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HEPCIHHEKTUBU BUKOPUCTAHHA IPUBATHUX JIOKOMOTHUBIB
JJISA IEPEBE3EHHSA BAHTAKIB Y HAIIPSIMKY MOPCBKHUX ITIOPTIB

Mera. Y gaHuil yac MaricTpajbHUI 3ai3HUYHUHA TPAHCHOPT YKpaiHM 3HAXOJUTHCS MOBHICTIO B JEpiKaBHIN
BJIACHOCTI. YKpaiHa B3sula Ha cebe 3000B's13aHHS moA0 iMmiemMenTanii JupektuB €Bponeiicbkkoro Coro3y, sKi Iie-
pendadaroTh HETUCKPUMIHAMIMHUN MOIyCK A0 3ali3HAYHOI iHQPACTPYKTYpPH HE3aJe)KHHX MEepeBi3HUKIB. 3HAYHA
KUTBKICTh (paKTOPIB CYTTEBO BIUIMBAE HAa YMOBH POOOTH HE3aNEKHHUX BiI YKpP3ali3HHUI NepeBi3HUKIB. OmHi€I0
3 3aJ1a4, sIKa BUHUKA€E ITPU BUKOHAHHI NE€PEBE3CHb HE3IC)KHUMH MEPEBI3HUKAMHU, € OpraHi3alis poOOTH NPUBATHUX
JIOKOMOTHUBIB Ta iX 00CIIyroByBaHHS JIOKOMOTHBHUMH OpuragaMu. MeToIo CTaTTi € OL[iHKa TEXHIYHUX MOXIIMBOCTEH
BUKOPHCTAaHHS NMPUBATHUX JOKOMOTHBIB IJIi BUKOHAHHS IIEPEBE3CHb BAaHTAXKIB y HANPSIMKY MOPCHKHX IIOPTIB.
Metoauka. JlociikeHHs BUKOHAHI Ha OCHOBI METOJIIB OpraHizaiii ekcIulyaTaniiHol poOOTH 3alli3HHUIb Ta METO/IIB
TATOBHUX pO3paxyHKiB. Pe3yabraTn. Y poboTi po3risiHyTa npodsemMa opraHisauii nepeBe3eHb BaHTaXIB Y MOPCHKI
MOPTH HE3aJIeKHUMHU TNepeBiZHMKaMu. Bu3HaueH1 oTpeOu B eKimipyBallbHUX MaTepiajiax AJisl TEIUIOBO3IB Ta €NeKT-
POBO3IB Yy 3aJIS)KHOCTI BiJ| BiICTaHI NlepeBe3eHb. Takoxk BU3HAUEHI JOIMYCTHUMI BIJICTaHI, SIKi MOKYTh 00OCIIyrOByBaTH
JIOKOMOTHBHI OpUTa Iy NMpu BUKOHAHHI BUMOT 00 TPUBAJIOCTI 1X Oe3mepepBHOi poboTu. Po3pobieHo cxemu pos-
TallyBaHHs 1HQPACTPYKTYpHUX 00’€KTIB 1Isi 3a0€3MeueHHs] poOOTH JIOKOMOTHUBIB Ta JIOKOMOTUBHHX Opuraj. Bera-
HOBJIEHO, [0 TEIJIOBO3M HE3aJEeXHUX IEPEBI3HUKIB 3MOXKYTh 0OCIyrOBYyBaTH NEPEBE3EHHS MK CTaHIISIMH HaBaH-
Ta)XCHHS Ta BUBAaHTXXCHHS 10 822 KM, a enekTpoBo3u — 10 1000 kM i3 criopyKeHHSIM OCHOBHOT YaCTHHU JIOKOMO-
TUBHOI iHQPACTPYKTYpH HA MPHUIIOPTOBIN CTaHIii. BUKOHaHI po3paxyHKH MMOKAa3yIOTh MOTEHIIIHY MOKIUBICT 0XO0-
IUICHHS HE3AJIKHUMH TIEPEBI3HHUKAMHU 3aJi3HWMYHUX IE€PEeBE3CHb Y MOPCHKI MOPTH 3 BUKOPUCTAHHS BHUKIIIOYHO
BJIACHOI JIOKOMOTHBHOI iH(pacTpyKkTypH. [y yTOUHEHHS JTOBKHHU IIIiY 0OCIyroBYBaHHS JJOKOMOTHBAMH II013]1iB
Ta JIOKOMOTHBIB JIOKOMOTHBHHMH OpHrajgaMyu HEOOXiTHO BUKOHATH JOAATKOBI PO3PAaXyHKH Ha OCHOBI JETalbHHUX
npodiniB AiTHOK o0ciyroByBaHHs. HaykoBa HOBHM3HA. Y JOCIIIKCHHI OTpUMaHi CXeMH 00Iry JIOKOMOTHBIB
Ta JIOKOMOTHBHHX OpWrajx He3aJeKHUX IIE€PEeBI3HUKIB TPH OOCIYrOByBaHHI HHUMH MOPCBKHX IOPTIB.
IpakTHyHa 3HaYUMicTh. Pe3ynpTaTi poOOTH H03BOJSAIOTH OIIHUTH HOTPEOH B TOKOMOTHBHIN 1HPPACTPYKTYpi, SKi
BUHUKHYTH TIPH BIIKPUTTI PUHKY 3aJII3HUYHUX [TEPEBE3CHB IS He3aJIEeKHIUX IIePEBI3HUKIB.

Kntouogi cnoga: 3ami3HUYHUI TPaHCHOPT; BaHTAXHI MEPEBE3CHHS; JIOKOMOTHB; PECTPYKTYpHU3aLlisl 3alli3HHUIb,
oprasisarlisi IepeBe3eHb
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Beryn

OpHi€r0 3 OCHOBHHX MPOOJIEM CydacHOTO 3aji-
3HUYHOTO TPAHCIOPTY B YKpaiHi, AKa 3arpoxkye sK
cTabinpHOCTI, Tak 1 Oe3meri poboTH ramysi, € Kpu-
THYHUH 3HOC MOTO OCHOBHHMX 3ac00iB, 30Kpema
JIOKOMOTHBHOTO HapKy. 3rigHo 3 [losicHIoBaIbHOIO
3allUCKOI0 70 (hiHAHCOBOTO IUIaHy YKp3alli3HUII
ma 2017 pik [10] 70KOMOTHBHU# TapK ITiAIPHEMC-
TBa ckiaaae 3871 oAuHMIG, Y TOMY YHCIII:

— IHBEHTapHHH TAapK EJIEeKTPOBO3iB CKIIaAa€e
1 720 omuHnne 3 HUX: B ekcrutyaraii — 1 061, He-
cnpaBauX — 509, 3amac-peseps — 150, npu 1pomy
3HOC €JIEKTPOBO3iB ckianae 93,0 %.

— IHBEHTapHUIA MMapK TEII0BO3iB ckiagae 2 151
ONMHUIIG, 3 HUX: B ekcruryatamii — 1 017,5, ne-
cnpaBaux — 984,5, 3amac — peseps — 149, mpu
BOMY 3HOC TETIOBO3iB ckiaaae 99,8 %.

Kpu3zoBi sBuIa Ha pUHKAX 3aJi3HHYHUX TEpe-
BE3CHb, 5Ki NepeOyBatOTh B MOHOITOJILHOMY CTaHi,
XapakTepHi g 0aratbox Kpain. Y €Bporneicbko-
My Coro03i SK BHpIIICHHS JaHOI MPOOIeMH peai-
30BaHO BEPTUKAIBHHUN TOMIN 3aJI3HAYHOI Tamy3i
LUISIXOM BiJUIIJICHHST iHQpacTpyKTypH 3ai1i3HHYHO-
ro TPaAHCIOPTY BiJ MEpPeBi3HOI misuibHOCTI. Ilpm
oMy OyJI0O BHIAHO YOTHUPH NakeTH JupexTus
€Bporneticbkoro Coro3y, OJHIE0 3 OCHOBHUX IIUJICH
SIKOTO € 3a0e3MeYeHHs HEeIUCKPUMIHAIIIHOTO J10-
MMyCKy HE3aJeKHUX IEPEBI3HUKIB Ha 3ali3HUYHY
inppactpykrypy [20, 23]. HocaimkeHHs mpoodiem,
3 SIKUMH CTHKAIOThCS HE3aJIC)KHI MEePEBI3HUKU BU-
KoHaHO B [22]. 3okpema B [22] mociikeHi yMOB
pobotru 3amizHunp Dianganpii. Sk ocHOBHI mpo-
OnemMu, 3aNi3HUYHUX TepeBi3HUKIB y DinmsHmii
BKa3ylThCs: HEOOXIJHICTh 3HAYHHMX I1HBECTHIIIN
Yy pyXoMmuil cKiana, JTUCKpUMIHAIliS Ha eTari CKia-
JIaHHS PO3KIIAly pyXy IMOi3/1iB, CKIaHICTh OIOpOK-
paTUYHUX TPOLEAYpP NMPH OTPUMAaHHI JO3BUTBHHX
nokyMeHTiB. Jist ymos Ilombmii Ta IlBemii Bimo-
BimHO 110 [19] ocHOBHMMHE Oap’epamu IS BXOMY
Ha PUHOK € BHCOKa BapTIiCTh TATOBOTO PYyXOMOTO
ckyaay Ta Oropokpartisi. [l 3MEHIIEHHS T0YaTKO-
BHUX IHBECTHIII B JIOKOMOTHBH II€PEBI3HUKH BBa-
KATh 32 Kpalle BUKOPHUCTOBYBATH KOJHIIHI
Y B)KUBaHHI JIOKOMOTHBH.

VY [21] npexncraBneHuii aHami3 yMOB poOOTH
HE3AJICKHUX TepeBi3HMKiB y HimeuunHi peanizo-
BaHa MOJEJb YaCTKOBOI'O BEPTHUKAIBHOTO PO3[Ii-
JICHHS 3aJ1i3HUYHOI raiysi, KoJu MeHemxep iHppa-
CTPYKTYpH MAa€ TaKOX MiJPO3AUIH, SKi HaJaroTh
MOCJYyTd 3 TEPEBE3CHHS BaHTAXIB 1 IMMaca)XUpiB.

IIpu npoMy BKa3yeTbcs, INO B paMKax [Iir0doi
B HiMeuuwni HOpMaTtuBHOI 6a3u MeHEmKEp iH(Dpa-
CTPYKTYpH Ma€ MOJIMBICTh CTBOPIOBaTH mpede-
peHIIii s 3aJeKHUX Bil HHOTO IEPEBI3HUKIB 3a
PaxyHOK BapiroBaHHS CKJIamy 1 SIKOCTI ITOCITYT JTOC-
TyIy A0 3ali3HWYHOI iH(dpacTpykrypu. Jlogartko-
BUMH TIpoOJIeMaMH, 3 SKHUMHU CTHKArOTbCs He3ale-
Hi TiepeBisaukd B HiMewuwnni, 3rigao 3 [25] € Te,
0 3ali3HWYHA iHPPAcTPyKTypa B KpaiHi HacaM-
nepe; ajanToBaHa AJsl MEPEBE3CHHS MaCaKUPiB
rpynoto Deutsche Bahn, Tomy ans BaTaxHUX T1€-
PEBI3HUKIB (32 TEXHIYHHMH CTaHIapTaMU) BHUCY-
BalOThCS IIJIBUIICHI BHUMOTH, TaKOX MPOOJIEeMU
CTBOPIOE BIJICYTHICTH TIOBHOTO JOCTYITY 110 iH(OP-
Marlii, o xapakTepu3ye iHppacTpyKTypy Ta iH.

Ha Temepimmniii yac maricTpalbHUHA 3aTi3HUY-
HUI TpaHCTOpT YKpaiHW 3HAXOAUTHCS MOBHICTIO
y Aep KaBHiH BIacHOCTI. YKpaiHa € ofHi€r0 3 Heba-
ratbox aepkaB CxinHoi ta LlenTpansHoi €Bporny,
ne 30eperiacst moiOHa CTPYKTypa opraHizamii pu-
HKY 3ali3HUYHUX MepeBe3eHb. AHAI3 IPOIECiB
pedbopmyBanus Ykp3amisuuii BukoHaHMU y [18,
24]. PedopMmyBaHHS 3aTi3HUYHOTO TPAHCHOPTY
VYkpainu O0yno popmansHo po3noyato B 2006 pori
3 mpuitEITTIM «KoHnenmii Jlep:xaBHOT mporpaMu
pedopMyBaHHS 3aTi3HUYHOTO TPAHCTIOPTY», MPOTE
ICTOTHHMX 3MiH Ha PHHKY 3aJli3HUYHUX NEpEBE3CHb
3a 11 pokiB Tak i He BimOynOCs, IO € OJHIEI0
3 IPUYHMH HOTO HE3aI0BIILHOTO CTaHy B AaHUI yac
1 MO MPHUBECTH JI0 KOJIANCY 3aJIi3HUYHOTO TPaH-
CHOpTYy B MailOyTHbOMY. Y LHMX YMOBax JIEMOHO-
TIOJTi3aIlisl PUHKY 3ai3HUYHUX TIEPEeBE3€Hb € Of-
HUM 13 KPOKiB, CIIPSIMOBaHHUX Ha CTBOPEHHS KOH-
KYPEHTHOTO CEpe/IOBUINA Y I[bOMY CEKTOpPi TpaHc-
MOPTHOTO  PUHKY Ta  MiABHLICHHS  HOTO
MPUBAOIUBOCTI JIJIsl IHBECTOPIB, 8 TAKOXK MPOIOHY-
€TBCS SIK METOJ 3HIKCHHS JIOTICTUYHHX BUTpAT
y BaHTaXOBianpaBHuKiB [2, 6]. JlogaTkoBUM CTH-
MyJIOM 110 pedOpMyBaHHS 3alli3HHYHOI Tary3i
€ MIINUCaHHAd YKpPaiHOW Yrofu Ipo acollialliio
3 €BporetickkuM Cor030M, BiJIMTOBITHO A0 SKOTO
VYkpaiHa B3siia Ha cebe 3000B'I3aHHA MO0 1MII-
nemenTarii JlupektuB €pporneiicbkoro Coro3y, sKi
nependavaroTh HEIUCKPUMIHALIIMHUAN JOMYCK J0
3aJI3HUYHOI 1HQPACTPYKTYPU HE3aIEeKHHUX NepeBi-
3HHKIB.

