEM HCIOJIb30-
BaTh JaHHBIN IIOAXO/I.

PaccMoTpuM OCHOBHBIE 3JIEMEHTHI Mpejiarae-
MOTO TOJXO0Aa. MHOTUMH CIIEIIUAINCTAMH OTMe-
4aeTcsl MOBTOPSIEMOCTh JEHCTBUI MO YIPaBJICHUIO
JO Ha ypoBHE MOCTUTHYTBHIX HABBIKOB B aHAaJIO-
TUYHBIX (TUIOBBIX) CIIOKUBIIUXCSA CHTYyaIHsIX
[10], uTo TO3BOJIAET WCIOIL30BATh IS OOYUCHUS
CTCPCOTHUIILI PCUHICHUA PA3JIMYHBIX 3aJda4 NpeaMET-
Hoi oOnactu. Kak mpaBuiio, moBTOPSIEMOCTh JICH-
CTBUI1 00yCJIOBJIEHAa HAMYMeM HOPMATHUBHBIX pe-
TYJISTOPOB W CIOKUBIIMXCS CTEPEOTHIIOB perle-
HHUM.

Hampumep, W3BECTEH CTEpEOTHIl YKIOHEHUS
«ToMexa CIpaBa — OTBOPOT BIeBO» (puc. 1).

Ao

o 4.

Puc. 1. CrepeoTnn yKIIOHEHHUS OT IIOMEXH CIIpaBa

Fig. 1. Deviation
stereotype from obstacle at right

IIporoTun pemieHusi, COOTBETCTBYIOIIMMN CTe-
PEOTUITHON CHUTYaIlMH, COJIEPKUT IOCIIEI0BATENb-
HOCTh (cueHapuii) npumeHeHus JI[TP koHKpeTHBIX
olepanuil 1Uisl pelieHusl HOCTaBICHHbIX 3a/1a4.

Ha puc. 1 6 MoMeHT BpeMeHH ¢, 00BEKT 4, OT-

KJIOHSICTCSL OT 3aIUIAHMPOBAHHOM TPAGKTOPUH, YKIIO-
HSSACh OT ONACHO JBMKyIerocs oobekra A4,. Ma-

HEBP YKJIOHEHHMS BJIEBO COCTABJIIET IIPOTOTHII peLlie-
HUSl, COCTOSIIIMI U3 TPEX MOCIIE0BATENBHBIX Olepa-
I yIpaBJIEHHUsI — MIOBOPOTHI BIIEBO, BIIPaBO, CHOBA
BJIE€BO. B 3aBHCHMOCTH OT IapaMeTpoB OIEpaLUid,
BO3MOXKHBI Pa3JINYHbIC BAPUAHTHI U3MEHEHUS TPACK-
TOPUM — Ha pHUC. | MOKa3aHbI TPU BO3MOXKHBIE U3
MHOXKECTBA JIOITyCTHMBIX CKOPPEKTHPOBAHHBIX Tpa-
€KTOpUM IIpY pa3InYHbIX YCTAHOBKAaX OpPraHoB
ynpasieHus (Hanpumep, yriia nosopora) 0.

TakuMm 00pa3oM, NMPOTOTHII COAEPKUT CIIEHa-
pUil IPUMEHEHHUs ONepanui s JTOCTHXKCHMS He-
ob0xoanmoin 1enu (pe3yJsibTaTta peLICHUs 3aJauu)
B 331aHHOM NMPOCTPAaHCTBEHHOH 001acTH.

doi 10.15802/stp2017/100087

112

© B.T. Illepctiok, 1. B. Cokomn, E. H. Tapacenko, 2017



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

Hayxka ta nporpec Tpancnopty. BicHuk J[HInponeTpoBCEKOro

HAILliOHAJIBHOTO YHIBEPCUTETY 3alli3HMYHOro TpaHcnopty, 2017, Ne 2 (68)

IHOOPMALIIMHO-KOMYHIKALIMHI TEXHOJIOI'TI TA MATEMATUYHE MOJIEJIFOBAHHS

[lpu KoHKpeTH3aUWu TPOTOTUINA B CLEHAPHUI
TIOJICTABIISIOT OIPEJICIICHHbIE 3HAYCHUS IapaMer-
pOB, 4TO HEOOXOMUMO I (POPMUPOBAHMS YIIpaB-
msromux  Bo3aeictBuit Ha O [9]. Paznumunbie
KOHKpPETH3allud OJHOTO M TOTrO JK€ IpOTOTHIIA
MIPEJICTABIIAIOT COOOM pa3NWYHbIE PElIeHHus 3a/a-
YH, UMEIOIINE DPa3UYHblE YPOBHU COOTBETCTBUS
HEKOTOPOMY STAJIOHHOMY PEIIEHUIO.

B 3aBucuMocTu oT 3HaueHuid mapamerpon JO
Y BHENIHEN cpeibl B KOHKPETHBIH MOMEHT BpeMe-
HU Ha CIIeHapulil aKTUBHOCTU MOTYT OBITh HaJIOXKE-
HBI SIBHBIE U HESIBHBIE OrpaHuueHus (puc. 2): ycra-
HOBOK OpraHOB YIIpaBlieHUS (MaKCHMaJbHO J0O-

MYCTUMBIIl yroy moBopora o, A TEKyLIeH CKo-
POCTH [IBIDKEHHS VL, ); coOIroneHuss Oe30IacHOM
JUCTaHIIMKA MaHEBPUPOBAHUA D, . ; Cy)XEHHUS IIPO-

CTpaHCTBa MaHeBpUpOBaHuA (L, ) U T.1.

Puc. 2. OrpannueHus NpoTOTHUIA PELICHUS 3a1a4H
Fig. 2. Limitations of solution problem prototype

[losiBiIeHME B MOMEHT BpEeMEHH { BO3MYIIEHUS
o, (Hapuc. 1 — 4)) coznaer nns1 A, npoOIEeMHYIO
curyauuio s(¢)€S, rae S — MHOXKECTBO BO3MOK-
HBIX CUTYyaIlli MPeaMETHOW 00JIacTH.

Bcesikoe Bo3MyIIeHHE 3aTUTAHUPOBAHHOW TpaeK-
Topuu TpeOyeT cBoel KoMIIeHCAalnu, KOoTopas 4a-
e BCEro MOXKET OBITh MpECTaBlIeHa Kak ITOCIe-
JIOBaTENLHOCTh oTeparuit YIpaBJICHHS
M =[ Disee pn]. Tak, Ha puc. 2 nociaenoBaTeIbHO-
CTBIO ONepaluil yrpaBiIcHUS SBISICTCS MaHEBP VK-
JIOHEHUSI.

B cBoro ouepens, kaxaas omepanusi yrnpaslie-
HUA p, MOXET ObITb INpPEJCTaBlIEHA KaK BEKTOP
MPUIIaraeMbIX BO3JICHCTBUI
U={u,,..u,} Ha MHOXKECTBO HCIIOJHATEIbHbIX

YIOPaBIISIOIINX

mexanusmoB  J10 @ (4y)={4,..9,}, npuiem
{ug e} ¢ ;- Hanee, onemenrapHoe ympas-
JAI0LIee BO3AEHCTBHUE 1, IIPEICTAaBIAET COOOH U3-
MEHEHHE OIIPE/ICJIEHHOTO IapaMeTpa pé)]_ COOT-

BETCTBYIOLIEro opraHa ynpasienus ¢ ;. Ilocneno-

BaTEIHHOCTH CIOPBEKTHBHBIX 0TOOpakeHu i

. [ J >
Jyiu— Ap¢l — Ap’ 1o3BOJISET BO3JEHCTBOBAThH

Ha Tpaektoputo akTuBHOCTH IO m3MeHeHneM He-
KOTOpOTro €€ napaMmerpa Apj .

B 10 xe Bpemsi HEONPEAENEHHOCTD [, BCIIEA-
CTBHE CTOXACTUYECKOTO BIHUSHUS BHEIIHHUX BO3-
JIEUCTBUM, HECTAlMOHAPHOCTH W CYUIECTBEHHOU
HenmuHenHocTH IO mpensTcTBYeT BBIYUCICHUIO
aJIeKBaTHBIX Bo3jekicTBui 1, Ha JIO Ha OCHOBE €ro
MOJCIIN.

Hanuune Bo3neiicTBuil BHELIHEH cpenbl mpe-
MATCTBYET HEMOCPEICTBEHHOMY MCIOIb30BaHUIO
MIpelyCTaHOBJIEHHBIX II1a0JIOHOB JUISI OIpeJeNeH-
HBIX KJaccoB KOMIIEHcalluii. BrimonHenue omgHoi
U TOU K€ MOCIIENOBAaTEIbHOCTU OIEpanuil yrpas-
JICHWSI TTO/T BIMSHUEM BO3MYILEHUN ® pa3nuyHOU
WHTEHCUBHOCTU WM HAIPaBJICHHOCTHU, a TAKXe MpPU
pPa3IMYHBIX 3HAYEHUAX I1apaMeTpPOB aKTUBHOCTH
JO tpebyeTr nmpuIoKeHHs! YIPaBISIFOIIUX BO3ACH-
CTBUH, pa3iIM4YHBIX 10 BEIMYMHE U COCTaBy. BhI-
YUCIIEHHE HEOOXOIUMOTO BEKTOpa YIPABIISIOLINX
BosaeiicTBuit U sBISETCS TpyaHO(GOPMATH3yeMoii
3amadeit [6].

IIpeamnonoxxumM, 9T0 B MPOOIEMHOW CHUTYaITUH
s(z) MOJKHO HCIOJB30BaTh Ul PELICHUs 3aJadH

HEKOTOPbIA MPOTOTHUI €y(1) (mpenenent [11]).
IIpeuenent €,(;) CONEPXKUT pEIIeHUe 7, Npes-
cTapjisiollee cobo creHapui X, KOMICHCALMH

CUTYallUOHHOI'O BO3MYILCHUA O . HpI/I OIHOBpPEC-

MEHHBIX WIH IIEPECEKAIOIUXCS BO BPEMEHU MHO-
JKECTBEHHBIX (71 ) CHUTYallMOHHBIX BO3MYIIECHMSIX

peuiceHue S(t) MOKET NPUHUMATL BHU/J ITIOCJIEAO0BA-

TCJIbHOCTHU CIICHAPpUCB (rmaHa) peuicHusa 3aavyun

_ 1 m
Pl = [zs(,),...zx([)] :
Inan Pls(t) COJICPKUT IIEITH Gs(t) eS. Jlns xa-

JKIO0M MPOOJIEeMHON CUTYyalUuH s(t) BO3MOXKHO CY-
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LIECTBOBAaHUE MHOX€ECTBA IPELEIECHTOB
_ 1 n

Es(t) —{es(t),...es(t)}, HPEAOCTABIAOIUX PA3JIHY-

HbI€ IMPOTOTHUIIBI PEUICHUI Rz{};l(l),...i;’zt)} s

JOCTIDKCHHS OJHOM M TOM K€ IECIH Gs(t)’ OTJIN-

Jarnuecsa 1mo COOTBETCTBHUIO KPUTCPUAM YIIpaB-
JICHUS Qs(t) , 10 CTCIICHU COIJIaCOBaHUA C OIrpaHHu-

YCHUAMU Bs(t) , 4 TAK)XKC II0 OLCHKC BO3MOXHOCTHU
L AOCTHIXKCHHSA LEJICBOTO COCTOSHUS Gs(t)' Hau-

0oyiee yMECTHBIH MPOTOTHII MOXET OBITh BBIOpaH
U3 MHOKECTBa R Ha OCHOBE 3aJaHHON (DYHKIMH

HPEANOYTEHUM y(R), YYUTHIBAIOIIEH Bs(t), QS(Z)

u u(GS(t)).
Konkpernzaius npoToTHIIa B MPELEACHTE &)

B MOMEHT BpPEMEHHU ! TpeOyeT COrjacoBaHUS Clie-

Hapusd Zs(t) C MHOXXCCTBOM HAJIOKCHHBIX OI'paHu-

YeHui B, ¥ HAOMIOIAEMBIM KOHTEKCTOM CHTYa-

1005051 Ctx(s(t)) , 3aJJaHHBIM Ha KOHEYHOM MHOKeE-

CTBE MapaMeTPOB aKTUBHOCTH, U MOITOMY MOXKET
OBITh CBEJICHA K aJIalTAlliU TPEIe/ICHTA.

Hcxons w3 mpencTaBieHHBIX COOOpakKeHWH,
MOXXHO C(OPMYJIHPOBATH CICAYIOMNE OCHOBHBIC
W] CIICHAPHO-TIPEIICIEHTHOTO MOIX01a:

— TPEUESICHT e, €CTh TPOTOTHI PEUICHHs B

po0JIeMHON CUTYaIUH s(t) ;

— TIOCKOJIBKY MpPOLIECC YIPABIECHUS SIBIISETCS
LeJIEHAaNPaBJICHHBIM, PEIICHUE MpeLeAeHTa Mpe.-
v _ 1 m
CTaBiIseT coOOM IIIaH Pls(l) —[ES(t),...ES(tJ, Be-
TyIUI K KOHEYHOH IeNU YIIPaBJICHUS GS( 05

— IUTAH PZS(Z) SBIAETCA KOMIIO3HMIMEH CIlieHa-
pHeB ES(t), KaXJbli M3 KOTOPBIX HAMpaBleH Ha

KOMIIEHCALIUIO OIPENEIEHHOIO BO3MYLIEHUS g,
BO3JICHCTBYIONIETO Ha TPACKTOPHIO AKTUBHOCTH
HO;

— cueHapui ES(t) MIPeICTaBIsIeT COOON TUIaHU-
PYEMYIO TOCIIEIOBATEIIBHOCTh BBIMOTHIEMBIX II0-
CIEeIOBAaTEIbHO WIM NapajUIeIbHO BO BPEMEHHU
oTiepanuii yIpaBJICHUS [ Di»e-Dy, ] ;

— CIIEHapHi MOXET COJep)KaTh albTePHATHB-

HBIE MOCJIEA0BATEIbHOCTH ONEPALMI yIIpaBIEHNUs,
BEIOOp OJTHOM W3 KOTOPBIX CBS3aH C aKTyaJbHBIMHU
Ha MOMEHT OCYILECTBJIEHHs BbIOOpA /. 3HAYCHUS-

MU IapaMEeTPOB KOHTEKCTa CUTYalluH Ctx(s (tz )) ;

— BCSIKasl ONEpAllksl YIPABICHUS. p, MPEICTaB-
JICHAa BCKTOPOM MpHUJIara€MbIiX YIIPaBIAIOUINX BO3-
neiicreuii U ={u,,..u, } Ha MHOXECTBO HCIIONHH-

TenbHbIX Mexann3moB J1O {0,...0, };

— BCJEICTBHE CTOXAaCTHYECKUX BO3JEHCTBUI
BHEITHEH Ccpenbl, HEMOJHOTH W HETOYHOCTH Ha-
OJIFOICHMIA, CYIIECTBEHHON IWHAMUKH KOHTEKCT
CUTyalluM TPETEPIeBacT 3HAUYUTEIbHBIC H3MEHE-

HUSL HA BPCMEGHHOM HMHTepBane [f,f,| BblmomHe-
HUS CLICHAPHS;

— BBIINIOJIHEHUC CHCHApHUA Zs(t) TpeGyeT YBi-
3BIBaHUS TTaPaMETPOB YIIPABIISIOIINX BO3ICHCTBHI
C ITMHAMHYECKH HM3MEHSEMBIMH ITapaMeTpaMH CH-
Tyallud U COIVIACOBAHUS C JAEHCTBYIOIIUMH B CH-
Tyaluy OrpaHHuCHHSIMH B, (), 910 Tpedyer mpo-
BCACHHUA COOTBETCTBYIOIIUX PACUYCTOB HA KaXIOM
LIare BINONHEHUS CLIEHAPHS TIPH 1, € [1,,1,].

CornmacHo TPEICTaBICHHOW WHTEPIIPETALHH
CIleHapWii  TpeAcTaBisseT cobOoif  amamrario
CPEACTB AOCTHXKEHUSI MOCTABJIEHHBIX LENeN K Au-
HamuKe cpenbl. Eciin mepeHecTH NaHHBIA MOIXOA
K ympaBieHHI0 oTAe’bHbIM JIO mpuMeHUTENbHO
K ynpasineruto ancamb6iem IO, mepedncieHHbIE
NPUHLUIEL HE U3MEHATCS — TUIaH Pls(t) Oyner co-

m

CTOATh W3 MHOXECTBA CLEHApUEB {Zl(t),...Zs(t)}

S
mis xkaxgoro JIO, cocraBisiomiero JaHHBIA aH-
camMOIb. A OIMCaHWE CHUTYyaluu s(t) Oyner 3ana-

HO KaK NPOCTPaHCTBeHHas Kondurypamms V(¢),
B KoTopod kaxablil JIO mpencTaBieH ¢ MOMOIIbIO
TPHAJEI <P0s(Al.),tl,(pj>, rne A — J0O; ¢, — mo-
MEHT BPEMEHH, Pos(Ai) —nosuuua JIO 4, B Mo-
MCHT BPEMEHH #;; ¢; — (YHKUMSA, BBINOIHACMAS

JO A; B MOMEHT BPEMEHH 1, .

PesyabTatsl

Crnenuduka mpobaeMHON 007acTH 3acTaBIsAET
HCIIOJIL30BAaTh B KAaUCCTBEC XPAaHUMbLIX B IPEUCACH-
Tax PelICHUU CIIOXKHBIC CLICHAPUH, JOIMYCKAIOIINE
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aJlanTanuio HEeKOToporo 6a3oBoro IuiaHa Qpopmu-
POBaHMs yNPaBISIOMINX BO3AEHCTBUN B JOCTATOY-
HO LIMPOKHUX IIpeJesnax Ha OCHOBE MOAENEH COBMe-
cTHOro nepemertenust MHOxkecTBa J1O.
Koopannannonsoe yrpaBiieHUE TeTepOreHHBI-
Mu ancamOnsmu JIO mpeacTaBisier coOO# CITOX-
HBIII MHOTOYPOBHEBBIH NTPOLIECC, BKIFOYAFOIIIMIA:
1)onepanoHHBIi  (BBICIIMIT) ypOBEHb, pe-
HIaloUMKd  3afady BBIOOpAa aAEKBATHOTO IUIaHA
MHUCCHH Pls(t) (mpeueaeHTa) Ha OCHOBE MPOCTPaH-

CTBEHHOW KOH(UTyparuu V(z). Cxema BBITIOJIHE-

HUS MUCCHH, 3aJJaHHAs B BH/I€ MHOXXECTBA CIICHa-
pHeB {Zi(t),...Zgét)}, noxcrpauBaeres k V(1) B
pe3ynbTaTe BBINOJHEHHUS TIpoliecca aJanTaluu
npelneneHTa U Janee pa3OMBaeTCsl Ha CLEHApUH
k N

Zs(t) st Becex 10 ¢ Ha3HaYeHHOU ponblo k , Ipu
9ToM Kaxapld u3 JIO HauMHAET BBITTOIHATH CBOM
COOCTBEHHBIH CLICHAPHIA;

2)KOOpAMHAIMOHHKIN (CpenHuii) ypoBeHb, 3a-
Jlaga KOTOPOT'O COCTOMT B COBMECTHOM BBITIOJIHE-

S

HUU CIICHApUEB {Zl ( t),...ZS”Et)}. Ha mannoMm ypoBHE

KaXIbplld CcLiEHaphil mpeoOpasyercsi B MOCIEA0Ba-
TEIbHOCTh TPHAJ <Pos(Ai),tl,(p j> , IPUHUMasl BO

BHHMAHHE BCIO COBOKYIIHOCTH MMEIOIUXCS HABU-
TallMOHHBIX, CUTYallMOHHBIX U BPEMEHHBIX OIpa-
HUYEHUU BS(I). B uactHOCTH, 3TOT ypOBEHb OCY-

IIECTBISIET KOHTPOIb MPUEMIIEMOCTH ISl KKIOH
MO3UIMHA B TpUaje, TaK KaK BCSKas CIEAYIOIas
MO3UIMSI HE JOJDKHA TMOMajgaTh B O0JIaCTh 3ampe-
IIEHHOW WiaW omacHoW aktuBHOCTH [13]. Otor
YPOBEHb TaKKe NMPUHUMAET HaOIIogacMble COOBI-
THS ¥ TIPOBEpsIeT HAJU4ME U3MEHEHHU MpPOCTpaH-
CTBEHHOW KoH(urypanuu. B ciydyae mMerommxcs
W3MEHEHU 00 3TOM H3BEIAeTCsl ONEPaIMOHHBIN
YPOBEHB, KOTOPBIH 3aITyCKaeT IIOMCK HOBOTO TUTaHA
MHCCHH, OCHOBAaHHOI'O Ha HOBOHM NpPOCTPaHCTBEH-
HOW KoH(puryparuu. B mpoTuBHOM ciydae, ypo-
BEHb KOOPAMHAIINU YTOUHSET apaMeTPhl TO3UITHU
Y BpEMEHH JUIsI KOOPAMHALIMK COBMECTHBIX JeHCT-
Buii JIO B COOTBETCTBUU CO CLIEHAPHUEM;

3)ypoBeHb ympaBieHHus OTAeNbHO B3ATHIM J1O
(HIKHHH), pealn3yroImuil TpaHCPOpMalUio Ma-
HEBpPOB B YIPABIAIOUINE BO3ACHCTBUS HHU3KOTO
yposust U ={u1,...um}. JlaHHBI ypOBEHb NPUHHU-

MacT MNOCJICAOBATCIBHOCTL TpHUAad Ha BXOAC U I'C-

HEpUpYyeT 3HAYCHUs MapaMeTpoB JUIS HCIOJIHH-
TenbHBIX MexaHn3MoB J{O Ha BBIXOJIE.

Hmwxanii ypoBeHb peain3oBaH B BHIE THOPH-
HoW cuctemMbl bPU3, coueratomiell moxacucremy,
OCHOBAaHHYIO Ha INpeleeHTax, ¢ MOJCUCTEMOM, oc-
HOBaHHOM Ha mojensx. [locneaHsis peaausyer Mo-
JIeTb JIBDKEHMSI M ABIIIETCS BEOylIe, Torjga Kak
MIpeLeIcHTHas NoJIcCUCTeMa sABJsieTcsl BenoMoil. s
aJanTaniy  CIEHAPHEB WCIIONB3yeTCs alrOpPUTM
YIOBIIETBOPEHUSI OTPaHUYEHUHA JJIsI COONOICHUS
KPUTUYECKU BAXKHBIX BPEMEHHBIX OTPaHUUCHHI.

Bepxuuii u cpenHudl ypOBHHM pealli30BaHbI
B BHUJIC THOPHUIHON COOBITHITHO-OPHEHTUPOBAHHOM
cuctembl MYCCOH [14], Bximrouatomeir B cebs
CLICHApHO-MIPELEACHTHYIO TOJCUCTEMY, XPaHWIU-
e TPeLeeHTOB W TOJICUCTEMY, OCHOBAaHHYIO Ha
mognenu. [locnenHsas ucmonp3yeTcs Ui BBIYUCIIE-
HUSL TPOCTPAHCTBEHHBIX oOmacteil. CueHapuu
U TPUTTEPHI IJIs KKIOTO Kiacca COOBITHI Hamm-
caHbl Ha s3bIKe ommcaHus crieHapueB SCDL, oc-
HOoBaHHOM Ha XML.

[IporoTur cucreMsl yrpaBieHHs pealn30BaH C
WCITOJIb30BaHUEM SI3BIKa MporpammupoBanus C++
B OC Linux. BepxHuii u cpeaHuii ypoBHU 3TOi
CHCTEMBl OCHOBaHBI Ha BeO-OpPHEHTHPOBAHHOM
reonH(OPMAITMOHHOW CHUCTEME PEalbHOTO BpeMe-
HU, BBITIOJTHEHHOH C UCIOJIb30BaHNH (PEHMBOPKOB
Django/GeoDjango ¢ PostgreSQL-coBMecTHMBIM
JIBUKKOM 0a3bl JaHHBIX.

Puc. 3. ®parmMeHT TeaTpa B3aUMOJECHCTBUS
B IC MYCCOH

Fig. 3. Fragment of the theater of interaction in the IS
MUSSON

Ilogcucrema, OCHOBaHHasg Ha MOJIEISAX, HC-
MOJIB3YET MHOTOAreéHTHYI0 KOMIIBIOTEPHYIO MO-
nenb coBMecTHOM aktuBHOCTH J1O, mMO3BOIISIO-
IYI0, OCHOBBIBAsICh Ha HAONIOAAEMBIX TapaMeTpax
U JIOTUKO-IMHAMHYECKOW MOJAEIHU HOPMATUBHOIO
perynaropa, «IpOUTPHIBaTH» BO3MOKHBIE CHUTya-
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U U COOBITHS, MPOCYUTHIBATh PEAKIMH Ha TIPU-
HUMaeMble pEeIIEeHUd 0O YyIpaBieHuro. MHoro-
areHTHasl CUCTeMa peajM30BaHa Ha OCHOBE JIOTH-
KO-KOTHUTUBHBIX UHTEJUIEKTYaJIbHBIX ar€HTOB.
IIponecc agantauuu pelmeHui s TEKyLIeH Ha-
BHUTAIIMOHHOW CHUTYallMd YYHUTHIBAET OCOOCHHOCTH
npocTpaHCcTBeHHON KoH(purypauun JO, rumpome-
TEOPOJIOTUYECKUE YCIIOBHS, BPEMCHHBIC M (DyHK-
[IUOHAIIEHBIE OTPaHUYEHHS, MOITOMY TpeOyeT BbI-
TOJIHEHHUSI COBMECTHOTO TIOMCKa B TMPOCTPAHCTBE
ONMCAaHUS CUTyallMM U HA MHOXECTBE MMEIOIINXCA
MIPaBUII, OMTUCHIBAIOIINX MPOOIEMHYIO 001aCTh.

HayuyHasi HOBH3HA M IpaKTHYeCcKast
3HAYUMOCTh

Brnepseie npenoxkeHa TpexXypoBHEBas cucTeMa
KOOPIMHALMOHHOI'O YMpaBlCHUs aHCaMOlieM Iu-
HaMH4YECKUX 00BEKTOB, OCHOBAHHAs Ha CIIEHApHO-
MPELEEHTHOM IOAXO0/E, YTO MO3BOJISIET CHU3UTh
MH(QOPMALIMOHHYIO TIEpPerpy3Ky IMpH aHajHu3e Te-
KyIllell CUTyalluy, COKPaTUTh 3aTpaThl BPEMEHH Ha
NPUHATHE PEIICHUH, TIOBBICHB TEM CaMbIM 3 QeK-
TUBHOCTHh KOOpAMHAIMK aHCaMOJIsl IMHAMUYECKUX
00BEKTOB B IIPOLIECCE BHIIIOIHEHUSI MUCCUH.

BoiBoabI

AHnammu3 ocobenHocTer yrpasienus JO moka-
3a] BO3MOXXHOCTb HCIIOJIb30BaHMUSA  CLIEHAPHO-
MPELEeHTHOTO I[0/IX0/Ja, IO3BOJISAIONIET0 pac-
cMmaTpuBath 3afady ynpasieHus JO kak 3agauy
IIONCKA pEIIeHUs IO HpeleleHTaM, aIanTHPYs
K TEKyIIeW CUTyallud XpaHsIleecs: B IpeeIeHTe
MHOJKECTBO CLIEHAPUEB YIPABIISAIONIUX BO3IECHCT-
BUH, MPEICTABISAIOIINX IJIaH JOCTI)KEHUS 1IeTIEBO-
T'O COCTOSIHHMS.

[Ipennaraemplii MOAXO0J MO3BOJSAET aJE€KBaTHO
OTpa’kaTh HaKOIUICHHBIN ONBIT U 3HAHWA MO TPYII-
noBoMy ynpasieHuio IO B CXOXHX CUTyalusx,
a €ro ujesl COCTOUT B TOM, YTO Moj00He cuTyauuit
ABJISICTCS. OCHOBAHUEM JJISl MCTIONB30BaHUA 10100~
HBIX PEIICHUM MO ynpapieHuro. JlaHHBIA Moaxon
HE YyBCTBUTEJIEH K HETOYHOCTH M HEIOJHOTE Ha-
omonenuii. OCHOBHBIM YCJIOBHEM €T0 Peann3aluu
ABJSIETCS CHHXPOHU3aMs 0a3 MpeleJeHTOB Kax-
moro 1O mo BpeMeHH W coaepxkaHwio. Jpyrum
YCIIOBHEM SIBJISIETCS HAJIMYUE JOCTATOYHON KOMIIe-
TEHILIMH, TI03BOJISIOIEH HAaXOAUTh YMECTHBIN Ipe-
IIEJICHT ¥ BHIOpATh aJleKBaTHBIM HAOOp CIICHApHEB
YIpaBICHHUS.
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CHEHAPHO-NPENEIEHTHUM MIIXII 10 YIIPABJIHHS
TETEPOTEHHUM AHCAMBJIEM JUHAMIYHUX OB'CKTIB

Merta. CtarTs npuUCBS9YCHA PO3POOI METOLY IHTENEKTYaIbHOTO KOOPIUHALIHHOTO YIIPABIiHHS CKIaJHUM TeTe-
pOreHHHM aHcamOiieM AMHaMiYHUX 00'exTiB. MeToauka. BupimeHHs OCTaBIEHOTO 3aBAaHHs 3aCHOBaHE HA BUKO-
PHUCTaHHI CIICHAPHO-TIPEIEACHTHOIO MiXO0IY, IO MMOJA€ AaKTHBHICTh TUHAMIYHHUX O0'€KTIB y BHIJISA/I IIA0JIOHIB, SIKI
aJIanTYIOTHCS 10 3MIHIOBAaHMX YMOB 30BHIIIHBOTO CEPEOBHUIIA 3a JOMOMOTOK CIieHapiiB. [l aganTarii ciieHapiis
BHKOPHCTOBYETHCS ITOPUTM 3aJI0BOJICHHSI KDUTUYHO Ba)XKJIMBUX OOMEXXEHb 3a YacOM. 3allpOIIOHOBAHUI METOH J10-
3BOJISIE A/IEKBATHO BUKOPHCTOBYBATH HAKOMMYEHHH JOCBIJ] Ta 3HAHHS IOJI0 TPYIOBOTO YIPABIiHHS JUHAMIYHUMH
00'ekTaMH, IPyHTYIOUHCh Ha BUKOPHCTAHHI CTEPEOTHIIIB MOAIOHMX PIllIeHb i3 YHpaBJIiHHA 00'€KTaMH B MOAIOHHX
CUTYaIlisIX. PO3TIISIHYTO OCHOBHI €IeMEHTH pillleHb MPEIeICHTIB: Kepyodi BIUIMBH, OTepallii YIpaBIiHHSA, CIICHapIi,
mwiand. Pe3yabTaTu. PeanizoBaHo riOpuaHy crcTeMy YIpPaBIiHHS, HIKHIN PiBEHP sIKO1 BAKOHAHO HA OCHOBI TiOpH-
nHOi cuctemu BPU3, mo moeqHye migcucTeMy, 3aCHOBaHy Ha MPEIENeHTaX, i3 MiICUCTEMOIO, KA peallizye MOJIeb
PYXy Ta € MPOBITHOIO, B TOH Yac sSIK MpeLeAeHTHa TiJCUCTeMa € BeAeHOI0. BepxHiil Ta cepemHiil piBHI cUcTeMHU
YIOpaBITiHHSA BUKOHAHO y BHIIIAAI ribpuaHoi momiitHo-opienToBaHoi cucteMu MYCCOH, mo Bxitouyae B cebe ciie-
HapHO-TIPELCACHTHY MiJCHCTEMY, CXOBHUILE MPEIEACHTIB Ta MiICUCTEMY OOYHCIIEHHS MPOCTOPOBHX OOJIACTeH, 3a-
cHoBaHy Ha Mojeni. CrieHapii Ta TpUrepu [yis KOXKHOTO KJIacy IMOJIil OMUCaHi 3a JOMOMOTOK MOBH OITUCY CIICHAPIiB
SCDL. HaykoBa HoBHM3Ha. Briepiiie 3arporioHoBaHO TPHPIBHEBY CHCTEMY KOOPAMHAILIHHOTO YIIpaBIIiHHS aHCaMO-
JIeM IMHaMIYHUX 00'€KTIiB, 3aCHOBaHY Ha CLIEHAPHO-NIPEICICHTHOMY ITiJIX0/li, IPY IbOMY Ha HI)KHBOMY PiBHI peai-
3y€ThCS YIPaBIiHHSA OKPEMHM AWHAMIYHUM O00'€KTOM, Ha CEpelHbOMY DIBHI pealli3yeThcs KOOpIUHALSL 00 €KTIB,
110 CITUTBHO PYXAIOThCsl, @ HA BEPXHBOMY PiBHI 3a0€3Me4y€eThCsl YIIPaBIIiHHS X0I0M BUKOHAHHS Micii JJIs ancamOITio
TUHAMI9HUX 00'e¢KTiB y miioMy. IlpakTH4yHAa 3HAYMMICTh. 3aIIPONOHOBAHUHN MIXi]] € HEIYTINBUM O HETOUYHOCTI
Ta HETIOBHOTH CIIOCTEPEKEHbB, BiH TO3BOJISE 3HU3UTH iH(pOpMaIiiiHe HaBaHTa)KEHHS TPH aHaJli3i MOTOYHOI CHUTYyaIlil,
CKOPOTHTH BHUTPATH YacCy Ha MPUHHATTS PIllIeHb, ITiJBUIIUBIIA THM CaMUM €(eKTUBHICTb KOOpAWHAII] aHCaMOIO
JTUHAMIYHUX 00'€KTIB y mpolieci BUKOHAHHS Micii. BaxmuBoro yMOBOIO peanizamii ciieHapHO-IIPELeAeHTHOIO METO-
Iy YIPaBIIiHHA € 3a0€31e4eHHs JOCTaTHbOI KOMIICTEHIII], 10 I03BOJISIE CBOEYACHO 3HAXOAUTH JAOPESUHUM IPELeIeHT
Ta 00MpaTH aJAeKBaTHY MHOXKHHY CIIEHApiiB yNpaBIIiHHS, a TAKOX CHHXPOHI3allis 06a3 MpeneaeHTiB KOKHOTO 3 JH-
HaMIiYHUX 00'€KTIB 32 YaCOM Ta 3MICTOM.

Kniouosi cnosa: munamiuamii 00'exT; cuTyariiiHe 30ypeHHS; KOOPAWHAIIS, MPEUEICHT; CICHAPId; KepyIOUHi
BIUIMB; IPOTOTHUIT; OOMEKEHHS; alanTaIlis
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SCENARIO-CASE APPROACH TO THE CONTROL OF
HETEROGENEOUS ENSEMBLES OF DYNAMIC OBJECTS

Purpose. The article is devoted to developing the method of intelligent coordination control of a complex het-
erogencous ensemble of dynamic objects. Methodology. The method of solving this problem is based on the case-
scenario approach presenting the activity of dynamic objects as templates that adapt to changing external conditions
by using scenarios. The algorithm of satisfaction of critical time constraints was used to adapt scenarios. The pro-
posed method can adequately reflect the experience and knowledge of control of a dynamic objects’ group using
similar decision stereotypes to control in similar situations. The main elements of case decisions such as control ac-
tions, operations, scenarios, and plans were described. Findings. The hybrid control system was implemented. The
lower level of the system was developed based on the hybrid system BRIZ, which combining the subsystem based
on cases with the subsystem that implements the movement model and so is master, while case subsystem is slave.
The middle and top levels of the system were developed as the event-based hybrid system MUSSON, which in-
cludes case-scenario subsystem, storage subsystem and subsystem that calculating spatial regions based on the mod-
el. Scripts and triggers for each class of events were described by scripting language SCDL. Originality. The three-
tier coordination control system for ensembles of dynamic objects based on case-scenario approach was proposed
for the first time. The lower level is dedicated to control of separate dynamic objects, the second level is aimed to
coordination of objects that jointly move, and the upper level provide the mission of the whole ensemble of dynamic
objects. Practical value. The proposed approach is insensitive to inaccuracies and incomplete observations. It can
reduce the information overload in the situation analysis, as well as decision-making time, thus increasing the effi-
ciency of coordination of ensembles of dynamic objects during their mission’s execution process. Important condi-
tions for the implementation of scenario-case method are to ensure sufficient competence that allows to find appro-
priate case and choose an adequate set of scenarios in time, and to synchronize each dynamic object’s case base in
time and content.

Keywords: dynamic object; situational disturbance; coordination; case; scenario; control action; prototype; con-
straint; adaptation
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OCOBEHHOCTH MUKPOCTPYKTYPbI XPOMO-HUKEJIEBOTI'O
ITOKPBITHUA, HAIIVTABJIEHHOI'O IIOPOIIKOBOU JIEHTOU
IIJ)T AH-111 C 50 % ITEPEKPBITUEM

Heab. B pabote mnpexnnomaraercs NPOBECTH HCCIEAOBAaHUE OCOOCHHOCTEH MHKPOCTPYKTYPhI MOKPBITHS,
MOJTy4YEeHHOro  HaiuaBkod mopomkosoi jentoi IIJI  AH-111 ¢ 50 % mepekpslTHeM  BalUKOB.
Metoauka. M3HOCOCTOMKUI CIOW MOITYy4YeH AJIEKTPOIYTroBOM HaruiaBkoil mopomkoBoit jeHtod IIJI AH-111 na
mwiactuHy u3 ctanu 091'2C. HamnaBka mpoBoauiachk MpH CIEAYIOIIMX IMapaMeTpax pekrMa: CBapOYHBIA TOK
650-750 A; nampsbxenue Ha nyre 30-34 B; ckopocth HamnaBku 32 M/4. MUKPOCTPYKTYpY HCCIEAOBAIM C PUMe-
HEeHHeM onTudeckux Mukpockonos «Neophot-21» n «Nikon Eclipse M200», a Takxe ¢ UCIIOIB30BaHUEM 3JIEKTPOH-
HOro ckanupytomero Mukpockona JEOL JSM-6510 LV. MukpoTBepaocTh CTPYKTYPHBIX COCTaBJISIOLINX 3aMEPSIN
¢ momoinsio MukporBepaomepa FM-300 (Future-Tech) npu narpyszke 10-50 r. Pesyabtartsl. IlokazaHo, uto
HaIlJIaBKa C MEPEKPBITHEM BAIMKOB MPUBOIANT K (POPMUPOBAHUIO HEOAHOPOAHOW IO CEYCHUIO MHUKPOCTPYKTYPHI,
KOTOpasi M3MEHSETCS] 10 30HaM OT ayCTEHHWTHOH, CBOOOIHOHM OT KapOMIOB, — IO 3a3BTEKTHUECKOMH, cojepkarieit
MIepBUYHBIE KapOnAbl XpoMa. BEITIOIHEH aHAIN3 MUKPOTBEPAOCTH CTPYKTYPHBIX KOMIOHEHTOB B Pa3JIMUHBIX 30HAX
MOKPBITHS. Y CTaHOBICHO, YTO TBEPJOCTh AyCTEHWTA, KapOMIHON 3BTEKTHKH M KapOumos M;C; Bapbupyercs B
moKpeITHH B mpexenax 3 100-3 850 MIla, 4 100-6 800 MIIa, 12 100-15100 MIlla CcOOTBETCTBEHHO.
Hayuynasi HOBM3Ha. ABTOpaMH YCTAaHOBJIEHO, 4TO ()OPMHpPYEMOE TPH HAIJIaBKE XPOMO-HHMKEIEBOE IOKPHITHE
COJICP)KUT, B OCHOBHOM, ayCTEHUTHO-KapOUIHYIO 3BTEKTHKY C Pa3JIMYHOM IUIOTHOCTBIO PACIIONIOKEHUS M TONIIMHON
KapOHMIHBIX BOJIOKOH B 9BTEKTHYECKUX KOJIOHUSIX. B/I0Nb rpaHuIIbI ¢ OCHOBOI 3ajieraeT oqHO(a3HbIH ayCTEeHUTHBIN
CJIOM, MepexonsdIiuid B CJIOM C JO3IBTEKTUYECKOW CTPYKTypoW. B 30HE TepMHUECKOTro BIUSHHUS OT CIUIABJICHUS
BAJINKOB 3a()MKCHPOBAH pacma]] ayCTeHUTa ¢ (POPMUPOBAHHEM 3EPHHUCTHIX KapOHUOB, YTO IIPHUBOAUT K MOBBIIICHHON
pacTpaBIMBacMOCTH MaTpuIbl B MecTax oOeqHeHWs 1o XpoMmy. Han 30HOW crutaBineHHs — BaJIMKOB
MOKPBITHE HMEET 3adBTEKTHYECKYIO CTPYKTYpy C HaJWMYHEeM KpYNHBIX IIEPBHYHBIX KapOHIIOB XpoMma.
IIpakTHyeckas 3HauuMocThb. [TokazaHo, yTo HammaBka nopomkoBoi gerror I1JT AH-111 ¢ 50 % mepekpsiTremM
BAJINKOB IIPUBOJHT K OIPYOJICHHIO CTPYKTYPHI 32 cUeT (JopMHUPOBaHMS PE3KO BBHIPAKCHHON 3a3BTEKTHUECKOH CTPYK-
TypHI IPH HAJIMYUY KPYTHBIX MEPBUYHBIX KApOUIOB XPOMa, HMEIOLINX MOHIKECHHYI0 MUKPOTBEPAOCTb.

Kniouegvie cnosa: HamlaBKa, MUKPOCTPYKTYpa; KapOHIIbI; ayCTEHHT; MHUKPOTBEPJOCTH; HMEPEKPBITHE BAJIHKOB

BBenenne KeJIs, TpPeIHAa3HAaYeHHOTO JUIi HCIIOJIB30BAHHS
B YCJIOBHUSAX MHTEHCHBHOTO aOpa3WBHOTO U ra3zoad-
Pa3MBHOTO M3HAIIMBAHUS TPH TOBBIILICHHBIX TEM-
nepatrypax. JTa JIeHTa, B YaCTHOCTH, YCIICIIHO

ITopomkoBas nenta I1JI AH-111 npencrasnser
co0oi Marepuan Ui IMOJy4YEeHHs HalIaBICHHOTO
rerepo(a3Horo MOKPHITUS HA OCHOBE XpOMa U HU-
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MPUMEHSETCSl JJs HAIIaBK{A 3allUTHBIX W KOH-
TaKTHBIX MMOBEPXHOCTEW KOHYCOB M Hall, a TaKxke
KOHTaKTHBIX TOBEPXHOCTEH Tapeneil u cexen Kia-
MIAHOB 3aCHIIHBIX aNlapaToB JOMEHHBIX mHeuel [9].
PaboTocmocoOHOCTH TTOKPHITHIA B KECTKUX YCIOBH-
SIX, XapaKTEepPHBIX MJs JKCIUTyaTallMd JIOMEHHON
MIeYr, CIIOCOOCTBYET BBICOKOE COJIEpXKAHUE JIeTH-
PYIOIINX 3JEMEHTOB, 33 CUET Yero 00ecreunBaeTcs
abpasuBHas (3pO3MOHHAS) M3HOCOCTOMKOCTBH, TEM-
JIOCTOMKOCTh M YCTOMYMBOCTBIO K BBICOKOTEMIIEpa-
TypHoil kopposuu [4, 10]. IlpeumymectBoM mo-
POIIKOBBIX JIGHTOYHBIX 3JIEKTPOJOB SABISIETCS BO3-
MOXXHOCTb BBEJICHHSI B COCTAB HAIIOJHHTENS JIETU-
PYIOIIMX OJEMEHTOB B IIMPOKOM JHMAaIla30HE
KOHIIGHTpAIWiA, BBICOKAasA IPOM3BOTUTEIHHOCTH
Mpoliecca HAaIIaBKH, a TaKKe MOJyYeHHWE MHUHH-
MaJILHOTO 3HAYEeHHUsS JOJH Y4acTHs OCHOBHOTO Me-
Taljla B HAIUIABICHHOM, YTO W OINpPENeNseT JKC-
TUTyaTalllOHHbIE XapaKTePUCTHKH MOKphITHS. Ha-
TUIABKa MOPOIIKOBOM JIEHTOH MOMKET MPOMU3BOIUTH-
Cc C HaHEeCCeHHEM BAIMKOB B OJIUH CIOH
1 B HECKOJIBKO CJIOEB — C TIEPEKPHITHEM U Oe3 mepe-
kpbITus. [lpy HamiaBke ¢ MEpeKphITHEM POUCXO-
JIUT 4aCTHYHOE pacIlIaBlieHHe paHee HaHECEHHOTO
BaJIMKa C TIEPEMEITNBAaHIEM MeTalia B IepeXOTHON
muddy3uonnoit 30He [15]. CrpykTypa mocienyro-
IIUX BaJMKOB M IMEPEXOAHBIX 30H MOXKET CYyILECT-
BEHHO OTIIMYATHCSA OT CTPYKTYpHI BaJIMKa, HAILIaB-
JICHHOTO TIPH TIEPBOM TIPOXOJE, MIPUBOJS K HEOTHO-
POIHOCTH CBOWCTB MOKPHITHA [7] 1 K M30Uparens-
HOMY H3HOCY HamuaBjeHHoro weramia [6]. [o
HACTOSIIIIETO BPEMEHU XapaKTep MHUKPOCTPYKTYPHI,
(dopMupyromencst npu MepeKpbITHH BAMKOB, Ha-
TUTaBJICHHBIX  BBICOKOIIETUPOBAHHBIMA  XPOMO-
HUKEJIEBBIMU CIUIABaMH, OCTAaeTCS HEIOCTaTOYHO
M3yUYEHHOH, YTO HE IO3BOJISIET COBEPIIECHCTBOBATH
MPOLIECC MOIYYEHUS U3BHOCOCTOMKHUX MOKPBITUH.

Heanb

Llenpto paboOTHI SIBUJIOCH HCCIEIOBAHUE OCO-
OCHHOCTEH MUKPOCTPYKTYPHI IO CEUSHUIO U3HOCO-
CTOMKOTO €IS, MOAYYCHHOIO HAIUIABKOW MOpOII-
koBoi mpoBonokoii I1JI AH-111 ¢ 50 % nepexpsi-
THUEM BAJIMKOB.

MeTtoauka

M3HOCOCTOMKMI CIION TONYYUITH 3IEKTPOAYTO-
BOH HarutaBKoi mopomkoBoi jgeHTon [1J1 AH-111
C TakKUM HOMUHAJIBHBIM XMMHUYECKHUM COCTaBOM,
Mmacc. %:

Coeeenn 5,0
Cr.... 40,0
Mn......... 1,0
T U 2,0
Ni........ 40,0
Fe......... OCT.

[loxpeITHE HAHOCHIIOCH Ha IUIACTUHY TONIIUHON
30 MM u3 cranu 091"2C.

HamutaBka mpoBonamiachk mpu cienyromux Ta-
pameTpax pexuma: cBapodHbId Tok — 650-750 A;
Hamnpspkenue Ha ayre — 30-34 B; ckopocTth Ha-
ruiaBku 32 m/4. HamnasneHHble 0Opa3ibl OCTHIBA-
JI1 Ha CIIOKOWHOM BO3JyXe, MOCJIe Yero UX paspe-
3amu a0pa3WBHBIM KPYTrOM C BOJSHBIM OXJIaXKIe-
HUEM JUIA TIOJYUYEeHHs CEYEeHUs BaJIMKa, TIepIeH U~
KyJSIPHOTO  HampaBieHWio HarutaBku. [locrme
nUTM(OBKU W TIOJIMPOBKH TI0 CTAaHAAPTHOH METO-
JIUKE TIOBEPXHOCTH NITU(OB MOABEPTATH JUTUTENb-
HOMY TpaBJIGHHIO NPH KOMHATHOH TeMmmepaType
B 4 % pacTBOpe a30THOM KHCIOTBI. MUKPOCTPYK-
Typy HCCIEIOBAIA C TMPUMEHEHHWEM ONTHYECKHX
MukpockoroB «Neophot-21» u «Nikon Eclipse
M200», a Taxxe ¢ UCIIOJIB30BaHUEM 3JIEKTPOHHOTO
ckaHupytomiero Mukpockoma (COM) JSM-6510
LV. MukpoTBepJI0CTh CTPYKTYPHBIX COCTaBJISIO-
X 3aMepsid ¢ TOMOIIsI0 TBepaomepa FM-300
(Future-Tech) npu narpyske 1-50 r ¢ ycpeaHeHu-
€M 3HaueHuil 5—7 3amepoB. Pazmep CTpyKTYypHBIX
COCTaBJIIIOIIMX ONPEACNSUIM C HCIOJIb30BaHHEM
METOAUK KOJMYECTBEeHHON MeTaiorpaduu [1].

PesyabTartsl

[lonepeunoe cedeHWe HAMIABICHHOTO CIIOS
npeacrasieHo Ha puc. 1. CrpaBa Ha puCyHKE IO-
Ka3aH BaduK Ne 1, mosydeHHBI Opy MEPBOM MPO-
xone. Bamuk Ne 2 Opur mHammasnern ¢ 50 % mepe-
KPBITHEM, TO €CTh PACCTOSHUE MEXAY BEepIIMHAMHU
BaJIMKOB IMPHUMEPHO COOTBETCTBYET IOJOBHHE MX
MIVPUHBL. AHAIIM3 pacrpeneNieHus] MEKPOCTPYKTY-
pel TpowsBoaWaM BaoNb JwHHA JI1-JI6, pasme-
JISIIOIIMX MTOKPHITHE 110 AJMHE HA IIECTh MPUMEPHO
paBHBIX 0Tpe3KoB. JIlunuu JI2 u JI4 cooTBeTCTBYIOT
BEpILIMHAM BalluKoB, JuHUA JI3 — cpenHel yactu
HAIUIaBJICHHOTO MOKpbITHI. Ha muHMsIX 0003Hade-
HBI OIIOPHBIE TOYKH, B KOTOPBIX IPOBOJMIN MUK-
POCTPYKTYpHOE HCCIIEOBaHHE M 3aMephl MHKPO-
TBEPAOCTH.

[lpu TpaBneHHH TOKPHITHA BHU3YalbHO OBLIO
YCTaHOBJICHO HAJIMYKE TEPEXOAHON 30HBI MEXTY
Banmmkamu. OHa pacroyiaraeTcss MeX Iy auHueH J13
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U BepIMHOU Banmuka No 1 M MMeeT 3aKpyIrJIeHHYIO
(c BBIMYKJIOCTHIO B CTOPOHY Bajinka Ne 1) rpanuy,
MOKa3aHHYI0 Ha pUC. | MTPUXIYHKTUPHOW JHHU-
eil. OTa 30Ha BO3HMKJA B PE3yJIbTATE CIUIABICHUS
BaJIUKOB, a €¢ IpaHdia (DaKTUIECKH 00O3HAYACT
TPaHMIly pacIpOCTPAHEHUS KUIKOW BaHHBI B CTO-

pony Banmmka Ne 1. Jluaus JI1 coorBeTrcTByeT dac-
T Bajuka Ne 1, He 3aTpOHYTOH MOBTOPHBIM pac-
IUIaBJIEHUEM, TO €CTh OHA MPOXOJUT B y4acTKax,

COXPAHMBIINX CBOIO MEPBOHAYAIBHYIO CTPYKTYPY,
XapakTepHYI0 A HAIUIABKU B OAMH IIPOXOJ]

(puc. 2).

Banuk 2

Banwk 1

Puc. 1. CeueHne HamIaBIEHHOTO MOKPHITHS M YIAaCTKH aHAIN3a MUKPOCTPYKTYPBI

Fig. 1. Cross-section of surfaced coating and points for microstructure analysis

Puc. 2. MukpocTpykTypa Bajrka B1oab auHun JI1: rpannma crasnenus (Toukal) (a), Touka 2 (0), BepmnHa
Banuka (Touka 3) (6) (A, M, D — ayCTeHHUT, MapTCHCHUT, 3BTEKTHKA, COOTBETCTBEHHO)

Fig. 2. Microstructure of the bead along the line L1: boarder with substrate (point 1) (a), point 2 (), the top of the
bead (point 3) (¢) (A, M, D — austenite, martensite, eutectic correspondingly)
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B Touke 1, TO ecTh y rpaHuilbl ¢ OCHOBOM,
B TOKPBITHU PACIIONIATaeTCsl CIIOM TBEpPIOTO pac-
TBOpa (HHUKEJICBOT0 aycTeHUTa) 0e3 KapOuI0B IIH-
puHoit 10 20 MKM (pHC. 2, @) ¢ MEKPOTBEPOCTHIO
3 850 MIla (tabxa. 2). IlpuanHamu ero dhopMupo-
BaHMS SIBUIUCKH: a) IEpPEMEIIMBAHUE OCHOBHOTO
MeTalljla ¢ HaIJIaBICHHBIM METAJIOM IpPU YacTH4-
HOM pPacTBOPEHHH B OCHOBE yTJepona M JeTh-
PYIOIUX 3JIEMEHTOB, 0) OBICTpasi KPUCTAJUIA3ALINS,
MOJIaBUBIIAS BBIJICIICHUE KapOumHOU ¢da3el u3
skuakocTd. O HachImeHuH OCcHOBBI (ctamm 0912C)
YIJIEPOJIOM U JISTHPYIONIUMHU IJIEMEHTAMH CBHIIC-
TENbCTBYET HUTOJIBYATHIN (BBICOKOYTIICPOIMCTHIN)
MapTEHCUT, 3aJIeTalONUi HEIIOCPEICTBEHHO JINHUU
CIUTaBJIEHHS] OCHOBHOTO METaJlIa C HAIUTaBJICHHBIM
MeTauioM (puc. 2, a).

3a ayCTEHUTHBIM CJIOEM CleAyeT aByX(azHas
CTPYKTypa, COCTOSIIAs W3 ayCTEHWTHBIX IEHIPH-
TOB, TI0 TPaHUIIAM KOTOPBHIX 3ajieraeT KapOumHas
IBTEKTHKA «aycTeHUT + M;Cs» co cpemnHeit MUKpO-
TBepaocThto 4 550 Mlla. Hamuume aeHapuron
TBEPJOTO PacTBOpa YKa3bIBaeT Ha TO, YTO B 30HE,
MIPUMBIKAIONIEH K TPaHUIIEe CIUIABICHUS C OCHOBOMA,
MOKPBITHE HMEET JOABTEKTUYECKYIO CTPYKTYpY.
Haumnasce kak ToHKas (2—3 MKM) CETKa, SBTEKTHKA
0 Mepe yAAJIEHUS OT TPAHUILIBI TPAHCHOPMUPYETCSI
B JIOCTaTOYHO KPYIIHBIE KOJIOHUU MONEPEYHBIM Ce-

yeaueM g0 10 kM, 3anumaromue go 3040 %
woman Mukpouumda (puc. 2, 6). B Touke 2
CTPYKTypa CTAaHOBHUTCS] TUIIMYHO 3BTEKTHUECKOMU, TO
ecTh 0e3 HaM4us M30BITOUHBIX (Da3: OHA COCTOWT
13 BBITSHYTBIX 9BTEKTHUECKIX KOJIOHHUH, B KOTOPBIX
KapOu/JHbIe BOJIOKHa OpPHEHTHUPOBAHBI BIOJb Ha-
MIpaBJICHUs TEIIOOTBO/A K OCHOBe. TomHa BOJO-
KOH KoJIeOJIeTcs B mpeaenax 1—7 MKM, MUKpPOTBEp-
JIOCTh DBTEKTHYECKMX KOIOHMK coctasisier 4 500
MlIla. IIo mepe NpOABMIKEHUS K BEPILIMHE BaJIUKA
(Touka 3) B CTPYKType IMOSIBIISIOTCS KOJIOHWH C TIO-
BBIIIEHHON TUIOTHOCTBIO PACHOJOKEHUS KapOuj-
HBIX BOJIOKOH; MX MHKpoTBepaocTh (5 100 MIla)
MPEBHIIIAET MUKPOTBEPAOCTh «Pa3peKEHHBIX» KO-
nonnit (4 100 MIla). Y camoit TOBEpXHOCTH (TOYKa
4) CTpyKTypa COCTOHT W3 IBTEKTUYECKHX KOJOHHUM
noBeImeHHO# TBepaocT (6 800 MIla) ¢ BrICOKO#
TUIOTHOCTHIO KapOWIHBIX BOJIOKOH NPH HEKOTOPOM
YBEJIMYEHUH HX MOMEPEYHOro ceyeHus (puc. 2, 6),
YTO MOIJIO SIBUTBCS CJIEACTBUEM H3MEHEHUS yCIO-
BUH KpHCTAIUIM3auuH. Hanmume ykpymHEHHBIX Kap-
O0m0B B TOUKe 4 MO3BONMIIO HETIOCPEICTBEHHO H3-
MEpPUTh UX MHUKPOTBEPJOCTh: B IOINEPEUHOM cede-
HuU oHa coctaBwia 15 100 MIla, yto XapakTepHO
st kapouma M,C; [11, 14] u moarBepkmaeT ero
MIPUCYTCTBHE B CTPYKTYPE MOKPBITHSL.

Tabnuma 1

Muxkpotsepaocts (MIla) cTpyKTYpPHBIX COCTABIAIOIINX B PA3JHYHBIX TOYKAX MOKPBITHS

Table 1
Microhardness (MPa) of structural constituents in different coating points
Touxa Tlunits
1 2 3 4 5
1 a3 850/54 550 a3 800/54 820 a3810/54500 a3700/54730 a3650/>4750
2 34500 a4690/54 650 34900 34700 34530 /x 12 250
34 390/ 12 000/
3 34 100-5 300 34 660 34 500 34 640 a3 100
4 3 6 800/ 15 100 34510 54200 /x 13500 | 34470 /x 12 000 -
35510/ x 13 350/ | 4 390/x12 100/ a B
5 - 34410 a3370 3100

a, 9, K — ayCTEHHT, KapOuIHast HBTEKTHKA, IIEPBUIHBINA KapOua, COOTBETCTBEHHO.

JIunug 2 mpoxoAuT BJOJb IIEHTPaIbHONW OCH Ba-
mka Nel. MukpoctpykTypa B Touke 1 Ha 3TOH JH-
HUM aHAJOTMYHA TNPEJCTABIEHHOW Ha puc. 2, @ TO
€CTh XapaKTepu3yercs OAHO(a3HBIM ayCTEHUTHBIM

ClIoeM, TIePEXOAIMIAM B JOIBTEKTHYECKYIO CTPYK-
Typy. Takoe cTpoeHHe XapaKTEepHO AJIsl BCETO KOH-
Typa TpaHUIIbl CILIABJICHHUS C OCHOBOW W HaOJO/a-
eTcs B TOYKax | Ha pa3MYHBIX KOHTPOJBHBIX JIH-
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HugX. Touky 2 ¥ 3 Ha juHAA JI12 HAXOIATCS HEIOo-
CPE/ICTBEHHO TIOJ 30HOM TEPEeKPHITUSl BAaJHKOB,
B THX TOYKaX CTPYKTypa IpelcTaBisieT co0oi pas-
PEKEHHYIO IBTEKTHKY, B MPOMEXYTKaX MEXIY KO-
JIOHUSIMA KOTOPOH 3alleraroT chepuaeckrne Kapou-
1iel pazmepamu oT 0,2 1o 3 MM (puc. 3, a). Bokpyr
cdepryeckux KapOMIOB MaTpula CHIBHO pacTpas-
JIEHA, YTO YKAa3bIBACT HA €€ 00CAHEHNE XPOMOM.
Cdeponnanbhpie BKIIOYCHHUS pacIoiiararoTcs
LEMOYKaMHU MO ONpeAeTICHHBIM yTJIOM K KapOun-
HBIM BOJIOKHAM, TO €CTh K HalpaBJICHHUIO TEILIOOT-
Boza. Takoe pacmoiokeHHe BKIIOUEHUH yKa3blBa-
€T Ha TO, YTO OHHM BO3HHUKIIM B pe3yJbTaTe TBEPAO-
(da3HON peakuuH BBIACIECHUS M3 ayCTEHUTa IpU
TEIUIOBOM BO3JEHCTBUU CO CTOPOHBI 30HBI CILIAB-
JICHUs] BaJMKOB (HANpaBleHUs LENOYEeK KapOHIIOB
IPUMEPHO COOTBETCTBYET (POHTY paclpocTpaHe-
HUs TeIUIa OT 30HBI CIUIABJIEHUS B HAIPABICHUH
Bajuka Ne 1). Beime Toukm 3 3ameraer rpaHuia

¥ MKM “tz

—e—

BajuKa 2. Dta rpaHuna o00o3HadYeHa ABYMS KOH-
[EHTPUYECKUMHU TEMHBIMH 30HaMH (0003HAYEHBI
kak 1 u 2 Ha puc. 3, ), pa3geneHHbIMU Ooliee
CBETJION 30HOW 3 CO CTONOYATHIMH KapOWIaMu.
[IpenmonoxuTensHO, XapakTep CTPOCHUS dTHX 30H
00YyCIIOBJIGH DPA3JIMYHON OpHEHTAIMeH KapOHI0B
OTHOCHUTENBHO TIUiockocTH 1mtuda. CTpykTypa
«TeMHBIX» 30H c(popMHpOBaHA IIOTHBIMH IBTEK-
TUYECKUMH KOJIOHUSAMHU HEOOJbIION amuHbI (15-25
MKM), OJU3KO pacIoIOXEHHBIMH IpYyr OT Apyra
(puc. 3, 6). B cronbuaToii 30He KoJOHHMHU Ooiee
pa3pexeHbl, a JAJMHAa KOJIOHWH YBEJIHYeHa [0
25-60 mxM. B Toukax 4 u 5 (y mOBEpXHOCTH) MUK-
POCTPYKTypa HAIJIABIEHHOTO CJIOS MMEET JBTEK-
TUYECKUH XapakTep C HaIWYHeM YTOJIIEHHBIX
KapOWIHBIX BOJIOKOH (puc. 3, 2), mpuyeM, B OTJIU-
Yyhe OT TOYeK 2, 3 3epHHUCThIE KapOWIbl 3l1eCh He
HaAOMIOJAIOTCS, YTO TOATBEPXKAAaeT BBICKA3aHHOE
BBIIIIE TIPEOIOXKEHHE O TPUUYNHE UX TOSBICHUS.

Puc. 3. MukpoctpykTypa Boib quHud J12: Touka 2 (a), nepexonHas 30Ha (0),
«TeMHas» 1oyoca (), BepIrHa Bajiuka (Touka 5) (2)

Fig. 3. Microstructure along the line L2: point 2 (a), transition zone (b),
“dark” layer (c), the top of the bead (point 5) (d)
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IIpu nepexone ot Banuka Ne 1 x Bamuky Ne 2
pacnpesneneHre MUKPOCTPYKTYpPHI MO BBICOTE TO-
KpBITUS TIpeTeprneBaeT usMeHeHue. Ecnu npumep-
HO Ha 25 % BwIcoThl (iuHMA JI3, Touka 2) cTpyk-
Typa UMEET XapaKTepHbIA JJis Bajluka | 3BTEKTH-
YEeCKHI BHJ C MEIKUMH KapOHIHBIMH BOJIOKHAMH
ceuenueM 0,5-3,0 mxMm (puc.4, a), TO yxe B TOUKE
3 MPHUCYTCTBYIOT YKPYITHEHHBIE KapOUIBI C pa3Me-
poMm 5—15 MKM B moniepedHoM cedeHun (puc.4, 0).
B Touke 4 u BIWIOTH IO CaMOTO BepXa MOKPBITHS
BIIOJIb UHUU JI3 CTpyKTypa UMeEeT KiIacCHUYeCKHi
3a9BTEKTUYECKHI XapakTep ¢ HAIMYHUEM KPYIHBIX
NEepBUYHBIX KapounoB M;C; B BUAE reKcaroHallb-
HBIX TIPU3M C HEHTPAITBHOHN MOJOCTHIO (YTO SIBIISI-
eTCsl XapaKTepHBIM NPHU3HAKOM TPUTOHAIHHOTO
kapbuna xpoma Cr,C; [12, 13]) (puc. 4, 6). B mo-
MEPEeYHOM CEUeHUH pa3Mep KapOHWIOB JOCTUTAET

15-30 mxm, B mmuHY — 40-90 MKM; MHKpOTBEp-
nocth — 13 500 MIla. Oxpy:xaromasi mepBUYHbIE
KapOU/Ibl HBTEKTUKA UMEET Pa3IMYHYIO IJIOTHOCTD
KapOWIHBIX BOJIOKOH; 0oJiee «pa3peXeHHBIe» KO-
JIOHUH UMEIOT MUKPOTBEpIOCTh 4 200—4 500 Ml]a,
6onee morHele — 5000-5510 Mlla, yuacTku
MaTPUIIBl BO3JIE «Pa3pPeKEHHBIX» KOJOHUH UMEIOT
MuKpoTBepaocts 3 370 MIla.

B Gonpmeii yactu Banuka Ne 2 (HauuHasi ¢ TOY-
ku 3 no nuHuu JI4 u touku 2 no nuHuu JIS no Bep-
Xa TOKPBITHS) TPUCYTCTBYIOT KPYITHBIE MEPBUY-
HBIE KapOWabl, pa3Mepbl KOTOPBIX COOTBETCTBYIOT
npeAcTaBlIeHHBIM Bbilie (puc. 4, 2). MukpoTsep-
IOCTh KapOuaoB cocraBisier B cpeanem 12 000
MIIa, TBepAOCTb SBTEKTHKHU BIOJIb TUHUN JI4 u JIS
m3Mmensercs B mpenenax (4 3904 730 Mlla).

SEI  20kV WD 1mm x1,500

hardfacing 3 marks

5560 10pm

Puc. 4. Mukpoctpykrypa Baons suaud JI3 (touxu 2 (a), 3 (6), 4 (8), muaus 5 (Touka 2 (2))

Fig. 4. Microstructure along the line L3 (point 2 (), point 3 (b), point 4 (¢)), line 5 (point 2 (d))

[Ipu 0000IIEHNN TONyYEHHBIX NAHHBIX ObLIa
COCTaBlieHa KapTa paclpeaeieHus] MUKPOCTPYKTY-
PBI TI0 CEYCHHWIO HAIUIABJICHHOTO MOKpHITHsS. Kak
CIIelyeT W3 pHC. 5, B MpeAenax MOKPBITHI MOXXHO

BBIIETIUTh YETHIPE CTPYKTYypHBIE 30HBL. B 30HE 1
3ajeraeT y3KWMH TIOrpaHWYHBIH OecKapOWIHBIH
CJIOH, cpa3y 3a KOTOPBIM CJIEAYET CIOW, UMEIOIIHIA
JIOIBTEKTUYECKYIO CTPYKTYPY «IECHIPHUTHI + Kap-
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OmaHas 3BTEKTHKa», mmpuHOH m0 100 mxm. st
30HBI 2 XapaKTePHO JBTEKTHYECKOE CTpOEHHUE 0e3
BU3YaJIbHO BBISIBISIEMBIX JACHIPUTOB, C HATUYHEM
TOHKUX KapOWJHBIX BKIFOYECHUH, BXOISAIINX B JB-
TEKTUYECKHE KOJOHUM HEOOJIBIION IINHLL. B 30HE
3 coxpaHsieTcsl IBTEKTUYECKOE CTPOCHHUE, OJIHAKO

OoTMeYaeTcs YKPYIHEHHE SBTEKTHYECKHX KapOwu-
JIOB C YBEJIMYEHUEM JJIMHBI KOJOHUH. W, HakoHel,
30Ha 4 TMpeACTaBlIeHAa 3a3BTEKTHUYECKOU CTPYKTY-
poii ¢ TpyOBIMU TIEpBUYHBIMU KapOUJAaMU U HEO-
HOPOJHOW (ITO TIJIOTHOCTH 3ajieTaHHsl KapOWITHBIX
BKJIFOUEHHI) IBTEKTHKOM.

Puc. 5. CTpykTypHBIE 30HBI I10 CEYCHUIO TTOKPBITHS

Fig. 5. Structural zones in cross section of the coating

@opMHUpOBAaHUE  HEOJHOPOAHOW  CTPYKTYPHI
00yCJIOBJIGHO OCOOCHHOCTSMH  KPHUCTAJLTU3ALUN
MpU  TOCNICAOBATCIbHOM HAIUIABJICHUU BAJTUKOB.
[Ipu Hanecenuu Bammka Ne 1 cBapoyHasl BaHHa OX-
JIKAaIach JOCTaTOYHO OBICTPO, YTO OOECIEYHIIO
OOJBIIYI0 CTENCHb MEePEOXITAKIACHUS PacIUiaBa OT-
HOCHUTENIbHO TEeMIIepaTypbl TEPMOAMHAMHYECKOTO
paBHOBECHs <CKUIOKOCTB/TBepmas (aza»n. B 3tmx
YCIIOBHUSIX JHEPreTHYeCKH W KHUHETHYECKU OoJee
BBIFOJTHBIM OKAa3aJI0Ch BO3HHUKHOBEHHE OOJBIIOrO
KOJIMYECTBA 3apOJBIIIEeH KapOWIOB, YTO IPHUBEIO
K (DOpMHUPOBAHUIO TUIOTHBIX 3BTEKTHUECKHX KOJIO-
HUH C TOHKUMHU KOPOTKAMU KapOUJIHBIMU BOJIOKHA-
MU TIPH TIOJTHOM ITOJIABIICHUH BBIJIENICHUS TIEPBUY-
HBIX KapOuaoB xpoma. DakTHYeCKH BO BCEM cede-
Huu Banmuka Nel (3a HMCKIIIFOUEHHEM TOHKOM 30HBI
BJIOJIb TPAHUIIBI CIUIABIICHHSI C OCHOBOW) BO3HHKIIA
IBTEKTHYECKass CTPYKTypa, COCTOSIIAS W3 MEIKUX
KOJIOHUH, OpPHUEHTUPOBAHHBIX TMEPICHIAUKYIIPHO
rpaHuie cruiaBicHus. [[OCKOIBbKY BBIJCICHHUE W3-
OBITOYHOM (ha3bl (MEPBUIHBIX KapOWI0B) OBLIO 3a-
TOPMOYKEHO, COJICPIKAHUE XpOMa U YIjepoja B 3B-
TEKTHKE (TO €CTh B KapOWIax U MaTpHIIE) 0Ka3aJloCh
BBIIIIE PABHOBECHOT'O, YTO yKa3bIBAET Ha HEPaBHO-
BECHOE COCTOSHUS 3BTEKTHKH. O MeTacTaOMIbHO-
CTH 3BTEKTHUYECKOW CTPYKTYPHI TOBOPHUT TOT (haKT,
YTO NMpH HaHeceHWH Banmuka Ne2 B 30HE TepMude-
CKOTO BIIMSHUSA (ITOJ IITPUXITYHKTHPHOW JIMHUCH)
W3 MAaTPUYHON (ha3bl IBTEKTUKU BBIACIHIUCH TJIO-
OyJysipHBIE KapOUIBl, TO €CTh MPOILEI MPOLECC, CO-
MIPOBOKTAIOIIHNIACS CHIDKEHHEM CBOOOIHOW XUMH-
YEeCKOU DHEPTUU CUCTEMHI |3, 8].