VY ToO# ke Yac HeOOXIJHO BiJ3HAYUTH 1 CYTTEBI
BiIMIHM B yMOBax poOOTH 3aJi3HUYHOT'O TPaHCIIO-
pTY Ykpainu Ta 3ami3HULb KpaiH €BpOINEHchKOro
Cotro3sy:
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— BaHTAKOHAINPYXEHICTh 3aJi3HUIL YKpaiHu
ICTOTHO TIEpEBUINYE MW MOKA3HUK Ha 3aJTI3HHIIIX
€porneiicekoro Coro3y; Uisi OpUKIaTy — BOHA
BHIIE BAaHTAXKOHAIPY>KEHOCTI 3aii3HuIe Himeddn-
HU B 4 pasu 1 [lombmii y 7 pasis;

— cepelHsl BiACTaHb TIepeBe3eHb B YKpaiHi
cknanae 544 kM, y Toil yac, Sk y KpaiHax €Bpo-
neiicbkoro Corozy — 200-350 km;

— piBeHb Tapu(iB Ha TOCIYTH 3 TEPEeBE3CHb
BaHTaXIB, fKi Hamae YKp3aJi3HUIL, € OJHUM
3 HAWHWKYHAX y CBITi; A MPHUKIAAY — BapTiCTh
TOHHO-KLJIOMETpa TEPEBE3CHHS BAaHTAXKIB 3aIi3HU-
1ero B Ykpaini Oiibin HiK B 11 pasiB HbKYE, HIXK
y Hompmi [12];

— pyX BaHT@OXHUX MOI3IIB B €BPOMEHCHKOMY
Coro3i TepeBa)KHO BHUKOHYETHCS 32 PO3KIAAOM,
y To#l 4ac, sk B YKpaiHi mepeBe3eHHS BaHTaXKiB
3IACHIOIOTECS 0€3 pO3KIay.

Bkazani pakropu OynyTh CyTTEBO BILIMBATH Ha
YMOBHU POOOTH HE3aJICKHUX BiJl YKP3ali3HUII TTe-
PEBI3HHUKIB.

Merta

MeToro CTaTTi € OLIHKA TEXHIYHUX MOKJIMBOC-
Tell BUKOPUCTAHHS MPHBATHUX JIOKOMOTHUBIB JJIs
BUKOHAHHS TEPEBE3¢Hb BAHTAXIB B HANPAMKY
MOPCBHKHUX TIOPTiB.

MeTtoauka

UuHHa 3aKoHOJaBYa Ta HOpMaTHBHA 0asza
VYkpainu He BUKIIOYae poOOTYy Ha MaricTpajabHii
3aJI3HUYHOI MEpeKi JIOKOMOTHUBIB, IO HE Halle-
*KaTh YKpaamizHuii. PoboTa Takux JTOKOMOTHBIB
Ha 3aJi3HHULSAX 3arajlbHOTO0 KOPHCTYBaHHS periia-
MeHTyeThes 1. 9.12 «[IpaBui TeXHIYHOI eKcIiTya-
Tanii 3ami3Hup YKpaiam». [Tynkrom 20 «30ipHu-
ka tapudiBy» [5] nepenbdauena tapudikariist mociayr
3a TEepeBE3CHHs] BaHTAXIB MaricTpaJbHUMHU 3ajli3-
HUIIMH 3 BIACHUM (OpPEHI0BAaHNM) JIOKOMOTHBOM.
CrsarHeHHs IUIATEXiB NPH LBOMY 3IIHCHIOETHCS
3 pO3paxyHKy Ha JIOKOMOTHB Ta Ha BaroH (3aBaH-
TaXECHUIH a00 TOPOXKHIH).

Excrumyartanist ~ JTJOKOMOTHBIB ~ HEPO3PHUBHO
MoB’si3aHa 3 poOOTOI0 JJIOKOMOTHBHOI 1H(pacTpyK-
TypH (JJOKOMOTHBHHUMH JIETIO, ITyHKTaMU EKiMipy-
BaHHsI, IMyHKTaMH TEXHIYHOTO OTJISIY JIOKOMOTH-
BiB, MyHKTaMH BiJINOYMHKY JIOKOMOTHBHHUX Opurax
Ta iH.), TOMY pO3TalllyBaHHs TEXHIYHUX CTaHIIIH Ha
Mepexi, M0 MalTh TaKy iHPPACTPYKTYpy, 3ilic-

HIOE BH3HAYAJIGHUH BIUIMB HAa MOKA3HUKH POOOTH
JIOKOMOTHBHOTO TMapky. Cy4acHa TEXHOJIOTisS BaH-
TaXHHUX TIEPEBE3CHb Nependavae, mo YKp3ami3Hu-
IS € OTHOYACHO SIK MEHEDKEPOM 1HGPACTPYKTYPH,
TaK 1 TPOMAaICHKUM TEPEBI3HUKOM. JIOKOMOTHBH,
SIKi 0OCITyTOBYIOTH TepPEBE3CHHS BAHTAXIB, IIPUITH-
caHi JI0 TICBHUX JIOKOMOTHBHHUX IO 1 MPaIOI0Th
y BCTaHOBJICHHX 30Hax oOepraHHA. [Ipm mpomy
OCHOBHUMH 3aBAAHHSIMH, SKi BUPILNIYIOTbCSA TPH
opraHizalii TAroBoOro 3a0e3neyeHHs] pyxXy MOi3xiB,
€ ONITUMI3aIlisl CXeM 00iry TOKOMOTHBIB Ha Mepexi
[16], omTmMi3amis TNpH3HAYEHHS JOKOMOTHBIB
i Opuran Ha moi3au [3, 6], 3MEHIIICHHST BUTpaT eHe-
propecypciB [4, 15]. JIist OMIHKK Ta TOPIBHSIHHS
pI3HHX BapiaHTiB pIillleHHS BUKOPHUCTOBYIOTHCS
IHTerpaibHi EKOHOMIYHI KpUTEPii, 10 BPaxOBYIOTh
BUTpaTH, TNOB'I3aHI 3 BUKOPUCTAHHSM JIOKOMOTH-
BiB JUIA TATH TOI3MIB 1 iX pe3epBHUM MIpoOirom,
OIJIATOI0 Tpali JIOKOMOTHBHUX OpHraj, MpocTOsi-
MU BaroHiB Ha cTaHMiAX. BupimenHs KOHQIIKTHUX
CUTYyaIlill 3IIHCHIOETBCSA IUCIIETYEPCHKAM amapa-
TOM 3 METOI0 JOCATHEHHS 3arallbHOCHCTEMHOTO
edekry. IIpobinemu 3abe3nedyeHHs AOCTYIY PyXO-
MO0 CKJIaJy JO TOJIOBHUX Ta IPUIUMAIBHO-
BINMIPaBHUX KONIA 1 yCYHEHHsS aBapidiHUX abo
KOHQUIIKTHUX CHUTYyalill 3 MOI3HMMH Ta MaHEBPO-
BUMH TIEPECYBaHHIMU PYXOMOTO CKJany YKp3ai-
3HMIIl BUPIIIYETHCS HUIAXOM TPOMYCKY IMOI3IiB
HE3aJIOKHNUX TIEPEBI3HUKIB 32 JKOPCTKUM PO3KIIa-
nom [1, 17]. Opranizaiiist foctymny 110 iHGpacTpyK-
Typd JIOKOMOTHBIB TIPUBaTHUX TIEPEBI3HUKIB
B YMOBaX, KOJH TEPEBE3CHHS 3/IHCHIOIOThCA 0e3
JNOTPUMAaHHS PO3KIAaay PyXy BaHTKHHUX TOI3[IiB,
€ TpOOJEMHUM IHMTaHHAM, SKE IIOB’SI3aHE 5K 13
3a0e3MeYeHHsM HEeIUCKPUMIHAIIHHOTO JIOCTYIY,
TaKk 1 3 BIJCYTHICTIO Tapu]iB Ha TakKi MOCIYTH.
BisbIn Toro, 3aTpUMKU B 00CIyrOBYBaHHI JIOKOMO-
TUBIB OyIyTh BUKIMKATH 1 MPOCTOI COCTABIB MOi3-
IiB Ha MaricTpalibHiil iHPpacTpyKTypi, Tapudu Ha
BUKOPUCTaHHS SIKOI TaKOX BiJCYTHi. Y 3B’S3KY
3 UM Ha eTari (OpMyBaHHS PHHKY II€pEBE3CHb
poOOTOCTIPOMOXKHOIO OyJle cxema, KO TeXHIYHe
00CJIyroByBaHHsI JIOKOMOTHBIB Oyje 3IiHCHIOBa-
TUCh y TYHKTaX, JI¢ CKOHIICHTPOBAHO HaBaHTa-
KEHHS, Y4 PO3BAHTAKEHHS BiINPAaBHULIBKUX Map-
mpyTiB. XapaKTepHUMH PHUCAMHU 3alII3HUYHUX TIe-
peBe3eHb, sIKi CKJIalCs Ha ChOTOJHI B YKpaiHi,
€ BUCOKA KOHIICHTpALlisl HABaHTa)KEHHsI Ta BHBaH-
TaKEHHS] Ha HEBEIHKIM KIIBKOCTI craHmii. Tak,
50 % BaHTaXHOI pOOOTH YKp3ali3HHUIII MPUIIAIAE
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Ha 4 % cranmiii. OCHOBHI CTaHIll HaBaHTaKEHHS
1 BUBAaHTa)XCHHS TIpeACTaBlieHl Ha puc. 1, me pos-
Mip KpYTiB BiAmoBizae oOcsATy BHKOHYBaHOi BaH-
Ta)XHOI pOOOTH.

30kpeMa iMOBIpHUMH ITyHKTaMH TPH3HAYEHHS
nmoi31iB, 1m0 0OCIyroBYIOTbCS NMPUBATHUMH JIOKO-
MOTHBaMH, MOXKYTb OyTH MOpPChKi nopTu Bemukoi
Opnecu, ne xkoHUEHTpYOThes Oinst 20 % BUBaHTa-
JKEHHSI BarOHIB 110 Y KP3aJIi3HUII.

. - HaBaHMaXeHHs N K

. - gUBaHMaXeHHs! e

Opranizariiss poOOTH NPUBATHUX JTOKOMOTHBIB
y IIbOMY BUMNAIKY Oyze 3A1iCHIOBATHCS 3a IIIEUO-
BUM cII0cOOOM, SIK 11€ 300paKeHO Ha pHUC. 2, KOIH
JIOKOMOTHB PYXa€ThCS Bin craHmil 4 1o mopty M
3aBaHTa)KCHUM 32 MapUIpyTOM, Ha cTaHuii M mpo-
XOAWTh TEXHIYHE OOCIYrOBYBaHHS Ta PYyXaeTbCA
MOPOXKHIM 32 MapHIPyTOM JIO CTaHIii 3aBaHTaKeH-
HA A.

Puc. 1. Po3ranryBaHHS OCHOBHUX CTAHIIN HABAaHT)KEHHS 1 BUBAHTAXXEHHS Ha TepUTOpPil YKpaiHu

Fig. 1. Location of the main loading and unloading stations on the territory of Ukraine

Puc. 2. Cxema po0OOTH JOKOMOTHBIB 3a IJICYOBUM
crocooom

Fig. 2. Locomotive haul distance scheme

HeoOxigHo Bif3HAYUTH, 0 MOTEHIIHHO JTOKO-
MOTHBHI JIelI0 MOXYTh CIIOPY/KYBaTUCh SIK Ha
CTaHIil HAaBaHTaXEHHS A, TaKk i HA TPUTIOPTOBIH
crannii M. OnHak, BpaxOBYIOUH, IO MPHIIOPTOBI
CTaHLil CHIBOPALIOIOTH 3 BEJIMKOIO KIJIBKICTIO BaH-
Ta)XOBIATIPABHUKIB, & KPYIHi CTaHLlii HABAaHTAXXCH-
Hsl, SIK TIPAaBWJIO, OPIEHTOBAHI JIWIIE HA OJUH BUJ
BaHTaXy, TO OLIbII CTIHKOK EKOHOMIYHO OyJe
cXeMa pO3TalllyBaHHS JIENO Ha IPUIIOPTOBiH CTaH-

1ii, KON He3aJeXHi MMepeBi3HUKN BHUKOHYIOTH 3a-
BE3EHHS BaHTAXIB Y MOPCHKI MTOPTH.

Bincranb, Ha sikoMy MOXKe 0OCITyrOBYyBaTH JIO-
KOMOTHB TIpY Oprasizaiiii #ioro poboTu 3a Iiedo-
BHM CIIOCOOOM, OOMEXKEHa 3aracoM eKilipyBaib-
HUX MartepialiiB 1 perJamMeHTOBAaHMM YacoM Mixk
TEXHIYHUMH OOCIyrOBYBaHHSIMH. 30Kpema Juis
TEIUIOBO3iB 11 BIiJICTAaHb OOMEXKYETHCS 3armacaMu
MAJBHOTO Ta TICKY, a JUIs EJEeKTPOBO3a — JIHIIE
3amacamy micky. Takok JOJaTKOBUM OOMEXEHHIM
IUIsl €TIEKTPOBO3iB € BHJ CTPYMYy B KOHTAaKTHIH Me-
pexi.

TexHiuHAa HOpMa BUTPATH EHEPrOHOCIS JIOKO-
MOTHUBOM BH3HAYAETHCS K BUTpaTa €HEProHOCIS,
BilHECEHA 1O OIWHMII BHUKOHAHOI iM TOHHO-
KitoMeTpoBoi pobotu OpyTtTo [8]. 3asexHicTh Te-
XHIYHOI HOPMH BiJ] €KCIUTyaTalidiHUX 1 TEXHIYHUX
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(hakTOpiB BH3HAYAETHCSA PIBHAHHAM 3 TATOBO-
SHEepreTHYHOro TMacnopry JokomoTtuBa. Lle pis-
HSIHHS BUKOPHCTOBYIOTH JIJISi PO3PaxyHKY ILIAHO-
BHUX HOPM IO JIETIO, JJISl BHUSBJICHHS CKIIAay HOp-
MOOYTBOPIOIOYHX (DaKTOPIB 1 BU3HAYEHHS Koepii-
€HTIB 1X BILUTUBY, a TAKOX 0E3IMOCEPETHBO IS PO3-
paxyHKy HOPMH BHUTpaT CHEPrOHOCiI  Ha
KOHKpETHY Toi31Ky. [Ipy IboMy piBHSHHS TSATOBO-
CHEPreTHYHOI0 MaCIopTa JIOKOMOTHBA, IO BUKO-
PUCTOBYETHCS NMPU BU3HAYCHHI TUIAHOBUX HOPM TI0
JIETI0, BCTAHOBIIOE 3aJIEKHICTh MIK TEXHIYHOIO
HOPMOIO Ta EHEPreTHYHHMH XapaKTePHUCTUKAMU
JIOKOMOTHBA, CKJIaJIOM T0i3/1a 1 mapaMeTpaMu Ko-
i, 0 OTpUMaHI MPU YMOBI PyXy MOi3Aa Macoro

Q 3 cepeqHBOIO TEXHIYHOK MIBUAKICTIO V. IIO
CIPSIMIICHIH TUTSIHIT KOJIT 3 MOCTIHHUM YXUIIOM | .

PesyabTaTn

VY BumNajKy, KOJIU CTaHILis BiAnpasieHHI A Oy-
JIe PpO3TAIllOBYBAaTUCS B LEHTPaJIbHIM 4YacTHHI
VYkpaiHu, a craHilis NpU3HAYCHHS — Y MOPCHKOMY
mopTy M, TO eKBiBaJ€HTHHH yXWJI Ha JUIAHII 00-
ciyroByBaHHs Oyne ckinagatu Oins 0,25 %o. Buxi-
ITHI TaHi A1 po3paxyHKy HaBeneHi y Tabm. 1.

VY sKOCTi pO3paxyHKOBHUX THUIIB JIOKOMOTHBIB
npuiiHATI TermoBo3 2T2116 ta enextposos BJISO
T.c [13, 14]. [NacnopTHI XapaKTePUCTUKH JIOKOMO-
THUBIB, JJISl IKAX BUKOHYETHCS PO3PaXyHOK, MPUBE-
JIeH1 B Ta0imi 2.

Tabnuus 1

Buxiani nani 1J1s po3paxyHKy 10BKHHH TiJIbLHHIL, IO 00CJIYTOBYEThCS JIOKOMOTHBOM

Table 1
Input data for calculating the length of the area serviced by the locomotive
3HaueHHs MOKa3HUKIB ITiJ] 9ac pyxy
[Tokaznuk ]
J10 IOpTYy J0 CTaHL[l.l' HaBaHTAXXCHHA
ExBiBaJICHTHHI yXUIT —0,25%o0 0,25%o0
BicoTok MOpoKHIX BaroHiB 0% 100 %
HaBaHTa)keHHsI Ha BiCh 23,5 1/Bich 6 1/BiChH
Maca cocraga moi3zia 5170t 1320t
TexHivHa MIBUAKICTH 60 km/Tox 60 xkm/Tox
JinpbHUYHA MBHUIKICT 45 xm/rog 45 xm/rog
Tabmums 2
IMacnopTHi XapaKTePUCTUKH JOKOMOTHUBIB
Table 2
Passport characteristics of locomotives
Cepis TexHiYHI XapaKTEePUCTHKH JIOKOMOTHBA
JIOKOMO- . . N . . .
— Howminanena notnuna | Howminaneuuit KKJ] | 3uinna maca | ToauHHI BUTpaTH eHEPropecypcis,
TNOTYXHICTb JIOKOMOTHBA |  JOKOMOTHBA T| g | TOKOMOTHBA kBT-TOz
Ny » KBT P,r (KTHIT — ISt TETJIOBO3iB)
HOMiHAJIBHUI PEXHUM XOJIOCTOTO
pexum By xomy by
BJI8O t.c. 5956 0,899 190 6 625 330
272116 3335 0,293 276 960,0 30,0
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PiBHSIHHS 3 TSrOBO-€HEPreTHYHOTO IAcIopTa
JIOKOMOTHBA BU3HAYa€ HOPMY BUTPAT MaIbHOTO YU
enektpoeneprii Ha 10 000 Tkm OpyTTo 1 Mae Ha-
CTYNHHN y3aranbHEHUI BUTIIS!

Ay

N, =——
? Q- My

X

« KXEXNKH + KTC _Kx 'EX
v 367,2

T

(P+Q)(W, +i) |,

ae A, — IHIEKC BUAY TATH, SKHUHA U €IeKTPUIHOT
Taru cknagae 10 000, a 1j1s TEIOBO3HOI TATH
npuiimMaeThbest piBHEM 843 (Tpy BUMipIOBaHHI BU-
TpaT NAJbHOTO B HaTypaibHUX Ta 1 222.4 npu BU-
MipIOBaHHI BUTPAT MAJbHOTO B YMOBHUX OJIMHU-
ax [8]; Q —maca cocTasa moizna, T; BX — BITHO-
CHI BUTPaTH €HEPrOHOCIIB Ha XOJIOCTOMY XOAY

by =2

B‘lH

ne Ki. — Koe(illieHT TeXHIYHOTO CTaHy JOKOMO-
THBa; Ky — Koe(ilieHT BUKOPUCTAHHA MOTYXKHO-

CTi IOTOMDKHHUX CIIOKMBadiB JIOKOMOTHBA Ha XO-
aoctomy xoay; W, — OCHOBHMH nuTOMHII omip
pyxy noizaa [11].

Po3paxyHku BUTpaT MalbHOTO AJIS TEIUIOBO3a
2TD116, noka3yroTh, 1110 MIPH PYCi 3 COCTABOM Ma-
coto 5170 T y HampsIMKy MOPTY HOpMa BUTpPATH
najgbHOro Oyne ckianaté 13,5 Kr HaTypajgbHOTO
naneroro (krum) Ha 10* TkM GpyTTO 260 6,9 KrHMI
Ha T0i3/10-KM, a mpu pyci 3 cocraBoM 1320 Ty
HamNpsIMKy CTaHLii HaBaHTaXXEHHS, HOPMa BUTpaT
nanpHOTO Oyne cknamaté 39,4 kram Ha 10* TKRM
a0o0 5,2 KrHI Ha II013710-KM.

Hopma ButpaTtu enexkrpoeHeprii 1t e€l1eKTpo-
Bo3a BJI80 mpu pyci 3 cocraBom macoro 5 170 Ty
HampsIMKy — mopty  ckiamae 56,5 kBT Ha
10" tkM 6pyTTO 260 29,2 KBT Ha MOI310-KM, a NpH
pyci 3 cocraBom 1| 320 T y HampsMKy CTaHIii Ha-
BaHTA)KEHHS, HOpMa BHUTPAT ENEKTPOCHeprii Oyje
ckinagatu 169,6 kBt Ha 10* tkm aGo 22,4 kBTt Ha
MO013J10-KM.

[TyHKTH eKimipOBKH JIOKOMOTHBIB BCTaHOBIIIO-
IOTBCSL Ha MEpeXi 3 ypaxyBaHHSM HaWOUIBIIOTO
mpodiry JOKOMOTHBIB MK HAlOBHEHHSM OakiB
JM3ebHIM NATBHUM Ta OYHKEPIB MICKOM.

Haii6inpmmii mpoOir TerioBo3iB MK IyHKTa-
MH 3a0€3MeUeHHs TU3eIbHUM MNajJbHUM, KM, BH-
3HauaeThed 3a Gopmyioro:

A !
Qe
ne Ky, - Kkoedilient, sAKui  BpaxoBye

10-20 %-nuit 3anac mampHoro; K, — cymapua

MICTKICTh IIAJUBHHUX O0akiB JIOKOMOTHBA, KT
€y — HOPMa BHTPAT HATYPHOTO [M3EJBHOIO Ma-

nbHOTO, K1/10* T-KM GpYyTTO.

KyV,
L, zﬂlo“,
Qeyy
ae K, — koedilmieHT, sKHHA  BpaxoBye

10-20 %-nuit 3anac micky; K — cymapHa MicT-
KiCTh MCOYHHX OYHKEpiB JOKOMOTHBA, M-;
€y — HOpMa BUTpAT ICKY, M>/10° T-kM GpyTTO.

OxpiMm TOTO, BifICTaHB, Ky MOXE IMPOXOIUTH
JIOKOMOTHB, OOMEXYEThCS HEOOXIIHICTIO BHKO-
HaHHA HOro TexHiyHOTO ob6cayroByBanus (TO-1
abo TO-2), sike mpuU3HAYCHE IS MOICPEHKEHHS
MOSIBM HECIIPABHOCTEH JIOKOMOTHUBIB ITiJ] 4ac €KC-
IuTyartanii, migTpUMaHHS HOTO B Ipane3JaTHOMY
cTaHi, 3a0e3meueHHst Oe3MeYHoi eKcIuTyaTallii, mo-
KEeXKHOT Oe3rekn Ta 6e3aBapiitHOi poOOTH.

Texuiune obcnmyroByBanHs TO-1 BHKOHYETBCS
JIOKOMOTUBHMMHU OpHrajamu MijJ 4ac NpuilMaHHsS
JIOKOMOTHBA Ta MiJ Yac CTOSHOK. [Ipu BHKOHaHHI
TO-1 noxomoTuBHa OpHrajia nepeBipse TeXHIYHUHA
CTaH HAWOLIBII BiIMOBIIAIBHUX BY3JIIB JJOKOMOTH-
Ba. BpaxoByrouu, mo BuxkonasueM TO-1 € noko-
MOTHBHA Opurana, To Bkazanui Bua TO He oOMe-
KY€ BEJIMUMHY ITPOOITy JJOKOMOTHBA.

VY xoxi TexHiuHoro oocnyroyanHs TO-2 Bu-
KOHYIOTBCSI OTepallii 3 MepeBipKH Ta OTIIALY BY3JIiB
i CHCTEeM JIOKOMOTHBA, ¥ TOMY YHCIi E€KiMa)KHOi
(x0moBoOi) YacTWHM, TalBMIBHOTO, E€JIEKTPUYHOTO
1 TOTIOMIXKHOTO OOJIaHAHHS, TU3EIs, padioCTaHI1
U IHITUX TIPUCTPOIB 3a0€3MeUeHHS 0E3MEKN PYXY.

Texniune o6cmyroByBanHs TO-2 moi3HHX JO-
KOMOTHBIB MPOBOJMUTHCS y MYHKTaxX TEXHIYHOTO
obciyroByBanss (IITO), ski MarOTh mTaT CiltOCaA-
PIB 1, SIK IPABHUIIO, MICTATHCS B KPUTUX MPUMIIICH-
HSIX, OCHAIEHUX OIJISAOBUMH KaHaBaMM, €CTaKa-
JaMHU W 1HIIUM HEOOXiMHWUM OOJaJHAHHSAM, MPUC-
TOCYBaHHSIM Ta IHCTPYMEHTAMH.
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TexniuHe 00CITyrOByBaHHS MOI3HUX JOKOMOTH-
BiB TO-2 mpu 3akpiruieHiit i3/1i BUKOHYETbCS CITIO-
capsiMH, 3a YYacTH) 3aKpIiIUICHOI JOKOMOTHBHOI
Opuranm.

Bincrans, siKky MOXe MPOWUTH JIOKOMOTHB MIX
TO-2, moxxe OyTH BU3HaUEHA 32 BUPA30OM:

(Trop =t —ti —t2 )iV,
Lroz = t 4t" ’
3M 710

ne T;o, — BCTaHOBJIEHA TPHMBAJIICTh NPOOITy TeI-
noBo3iB Mixk TO-2; t_, — TpUBaNICTh 3HAXOKEHHS

JIOKOMOTHBA HA CTaHIii HABAHTAXEHHS; V, — JIb-

HHMYHA MBUIKICTB; tov, {2 — TpuBamicTh 3HaXO-

CcB !
JDKEHHSI JIOKOMOTHBA Ha CTaHIIi BHBAaHTAKEHHS
BIJIMIOBIZTHO BiJi MOMEHTY HPUOYTTS 10 MOMEHTY
3Madi JIOKOMOTHBA Ta BiJi MOMEHTY 3aKiHYECHHS
TO-2 no BiampaBieHHs.

t, — TpUBaJiCTb 3HAXOKEHHs JIOKOMOTHBA Ha

CTaHILii 3MiHU JIOKOMOTHBHOI Opuragu; t . — mo-
MMyCTUMa TPHUBAJICTh 3HAXOJKEHHS OpWramd Ha
HUTSIXY TPSIMyBaHHS:

H _ H_ _
tnﬁ — 'n6 tnp t3]17

H

. — HOpMa TpHBAJIOCTI HeMepepBHOi poOOTH JI0-

KOMOTUBHUX Opuram;, t , t — BUTpaTH 4dacy Ha

up ' 31
NpUiMaHHS Ta 37JaBaHHS JIOKOMOTHBA BiJIOBIIHO.
BpaxoByroun, 1m0 TpHUBaJiCTh MPOOIry Terio-
B03iB Mixk TO-2 Ha YKp3aji3HHMIlI 3TiJIHO 3 HAKa3a-
MH HavyaJIbHUKIB 3aJIi3HMUIb CKIagac 24—78 roaus,
TO TIPOOIr TeruoBo3iB Mixk TO-2 Moxke ckimamatu
1o 2 500 kM. Pesymbrat po3paxyHKiB MakcHMa-
JMBHHUX BiJICTaHEH M MPUMOPTOBHUMH CTaHIISIMU
BUBAaHTAXCHHS Ta CTAHLISIMH HAaBaHTaKCHHS JUIS
TEIUIOBO3HOI Ta EJIEKTPOBO3HOI TATH 3BeJleHI
B Ta0JI. 3, Jie B YMCEIbHUKY BKa3aHi MOXJIMBI BifIC-
TaHi TpoOIry JOKOMOTHMBA 13 3aBaHTAXCHHM,
a y 3HAMEHHHKY — 3 TIOPO’KHIMH BarOHaMH.
BpaxoByrouu Te, 1110 HaBIiTh BiJICTaHI TPaH3UT-
HUX 3aJII3HUYHUX TIePeBE3eHb BaHTAXiB M0 YKpai-
Hi y HampsMmky «IliBHiu-IliBAeHB» CKIamaOTH
800-1 100 kM, TO TEXHIYHO MOXKJIIBO OpraHi3yBa-
TH JOCTAaBKY 3HAYHOI YaCTWHHM ITiUIATAF0UYUX Map-
LIPYTOM BaHTAXIB y MOPTH TEIUIOBO3HOIO TATOIO,
3 yIamTyBaHHAM 1HPPACTPYKTYpH JIOKOMOTHUBHO-
r0 TOCIOJIAPCTBA HA NPUIIOPTOBHX CTAHIIAX Ta

ITyHKTIB eKiMipyBaHHS MICKOM — Ha CTaHINSX Ha-
BaHTaXeHHA. JlampHICTH TPOOITY eJIeKTPOBO3iB
npu BukoHaHHi TO-2 Ha mnpunopToBiil craHMmil
cknanae 1 250 kM, 110 103BOJISIE BUKOHYBATH JOC-
TaBKy BAaHTaXIB y MOPTH 3 NEPEBaKHOI YaCTUHU
Mepexi 31 3MIHHMM CTPYMOM y KOHTaKTHIH mepe-
xi.