Kpucramnuzanus Banuka Ne 2 mpoTekana B yc-
JIOBHAX 3aMEIJICHHOTO TEIUIOOTBO/IA B OCHOBY
B CBSI3M C €€ NMPOrPEBOM B pe3yJIbTaTe HAILIaBKU
Banuka Ne 1. Kpome Toro, oTBoI Temsaa B OCHOBY
npoucxoauna yepe3 Banuk Ne 1. M3BecTHO, uTO JNE-
THPOBaHHE PE3KO yMeHbIIaeT K03()(UIMEeHT Tem-
JIOTIPOBOAHOCTH CIUTABOB 34 CUET MCKAXCHHUU KPH-
CTAJTMYECKO pemeTKH, MPUBOIIMINX K Paccer-
BaHHIO (OHOHOB. [TOCKONIBKY MeETajl HaIllaBJICH-
HOTO crnost MIPEICTABIISAET coboit
CIIO>KHOJIETUPOBAHHBIA TBEPABIM PACTBOP, MOXKHO
MoJIaraTh, YTO €ro TeIIONPOBOAHOCTh CUIIBHO TO-
HUKEHA IO CPAaBHEHHUIO C MaTepHaJoM OCHOBBI —
cranpio 091 2C. Takum 00pazoM, KpUCTAILTH3AIIHS
30HBI TIepeKphITHS (Mexmy nuHusMu JI2 un JI3)
MpOXoauiia 3aMeAsieHHo. B pe3ynbTare B BepxHei
YacTH 30HBI MEPEKPHITUS W B OOJNBIIEH YacTH Ba-
muka Ne2 cTpykrypa (opMmupoBangach B yCIOBHUSAX,
MpUOMIKEHHBIX K TEPMOJWHAMHYECKH paBHOBEC-
HBIM, TO €CTh IIyTEM BBIAEICHUS TEPBUYHBIX Kap-
OMaoB ¢ OOCIMHEHWEM >KHIKOCTH IO YTIIEPOIy
U XpOMY U TMOCIEAYIONIMM MPEBPALIEHUEM I10 pe-
akmuu «L. — aycrenur + M;Cs» [15]. I[lepBuunsie
KapOuapl, chopmupoBaBiiHecss B Baiuke No2,
UMEIOT MUKpoTBepaocTs ~12 000 MIla, uro HuKe
YPOBHS, XapaKTepHOro s KapoumoB M,C;. Ilo-
HIDKEHHE TBEPJIOCTH, BEPOSTHO, CBA3AHO C BIIHA-
HUEM HHUKEJS, KOTOPBIA BCIEICTBUE BBHICOKOTO CO-
JIepKaHUsl B TIOKPHITUM MOT YaCTUYHO 3aMEHHTH
XpOM B pelreTke KapOwaa, YMEHBIINB KOBAJICHT-
HYIO COCTaBIISIOLIYI0 MEXaTOMHOMU CBSI3H.
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Hanmume mepBUYHBIX KapOMIOB B CTPYKType
HAIUIaBJICHHOTO CJIOSI MOKET HETaTUBHO OTPa3HTh-
Cs Ha U3HOCOCTOMKOCTH TMOKPBITHS 32 CUET sIBJIE-
HUs n3buparenpHOTo M3HOCca [1, 4]. D10 CBA3aHO C
BBICOKOH XPYNKOCTBIO MAaCCHBHBIX KapOWIHBIX
KPUCTAJUIOB, KOTOPBIE JIETKO Pa3pyLIAlOTCS U BBI-
KpaIlllMBalOTCS B YCIOBHAX CTaTH4YecKoro (Tmpu ab-
pa3sMBHOM W3HAIWBAHWH), JINOO IUHAMUYIECKOTO
(Ipu 3pO3MOHHOM HM3HAIIMBAaHWHU) KOHTaKTa ¢ ao-
Pa3UBHBIMH YaCTHIIAMHU.

Hayunasi HOBU3HA U MpaKTHYecKasi
3HAYUMOCTh

[Tokazano, yto (opMHpyeMOe NpH HarlaBKe
Cr—Ni HOKpBITHE COIEPKUT, B OCHOBHOM, aycCTe-
HHUTO-KapOUIHYIO 5BTEKTHKY C DPa3JIUYHOH ILIOT-
HOCTBIO PACIIOJIOKEHHUS U TOJIIUHON KapOWTHBIX
BOJIOKOH B 9BTEKTHUYECKHX KOJOHUsX. IlepekpriTue
HAIUTaBIISIEMBIX BAJIMKOB MPUBOJAUT K OTPYOJICHUIO
CTPYKTYPHI ¢ POPMUPOBAHNEM PE3KO BHIPKEHHOI
329BTEKTUYECKON CTPYKTYpHI IIPH HAJIMYUU KPYII-
HBIX NIEPBUYHBIX KapOuaoB xpoma. B 30He TepMmu-

CHpPOBaH pacmaj aycTeHuTa ¢ (opMupoBaHueM
3epHHUCTBIX KapOWJIOB M MOHWKEHHEM KOPPO3UOH-
HOW CTOMKOCTH MaTpHUILBI B MECTax OOCIHEHUS IO
XpoMmy.
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OCOBJIUBOCTI MIKPOCTPYKTYPHU XPOMO-HIKEJIEBOI'O
HOKPUTTAA, HAIIVIABJIEHOI'O IOPOLIKOBOIO CTPIYKOIO
II)T AH-111 13 50 % IIEPEKPUTTAM

MeTta. Y po0oTi nependadaeTbCsi IPOBECTU JOCIIKEHHSI 0COOIMBOCTEH MIKPOCTPYKTYPH IOKPUTTS, OTpHMa-
HOTO HAIUIaBJICHHSAM MopoiukoBolo crpiukoto [1J1 AH-111 i3 50 % nepexkpurrsim BanukiB. Meroauka. 3HOCOCTIi-
KUH 1Iap OTPUMAaHO EJIEKTPOJYTOBHM HaIUIaBJIeHHSIM mopoukoBoro crpiukoio ITJI AH-111 nHa nmactuny 3i crani
09I'2C. HanmnaBka mpoBoAuiiach MpH TaKUX MapaMeTpax PexuMy: 3BaproBalbHUM cTpyM 650-750 A; Hampyra Ha
ny3i 30-34 B; mBuakicTs HarmaBieHHS 32 M/4. MiKpOCTpYKTYpY MOCTIIKYBAIH i3 3aCTOCYBAaHHAM ONTHYHHUX MiK-
pockoniB Neophot-21 Ta Nikon Eclipse M200, a Tako i3 BUKOPHCTaHHSM €JICKTPOHHOTO CKaHYIOYOTO MIKPOCKOIIa
JSM-6 510 LV. MikpoTBepaicTh CTPYKTYPHHX CKJIAIOBHX 3aMipsUld 3a JOIOMOTOI0 MikpoTBepmomipa FM-300
(Future-Tech) npu HaBanTaxenHi 10-50 m. PesyapTaTn. [lokazaHo, 1o HAIUTaBICHHS 3 IEPEKPUTTSIM BaJIHKIB IpH-
3BOJUTH /10 (POPMYBaHHS HEOJHOPIIHOI IO MEPETHHY MIKPOCTPYKTYPH, sIKa 3MIHIOETHCS TI0 30HAaX BiJ ayCTEHITHOI,
BIJIBHOI BiJ KapOiniB, — 0 3aeBTEKTHYHOI, 10 MiCTUTH IIEPBUHHI KapOian xpoMmy. BukoHaHo aHami3 MiKpOTBEpAOCTI
CTPYKTYPHHUX KOMIIOHCHTIB Y PI3HHX 30HAX MOKPHUTTSA. BCTaHOBJICHO, 110 TBEPAICTh ayCTEHITY, KapOiqHOI €BTCKTH-
k1 Ta kap6iniB M7C3 BapitoeTbcsi B HOKpUTTI y Mexkax 3 100-3 850 MITa, 4 100—-6 800 MITa, 12 100-15 100 MIla
BianoBinHo. HaykoBa HoBM3HA. ABTOpaMH BCTaHOBIICHO, IO XPOMO-HIKEJIEBE MOKPUTTS, K€ (HOPMYEThCS HPU
HaIIaBJICHHI, MICTHTh, B OCHOBHOMY, ayCTEHITHO-KapOiZlHy €BTEKTHKY 3 Pi3HOIO IIUIBHICTIO PO3TALIyBaHHS Ta TOB-
IIMHOIO KapOiIHMX BOJIOKOH B €BTEKTUYHUX KOJIOHISIX. Y3/I0BXK KOPAOHY 3 OCHOBOIO 3aJisira€ ofHo(a3Huii aycTeHi-
THHUH IIap, 110 TIePEXOANTDH Y IIap i3 IOEBTEKTUYHOIO CTPYKTYPOIO. Y 30HI TEPMIYHOIO BIUIMBY Bijl CIUIABJICHHS Ba-
TUKIB 3a(hiKCOBAaHO PO3MAJa ayCTEHITY 3 (JOpPMyBaHHSAM 3EPHHUCTHX KapOifiB, MO MPH3BOIUTH IO IMiABUINEHOI PO3-
TPaBIFOBAHOCTI MATPHIIi B MiCIX 30iqHEHHS 1O XpoMy. Haj 30HOIO CIIaBIIeHHS BaJMKIB MMOKPUTTS Ma€ 3aCBTCKTH-
YHy CTPYKTYpY 3 HAsBHICTIO BEIMKHX HEPBHHHHUX KapOimiB xpomy. IIpakTuuyna 3Hauummicth. [lokaszaHo, mo
HaraBiIeHHs nopommkoBoro crpiukoro I1IJT AH-111 i3 50 % nepekpuTTsaM BaauKiB MPU3BOIUTE 0 OrPpyOIHHS CTPYK-
TypH 3a paxyHOK ()OPMYBaHHs Pi3KO BHPaKEHOI 3a€BTEKTHYHOI CTPYKTYypH IIPU HASBHOCTI BEIMKHX MEPBUHHUX
KapOiaiB XpoMy, sIKi MarOTh 3HWKEHY MIKPOTBEPIICTb.

Kiouosi cnosa: HamnaBka; MIKpOCTPYKTYpa; KapOian; ayCTCHIT; MIKPOTBEPAICTh; IEPEKPUTTS BAJIUKIB
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MICROSTRUCTURE FEATURES OF CHROME-NICKEL COATING
WELDED WITH FILLER WIRE PL AN-111 WITH A 50% OVERLAP

Purpose. The paper involves investigation of microstructure features of the coating welded with filler wire PL
AN-111 with a 50% beads overlap. Methodology. Wear-resistant layer was formed by means of electric arc deposit
welding using filler wire PL AN-111 on the plate from steel 09G2S. Deposit welding was conducted under the fol-
lowing parameters: welding current is of 650-750 A; arc voltage is of 30-34 V; welding speed is of 32 m/h. Micro-
structure was researched with application of optical microscopies “Neophot-21”, “Nikon Eclipse M200” and elec-
tron scanning microscopy JEOL JSM-6510 LV. Microhardness of structural constituents was measured with tester
FM-300 (Future-Tech) under loading of 10-50 g. Findings. It is shown that the overlap of the beads leads to the
formation of inhomogeneous microstructure in the cross section that varies by zones from free-carbide austenite to
hypereutectic microstructure with primary chromium carbides. The analysis of the microhardness of the structural
constituents in various coating areas was carried out. It was found that hardness of austenite, carbide eutectic and
carbides M,C; varies in coatings in the range of 3 100-3 850 MPa, 4 100-6 800 MPa and 12 100-15 100 MPa, ac-
cordingly. Originality. Authors determined that Cr-Ni coating comprises substantially austenitic-carbide eutectic
with different density and thickness of carbide fibers within eutectic colonies. Along the border “base/coating” a
single-phase austenitic layer lies which turns into a layer with a hypoeutectic structure. In the heat affected zone
from beads fusion austenite disintegration with the granular carbides formation was recorded. This leads to decreas-
ing of matrix corrosion resistance due to chromium depletion. Above the zone of beads fusion, the coating has a
hypereutectic structure with the presence of large primary chromium carbides. Practical value. It is shown that de-
posit welding with filler wire PL AN-111 with a 50% overlap of beads results in a coarsening of the structure due to
formation of a hypereutectic structure comprising in the presence of large primary chromium carbides with lower
microhardness.

Keywords: deposit welding; microstructure; carbides; austenite; microhardness; beads overlap
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JAUHAMUKA BUBPONIUTATEJEN C HEJIMHEMHOM
YIIPYT'Ol XAPAKTEPUCTHUKOM

Heanb. YcnoBuem OecriepeOoiHOM 1 3 HEKTUBHOMN paOOThI KaXI0H TEXHOJOTHYCSCKOM JTMHUH SBJISCTCS UCIIOIB30-
BaHUE TPAHCHIOPTUPYIONIMX MAIUH C BBICOKMMH TEXHUYECKUMH XapaKTEPUCTHKAMK. XOPOIIO ce0st 3apEKOMEH I0BAITN
HA TPAKTUKE KOHCTPYKIMHM MAIIWH JJIs TPAHCIOPTUPOBKH, KOTOPbIE HCIOJB3YIOT B MpOIEcCe pabOThl BHOPAIHIO.
IMpumenHeHre BUOPOYCTAHOBOK TPEOYET ONTHMHU3AINK PEXKUMOB MX paboThl. B Bujie yrpyroro 3BeHa Bce OOJIbIIIE UC-
MOJB3YIOT PE3UHOMETAJUTHUECKUE IEMEHTBI, XapaKTePU3YIOIIHeCcs] HeIMHEHHOCTRIO JeMIdupyomumx cBOUCTB. [1o-
9TOMy B paboTe HEOOXOMMM MOMCK HOBBIX, 0OJiee COBEPINEHHBIX METOIOB pacdyera MUHAMHYECKHAX XapaKTepPUCTHK
BHOPOMAIIIMH C YYETOM CBOMCTB PE3MHBI KaK aMOPTH3AI[MOHHOTO Marepuaia. MeTomauka. PaccMOTpeHO THHAMUKY
BHOPAIIMOHHON MAIIIMHBI, KOTOpask MMEET B KAueCTBE YIPYTHX 3BEHBEB PE3HHOMETATIMUECKUE OJIOKH U Oy(epHbie
aMOPTH3aTOPbI, OTPAHMYUBAIOIIME aMIUTHTYMy KosieGanuii pabodero oprana. IIpeTtoKeHHBIH METOZ OMpeICICHUS
AMIUTHTYTHO-9aCTOTHOM XapaKTEePUCTHKH BHOpoMHUTaTess 6asupyercs Ha npuHIune Bonsrepa, KOTOpBIi Tpu pacde-
Tax JeMI(UPYIOMIKNX CBOWCTB aMOPTH3aTOPOB aeT BO3MOKHOCTh YUHTHIBATH YIIPYTO-HACIICACTBCHHBIC CBOWCTBA pe-
3uHbI. [Ipy KOPPEKTUPOBKE JTHMHAMUYECKUX JKECTKOCTE OCHOBHBIX YIPYTHX CBsizel u OydepoB BUOporurarels, uc-
TOJIB3Ysl TPUHIIMIT HACJIEICTBEHHOCTH CBOWCTB PE3MHBI, ONPEIEISIOT 3aBUCUMOCTh aMILTUTYIbI KojieOaHuil pabouero
opraHa MamiuHbl. Takoi METOA TONYYHMJ Ha3BaHUE «UHTETPO-OMEPATOPHBIN» ¢ TNPUMEHEHHEM JpOOHO-
9KCIIOHEHIMAIIBHBIX siJep penakcaiu. Pe3yabrarel. VICosb3ys BhIBEACHHYIO (OPMYITy OMpPEICIICHUS] aMILTUTY/IbI,
MOCTPOEHO PE3OHAHCHYIO KPUBYIO HEJTMHEHHOM OJHOMACCHOM cucTeMbl. COMOCTaBICHHEM TEOPETHIECKHUX U MPAKTH-
YECKHUX PE3yJIbTATOB YCTAHOBJIEHO, YTO MCIOJIL30BAHUE MPEIOKEHHON METOIUKH pacueTa 00eCeYrBaeT JOCTATOUHO
TIOJTHOE OIMCAHME JAEMIT(PUPYIOIIHMX MapaMeTPOB PE3MHOMETAIUTMICCKUX H3/IEIHNI ¥ OHOBPEMEHHO ABISIETCS d(DeK-
THBHBIM CPEIICTBOM pacyera aMIUTMTYIHO-YACTOTHBIX XapaKTEPUCTHK HENMHEHHBIX KOJIEOAaTeTbHBIX CHCTEM.
Hayunast HOBH3HA. ABTOPaMH yCOBEPIIIEHCTBOBAHA METOIMKA OTIPEACIEHHS EMITPUPYIONHMX XapaKTEPHCTHK PE3H-
HOMETAJUTMIECKAX M3IETHi U aMIUTHTYIHO-9ACTOTHBIX XapaKTEPHUCTHK HEMHEHHBIX KOIeOaTeIbHBIX CHCTEM ITyTEM
BBCJCHMS B aITOPUTM pacdyeTa 3aBHCHMOCTEH, YUHMTHIBAIONIMX YIIPYrO-HACICACTBCHHBIC CBOMCTBA PE3HH.
IMpakTuyeckass 3HAYMMOCTb. VICIONB30BaHHE WHTETPO-OMEPATOPHOrO METOAA C MPUMEHEHHEM JPOOHO-
SKCIIOHCHITMATBHBIX SICP PEJIaKCAlii 00CCIICUUT TOBBIIICHHE TOYHOCTH PACYCTOB JEMII(PUPYIONINX MapaMETPOB pe-
3UHOMECTAJNINYCCKUX I/I3JICJ'II/II\/II, AMIITUTY THO-4YaCTOTHBIX XapaKTECPUCTUK HEJIMHEWHBIX KOHeGaTeH])HI)IX CHUCTEM U OacCT
BO3MOXKHOCTH €Ill¢ OOJIbIlIE ONTHMHU3UPOBATH PEXKHUMBI PabOTHI BHOPAIMOHHOTO 00OpymoBaHus. M3roToBIECHHBIE
C YYETOM IPHHIIMIIA HACICCTBEHHOCTH CBOMCTB PE3UHBI PE3NHOMETAITMYECKHE OJIOKH JIIS YIPYToi MOJABECKH BUO-
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PporurTaTEIA UCKIKOYAT BEPOATHOCTh OIPAHUYCHUA ITPOU3BOJAUTECIIBHOCTU TEXHOJOTUYECKON JIMHUU B CBSI3M C HU3KOU

JIOJTOBEYHOCTBIO IeTajIe ITOABECKH IMUTATENS.

Kniouesnie cnosa: TOPHBIE MAIIHBI; 3JIACTOMEPHBIC 3JIEMEHTBI; METOABI pacyeTa,; YIpyro-HacJI€ICTBECHHBIC CPEIBI

BBeaenue

B nacrosiiee BpemMs BO MHOTHX 00JacTsSX Ha-
POIHOTO XO3SHCTBa (TPaHCIOPT, TOPHOIAOOBIBAO-
mast, CeIbCKOE XO3SHCTBO, METAJLUTyprHusl W Ip.),
IIMPOKO HCIIOJIB3YIOT BHUOPAIIMOHHBIE MAITHHBI
Y KOMILIEKCHI Pa3INYHBIX THIIOB.

Kaxk mokazanm Hayunble uccienoBanus [1-10],
OTIBIT KOHCTPYHMPOBAHUS U BHEAPEHUS B IIPOU3BOJI-
CTBO TSDKEJIBIX MAIIMH BUOPAIIMOHHOTO THIIA, IIPO-
OyieMa BBICOKOITPOU3BOAUTEIHHOTO M O€301MacHOTO
BBITYCKa M TOTPY3KH PYIbl M3 OYHUCTHBIX OJIOKOB
MOJeT OBITh pelleHa MpPU HCIONb30BaHUU BHOpa-
[IMOHHBIX THTAaTeNed M KOoMIUleKcoB (puc. 1, 2).
B HacTosIee Bpemsi UIMEIOTCS U APYTHE TEXHOJO-
ruu [6], ogHAKO BUOPOBBITYCK Ha CETOTHSIIHUI
JIEHb SIBIISICTCS MO-TIPEKHEMY aKTYaJIbHBIM.

Puc. 1. Bubpornurarens tTuna BITP-4M ¢ pe3uHoBO#
ynpyroi noaseckoit (tuna bBPM)

Fig. 1. Vibrating feeder type VPR-4M with rubber elas-
tic suspension (type BRM)

Haunbonee moiaHo coBpeMEHHBIM TpPeOOBaHUAM
OTBeUYaeT BHOPAIMOHHBIN BBITYCK, ITO3BOJISIOIINI
BBIMYCKAaTh TOPHYIO MacCy KpPYHHOCTBIO JIO
1,2...1,4 M, ¢ TEeXHHUYECKOW IPOU3BOIUTEIHHO-
ctero 1 500...2 000 /94 u HapaOOTKOH He HMXKe
1,2...1,5 mma T.

OOmiee MOHMWKEHHE BEACHHUSA TOPHBIX paboT
U CBSI3aHHBIC C TITyOOKHMH IIaXTaMH YCIIOKHEHUS
noTpedoBaN MHTEHCU(UKAIIUN W KOHIICHTPAIlUU
OTpabOTKH OJIOKOB U 3aJIe)Kel, MPUMEHEHUS BBICO-
KOTIPOM3BOAUTENBHBIX CHCTEM pa3pabOTKU C Mac-
COBOH OTOOWKOH pyHIbl CKBOKWHHBIMH 3apsiaMu
BB, nepexona Ha LMKIMYHO-IOTOYHBIE U MOTOY-
HbIE TEXHOJIOTHM IOA3EMHOM IOOBIYH. BakHeli-
MM CACPKUBAIOIUM (HaKTOPOM IIPH ITOM SIBIIS-
JIOCh HaJIU4W€ 3aBUCAaHUW BBIIYCKaeMOW KPYyIHO-
KYCKOBOW I'OPHOM MaccChl.

Puc. 2. Bubparmonusiii nmuratens BITP-4M B 1raxre
pu J0OBIYe YPaHOBOU Py b

Fig. 2. Vibrating feeder VPR-4M in the mine during
extraction of uranium ore

Jis TMKBUAANMK 3TOTO OTPULIATEIIBHOTO (-
¢exra u IS MHTEHCH(DUKAIIMY TIpoIiecca B IIeJIOM
paspaboTaHa U HCClIeJoBaHA OPUTHHAILHAS CXeMa
BHOPAITMOHHBIX CEKIMOHUPOBAHHBIX IHUTATEICH,
MO3BOJISIONINX PACUIMPUTH 30HY BO3JEHCTBUA
BUOpaliy Ha BBITyCKaeMbIH MaTepuan U IMpeBpa-
TUTH BBIITYCKHOE OTBEPCTHE B BBHIMYCKHYIO INETH,
3HAUUTEIBHO MPEBHIIIAIONIYI0 MaKCHUMAaJbHbIE
pa3Mephl OTAEIBHBIX KYCKOB BBIIIYCKaeMOr0 Mate-
puana. HoBblid METOJl CEKIIMOHWPOBAHUSI MCIIOJIb-
30BaH B KOHCTPYKIIUSIX BUOPAIMOHHBIX MUTATEIICH
masiorabaputHeix Tuna [IBM u mutareneii BuGpa-
IMMOHHBIX CEKIIMOHMUpPOoBaHHEBIX THIa [IBC.

IIpuMeneHne CEKIMOHMPOBAHHBIX BHOpOMHTA-
TEJNeW M KOMILUICKCOB, TI0 CPAaBHEHHIO C OOBIYHBIMU
MallMHAMH, TO3BOJWIO CHU3UTH O0BEM TOPHO-
MPOXOMUECKUX PabOT M TMOTEPH PYIbl B IHHUIIAX
0JIOKOB, YBEIWYUTH IMPOU3BOJUTEIHLHOCTh M Ha-
JIeKHOCTh IpoLecca 3a CUeT CHIDKEeHHs B 25...60
pa3 KoJIMYecTBa 3aBUCAHUHN 0e3 MOTIOTHUTEIHHBIX
SHEPTreTUYECKUX 3aTpart.
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PazpaboTke BHOpAIMOHHBIX MAIIMH W KOM-
TUIEKCOB CIIOCOOCTBOBAJIO CIEAYIOIIEE.

Bo-nepBbIX, IpaBUIEHBINA BEIOOP CTPYKTYPHOMH
CXEeMBbl W WCIIONF30BaHWE HOBBIX METOJOB IHMHA-
MHYECKHX pPacdeTOB ¥ PAIMOHAIBHOTO IPOEKTH-
POBaHUS KaK MAIlMH B I[EJIOM, TaK U OTJCIIbHBIX MX
AJIEMEHTOB; HCIOJH30BaHHE COBPEMEHHBIX IMPHH-
IIUTIOB M JOCTIDKEHHUI B 00J1aCTH TEXHOJIOTHH BHO-
POTPAHCIIOPTUPOBAHUS KPYHMHOKYCKOBBIX MaTe-
pHUAJIOB TIPU 3HAYCHUU PEKUMOB BUOpAIUU: aM-
IUIATY 3...5 MM U HaMMEHEE YHEProeMKOU 4acTo-
THI BRIHYXJICHHBIX Konebanuit 15,5...17,5 I'm.

Bo-BTOpBIX, HWCHONB30BAHUE OPUTHHAIBHBIX
Y BBICOKOHA/ICKHBIX PE3MHOBBIX yIPYTUX 3BEHBEB!
B nurarenax I1BM-1,0/1,5, IIBI'-1,6/4,0 ucmois-
30BaHa ympyras omnopa, MO3BOJSIOIIAs pPeaan3o-
BaTh HAIpaBJICHHBIE KOJEOAHMs; B OCTAJIbHBIX Ma-
[IMHAX UCIOJb30BaH HOBBIM THIT YIIPYTOM OMOPHI C
Oy(hepHBIM DIIEMEHTOM, TIO3BOJISIOIIMM B HECKOJIb-
KO pa3 yBEJIMYUTh HAJICKHOCTh YIPYTOH MOABECKU
nuTarens, paboTaroIero B yCIOBHAX 3KCTpEMallb-
HBIX JTUHAMAYECKUX HArpy30K, BEI3BIBAEMBIX Belle-
HUEM B3pBIBHBIX pabOT Mo OTOOWKE, JIMKBUAAIUU
3aBUCAHWN W JPOOJEHHUIO HerabapuTOB, a TaKXKe
MOBBICUTH MPOU3BOAUTEIHHOCTh BHOPOYCTaHOBKH
Ha 15...20 % npu OIHOBPEMEHHOM CHIDKCHHH
yAenbHBIX 3Hepro3arpat Ha 10...12 %.

Juist 3amuTel paboYnx OpraHoB OT YAApPHBIX Ha-
IPY30K U aOpa3uBHOTO M3HOCA HCIIOJIL30BANACH pe-
3WHOBast PyTEPOBKA. DIIEMEHTHI YIIPYTOi MOABECKU
BHUOpAIIMOHHBIX MaluH (pucC. 3), H3TOTaBINBAINCH
W3 TPAAUIIMOHHBIX MapKu pe3uH Tuma 2959 u Ho-
BBIX, CTELHAIBFHO pa3pabOTaHHBIX Mapok. s u3-
TOTOBJICHHsI Oy(epHBIX 3JEMEHTOB U 3JIEMEHTOB
YOPYTO# TMOJBECKH MAIINH HCIIOJIH30BaTIach PE3MHA
2959; nns >IeMEHTOB TMOJBECKH W IO KIBAO-
IIMX 37eMeHToB — 51-1562. Jlns ynpyroil noasecku
BUOpOIIUTATENEH 1 KOMIUIEKCOB OBUIH pa3paboTaHbI
TaKXe PE3UHOBBIE LIMINHAPHUECKHIE IEMEHTHI.

Puc. 3. Yopyras noasecka BuOponurarens BIIP-4M

Fig. 3. Elastic Suspension of vibrating
feeder VPR-4M

B-Tperbnx, TpuMeHEeHHE  OPUTHHAIBHOTO
JIByXBaJIbHOTO BHOPOBO30YAWTENS MO3BOJIMIO 0O-
Jiee PAlMOHAIBLHO HCIIOJIB30BaTh 3HEPTUIO MPUBO-
Jla ¥ TIOBBICUTh TEXHUYECKYIO MPOU3BOJAUTEIh-
HocTh murarenerd Ha 30...35 % 06e3 momomHUTENh-
HBIX JHEprosarpar.

[Ipumenenne  BHOpallMOHHBIX  MHTATENEH
M CXeM BHOPAIMOHHOTO BHIITYCKa, TOCTaBKH U TIO-
IPY3KU PyAbl B MOA3EMHBIX YCIOBHUAX IO3BOJIMIIO
MEXaHU3UPOBATh OJIMH W3 HanOojee TPYIOCMKHX
W OMAaCHBIX MPOIECCOB JOOBIYM U PEIIUTH TIPU
3TOM CJIEAYIOLIHE 3a/Ia4n:

— YBEJIMYHThH MPOU3BOUTEIBHOCTh BBIMYCKA U
MOTPY3KH KPYIMHOKYCKOBOM FOpHOM Macchl B 2,5...3
pa3a 1 BEICBOOOUTE IBYX pabourx Ha BEITYCKE;

— YBCJIMYUTH B HECKOJILKO pa3 MHTCHCHBHOCTDH
OTpabOTKM ¥ YMEHBIIUTh CPOK DKCILTyaTaluu
OYHCTHBIX OJIOKOB ¥ TOPH3OHTOB;

— YMEHBIINTh TPYIOEMKOCTh U CHH3UTH cebe-
CTOMMOCTB MPOIIECCa BBITYCKA U TIOTPY3KU PYIbL;

— TIOBBICHTH PaBHOMEPHOCTh HCTEYEHHUS TOp-
HOM Macchl U3 BBITYCKHBIX OTBEPCTHM W CHU3UTH
B 3...5 pa3 4acToTy 3aBHCAaHUN KPYIMHOKYCKOBOTO
MaTepuana; IpUMEHEeHHe CEKIIMOHUPOBAHHBIX IIH-
Tarejleil  CHWXKAeT  KOJMYECTBO  3aBUCAHMI
B 25...60 pa3;

— YBEIWYUTh pa3Mep KOHAMIIMOHHOTO BBI-
€MOYHOI0 KyCKa,;

— HOPaKTUYCCKU MCKIIOYUTL ClIydan TpaBMa-
TH3Ma Ha MPOIECC BBHIMYCKAa W TOTPY3KH, 3aHH-
Maromue 10 60 % oT Bcex Clly4aeB Ha MOA3EMHBIX
paborax;

— MEXaHU3UPOBATH IIPOLECCC BLIIIYyCKAa W IIO-
TPYy3KH U CO3/1aTh YCIOBHS UIsl OCYIIECTBIICHUS
MaJOOTXOJHOM LUKINYHO-NOTOYHOU TEXHOIOIHMHU
JTOOBIYH;

— BIEPBBIC B MPAKTHKE TOPHOTO TPOU3BOJICTBA
MPUMEHUTH IIEJIEBOH BBHITYCK PYAbl U3 OYUCTHOTO
Omoka (0e3 ropu3OHTa BTOPUYHOTO JPOOJICHUS)
4yepe3 OTBEPCTUsl OOJIBIIOTO CEUSHUsS TPAKTHYECKU
000T0 TPaHYJIOMETPHYECKOTO COCTABA;

— CHHM3WTH MOTEPH PyIbl B IHHUINAX OJOKOB
1 00bEM FOPHOIPOXOAUECKUX PadoT.

Mean

Ilenmsto maHHON PAOOTHI SBISETCS TIOWCK HO-
BbIX, Ooitee COBCPIICHHBIX METOJAOB pacucTa Au-
HAMHUYECKHUX XapaKTePUCTHK BHOPOMAIIWH C y4e-
TOM CBOMCTB Pe3WHBI, KaK aMOPTH3AIIMOHHOTO Ma-
Tepuana.
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MeTtoanka

PaccmoTpum auHaMUKy BHOPAIMOHHOTO THTA-
Tens tuna BIIP ¢ HHEpUUOHHBIM NIPUBOAOM, YIIPY-
ras CUCTEMa KOTOPOTO BKIIIOYAET AJIEMEHTHI CIIBU-
ra tTunma BPM u OydepHble aMOpPTH3aTOPHI, Kak
nokazaHo Ha puc. 3. Takas xonebatenpHas cucre-
Ma HMEET KyCOYHO-IIMHEHHYIO XapaKTepHCTUKY
BOCCTAHABJIMBAIONIEN CHJIBI YNPYTUX CBs3ed 3a
CYET MMOCTAHOBKU PE3WHOBHIX Oy(epoB ¢ HEKOTO-
PBIM 3a30pOM e, pHcC. 4.

Puc. 4. KuremaTtnueckasi cxemMa BUOPOITUTATEINS C KPY-
TOBBIM HaIpaBJIeHHEM BBIHY)KIAIOIICH CHIIBL:

M — macca rpysoHecyuiero oprana mamunbl, Cy u Cg
— IMPpUBCACHHAA JUHAMUYCCKAA )KECTKOCTH OCHOBHBIX
yIpyrux CBsi3ei u 6y(hepoB COOTBETCTBEHHO; M — Macca
HEYPaBHOBEIIICHHBIX IPY30B BUOPATOpa, OTHECEHHBIX
Ha PacCTOSIHHE FOT OCH; € — 3a30p YCTaHOBKH Oydepos

Fig. 4. Kinematic scheme of vibrating feeder with a
circular direction of the driving force:

M - is the weight of the vehicle's load bearing body,
Cjand Cj the reduced dynamic stiffness of the main
elastic bonds and buffers, respectively, m — the mass of

the unbalanced loads of the vibrator, spaced by a dis-
tance » from the axis; e — buffer clearance

YpaBHEeHHE IBWKEHHUS paccMaTpUBaeMOMN CHC-
TEMBI B Cllyyae MIeaJbHOH YHpPyrocTH cBsa3el Oy-
JIeT UMETh B

M5 +U(x) = Psinot,

rae P =mrom’ — aMIUIMTY1a BO3MYIIAKOMEH CHITBL;
X— TEeKylIllee 3Hau€HHE IEepPEeMEIlEHHUs] I'Py30HeCy-
niero opraHa MamuHbl; U(x) — QyHKOUs BoccTa-
HaBJIMBAIOILEH CUIIbI yIPYTHX CBS3EH:

Cox — —e<x<eg
Ux)={Cix+(Cy-Cjle »  x>e (1)
Cox—(Cy—Cgle -  x<-—e

3nece M — Macca TPy30HECYIIEro OpraHa Marlu-
C, u C; — npuBeneHHas AMHAMHYECKas xKe-

CTKOCTh OCHOBHBIX YTPYTHX CBsized U Oydepos
COOTBETCTBEHHO, M — Macca HEYPaBHOBEIICHHBIX

Ipy30B BUOpaTopa, OTHECEHHBIX Ha pacCTOsSHUE
FOT OCH.

Cornacao npunuuny Bonbtepa [8], s yueta
YIPYTro-HaCIeACTBEHHBIX CBOMCTB MaTepHaja CBS-
3eil B ypaBHeHnH (1) ciemyeT 3aMEHUTh MTHOBEH-
HBI€ KECTKOCTH OIlepaTopamMu

!
Xff:(—B)J-

c=ali-
C'= cg[l -

3mech Yo (—B,¢—1) — IKCIOHEHIUABHAS
byHKIUS APOOHOTO MOPSIIKA;

n(1+a)
=(r—1)" Z B (1-)

(n+1)(1+(x)]
o, B, ¥ — peojoruyeckue mapameTpbl pPE3UHbI;
I' — ramma-¢yHKIHSA.
Torma mnst kodh¢uuMeHTa TUCCHIIAIMU SHEP-
THU M MOYJISl yIIPYTOCTH HOIYyYUM

Yo(-B,t—1)

2

rae

X(mkcos5+[3)

o 2Bo*cosd + B

yosind
o* +2Bo*cosd + B

—l<a<0; k=1+a; %zk;

B=t*; §=0,5nk.