[HIIoI0 BaXKIMBOIO 3aaveto, Ky MOBHHHI Oy-
IOyTh BUPINIYBaTH HE3aJCXKHi MEPEBi3HUKH, € Opra-
Hizalis poOOTH JIOKOMOTUBHHX Opwran Ta 3a0e3-
MIEYCHHSA PeXUMY iX poOOTH Ta BIANOYHHKY. 3Tif-
HO 3 [9] TpuBamicTh Oe3mEepEepPBHOI POOOTH JIOKO-
MOTHBHHX OpHUTraj CTaHOBUTH 7 rojuH. B okpemux
BUMNAJKAaX MOXE BCTAHOBJIIOBATUCH TPUBAIICTD
Oe3nepepBHOI poOOTH Oibie 7 TOAWH, ane He Oi-
nbmre 12 rogun. JIJisi BUKOHAHHS BKa3aHMX BHMOT
JIOBXXKMHA JUTBHUIL POOOTH JIOKOMOTHBHHUX OpHTa
noBuHHa ckiagatu Oinst 300 kM 1 MoXke JocsraT
500 kM mpu TpuBanocti podboru Opuramu y 12 ro-
IvH . Y 3B’S3Ky 3 UMM Ha MapuIpyTi NepeBe3eHb
MDK CTaHIII€I0 HAaBAaHTAXXEHHS Ta MPUIOPTOBOIO
CTaHIII€}0 BUBAaHTAKEHHS TIEPEBI3HUKAMH TOBUHHI
OyTu mependayeHi 3yNUHKH TOI3IB Ha CTaHINSIX
JUTSL 3MIHM JIOKOMOTHBHHMX OpHUTaj, a TakoX HE0O0-
XigHui wrTat Ta iHpacTpyKTypa — s 3abe3me-
YeHHs1 iX poOoTH Ta BiAMOuMHKY. Binmcrtass, siky
MOJKe MPODKIKATH JIOKOMOTHBHA Opuraja 3 ToBe-
PHEHHSIM Yy IIyHKT BIJNpAaBJICHHS, CKJIAAAE 10
150-200 kM. MoxIuBI cxeMH 00iTy TEIJIOBO3iB Ta
JIOKOMOTHBHHX Opuraj, 1o ix o6cayroByoTh, Ha-
BeZeHi Ha puc. 3. Cxemu poOOTH €JIEeKTPOBO3iB
B QHAJIOTIYHI 3a BUKIIOYEHHSM TOrO, IO IPHU PO-
00Ti 3a CXeMOI0, 110 300pakeHa Ha puc. 3, 6 Bijc-
TaHb MDK CTa”HlisMH A t1a M MOXE aocsaraTtu
1000 M, KpiM TOrO, HEMae MOTPedH y CIOpY-
JDKEHHI ITyHKTY eKillipyBaHHs MiCKOM Y IyHKTi A.

HaykoBa HOBU3HA U MPAKTHYHA
3HAYUMICTh

HaykoBa HOBH3HA pOOOTH IOJISITaE B TOMY, IO
B Hill OTpUMaHi cxeMH OOIry JIOKOMOTHBIB Ta JIO-
KOMOTHBHHUX OpHrajg HeE3aJeXHHX IE€PEBI3HUKIB
i yac 00CIyroByBaHHS! HUIMH MOPCBKUX MOPTIB.

[IpakTr4Ha 3HAYMMICTH POOOTH TOJISATAE B OITi-
HIII TOTpeOu Y IOKOMOTHBHIH iHOPACTPyKTYpi, siKa
BUHHUKHE IPU BIOKPUTTI PUHKY 3aTi3HUYHUX Iepe-
BE3CHb IS HE3aJICKHUX MEPEBI3HUKIB.
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Tabnuus 3

Bu3HaueHHs MaKCHMAJILHUX BicTaHeil Mi’k NPUIOPTOBMMH CTAHLISIMH BUBAHTA’KEHHS
Ta CTAHUiIMU HABAHTAKEHHS /ISl TENVIOBO3HOI Ta eJIEKTPOBO3HOI THATH

Table 3
Determination of maximum distances between port unload stations and load stations
for diesel and electric traction
Tun ExinipyBaHHS maqmuBoM Ta ExinmipyBaHHs mickoM Bincrans npo0iry, km
JIOKOMOTHBA TO-2 .
MMaJIMBO | HICOK TO-2 Lma
q . 0 . 977 655 | 1250 655
a MPUIIOPTOBIN cTaHMii a MPUIIOPTOBIN CTaHLIT

priop 8 prriop 8 977 | 655 | 1250

i1 i i 977 822 1250
Temnoso3 Ha npunoproBiii cranmii Ha TPHIOPTOBIH CTAHMI 1 Ha P . 822

CTaHLI] HABaHTaXXCHHS 977 3219 1250
Ha npumoprosiif ctanmii i Ha | Ha nmpumoprosiii cTanmii i Ha 1706 822 2500 822

CTaHLI1 HABaHTAKCHHS CTaHLI1 HABaHTAKCHHS 2690 3219 2500
" . N 1755 | 1250 | .

a MPUIIOPTOBIN CTaHMIi a MPUIIOPTOBIN CTaHL1 -

prriop ! prriop ! 1755 | 1250

i i i 2203 1250
EnextpoBo3| Ha mpumnoprosiii craHmii Ha TPHIOPTOBIH CTAHMI 1 Ha - 1250

CTaHIIll HaBaHTaXCHHA 8627 1250
Ha nmpunoproBiii cranuii i Ha | Ha npunoproBsiii cranuii i Ha B 2203 2500 2203

CTaHI[IT HABaHTAKEHHS CTaHI[1 HABAaHTAKEHHS 8627 2500

[pumitka: *~ y dHCENPHUKY BKa3aHi MOXJHMBI BiJCTaHI MpoOiry JOKOMOTHBA 13 3aBaHTAKCHHM,
a y 3HAMCHHHKY — IIOPOKHIMH BaroHaMH.

300-500 xm___ | 150-200 xm

»|

500-655 km

[
»

[
»

A

I:l — JIOKOMOMUBHE 0eno

€ — OYHKT 3MiHH JJOKOMOTHBHUX OpHraj

y MicIi X IpOKHUBaHHS
300-500xkm |, 300-500 km | O — nynkm sminu 10KoMomueHux 6puad
< L] > . .
3 KIMHamamu 6iONO4YUHK
< 655-822 xu . | g
< > ® — nynKm exinipoeKu nickom
— obie 1oxomomuea ~ ~-------- — 00ie 10Komomuenoi bpueaou

Puc. 3. Cxemu opranizaiiii po60TH TEITOBO3iB Ta JIOKOMOTUBHUX OpHTra
HE3aJIe)KHHUX MTEPEBI3HUKIB
Fig. 3. Work organization schemes of locomotives and locomotive
brigades of independent carriers
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BucHoBku

BukonaHi TOCHIIKEHHS MTO3BOJISIOTH 3POOUTH
HACTYITHI BUCHOBKH:

— MpuiHATI YKpaiHoto 3rigHo 3 YToJ0I0 IMpo
acoriariro Mk Ykpainoro Ta €Bpomerickkum Co-
1030M 3000B’sI3aHHS CTaBIAThH 3a4a4i AEMOHOIIONI-
3allii pUHKY 3aJi3HUYHHUX IIePEBE3CHb 1 IOMyCKY 0
HBOTO HE3aJCKHHUX MEpeBi3HUKIB. Takuil Kpok mo-
KJIMKaHUH CTBOPUTH KOHKYPEHTHE CEpelOBHIIE
y IIbOMY CEKTOpi TPaHCIOPTHOTO PUHKY Ta 3po0u-
TH HOTO MPUBAOIMBUM JJIsl IHBECTOPIB;

— OJIIHI€IO 13 3a1a4, sKa CTOATHME TIepe] He3a-
JIeKHUMH TIepeBi3HUKaMU OyJie 3a0e3ledeHHs Iie-
PEBE3EHb JIOKOMOTHUBHOIO iHPPACTPYKTYPOIO;

— BUKOHAHI JOCIIKEHHS MMOKa3yIOTh, IO OJI-
HHUM 13 MOKJTUBHUX HAIPSMKIB pOOOTH HE3AICKHUX
nepeBi3HUKIB Oye 3a0e3medyeHHs nepeBe3eHb eKc-
MTOPTHUX BaHTaXIB Y MOPCHKi MOPTH;

— BCTAaHOBJICHO, IO TEIUIOBO3W HE3AICKHIX
MEPEeBi3HUKIB 3MOXYTh OOCIIyroByBaTu mepeBe-
3€HHSI MK CTaHIISIMM HAaBaHTA)KCHHS Ta BUBAHTA-
keHHs 1o 822 kM, a enekTpoBo3u 1o 1 000 kM i3
CTHOPYIXKEHHSM OCHOBHOI YaCTUHH JIOKOMOTHUBHOI
iH(paCTPYKTypH Ha TPUIIOPTOBi# craHmii. Buko-
HaHl PO3paxyHKH MOKa3yIOTh MOTEHIIHY MOKITH-
BICTb OXOIUICHHS He3aJe)KHUMH TIepPeBI3HUKaMU
3aJi3HUYHUX IEepeBe3eHb Y MOPCHKI MOPTH, 3 BU-
KOPHCTaHHS BHUKIIOYHO BJACHOI JIOKOMOTHMBHOIL

iH(pacTpyKTypH.
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HEPCIIEKTUBBI UCITOJIB30BAHUA YACTHBIX JIOKOMOTHUBOB
JJISA TIEPEBO3KU I'PY30B B HAIIPABJIEHUU MOPCKHX ITIOPTOB

Ienb. B HacTosiee BpeMsi MaruCTPaJIbHbIN JKEJIE3HOAOPOKHBINA TPAHCIOPT YKpauHbl HAXOJUTCS! NOJHOCTBHIO

B TOCYAApCTBEHHOW COOCTBEHHOCTH. YKpaWHa B3sjia Ha cedst 00s3aTenseTBa Mo uMmiuieMeHTannu Jdupextus EBpo-
nefickoro Coro3a, MpeaycMaTpUBAIOIMINX HEAUCKPUMHUHAIIMOHHBIA JTOMYCK K KEIE3HOAOPOKHOU MHPPACTPYKTYpE
HE3aBHCUMBIX ITEPEBO3YMKOB. 3HAUNTEIHHOE KOJINYECTBO (PAKTOPOB CYLIECTBEHHO BIIMSIET HA YCJIOBUS PabOTHI He-
3aBUCUMBIX OT YKpP3alIHU3HBIIM NepeBo3unKkoB. OHON U3 3a/1a4, BOSHUKAIOIIMUX MPU BBHIIOIHEHUU MEPEBO30K HE3a-
BHUCHMBIMH IIEPEBO3YHKAMH, SIBIISICTCS] OpraHu3anus padoThl YacTHBIX JIOKOMOTHBOB M MX OOCIY)XKHBaHHE JIOKOMO-
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TUBHBIMHU Opuragamu. llenpio cTaThy SIBISIETCS] OLIEHKA TEXHUYECKUX BO3MOXHOCTEH HMCIIOIb30BaHUS YaCTHBIX JIO-
KOMOTHBOB /TSI BHIIIOJIHEHNUS [IEPEBO30K I'PY30B B HAMPABICHUH MOPCKHX MOpToB. Meroauka. VccienoBaHust Bbl-
TIOJTHEHBI HA OCHOBE METO/I0B OPTaHM3alNH 3KCIUTyaTallMOHHON pabOoThI JKENE3HBIX JOPOT U METOJ0B TATOBBIX pac-
gyeroB. Pe3yabTaThl. B pabote paccmoTpeHna mpobiemMa opraHu3aniy MEPEBO30K IPy30B B MOPCKUE TTOPTHI HE3aBH-
CUMBIMH TIepeBo3urKaMu. OnpeieneHbl MOTPeOHOCTH B AKUITMPOBOYHBIX MaTepuaiax Julsl TeIUIOBO30B U 3JIEKTPO-
BO30B B 3aBHCHUMOCTH OT PAacCTOSIHHS MepeBO30K. Taxke OompeneneHsl NOMYCTHUMBIE pacCTOSHUSA, KOTOPBIE MOTYT
00CITy)KMBaTh JIOKOMOTHBHBIE OpHUIajbl IPU BBHIIOJIHEHUN TPeOOBaHUN MO MPOJOKUTENEHOCTH UX HENPEPBIBHOM
pabotsl. PazpaboTaHbl cXeMbl PacloNoKeHNs] HHPPACTPYKTYPHBIX OOBEKTOB JUIsi oOecrieueHus: paboThl IOKOMOTH-
BOB M JIOKOMOTHBHBIX OpHUraj. YCTaHOBJIEHO, YTO TEIUIOBO3bI HE3aBHCUMBIX MEPEBO3YHKOB CMOTYT OOCIY)XHUBaTh
MEPEeBO3KU MEX]ly CTAaHIUSIMU NOTPY3KH U BBITPY3KH 10 822 KM, a 31eKTpoBo3bl — 10 1000 kM ¢ coopykeHueM oc-
HOBHOHM 4YacTH JIOKOMOTHBHON MH(PACTPYKTYphl Ha NMPUIOPTOBOM CTaHIMHU. BBINOTHEHHBIE pacdeThl MTOKa3bIBAIOT
MOTEHIMATIBHYIO BO3MOXKHOCTh OXBaTa HE3aBHCHUMBIMH IIEPEBO3UNKAMH KEIEC3HOJOPOXKHBIX IIEPEBO30K B MOPCKHUE
MOPTHI C UCHOJIb30BAHNEM HCKIIIOUNTEIBHO COOCTBEHHON JTOKOMOTHBHOW MH(PACTPYKTYpHI. [yl yTOUHEHHS AIMHBI
wed OoOCTy)XMBaHMS JIOKOMOTHBAMH IIOE€3JI0B M JIOKOMOTHBOB JIOKOMOTHBHBIMH OpHragaMu HEOOXOIHMO
BBIIIOJHATH  JIOTIOJHUTEIBHBIE pPacueThl HAa OCHOBE JETAIBHBIX MNpoduiell y4acTKoB  OOCTyKHMBaHHS.
Hayunast HoBu3Ha. B mccienoBaHny MOMyYeHBI CXeMBI 00paIieHNs JOKOMOTHBOB M JIOKOMOTHUBHBIX OpHraj He3a-
BUCHMBIX IEPEBO3YMKOB NPH OOCIY)XKMBAaHMU MMH MOPCKHX MOpToB. IIpakTudeckasi 3HAUMMOCTB. Pe3ynbTaThl
paboThI O3BOJISIOT OLCHUTH MOTPEOHOCTH B JIOKOMOTHBHOW MH(PACTPYKTYpE, KOTOPhIE BO3HUKHYT MPU OTKPBITUU
PBIHKA JKeJIe3HOAOPOXKHBIX IIEPEBO30K AJISI HE3aBUCHUMBIX MIEPEBO3YHKOB.