3neck £y — 0000IICHHOE BpeMs peslakcanuu, S —
IJIOLAAb TUCTEPE3UCHON netiu, Xy u Py — aMIuu-
TyABl TIEPEMEIIEHUS W YCHINS COOTBETCTBEHHO;
Py~ ammuryma ycwnmsi B TPEANONIOKCHUH WS-
aJbHOM yHPYTOCTU MaTepuana; Sy — Iiomaab Tpe-
YroJIbHUKa CO CTOpoHamMu Xy U Py, TO €CTh MoJiHast
SHEPTHUs MPH UICATHLHON YIIPYTOCTH MaTepHaia.

CootHomeHust (2) copaBeUIMBBI B clyyae
MIPUMEHEHUS ITPOU3BOJIBHBIX S/Iep THUIA 3aMKHYTO-
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TO IMKJIA U MOTYT OBITh UCIIOJIb30BAHBI ISl OMpe-
JeaeHus 3aBucHMocTeit A(m) u B(m).

B »TOM ciydae s onmMCcaHMs MEXaHMYECKOU
peakiuu MaTepuayia JIOCTaTOYHO pAacIoJiarath
3HAYCHHUSIMH TPEX IapaMeTpOB — O, A U fy, UMEIO-
IIMX KOHKPETHBIA (PU3UYECKUI CMBICIT:

4
o =1——arctg—"%;
G, T TA 3)

Ly = [m(wmax )Tl >

rae Y,.. — MaKCHMMAaJbHOE 3HaYE€HHE TEXHHYECKO-

TO ko3 durmenTa TIOTJIOICHHS,

G, = lin})G(co); G, = lim G(o).

W—>0

Jnst onpesienieHus: peoJIoTHYECKUX MapaMeTpoB
o, A Ut o popmynam (3) HEOOXOaMMO pacoa-
raTh JIOCTOBEPHBIMU DKCIICPUMEHTAIBHBIMH JaH-
HBIMH O 3HaueHHsX G ¥ Y B BEeCbMa IIMPOKOM
JIMarna3oHe 4acToT.

[Nony4eHHoe mpu 3TOM CHMBOJIUKO-AU(PPEpeH-
[UAILHOE YpaBHEHUE Ul yA00CTBA IalbHEHIINX
BBIKJIAJIOK 11€J1eCO00pa3Ho MpeoOpa3oBarh K BUIY

Mi+Cx+(C/ -C]) f(x)=Psinot,  (4)

rae
x — —e<lx<g
f(x)=1e — x> e;
-e — x<—e.

B mepBoM npuOIMKEHHN pelIeHUE YpaBHEHUS
(4) umeer BUI

x=asin(or—0).

AMIUIMTY1a a BBIHYKIEHHBIX KOJIOaHWH Tpy-
30HECYIIIET0 OpraHa OIpeleNnseTcs NpH 3TOM U3
TPAaHCLEHACHTHOIO XapaKTEepPUCTUYECKOTO ypaB-

HCHHUS
Maw® £|P* —¢’B*F* =F(1-y4), (5

TIe

27 . :
F :;J‘U(asmnl)smmd‘”h =

0

SaGy (G- snn 0

Mo = arcsing. @)

n, = o,

B ypaBHeHUsax (5)—(7) BeMMUUHBI JKeCTKOCTEH
ynpyrux csizeit Cy u Cj, a TakyKe peoJOrHIecKue

napameTpsl 4 U B MOTYyT 3aBUCETh OT TeMIlepaTy-
PBI HarpeBa Pe3UHEI.

Pe3syabTaTthl

Ha rpaduke (puc. 5) mokazaHa amILTUTyHO-
YacTOTHAsE XapaKTePUCTUKA, pacCYUTAaHHAs 10
dopmye (5) mpu clieAyOIMUX MapaMeTpax KoJe-
OarenbHOIT cuctemsl: M =2 000 xr; C; =1 MH/m;

C; =20 MH/m; Gy =1 MH/wm; e = 0,005 wm.

a,m
| e __l 'I
: I
1oy S R SESCE. SR £y / 8 {— %
| | L
ooz | I/ S —

0004 —/T‘ (! | i _
I e

0 20 40 60 80 100

), ll"r[:er-c

Puc. 5. Pe3onancHas kpuBasi HETUHEHHON 0JIHOMAacCCHON
CHCTEMBI C YIIPYT'UM MPUBOJAOM

Fig. 5. Resonance curve of nonlinear one-mass system
with elastic drive

Hayqﬂaﬂ HOBHU3HA U MPaKTHYECKasA
3HAYUMOCTDH

VCOBepIICHCTBOBaHA METOJHMKA OIPEACIICHUS
JIeMIIQUPYIOMNX XapaKTEPUCTHK PEe3HHOMETAIIIN-
YeCKUX M3ICIUi M aMIUTUTYJHO-YaCTOTHBIX Xa-
PaKTEPUCTUK HETMHEWHBIX KOJIeOATEIBHBIX CHCTEM
IIyTEM BBCACHHA B aJlrTOPUTM pacye€Ta 3aBUCUMO-
CTEH, YYWTBHIBAIOIIUX YIPYro-HACICICTBEHHBIC
cBoiicTBa  pe3uH. VCcronp30BaHHWE — MHTErPO-
OIIEPAaTOPHOTO METOA C HPHUMEHEHUEM JpOOHO-
SKCIIOHCHIIUAJIBHBIX AACP pCilaKCaliuu O6CCHC‘1HT
HOBBILICHHE TOYHOCTH PACYETOB JASMII(PHUPYOLINX
HapaMeTpOB  PE3UHOMETAIUIMYECKUX  U3JICIHiI
U aMIUIUTYJHO-YaCTOTHBIX XapaKTCPUCTUK HEIU-
HEHHBIX KOJIEOATENbHBIX CHCTEM H JACT BO3MOXK-
HOCTb ellle OOoJIblIe ONTHMHU3HPOBATH PEXKUMBI pa-
00TBI BHOPAITMOHHOTO 000y IOBAHUSL.
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BriBoasl TOYHO TIOJIHOE OITMCaHWE IeMI(HUPYIOMNX Iapa-
METPOB PE3UHOMETAINTMUECKUX W3 M OIHO-
BPEMEHHO SBJIsIETCS I(PQEKTUBHBIM CPEICTBOM
pacdeTa amIUIMTYAHO-YAaCTOTHBIX XapaKTEPUCTHUK
HEJIMHEHHBIX KOJIeOaTEIbHBIX CUCTEM.

TakuM 00pa3zoM, HHTETPO-OIIEPATOPHBIN METO/
B cly4ae IpHUMEHEHUs  JpoOHO-3KCIIOHEH-
LUAJBHBIX SIEp pelakcaluy o0ecreunBaeT 10CTa-
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JTAHAMIKA BIBPOXKWBUJIBHUKIB I3 HEJTHIHHOIO ITPYKHOIO
XAPAKTEPUCTHUKOIO

Meta. YMoBOW0 0Oe3nepebiitHoil Ta epeKTHBHOT poOOTH KOXKHOI TEXHOJIOTTYHOT JIiHIT € BAKOPHUCTAHHS TPAHCIIOP-
TYIOUMX MAaIllWH i3 BUCOKHMH TEXHIYHUMH XapakrepucTukamu. Jlobpe cebe 3apeKOMEeHIyBall Ha MPAKTHUIl KOHC-
TPYKII{ MalIvuH I TPAHCIIOPTYBaHHS, SIKI BAKOPUCTOBYIOTH Y Ipolieci poboTH BiOpaiito. Bukopucranus Biopoyc-
TAaHOBOK BHMarae OnTuMmizaii pe:xumMiB X poOoTH. Y BHUIIISL MIPYKHOI JJAHKK BCe Oijbllie BAKOPUCTOBYIOTH T'yMO-
MeTaJeBi €JIEMEHTH, 1[0 XapaKTePU3YIOThCsl HEeNHIHHICTIO neMIpyrounx BiacTuBocTeid. ToMy B poOOTi HEOOXigHO
3pOOUTH MOIIYK HOBHX, OLTBII Cy4aCHUX METOIB pPO3paxyHKy JMHAMIYHUX XapaKTEPUCTUK BIOpOMAIIWH i3 ypaxy-
BaHHSM BJIACTUBOCTEH TyMH SIK aMOpTH3aliifHOro Marepianry. Meroauka. Po3risHyTo nuHamiky BiOpamiiiHOT mMa-
IIMHY, SKa Ma€ B SKOCTI MPYXHHUX JAHOK T'yMOMeTaseBi O10ku Ta OydepHi aMopTH3aTopH, MO0 0OMEXKYIOTh aMILTi-
TYAy KOJHBaHb PoOOYOro opraHy. 3ampoIOHOBAaHMI METOJ BH3HAYEHHS aMILIITYIHO-4aCTOTHOI XapaKTePHCTHKU
BiOpOKMBUIIBHIKA 0a3y€ThCs Ha MPUHIUTI BonbTepa, skuii ipu po3paxyHKaxX JeMIIpyrodnx BIaCTHBOCTEH aMOpPTH-
3aTOpiB HAaJIACTh 3MOTY BPaxOBYBAaTH IMPYKHO-CIIQAKOBI BIACTUBOCTI TyMH. [Ipu KOperyBaHHI TWHAMIYHHUX >KOPCT-
KOCTei OCHOBHUX TPYXHHUX 3B's3KiB 1 Oy(depiB BiOPOKHUBUIbHIKA, BUKOPUCTOBYIOUM TPHHIUI CIIaJJKOBOCTI BJIac-
THBOCTEW I'yMH, BU3HAYAIOTh 3AJISKHICT aMIUIITYM KOJIMBaHb POOOYOro OpraHy MallMHH. Takuil METOx OTpHMaB
Ha3BY «IHTETPO-OMEPATOPHUI 13 BUKOPUCTAHHSAM JPOOOBO-CKCIIOHCHINIATBHUX saep peiakcaiii. PesyabTaTn. Bu-
KOPUCTOBYIOUH BUBEJIEHY (OPMYJTy BU3HAUEHHSI aMIUTITY/IU, HOOY/I0OBaHO PE30HAHCHY KPHUBY HEJHIHHOI OfHOMAac-
HOi CHCTeMH. BCTaHOBJIEHO, 10 BUKOPUCTAHHS 3alPONOHOBAHOT METOIMKH PO3PaXyHKY 3a0€3MEeYUTh JOCTATHHO
MOBHUH omHuC eMN(yI0Ynx MapaMeTpiB r'yMOMETaNEeBUX BHUPOOIB W OJJHOUACHO SIBIISITUMETHCS €(hEeKTHBHUM 3aCO-
00M pO3paxyHKy aMIUITyIHO-4aCTOTHHX XapaKTEPUCTHUK HENIHIMHMX KoiMBaJIbHMX cucTeM. HaykoBa HOBM3HA.
ABTOpaMH BJIOCKOHAJIEHA METOMKAa BU3HAYECHHS JEeMI(YIOUNX XapaKTEpPUCTUK I'yMOMETAJIEBIX BUPOOIB Ta aMILTi-
TYZAHO-YaCTOTHUX XapaKTEPUCTUK HETHIIHUX KONMBAIBPHHX CHUCTEM LUISIXOM BBEICHHS B AITOPUTM PO3PAXYHKY
3aJIE)KHOCTEH, 10 BPAaXOBYIOTh MPYXKHO-CIIAIKOBI BiacTHUBOCTi rymu. IlpakTHyHa 3HaumMicTb. BuxopucranHs
IHTETpO-ONEePAaTOPHOT0 METO/a 3 3aCTOCYBaHHSAM APOOOBO-SKCIOHEHIIANBHUX SIep pellakcalii 3a0e3neunTh mil-
BUIIIEHHS TOYHOCTI PO3PaxyHKIB IEeMI(YIOUNX MapaMeTpiB TyMOMETaJeBUX BHPOOIB i aMIUTITYJHO-YaCTOTHHX Xa-
PaKTepUCTHK HETIHIHHNX KOJMBAJIBHUX CHCTEM Ta HAJIaCTh MOXKJIMBICTD Ie OibIle ONTUMI3yBaTH PEXHUMH POOOTH
BiOpauiiiHoro o6naHaHHs. BUroToBIeHi 3 ypaxyBaHHSIM MPHUHIMITY CHAJIKOBOCTI BJIaCTHBOCTEH T'yMH r'yMOMeTaje-
Bi OJIOKM JUIs IPYIKHOT MiZIBICKH BiOPOKMBUIILHUKA BUKIIIOYATh BIPOT1IHICTE OOMEKEHHS MPOYKTUBHOCTI TEXHOJIO-
Ti4HOT JIiHIi Y 3B'3KYy 3 HU3BKOIO JIOBFOBIYHICTIO JICTAJICH MiABICKY KUBUIIbHHUKA.

Kniouosi crosa: TipHIYi MalIMHK; €1ACTOMIPHI €JIEMEHTH; METO/IN PO3PaxyHKY; MPY>KHO-CIAJIKOBI CEpeoBHILA
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DYNAMICS OF VIBRATION FEEDERS WITH A NONLINEAR ELASTIC
CHARACTERISTIC

Purpose. Subject to the smooth and efficient operation of each production line, is the use of vehicles transport-
ing high specification. It worked well in practice for transporting construction machines, which are used during the
vibration. The use of vibration machines requires optimization of their operation modes. In the form of elastic link in
them are increasingly using rubber-metallic elements, which are characterized by nonlinear damping properties. So
it is necessary to search for new, more modern, methods of calculation of dynamic characteristics of the vibration
machines on the properties of rubber as a cushioning material. Methodology. The dynamics of vibration machine
that is as elastic rubber block units and buffer shock absorbers limiting the amplitude of the vibrations of the work-
ing body. The method of determining amplitude-frequency characteristics of the vibrating feeder is based on the
principle of Voltaire, who in the calculations of the damping properties of the dampers will allow for elastic-
hereditary properties of rubber. When adjusting the basic dynamic stiffness of the elastic ties and vibratory buffers,
using the principle of heredity rubber properties, determine the dependence of the amplitude of the working body of
the machine vibrations. This method is called integro-operator using the fractional-exponential kernels of relaxation.
Findings. Using the derived formula for determining the amplitude of the resonance curve is constructed one-mass
nonlinear system. It is established that the use of the proposed method of calculation will provide a sufficiently
complete description of the damping parameters of rubber-metallic elements and at the same time be an effective
means of calculating the amplitude-frequency characteristics of nonlinear vibration systems. Originality. The au-
thors improved method of determining damping characteristics of rubber-metallic elements and the amplitude-
frequency characteristics of nonlinear oscillatory systems by introducing the calculation algorithm of dependency,
taking account of elastic-hereditary properties of rubber. Practical value. The use of integro-operator method with
the use of fractional-exponential kernels of relaxation, thereby increasing the accuracy of the calculations of the
damping parameters of rubber goods and the amplitude-frequency characteristics of nonlinear oscillatory systems
and provide an opportunity to further optimize operation modes of vibratory equipment. Made with regard to the
principle of heredity properties of rubber, rubber-elastic suspension units for vibratory feeder exclude the probability
limit line speed in the low durability of suspension parts feeder.

Keywords: mining machines; elastomeric elements; methods for calculating; elastic-hereditary media
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HIABUINEHHA PEMOHTOIIPUIATHOCTI MY®T EHEPTETHYHHUX
YCTAHOBOK 3ACOBIB TPAHCIIOPTY 3ACTOCYBAHHAM
KAHATHHUX IIPYKHUX EJIEMEHTIB

Mera. B po6oTi HEOOXiJHO PO3IVISIHYTH 3HMYKEHHS TPYAOMICTKOCTI TEXHIYHOTO 0OCIYTrOBYyBaHHSI IPUBOJIIB EHEP-
TeTHYHUX YCTaHOBOK 3aCO0IB TPAHCIOPTY 32 PaXyHOK PO3POOJIEHHSI KOHCTPYKLIT My(TH, II0 Mae HU3bKY TPHUBAJIICTh
3aMiHHM IIPYXKHOTO €JIEMEHTY, Ta OOIPYHTYBaTH 1i OCHOBHI CHJIOBI Ta MilHicHI mapameTpu. Meroauka. [Ipu po3po6-
JIeHHI KOHCTPYKIiT My(TH 3 ITiIBUIICHOI0 PEMOHTOIPHIATHICTIO OYJI0 BUKOPUCTaHO KPUTEPiil MiHIMAJIBHOT cepeiHbO1
TpyAoMicTKocTi ii BimHOBIEeHHs. KOHCTPYKTHBHO-CUIIOBI MapamMeTpy My(TH BU3HAYCHO 3 BUKOPHCTAHHIM KIIACHYHUX
METO/IIB Ta TEOPEM CTATHKH Ta MaTEMATHYHOrO aHanizy. MozentoBaHHs poOOTH My(T BUKOHAHO YHCEIBHHUMH METO-
JaMH JUTs My()T KOHKPETHUX BUKOHAHB i3 BUKOPHCTAHHIM Cy4aCHHUX MPOrPaMHHUX KOMIUIEKCiB. Pe3yabraTn. ABTOpa-
MH pO3p00JIeHO My(DTy 3 KAHATHUMH NPYKHAMH €JIEMEHTaMH, L0 Ma€ HU3bKY TPYJOMICTKICTh 3aMiHH IPYXKHOTO ele-
MEHTY 32 paXyHOK YHIBEpCaJIbHOI KOHCTPYKIIi{ 3aTHCKHUX €JIEMEHTIB Ta 3aCTOCYBAHHSI MAJIBIIB i3 BIAKPUTUMH Ma3aMH,
B SIKi TIOCTIIJOBHO MO€E 3aKIaAaThCs KaHaT. OTPUMaHO 3aJI€XKHOCTI, 10 JO3BOJISIIOTE BU3HAYATH CHIIOBI HABaHTAKEH-
HSl €JIEMEHTIB My(TH, a TAKO)K BUKOHYBATH MiI0Ip KAHATIB Ta PO3paXyHKH MIIIHOCTI 3aTUCKHUX €JIEMEHTIB. I3 BUKOpH-
CTaHHSIM OTPUMAaHHX 3aJISKHOCTEH PO3PaXOBAHO Ta CKOHCTPYHOBAHO MY(Ty 3 KQaHATHUMH MPYKHAMH CJIEMEHTaMH
Juist 3amian Myt Vulkan nporynbcuBHOT ycTaHOBKM Oajikepa mpoekty 2-95A/R. YkpynHeHe BU3HaueHHS 4acy Ha
3aMiHy KaHaTy y MPONOHOBaHIA My(Ti 3 BUKOPHUCTaHHSIM HOPMATHUBIB IOKAa3aJio, IO JJIsi BUKOHAHHSA M€l oneparii
HeoOXisiHO BUTpaTuTH Oyu3bko 150 XB yacy, mo 3HayHO MeHie 530 XB, HOTPIOHMX Ul 3aMiHU NPY>KHUX MeMOpaH
6azoBoi mydtn Vulkan. HaykoBa HoBH3HA. BHKOHaHO OIIHKY OCHOBHUX KOHCTPYKTHBHHX, CHJIOBHX Ta MIIHICHHX
napameTpiB My(QTH 3 TOPLEBOI YCTAaHOBKOK KaHaTa MiJABHLICHOI peMOHTONpuaatHocTi. IIpakTHYHA 3HAYMMICTD.
B po0oTi 3anpornoHOBaHO KOHCTPYKLIIO My(TH HiABUIIEHOT PEMOHTONPHIATHOCTI, OCHAIIEHOT KAHATHUMH HPY>KHUMHI
eJIeMEHTaMH. 3aCTOCYBaHHS Takol My(TH B CHEPIreTHYHHX YCTAaHOBKaX MOXKE CKOPOTHTH BUTPATH 4acy Ta PecypciB Ha
TeXHIYHEe 00CITyroBYBaHHS i 3HU3UTH BapTICTh IIEPEBE3CHb.

Knrouogi crosa: pyxHa MyQra; KaHaT; pEMOHTONPHIATHICTD; MIL[HICTb; MPOITYJIbCUBHA YCTAHOBKA

Beryn musensmu [2, 10-13], € MydbTH 3 TYMOBOTKaHWH-
HUMU MeMOpaHaMHu Ta TYMOBHMH AWCKaMu. BoHu
MaloTh HU3KY MEpeBar, 110 i BU3HAYUIIO iX IIUPOKE
PO3NOBCIOJDKEHHS Ui CIONY4YeHHS JIBUTYHIB
3 TeHepaTopaMH Ta TepeaadaMu, a Ha CyaHax —
1 U CHIOJTydYeHHsI TIepead 3 BaJIOPOBOAOM IPO-
IIyJIbCUBHOI YCTAaHOBKH.

OpmHak OCHAMIECHHS MMPUBOAIB TAKUMH My TaMu
Ma€ HEJIOJIK, TIOB’S3aHUHN 13 BEIHMKOI TPYIOMICT-
KICTIO 3aMiHHM iXHiX TPYXKHUX €IeMeHTiB. Sk mpu-
KJIAJ HAaBEAEMO [BOMAIIMHHY [BOBAJIbHY IPOILY-
JMBCHBHY YCTaHOBKY Oaikepa mpoekty 2-95A/R.
KoxeH rpeOHUMI TBUHT y Will yCTaHOBLI OTPHUMYE
eHeprito  Big romoBHoro auryHa  Skoda
6L.27,511IPN, MaKCHMAaJIbHOIO MOTY>KHICTIO

B cTpykTypi BUTpAT Ha MEepeBe3CHHS BaHTaXIB
yciMa BUJaMH TPAHCIIOPTY, 30KpeMa 3ali3HUYHHUM,
pPIYKOBUM Ta MOPCHKHM, 3HAYHE MiCIe HAJIEKHUTH
BUTpaTaM Ha TEXHIYHE 00CIyrOBYBaHHS Ta PEMOHT
OCHOBHOT'O 1 HaWOUIbII HAMpPy>XEHOTO eJeMEeHTa
3ac00iB TPaHCIOPTY — CHEPreTUYHUX YCTAHOBOK.
B ol jxe yac, ogHMM 13 HaWOLIBII HaBaHTAXKEHUX
€JICMEHTIB CHEPreTUYHUX YCTAHOBOK € My(TH, iX
KOHCTPYKIIiISI Ta PEMOHTOMNPHIATHICTh 3a3BUYAi
BH3HAYAE 1 3MICT TEXHOJIOTIYHOTO TPOIECY TEXHid-
HOTO 00CITyTOBYBaHHSI IIPHBOJY HEIO OCHAIIEHOTO.

Meta

OpHuMH 3 HAWOUTBII MOMIUPEHUX KOHCTPYKITiH
My(]T eHepreTHYHHX YCTAaHOBOK JIOKOMOTHBIB [8§,
9] Ta cymeH, OCHaUIEHUX CEPEIHBOOOEPTOBUMHU

515 xBr, uepe3 pesepc-penykrop VSR10. Buxin-
HUIl Ban pesepc-peaykTopa I, mo poOHTH 0
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300 06/xB, cromydeHUil 3 MPOMIKHHM BajioM 2
mydroro Vulkan, ocHamieHO JBOMa TYMOBUMH
memOpanamu 3, puc. 1.

HesBaxaroun Ha LeHTpOBKY My(T, uepe3 ne-
thopmariito Kopmycy cynmHa, My(pTH TpaIroroTh
B YMOBax 3HAaYHHX HECITIBBICHOCTEH, 1[0 MOXYTb

1]
#6400

cATaTH KITBKOX MIiJIIMETPiB, TOMY TYMOBI MeMOpa-
HU HarpiBarOThCs 32 PaxXyHOK Aedopmailiii Bij Ha-
aBHOI HecmiBBicHOCTI. Taki yMOBH poOOTH Ta HU-
3pKHI KoedimieHT TeruronporigaocTi (0,25...0,30
Bt1/(MmxK)) marepiamry memOpaH mpu3BOAUTH 10 X
HarpiBaHHs Ta MOJAJBIIOr0 pyiHyBaHHS (puc. 2).

Puc. 1. 3araneauii Burisg 6azosoi mydtn Vulkan

Fig. 1. General view of basic Vulkan coupling

Puc. 2. 3pyiiHoBaHMi IPYKHUI eleMeHT 6a30B0i My TH

Fig. 2. Destroyed elastic element of base coupling

3aMiHa NpYKHUX €IEMEHTIB My()TH BUMarae He
TIBKU 11 JEMOHTaXy, a W MiTHATTS KPHIIKHA pe-
BepC-peAyKTOpa Ta YIOPHOTO MiANIMITHUKA, a Ta-
KOXX JIEMOHTaXy npomiknoro Bana (puc. 3). Ilpu
IBOMY CEpelHs TPYIOMICTKICTh BiZHOBIICHHS MY-
(TH, BU3HAYEHA METOJJOM XPOHOMETPaXKY, CKIIA/Ia€
npubm3Ho 500...530 XB, M0 MATBEPIKYE HUIBKY
PEMOHTONPHUIATHICTh, PKEPETIOM SIKO1 € KOHCTPYK-
THBHAa HEJOCKOHamicTh camoi MydTtm Vulkan.
3 ormsiy Ha 11e, CTBOPEHHS My (T, 110 MaroTh Mpo-

CTy PEMOHTONPHUIATHY KOHCTPYKIIIO Ta 3JaTHi
e(DEeKTUBHO BiIBOJUTH TEILIO BiJ MPYXHUX €IeMe-
HTIB, € aKTYaJbHUM 3aBJIAHHSIM JUIsl TPAHCIIOPTHO-
ro MammHOOYyBaHHS, TEXHOJIOTIi Ta opraHizarii
eKcIuTyarauii 3aco0iB TpaHCHIOPTY.

MeTtoanka

[Mig wac po3poOku KOHCTpYKUii MypTH i3 mif-
BUILIEHOI0 PEMOHTONPUAATHICTIO OyJI0 BUKOPHCTA-
HO KpHTepiil MiHIMaIbHOI CEpeaHbOT TPYAOMICTKO-
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cTi 11 BigHOBIEeHHA. KOHCTpYKTHBHO-CHIIOBI mapa-
MeTpH My(TH BHU3HAYEHO i3 BUKOPHUCTAHHSIM KJa-
CHUYHUX METOJIB 1 TEOPEM CTAaTHKH Ta MaTeMaTHY-
i (T BUKO-

HaHO YUCCIBbHUMH MCTOAaMHU OJIA MY(I)T KOHKPCT-
HUX BHUKOHAaHb 3 BHUKOPHUCTAHHAM Cy4YaCHHUX

MPOTrpaMHUX KOMIUIEKCIB.

Puc. 3. Etanu 3amiHu py>XKHOTO ejeMeHTa 0a30Boi MypTH
(3HIMaHHS KPHIIKH peBEpC-pEAyKTOPa Ta IEMOHTaX IPOMIKHOTO BaJia)

Fig. 3. Replace stages of elastic element of base coupling
(cover removal of the reverse gear and intermediate shaft disassembly)

PesyabTaTtn

Cepen npy>XKHUX €JIEMEHTIB, SIKi MalOTh 3HAYHE
JeMIQyBaHHS Ta 3[aTHICTh 10 BiJIBEJCHHS TEIUIa,
0 BUIUTIIIOCS B PE3yJIbTaTi MOTJIMHAHHS KOJIH-
BaHb, MOYKHA Ha3BaTH cTajeBi kaHatu. Lli BupoOu
3IIaTHI IO PO3CISIHHS €HEepTii [4] 3a paxyHOK TepTs
IPOTHH Ta MalOTh KOCQIIi€HT TEIUIONPOBIIHOCTI,
BiacTHBHI 11 cTaii Ha piBHi 30 B1/(MXxK), ToOTO
BiJIBOJIATH TEIUIO B 0araro pasiB Kpaiie, HiX TyMo-
Bi MeMOpaHu. Pa3zoM 3 TMM, KaHaTu HMIMPOKO PO3-
MTOBCIO/KEHI T4 MaCOBO BHUTOTOBIISIFOTHCS TIPOMHC-
JIOBICTIO. ABTOpaMu po3po0iieHa JOCTaTHBO BEIH-
Ka KIJIbKICTh KOHCTPYKUiN My(T, OCHAIlEHUX CTa-
JEBUMH KaHAaTaMH, TPHUYIOMY JJS yCTaHOBKH
B TNPUBOJIAX BEJIUKOI MOTY)KHOCTI HaWOUIBII JO-
CKOHAJIMMH BH3HaHI My()TH, B SIKHX HECiBHI KaHa-
TH BCTAHOBJICHI B TOPLEBIH IUIOMIMHI HamiBMYy(T
[7], ockinbKu BOHM HE CTBOPIOIOTH OCLOBOTO HaBa-
HTa)XKCHHS Ha CIIONy4YeHi Bamu. AJie Taki MypTH
TaKOX MalTh Pe3epB JUIS IMiBUIICHHS PEMOHTO3-
JTATHOCTI Ta € HEPEBEPCUBHUMHU.

3 ornsAy Ha 1ie, aBTOpaMu po3podsieHo My Ty
3 KaHATHUMU TIPYKHUMH €JIeMEHTaMH, IO 3/aTHa
3amiauTH 06azoBy mydty Vulkan. Yctpiit HOBOI
Myt 3po3yminuii 3 puc. 4. Bona moxxe OyTu Bu-
TOTOBJICHA 3 BUKOPUCTAHHSIM €JIEMEHTIB 0a30Boi
HamiBMydTH. OcobnuBicTiO i€l My TH € 3acTocy-
BaHHS SK MPYXHHUHA €IEMEHT OJHOI0 Bijpi3Ka Ka-

HaTa, 110 3aKPIIJICHUN y MaJbIIX, SKi BCTAHOBIIEHI
B OTBOpAax BeIy4Oi Ta BEACHOI HAMIBMY(T y LIaxo-
BoMy mopsaky. Ilpm oMy yTBOpIOETBCS KiJlb-
KICTh HECIBHMX JUISHOK KaHaTa BJBi4l Oljblia,
HDK KUIBKICTh MaJbIiB y KOXHiM HamiBmyQTi. [1o-
JIOBWHA IUX IUISHOK IMPALIOE MPH TpsAMOMY o0ep-
TaHHI My(TH 1 BilITOBITHO TIOJIOBHHA — TIPH peBEp-
cHoMy. KaHat 3akpirmieHu#l y manblssx TBUHTAMH,
110 BCTaHOBJIEHI B 1X 0ChOBI pi3b0OBi oTBOpH. [Ti-
BUILIEHHS PEMOHTONIPUIATHOCTI B TaKii KOHCTPYK-
mii MyQTH mepenbadacTbesl 3a0€3MEUUTH 32 paxy-
HOK 3aCTOCYBaHHS MaJIbLIB i3 BIIKPUTUMH M1a3aMHU,
B SIKi IIOCTIIOBHO MOXKE€ 3aKjazaTucs kKaHat. Taka
KOHCTPYKIIist MypTH He moTpedye AEMOHTaXy Ha-
niBMy (T IpH 3aMiHi KaHaTA.

TexHomorist 3aMiHM KaHaTa B Takiii Mydri go-
CTaTHBO TPOCTa i MOTpedye MOYATKOBOTO 3aKpill-
JICHHS KaHaTa y ABOX CYMDKHHX MaNbIAX BEAYYO] 1
BeZeHOI HamiBMy(QT, Micias 4oro My(QTy MOKHa
MIPOBEPTATH BaJOIIOBOPOTHUM MPHUCTPOEM, 3aKpill-
JIFOI0YU KaHAT B 1HIIMX MaJIBIIX.

JocnikeHHsasmMu  [6] 1OBeIEHO, IO MaJIbIl
B HamiBMy(Tax AOLIJBHO 3aKPIIUIIOBATH MIAPHIPHO
3 METOI0 3MEHIICHHS HaBAHTaKCHHS Ha Bald BiA
HecIiBBiCHOCTI. B TakoMy Bunanky (puc. 5) kaHaTu
MOYKHa HaOIMKEHO MigOupaTH 3a 3yCHIUISIM PO3pu-
BY, IOIEPEeTHHO OOUHCITIOIYH iX HaTAar F, (1).

Bekrop cunu HatsAry kaHara F, Ta KOJIOBOI CH-
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M Ha maibli £, yTBOproroTh KyT . Llel kyT Bu- 2B = 2n T 1
3HAYUMO 3 TMoAiOHOCTI TpukyTHUKA 00,05 Ta CH- B= Z - ;’ (1)
noBoro TpukyTHHKa O3;CB, OCKIJIbKY IIEHTPAIbHUHA o ) ) ) )
kyT 2B 3i croponamu OO; ta OO0; (O; i O3 — A€ Z— KUIBKICTb HaNbLIB Y KOXKHIi HaIiBMy(Ti.
HEHTPHU ABOX CYMDKHHX TMaNbIiB BeIy4oi i BeeHOol
HamiBMy(TH) JOPIBHIOE:
- | S NN )
i | S— ol i
e g )
E= [ 3|
| il =
A— {_\
H
Puc. 4. 3aranpauii BUrsa My(pTH 3 KaHATHUMH [IPY>KHUMH €lIeMEHTaMU
Fig. 4. General view of the coupling with rope elastic elements
J,C
. 3_/";;5
Puc. 5. Po3zpaxynkoBa cxema My i
Fig. 5. Design circuit of coupling
Tomi, 3 TpukyTHHKa O3;CB, 0TpUMaEMO: 2T
A b= @
z
cosp=—", (2)
Ey ne D — niaMeTp po3TallyBaHHS MajibliB Y HaIliB-

My¢drax, To Bupa3 ans 00UMCIEHHS 3yCHIUIS HaTs-

OCKIiNBKM KOJIOBA CHJIA HA KOKHOMY i3 Z Tajb- )
Ty KaHaTiB MaTUME BUTJISIA:

[iB HAMliBMY(T CTAHOBUTB:

F, 2T
F, = = . 4
cosp  zDcos(n/2z)
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3a 00YKCIICHUM 3HAYCHHSM CHIIM HATATY KaHa-
TiB MO’KHa BHUKOHYBAaTH iX Mmm0ip Ta MepeBipsATH
MIIHICTh MasbIliB. [Ipu 11bOMy HEOOXITHO PO3IIIsi-
JaTd HaWripmIMi BUMAAOK CIPUHHATTS HaBaHTa-
JKEHHS XBOCTOBUKOM TalbIls. Takuii BUTIQJIOK MO-
K€ MaTH MiICIle TIpH HasSBHOCTI Mg dac poOOTH
My(QTH aKciaJbHOI HECIIBBICHOCTiI 1 BiAIIOBIIHO
aKCiaNbHOT CHJIH, SIKA MOYKE TIPU3BECTH JI0 BUTSATY-
BaHHS IAJIBITIB 1 MOSBH 3230y z; MiX TOPIIEM Ta-
s Ta TopueM ¢(naHus HamiBmygTH (pHC. 6).
[lpy 11bOMYy HamNpyXEHHS 3TUHY Y XBOCTOBUKY
CTaHOBUTHUME:

32F,1d.
O, = (%)
n(d, —d")

ae [, — poboua T0BKUHA NabLs; dy — JAiaMeTp XBO-
CTOBHWKA MBI, d — 30BHIITHIN AlaMeTp pi3bOu.

qd Z a
AN
=

5 \cﬁ

B

Puc. 6. Po3zpaxyHkoBa cxema naiblis (cuiia HaTsry
KaHaTiB YMOBHO 300pakeHa B ILIOLIHMHI PO3pi3y)

Fig. 6. Design circuit of pin
(tension force of ropes is conventionally shown in the
section plane)

3po3yMijio, MO B TAKOMY 3’ €THAHHI 3aTHCKHUI
IBUHT HECTUME YaCTHUHY HABAaHTOKEHHS MaJIbIls,
MPOTE PO3MOJiI HABAHTAXKECHHS MiXK HHUM 1 Hallb-
IeM Hapasi He BHBUEHUH, ToMy (opmyna (5) mae
3amac MimHocti. JliaMeTpu XBOCTOBHMKA Ta Hapisi
BU3HAYAETHCS KOHCTPYKTUBHO B KOXXHOMY BHIAJI-
Ky. JliaMeTp nasnbIisl JOIITBHO MPUAMATH BYETBEPO
OLTBIIM 32 JiaMeTp KaHaTa.

s oOTpyHTYBaHHSI BU3HAYCHHS CHIIU 3aTATY-
BaHHs KaHaTa aBTOPAMH BHKOHYIOTHCS EKCIIEpH-
MEHTaJbHI JOCHTIUKeHHS 3aTHCKHHUX eJIEMEHTIB
pi3HOTO THIY, IO 3aTHCKAIOTh KaHAT B OTBOPI Ma-
JBIS, NIFOYU HAa WOTO 30BHIIIHIO MOBEepxHIO. [o-
CIDKYIOTBCS 3aTHCKHI €JIEeMEHTH 13 HaKOHCYHH-

KaMH IJ1acKOoTo (Oe31HTEHIOPHOT0) THITY, & TAKOX
IHTEHJOPHUX KYJIHKOBOTO Ta KOHIYHOTO. Tak, s
3aTHCKHOTO €JIEMEHTY 3 O€3iHTeHJOPHUM HaKiHey-
HUKOM BCTaHOBJICHO, IIO CHJIa BUPHBAHHS KaHaTa
13 3aTHCKHOTO €JIEMEHTY HOPIBHIOE CHIIL 3aTHUCKY
KaHata F,;, 10 HEOOXiTHO BPaxoOBYBaTH IPH PO3-
PaxyHKy CHUJIOBHX I'BUHTIB 3aTUCKHUX €JIEMEHTIB.

CxnaganHs MyQTH TOTpedye BUKOPHUCTAHHS
maboHa (prc. 5) mpH 3aTUCKY KaHaTa y MEPITuX
IBOX manblsax. LluM mabioHoM BU3HAYAETHCS Bill-
CTaHb MK CYMDKHUMH HajJbIIMH HAIiBMYQT.
[I1aGioH MOXKHA BUTOTOBUTH JIEPEB’STHUM TOBILH-
HOIO MEHIIIOI0 ab0 PiBHOIO BHJIBOTY MAJBIIB, a HO-
ro MIUPUHY O0UHCITIOBATH 32 (popmyoto (6).

B,=D cos—— — d,s (6)
z

[HII1i po3Mipn MyQTH BH3HAYAIOTHCS KOHCTPYK-
THBHO 3a BIJOMHMH CHiBBigHOmEeHHsMu [1, 3].
ABTOpaMu po3paxoBaHO Ta CKOHCTPYHOBaHO MyQ-
Ty 3 KaHaTHUMH NPYXXHUMH elleMeHTaMHu (puc. 4)
s 3amian MydTta Vulkan (puc. 3). Po3paxyHok
IIOKa3aB, IO ii JOCTaTHRO OCHACTUTH KaHATOM
6x19 niametpom 6,2 mm 'OCT 2688 i3 po3puBHUM
syewwsim 19 250 H (mapkyBansHa rpyma 1 570
MIla), 1m0 3aKpIIUIATUMEThCS Y IMIECTH MaNbIIX
(z = 6) xoxHOi HamiBMy(QTH. YKpyInHEHE BU3HA-
YeHHS Yacy Ha 3aMiHy KaHara Yy IPOIIOHOBaHiH
My(Ti i3 BUKOPUCTAaHHSIM HOpMAaTHBIB [S5] mmokasa-
JIO0, IO JUIS BUKOHAHHS ITi€l omepaliii HeoOXiqHO
BuTpatu npudmmszHo 150 xB wacy. bazoBa mydra
Vulkan moTtpeOye urs 3aMiHu 1BOX MeMOpaH Ipu-
omu3Ho 530 XB, IO HAOYHO JEMOHCTPYE TiJBH-
HIEHHS PEMOHTONPUAATHOCTI My(QTH 3 KaHATHUMH
MIPYKHAMH €JIEMEHTaMH 1 IepeBary ii MopiBHSIHO i3
0a30BOI0 KOHCTPYKLI€IO My(TH TNPOIMYIHCUBHOL
yCTaHOBKH Oanikepa mpoekty 2-95A/R. ABTopamu
3a HaBEICHOIO METOAMKOIO TAKOX PO3PaxoBaHO Ta
BHTOTOBJIEHO MY(Ty 3alpONIOHOBAHOI KOHCTPYKITii
Menmoro po3mipy (7 = 200 Hm) Ta BunpoOysaHo
il B CTEHIOBOMY peXHMi, Jie BOHA MTPOAEMOHCTPY-

BaJia IPaIe3aaTHICTh.

HaykoBa HOBM3HA Ta NPAKTUYHA 3HAYUMICTh

BukoHaHO OLIIHKY OCHOBHMX KOHCTPYKTHUBHHX,
CWJIOBHX Ta MIIHICHHX TMapaMeTpiB MyQTH 3 TOp-
[IEBOI0 yCTAHOBKOIO KaHATa ITiIBUIIEHOI PEMOHTO-
NPUAATHOCTI.

B po6oTi 3anpormoHOBaHO KOHCTPYKITiIO My(hTH
MIIBUIEHOI  PEMOHTONPUIATHOCTI, OCHAIICHOT
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KaHAaTHUMH TPY>KHHUMHU eJeMEHTaMHu. 3acCTOCyBaH-
HS Takoi My(TH B €HEPreTHYHHX YCTAaHOBKAaxX MO-
JK€ CKOPOTHTH BUTpATH 4acy Ta PecypciB Ha TeX-
HiuHE OOCIYroBYBaHHS 1 3HM3WUTH BapTiCTh Iepe-
BE3CHb.

BucnoBku

1. 3amponoHOBaHO  KOHCTpYKUil0O  My(TH,
OCHAIIEHOI OJHUM BiJIPi3KOM KaHara, IO 3a paxy-
HOK KOHCTPYKTHBHOTO BHKOHAHHS MAa€ BHCOKY
PEMOHTONPUIATHICTb.

2.0OnwucaHo mpolec 3aMiHA TPY>KHOTO eJIeMeH-
Ta HOBOI My(pTH Ta TIOKa3aHO, IO HOBAa My({Ta Mae
HU3BKY TPUBANICTh BUKOHAHHS 3aMiHU TPYKHOTO
eJleMeHTa MopiBHSAHO 3 My(dToto Vulkan mpomysb-
CUBHOI yCTaHOBKH Oasnkepa mpoekty 2-95A/R.

3.3a paxyHOK BUKOHAHHS TEOPETHYHUX HOCHTi-
JDKEHb OTPHMaHi BHpasW Uil PO3paxyHKY HOBOL
My(QTH Ta HaBeIeHI peKOMEeHAaIii o0 ii mpoek-
TyBaHHS.
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HOBBIINEHUE PEMOHTOIIPUT'OJHOCTU MY®T
JQHEPI'ETHYECKHUX YCTAHOBOK CPEJCTB TPAHCIIOPTA
HPUMEHEHUEM KAHATHBIX YIIPYI'UX 3JIEMEHTOB

Heas. B pabore He0OX0IMMO PacCMOTPETh CHIKEHHE TPYA0EMKOCTH TEXHUYECKOT0 00CITy)KMBaHHS TIPHBOJIOB
9HEPreTHYEeCKUX YCTAaHOBOK CPEJCTB TPAHCIOpPTa 3a CUET Pa3padOTKH KOHCTPYKIHUH MYy(ThI, MMEIoUmed HHU3KYIO
JUINTEIBHOCTh 3aMEHBI YIPYroro 3JIEMEHTa, U 00OCHOBAaTh €€ OCHOBHBIC CHJIOBBIE M IPOYHOCTHBIE MapaMeTphl.
MeTtoauka. [Ipu pazpaboTke KOHCTPYKINU My(THI C TIOBBIIIEHHOH PEMOHTONPUTOTHOCTHIO OBIT HCIONB30BaH KPH-
TEpUl MHUHUMAIBHON CpeqHeH TPyNOEMKOCTH €€ BOCCTAaHOBICHHSA. KOHCTPYKTHBHO-CHIIOBBIE MapaMeTpsl My(THI
OTIPEIEIIUTN C MCIOIb30BaHNEM KJIACCHYECKUX METOJIOB M TEOPEM CTATHUKH M MaTEeMaTHYECKOro aHanmusa. Mozaenn-
poBaHue paboTEl My(T BBIOJIHEHO YUCICHHBIMH METOJAMH U1 My(T KOHKPETHBIX MCHOJHEHHH ¢ UCIONB30BaHHU-
€M COBPEMEHHBIX IIPOrPAMMHBIX KOMIUIEKCOB. Pe3yabTaThl. ABTOpaMHu pa3paboTaHa My(hTa ¢ KaHATHBIMU YIPYIHU-
MU 3JI€MEHTaMH, UMEIOIIasi HU3KYIO TPYJOEMKOCTh 3aMEHBI YIIPYTOTo 3JIEMEHTA 3a CUET YHUBEPCATbHOW KOHCTPYK-
IIUM 32KMMHBIX 3JIEMEHTOB U MaJIbIEB C OTKPBITHIMU Ia3aMH, B KOTOpPbIE MOCIE0BATEIFHO MOXKET 3aKJIabIBAThHCS
kaHat. [loy4yeHbl 3aBUCMOCTH, MO3BOJIIONINE ONPEACNATh CHIOBBIE HArPY3KH JJIEMEHTOB MY(THI, a TaK)Ke BbI-
MOJHATH MMOA00pP KaHATOB M PACUET MPOYHOCTH 3KMUMHBIX 3j1eMeHTOB. C NPUMEHEHHEM IOJyYeHHBIX 3aBUCHMO-
CTell paccunTaHa M CKOHCTPYHpOBaHa My(Ta ¢ KaHATHBIMH YNPYTUMH 3JIeMEHTaMH Juisi 3aMeHbl My¢dTsl Vulkan
MIPOIYJILCUBHOW YCTAaHOBKHM Oainkepa mpoekTa 2-95A/R. YkpynmHEHHOe olpesielieHHe BpEMEHH Ha 3aMEHy KaHara
B MPEUIOKEHHON My(Te C IPMMEHEHHUEM HOPMATHUBOB T0KA3aJI0, YTO JUISl BBIITOJHEHHsI 3TOW Olepany HeoOXoau-
MO 3aTpaTuTh 0KoJO 150 MHH BpeMeHH, YTO 3HAYHTEIBHO MeHbIIEe 530 MUH, HEOOXOAUMBIX U 3aMEHBI YIPYTHUX
MemOpaH 6a30Boit MyTer Vulkan. Hayuynas HoBu3HA. BrInoiHeHa OIICHKa OCHOBHBIX KOHCTPYKTHBHBIX, CHJIOBBIX
YW TPOYHOCTHBIX MApaMeTpoB My(THI C TOPLEBOH YCTAaHOBKOW KaHaTa MOBBIIIEHHOH pPEMOHTONPHIOAHOCTH.
IIpakTHYeckasi 3HAYMMOCTB. B paboTe mpemnoxkeHa KOHCTPYKLMSA My(Thl IOBBILICHHOW PEMOHTONPHIOAHOCTH,
OCHAIIICHHON KaHATHBIMH YIIPYTHMH >JIeMeHTaMH. [IpuMeHeHne Takoi My(QThl B SHEPIeTHYECKHX yCTaHOBKaX MO-
JKET COKPATHUTh 3aTPaThl BPEMEHH, PECYPCOB Ha TEXHUYECKOE 00CTYy)KUBAaHHUE U CHU3UTh CTOMMOCTH IIEPEBO30K.

Knrouesvie crosa. ynpyras My(hTa; KaHaT; peMOHTOIIPUTOJTHOCTh; IPOYHOCTS; IIPOIYJIbCHBHAs YCTAaHOBKA
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tel. +38 (052) 22 35 69, e-mail vesnyk ksma@ukr.net, ORCID 0000-0002-9592-6214

COUPLING MAINTAINABILITY INCREASE OF TRANSPORT
VEHICLES POWER PLANTS BY APPLICATION OF ROPE
ELASTIC ELEMENTS

Purpose. The paper should consider lowering the labour input of maintenance of drive gears operation of vehi-
cles power plants at the expense of working out the coupling construction having low duration of substitution of
elastic element and a justification of its force, power and strength parameters. Methodology. During development of
coupling construction with increased maintainability the criterion of minimum average labour input of its recon-
struction has been used. Constructive-power parametres of coupling were defined with the use of classical methods
and statics and calculus theorems. Simulation of couplings operation is executed by numerical methods for cou-
plings of concrete executions with the use of modern program complexes. Findings. Authors developed the cou-
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pling with rope elastic elements having low labour input of elastic element substitution due to multiple-purpose con-
struction of tightening elements and pins with open slots in which the rope sequentially can be included is devel-
oped. The dependences are received, allowing to define power loads of elements of a coupling, and also to execute
selection of ropes and calculation of strength of tightening elements. With obtained dependence the coupling with
rope elastic elements for substitution of coupling Vulkan propulsion plant of the bulk ship of the project 2-95A/R is
calculated and designed. The integrated definition of time for rope substitution in the offered coupling with applica-
tion of specifications has displayed that for execution of this process it is necessary to expend about 150 minutes of
time that is much less than 530 mines necessary for substitution of elastic membranes of base coupling Vulkan.
Originality. The estimation of the basic constructive, power and strenght parametres of coupling with face installa-
tion of a rope with increased maintainability is executed. Practical value. Construction of a coupling with increased
maintainability equipped with rope elastic elements is offered in the paper. Application of such coupling in power
installations can reduce expenditures of time and resources to maintenance operation and to lower cost of transporta-
tions.
Keywords: elastic coupling; rope; maintainability; strength; propulsion plant
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DESIGNING OF DEVELOPED SURFACES OF COMPLEX PARTS

Purpose. The paper focuses on ensuring the rational choice of parameters of the mating surfaces of parts when
designing process equipment based on the methods of artificial intelligence. Methodology. The paper considers the
geometric model of a ruled developed surface, the conditions of existence of such a surface and provides a general-
ized algorithm for surface plotting regardless of the type of the working element or the machine-building product.
One of the most common technical surfaces are the ruled ones, among which a special position is occupied by de-
veloped surfaces (thanks to their differential-parametric properties): surface tangent plane is n contact along the rec-
tilinear generator and does not change its position in space when changing the point of contact; surfaces can be pro-
duced by bending sheet metal. These provisions enable a product manufacturer to save significant material and en-
ergy means, therefore, the development of geometric models of such surfaces is an important task.
Findings. We analyzed the geometrical model of the developed surface which is incident to two guides. Experimen-
tal studies have shown the application prospectivity of semi-digger moldboards on moldboard plows, particularly on
the double-deck ones. Taking into account the operating speed of the plow 2.8 m/s, the plant residues plowing per-
centage for plow with semi-digger moldboards is 98.9%, and with the digger ones — 96.1%.
Originality. According to results: 1) the approaches to solving the problem of recognition of wear conditions of the
tested interface, depicted by its conceptual model, were elaborated; 2) the corresponding algorithms of the computa-
tional procedures were built; 3) the mathematical model that determines the effect of the parameters of the contact-
ing surfaces on their performance properties — linear wear rate during the normal wear and tear was developed; 4)
for this model the theoretical prerequisite of use for the random mating study were designated.
Practical value. Currently, these areas produced significant results which are in line with modern requirements of
construction engineering. The process of parametric model optimization generates a plurality of desired values of
the surface parameters. There are formed the algorithms for automatic recognition of design features and operation
of interfaces by their images, which are set by a structured set of formal signs. The recognition result is the interface
designation to a particular group, each of which corresponds to an individual computational model of quality pa-
rameters normalization.

Keywords: geometry; surfaces; developed surfaces; model; working elements

pose of the product. At the same time, there is no
Introduction scientific methodological framework that allows
taking into account the design and technological
features of the designed equipment.

One of the main directions of descriptive
geometry is designing surfaces, linear and two-
dimensional contours, which correspond to differ-
ent positional, metric, differential conditions. Cur-
rently, these areas received significant results that
meet the modern requirements of design planning.

The works [10, 11] present the geometric
model of ruled surfaces with multiparameter sets
of lines and special lines of surfaces, but a large

For a multiple production the most important
among the technological equipment is mechanical
processing equipment characterized by the need of
frequent change, optimal service life is 5-7 years.
Analysis of design methods of technological and
mechanical processing equipment showed that at
the early design stages it is very difficult to assess
and take into account the variety of factors affect-
ing the quality of its work. There is a problem of
automated selection of design and process parame-
ters the mating surfaces to ensure operating pur-
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number of parameters and difficult determination
of special lines, such as curvature, make the use of
these models difficult in practice. The works [12-
15] are devoted to the development of geometric
models of tillage working element surfaces. The
disadvantage of these models is that they are speci-
fied for the working element, which reduces the
possibility of their use in the design of other tools.
A common shortcoming of these models is that
they are presented in general or for a specific
working element. This leads to the fact that in each
case it is necessary to develop the own algorithm
for surface building.

Purpose

The main directions of the descriptive geometry
of surfaces formulated by 1. I. Kotov [7, 8] and
including development of methods for designing
linear and two-dimensional contours, continuous
frames in compliance with the set differential-
isometric conditions, generation of contours and
surfaces equations, are still up to date. Further-
more, increasing requirements for accuracy
characteristics, increase in speed and the need to
improve the dynamic characteristics of surface in-
teractions with the environment made the surface
geometry conditions more complicated. For exam-
ple, the transition curves of railways need continu-
ous fourth derivative at the junctions [4, 18]; bi-
dimensional contours must have degree of smooth-
ness at the joint not lower than the second one [3,
9] for the surfaces, operating in conditions of high
density environment (working elements of tillage
tools, machines and mechanisms in the car-
locomotive facilities of railways, ship contours,
etc.) or of high speeds.

The above generates an urgent need to develop
new methods for continuous mathematical surface
models (MSM), which correspond to a large
number of differential geometric terms with a
given degree of accuracy and solution of various
applied problems on the received MSM.

An important sector of technology, which is
connected with engineering progress, are those
units that are engaged in designing and manufac-
turing of products, whose main functional element
is the surface, working in conditions of high speeds
or a large density, particularly the tillage elements
and machines. Energy costs thus depend on the
geometric properties of surfaces.

One of the most common technical surfaces are
the ruled ones, among which a special position is
occupied by developed surfaces thanks to their
differential-parametric properties:

— surface tangent plane is n contact along the
rectilinear generator and does not change its posi-
tion in space when changing the point of contact;

— the surfaces can be made by bending sheet
metal.

These provisions enable a product manufac-
turer to save significant material and energy
means, therefore, the development of geometric
models of such surfaces is an important task.

The work purpose is to ensure the rational
choice of parameters of the mating surfaces of
parts when designing process equipment based on
the methods of artificial intelligence.

The study object is a combination of machining
and mechanical processing equipment, tools and
other machine parts, working in conditions of fric-
tion under boundary lubrication and made of
general purpose structural materials.

The paper considers the geometric model of a
ruled developed surface, the conditions of exis-
tence of such a surface and provides a generalized
algorithm for surface plotting regardless of the
type of the working element or the machine-
building product [6].

Methodology

We know that a developable surface is given by
two curves which have the property: if through any
point of the first curve to draw the area tangent to
both curves, this tangent property is kept in many
geometric transformations.

Assume that we have two set curves:

m:

xle(u),yzyl(u),z=zl(u), D

xzxz(v),yzyz(v),zzzz(v), 2)
which separate a congruence from a set of lines:
y=ax+b, z=cx+d . 3)

Herewith the parameters a,b,c,d depend on

u and v and are determined by the equations (1)
and (2), (3), so that,
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a:—yl_yz;bzyl—ax]; 4)
XX

c=ﬁ;d:zl—cxl. (5)
X~ X

To separate a developable surface, we intro-
duce additional condition as compatibility of equa-
tions defining the framing of both curves with the
standards of future surface [1, 2]:

(6)

{Z{=p-xl’+q-;v{
Zy=pxs+q- Y,

where primes indicate the rates of the functions

that define curves by their parameters, and
differential equation of ruled surface:
p+aqg—c=0, (7)
which is equivalent to the equation:
X » z
X, ¥ z |=0. (¥
X=Xy, V=YV, Z,—2Z,

The equation (6) expresses the fact that the sur-
face standards at the relevant points of the set
curves (which belong to the same straight line gen-
erator) are parallel that is equivalent to existence of
general tangent area to the surface in these points.
Indeed, given (4) and (5), the equation (8) takes the
form:

! ! !
X Wi Z)
' ’ ' _
X ¥, z; |=0, &)
X =X, YV =)V, Z =2z

i.e. vectors tangent to the curve and generators are
coplanar.

Equation (9) allows determining the relation-
ship between the parameters u and v provided the
surface developability:

o(u,v)=0, (10)

that together with (3), (4), (5) gives the desired
surface equation.

If one of the parameters (for exampleu ) can be
from (10) expressed clearly through the other pa-
rameter,

u=0,(v), (11)

then with (4), (5) and (11) surface equation will
look like:

y:a(v)'erb(v), z:c(v)-x+d(v).(12)

To find the edge of regression 1, we
differentiate (12) by v:
d'(v)

b (v) |
()

()

One of the equations (13) together with (12)
will define 1.

Obviously, not every two lines with their shape
and position in space will enable to plot a develop-
able surface. In solving the determinant (9) there
may be the following cases (except the discussed
above, which leads to (10)):

— determinant identically equals to zero (curves
are in the same area, which is the sought surface
regardless of function o );

(13)

— as a result of the solution (9) becomes the
equation of one parameter (there is no developable
surface, there are separate generators, whose num-
ber equals to the number of roots of equations,
where there is a common tangent area by given
curves);

— determinant (9) is not equal to zero (develop-
able surface does not exist).

Thus, the desired result gives only the case that
leads to (10).

We consider the equation (6) and (9). Minor
determinants 2x2 of the first two rows of the de-
terminant (9) are the coordinates of the surface

standard 7 { Ax, Ay, Az}, so that

—Ax -Ay
=, qg=—, 14
P=—— 4= (14)
where

’ ! x! ZV x! !
O T e W S i YT

Y2 % Xy % X I
Plotting of the surface is greatly simplified

when the guide curves are contour lines. For ex-
ample, if m and n are horizontals, then the condi-
tion of a developable surface is Az =0, and for the
frontals: Ay =0 and so on.
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Algorithm for plotting the surface.

There are given m and 7 curves (equation (1)
and (2)).

1. We find
x',y',z'1, x'2,y'2,2'2.

2. We add the determinant (9) as a result of
which find a solution (10). If the dependence (10)
does not arise from the determinant (9), then the
solution does not exist.

3. We determine the coefficients a,b,c,d ac-
cording to (4) and (5).

4. We find a,b,c,d taking into account (10).

5. We write the surface equation (3).

The given model is used for building the semi-
digger moldboard of the upper deck of a double-
deck plow PNY-4-40 (Fig. 1), while the lower
deck had digger moldboards. As the guide curves
we selected boundary movement trajectories of soil
beds [5, 16, 17].

the generators

Findings

The assessment of the operation quality of the
double-deck plow with digger and semi-digger
moldboards of the upper deck was conducted by
the following indicators:

— depth of plowing of plant residues;

— percentage of plowing of plant residues

Experimental studies have shown the applica-
tion prospectivity of semi-digger moldboards on
moldboard plows, particularly on the double-deck
ones. Taking into account the operating speed of
the plow 2.8 m/s, the plant residues plowing per-
centage for plow with semi-digger moldboards is
98.9%, and with the digger ones — 96.1%, which is
4.3% higher, that is why semi-digger moldboards
mounted on the upper deck of the double-deck
plow outweigh the digger moldboards by agro-
technical parameters [19].

Originality and practical value

1. The approaches to solving the problem of
recognition of wear conditions of the tested inter-
face, depicted by its conceptual model, were elabo-
rated; the corresponding algorithms of the compu-
tational procedures were built.

a —moldboard drawing;
b — general view of semi-digger moldboard

2. The mathematical model that determines the
effect of the parameters of the contacting surfaces
on their performance properties — linear wear rate
during the normal wear and tear was developed;
for this model the theoretical prerequisite of use for
the random mating study were designated. The
process of parametric model optimization
generates a plurality of desired values of the sur-
face parameters.

3. There are formed the algorithms for auto-
matic recognition of design features and operation
of interfaces by their images, which are set by a
structured set of formal signs. The recognition
result is the interface designation to a particular
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group, each of which corresponds to an individual
computational model of surface quality parameters
normalization.

Conclusions

1. The analysed method of putting together the
analytic formulas of specific transformations
allows us to study the converted lines and surfaces

3. Using the system, we elaborated the algo-
rithms and compiled the programs for analytical
calculation of line, non-line and equidistant to
them surfaces by given differential geometric
terms, which have shown high efficiency of the
system application in solving the above problems.

4. We proposed a new equation of patch-wise
surface centre without transitional functions that

using the methods of analytic geometry.

expedient to be used for designing various working

saves the computing resources and simplifies the
solutions of various geometric and engineering

2. The designed model of developed surface is
problems.

elements, including tillage tools.

10.

11.

12.

13.

14.

15.

LIST OF REFERENCE LINKS

AizukoBny, C. M. Baenpenne napabosinuecKoro HHASHTOPa B HEOJHOPOIHYIO TI0JIOCY, JIEKAIIYIO Ha YIPYTroM
ocHoBanuu / C. M. Aizukosud , 1O. Y. Banr, C. C. Bonkos // CoBpeM. Ipo6iieMbl MEXaHUKH CIUIOIIHOM Cpezibl
: ¢0. Tp. XVII Mexnynap. koud. (14.10-17.10.2014). — Poctos-Ha-dony : FODY, 2014. — C. 16-19.

lomec, A. 0. HampspkeHHO-I1e(hOpPMUPOBAHHOE COCTOSIHUE YIIPYTOH IIOCKOCTHU C TyTOBOM TPEIIMHON MEKIY
KpYToBEIM BKIFOUeHHeM 1 MaTpuieii / A. FO. Tonec, B. B. Jlobona // BicuH. Jainpornetp. yH-Ty. Cepis: «Mexa-
Hikay». — uinponerpoBcrbk, 2013. — Bum. 17, 1. 1. — C. 3-10.

lonosanos, H. H. 'eomerpudeckoe monenuposanue / H. H. T'onoBanoB. — Mocksa : U3a-Bo ¢u3.-mar. nur.,
2002.-472 c.

Ensdpumos, I'. B. Teopus nepexonubix kpusbix / I'. B. EnbpumoB. — Mocksa : Tpancxkxengopusaar, 1948. —
311 c.

3enéupiii, [1.B. KomnblorepHoe MOIEIMpPOBaHHME TEOMETPHM JBIJKEHHS [AaxXOTHOro arperara /
I1. B. 3enénsrii, O. K. IllepbakoBa // IHHOBAI. TEXHOIOTHUH B MHXXEHEP. rpadyKe: MPOOIEMbl U NEPCIIEKTHBHI :
¢0. Tp. MexyHap. Hay4.-TIpakT. KoH]., 27 mapra 2015 r. — HoBocubupck : HITACY (Cubcrpun), 2015. —
C. 24-26.

Kazunmuneiinsie rpaduueckue moxenu mpoctpanctsa / A. JI. Mansiid, 0. 5. Tomymusak, T. B. Yapuenko,
T. B. Crapoconbckas // MocTa Ta TyHeINi : Teopis, AOCHiIKeHHs, pakTuka. —2014. — Bum. 5. — C. 51-56.
Kotos, U. 1. Meromudeckoe mocodue 1Mo HauepTaTeIbHONH Te€OMETPHH «AJITOPUTMBI KOHCTPYHPOBAaHUS Kap-
KaCHBIX MOBepXHOCTEH». — Mocksa : M31-Bo Mock. aBuan. nH-Ta, 1975.— 63 c.

Koros, U. U. Haueprarenpnas reomerpus. Kypc nexuuit mia ciaymareneid @IIK. — Mocksa :
aBuail. uH-Ta, 1973. — 198 c.

Jlaryra, B. B. YockoHalleHHsI MPOEKTYBaHHS KPUBHX 3aJIi3HUYHOI KOJIii B IUIaHi : aBTOped. AWC. ... KaHI.
TexH. Hayk : 05.22.06 / Jlaryra Bacuns BacunboBuu ; JIHimpomerp. Aep)K. TE€XH. YH-T 3alli3H. TPaHCI. —
JuinponerpoBerk, 2002. — 18 c.

Haiinei, B. M. KoncTpyupoBaHue NOBEpXHOCTEH U3 MHOTONapaMEeTPUUECKUX MHOMKECTB JIMHUI U MOBEPXHO-
creii / B. M. Haitnpim // Hay4a. Tp. Ykp. c.-x. akan. — Kues, 1980. — Beim. 234. — C. 141-144.

Haiinpmm, B. M. KoncTpynpoBanue moBepxXHOCTEH, IPOXOIIMKX Yepe3 UX crnenuanbHbie uaun / B. M. Haii-
neit // U3B. BeicH. yue0. 3aBen. Cepusi: ApuanmonHas Texauka. — 1981. — Ne 2. — C. 88-90.

Tumenko, C. C. I'eomerprdeckas afanTays MOBEpXHOCTEH MOYBOOOpaOATHIBAIOIINX pab0OUMX OPTaHOB K BBI-
nosxusemomy tpoteccy / C. C. Tumenko // BicH. Xapk. Hail. TexH. yH-Ty cil. rocn-Ba im. I1. Bacunenka. —
Xapkis, 2007. — Bun. 59, 1. 1. - C. 110-114.

Tumenxko, C. C. I'eomerpruyeckast MO/IEb aJalITUBHON MTOBEPXHOCTH OYBOOOpabaThIBarOmIEro pabodyero opra-
Ha uHIUACHTHOU aByM KpuBbiM / C. C. Tumenko // C6. Hayd. pad. Kpsim. roc. yu-ta. — Cumdeponossb, 2005. —
Bemm. 84. — C. 242-247.

Tumenko, C. C. KoHcTpyrpoBaHHe NOBEPXHOCTH OKYYHHKA JJIsl TPONALIHBIX KYJIBTYp 10 aOCONIOTHBIM TpaeK-
topusim jaBmwxenus mouskl / C. C. Tumenko, B. B. Kapace // BicH. [HinpomneTp. AepxK. arpOyHiBEepCHTETY. —
2006. — Ne 1. — C. 27-30.

Tpyxuna, B. JI. [IpumeHeHre BEIYUCIUTEILHON TEXHUKU MPU TMPOSKTHPOBAHUH JIEMEITHO-OTBAIBHBIX ITOBEPX-
HocTeit : yue0. mocodue / B. JI. Tpyxuna ; M-Bo BeICHI. U cpell. crem. oopa3oBanuss PCOCP, Ant. monutexH.
uH-T uM. U. W. [lonzynosa. — bapnay, 1989. — 82 c.

N3n. Mock.

doi 10.15802/stp2017/100227

152

© S. S. Tyshchenko, A. V. Krasniuk, T. V. Ulchenko, A. S. Shcherbak, 2017



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

Hayxka Ta nporpec Tpancropty. BicHuk J[HIpOneTpoBcbKOro
HAI[IOHAJIBHOTO YHIBEPCHTETY 3aIi3HUYHOr0 TpaHcmopty, 2017, Ne 2 (68)

HETPAIULIIIHI BUJA TPAHCITOPTY. MAILIMHUA TA MEXAHI3MH

16. Brown, L. D. A semiparametric multivariate partially linear model: A difference approach / L. D. Brown,
M. Levine, L. Wang // J. of Statistical Planning and Inference. — 2016. — Vol. 178. — P. 99-111.
doi:10.1016/j.jspi.2016.06.005.

17. One-to-one nonlinear transformation the space with identity plane / A. D. Malyi, T. V. Ulchenko, A. S. Shcher-
bak [et al.] / Hayka Ta nporpec Tpancnopry. —2016. — Ne 3 (63). — C. 181-190. doi: 10.15802/stp2016/74768.

18. Watson, D. F. Computing the n-dimensional Delaunay tessellation with application to Voronoi polytopes /
D. F. Watson // The Computer Journal. — 1981. — No. 2. — P. 167-172.

19. Xu, X. A spatial autoregressive model with a nonlinear transformation of the dependent variable / X. Xu, L. Lee
// Journal of Econometrics. — 2015. — Vol. 186. —Iss. 1. — P. 1-18. doi: 10.1016/j.jeconom.2014.12.005.