Kniouegvie cnoea: ene3sHOAOPOKHBIN TPAHCIIOPT; I'PY30BLIE MEPEBO3KH; JIOKOMOTHB; PECTPYKTYpU3alHs Ke-
JIE3HBIX IOPOT; OpraHu3alys IepeBO30K
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PROSPECTS OF THE PRIVATE LOCOMOTIVES USAGE FOR GOODS
TRAFFIC IN THE DIRECTION OF SEA PORTS

Purpose. At the present time, Ukraine's mainline railway transport is entirely in state ownership. Ukraine has
undertaken to implement the European Union Directives providing of non-discriminatory access to the railway in-
frastructure of independent carriers. A considerable quantity of options significantly affects the working conditions
of carriers that do not depend on Ukrzaliznytsia. One of the tasks that arises when performing transportation by in-
dependent carriers is the organization of private locomotives operation and their servicing by engine crews. The
purpose of the article is to evaluate the technical characteristic of the private locomotives usage in order to perform
goods traffic in the direction of sea ports. Methodology. The researches were carried out on the basis of methods for
organizing the operational work of railways and methods of traction calculations. Findings. The paper highlights the
problem of goods traffic organization to seaports by independent carriers. It determines the requirements for equip-
ment for diesel locomotives and electric locomotives depending on the distance of transportation. Permissible dis-
tances that can be served by engine crews in performing the requirements for the duration of their continuous opera-
tion were also determined. Schemes of infrastructure objects location for the locomotives and engine crews opera-
tion have been developed. It was established that diesel locomotives of independent carriers will be able to serve
transportation between loading and unloading stations up to 822 km, and electric locomotives up to 1000 km with
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the construction of the main part of the locomotive infrastructure at the port station. The performed calculations
show the potential coverage of rail transportation to sea ports by independent carriers with the use of its own loco-
motive infrastructure. To define more exactly the haul length of train servicing by locomotives and locomotives by
engine crews, it is necessary to perform additional calculations based on detailed service section profiles.
Originality. Access circuitry of locomotives and engine crews of independent carriers when servicing sea ports by
them were obtained. Practical value. The results of the research allow evaluating the needs in the locomotive infra-
structure that arise at opening of the rail market for independent carriers.

Keywords: railway transport; freight transportations; locomotive; railway restructuring; organization of transpor-
tation
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NOBYJOBA MEXAHIYHOI MOJIEJII BAT'OHA JIU3EJb-IOI3JIA
JIIKp-2 TA Il OCOBJIMBOCTI

Merta. Ha ocHOBI aHaii3y KOHCTPYKIIil eKimakHOi YaCTHHHU BaroHa am3enb-moizna JAI1Kp-2 supoOrunTBa Kpio-
KiBCBKOTO BaroHOOyIiBHOTO 3aBOXy B poOOTi mependadaeTses MOOyAyBaTH HOTO MEXaHIdHY MOJENb, sKa Oyae BH-
KOPHCTaHa MPHU AOCHIIPKEHHI THHAMIYHUX BIACTHBOCTEH EKiMaxy, 3 MAKCHMAJIbHUM BiTOOpakeHHIM OCOOIMBOCTEH
KOHCTpyKIii Ta croco0iB HaBaHTakeHHS. Meroauka. [IHeBMaTHYHA pecopa MEXaHIYHOI MOJIETI BaroHa JU3€Ib-
noizga ATIKp-2, sk OCHOBHMI €IeMEHT LIEHTPAIBHOTO PECOPHOTO MiBIIIyBaHHS, MOJEIIOETHCS 3a JOIIOMOTOI0 BY3-
na KenpBina-®oiirra. Jlanuii By307 BKJIIOYae B cebe mapaienbHO PO3TAIlOBaHI MPYKHHUH Ta B’SI3KUH €IEMEHTH.
IigpaBiivHi TACHUKK KOJIMBAHBb, SIKI BUKOPHCTOBYIOTHCS K Y IEHTPAIBHOMY, Tak 1 B OyKCOBOMY pECOpHOMY MilBi-
LIYBaHHI, MOJENIIOBAINCH K B’SI3KHMH eeMeHT. [Ipu mpoBeneHHI AOCIiKEeHb )KOPCTKICTh THEBMATHYHOT PECOpPH,
sIKa MOB’s3aHa 31 3MiHOIO i eeKTHBHOT Mol npu nedopmarii, npuiiManack piBHowo Hyito. PesynasraTu. Y nanii
CTaTTi MPOBECHO aHaJi3 KOHCTPYKINI eKiMma)KHOi YacTHMHU BaroHa ausenb-mnoizga JI1Kp-2. HaBemeHi mexanidHi
MoJielli 10ro OCHOBHHX BY3JIIB, @ CaMe: y IEHTPaJIbHOMY PECOPHOMY MiJBIlllyBaHHI — MOZENb THEBMAaTHYHOI peco-
pu. BpaxoByroun 0coOIMBOCTI KOHCTPYKIIi eKiMakHOi YacTHHU BaroHa am3ens-noizga AITKp-2, 6yma po3pobiena
Horo MexaHi4Ha MOJIETIb, KA B ITOJAJIBIIOMY BHKOPHUCTAHA TIPH JOCHIIKCHH] JUHAMIYHAX BIACTUBOCTEH EKiIlaXiB.
HaykoBa HoBu3Ha. Briepme ms Barona musens-noizga AI1Kp-2 po3poGriena MexaHiuHa MOJENb i3 ypaxyBaHHAM
0co0nMMBOCTEH B3aeMOAll OKPEMHUX €IEMEHTIB HOro KOHCTPYKIHii. Byno 3ampornoHoBaHO SK MHEBMAaTH4YHY PECOpy
BHUKOpHUCTaTH By301 KenpBiHa-Doiirta, mo BKIIIOYae B ceOe MapalielbHO pO3TAaIIOBaHi MPYKHAHN Ta B’SI3KUH eneMe-
HTH. [IpakTHyHa 3HaYnMicTh. Ha ocHOBI 3anponioHOBaHOT MeXaHIYHOT MoJieni Oy/ie CKITaeHO CUCTEMY 3BHYaiHIX
mudepeHIiadbHuX PIBHAHD PyXy eKilmakHoi YacTHHHU BaroHa ausenb-moizga JAI1Kp-2 (maremarnuna mopnens). Lo
MOJIEJb Y MOJANBIIOMY IUIAHYETHCS BUKOPHCTOBYBATH MPH JOCHTIHKEHHI JUHAMIYHOT B3a€MO/IiT KOJICHOT TapH eKi-
Ma)KHOT YACTHHH BaroHa JU3eJb-T1013/1a 3 PEHKOBOIO KOJIIE0 HA MPSIMUX Ta KPUBUX JUITHKAX KOJIi.

Kniouosi cnosa: nu3ens-mnoi3j; MexaHiuHa MOJENb; MaTeMaTHYHa MOJIEJb; ITHEBMATHYHA PEcopa; PecopHe Mij-
BilllyBaHHS

Beryn JeKiipka TuniB BunpoOyBaHbs. BunpoOyBaHHs mio-
JI0 BILTMBY HA KOIIiI0 Ta CTPIJIOYHI MEPEBOIU TPO-
BeJIeH1 Jlaboparopieto y ceprni 2014 poky Ha Ma-
ricrpanbHuX Komigx [IpuaHInpoBChKOl 3aTi3HHUII.

Meroro pganmx BHUNPOOYBaHb Oyna OIliHKA
BBy am3enb-noizna JIIKp-2 nwa 3amizHuvHy
KOJNII0O 1 CTPUIOYHI MEpeBOJM Ta BHU3HAYCHHS
JOMYCTUMHUX IIBHJIKOCTEH PYyXy IO 3ai3HUYHUX
koxdisix JlepxkaBHOi anmMiHicTpallii 3alli3HUYHOTO
TpaHcnopty Ykpainu mupuHool 520 mm [11].

3a pe3ynapTaTaMu BUNPOOYBaHb OyJIM BCTAHOB-
JIEHI MaKCHMaJbHO JOMYCTHMI IIBUAKOCTI PyXy
nmu3enb-noizaa[IKp-2 mo KOHCTPYKIIsSX 3ali3HH-
9yHOi Koumii mupuHOoo0 1 520 MM.

OnHak, TEOPEeTHYHUX MAOCIHIIKEHb CHIIOBOL
B3aemoxii muzens-moizga HIIKp-2 3 peiikoBoro
KOJIEI0 Ta METOJIMK TEOPETUYHOTO BH3HAYCHHS
OCHOBHHUX TOKa3HHUKIB IWHAMIYHHX SIKOCTEH Mexa-

B3aemogis xomii Ta pyxomMoro ckiagy mpen-
CTaBJIIE€ COOOI0 OJIHY 3 aKTyaJIbHUX MPOOJIEM 3ali-
3HUYHOTO TPAHCIIOPTY, SIKa BKJIIOYAE BEJIUKE YUCIIO
NPAaKTUYHUX 3allUTaHb. 3a4adi, sSKi BUPILIYIOTHCS
MpH  JOCHIKEHHI B3a€MOJIii KOJii Ta pPyXOMOTO
CKJIaJTy, CTOCYIOTBCS 1 TAKOTO BayKJIIMBOTO MTUTAHHS,
SIK BA3HAYEHHS YMOB 0€31IeYHOr0 PyXy MOi3/iB.

KprokiBChbKkUM BaroHOOYZiBHHUM 3aBOIOM IS
3a0e3MeYeHHs PUMICHKOTO IMaCcaXUPChKOTo CIIO0-
JIyYSHHsI Ha IIJISTHKAX 3aJIi3HMIb 13 MaJIMMHU Iaca-
xupornorokamu kouii 1 520 MM VYkpainu, kpaid
CHJ, Jlarsii, Jluteu # Ectonii 0yB moOyaoBaHmii
musenb-moiza JIMKp-2 [2].

st mepeBipKH BiAMOBITHOCTI XapaKTEPUCTHK
PO3pO0IIEHOTO IU3EIb-TI0134a BUMOI'aM HOPMaTHB-
HOT JOKyMeHTallil YKp3ani3Huii OyJio MpoBeIcHO
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HIYHOI YaCTHMHU JAaHOTO [AM3ETb-1I0i3/la HEeMae.
V 3B’a3Ky 3 UM y JaHiii poboti Oyne po3pooss-
THCh MeEXaHIYHa MOJeNIb BaroHa JH3elb-1oi3/a
3 ypaxyBaHHSM OCHOBHHUX OCOOJIMBOCTEH KOH-
CTPYKIIi eKilaXKHOI YaCTUHHU.

Meta

Ha ocHoBi anami3zy KOHCTpYKILil eKkimaxHoi 4a-
ctuHM BaroHa ausenb-noizga [AIIKp-2 Bupo6-
HunTBa KprOKiBCRKOTO BaroHOOYAIBHOTO 3aBOAY
moOymyBaTH MOTO MeXaHIdHy MOJIenb, AKka Oyme
BUKOPHUCTaHA TPHU JIOCIIHKCHHI JMHAMIYHUX BIa-
ctuBocTel exinmaxy. Ilpm moOymoBi MexaHi4HOT
MOJIeJII MaKCHUMAIbHO BiOOpa3UTH OCOOIMBOCTI
KOHCTPYKIIIT Ta CIIocoOH ii HaBaHTaKEHHS.

MeTtoanka

Ha ocHoBi anamiTnaHOro MeTomy OyB mpoBene-
HUW aHaii3 KOHCTPYKIi eKimakHOi YacTHHHU Ta
noOyJoBaHa MPOCTOPOBA KiHEMaTHYHAa cXeMa Ba-
roHa, sika OyJe BUKOPHUCTOBYBATHCS NP CKIIaJaH-
Hi MaTeMaTHYHOI MOJEJII.

Busnauaemo, mo OU3eNb-TIOI3A TPEACTaBIISIE
co00I0 caMOXiIHy TPaHCIIOPTHY OJUHHMIIIO MOCTiH-
HOTO (OPMYBAHHS, SIKA CKJIAAE€THCA 3 TOJOBHHX
BaroHiB, 3 KaOiHaMHW yHOpaBIiHHA (HA TOYATKY
1 B KiHII 013/1a) 1 IPOMI>XXHUM BaroHOM, pO3TallIo-
BaHUM MiX HuUMH (puc. 1).

l'onoBHI 1 TPOMIXHI BaroHW OW3ENB-TIOI31A
o0ajHaHi 1BOMa ABOBICHIMH Bi3KaMH:

a) IPUBOJTHUIA Bi30K (pHC. 2);

0) HenmpuBOAHMIA Bi30OK (pHcC. 3).

757

Puc. 1. Cxema BaroHiB nacaxxupcbkoro ausenb-noizna JITKp-2 a1 npuMicbKoro croy4eHHs

Fig. 1. Scheme of cars of passenger diesel-train DTKr-2 for suburban traffic

Konicna napa 3 pedyxmopom

Bax cucmemu
nooadi nicky

Byxcose pecopre

NIOGIULYEAHHA

Byzon 3'edHarHA €i3KA 3 Q2Z0HOM

Pama

ITnesyamusHa pecopa - onopa Kysoea

Puc. 2. OcHOBHI By3/11 IPHUBOIHOTO Bi3Ka

Fig. 2. The main units of the geared bogie
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Koztewa napa

Zidpasn Ll SACHUR XOTUSIHE

Bys01 3'cOnana stiva

Bywcoee pecopwe
RO SANNS

Pava

IMveavamua pecopa

Topcionnudl npucmptd

Kutwesull wexanism

Puc. 3. OcHOBHI By3J11 HEPUBOJHOTO Bi3Ka

Fig. 3. The main units of non-geared bogie

Bi3ku MaroTh JBOCTyIIEHEBE PECOPHE MiABilIy-
BaHHS:

— MEpPBUHHE — 3 BUKOPHUCTAHHSAM LWTIHIPUY-
HUX TIPYKHH;

— BTOpPMHHE — 3 BHKOPHCTAaHHSIM ITHEBMAaTH4-
HHUX pecop.