C. C. TULLEHKO', A. B. KPACHIOK?, T. B. VJIbYEHKO®, A. C. IIEPBAK"*

1Ka(i). «Buma maremaTrkay, JIHITPONETPOBCHKUN JIep>kaBHUH arpapHO-eKOHOMIUHHMI yHIBEPCHTET,

ByJ1. Bopomuosa, 25, JTninpo, Ykpaina, 49600, ten. +38 (056) 713 51 86, en. momta mozganet@mail.ua,

ORCID 0000-0003-4860-4818

*Kag. «"pachikay, JHIIPONETPOBCHKHIT HALIOHATBHIH YHIBEPCHTET 3aIi3HIYHOTO TPAHCIIOPTY iMeHi akazemika B. Jlasapsna,
Bya. Jlazapsina, 2, [Ininpo, Ykpaina, 49010, ten. +38 (056) 373 15 38,en. nomrra krasnyuk@mail.diit.edu.ua,

ORCID 0000-0002-1400-9992

3Kad. «'pacika», JIHIMpOMeTpOBCHKHi HAL[IOHATEHII yHIBEPCHTET 3aJTi3HHYHOTO TPAHCIIOPTY iMeHi akazemika B. JlasapsiHa,
By Jlazapsina, 2, [lainpo, Ykpaina, 49010, ten. +38 (067) 724 47 22, en. nomra ulchenkotv@ya.ru,

ORCID 0000-0003-2354-7765

Kad. «padixay, JIHiIponeTpoBChKHUii HALIOHANBHIH YHIBEPCHTET 3aIi3HUYHOr0 TPAHCIIOPTY iMeHi akaneMika B. Jlasapsina,
By Jlazapsina, 2, [lninpo, Ykpaina, 49010, Ten. +38 (056) 373 15 59, en. nomra pro-f@ukr.net, ORCID 0000-0003-1340-0284

IMPOEKTYBAHHS PO3IOPTHUX NOBEPXOHbB JIETAJIEN
CKJIAJTHOI ®OPMHU

Merta. Y crarTi HEOOXiTHO PO3TILHYTH 3a0e3MeUueHHs pallioHATBPHOTO BHOOPY IMapaMeTpiB MOBEPXOHB, IO CIIO-
JMy4aroThCs, Ta 0OpPOOITIOBAHNX JeTajei MPH MPOCKTYBaHHI TEXHOJIOTIYHOTO 00IaTHAHHS HA OCHOBI METOIIB MITY4-
HOrO iHTeNeKkTy. MeTtoanka. B po0oTi po3risimaeTbess reoMeTprUIHa MOJIEIh JTiHIH9aTOi pO3TOPTHOI MMOBEPXHI, yMO-
BU iICHYBaHHS TaKOi MIOBEPXHI Ta MPUBOAUTHCS y3aralbHEHHH alTOPUTM MMOOYIOBH MOBEPXHI, HE3AIEKHO BiJ THITY
poboyoro oprany abo mammHOOyAiBHOTO BUpoOy. OmHHIMH 3 HAWOINBII MOMMPEHHX y TEXHIill MOBEPXHAMHU
€ JHiAYaTi, cepel SKUX OCOOIHMBE TMOJOXKCHHS 3aliMarOTh PO3rOPTHI (3aBASKH CBOIM TU(EpCHINIaTbHO-
napamMeTpUYHUM BJIACTUBOCTSM): JIOTUYHA IUIOMIMHA KOHTAKTY€ 3 TIOBEPXHEIO B3JOBXK BCi€l PSMOINIHIIHOT TBIpHOT
Ta HE 3MIHIOE CBOTO TIOJIOKEHHS y IPOCTOPI MPU 3MiHI TOYKH JOTUKY; TTOBEPXHI MOXKYTh BUTOTOBISITUCH METOJIOM
3TUHY METaJeBOro jucTa. L{i mosoXeHHs H03BOJSIOTH ITPY BUTOTOBJICHHI BUPOOIB 3a011a/DKyBaTH 3Ha4HI MaTepia-
JbHI Ta €HEPreTUYHi KOIITH, TOMY pO3pOOKa I'€OMETPHYHHMX MOJENIed TaKWX MOBEPXOHb € BaXKJIMBOIO 3aJayero.
PesyabTaT. ABTOpamMH PO3IJISIHYTO F€OMETPUYHY MOJIETbh PO3TOPTHOI IMOBEPXHI, KA IHIWAEHTHA JBOM HalpsiM-
HUM. EKcriepMeHTaNbHI JOCITIPKEHHS TI0Ka3aIi MepCIeKTUBHICT 3aCTOCYBaHHS HAIliBIFBHHTOBHX ITOJIMIL HA IIO-
JMYHMX TUTyTaX, 30KpeMa, Ha ABosipycHuX. [IpuiiMaroun 1o yBarn pobody MIBUAKICTE PyXy IUTyTY 2,8 M/, BIICOTOK
3a0pPIOBaHHS  POCIMHHMX PEMITOK JUIi IUIyry 3  HaliBIBUHTOBMMH TOMMIOAMH  ckiagae 98,9 %,
a 3 KynpTypHumMu — 96,1 %. HaykoBa HoBHM3HA. 3a pe3ynbTaTaMu EKCIEPUMEHTY: 1) BUpOOJIEHI migXoau
0 BUPIMICHHS 3a4adi pO3Mi3HABAaHHS yMOB 3HONIYBAaHHS JOCII/KYBaHOTO CIIOJNyYeHHS, 300pakeHOTo MOro
KOHIIETITyaJbHOI0 ~ MOZE/UTI0; 2) MoOyJoBaHI  BIANOBiAHI ~ aITOPUTMH  OOYMCIIOBAIBHUX  TPOLEAYD;
3) po3pobieHO MaTeMaTHYHy MOZEb, sIKa BU3HAYa€e BIUIMB MapaMeTpiB KOHTAKTYIOYHX IOBEPXOHb Ha X eKCIuIya-
TalliliHy BJIAaCTHBICTh — JIIHIHHY IHTEHCHBHICTh 3HOILIYBaHHS B IEpPioJi HOPMAJILHOTO 3HOCY; 4) Uit AaHoi Mojeni
MO3HAYEHI  TEOPEeTHYHI  MEepeJyMOBH  3aCTOCYBaHHS B JIOCHI/DKEHHI  JIOBUIBHOTO  CIOJIyYEHHS.
IMpakTnyna 3HaunmicTs. Ha nanHumii yac y numx HampsiMKax OTpHMaHi cepiio3Hi pe3yJIbTaTH, SKi CTOSTh Ha PiBHI
Cy4YaCHHX BHMOT KOHCTPYKTOPCBHKOTO NMpPOEKTyBaHHsS. B mporeci mapamerpuydHoi onTuMizarii Moaeni GpopmyeTbest
0e3miu mIyKaHuX 3HaYeHb MapameTpiB MoBepxoHb. CHopMOBaHi aNrOpUTMH aBTOMATHYHOTO PO3ITiZHaBaHHS 0CO0-
JMBOCTEH KOHCTPYKLII Ta eKCIUTyaTalil CIIOMy4eHb 3a X 300paXeHHSIMH, IO 3aa€ThCsl CTPYKTYPOBAaHUMH CYKYII-
HOCTSIMH (pOpMaTi30BaHUX O3HAK. Pe3ylibTaToM po3Mi3HaBaHHS € BiJHECEHHS CIIOYUYCHHS 10 MIEBHOI TPYIH, KOXKHI
3 MHOKMH SKHX BiTIOBi/Ia€ iHAMBIAyaqbHa PO3paxXyHKOBA MOJEI> HOPMYBAHHS TapaMETPIB SIKOCTI.

Kniouosi crosa: TeoMeTpist; MOBEpXHI; pO3rOPTHI MOBEPXHi; MOJIENb; poO0Yi OpraHu
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IMPOEKTUPOBAHUE PASBEPHYTBIX HOBEPXHOCTEM JETAJIEN
CJOKHOU ®OPMbI

Heab. B crathe HEOOXOOMMO paccMOTPETh OOECIIEYeHHE PAMOHAIBHOTO BHIOOpa MapaMETPOB COMPATACMBIX
MOBEpXHOCTEH 00pabaThIBAEMBIX AeTaNeH MPH MPOSKTHPOBAHUN TEXHOJIOTHIECKOTO 000pyIOBaHUS Ha OCHOBE Me-
TOJIOB MCKYCCTBEHHOTO MHTeIUIeKTa. MeToauka. B paboTte paccmarpuBaeTcst reoMeTpudeckas MOAeb INHeHIaToi
pa3BepHYTOl IMOBEPXHOCTH, YCIIOBHUS CYIIECTBOBAHUS TAaKOH ITOBEPXHOCTH M TPHBOAMTCS OOOOIIEHHBII
QJITOPUTM IMTOCTPOCHHS MIOBEPXHOCTH, HE3aBUCHMO OT THUIA paboyero opraHa Mid MallnHOCTPOUTENBHOTO U3/EIHSI.
O[[HI/IMI/I u3 HaI/I6OJ'Iee paciopoCTpaHCHHBIX B TEXHUKE HOBerHOCTeﬁ SABJISIFOTCA JII/IHCﬁ'-I&TbIG, Cp€an KOTOPBIX
0c000¢ MOJIOKEHUE 3aHUMAIOT pa3BepHyThIe (Oaromapst ceouM audhepeHIHaTbLHO-TapaMETPHUSCKUM CBOMCTBaM):
KacaTtesbHasl TUIOCKOCTh CONPHKACAETCS C TIOBEPXHOCTHIO BIOJIb BCEH NMPSIMOJMHEIHONW 00pa3yioniell 1 He MEeHSeT
CBOETO MOJIOXKEHHS B TPOCTPAHCTBE NPH W3MEHEHHH TOUKU CONPHKOCHOBEHUSI; MOBEPXHOCTH MOTYT H3rOTaBIIH-
BaThCs METOJIOM CTM0a METAUIMYECKOTO JHCTA. JTH IOJIOXKEHHS TO3BOJISIOT IPH M3TOTOBJIEHUH H3JIEIHH IKOHO-
MHUTh 3HAYUTEIbHBIC MaTepHABFHBIC W SHEPIeTUICCKUE CPEICTBA, TOITOMY pa3padOTKa TeOMETPHISCKUX MOIETICH
TaKWAX MMOBEPXHOCTEH SBISCTCS BaXKHOH 3amavei. Pe3yjbTaThl. ABTOpaMH paccCMOTpPEHA T€OMETpHUYECKash MOACITh
pa3BepHYTOI MOBEPXHOCTH, KOTOPas MHIMICHTHA JBYM HAIPABIIONINM. DKCICPUMEHTANBHBIC UCCICIOBAHUS TI0-
Ka3aJi MMepCIeKTUBHOCTh NMPHMEHEHHS ITOyBHHTOBBIX MOJOK HA ITOJIOYHBIX IUIYTaX, B YACTHOCTH, HA JBYXBAPYC-
HbIX. [IpuHIMas BO BHEMaHHE pabOYyI0 CKOPOCTh ABIDKEHHS IUTyTa 2.8 M/C, MPOICHT 3allaXxMBaHUS PACTUTEIBHBIX
OCTaTKOB JUId IUTyra C MOJyBHHTOBBIMH IOJNKamMu coctaBimsier 98,9 %, a ¢ kympTypHBIMH — 96,1%.
Hayunas noBu3Ha. 1o pesynbpraTaM sKcriepuMeHTa: 1) BEIpabOTaHbI TOJXO0/Ibl K PELICHHIO 33]a4ll Paclio3HaBaHUs
YCIOBUI W3HALIMBAHMS HCCIIEAYEMOI'O  CONpPSDKEHUs, HW300pakaeMOro €ro KOHIENTYalbHOH MOJIEINbIO;
2) MOCTPOEHBI COOTBETCTBYIOIIME AJITOPUTMBI BBIUMCIUTENBHBIX Mpolleayp; 3) paszpaboTaHa MareMaTHYecKas
MOJIETIb, ONPENENSIONIasi BIMSHUE MNapaMeTPOB KOHTAKTHUPYIONIIMX ITOBEPXHOCTEH Ha WX OKCIUTyaTallMOHHOE
CBOHCTBO — JIMHEHHYI0 MHTEHCHUBHOCTH HM3HAIIMBAHMS B IIEPHOJ HOPMAJIBHOTO M3HOCA; 4) JUIi AaHHON MoJIenn
0003HaUEHBl TEOPETUYECKHE INPENNOCBUIKA TPHUMEHEHUS K HCCIICJIOBAHUIO IPOM3BOJIILHOTO — CONPSDKEHHUS.
I[pakTHyeckasi 3HAYUMOCTBh. B Hacrosiee BpeMs 10 STHM HAIPABICHUSM IIONYyYEHBI CEPhE3HBIC PE3YIIBTATEHI,
KOTOpBIE HaXOIATCS Ha YPOBHE COBPEMEHHBIX TpeOOBaHWMI KOHCTPYKTOPCKOTO TIPOEKTHUpOBaHHA. B mporecce
MapaMeTPUIECKON ONMTUMH3AIMKA MOJETH (OPMUPYETCS MHOXXECTBO MCKOMBIX 3HAYCHHH MapaMeTpoB MOBEPXHO-
creii. CdopMupoBaHbl ~ aNrOPUTMbl  aBTOMATHYECKOTO  PACHO3HABaHUS  OCOOCHHOCTEH  KOHCTPYKIHMH
W JKCIUTyaTallud COYETAaHUH MO0 WX HM300pakeHHUSIM, KOTOpPBIE 3aJal0TCS CTPYKTYPHPOBAHHBIMH COBOKYITHOCTSIMHU
q)OpMaJ'lI/I3OBaHHbIX IPU3HAKOB. PeSyHbTaTOM pacno3HaBaHus SABJISICTCA OTHOIICHUE COIPAXKCHHUA K onpe,ueneHHof/i
Ipynne, KaXIOoH U3 MHOXECTBA KOTOPBIX COOTBETCTBYET WHAMBHUAYyallbHAs pacyeTHas MOJEIb HOPMHUPOBAHUS
napameTpoB KauecTBa.

Kniouegvie cnosa: reoMeTpust; IOBEPXHOCTH; Pa3BEPHYThIE MOBEPXHOCTH; MOJIEIb; pabovKe OpraHbl
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POSHOAIJIEHE 30BHIIIHE NOBEPXHEBE 3MIIHIHEHHS BAI'OHHUX
KOHCTPYKIIA METOJOM HABUBAHHS

Merta. Pobota mependayae BHCBITICHHS OCOOJIMBOCTEH Ta pe3yNbTaTiB MPOBEICHOTO aBTOPAMHU JIOCIIKCHHS
3 BU3HAYCHHS MOMJIMBOCTI Ta JOIUIFHOCTI CTBOPCHHS MONEPEIHBO HANPYKEHO-Ie(hOPMOBAHOTO CTaHY BaHTAXKHUX
BaroHiB METOJIOM HABUBAHHS 3 METOO IMOJIIIICHHS X MIIHICHIX XapaKTePUCTHK. Takok HeOOXiTHUM € Tpe/ICTaB-
JICHHA TEOPETUIHOTO OOTPYHTYBaHHS €(PEKTHBHOCTI 3aCTOCYBAaHHS JaHOTO METONY Ui BarOHHWX KOHCTPYKIIHA Ta
BiJINIOBITHOTO MPHKIAAY IJIs BaroHa-nucTepHU. MeToauka. [IpoBenene mocmimkeHHS 0a3yeTbcs Ha pe3yibTaTax
aHaJi3y BiIOMHUX POOIT i3 TEeMH, MAaTEMAaTUYHOMY OOIPYHTYBaHHI Ta KOMII FOTEPHOMY MoAetoBaHHi. [Ipu po3paxy-
HKaX CKJIQJIOBUX PYXOMOTO CKJIaly BHKOPHUCTAaHI CydacHi 3araJIbHONMPUHAHATI METOAWKU. Pe3yabTaTn. ABTOpamu
3’SCOBAHO, 1[0 METOJ] HABUBAHHS JJIs1 CTBOPEHHS MONEPEAHBO HAMIPYKEHO-Ie(OPMOBAHOTO CTaHy € e(EKTHBHUM Ta
JOUITPHUM JUIA 3aCTOCYBAaHHS B KOHCTPYKILISX PYXOMOTO CKJIay 3alli3HHUIb Ta, 30KpEMa, Y BaHTAKHUX BaroHax.
KoHcTpykiii BaHTQ)KHUX BaroHiB i3 IMOIEPEIHbO HAIPYKEHO-Ie()OPMOBAHUM CTAaHOM XapaKTEPU3YIOThCS PSIIOM
MIIHICHUX TIEpeBar, cepell sIKHX MOXKHA BHIIUIUTH MTOKPAIICHHS POOOTH 31 CHPUNHSTTS SKCILTyaTalliiHUX HaBaHTa-
XKeHb Ta 30epexeHHs pecypcy. HaykoBa HoBH3Ha. Briepiie 3armpornoHOBaHO YAOCKOHAJEHHS HECY4Oi 31aTHOCTI
KOHCTPYKIII BAHTQXKHUX BAaroHiB IUISIXOM CTBOPEHHS 11 CKJIaJIOBHX y CIIPIMOBAHOMY HAIPYXEHO-Ie(HOPMOBAHOMY
crani. Takox BIEpIIIe 3aPOITOHOBAHO 3aCTOCYBAHHS PO3IMOIUICHOTO 30BHINIHEOTO MIOBEPXHEBOTO 3MIITHEHHS METO-
JIOM HaBUBAHHS JJISI CTBOPEHHS ITOTIEPEIHBO HAIPYKEHO-Ie(hOPMOBAHOTO CTaHy KOHCTPYKTHBHUX €JIEMEHTIB BaH-
TXHUX BaroHiB. Po3risHyTO crmocoOW HaBUBaHHS UIsI KOHCTPYKIIM BaHTAa)XHUX BAaroHIiB Ta iX BIPOBAKCHHS.
IpakTnyna 3HAYUMIiCTh. B pe3ynbTaTi IpoBeaeHUX TOCIiIKEHb PO3POOIECHO PsJl TEXHIYHHUX PIlIeHb 13 YIOCKOHA-
JIEHHS! KOHCTPYKIIi BaHTaXHUX BaroHiB Ta KOHTEHHEpa-IMCTEpHH, 110 OyJI0 3amaTeHTOBaHO. B cTaTTi 4acTKOBO
HaBE/ICHO BiANOBIAHI pillIeHHS U BaroHa-IUCTepHH. [IpakTH4He BIPOBAKEHHS TAKUX PIllIEHb JO3BOJIUTH CYTTEBO
TIOJTIMIITUTH TEXHIKO-€KOHOMIYHI Ta eKCIUTyaTalliiiHi MOKa3HUKNA BarOHHUX KOHCTPYKITiH.

Kniouosi cnosa: 3ani3HUYHUI TPAHCIOPT; BAaHTAKHHUK BaroH; CIPSIMOBaHUN HaNpy)KeHO-I1e(OPMOBaHUN CTaH;
HECY4Yi CHCTEMH; HABUBAHHS; KOHTEIHEP-IIUCTEPHA

Beryn OIIBIN YMCENbHA Ta BaroMa d4acTKa SKOro Hale-
JKATH BAHTA)KHUM BaroHaM.

I'0JI0BHUM HECYYHUM €JIIEMEHTOM BaHTAXHHX
BaroHiB € pama [5, 7, 9, 13], sk OCHOBHI CKJIaJIOBi
€JIEMEHTH SKOi MOYKHa BUJUIMTH: XpPeOTOBY, MPO-
MIXHI Ta TO3/0BXHI, IIBOPHEBi, T0OOBi (KiHIIEBi)
Oanku. PesynpTaTh aHami3y TEPCICKTUBHUX IS

BiTum3HsaHU 3a1i3HHYHUN TPaHCIIOPT Bifirpae
BHKJIFOYHY POJIb YV HAIliOHAJIEHIA €KOHOMIIIi, € OC-
HOBOIO BUPOOHMYHX 3B’SI3KIB MK OKPEMUMH PETi-
oHaMU Ta Kpainamu. Lle Bu3Ha4ae 0coOamMBI BUMO-
ra [10-12] no cydacHOro pyxomoro ckiany, Hail-

doi 10.15802/stp2017/100232 © 0. B. ®owmin, A. A. Crensko, B. €. Ocsmak, 2017

156



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

Hayxa ta nporpec Tpancnopty. Bicauk /[HinponeTpoBchKkoro

HAI[IOHAJIBHOTO YHIBEPCHTETY 3aIi3HUYHOr0 TpaHcmopty, 2017, Ne 2 (68)

PYXOMUU CKJIAJL 3AJII3HULIb 1 TATA [TOI3/IB

BaroHoOyayBaHHs mpodimis [5, 11] Ta moceimy
IHIIKX ramy3eil MammHOOyayBaHHs [5, 10] BKa3za-
U Ha JOMUIBHICTh PO3MNISANY IUTAaHHS BIIPOBa-
JOKCHHS TpyO KpYIJIOTO Tepepidy SK HEeCydHux
CKJIaJIOBUX BaroHis.

VY pobori [12] HaBeneHi pe3ynbpTaTH Ta 0COOIH-
BOCTI BWUKOHAHUX JOCHIDKEHh 3 BIPOBAKEHHS
TpyO KpyIJIOro mepepi3y SIK CKIaOBHX EIEMEHTIB
Ky30BiB BaHTa)XHUX BaroHiB, SKi MiATBEPAMIIN Ipa-
BWJIBHICTP Ta MEPCHEKTHBHICTH TAKOTO HAMIPSIMKY.

[Ipobnemamu momiNIIEHAS HECYYUX KOHCTPYK-
i BaroHiB 3aiiMasiocs 0araTo HAYKOBHX IIKiJ
ta BueHux (Jlazapsa B. A., byonoB B. M.,
Mamnanikin JI. A., broxia €. I1., Janosuu B. ]I,
CaBuyk O. M., boromas I'. 1., Haymenko H. 1O.,
®ininoB B. M., ['opobens B. JI., [Tmiaeko O. M.,
Bap6ac . I. ta immi).

Bonnodac ogHuM 3 e(heKTHBHUX METOIB BIO-
CKOHaJIEHHS KOHCTPYKIIii BaHT&)KHUX BaroHiB BBa-
KA€ETHCS CTBOPEHHS IOMEPEIHIX HANpPYKEeHb, II0
JIOCSTAIOThCS HABUBAHHSAM BHCOKOMIIIHOTO JIPOTY,
CKJIOBOJIOKHA 200 CTPiYKM Ha iX Hecydi elleMEeHTH,
10 BUKOHAHI 3 TOPOKHUCTHX 3aMKHYTHX TIPO(DiITiB
[2]. Ilpu mpoMy B cTiHKaX (HECy4YHWX eJIeMEHTax)
CTBOPIOIOTHCS 3yCUJUISA, 3BOPOTHI 3a 3HAKOM JIO
pobouux. Y 1IbOMY BHITQJKy CHOCTEpPITra€eTbCs TIe-
PEepOo3MoIia HaMPyXKeHb, IO MOXHA KOPHCHO BH-
KOPHCTaTH MPH MPOCKTYBaHHI 3HI)KEHHSIM TOBIIIHU-
HU CTIHKH 1 CTBOPEHHI OiJbII MIIIHOI Ta 3 30i/Ib-
MIEHUM PECYpPCOM KOHCTPYKIIII 32 paxXyHOK BHPiB-
HIOBaHHS KIJIBIICBUX 1 TIO3/IOBXKHIX HAMPYXKeHb [3].

Croci0O CTBOpEHHS MONEPEIHIX HAPYKEHb IIIHU-
POKO 3aCTOCOBYETBCS B amaparax BHCOKOTO THCKY
[1, 3, 4, 6]. OxHak aHami3 JiTEpaTypH CBIAUNTH, III0
HAYKOBO-TEXHIYHa Tpo0ieMa 3aCTOCYyBaHHS IIOTIE-
PEeIHBOTO HANPYXKEHHS B HECYydYi CUCTEMH BaHTaX-
HUX BaroHiB HE OOTPYHTOBaHA Ta HE JOCTiKEHa.

Merta

Meta pobOTH TONSTaE B JOCHIPKEHHI MOXIIH-
BOCTI Ta JIOWIJBHOCTI CTBOPEHHS CIIPSMOBAHOTO
MONEPEJHBO  HAPYKEHO-IePOPMOBAHOTO  CTaHy
€JICMEHTIB BAaHTAXXHUX BaroHiB METOJIOM HAaBHBAHHS
3 METOIO TOJIIMIIEHHS 1X MIITHICHUX XapaKTePUCTUK.

MeToanka

HaBuBaHHS qpOTy TOCHITIOE KOHCTPYKIIiIO, TUM
caMHUM TiABHUINYIOYH €(EeKTHBHICTh ii BHUKOpPH-
CTaHHS 3a PaxXyHOK 3HIDKEHHS COOiBapTOCTI BHTO-
TOBJICHHSI Ta €KCIUIyaTallii IIJISXOM: 3HM)KEHHS 1l

MaTepiaJOEMHOCTI, MiJBUIICHHS BaHTAXOIIITHOM-
HOCTi, PEMOHTOIIPUIATHOCTI Ta KOPO3iHHOI CTild-
KOCTI TPY BUKOHAHHI YMOB MIITHOCTI Ta €KCILTya-
TaliHOI HaIIHHOCTI.

HaBuBaHHS 0OMOTKM Ha IWIIHIPUYHI 00OJIOH-
KM HaiOimbpIn e(eKTHBHA Y BUMAAKaX, KOIU 000-
JIOHKA CTpUiMae BHYTPINTHINA HAIJTUIIKOBUHN THCK.
o Toro x, npu 3alaHoMy poOOYOMY THUCKY 3a JI0-
MMOMOTOIO Bi/IITOBIIHOTO apMyBaHHS MOKHA iCTOT-
HO 3HU3WUTH BUTPATH MeTairy. Sk 0OMOTKa MOXYTh
3aCTOCOBYBATHCS BHCOKOMIIIHUN CTajJbHHHA APIT
a0o cTpiuka, a TAKOX CKIOHUTKH, 1[0 HABUBAIOTh-
cs B oiMH 200 KiJIbKa ImapiB. BHyTpinmHio 000J10H-
Ky MOXHa BHUIOTOBJSITA 3 JIMCTIB  CTall,
arOMiHieEBHX a00 TUTAHOBUX CILIABIB.

OcHOBHa ijies Takoi KOHCTPYKIIii — 32 JOMOMO-
TOI0 BHUCOKOMIITHOI TTONEPEIHBO PO3TATHYTOI 00-
MOTKH TEPEePO3MOIUINTH 3yCHUIA B KOHCTPYKIIIT
TaKUM YHHOM, II00 PpO3BAHTAKUTH BHYTPIIIHIN
map (3poduTn HOro OUTBIT TOHKUM) 13 MEHII Mill-
HOT'O Martepiaiy i B pa3i BUKOPUCTAaHHS aJFOMiHie-
BUX a00 THTAaHOBHX CIUIaBiB — OUIBII JOPOTOro
Marepiaiy.

HapuBaTtu mpit abo cTpiuky MOkHa a00 B KiJb-
LEBOMY HaIpsSIMKY, a00 MO cmipaii mig KyToM 10
MOB3I0BXKHBOI oci 00onoHKH. [lpn HaBUBaHHI Ha-
MPY’KEHOT apMaTypH IO CIipajli 3MCHIIYIOTHCS HE
TIIBKU KUTBICBI, i TIOB3I0BXKHI HABaHTaXCHHS Y
BHYTPIIIHIA O0OJOHII BiJi PO3paXyHKOBUX HaBaH-
TakeHb. lleit cmocid mopedHwmil IS KOTIIB Baro-
HIB-I[UCTEPH Ta KOHTEWHEPIB-LIUCTEPH, B SIKUX OJI-
HOYAacHO MOXKYTb OyTH NepeHanpyskeHi 1 cpepuyni
nHuma [2, 8], a TakoXX MEPCIEeKTUBHUX HECYUUX
CHCTEM BAaHTAKHUX KOHCTPYKIIH i3 MOPOKHUCTUX
3aMKHYTUX NpodiniB. BHyTpinIHs 00010HKa MOXKe
CIIyryBaTH OCHOBOIO Ui HaBUBaHHS 1 MaTu
MiHIMAJIbEHY TOBIIHHY, IO BU3HAYAETHCS YMOBOIO
3a0e3MeyeHHs CTIHKOCTI 11 pU HaBHBaHHI MEpIIO-
ro HIapy i KOpo3iliHOIO CTiHKiCTIO MaTepiaiy B pasi
arpecuBHOCTI pobodoro cepemopuima. ToOBIIWHA
0OMOTKH TNPH IIbOMY BHIJIE IOCTATHHO BEIHMKOIO.

TexHomorivHo HaOiMBI TpocTUil  crmocid
KUTBIIEBOTO HABUBAHHS, KON BUTKH BKJIAJAIOTHCS
IIUTPHO OJWH JO0 OXHOTO abo0 pO3TaIlOBYIOTHCS
3 IESIKUM KPOKOM. AJie TOJMi 3MEHIIYIOTHCS TIIbKH
KUTBIIEBI HABaHTA)KEHHS 110 BHYTPIIITHIA 00OJIOHIII.
OCKUTBKM B MWIIHAPAYHOMY pe3epByapi IpH
BHYTPIIIHBOMY THCKY KIJbIICBI HANpPYXCHHS B 2
pa3u OibIi, HiX MOB3OBXKHI, TO 32 JOMOMOTOI0
KUTBIIEBOI OOMOTKH MO>KHa OTPUMATH PiBHOMIIHY
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B 000X HampsMKax KOHCTPYKLit0. B npomy Bumnan-
Ky MiHiMajJbHa TOBIIMHA OOOJIOHKH BU3HAYAETHCS
il MIITHICTIO B TIOB3JIOB)KHHOMY HANPSIMKY, OCKiJTb-
K1 0OMOTKa B IIbOMY HaIpsIMKy He mpairoe. Heo0-
XiIHa TOBIIMHA OOMOTKM BUXOIUTH 3HAYHO MEH-
e, HiK TOBIIMHA 000JIOHKH. [3 3a3HaueHOro MoO-
Ha 3pOOUTH BHCHOBOK, IO KiJIbIIEBUM HaBHBaH-
HAIM MOXKHa 3MCHIIUTH Bary BHYTPIIIHBOT
000JI0HKH B 2 pa3u (HE BpaxOBYIOUH Bary oOMOT-
Ku). bimbmoro edexTy MOKHA JOCATTH, SKIIO
o0osioHKa OyZe BUKOHaHA 3 Marepiagy 3 MEHIIUM
MOJyJIeM HPY>KHOCTI, H’XK OOMOTKa.

PoGoTy numiHApHIHOT 000JOHKH 3 HABUBAHHSM,
K 1 poboTy OyIb-AKoi MomepeTHbO-HANPYKEHOT
KOHCTPYKLil, MOKHa PO3AUIMTH Ha JABa eramnd. [le-
PN BU3HAYAETHCS MOYATKOBUMHE HAIIPYKEHHSIMH,
0 3’SBISIOTHCA B OOOJOHINI TIiCNISi HABUBAaHHS Ha
Hel OOMOTKH 3 TIONIepeJHIM HanpyKeHHsM. Jpyruit
eTan  XapaKTepu3YETbCs POOOTOI TOMEepEeIHBO-
HaIpy>XKeHOTO pe3epByapa Ha BHYTPIIIHIN THCK.

Po3paxyHok Takoi KOHCTpYKIIi mojsirac y Bin-
NOoBiTHOMY TigOOpi (i3MKO-MEXaHIYHUX XapakTe-
PUCTHK MaTepiaiiB 000X IIapiB i X TOBIIMHH, a Ta-
KOXK BHOOPY BEJIMYMHH TTOTIEPETHHOTO HAIPYKESHHS
(i, y pa3i moTpeOu, KyTa HaMOTyBaHHs), 100 MpH
JIOCSATHEHHI Po00YOro THCKY y BCIX eleMEeHTax
KOHCTPYKITii OyB 3a0e3MeucHuil 3amaHuii 3amac Mi-
ITHOCTI TPH MiHIMaJIbHIH BapTOCTI KOHCTPYKUIT [2].

PosrissHeMo HampyskeHW# CTaH MHIIHAPUYHOT
000JIOHKM 3 OOMOTKOIO, M0 MAJA€Thed il
BHYTPIIIHBOTO THCKY p Ha OiYHYy MOBEPXHIO 1 TO-
B3JOBXHBOI cunu N, (puc. 1) (mns 3aMKHYTOTO
pe3epByapa BOHA BHU3HAYAE€THCA THCKOM Ha HH-
mie). ToBmmHAa OOOJOHKHW TOCTifHA 1O JOBXKHHI.
OOMOTKa piBHOMIPHO PO3MOAiJNICHa B3AOBX TBIip-
Hoi. PospaxyHkoBa TOBIIMHA 1i BHU3HAYAETHCA
TJIOMICIO TIOTIEPEYHOT0 TIepepi3dy BUTKIB, IO TMPH-
XOJIATHCA HAa OJUHUIIIO JOBXHUHU 000IOHKH (200
KinpKOCTi MaTepiany Ha 1 cM” MOBEpXHi 0GOIOHKH
pH Kocii HaBuBIN). [lependayaeThes, MO TOBIIH-
Ha OOOJIOHKM 1 OOMOTKM Malli TOpPIBHSHO
3 pazniycoMm, TOMY KOHCTPYKIIII0 MOXKHa BBa)KaTH
TOHKOCTIHHOO [2, 8].

BBoanmo Taki mo3HadYeHHS: # — paaiyc 000I0H-
KH; O, — TOBIIMHA OOOJOHKH; O, — TOBIIMHA 00-
MOTKH, piBHa 0, = f/t, ne f — IUIOIIa ONEePEYHOTO
nepepizy BUTKa; ¢ — KPOK BUTKIB; E;, | — MOIyJb
npyxHocTi 1 koedinient Ilyaccona Matepiany
000110HKY; £, — MOAYIH PY>KHOCTI Matepiary 00-
MOTKH.

e . i -

rrYyvryvy Sys|

-
.

B~

Puc. 1. Po3zpaxyHkoBa cxema HIIIHIPUIHOI 000JIOHKH
3 0OMOTKOIO

Fig. 1. Diagram of cylindrical shell with winding

SKkmo Ha 0OOJIOHKY HaBHBATH APIT 3 3aJaHUM
(KOHTPOJILOBAaHUM) HAIPYKEHHSIM O, TO MICJA

HABUBAHHS HANPY>KCHHS B Hill BUABUTHCS MCHIIUM
BHACIIJIOK TIpY»HOi aedopmartii obononku. Ha-
MPYKEHHS B KOHCTPYKIIi BHYTPINTHBEO YPiBHOBA-
JKEHI — 11€ 3yCHJLIA, 110 MPUXOAUTHCS HA OJUHUIIIO
JOBXHHU OOOJIOHKH, PiBHI 1 MPOTHJIEkKHI 3a 3Ha-
KOM BiAIIOBiAHOMY 3ycHITI0 B 0OMoTi. [lepenba-
YacThCs, 110 i A1€F0 OOMOTKH B OOOJIOHIII BHHU-
KalOTh TUIBKH MPY>KHI Aedopmarii.

BupixkxemMo n1BOMAa KiIBIIEBUMH 1 JBOMA TOB30-
BXKHIMH TIEpepizaM¥ OJMHUYHUN €JIEMEHT 000JIOH-
KM 1 TO3HAYUMO 3yCHJUIA, IO JiI0Th B HHOMY B 3a-
TaJILHOMY BHUIIAJKY IiCJs HAaBUBaHHSI TaK, K MOKa-
3aHO Ha puc. 2.

[Ipu kiyblIEBOMY HaBUBaHHI MOYKHA 3allUCaTH

N01 - Noz =0
abo
010, —6(,6,=0,

ne Ny, 1 N,,— kinbuesi 3ycuuis B 000J10H1I 1 00-
MOTII; G, — KiIblIeBe HANPYXXEHHS B 00OJIOHII;

G,, — Hallpy>KEHHs B OOMOTIII.

Puc. 2. OnuHNYHMIA eneMeHT, BUpi3aHuH 13
LWTTHIPUYHOT 0O0JIOHKH 3 0OMOTKOIO

Fig. 2. A single element cut from cylindrical
shell with winding
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B 3arajisHOMY BHIIQJIKy CIIpaJIbHOTO HABUBAHHS
00OMOTKH B OOOJIOHII 3’SIBJISIFOTHCS ITOYATKOBI 3y-
CHJUIS B KUJTBLIEBOMY 1 TIOB3JIOBYKHBOMY HAIPSMKAX:

Ny =Ny, =0
le _Nx2 :0

[Ipu omHOIIApPOBOMY HABUBAHHI HampyKEHHS
B 00OJIOHII JOCATAalOTH 3aJaHOr0 3HAYEHHS IIOIe-
PEIHBOTO HABAHTAXKCHHS G, , SAKIIO HANpPY>KCHHS
B mapi 0OMoTKH BignosinHo 1o (1) Oyae mopiBHIO-
BaTH:

(1

_ 9
Gz, = Oy, 5.’
21

e G, — HaNpyKCHHS B O0OJIOHLI NP HABHBAHHI
epIIOro mwapy oOMOTKH; G, 1 8, — Hanpy)eH-

HS 1 TOBIIMHA HABUTOTO APy OOMOTKH.

PosrnsiHeMo mpoliec HaBHBaHHs OIHOTO IHApy
(i =1). Cknanemo piBHSHHS, B IKOMY MOTEHIiab-
Ha eHepris nedopmairii momepeaHb0 PO3TATHYTOL
0o0OMOTKHM 70 ii HABUBAHHS MPHUPIBHIOETHCS O TIO-
TeHLiaJdbHOI eHeprii MeTaneBoi 0O0JIOHKH IMepLIo-
IO IIapy Iicjis HaBUBaHHS:

Bupaxaroun BenHuMHY Gj 4epe3 G, 3a

piBHSHHSIM piBHOBaru (1), oTpuMaeMo dopmyy
JUIE BU3HAUCHHS HANpPYXEHb B HAaBUTOMY IIapi
JIPOTY 3aJIe)KHO Bijl CTBOPIOBAHOTO (KOHTPOJIHOBA-

HOT'0) HaNpy KEHHs [002' ] :

ne 1/+/1+ A — koedinieHT ocnabieHHs HANPYKEHb
B JIPOTi, IO MOKa3y€ BEJIMYHHY BTPAT MOIEPEIHB-
OTO HaIpy>KEHHS BiJl MPYKHOTO OOTHCKY O0OJIOH-
ki, BiH 3aleXUTh BiJl CHIBBIAHOIICHHS >KOPCT-
KOCTi 00OJIOHKH 1 0OMOTKH.