Bi3ku cknaialoThes 3 HACTYITHUX €JIEMEHTIB!

— OCBOBHUX PEIYKTOPIB (TUILKU AJISl PUBOTHUX
Bi3KiB);

— KOIIICHUX Tap;

— pamu;

— OykcoBoro (TIEpBUHHOTO) PECOPHOTO IIiJBi-
LIYBaHHS;

— HEHTPAILHOTO (BTOPHHHOIO) PECOPHOTO MijI-
BilITyBaHHS;

— TiApaBIIiYHNAX TACHUKIB KOJHBAHB;

— By37a 3’€IHAHHS Bi3ka 3 Ky30BOM BaroHa
1 Iepeadi O3I0BXKHIX 3yCHJIb;

— €JIEeMEHTIB 3’ €JHaHHS
KOJIICHOI ITapy 3 pamoIo Bi3Ka;

— crabimi3zaTopa 60KOBOTO KOTUBaHHS.

BykcoBe pecopHe miaBimIyBaHHS Bi3Ka CKiana-
€TBCS 3 KOMILIEKTY 3 TPhOX MPY)KUH 3 TIOCHiJOBHO
PO3TAIlIOBAaHUMH €JIACTUYHHMH €JIEMEHTaMH, a Ta-
KOX TaCHHKIB KonuBaHb (puc. 4). LlenTpanpae pe-
COpHE MIJBIIITYBaHHS CKJIQJA€ThCS 3 BOX ITHEBMa-
THYHHX PECOp, IBOX BEPTUKAIBHHUX Ta JIBOX T'OPH-
30HTAJILHUX TACHHUKIB KOJIMBaHb (pHC. 5).

OYKCOBUX  BY3IIiB

Puc. 4. BykcoBa CTymiHb PECOPHOTO IiABINTyBaHHS

Fig. 4. Axle-box stage of spring suspension
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Puc. 5. llentpasnpHa CTyHniHb pECOPHOTO MiBIIIYBaHHS

Fig. 5. Central stage of spring suspension

[TaeBMaTHuHi pecopu KOHCTPYKTHBHO
MIPEICTABISIIOTh COO0I0 PE3MHOKOPAHY OOOJOHKY,
sKa 3aloBHEHA B POOOYOMY CTaHI CTHCHEHUM IIO-
BiTpsiM 3 poboumm trckoM g0 0,7 MIla. Bona
CKIIQA€THCS 3: KPIMMIBHUX OONTIB yIIiTHHIOBATH-
HOTO KUTbLIA 1, 32)KUMY TUIUTH KOB3HBOI 2, OOJTIB
KOB3aI0401 TUIMTH 3, KPIMWIBHOI IUIUTH 4, yIIiNb-
HIOBAJIHOTO KUTBIIS 5, KOB3HBOI TUTHTH 6, MOAyIII-
KU 7, HIDKHBOI IUTUTH 8, OONITIB HUXKHBOI IIUTH 9,
noxatkoBoi pecopu 10 (puc. 6). BumpoOyBanHs
PYXOMOTO CKJIaJy 3 ITHEBMAaTUYHUM PECOPHUM
MiABIIIYBaHHSIM IIOKa3ald, IO HE3BAXKAIOUM Ha
MPaKTUYHO OJHAKOBI MOXKJIMBOCTI TBUHTOBHUX IIU-
JHIPUYHUX TPYXKHH 1 THEBMAaTHYHHX PEcop
y 30UIbIIEHHI CTaTUYHOTO MPOTHHY, OCTaHHI Ma-
I0Th BiOPO3aXUCHI BJIACTUBOCTI 1 30UIBINYIOTH KO-
MQOpTHICTH TepeBe3eHHs macaxupis [8, 13, 15].
Jnst 3HIKEHHS BEPTUKAITBHOT JKOPCTKOCTI ITHEBMa-
THUYHY pecopy 3’€IHYIOTh 3 TOAATKOBUM pe3epBya-
pOM, 00CST SKOro 3a3BUYal OULIBIIMK OCHOBHOTO
obcsry mHeBMatHuHOl pecopu [1, 6, 14]. Icuye
JICKiJIbKa THITIB CHCTEM ITHEBMaTHYHHUX pecop [1,
7, 12, 16], (mampukian, THEBMAaTHYHA pecopa
3 OZJHMM a00 JIBOMa JOJaTKOBUMH pe3epByapamu),
a IX AMHaAMIYHI BIACTHBOCTI 3pYYHO OMUCYBATH 3a
MEXaHITHOI €KBiBaJEHTHOIO MozesTio [4, 8, 9].

[IpoBoasium anHami3 KOHCTPYKIIi eKimakHOI
yactuHu ausenp-noizga HAIIKp-2, npencraBumo
€KBiBaJICHTHY MEXaHIYHYy MOJIEJIb Oro MHeBMAaTH-
4HO1 pecopu (puc. 7), [10].

Hana wmognens € Bysinom KensBina—®olirra,
KU BKJIIOYae 710 ceOe mapajneiabHO PO3TallioBa-
HUHA TIPY)KHHH €JIEMEHT 3 JKOPCTKICTIO JK,, Ta

€IIEMEHT B’ SI3KOT0 TePTs 3 B A3KICTIO B, .

n -
1 £ P

10 9 \8

Puc. 6. [TneBMaTu4Ha pecopa

Fig. 6. Pneumatic springs

_i'Z

=g

7

Puc. 7. MexaniyHa Moelb
MTHEBMAaTHYHOI pecopu

Fig. 7. Mechanical model of
pneumatic spring

[IpyxxnHa B OyKCOBOMY pECOpPHOMY MiJIBillly-
BaHHI Oy/ie MOJCJIOBATUCS SK JIHIMHMNA TPYKHIN
eneMeHT. ['igpaBiiyHi TaCHUKM KOJIHMBaHb, SIKi BU-
KOPHCTOBYIOTECS SIK y IIEHTPAIBHOMY, TaK 1 y OyK-
COBOMY PECOPHOMY MiBIIIYBaHHI, MOJAEIIOIOTHCS
K B’s3KHi eneMeHT [3, 5].
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PesyiabTarn

Ha ocHOBiI aHamizy KOHCTpPYKIIii eKimakHOi
yactuHu au3enb-noizga JIIKp-2 ta oOpanux me-
XaHIYHUX MOJeJe HOro OCHOBHUX YacTHUH MOOY-
JIOBaHO MEXaHIYHYy MOJIENb BaroHa JJaHOTO JN3ENb-
noizaa (puc. 8, 9, 10). Ilpu poMy mpuAMaTHCs
HACTYNHI MO3HaueHHs: Z,Y., X, 0.,V 0,
y3araJbHeHi KOOpIWHATU KYy30Ba;
2. Y X @y0 W,,0 0, — y3aranbHEHI KOOPAWHATH

BisKiB N 1, 2; Z Ve s X s Waani s Oy — Y3aTQJTB-
HeHi koopauHatu kojicHux map Ne 1, 2, 3, 4:
F F, — NO300BXHI Ta MONEpeYHi CHIM Kpuna
B TOYIl KOHTAaKTy KoJeco-peiika; [, — KoedilieHT
3aTyXaHHS BEPTUKAIHHOTO TiIPaBIiYHOTO TaCHUKA
KOJIUBaHb Y LEHTPAILHOMY PECOPHOMY IIiJBIilIy-
BaHHI; JK,, — €KBIBAJICHTHA JKOPCTKICTh ITHEBMa-
TUYHOI pecopH; ,; — €KBIBAJICHTHUH KOE(DILIEHT
3aTyXaHHS, SIKU BU3HAYAETHCS TIEPETIKAHHSAM TI0-
BITps uepe3 Jpocenb; JK; — JKOPCTKICTb MpPY>KHH

OyKCOBOTO PECOPHOrO MiABINIYBaHHS; [3; — Koedi-
LIEHT 3aTyXaHHS BEPTUKAJIBHOTO TiIPaBIigHOTO
TacHHWKa KOJMBaHb MpU OYKCOBiil CTymeHi pecop-

Horo mifsimyBaHHs; K, .. — KOPCTKICTB Iy-

MOBOI'O €J€MEHTa CaleH-010Ky; [, — Koe]ilieHT
XK

i

3aTyxaHHS B KOJIii; — JKOPCTKICTh KOJIii;
K on = 2K,
ITHEBMATUYHOI PECOPH Y IONEPEYHOMY Ta IO3/10-
BXKHbOMY HaNpsMKy BIANOBIAHO; B3, . — Koedimi-

rOpu30HTAaJIbHA )KOpCTKiCTI)

TI011 o3

€HT 3aTyXaHHS TOPU3OHTAIBHOTO TiAPaBIIYHOTO
racHUKa KOJINBaHb B LIEHTPaJIbHOMY PECOPHOMY

miaBinlyBaHHi; JK, ~ — IOIepedHa >KOPCTKICTh
MPYXUH OYKCOBOTO CTYIEHS PECOPHOTO MijBilIy-
BaHHs; /K, — JKOPCTKICTb TOPCIOHHOTO TIpH-
CTPOIO.

Crig 3a3HauuTH, 10 MEXaHIYHA MOJIENH € TPO-
CTOPOBA, SIKa BPaXOBYE CHIIM B3aEMOJI1 MiXK KoOIe-
COM Ta perKolo, a came, MOMEePeyHi Ta MO3J0BXKHI
CHJIM KpHUIa.

2a,

Puc. 8. MexaHiuHa MOJ€ENb BaroHa JHU3eib-11013/a
JITKp-2 B muronuHi ZX

Fig. 8. Mechanical model of the diesel-train DTKr-2
car in the plane ZX
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Puc. 9. Mexaniuna mozmens BaroHa au3enb-moizna JI1Kp-2 B mrommuni YX

Fig. 9. Mechanical model of the diesel-train DTKr-2 car in the plane YX

Brea
Y.

2 ron

Fues 2 For .

X 8., X p..

S —

Puc. 10. MexaniuHa MoJenb BaroHa fausenb-moizaa AI1Kp-2 B mmomusi ZY

Fig. 10. Mechanical model of the diesel-train DTKr-2 car in the plane ZY
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HaykoBa HOBH3Ha Ta MPaKTHYHA
3HAYUMICTD

Bnepire mns Barona ausens-moizma JITKp-2
Oyna po3poOiieHa oro MexaHiuHa MoAeb 3 ypa-
XYBaHHSAM 0COOJHMBOCTEH B3a€EMOJIi OKpEMUX elle-
MEHTIB oro KOHCTPYKIIii. byno 3ampomoHoBano 3a
MHEBMATHYHI Pecopy BHKOpUCTaTH By3on Kenb-
BiHa—DoMrTa, IKUH BKJIOYAE 0 ceOe mapaneabHo
pO3TaIIoBaHi MPYXHUH Ta B’ I3KUH eTEMEHTH.

Ha ocHOBI 3ampoItoHOBaHOI MEXaHIIHOT MOIEITI
Oyzne CKJIageHo cHucTeMy 3BHYaiHHX audepeH-
LiaJIbHUX PIBHSHB PYXY €KiMakKHOI YaCTUHH Baro-
Ha pgm3enb-moizga [IIKp-2 (MaTremaTtwdyHa Mo-
nens). Lo Moaens y mMoJanblIOMy ILDIaHYETHCS
BUKOPUCTOBYBAaTH NpPHU JOCTIHKCHHI JUHAMIYHOI
B32€MO/Iii KOJICHOI Mapw eKima)KHOi YacTWHH Ba-
TOHA JM3eNb-TI013/1a 3 PEHKOBOIO KOJIIEIO Y TPSIMUX

BucHoBku

1.IIpoBeneHo aHaii3 KOHCTPYKIIi eKima)XHOi
YaCTHHHU BaroHa auseib-moizaa JAITKp-2.

2.HaBeneHo mMexaHiuHy MOJICb THEBMATHYHOL
pecopu, sika OyJe BHKOPUCTOBYBATHUCS TIPU CKJa-
JTaHHI MaTeMaTHIHOI MOJIEII.

3.3 ypaxyBaHHSIM OCOOJUBOCTEH B3aeMOIl
OKPEMHUX EJIEMEHTIB KOHCTPYKIIIi Ta MOCTaBICHUX
3a/aq s MOJNANBIIUX TOCIiKEeHb Oyna mo0ymo-
BaHa MeXaHiYHa MOJeNb BaroHa JW3eNb-Toi3aa
JIIKp-2.

4 HampsMKkoM  MOAAJIbIINAX JIOCHIDKEHD
€ CTBOPEHHSI MaTeMaTHUYHOI Mofierni, ska Oyae BH-
KOpHCTaHa MPH JOCIIPKEHHI TUHAMIYHOI B3a€MO-
Il U3eNb-TI013/1a 3 PEHKOBOKO KOJIEID HA MPSIMHUX
Ta KPUBHUX JUISTHKAX KOJII.

Ta KPUBUX JUISHKAX KOJIl.
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MNOCTPOEHUE MEXAHUYECKOM MOJEJIU BAT'OHA
JAU3EJBb-ITIOE3JA AIIKp-2 U EE OCOBEHHOCTH

Heab. Ha ocHOBe aHain3a KOHCTPYKIUM SKUIMAXHOW yacTW BaroHa amsenb-moe3ga HIIKp-2 mpowusBojcTa
KprokoBCKOro BaroHOCTPOHUTEIHHOTO 3aBoJa B paboTe MpenrnojaraeTcs MOCTPOUTh €r0 MEXaHHYECKyH MOMEb,
KoTOpas OyIeT WCIONb30BaHA NPH HCCICHOBAHUHM JHHAMHYSCKHX CBOMCTB OJKHIIaXa, C MaKCHMAaJIbHBIM
0oTOOpakeHHEM OCOOCHHOCTeH KOHCTPYKIHMH H croco0oB Harpy3ku. Meroguka. [lHeBMaTtmdeckas peccopa
MeXaHUJecKoi Momenu BaroHa mu3enb-moe3na JIIKp-2, xak OCHOBHOI 3JIeMEHT IICHTPaJIbHOTO PECCOPHOTO
MTOIBEIINBAHUS, MOACTHPYETCs ¢ MOMOIIBI0 y3i1a KenmpuHa-dolirta. JlaHHBIN y3el BKIIIOYAeT B ce0s mapauielbHO
pAacCIIOJIOKEHHBIE YIPYTHH W BS3KHUH 3JEMEHTHI. [ MIpaBIUYecKre TracHTeNH KoJeOaHUi, KOTOPhIE MCIIONB3YIOTCS
KaK B I[EHTPAJbHOM, TaK M B OYKCOBOM PECCOPHOM IOJBEIIMBAaHUH, MOJAEIMPOBAINCH KaK BSI3KUU anemeHT. [Ipu
MIPOBEICHUHN HCCIIEIOBAaHUN JKECTKOCTh ITHEBMAaTHYECKOM peccopsl, KOTOpas CBsi3aHa C H3MEHEHHEM ee
3¢ dexTHBHON TwIonaay npu aedhopMaiuu, IpUHUMAIach paBHON Hy/0. Pe3yabTaThl. B nqanHOi craThe MPOBEACH
aHaIM3 KOHCTPYKITMHU KUTIAXKHON YacTH BaroHa ausenb-noe3na JAI1Kp-2. [IpuBeneHs MaTeMaTudecKue MOJIETH €To
OCHOBHBIX Y3JI0B, a MIMEHHO. B LIEHTPAJIBHOM PECCOPHOM ITOJIBEIIMBAHUN — MOJIEJIb ITHEBMATUYECKOIl pECcCOpEHI.
YuuteiBass 0COOEHHOCTH KOHCTPYKIIMU SKUTIAXKHON YacTh BaroHa aumsenb-noesna JI1Kp-2, 6sia papaborana ero
MEXaHU4YecKas MOJeNlb, KOTOpas B JajlbHEHIIEM HCIHOJB3YETCsl IMPH HUCCIEIOBAaHUM JUHAMMYECKHUX CBOMCTB
skunaxeil. Hayunas noBu3Ha. Briepsrie i BaroHa qusens-nioe3na JI1Kp-2 pa3paboTana MexaHW4ecKas MOJEIb
C y4eToM OCOOCHHOCTEH B3aWMOJICHCTBUS OTACIBHBIX 3JCMEHTOB KOHCTPYKIWH. DBBUIO MpemiokeHo Kak
MTHEBMATHYECKYIO0 peccopy Hcmonbs30BaTh y3en KenpBunaa-®Doiirrta, KOTOpHIH BKIOYaeT B ceOs MapauiebHO
pacnoJyio’)keHHble ynpyruidi U Bs3kuid aseMeHThl. IlpakTmueckasi 3HaumMocTb. Ha ocHOBe mnpensoxeHHOH
MEXaHUYeCKOW Mojenu OyJeT cOCTaBlIeHa CHCTeMa OOBIKHOBEHHBIX MU(QepeHIHATEHBIX ypaBHCHUN IBIDKCHHS
SKHIMAXHOW yacTh BaroHa amsenb-moe3fa JIIKp-2 (Marematudeckas Mojienb). DTy MOJETb B JallbHEUIIEM
IUTAHUPYETCS HCIIOJIB30BaTh IMPU HCCIEIOBAHUM JUHAMHYECKOTO B3aUMOJICHUCTBHUS KOJECHOW MHaphl AKUMAKHON
YacTH BaroHa JAN3EIb-110€3/1a C PEILCOBBIM ITyTEM Ha MPSMBIX M KPUBBIX yJaCTKaX ITyTH.

Kntouegvle cnosa: nu3enb-0e31; MEXaHNYECKas MOJENb; MaTeMaTHYecKasi MOJIeNb; THEBMAaTHIECKask peccopa;
pEeCCOpHOE MOBEIINBAHHE
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CONSTRUCTION OF MECHANICAL MODEL OF THE DIESEL-TRAIN
DTKr-2 CAR AND ITS FEATURES

Purpose.The article is aimed to construct the mechanical model of the diesel train DTKr-2 of the Kryukivsk
Railway Car Building Works based on the analysis of undercarriage construction. This model will be used in the
study of dynamic properties of the vehicle. When constructing the model the design features and its loading methods
should be displayed as much as possible. Methodology. When constructing the mechanical model of the diesel train
DTKr-2 car, the pneumatic spring, which is the main element of the central spring suspension, was modeled using
Kelvin-Voigt node. This node includes elastic and viscous element. Hydraulic shock absorbers that are used both in
the central and axle-box spring suspension were modeled as a viscous element. During research, the rigidity of the
pneumatic spring, which is associated with the change in its effective area under deformation, was assumed to be
zero. Findings. This article analyzed the design of car undercarriage of the diesel train DTKr-2. The mathematical
models of its main units were presented, namely, in the central spring suspension — the model of pneumatic spring.
Taking into account the peculiarities of design of the diesel train DTKr-2 undercarriage it was developed its me-
chanical model, which will be used in the future when studying dynamic properties. Originality.For the first time
for the diesel train DTKr-2 car it was developed its mechanical model taking into account the features of the interac-
tion of individual elements of its design. It has been proposed as a pneumatic spring to use the Kelvin-Voigt node,
which includes parallel arranged elastic and viscous elements. Practical value. On the basis of the proposed me-
chanical model, a system of ordinary differential equations of car undercarriage movement of the diesel train
DTKr-2 (mathematical model) will be compiled. This model is further planned to be used when studying dynamic
interaction of the diesel train car undercarriage wheel set with a track in the straight and curved track sections.

Keywords: diesel train; mechanical model; mathematical model; pneumatic spring; spring suspension
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PO3IIUPEHHS HIJIEA MIPAKTUYHOT'O 3ACTOCYBAHHSI
TEXHIYHOTI'O AYAUTY HA HIAIMTPUEMCTBAX 3AJII3BHUYHOI'O
TPAHCIIOPTY

Mera. PoGoTa cripsiMoBaHa Ha JIOCHI/PKEHHS, OPIBHSHHS Ta y3araJbHEeHHs iH(opMaii npo cyyacHui cTaH Ta
0cOOIMBOCTI IPOBEICHHS TEXHIYHOTO ayANTY B Pi3HHUX Tally3siX TOCIIOJAPIOBAHHS AT OAEP>KaHHSI MOXKIMBOCTI PO-
3pO0OKH MPOTMO3HLiH MO0 PO3MIMPEHHS HiJeH NPOBEACHHS JaHOI MPOLEAYPH HA MiIIPHUEMCTBAX 3aJTi3HUYHOTO Tpa-
HeropTy. Meroauka. B mpomneci nociipkeHHS BUKOPUCTaHI METOIM aHAi3y W CHHTE3y IJIsI BUBUCHHS 3MICTY Ta
OCHOBHUX IIOJIOKCHb HAYKOBUX IyOmiKamiii, HOpMaTUBHO-IIPABOBUX aKTiB YKpaiHM Ta IHIINX JAHUX IPO IPOBEACH-
HS TEXHIYHOTO ayauTy B cepi IPOMHUCIOBOCTI, OyMIBHUIITBA, Ta30BUAO0YBaHHSA, SIEKTPOSHEPTETHKH, MOPCHKOTO
Ta 3TI3HUYHOTO TPAHCIIOPTY 3 NOAANBIINM MOPIBHAHHIM H y3aranbHeHHSM. Pe3yiabTaTn. BpaxoByroun Mo3nTHB-
HUH JTOCBIJ MPOBECHHS ayIUTy B 1HIIUX Tajy3sX, y poOOTi PO3LIMPIOIOTHCS LIl MPAKTUYHOTO 3aCTOCYBAHHS TEX-
HIYHOTO ayAUTY Ha MiANPUEMCTBAX 3aJII3HUYHOTO TPAHCIIOPTY, 110 Mepeadayae OLiHKY MOTOYHOTO TEXHIYHOTO CTa-
HY 1 3QJIMIIKOBOTO PECYpCY EKCILTyaTOBaHUX TPAHCIIOPTHUX 3aco0iB Ta obnagHanus [TAT «Ykp3amizHuis». 3a BU-
CHOBKaMH pPOOOTH BiJKPUBAETHCS MOKIJIMBICTh BHSIBJICHHS Ta aKTHBALil pe3epBiB JUIA MiABHMIIECHHS €()EeKTHBHOCTI
JUSUTBHOCTI MIAIPUEMCTB 3aJII3HUYHOTO TPAHCIIOPTY, OLIIHKY Ta IPOTHO3YBAaHHS BUTPAT Ha PEMOHTHI LIUKIIU 1 MOJie-
PpHi3aIlito, a TAKOXK MiABUICHHS PIBHSI O€3MEKU PYXY MOIi3/IiB Ta MOKPAIICHHS IHBECTHIIHHOT MPUBAOIMBOCTI ramy3i.
HaykoBa HoBu3Ha. OTpUMaHi pe3yibTaTH JT03BOJIAIOTh POLUIMPUTH MOHATTS «TEXHIYHUN ayAnT» HA 3aTi3HUIHOMY
TPAHCIIOPTI, BU3HAYUTH METy HOTO IPOBEICHHS Ta IEPENiK 3aBJaHb. 3aCTOCYBAaHHS PO3IIMPEHOTO TEXHIYHOTO ay-
ATy HAJaCTh MOKJIMBICTH OTPUMYBATH 00’ €KTHBHY iH(OpPMAIiIO MPo (aKTHIYHUHA TEXHIYHUH CTaH 00’ €KTIB 3ai3-
HUYHOI 1HPPACTPYKTYPH, 3aC00IB TPAHCIOPTY Ta OOJaTHAHHSA i BUKOPHUCTOBYBATH ii Ui (JOPMYBaHHS HPOTpaM
PO3BUTKY SIK OKPEMHX ITIIPUEMCTB, TaK 1 3a1i3HUII B IijoMy. IIpakTHYHA 3HAYMMIicTDb. Po3mupenHs minei npak-
TUYHOTO 3aCTOCYBAHHSI TEXHIYHOTO ayJUTy Ha MIANPUEMCTBAX 3aJi3HUYHOIO TPAHCIIOPTY JO3BOJIUTH 301IBLIMTH
JIOXOJIHY YaCTHHY KOILITOPHCIB IIUIIXOM BHSIBJICHHS HE3aIsHUX Pe3epBiB, MOJEPHI3allil Ta OTPUMAaHHs 1HBECTHIIIH.
A TakoX HaJacTh MOXIIMBICTh 3MEHIIUTH BHUAATKOBY YaCTHHY 32 PaxyHOK MiHiMi3alii BUTpAT Ha JIKBiJallil0 Hac-
JIJIKIB TPAHCHOPTHHX IMOJiH, TPUYMHOIO SKUX CTAIOTh HECBOEYACHO BHSIBJICHI TEXHIUHI PHU3HKH.

Kniouosi croea: TeXHIYHUN ayauT; TiIPHEMCTBA 3aJII3HUYHOTO TPAHCHOPTY; (GaKTHYHUN TEXHIYHUIN CTaH; IMij-
BHUIIICHHS €(DEKTUBHOCTI MisTIbHOCTI; iIeHTU(IKAIlIS PU3UKIB; MOACPHI3ALlis

Beryn 3aJIeKUTh BiJl 00’ €KTHBHOCTI Ta sIKOCTi iH(opMa-
11, 10 CITY’KUTh OCHOBOIO IS TX MIPUHHATTAL.

Ha »aJib, Ha chOroJHI AaHi PO (HaKTHUYHUI Te-
XHIYHUN CTaH 3aJi3HUYHOrO O0JIaJHaHHs, iH(pa-
CTPYKTYpPH, PYXOMOTO CKJaIy Ta iH)KEHEPHUX KO-
MYHIKAI[if, a TaKOX BIJIOMOCTI MPO MPOMHCIOBY
0e3reKy MiIIPUEMCTB 3JII3HUYHOTO TPaHCIIOPTY
€ HEMOBHUMH a00 HE Jal0Th BCEOIYHOTO YSBIICHHS
po HasBHI MPOTrajMHM Ta NUIAXH iX JiKBigawii,
a OTXKe, He MOXYTh OYTH OCHOBOIO JUTS TIPUHHSATTS
pallioHAIbHUX YIPABIIHCHKUX PIlICHb.

Oco6nuBOi akTyalbHOCTI HaOyBae 15 MpooIe-
Ma CTOCOBHO 00’€KTIB, L0 3HAXOAATHCS B €KCILIY-

YcnimHa TpaHcdopMalisi HamioHaIbHOT 3aii3-
HUYHOI Mepexi YKpaiHu B €BPONEUCHKY TPaHCIIO-
PTHY CHCTEMY BHMarae IiBUIIeHHS e(peKTUBHOCTI
(YHKITIOHYBaHHS MiAMPUEMCTB 3aJi3HUYHOTO Tpa-
Henopty. [licns akiioHyBaHHS 3ai3HUIB Y KpaiHH
BUHHKJIA TOCTPa HEOOX1IHICTh B MPUHHATTI HOBHX
YIOPaBIiHCBKUX, TEXHIYHUX Ta TEXHOJOTIYHUX Pi-
LIEHb, [0 MOBHUHHI BKJIIOYATH KapAHHAIbHI 3MiHH
opranizaiii poOOTH MIAMPUEMCTB, KiI YBIHIIUIK 10
cknany [AT «Vkp3amizaunsy. [Ipote, aieBicTh Ta
e(eKTHBHICTb peani3auii TaKux pilieHb, 3a3BUYAH,
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atamii Oinbiie 20 pokiB, yCTaTKyBaHHS Ta 00Jaj-
HaHHS SKUX (DI3UIHO 1 MOPATBLHO 3aCTapiyio, a TeX-
HIYHI pIllIEHHS HE BIAOBIJAIOTh CYYaCHOMY PiBHIO
PO3BHUTKY HAayKH 1 TEXHIKH, BUMOTaM HOPM i Mpa-
BAJ TIPOMHCIIOBOi Oe3neku. Bucokwii CTymiHb
aMopTH3arlii OCHOBHHX (HOHIIB MIIITPHEMCTB 3aTi-
3HUYHOTO TPAaHCHOPTY CBiTYUTH OE3yMOBHO, IO
B iX JiSIBHOCTI BHHUKAIOTH ICTOTHI PU3UKH, CBOE-
YACHICTh BUSIBJICHHS SIKHX CTaHE 3allOPYKOro Oe3-
MEeKU Ta AOAATKOBOIO TapaHTIEI0 I MOTEHIIHHUX
inBecTopiB. KpiM 1poro, MojepHizaris o0JiaJHaH-
HS Ta BIPOBAIKCHHS HOBITHIX TEXHOJIOTIH MOXKE
3HAYHO IIABUIMUTH C€(PEKTUBHICTH MISUTBHOCTI 5K
OKpeMHX MiAMPHUEMCTB, TaK 1 3aJTi3HHMYHOI Taiy3i
B IIJIOMY.