[Ipu nii BHYTPIIIHBOTO THCKY OOOJIOHKA i 0OMO-
TKa B KUTBIIEBOMY HalpsIMKy IPaIfoloTh pasoM. B
00OJIOHILI TIOMEepeIHeE HANpYKeHHS (CTHCK) TOCTY-
MOBO 3MEHIIIYETHCS JI0 HyJIS, a HOTIM 3 SIBISETHCS

po3Tsr. B oOMOTIII Hampy>keHHs Bill BHYTPIlLIHEOTO
TUCKY JOAAIOTBHCS 1O MOYATKOBUX PO3TATYIOUHX.
[ToB370BXHI 3ycHIUI TPH KiIHIIEBOMY HAaBHBaHHI
CTIPUHMAIOTHCS TUTHKU 000JIOHKOIO.

BBaxaroun, 1mo O00OJIOHKa MONEPEeIHbO-
HAMpYXEHA KUTbIEBOIO OOMOTKOI HaBaHTaKEHA
PIBHOMIpHUM BHYTPIIITHIM THCKOM p Ha OiUHIN 1MO-
BEPXHi 1 MOB3JOBXHBOIO PO3TATYIOUOI0 CHUIIOI0 N,
(puc. 1), TO oTpUMaeMO PIBHSHHS PiBHOBAaru CHC-
TEMH B KIJIBIIEBOMY 1 TTOB3JIOBKHHOMY HAIPSIMKaX:

6,9, +06,0,=pr; ()
6.8, =, 3)
2nr

Ie G, i 6, — KiibleBe 1 HOB3IOBKHE HANPY>KEHHS
B 00OJIOHIII; G, — KiJIbLIEBE HANPYKEHHS B OOMOTIIL.

XapakTep 3MiHH KiJIbIIEBUX HaNpyKeHb B 000-
JIOHIII 1 OOMOTII 31 301JIBIIIEHHSIM THCKY p HaBeze-
HuH Ha puc. 3 [2].

Yepe3 Te, mo mpu Aii BHYTPILIHBOTO THCKY
o0osoHKa 1 00MOTKa NehOpMYIOThCST pa3oM 1 Jie-
dopmarrii X TpyXKHi, MAEMO YMOBY PiBHOCTI KiJIb-
1eBuX aedopmariii 000X mapis:

1

[(0:-n0,) =00 ]

E|

1
:(62 _Goz)_ )

L, “4)

(BeTMYMHM HAIpyKeHb OepyThCs 31 CBOIMHU 3HaKa-
MH).

P A 0
Ory
Pr
3 \ OFononxa "-.\ﬁémmm
/ ] ;
f —
3 ﬁ./, I':";_ E:"/

Puc. 3. diarpama poGoTH monepeHb0-HaBaHTAKEHOT
00OJIOHKH TIiI BHYTPIIIHIM THCKOM B TIPY>KHIH cTamii

Fig. 3. Diagram of the pre-loaded shell under internal
pressure in the elastic stage

Jlo mux piBHSIHL TOTPIOHO MOJATH PIBHSHHS
piBHOBaru OOOJIOHKH B KIUIBLEBOMY HaMpPsMKY
B CTa/lii MONEPeHHOT0 HANPYKEHHS

6,0, +6,,0,=0.

)
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B pesynbTari CyMICHOTO pO3B’sI3aHHS PIBHSAHB
(2)~(5) moxHa BH3HAYMTH HEBIOMI 3HAYEHHS Ki-
JBIIEBUX HAPYXEHb B 00OJIOHIII i 0OMOTIT:

r+ =2
Protoe™s, s,
0, = “Op% > (6)
8, +md, 9,
mpr—p2 —m
r
c, = +0,,, 7
2 51+m52 02 ( )
nem = EYE,.

Jlns1 3amMKHyTOTO pesepByapa N, = pur’ popmynu
(6) i (7) MAaTUMYTh BUTIIAL;

pr 1+Em6—2
_ 61 52 8
61 _8—_602_’ ( )
| +md, 9,
mpr(l—gj
= +c 9
R . )

SIk BUIHO 3 HaBeJCHUX (HOPMYJI, POIOIIICHHS
HaBaHTaXEHB B Iapax pe3epByapa i HOro MIIllHICTh
3ajexarp Bij 6araTbox (haKTOPIB: CITiBBiTHOIICHHS
TOBIIMH 00OJIOHKH 1 0OMOTKH, MOZLyJIiB TIPY>KHOCTI
MaTrepiamiB m, SKi BHKOPHCTOBYIOTBCS, ITOIIEpE-
JTHBOTO HaBaHTAKEHHS (2 TAKOX KyTa HaXMIy BHT-
KiB /I0 OCi pe3epByapa MpH CIipajbHId 0OMOTII).
Buxonsum 3 1poro, MOKHa CIIPOSKTYBAaTH pe3ep-
Byap TakUM YMHOM, IO NPH 33JaHUX HABaHTa-
JKEHHSIX KUTBIIEBI 1 TMOB3JIOBXKHI HAIpyXEHHS B
obooHIi OyayTh omHaKoBi. Lle mocsraeTbes cTBO-
pEHHSAM HEOOXiTHOTO MONEPEeIHFOTO HAPYKCHHS.
3HaveHHs ioro Moxe OyTH oTpuMane 3 GopMymu

(8) BpaxoByroun (6) i (8) 3a yMmoBH
6, =0,:
&:6, - m82(1 - u) ©)
o, o, +md, .

S0 nonepeaHe HaNpyKEeHHS IEPEBUILYE Be-
nnuuny (9), To IpHU 331aHOMY BHYTPILIHEOMY THC-
Ky OOOJIOHKAa BHUSBUTHCA OUTBLI HANpPYKEHOIO
B IIOB3JI0BJKHBOMY HAaIlpsSIMKY, HIX B KiJIbLIEBOMY .

Takum 4MHOM, TUIBKH 3a JOMOMOI'OIO IOTIepe-
JHBOTO HampyKeHHS MOXHa 3pOOMTH LMIIHAPHY-
HUH pe3epByap PIBHOMIIIHAM 1 TOJOJAaTH Ba)IIU-

BUM HEIOJIK BCIX IWIHIPUYHUX OOOJIOHOK,
y SKUX TpU BHYTPIIMIHBOMY THCKY KIJIBIIEBI Ha-
TIPY>KEHHS B 2 pa3u OiIbIle, HiXK y MIOB3I0BKHIX.
Pobota KoHCTpYKIIii BBAXKAETHCS MPYKHOKO JI0
MOMEHTY TOSIBM IUIACTHYHHX aAedopmauii B 060-
noHui. [Ipy nboMy 0OMOTKa IPOIOBIKYE HpaItoBa-
TH TIPY’KHO, OCKUIBKH BOHA, SIK IIPABHJIO, BUKOHY-
€ThCsl 3 OUTBII MiITHOTO Matepiany. Skmio B dop-
Myl (8) MPUIHHATH KiTBLIEBI HAmNpy>XKeHHS B 000-
JIOHLI PIBHUMH MEXi TeKy4OCTi Marepialty G,, TO
MO’KHA OTPHMATH 3HaYE€HHS BHYTPIIIHBOTO THCKY,
10 BIJTIOBIA€ KIHIMIO MPYXKHOI POOOTH 000JOHKH:

_GT] * O 81"""82
pT_ M 82 .
I+—m—=

278,

r

B po3paxyHkax nomnepeaHbO-HanpyXeHUX KOH-
CTPYKIII METOZOM TPaHWYHUX CTaHIB HAMPYXKCHb
B YCIX eJeMEHTaX NpH PO3pPaxyHKOBHX HABaHTa-
JKEHHSIX HE TOBUHHI NMEPEBUIYBATH PO3PaxXyHKO-
BUX OIIOpiB MaTepialiB, IO BUKOPHUCTOBYIOTHCS
(y pa3i moTrpeOm 3 BpaxyBaHHSIM KOEQIIli€HTIB
yMOB po00TH). Po3paxyHKOBI OMOpH JHCTOBOTO
MPOKAaTy, 3 SKOT0 BUIOTOBJISIOTH OOOJIOHKH, HaBe-
neni y BiamoBimaux ['OCTax. 3a po3paxyHKOBH
OMip PO3TATHEHHIO BHUCOKOMIITHOTO CTaJIbHOTO
npoty BinnmosigHo go CHull I1-B.3-72 npuiimMaroth
3HAYCHHS] TAMYACOBOTO OTOPY PO3PUBY APOTY, IO
BcraHoBieHe ['OCTamu, po3nisieHe Ha KoeiIieHT
Oesneku mo Martepiany 1,6. Ilo3Hauaemo ix
BIAMOBIAHO R; 1 R).

Ha ocnoBi BHIeHaBeneHOr0 3 BHpasiB (2)—(5)
MOYKHa OTPUMATH (QOPMYIH JJIsi BU3HAYECHHS II0-
TpiOHUX TOBLIMH OOOJOHKH 1 OOMOTKHM IpH 3aja-
HOMY BHYTPIITHBOMY THCKY:

c c
k—m| =2 +1 |+pum—=

R R
51:% ! L. (10)
1(k—m) %+1 +|,Lm%
1 1
Sor
R
5, =4 : NGV
' (k—m) %+1 +pm%
1 1
ne k=R, /R,.

i ¢opmynu maroTh 3alMeXHICTh TOBLIMH Bif
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MOIEPEIHBOTO HAIPYyKEeHHs. Bennuuny ioro Ha-
3HAYalOTh BUXOJSYU 3 KOHKPETHUX YMOB 3 Bpaxy-
BaHHSM TOTPeO 3a0e3medeHHs CTIHKOCTI 000IOHKH
miJ] 4ac HaBUBaHHS. SIKIO HEOOXITHO OTPUMATH
OJTHAKOBY MIIHICTh B KUJILI[CBOMY 1 TIOB3J0BXKHBO-
My HampsiMKax pe3epByapa, TOOTO HaWOLIbII
€KOHOMIUHY, TO TonepenHe HampykeHHs i3 (10) i
(11) B mpumymeHHi 6= R, TOPIBHIOE:

&:k—m(l—u)
R k+m

1

b

1 3aJICKUTH BiJ CITIBBIIHOMEHHS (Di3MKO-MEXaHITHIX
BJIACTUBOCTEW MaTepiajiB 000JIOHKH i OOMOTKH.

PesyabTaT

EdexTuBHICTE BIPOBAaJKCHHS 3a3HAYCHOTO
BHUIIIE MATEMAaTHYHOTO anapaTy OyJi0 BHKOPHUCTAHO
Ta TIONEpPEIHBO TEPEeBIPEHO ISl HaBEACHUX Ha
puc. 4 KOHCTPYKTHBHHX CKJIQJIOBUX pPyXOMOIO
ckiany. Ilpu bOMy 3aCTOCOBYBAIHMCh Cy4acHi 3a-
TaTBHOTIPUIHATI METOAM Ta IH)KCHEPHE MTporpaMHe
3abe3neuenHs. [lonepenHpbo 3°sCOBaHO, MO 3aCTO-
CYBaHHS 3alpOIOHOBAHOTO METOJY TMOIEPEIHBO
HaNpyXEeHO-IeOPMOBAHOTO  CTaHy  JIO3BOJIUTH
MOKPAITUTA JWHAMIYHI Ta CTaTUYHI MIIHICTHI
AKOCTI KOHCTPYKLi#l B cepennpoMy Ha 15 %.

e—f

Puc. 4. Cxematnune BigoOpaXxeHHS IMOTSHIIHHIX MICIIb 3aCTOCYBaHHS Ha MOIYJISIX XOJOBUX YaCTHH Ta Ky30Ba
PO3IOIIICHOTO 30BHILIHBOIO IOBEPXHEBOTO 3MIIIHEHHS METOJIOM HABUBAHHSI:
a, 6 — 60KOBa Ta HaapecopHa Ganku Bizka Moeli 18-100;
6 — paMa €BpoIeHcbKoro Bi3ka Mozeni Y25; 2 — pama TemnoBosa 2T70; 0 — KOHTeHHEP-IIUCTEPHA; ¢ — BarOH-LIUCTEPHA

Fig. 4. Schematic representation of potential locations for application of distributed external surface hardening by
winding on modules of undercarriage and body:
a, b — lateral and bolster beams of a bogie, model 18-100; ¢ — frame of a European bogie, model Y25;
d — frame of a locomotive 2TE70; e — tank-container; f — tank-car
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o—b

384300004
2 488e3004
329420004
3131004
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259724004
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207424004

152202004

e—d

Puc. 5. JlocnipkeHHs: HapyKeHO-1e(hOPMOBAHOTO CTaHy paMU BaroHa-1{HCTEPHH:
a — NNpUKJIaICHHA 3yCWJIb 10 paMu 0e3 HaBUBAaHHA, 60— Hapr)I(eHI/Iﬁ CTaH pamMu 0e3 HaBUBaHHA; 6 — IPUKJIAACHHS 3YCUJIb 10
pamMH 3 HaBUBAHHSIM; 2 — HAIIPY>KEHUI CTaH paMu 3 HAaBUBaHHSAM

Fig. 5. Study of stress-strain state of a tank-car frame:
a — application of efforts to a frame without winding; b — stress state of a frame without winding; ¢ — application
of efforts to the frame with winding; d — stress state of a frame with winding

Binpmr mornubieHo aBropamu Oyjno BHKOHAHO
aHaii3 e(peKTHBHOCTI BIPOBAKEHHS ITOTIEPEIHBO
HaNpyXeHO-Ie(OPMOBAHOTO CTaHy 30Kpema JI0
pamu BaroHa-upcTepHd. bynn BuKOHaHI KOM-
IUIEKCHI  JTOCII/PKEHHS  HampyKeHOo-IeopMo-
BAaHOI'O CTaHy pPaMU BaroHa-ILMCTEPHU B CydacHO-
My HporpaMHOMYy KoMIUIekci (puc. 5). IIpu npomy
MOJICTIOBAIACH Pi3HI eKCIUTyaTalliiHi BHIAAKU
poboTu paMu, i BIOIOBIAHO, CXEMH MPUKIAICHHS
HABaHTaKEHb.

[lomepenniii po3paxyHOK BKa3zaB Ha MOX-
JTUBICTh OTPUMATH TaKi TMO3UTHBHI PE3yJbTATH:
Tapy BaroHa 3HM3UTH Ha 20 %; BaHTaXXOIiIio-
MHICTh TiaBumuTi Ha 20 %; TPIOMHOCTINKICTh
nokpamutd Ha 30 %; BapTicTh BUIOTOBJICHHS Ta
eKcIuTyararii 3Hu3uTH Ha 5 %.

OTpumaHi pe3ysibTaTd OLIHIOBAaHHS BIIPOBa-
JDKEHHSI ~ CIIPSIMOBAHOTO  HampysKeHO-1edopMo-
BAaHOTO CTaHy Ul BarOHHUX KOHCTPYKLIH He cy-
nepedaTh paHimie BitoMuM (B Tomy yuchi [8]) mis
METaJOKOHCTPYKIIIH.

Ha cboromHi BHKOHYIOTBCS aBTOpaMH POOOTH
3 EKCIIEPUMEHTAIbHOIO MiATBEPIKECHHSI OTpHUMa-
HUX TEOPETUYHUX PE3YJIbTATIB.

HaykoBa HOBU3HA Ta MPAKTUYHA
3HAYUMICTh

JocnipkeHo  MOKIJIMBICTH — YIOCKOHAJICHHS
HEeCy4oi 3JaTHOCTI KOHCTPYKLIH PyXOMOro CKIaxy
LUISIXOM CTBOPEHHS 11 CKJIANOBUX B CIIPSIMOBAHOMY
HaIpykeHo-1e(opMOBaHOMY CTaHi. 3alpoIOHO-
BaHO 3aCTOCYBaHHsI METOJYy HaBHBaHHS IUIS TOIIe-
PEIHBO HampyKeHO-Ae(POPMOBAHOTO CTaHy BaH-
TaXHUX BaroHiB. CHCTEMaTH30BaHO OCOOIUBOCTI
HaBUBAHHS JJISI KOHCTPYKIIA PyXOMOTO CKIaay i
X BIPOBAIKEHHSI.

Po3po0iieH0 HU3KY TEXHIYHHUX PINICHb 3 YI0-
CKOHAJIGHHS KOHCTPYKIIi BaHTa)XHUX BaroHiB,
30KpeMa KOHTeHHepa-UUCTEepHU, 1o Oyjo 3ama-
TeHTOBaHO. [IpakTHuYHE BHPOBAKEHHS TaKHUX
pIIIeHb JO3BOJIUTH CYTTEBO TOJIIITUTH ii TEXHIKO-
€KOHOMIYHI Ta eKCILUTyaTalliliHi MOKa3HUKH.

BucnoBxu

B pesymbrari  BHKOHAHOTO  JTOCIIKEHHS
MiATBEPPKEHO 3alIPOIIOHOBAHY aBTOPaMH TilOTE3y
3 e()EKTUBHOCTI CTBOPEHHSI CIIPSIMOBAHOTO HAIpy-
JKEHO-TIe)OPMOBAHOTO  CTAaHy BaroHHUX KOH-
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CTPYKIIHA METOJOM HaBUBaHHSI. Tak 3acTOCYBaHHS
TaKOT'0 MiJX0Ay JO3BOJIUTH MOKPAIIUTU TUHAMIYHI
Ta CTAaTHYHI MIIHICTHI AKOCTI BaroHHWX CKJaJ0-
BHX B cepenHboMY Ha 15 %.

[Ipu BOpOBaKEHHI CHPSAMOBAHOTO HAIPYKEHO-
JeOpMOBAHOTO CTaHy 1O CKJIaJOBHUX BaHTaKHUX
BaroHIB JOMUJIFHO BUKOPHCTOBYBATH HaBEIEHI B PO-
00Ti MaTeMaTW4Hi OMKCAHHA. 3alPONOHOBAHMI Me-
TOJl TaKOX MIOIJIPHO BUKOPHUCTOBYBATU SK MIi€BHMA
3aci0 TIOJIOBXKCHHSI PECYpCy BaroHHMX KOHCTPYKITiH
Ta IHIIMX BIAMOBIJAIBHUX CKJIQJOBUX PYXOMOTO
cknany. 3a3HadeHe 3a0e3MeuyeThCs CyTTEBOIO TO3U-
THUBHOIO OOPOTHOOFO 3 BTOMOIO iX CKJI3I0BHX.

B nmoganbioMy maHyrOThCS OUTBIN IeTaNbHI pO-
3paxyHKH 3 BPaxyBaHHSAM TEXHOJOTil BUTOTOBJICHHS
Ta PO3paxyHOK pecypcy. B miit poboTi HaBeseHi mo-

TepeiHi pe3ysIbTaTh eKOHOMIYHOI e(DeKTHBHOCTI, sIKi
B TOAAJBIIOMY IUIAHYFOTHCSI OLUTBINI JETabHO Ta
IPYHTOBHO BM3HAUHUTH B TOMY YHCII 3 BU3HAYCHHSIM
TIOKa3HUKIB Pecypcy.

Takox B MOAANBIIOMY HEOOXiTHO OTpUMaHi pe-
3yNbTAaTH  TEOPETHYHOTO JOCTI/DKSHHST  Ta
KOMIT FOTEPHOTO MaTeMaTUYHOTO MOZEITIOBAHHS ITiJ-
TBEPAUTH CKCIICPUMEHTAILHIMHU HATYPHUMH BHITPO-
OyBaHHSMIL

HaBenenwit  MeTon  IMOKpaIieHHS  TEXHIKO-
EKOHOMIYHHX Ta EKCIUTyaTallifHMX TOKa3HUKIB Ba-
TOHHUX KOHCTPYKIIIH 3a PaxyHOK IOJIMIICHHS IX
JIMHAMIYHOT Ta CTaTHYHOI MIITHOCTI TaKOX JIOILITEHO
BUKOPUCTOBYBAaTH TPU BHPILICHHI aHAJOTIYHHUX 3a-
BJIaHb JUIS IHIIUX 3aCO0IB TPAHCIIOPTHOTO MAIIIUHO-

OymyBaHHSL.
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PACITPEAEJEHHOE BHEIHHEE IOBEPXHOCTHOE YIIPOYHEHUE
BAIOHHBIX KOHCTPYKIIUI METOJIOM HABUBKHU

Hean. PaboTa npeamnonaraer ocemieHne 0COOCHHOCTEN 1 PE3yJIbTaTOB MIPOBEJCHHOTO aBTOPaMH HCCIIEAOBAHUS
[0  ONpPEICICHUIO BO3MOXHOCTH M  IEJIECOOOpPasHOCTHM  CO3AaHMSA  MPEABAPUTENBHOTO  HANpPsDKCHHO-
J1e(pOpMUPOBAHHOTO COCTOSTHMS TPY30BBIX BarOHOB METOJIOM HABHMBKHU C LEJIBIO YIYYHICHHUS UX MPOYHOCTHBIX Xa-
pakrepucTuK. Tarke HEOOXOAMMO NPEICTABICHHE TEOPETHYECKOro 00O0CHOBaHUS 3((PEKTHBHOCTH NPUMEHCHUS
JTAHHOTO METOZA AJISl BATOHHBIX KOHCTPYKIMII M COOTBETCTBYIOIIETO MpUMeEpa ISl BaroHa-IUCTepHbL. MeToanKa.
IIpoBeneHHOE HccienoBaHue Oa3zupyeTcs Ha pe3yibTaTaxX aHalM3a M3BECTHBIX palboOT MO TeMe, MaTeMaTHYeCKOM
00OCHOBaHHMHU M KOMITBIOTEPHOM MOJICIUMpPOBaHUM. [IpH pacuerax cOCTaBISIOIIUX ITOJBMKHOTO COCTaBa MCIOJIB30-
BaHbl COBPEMEHHBIC OOIICHIPUHSATHIE METOIUKH. Pe3yJbTaThl. ABTOpaMM YCTAHOBJIEHO, YTO METOJ HABUBKHU IS
CO3JJaHUS! TIPEBAPUTEIIFHO HANPSHKEHHO-1e(OPMUPOBAHHOTO COCTOSHUS sIBIsieTCs] (P (GEKTUBHBIM U 11e1ecoo0pas-
HBIM I IPUMEHEHHS B KOHCTPYKIUSIX MOJBHKHOTO COCTaBa KEIE3HBIX JOPOT U, B YACTHOCTHU, TPY30BBIX BarOHOB.
KoHCcTpyKIny rpy30BBIX BaroHOB C IpEIIBApUTEIbHBIM HAIPSHKEHHO-IeOPMUPOBAHHEIM COCTOSTHUEM XapaKTepH-
3YIOTCSl PSIZIOM MIPOYHOCTHBIX MPEHMYIIECTB, CPEIN KOTOPBHIX MOKHO BBIICIUTDH YJIyUIICHHE PaOOTHI MO BOCIIPH-
ATHIO 3KCIUTyaTallMOHHBIX HAarpy3oK M coxpaHeHHe pecypca. HayuHast HOBU3HA. BriepBbie mpeiokeHo ycoBep-
IIEHCTBOBAHUE HECYIIEH CIOCOOHOCTH KOHCTPYKIMH TPY30BBIX BaroHOB IIyTEM CO3JaHHS €€ COCTABIISIONINX
B HaIpaBJICHHOM HaNpsHKEHHO-Ie()OPMHUPOBAHHOM COCTOSHHUU. Takxke BIEpBbIE MPEUIOKEHO IPUMEHEHUE pacIpe-
JIETICHHOTO BHEIITHETO MOBEPXHOCTHOTO YHPOYHEHHS METOAOM HABUBKH TSI CO3aHMS NPEIBAPUTEIILHO HANPSIKEH-
HO-71e()OPMUPOBAHHOTO COCTOSTHHSI KOHCTPYKTHBHBIX 3JIEMEHTOB I'DY30BBIX BaroHoB. PaccMOTpeHBI criocoObl Ha-
BUBKHM JUIsI KOHCTPYKIUI I'Py30BbIX BaroHOB M uX BHeApeHus. IlpakTudeckass 3HauMMocTh. B pesynbrare mpose-
JICHHBIX UCCJIEJIOBAaHUN pa3paboTaH ps TEXHUYECKHX PEIICHUI 10 COBEPUICHCTBOBAHUIO KOHCTPYKIMH IPy30BBIX
BaroHOB M KOHTEHHEpa-IMUCTEPHbI, YTO OBLJIO 3amaTeHTOBaHO. B craThe 4acTHYHO NMPHBEAEHBI COOTBETCTBYIOIINE
peleHus Uis BaroHa-UUCTepHBIL. [IpakTHueckoe BHEIPEHUE TAaKUX PEIIEHHH MO3BOJIUT CYLIECTBEHHO YIYYIIUTh
TEXHUKO-DKOHOMHUUECKUE U IKCILTyaTal[MOHHbIE T0KA3aTEIN BATOHHBIX KOHCTPYKIIM.

Kniouesvie cnosa: xene3HONOPOXXHBIA TPAaHCHOPT; TPy30BOH BaroH; HaNpaBICHHOE HAIpPSDKEHHO-
JeopMUPOBAaHHOE COCTOSIHUE; HECYIIIUE CHCTEMbI; HAaBUBKa; KOHTEHHEp-LIUCTEpHA
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DISTRIBUTED EXTERNAL SURFACE HARDENING OF CAR DESIGN
BY WINDING

Purpose. The paper involves coverage of features and results of the research conducted by the authors to determine
the feasibility and establishment of pre-stressed-strained state of freight cars by winding in order to improve their strength
characteristics. It is also necessary to present the theoretical justification for the effectiveness of the application of this
method for car designs and an appropriate example for the tank-car. Methodology. The conducted study is based on an
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analysis of known works on the subject, mathematical justification and computer modeling. At the calculations of rolling
stock components contemporary conventional techniques were used. Findings. Authors found that the winding method
for pre-stressed-strained state is effective and appropriate for use in the construction of railway rolling stock and, in par-
ticular freight cars. Freight car designs with the pre-stressed-strained state are characterized by a number of strength ad-
vantages, among which there is an improvement of the work on the perception of operational loads and resource conserva-
tion. Originality. For the first time it is proposed the improvement of bearing capacity of freight car constructions through
the creation of its component in the directed stress-strained state. It is also for the first time proposed the use of distributed
external surface hardening by the method of winding to create a pre-stress-strained state of structural components of
freight cars. The methods for winding designs of freight cars and their implementation were considered. Practical value.
The studies developed a number of technical solutions for improving the design of freight cars and tank-container, which
has been patented. Corresponding solutions for the tank-car are partially presented. Practical implementation of such solu-
tions will significantly improve the technical, economic and operational performances of car designs.
Keywords: railway transport; freight car; directed stress-strained state; bearing system; winding; tank-container
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JOCJIIKEHHS TE®@OPMAIIHHUX XAPAKTEPUCTHUK
TPYHTOBOI'O MATEPIAJIY 3 BUKOPUCTAHHSM BIAXO/IIB

Meta. Jlns mifgBUINCHHS €KOJIOTIYHOI YMCTOTH BCE YACTille KOHIWIIKAHI OyiBeNbHI MaTepiald 3aMiHIOIOTh
BixoJgaMu BUpOOHUNTB. Lle crocyeThes sSIK MeTanypriiiHMX IITaKiB, TaK i aKTHBHOTO MYJIy CTaHIH 0i0JIoriYHOTO
OUHWIICHHS MICBKUX CTiYHHX BOA. J[ms 3’sCyBaHHS MOMJIMBOCTI IX BHKOPHCTAaHHS HEOOXIAHO JOCIITUTH
neopManiifHi  BIACTHBOCTI KOMITO3MIIIMHUX TPYHTOBHX MaTepialiiB i3 JOJaBaHHAM BKa3aHUX BIIXOJIB.
Metoauka. [Ipy BUBUCHHI HaNpyKeHO-IE()OPMOBAHOTO CTAHY I'PYHTY B CKJIAJHHX yMOBAaX, B SKHX 1 3HAXOAUTHCS
TPYHT OCHOB peaJbHUX OyIiBenb Ta CHOPYZ, K Ae(opMaliiiHy XapaKTepHUCTHKY 3aCTOCOBYIOTh MOIYJIb 3arajbHOl
nedopmarnii £y Lo xapakTepuCTHKy BH3HAYAIM 32 pe3yJbTaTaMy BUIPOOYBAaHb 3pa3KiB IPYHTY B KOMIPECIHHUX
npuianax (0XOMETpax), fAKi BHUKIIOYAIOTh MOXIIMBICTH OIYHOTO pO3IIMpPEHHS 3pa3ka IPYHTy NpHU HOro
HaBaHTAXXyBaHHI BEPTUKAIbHUM HaBaHTaXCHHAM. Pe3yabTaTH. Y pe3ynpTaTi BHUMIpIOBaHb Oylno MOOYyJOBaHO
KOMITPECIiHI KpWBI 3aJie)KHOCTI KoedillieHTa MMOPUCTOCTI BiJ THUCKY. 32 IIMMH JaHUMH BH3HA4€HO KOeQiIi€HT
CTHCJIMBOCTI Ta MOIyJIb Aedopmariii. BcraHoBneHo, 110 1oJaBaHHs aKTUBHOTO MYJIy 3MEHIIYE KOS(Illi€eHT CTUCIH-
BOCTI 3pa3KiB y 4 pa3u MOPIBHSHO 3 INIMHOIO. Y MOPIBHSHHI 31 3pa3kam, siki MicTATh 50 % aKTUBHOTO MYJIy, 3pa3ku
3 gonaBaHHsAM 50 % 1UIaKy, 3MEHIIYIOTh CTUCIHBICT y 12 pasiB. JlonaBaHHS B TJIIMHY aKTHBHOTO MYJIy JIO3BOJISIE
30UTBIUTH MOAYbh Jedopmanii 3 7,8 mo 20,3 Mlla, mumak migsumye I BemuumHy g0 52,7 MiIla.
HayxoBa HoBu3HA. [Ipy BUrOTOBJICHHI KOMITO3HIIIHOTO MaTepialy Ha OCHOBI INIMHUCTUX IPYHTIB (pyHKIIOHAIBHI
TPYIH aKTHBHOTO MYJTy B3a€MOJIIOTH i3 TiIPOKCHIBHUMHM TPYIIaMH, PO3TAIIOBAHNMHU Ha MOBEPXHI TIIMHUCTHX dac-
THHOK, i3 YTBOPEHHSIM IIPOCTOPOBOI CTPYKTYpH. Kpim TOrO, BBE/IEHHSI aKTUBHOT'O MYJIy CIpUSiE NENTH3aLil — py#-
HYBAHHIO arperariB I'PyHTY 1 YTBOPEHHIO KOHTaKTiB MK OKPEMUMH YaCTHHKAMH, 110 i MPU3BOANTH 1O 3MEHIIECHHS
CTHCJINBOCTI 3pa3KiB 32 paXyHOK 3MEHIIECHHS 3arajbHOI mOpHcTOCTi. [lomaBaHHS IUIAKy CIPHsS€E YTBOPEHHIO ONTH-
MaJIbHO{ CTPYKTYPH 3pa3KiB i3 pO3MIIIEHHSIM MEHIIHX 32 pO3MipaMHy YaCTHHOK Yy MpOIIapKax MK OiLTBITIMH YacTH-
Hkamu. [IpakTuyHa 3HaYMMicTh. 3aCTOCYBaHHS aKTHBHOTO MYJIy Ta IIUIaKy 3a0e3ledye MiABHIICHY HECydy 3/aT-
HICTb IPYHTY, PO3IINPEHHS CUPOBHHHOI 0a3u Il HOTO OTPUMAaHHS 3 OJHOYACHUM MOKPAILIEHHSIM €KOJIOTI4HOI CH-
Tyarii y MicTax, 3a0e3MeueHHs] MOXKJIHMBOCTI BTOPHHHOTO BUKOPUCTAHHS YKPIIJICHOTO IPYHTY.

Kniouosi cnoea: yxpirneHuil TpyHT; OUIAK; aKTUBHUHA MYJ; MOAYJIb Aedopmartii; KoedimieHT MOpUCTOCTi; Koe-
¢IIieHT CTUCIUBOCTI

JIUBiTyadbHUX NPOEKTIB Ta BHOOPY e(eKTUBHHUX
OyziBeNbHUX MaTepianiB, OOTPYHTOBaHHUX BiMIOBI-
IHAMHU PO3paxyHKaMH. 3HAYHOIO MipOI0 IIe CTOCY-
€THCSI YMOB IPOEKTYyBaHHS U OyIIBHUITBA Ha Ji-
JSTHKaxX 3aJITaHHS «CIAOKHUX» IPYHTIB, CXHIIBHUX
JI0 KOHCOJITAIiitHOTO OCigaHHsa. Y BHITaIKy HEOI-

Beryn

IIpu Oynp-skomy Buzi OynmiBHHITBA (ynamTy-
BaHHI 3€MJIIHOTO IIOJIOTHA 3&JII3HUYHUX Ta aBTO-
MOOUTLHUX JIOpir, OYIiBHHIITBI IMacaKUPCHKUX
wiaThopM YM MPOKIAAaHHI MiJ3eMHOT0 ra3onpo-

BOJY) Cy4JacHi yMOBH TMOTpPeOyIOTh pO3pOOKH iH-

HAKOBHUX YMOB YIIUIbHEHHS BUHHKA€ HEPiBHOMIp-
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HE OCiTaHHS TPYHTY, IO MPHU3BOIUTEH 10 medop-
Mariii OyIiBii YU 1H)KEHEPHOI CIIOPYAH Ta BEIMKUX
KaIliTalbHUX BKJIAJICHh HA PEMOHT a00 BiJHOBJICH-
Hsi. BuOip HalOinbIl parioHadpbHHX MaTepiajiB
JUTsT MaOyTHROTO OYyMiBHHIITBA 3aJICKUTH Bl Be-
JUYUHM OCIaHHS VIIUTBHEHHS Ta 11 PO3BHTKY
B Yacl miJ i€ DOCTIMHUX Ta TUMYACOBUX HABaH-
Ta)KEHb.

OCHOBHOIO METOIO MiJ] 4ac BUOOPY Oy IiBETEHUX
MmarepiajiB € BWU3HA4YEeHHS 34aTHOCTI CIpHHAMATH
TPUBAJIMH Yac HABAHTAXEHHS, 110 HE MEPELIKOIKa-
I0Th HOPMAJIBHIN eKCILTyaranii OyaiBIi 4K iHKeHep-
HOI cropyad. [l BCTaHOBIIEHHS! OCHOBHHUX ITOKa3-
HUKIB JIe)OPMOBAHOCTI IPYHTIB BUKOHYIOThH X BH-
MpoOyBaHHSA Ha YIIUTBHCHHS TiI HaBaHTAKCHHSM,
Ko JedopManii TPYHTy MOXYTh PO3BHBATUCS
TLTBKA B OJTHOMY HAaIPAMKY IIi/I TI€FO TLTHKU 30BHi-
ITHROTO HaBaHTaxeHHs [3]. Xapakrep medopmarrii
IPyHTY Ta il BENMYHHA 3aJICKUTHh Bl HANpPIMKY
1 IHTEHCHBHOCTI BHYTPILLIHIX 3yCHJIb, Ha Ki BIJIMBAE
HU3Ka YUHHUKIB: XIMiKO-MiHEepalIbHUI CKIaJl, CTpPy-
KTYypPHO-TEKCTYPHI OCOOJIMBOCTI, CTYIIiHb BOJIOHACH-
YeHHs, BOJIOTicTh Ta iH. [15]. He3BopotHi nedopma-
1ii € HACJIIKOM NPOSIBJICHHS IUTACTUYHHUX BIAaCTUBO-
creid Tin. OCHOBHUMHM YMHHHMKAMH HE3BOPOTHOCTI
nedopMariiii € pyHHyBaHHS OKPEMHX CTPYKTYPHHX
3B’s3KiB mpu  Aedopmariii, 3MIlIEHHS YaCTUHOK
(kpucTaiiB, 3epeH, YIaMKiB Ta iH.), BATUCHEHHS Pi-
JIHY Ta Ta3iB i3 1MOp, MOCTYIOBE HAKOMMYECHHS MiK-
ponedekTiB y cTpykTypi rpyHTy. HesBopoTHi abo
TUTACTHYHI ieopMartii OLIBIIO MipO XapaKTepHi
IUTSI TACTIEPCHUX TDIACTUYHUX IPYHTIB 13 CITA0OKAMHU
KOAryJISIiHHUME CTPYKTYPHHUMH 3B’ SI3KaAMH.

VY el yac y CBITOBii MPakKTUIli HAKOMHUYEHO
TIEBHUI JTOCBiJ TIOJIMIIICHHS BIACTHBOCTEH IPYHTIB
JUISL X TOJANIBIIOTO BUKOPHCTAHHS IIISIXOM BBe-
JICHHSI HEOPTaHIYHUX a00 OpraHiyYHHX 3aKPiILTIoIo-
YUX KOMIIOHEHTIB. Buxoasunm 3 eKOHOMIYHHX Ta
€KOJIOTIYHUX MIpKyBaHb HaWOUIbIIE 3aCTOCYBaHHS
B OyIiBeNpHIN MpakTHL MAaTUMyTh KOMIO3MLIHHI
MaTepiaid Ha OCHOBI IPYHTIB, B AKHX IeQilUTHI i
EHepro3aTparHi BSDKydi Ta 10OAaBKH O HUX BHKO-
PHUCTOBYIOTHCSI B MiHIMAJIBHUX 00CSTax, a OCHOBHY
YaCTHHY CTAHOBIIATH Ti UM 1HIII BiIXOAH i MOOIYHI
MPOTYKTH TPOMHUCIOBHX TiAmpueMcTB [9]. OmHuM
3 TaKUX BIJXOJIB € aKTUBHHM MYJI CTaHIi 0i0J0-
TYHOTO OYMINEHHs, MpoOiieMa YTHIi3alil SKOro
€ IOCUTH AKTYaJbHOIO ISl BEIUKUX MICT.

HaOynmm mmpokoro BHKOPHICTAHHS IpPYHTOBI
KOMITO3MIIHHI MaTepiany 3 pi3HOMaHITHUMH JIOMi-
IIKaMH, SIKi TO3BOJISIFOTH 301IBIIATH MOIYJb edo-

pMartii ¥ miABHIOTUTH HECYdy 3AaTHICTH IPYHTY [7,
12]. Omni€ro 3 TakuX AOMIIIOK € [ITaK — KAMEHEITo-
nibHa a0o ckIonomiOHa peyoBHHA, SIKA € CIUIAaBOM
OKCH[IIB 3MIHHOTO CKJIaJy 3 TOJIOBHUM KOMIIOHEH-
ToM — okcuzoM SiO,. Illmak — 11e BTOpHHHA pedo-
BUHA Ul OTPUMaHHS Pi3HOMAHITHHX OYyIiBETBHUX
MaTepiajiB, HaIPHUKIAJA, MUIAKOIOPTIAHAIEMEHTY,
OC3KITIHKEPHUX B’SDKYUYHX, MITAKOTYKHUX OETOHIB,
MIHEpaJIbHOI BaTH, IUIAKOCUTAJIB, 3alIOBHIOBAYIB
IIEMEHTHHX 1 acanpToBux OeToHIB [1, 4], medeHto
JUTSL IOPOKHBOTO Oy IiBHUIITBA [2].

3araJbHONPUAHATO, MO IIIJJAKH TBEPAHYThH
TIIBKM 32 HAsABHOCTI aKTHBi3aTOpa — JYXKHOTO
komnoHeHTa. OJHAK, Y JITEpaTypi OMHCAaHO BHIIA-
KA 3aCTOCYBaHHS IIIaKiB 1 0e3 akTuBizamii [11,
13, 14]. Tak, 3rigHo 3 [6] KOMIO3MIIIS IS YJIalil-
TyBaHHS OCHOB JOPOXXHBOT'O OJSTY MICTHTH CYT-
JUHHUN TPYHT, NIIAK, BOAY 3 TaKWUM CITiBBIIHO-
IIEHHSIM KOMIIOHEHTiB, Mac. %: mwuiak 10-90,
rpyHT 90-10, Boma (monan). Ilpu mpomy gocsra-
€ThCsI TIEBHA MIIHICTh OTPUMAHOTO MaTepiaiy, sKa
nopiaioe 3,44 MIla y Bimi 28 mi6. Ile mocratHs
MIIHICTB JJIs1 yJAIITYBaHHs OCHOB aBTOMOOIIBHUX
Ta 3ali3HWYHHUX JOPIr BIAMIOBITHUX KaTETOPIM.
[Ipu nomaBaHHI y TaKi KOMITO3HIIIT IJIs1 YKPITUICHHS
3B’SI3HUX IPYHTIB BallHa, Hampukian [5], mocsra-
erbest MinHicTh 4,2 MIla Ha 90 100y TBepHiHHS.
Ha wam norsia, crioBiapHEHe HAOUPaHHS MIITHOCTI
Ma€ CBOI IepeBark Npy MOBTOPHOMY 3aCTOCYBaHHI
BUWHATOTO 13 KOTJIOBaHy abo0 TpaHIIei IpyHTy 3a-
MICTh KOHJIHWIIHHOTO, SKHA TPUBO3UTHCS. [lpm
IIbOMY MOXe OYTH 3MIMCHEHO MOMEPEIHE 3MIITy-
BaHHS IPYHTY 31 IIUTAKOM, a TIOTIM 3BOPOTHA 3aCH-
MKa y KOTJOBaH abo TpaHIIew, 1e BiaOymeThcs
TBEPIIHHS KOMITO3UIli Oe3 pyWHYBaHHS KOHIICH-
caIiiHO-KpHCTaTi3aI[ifHUX 3B’SI3KiB, SKI BCTUIJIH
0 BUHHMKHYTH 32 HasBHOCTI JTY’)KHOT'O aKTUBATOpa.

Meta

BcraHoBNeHHsT 3aJIe)KHOCTI MiX TMOKa3HHKaMH
nedopmaLiiiHuX BIACTUBOCTEH TMTMHUCTUX IPYHTIB,
OTPUMAaHUX NIPU CTATUYHOMY HaBaHTaKEeHHi, Ta J0-
JTABAaHHSAM y KOMIIO3WIIMHUN TPYHTOBHHA MaTepiai
BTOPUHHOT CHPOBUHH TIPOMHCIIOBHX ITiATPUEMCTB.

MeTtoaunka

Ilpu BUBYEHHI HaANPYXEHO-I(HOPMOBAHOTO
CTaHy IPYHTY B CKJIaJJHUX YMOBax (B SIKUX i 3HaXO-
JIUTHCS TPYHT OCHOB peajbHUX OyniBenb 1 criopyn)
Ak nedopmariiiiHy XapakTepUCTHKY 3aCTOCOBYIOTh
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MOIyab 3aranbHoi nedopmanii E, IpyHr mHe €
NpPYKHUM CEpEeIOBHIICM, 1 3aTHIIKOBI Aedopmarii
3HAYHO IEPeBUILYIOTh NpyxHi. [lapameTp E, Bpa-
XOBY€ TIpYKHI nedopMartii i 3aJIMIIIKOBI 32 YMOBH,
IO TPYHT CIpHHMAE JIMIIE OJHOPA30BY 3aBaHTa-
KEHICTh CTUCKAIOUYMM HaBaHTakeHHsM. Lli xapak-
TEPUCTHKH BU3HAYAIOTh 3a PE3yJIbTaTaMU BHIIPO-
OyBaHb 3pa3KiB IPYHTY B KOMIIPECIHHUX TpHIIaTax
(omoMeTpax), SKi BUKJIIOUAIOTh MOXKIIMBICTh OIYHO-
TO PO3LIMPEHHS 3pa3Ka IPYHTY NpH HOro HaBaHTa-
’KyBaHHI BEpPTHKaJIbHUM HaBaHTA)KECHHSM.

YV nabGopaTtopHHX yMOBax OyJiO JOCIIHKEHO 3a-
JISKHICTD 3MiHM Koe(illieHTa TOPUCTOCTI TTMHUCTO-
ro IPYHTY BiJ BMICTY B HBOMY aKTHBHOTO MYy,
Akuil 3miHroBaBcs Bix 15 1o 50 %.

I3 cymimi raMHM, BOAW i aKTUBHOTO MYy OYyJIH
BUTOTOBIIEHI 3pa3KH, SKi ICIs BUTPUMYBaHHS
B HOPMaJIBHHX yMOBax MpoTsAroM 7 Ai6 Oymm po3-
MIIIEeHI B 0JjoMeTpi. [HANKATOPOM TOJUHHUKOBOI'O
TUIY JJIs1 KOKHOTO CTYICHS HaBaHTa)KyBaHHS BU-
MiproBanu JedopmMariii 3pa3kiB Ta OOYHCIIOBAITU
abCOTIOTHY BEPTHKAIBHY CTabuTizoBany medop-
Malliro 3pas3ka rpyHty Ak, Mwm, K cepenHeapudme-
THYHE MOKa3aHb BUMIPIOBAIBHOTO MPWIIALY ITiCIS
BiIHIMAaHHSI TIOTIPaBKH Ha AcGOopMaIlifo KOMIIpe-
cifiHoro mpuiaay. BiqHocHy BepTHKaNbHY aedop-
Mallifo 3pa3ka TPYHTY pO3paxoByBaid 3a (opMy-
JI0¥0 3TiAHO 3 [3]

Ah
g =—
h
nie h — moJaTKoBa BHCOTA 3pa3ka, MM.
OOGuncmoBanu koe(illieHTH MOPUCTOCTI e, IPyH-

, (1)

Ty IPH PI3HUX TUCKaX 32 (POPMYJIOHO 3riTHO 3 [3]
e =¢-¢-(I+¢), (2)

Je e, — I0YaTKOBUI KOoe(ilieHT HOPUCTOCTI.

3pa3ku A1 TNOAAIBIIUX JOCHTIPKEHb TOTYBaU
IUISXOM TMEPEMIlTyBaHHS TJMHUCTOTO TPYHTY 3 aK-
TUBHUM MYJIOM y TIPOIIOPI[IHHOMY BiJHOIIEHHI 3a
macor 1:1. OnruManbHICTh TAKOIO CIIBBIAHOIIEH-
Hsl OyJIO BCTAHOBJICHO TOIEPEAHIMHU JOCIIIKEHHS-
mu [8, 10]. Y miaroroBieHy TakKMM YWHOM CYMIiIll
JOJIaBaJIM Pi3HY KUIBKICTh IUTAKY 1 BUIPOOOBYBATIH
B OJIOMETpax 3 MOJAIBIIMM BU3HAUYCHHIM KOeilli-
€HTa TIOPUCTOCTi. Y 1a0OpaToOpHUX yMOBax Oyio
JTOCTIPKEHO 3aJIeKHICTh 3MIHHM KOeQiIlieHTa MopHc-
TOCTI [NIMHUCTOIO IPYHTY BiJ] BMICTY B HhOMY IILia-
Ky, SIKAH 3MiHIOBaBCs Big 15 mo 50 %. Jlocmimken-

HSI BUKOHYBQJIUCS 32 CTaHIAPTHOIO METOIHMKOIO [3]
npu Tucky Bix 0,05 MIla go 0,3 MI]a.

KoeimienT crucnuBocti m,, MIla" B 3amaHo-
My iHTEpBali THCKIB p 1 p  0OYHMCIIOBANH 3 TO-

grictio 0,001 MITa™ 3a hopmytoro

e —e.
mo =t il s (3)

Pin —Di
Ie e i e, — KOeQiIiEHTH MOPUCTOCTI, SIKi BiIIIO-
BIZAIOTh THCKaM p, 1 p. .
Monyne gedopmanii £, MIla B inTepBani tuc-
KIB )2 1 D obuucaroBanu 3 Tounictio 0,1 MIla 3a

dhopmyoro

E:1+e"

B, (4)

m

o

ne B — koediIieHT, SKUii BpaXoBY€ BIACYTHICTH TO-
MEPEYHOro PO3LIMPEHHS IPYHTY B KOMIIPECIHHOMY
npunani (zopisHroe 0,37).

PesyabTatu

3a pe3ynbTaraMH BHUMIpIOBaHb Ta OOYHUCIICHB 3a
¢dopmynamu (1)—(2) moOynoBano rpadiku 3aaexKHO-
CTi Koe(ilieHTa MOPUCTOCTI BiJl TUCKY JJIS 3pa3KiB,
SKi MICTITh Pi3HY KUIBKICTh aKTHBHOTO MYITy
(puc. 1) Ta umiaky (puc. 2). Sk cBiguaTh HaBeleHI
JlaHi, ToJaBaHHs aKTUBHOTO MYJy y KibkocTi 50 %
3MEHITY€ KOeQiIliEHT CTHCIUBOCTI 3pa3kiB (3) y 4
pasu MOPIiBHSHO 3 TAHMHO. [TopiBHSIHO 13 3pa3kamu,
AKi MicTATh 50 % akTUBHOrO MyJy, 3pa3Kku i3 Jozaa-
BaHHAM 50 % mIIaKy 3MEHIIYIOTh CTUCIUBICTD y 12
pasiB. JlogaBaHHS B ITIMHY aKTUBHOTO MYJy JO3BO-
nsie 301TbIMTH MOy b Aedopmartii 3 7,8 mo 20,3
Mlla, nnrak migBuIIye 1o BenuauHy a0 52,7 Mlla.

Mopayas gedopmanii 3paskiB KOMIO3ULiiTHOTO

Marepiany, po3paxoBanmuii 3a ¢popmy.Jioro (4),
cranoButh; Mlla:

TarHA 100%0 .o 7,8
T'nuna 50 % + akTUBHEHA MY 50 %0 ..voveviviceenneen, 20,3
I'muna 65 % + akTUBHUN MYI 35 %0 cevevevienieeieens 15,5
I'muna 85 % + akTUBHUN MY 15 %0 ceveveiieiieicne 10,7
I'muna 50 % + aktuBHui mya 50 % +
TITAK 5O Y0.evvieeeiiie ettt 21,0
I'muna 50 % + aktuBHUI My 50 % +
TIAK 15 Y0iiiiiiiieiiie ettt e 31,3
I'muna 50 % + axTuBHUHA Myn 50 % +
IITAK 35 Y0 432
I'muna 50 % + axTuBHUHA Myn 50 % +
IITAK 50 Y0.uvviiieeiiii e 52,7
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MMIBUINEHHS IX CTIMKOCTI Ta MinHocTi. Bitku mic-
0494 TATH Taki ¢pyHkmionanbHi rpymu: —COOH, -NH,, —
OH Tta iH.,, TOOTO € THUIIOBUMH MOBEPXHEBO-

0,484 .
AKTUBHUMH PEYOBHHAMU. HpI/I BUT'OTOBJICHHI KOM-

Koedument noprueroctie

0474 MO3UIIITHOTO MaTepialy Ha OCHOBI TIWHUCTHX
IPYHTIB 3a3HaueHi (YHKIIOHANBHI TPyNH B3a€EMO-
0464 JUIOTH 3 TIAPOKCHJIBHUMHU TPYIIaMH, pPO3TalloBa-

HUMHM Ha MOBEPXHI INIMHUCTUX YAaCTHHOK, 3 yTBO-
pEeHHSIM TpocTopoBoi cTpykTypu. Kpim Toro, BBe-
JCHHS aKTUBHOTO MYJy CIpUsi€ IenTu3auii — pyi-
HYBaHHIO  arperatiB IPyHTYy 1 YTBOPEHHIO
0434 KOHTAaKTiB MK OKPEMHUMH YaCTHHKaMH, 110 ¥ IpH-
3BOAUTH 10 3MEHIIEHHS CTHCIMBOCTI 3pa3KiB 3a
0 0 T 025 paxyHOK 3MEHIIEHHs 3arajbHol mopucrocti. [lo-
. JIaBaHHsl [IAKY CUPUSAC YTBOPEHHIO ONTHMAILHOT
—-15% -@-35% ~4-30% 4T CTPYKTYpU 3pa3KiB 3 PO3MILIEHHSIM MEHIINX 32
PO3MipaMy YaCTHHOK Y TpOLIapKax MK OUTBIINMH
yacTUHKaMu (puc. 3).
Otpumani B jabopatopii pe3yibTaTd HarOTh
Fig. 1. Chapge gf the porosity coefﬁc.ients of clay sam- IAPYHTS NPUICTHTH D0OPY 3MATHICTH IPYHTO-
ples with different amount of activated sludge BOTO KOMITO3UIIIfHOTO MaTepiaty 3 10/aBaHHAM
IIJJaKy 3MEHIIYBAaTU CBOIO CTHCIMBicTh. Lle 3ymo-
BJICHO 3OUTBIIEHHSAM KUTBKOCTI KOATYJISAIIIHHIX
KOHTAaKTiB B OJMHHUII 00’€My IPYHTY 1 30iNbIIeH-
HSIM HOro IIIBHOCTI 32 paxyHOK Oinbmioro 30.u-
JKEHHS BHCOKOAMCIEPCHUX YaCTHHOK. 3acTocy-
BaHHS aKTHBHOTO MYJy Ta HUIaKy 3abesrnedye Imij-
BUILIEHY HECY4y 3JaTHICTb IPYHTY, PO3ILUPEHHS
CHUPOBHMHHOI 0a3u Aj1sl HOro OTpUMaHHA 3 OJHOYAC-
HAM TIOKPAIICHHSM EKOJOTIYHOi CHTyallii B Mic-
Tax, 3a0e3NeueHHs MOXIUBOCTI BTOPUHHOTO BH-
KOPUCTaHHS YKPIIJICHOTO IPYHTY.

0454

444

Puc. 1. 3mina Koedimi€HTIB MOPUCTOCTI TIIMHUCTUX 3pa-
3KiB 3 Pi3HOIO KUTBKICTIO aKTHBHOTO MYy

o 2
== =57, =350, —=S00%, Tock P, MITa '!"— -f{ \‘h
. .. . . A B F
Puc. 2. 3mina xoedinieHTIB HOPUCTOCTI TITMHACTHX }%‘_ }%‘: 3!
3pasKiB 3 PI3HOIO KUIBKICTIO IIIAK LY L
P p y ! { 3\
. . . i\ r ]
Fig. 2. Change of the porosity coefficients of clay : -1 } 2 2 E’r
samples with different amount of activated slag 4 ( o
.S

HaykoBa HOBU3HA Ta NPAKTUYHA 3HAYMMICTH

WV

AKTUBHHI MY € IPOIYKTOM 010JOTIYHOT 04H-
CTKH NIPOMHCIIOBUX CTIYHMX BOJ Yy BHUIJIAAI KOJOi-

JTHO-IUCIIEPCHOI CUCTEMH, SIKA CKJIANA€THCS 3 KOM- .
aKTUBHOTO MyITy (2) y mpoIapKax MiX arperaraMu

IUIEKCY MIKPOOPIaHi3MiB 3 aJicOpOOBaHUMHU Ha HUX rpyTy (3) y BHNAIKY ONTHMATBHOT (a) Ta
OpraHiYHUMM 1 HEOpPraHiYHMMH peuoBHHAMU. [0 HEONTUMATBHOI (6) CTPYKTYpH

XIMIYHOTO CKJIQJy aKTHBHOTO MYJY BXOIHWTH Bill
30 g0 50% Oinky, 1m0 JO3BOJISIE 3aCTOCOBYBaTH
HOTo SIK 3B’513y04€ IPYHTOBHX MaTepialliB 3 METOIO

Puc. 3. Cxema po3MilieHHs! YaCTHHOK nutaky (/) ta

Fig. 3. Allocation scheme of slag particles (7) and acti-
vated sludge (2) in between the layers of soil aggregates
(3) in case of optimal (@) and non-optimal () structure
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BucHoBku

VY pe3yabTari MPOBEICHHMX AOCHIIKCHb BCTa-
HOBJICHO, 110 Je(OpMalliiiHi BIaCTUBOCTEH TJIMHU-
CTHX TPYHTIB, OTPUMAaHHUX MPU CTATUYHOMY HaBaH-
Ta)XeHHI, TOKPAIIYIOThCS MPHU JOIaBaHHI MIJTaKy Ta
aKTHBHOTO MYJIy, IO MPOSIBJIETHCS Y 3MEHIICHHI
CTUCITUBOCTI Ta 30UNbIIEHHI MOAYNs aedopmariii
rpyHTy. lle m03BOJITE OTpUMAaTH TEXHIYHUH pe-

3yIbTaT, BUPAKEHUH y 30UIBIIEHHI MIITHOCTI KOM-
MO3HIIIHHOTO MaTepialny Ha CTHCK 0e3 BHKOpHC-
TaHHS KOHJUIIHHUX BHCOKOBUTPATHHX B’SKYUHX
(meMeHTy, BallHa), 3HWKEHHI BUTPAT KOHIUIIIHO-
ro IPYHTY Ta BiATIOBIIHO 3HMXEHI BapTOCTI 3aKpi-
TUICHHSI, PO3LIMPEHHI CUPOBUHHOI 0a3u JJisl OTpH-
MaHHS Marepiaiay, MOKJIUBOCTI BTOPUHHOTO BHKO-
pUCTaHHS YKPIIUICHOTO IPYHTY 0€3 WOTro BHBE3CH-

HS Ta yTHJII3aLii.
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NCCIEAOBAHUE JE®OPMAINNOHHBIX XAPAKTEPUCTHUK
I'PYHTOBBIX MATEPHUAJIOB C HCITOJIB3OBAHHUEM OTXO/J10B

Heas. /Iy NOBBIIEHNS SKOJIOIMYECKOW YHCTOTHI BCE Yallle KOHAWIMOHHBIE CTPOUTENbHbIE MaTepHalbl 3aMe-
HSIOT OTXOJaMHU MPOM3BOJICTB. DTO KacaeTcs Kak METAUTYPrHYeCKUX IUIAKOB, TaK M aKTHBHOTO MJIa CTaHIMH OHO-
JIOTHYECKOW OYMCTKHM TOPOJCKHX CTOYHBIX BOJ. [l BBISICHEHMS BO3MOXKHOCTH HMX HCIIOJIB30BaHHS HEOOXOIMMO
uccen0BaTh Je(opManuoHHbIE CBOMCTBA KOMIIO3UIIMOHHBIX IPYHTOBBIX MaTEpHAIOB C J00aBICHHEM YKa3aHHBIX
otxonoB. Meroauka. IIpn n3yuyeHnn HanpsHKEHHO-Ie(OPMHUPOBAHHOTO COCTOSIHUS TPYHTA B CIIOXKHBIX YCIIOBHSIX,
B KOTOPBIX M HAXOAWTCS TPYHT OCHOBAHUH PEalbHBIX 3IaHUNA U COOPYKEHHUH, B KauecTBe AehopMaIrimoHHON Xapak-
TEPUCTHUKHU HCIIONIB3YIOT MOAYJIb 001el aedopmaryn Eg. DTy XapaKTepHCTHKY ONPEAENISUI 110 pe3yabTaTaM UCIIbI-
TaHUH 00pa3I0B IPyHTa B KOMIIPECCHOHHBIX MPpHOOpax (0J0MeTpax), KOTOPBIE UCKIIIOYAIOT BOZMOKHOCTE OOKOBOTO
paciupeHusi oopasiia rpyHTa Py €ro Harpy>KCHUH BEPTUKAIbHOM Harpyskoi. Pesyabrathl. B pesynbrate nsme-
peHuil ObUIM MOCTPOEHBI KOMIPECCUOHHBIE KPHUBBIE 3aBUCUMOCTU KOA(QQUIMEHTa MOPUCTOCTH OT AaBieHus. Ilo
9THM JaHHBIM OIpeeNieH KOI(PPHUIUECHT CXKUMAEMOCTH M MOJIYJb JeGopManud. YCTaHOBICHO, 4TO j00aBlICHHE
AKTHBHOTO MJIa YMEHBIIAET KOA(PQUIMEHT CKUMAaEMOCTH 00pa3noB B 4 pasa 1o cpaBHEHHMIO ¢ rimHOM. 1o cpaBHe-
HUIO ¢ oOpasnamu, KoTopele coaepxkaTr 50 % aktuBHOTrO Wia, o0pasnsl ¢ gqobasneHreM 50 % IIIaka YMCEHBIIAIOT
cknmMaeMocTh B 12 pa3. JloGaBieHne B IMIMHY aKTUBHOTO HJIa TIO3BOJIIET YBEIMYUTh MOAYIb Aedopmarn ¢ 7,8 10
20,3 MIla, mak noBslmaeT 3Ty Beauuuny 1o 52,7 MIla. Hayynas HoBu3Ha. [Ipu M3rotoBiaeHMH KOMIIO3ULMOH-
HOTO Mareprajia Ha OCHOBE TJIMHHCTBIX TPYHTOB (DYHKIMOHAJIBHBIE TPYHIBI aKTUBHOTO MJIa B3aMMOJCHCTBYIOT C
THIPOKCHUIIBHBIMH TPYIIIaMH, PACIIONIOKEHHBIMH Ha TIOBEPXHOCTH TJIMHUCTBIX YaCTHL], C 00pPa30BaHUEM MPOCTPaH-
CTBEHHOI cTpyKTyphl. KpoMe Toro, BBeeHNE aKTHBHOI'O WA CIIOCOOCTBYET MENTH3ALMH U Pa3pyLICHUIO TPYHTO-
BBIX arperaToB, 00Pa30BaHMIO KOHTAKTOB MEX/Y OTACIbHBIMHU YaCTUIAMH, YTO MPHUBOAUT K YMEHBIICHHUIO C)KUMae-
MOCTH 00pPa3IIoB 33 CYCT YMEHbIICHHUS 001IeH mopucTocTy. JJobaBiieHue UTaka CrocoOCTBYeT 00pa30BaHUIO OINTH-
MaJIbHOI CTPYKTYpPbl 00pa3lioB ¢ pa3MelleHHEM MEHBIINX [0 pa3MepaM YacTHIl B CJIOSX MEXIy OOJbIIMMHU YacTH-
namu. [IpakTuyeckasi 3HAYNMOCTD. [IprMeHeHre aKTUBHOTO MJla U 1IUTaKa 00eCIeYMBAaET MOBBIIICHHYIO HECYIIYIO
CIOCOOHOCTh TPYHTa, PACIIUPEHNE CHIPbEBOH 0a3bl JJIsl €ro TMOJIyYeHUs ¢ OJTHOBPEMEHHBIM YIIYYIICHHEM KOJIOTH-
YeCKOH CHTyallH B TOPOAaxX, 00eCrieYrBaeT BO3SMOKHOCTH BTOPUYHOTO HCIIOJIB30BAHUS YKPEIIEHHOTO TPYHTA.

Kniouegvie cnoea: yKperuleHHbIH TPYHT; 1IUIAK; aKTUBHBIN WIT; MOAYJIb NeopMaiinn; KodpUIHeHT NopucToCTy;
KOA(PHUIUEHT CKIMAEMOCTH
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THE STUDY OF DEFORMATION CHARACTERISTICS OF SOIL
MATERIALS WITH THE USAGE OF WASTES

Purpose. More often the qualified building materials are replaced by the industrial wastes for environmental
improvement. This refers to both metallurgical slags and biological solids of water treatment plants. In order to un-
derstand the possibilities of their usage it needs studying deformation properties of composite soil materials with
industrial wastes addition. Methodology. The soil of real buildings and structures foundation is in the complicated
conditions and the stress-strained state. While studying this state the total deformation modulus E, is used as the
deformation characteristic. This one is determined according to the results of sample soil testing in the compression
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instrument (odometer). This instrument prevents the possibility of lateral expansion of sample soil under the vertical
load. Findings. As a result of the testing the compression curves are plotted as the dependence of the porosity coef-
ficient on pressure. These data allow determining the compressibility coefficient and the strain modulus. It is found
that a biological solids addition increases the compressibility coefficient four times compared to the clay. The two
types of samples are compared. The first type contains 50% of biological solids. The second type contains 50% of
biological solids and 50% of slag. The comparison shows that the second type is compressed twelve times less. An
addition into the clay of biological solids increases the strain modulus from 7.8 to 20.3 MPa. The slag increases the
strain modulus to 52.7 MPa. Originality. While making the composition based clay materials the functional groups
of biological solids interact with hydroxyl groups which are placed on the surface of clay particles and form a spatial
structure. Besides an addition of biological solids contributes to peptization, soil aggregates destroy themselves, and
form contacts between separate particles. It causes the decrease of soil compressibility due to the total porosity de-
crease. An addition of slag results in formation of optimal structure where particles of less sizes are placed in layers
between bigger particles. Practical value. An application of biological solids and slag provides the increased load-
carrying capacity of soil, extending of raw material sources while improving the environmental situation in the cit-
ies. Also it provides the recycling of reinforced soil.
Keywords: reinforced soil; slag; biological solids; strain modulus; porosity coefficient; compressibility coefficient
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—  BHCHOBKH: HEOOXiJTHO HAaBECTH JOCATHYTI KUIBKICHI Ta SKICHI MOKa3HWKU JOCITI/DKEHHS, BUKJIACTH PEKO-
MeH/aIi1 3 X BUKOPUCTAHHSI.

3 ycix nuTaHb 3BepTaliTecs 10 peaakilii ;KypHaJIy 3a aJpecolo:
HayxoBo-texniuna 6i0mioteka (aya. 166),
JHinpomeTpoBChKMiT HAllIOHANBHUN YHIBEPCHUTET 3aIi3HUYHOTO TPAHCIIOPTY iMeHi akanemika B. Jlazapsna,
By JlazapsHa, 2, M. J{Hinpo, YkpaiHa,
49010
e-mail: visnik@diit.edu.ua

Caiit xxypHany: http://stp.diit.edu.ua/
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OI'OJIOLIEHHA

ACIIIPAHTYPA
JIHITPOTIETPOBCHKOTO HAI[IOHAIBHOTO YHIBEPCUTETY 3ai3HUYHOTO TPAHCTIOPTY
imeHi akagemika B. Jlazapsna 3ATTPOIIYE nns HaB4aHHS

Ha 3100y TTS HAYKOBOTO CTyIEHs JOKTOpa (histocodii 3a cremiabHOCTIMH:
s 033 dinocodis
s 051 Exonomika
< 073 MeHEeIKMEHT
s 101 Exomoris
% 122 Komm’1oTepHi Hayku Ta iH(popMaIliiiHi TEXHOIOT11
144 TemmoeHepreTuka
< 192 ByniBHUIITBO Ta MBUIbHA THXEHEPIs
273 3ani3HAYHUN TPAaHCTIOPT
% 275 TpaHCHOPTHI TEXHOJIOTIT (32 BUIAMH)
[TinroToBKa acmipaHTiB 3IMCHIOETHCS 3a JEHHOIO Ta 3a09HOI0 (DOPMOIO HABYAHHS 32 PaxyHOK
JHepxOrompkery YKpaiHu Ta KOIWITIB (i3UYHUX, IOPpUANYHUX 0cib. Tepmin HaBUaHHS 4 POKU.
Etanu BctynHoi kammanii y 2017 pori:
—  IpuiioM 3asB Ta J0KyMEHTIB — 3 21 cepnHs mo 03 BepecHs 2017 poky;
—  TepMiHHU IPOBEJCHHS BCTYMHUX icnuTiB — 3 04 BepecHs mo 10 BepecHs 2017 poky;

— II0YaTOK HAaBYAaHHS B acmipaHTypi — 2 k0BTHH 2017 poky.

3Bepratucs 3a azapecoro: 49010, Vkpaima, wm. [luimpo, Byn. B. JlasapsHa, 2,
B +38(056) 373-15-63, e-mail: aspirantura_diit@ndch.diit.edu.ua

Dnipropetrovsk National University of Railway Transport named after Academician
V. Lazaryan invites for postgraduate studies in the field of:
¢ 033 Philosophy
051 Economy
073 Management
101 Ecology
122 Computer Science and Information Technology
144 Power System
192 Construction and Civil Engineering
273 Railway Transport
275 Transport Technologies (by types)
Training of postgraduate students in the University is carried out in full-time and
correspondence forms. The standard period of study is 4 years.
Stages of admission to postgraduate school in 2017:
» acceptance of applications and documents — from 21/08/2017 to 03/09/2017;
* timing of entry exams — from 04/09/2017 to 10/09/2017;
* beginning of postgraduate studies —2/10/2017
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49010, Ukraine, Dnipro, V. Lazaryana St, 2, tel.. +38 (056) 373 15 63,
e-mail: aspirantura_diit@ndch.diit.edu.ua
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HayxoBe Bumanusa

HAYKA TA IPOT'PEC TPAHCHOPTY.

BICHUK JHINPOIMMETPOBCBKOI'O HAIIIOHAJBHOI'O YHIBEPCUTETY
3AJIBHUYHOI'O TPAHCHOPTY IMEHI AKAJJEMIKA B. TA3APSHA
Ne 2 (68) 2017
(yKpaiHCBKOI, POCIHCHKOK Ta aHTJIIHCHKOK MOBaMH)

BigmoBinansHuit 3a Bunyck —A. I. Mupropojaceka
Komn’rotepHe Bepctanus —A. O. Kaipa, O. B. [lomiHoBa
JlitepatypHa 06po6ka —O. M. Bpyb6neBcbka

®opmaT 60X 84'%. VM. npyx. apk. 20,69. Tupax 300 mp. 3am. Ne 016/17

JAuninponeTrpoBCchbKUii HAIOHANBbHUN YyHiBepcHUTET 3aJi3HUYHOIO TPAHCHOPTY
imeni akagemika B. Jlazapsana
Aopeca pedakyii, eudasys:
By JlazapsHa, 2, kim. 267, M. [{ainpo, 49010, Ykpaina
Ten.: +38 (056) 371-51-05
E-mail: lib@b.diit.edu.ua, visnik@diit.edu.ua
Apy:
Bupasuuirso «I'epra», 49000, m. Juinpo, nip. . SIBopHHIBKOTO, 60
CaizourBo cy6’ekta BuaaBHu4oi crpasu cepist JIK Ne 397 Bix 03.04.2001 p.
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Hayunoe usznanue

HAYKA TA NPOI'PEC TPAHCIIOPTY. BICHUK JHINPOINETPOBCBKOI'O HAIIIOHAJIBHOI'O
YHIBEPCUTETY 3AJIBHUYHOI'O TPAHCHOPTY IMEHI AKAAEMIKA B. JA3APSJHA

(HAYKA U IIPOTPECC TPAHCIHIOPTA. BECTHUK JHEINNPOIIETPOBCKOI'O HAIIMOHAJIBHOTI' O
YHUBEPCUTETA KEJE3HOJOPOXKHOI'O TPAHCIIOPTA UMEHU AKAJEMUKA B. JIA3APSIHA)
Ne 2 (68) 2017
(Ha YKpPaMHCKOM, PYCCKOM M QHTJIIMHCKOM s3BIKaX)

OTBeTcTBEeHHBIHN 32 BeINycK —A. I. Mupropoackas
KomnerorepHas Bepctka —A. O. Kaupa, O. B. [TomunoBa
JIuteparypunas o6paborka — O. M. BpyOunesckas

®opmar 60X 84'/s. Vc. meuat. nuct. 20,69. Tupax 300 sx3. 3ax. Ne 016/17

JlHenpoNeTPOBCKHIl HAHOHAJBbHBIH YHHBEPCHUTET JKeJE3HOJAOPOKHOTO TPAHCNOPTA
HMeHH akaaemuka B. Jlazapsuna
Aopec pedarkyuu, uzoamens:
yi. JlazapsiHa, 2, koM. 267, r. [{nurpo, 49010, Ykpauna
Ten.: +38 (056) 371-51-05
E-mail: lib@b.diit.edu.ua, visnik@diit.edu.ua
Hevams:
W3znatensctBo «I'epra», 49000, r. Auenp, np. . ABopHuikoro, 60
CBueTensCcTBO cyObekTa u3aarTensekoro neia cepust IK Ne 397 or 03.04.2001 r.
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