3a TakuX yMOB M OTPpUMaHHS OO0'€KTUBHOL
iHpopmalii npo GpakTUUHUI TEXHIYHUI CTaH, Has-
BHICTh HE3a/IiTHUX PE3EPBiB, MOKIMBI NIJISAXH MO-
JepHi3alii Ta MiIBUIICHHS PiBHS O€3MEeKH ITiITPH-
€MCTB JIOUJIBHO TPOBOAWUTH TEXHIYHWUH aymuT,
SIKMI 9aCTKOBO BXKE€ 3aCTOCOBYETHCS B 1HILIUX Tajy-
39IX.

Meta

Mertoto pob0TH € AOCIiKEHHsI, TOPIBHSIHHS Ta
y3araibHeHHA iH(popMamlii Mpo Cy4acHUH cTaH
1 0cOoONHMBOCTI TPOBENEHHS TEXHIYHOTO AayAHUTy
B PI3HHX Taly3sX TOCHOJApIOBAHHS ISl OJCpiKaH-
HSl MOXITUBOCTI pO3pOOKH TPOTO3UIIINA MIOA0 pO3-
MIMPEHHS 1iJIe MpOBEeICHHS JaHOi MPOLeIypy Ha
HiANPUEMCTBAX 3aJII3HUYHOTO TPAHCHIOPTY.

MeTtoauka

VY mpormeci AOCHIHKEHHST BUKOPUCTaHI METOIN
aHali3y 1 CHHTE3y JUIi BU3HAYCHHS 3MICTYy Ta OC-
HOBHHX IIOJIOXKCHb HAYKOBUX IyOJIiKalliif, Hopma-
TUBHO-TIPABOBUX aKTiB YKpaiHU Ta IHIIMX JaHUX
PO TMPOBENICHHS TEXHIYHOTO ayauTy B cepi mpo-
MHCJIOBOCTI, Oy/IiBHHIITBA, Fa30BUI00yBaHHS, €Je-
KTPOEHEPreTHKH, MOPCHKOTO Ta 3ali3HUYHOTO
TPaHCIIOPTY, 3 TOJAIBIIUM iX MOPIBHSAHHSAM Ta
y3araJbHEHHSIM.

PesyabTaTtn

AynuTopcbka IisulbHICTD B YKpaiHi mpeacras-
nsie co00r0 MpaKTHYHE BUKOHAHHS MEPEBIPOK, Op-
rasizaifiiine i MeToauuHe 3a0€3eYCHHS ayUTy Ta
HaQJIaHHS THIIUX ayJTUTOPCHKUX TOCIYT Cy0’eKTam
MiINIPUEMHUIIBKOI JISUTBHOCTI, Ta OTXe, Irependa-

Yae OTpUMaHHS MpUOYTKy. 3BakalouM Ha 1e, MOo-
TEHI[iaJI I[LOTO BHUAY iSUTBHOCTI peali3oBy€ThCS
B pi3HHX c(epax, yTBOPIOIOYH PIZHOBHAN ayIUTY,
cepell SIKUX: TeXHIYHUH, IHBECTUIIIIHNN, TOAaTKO-
BHI, MMPOMHUCIIOBUH, YNPaBIIHCHKUI, TEXHOJIOTIU-
HuH, PR-ayauT, ekonorigyumii, ayiuT IepcoHany Ta
iH.

HesBaxkatoun Ha icHyBaHHSI HOPMAaTUBHOTO pe-
TYJTIOBaHHS ayAHTOPCHKOI AisTBHOCTI B YKpaiHi,
3aKOHOJaBuO c(epa 3acTOCYBaHHS ayAuTy 3BO-
JOUTHCS JIMIIE 1O pe3yibTaTiB (iHaHCOBOI AisLTEHO-
cTi cyO’eKTiB rocromaproBaHHs. 3aKOH YKpaiHU
«IIpo ayawTOpCBEKY MIANBHICTBY, NPHAHATHI
22 xBiTHa 1993 poky, Sk B MOYATKOBOMY BHIJISAII,
Tak 1 B MOTo4HiN #oro pemaktii Bix 01 TpaBHS
2016 poxy, MICTHTh TOJOXKEHHS, 3T1IHO SKOTO ITiJ{
ayJMTOM PO3YMIIOTh MEPEBIPKY BHKIIOYHO AaHUX
OyXranTepcbKoro o0JNiKy i MOKa3HUKIB (hiHAHCOBOT
3BITHOCTI MiIIPUEMCTB, y PE3yIbTATi SIKHX 3aMOB-
HUK OTPUMYE BHCJIOBJICHHS HE3aJIC)KHOI JTyMKH
ayauTopa Mmpo iX JOCTOBIPHICTH Ta BiJIMOBIIHICTH
BHMOTaM 3aKOHOJaBCTBa [4].

BimHOocHa mpocToTa 3MIWCHEHHS ayIUTOPCHKOT
TUSIBHOCTI, @ caMe BIJICYTHICTh MOTPEeOH y 3HAY-
HUX KalliTAIOBKJIAJACHHSIX y PO3BUTOK MHiANPHEM-
HUIBKOT MisITBHOCTI Ta MOXKIUBICTh OTPUMAaHHS
NpUOYTKY NUISIXOM BUKOPHUCTAHHS BIACHHUX KBaJli-
(hikamiifHUX HABMYOK, pOOJISATH LIeH BU JisIIBHOCTI
HaJ3BUYAIHO MPUBAOIMBUM IS TPAIliBHUKIB TEX-
HIYHUX CIemiaJbHOCTeH, SKi MPOMOHYIOTH CBOI
MOCYTH 3 TIPOBEJCHHSI TEXHIYHOTO ayauTy. [Ipo-
Te, EKOHOMIYHa MPHUBAOIMBICTD JaHOTO BUIY Jis-
JILHOCTI, 3 OJJHOTO OOKY, Ta BiJICYTHICTH HOpMATH-
BHOTO BHM3HAUEHHS IIi€i NpOIEaypyd — 3 IHIIOTO,
MPHU3BOJIUTH JI0 TMPAKTUYHOTO HAJIAaHHS MOCTYT Te-
XHIYHOTO ayAWTy B PI3HUX TalIy3iX EKOHOMIKH
KpaiHu Ta JI0 IHIUBIAYyaJIbHOTO MIIXOAY y BH3HA-
YEeHHI MOHATTS 1€l mpoleaypH, mepeniky pooir,
o OyIyTh 3MIMCHIOBATHCS B XOJIi HOTO TIPOBEACH-
HS Ta pE3yJIbTaTIB, SKi OTPUMAE 3aMOBHUK.

Tak, MOHATTS TEXHIYHOTO ayJIUTy B cdepi npo-
MUCJIOBOCTI Tiependadae TMPOBENEHHS CydacHUX
e()eKTUBHUX JIOCIiPKEHbh BUPOOHHYNX Ta 1H)XKEHE-
PHUX CHCTEM, IO JO3BOJIAIOTH 00’ EKTUBHO OITIHU-
TH 1X TIOTOYHUH TEXHIYHUH CTaH, BUSBUTH PE3€pPBU
MiBUIICHHS €()eKTUBHOCTI JisSUIBHOCTi, OI[IHUTH
MaiiOyTHI WMOBIpHI BUTpPATH HA PEMOHTHI IUKIIH,
MOJIEpHI3allil0, €HCPrOBUTPATH 1 BIPOBAHKCHHS
cucreM eHepro3oepexenns. OTpuMaHi pe3ynbTaTH
JIO3BOJISIIOTH C(OPMYBATH IMEPENIK YINPABIIHCHKUX
pIIIEHDb 1100 MPHUBEACHHS TEXHIYHOTO CTaHy Iie-
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XiB 1 yCTAaHOBOK MiANMPHUEMCTBA y BiAMOBIAHICTH 10
BHMOT HOPM 1 TIpaBHJI, aKTUBAIlIl HE3aIITHUX pe3e-
PBIB BUPOOHHUIITBA TAa BU3HAYCHHS IEPIIIOYEPTOBUX
3aX0fiB sl TONEPEeIKECHHS  TpaBMaTHU3MY
1 mocsrHeHHs Oe3reuHoi Ta Oe3aBapiiiHOI POOOTH
migmpremcTsa [5].

VY codepi OyaiBHUITBA TEXHIYHUH ayJquT IMPO-
BOJIUTHCA 32 ABOMA HANpsIMaMu: ayJIuT 3€MEIbHUX
TUTSTHOK Ta ayAuT 00’ €KTiB HEPYXOMOCTI.

AKTyanbHICTh TEPIIOTO HampsMy ayIuTy
IOB’s3aHa 3 BUMOTAMM 1HO3EMHMX KOMIIAHIH, sKi
nependadaloTh BHECEHHS IHBECTHIM B YKpaiHy,
OTPUMAaHHS TapaHTil IIOAO BiJICYTHOCTI (hiHAHCO-
BUX, IOPUINYHUX 1 TEXHIYHUX PU3UKIB TpH 3a0y-
OBl BIAMOBITHOI 3eMeNbHOT MinAHKA. [loHATTA
TEXHIYHOTO ayAWUTYy B JaHOMY BHUIAAKY TPAKTY€ETh-
sl SIK MIPOBEJICHHS JOCITIIKEHb 1 poOIT, SKi mepe-
0ayaroTh BU3HAYECHHS BCIX MOTEHLINHUX PHU3HKIB,
SIKI MOXYTb IIPU3BECTH 10 BU3HAHHS YTOIW KyIiB-
Ji-IPOAaXy 3eMENIbHOI TUISTHKY Tix 3a0yIoBy He-
JIHCHOIO Ta iCTOTHO HEraTUBHO BILIMHYTH Ha Bap-
TiCTh 00’€KTa KyMiBIi-IPOAAXKY a00 BUSBUTH TIO-
PYLICHHS 3aKOHO/JABCTBA YKpaiHW BIACHUKOM Ta-
Koro 06’ekra [7].

[ToHATTSI TEXHIYHOTO ayaUTY, 10 TPOBOAUTHCS
3a JpyrdM HanpsMoMm (00'€KTH HEpPYXOMOCTi),
BKITIOYA€ TepeBipKy OyIiBeNbHOI IisNIBHOCTI Cy-
0'ekTa TOCMOAAPIOBAHHSA Ta OIIHKY TEXHIYHOTO
CTaHy OOJaJHaHHS, SIKE BUKOPHCTOBYETHCS B MPO-
neci OyamiBHHUNTBA. Pe3ynmbTaToM TepeBipKd € BH-
CJIOBJIEHHS HE3QJICKHOI IyMKH ayauTopa Npo ix
BIJIMOBI/IHICT, BHMOTaM Oy[iBEIHHHUX HOPM Ta
CTaHAAPTIB, JOTPUMAaHHS BHUMOI' LIOAO CTPOKIB,
SIKOCTI BUKOHAHHUX POOIT 3TiJIHO 3 BAMOTaMH 3aMO-
BHUKIB. TakuM YMHOM, TEXHIYHUI aynuT 00’ €KTIB
HEPYXOMOCTI MPOBOAMUTHCA 3 METOIO ieHTH]IKAITT
MaKCUMaJIbHOTO 00CSTY MOTEHIIHHUX PU3HKIB, SIKi
MOXKYTh O4YiKYBaTH 1HBeCTOpa ab0 BJIACHUKIB Maii-
OyTHBOI 320y 10BH [7].

HeoOximHicTh IPOBEJCHHA TEXHIYHOTO AYAHUTY
B cepi razoBumo0yBaHHS OOYMOBIEHA THM, IO
Ha Cy4YaCHOMY €Talli pO3BUTKY Taily3i OUTbIICTh
TEXHOJIOTIYHUX, TEXHIYHHX Ta KOHCYIBTAI[IHHUX
MOCTYT HAJA€ThCS BHYTPIIHIMH MiAPO3IIIaMu
[NAT «VYxprassumoOyBaHHs». Sk 3a3Ha4aIOTh
cnerianmictd [2], 1e TPU3BOIUTH A0 3HIDKEHHS
SIKOCT1 TOCITYT, HEKOPEKTHOTO BiOOpaXKeHHs Bap-
TOCTI TaKWX IMOCIYT Ta, 3BYKAIOYM HAa MAacIITaOH
KOMIIaHii, IeperKko/Hkae PO3BUTKY PHHKY cCIiewia-
Ji30BaHUX HATOra30BHX MOCIYT B YKpaiHi.

VY TakoMy BHIIaJIKy, 3 METOIO BUPILICHHS MOC-
TaBJICHOT MPOOJIEMHU KEPIBHUITBO KOMIIaHII MPUii-
Ma€ pilIeHHs PO 3aTyYeHHS HE3aJIeKHUX eKCIep-
TiB A7 TPOBEACHHS TEXHIYHOTO AayAuTy, SIKUH
BKJIFOYA€E JIOCHIHKEHHS TEXHIYHOTO CTaHy 00Jai-
HaHHS, 1HCIEKII0 BHPOOHWYMX 0a3 Ta CKIadiB,
a TaKo>X BU3HAUCHHA PiBHA Oe3MeKH YMOB Ipalli Ha
Bcix OypoBHX BepcTarax Ha BUpoOHUNTBi. Ha oc-
HOBI OTPUMAaHHX Pe3yJbTaTiB Ma€ OyTH IMiJrOTOB-
JieHa TporpamMa MOJEpHi3allii OypoBoro o0Jaj-
HaHHS Ta TUTaH MiJBUIICHHS KBamiikarii mparis-
HUKIB Ta IH)KEHEPHOTO TIEpCOHATY, peani3alis Kol
JIO3BOJIUTH HAPOIIYBaTH 0OCATH POOIT 1 TAKUM UH-
HOM MiJIBUIIATH CHEPrOHE3aJIKHICTh Kpainu [2].

TexHiuamii aynuT y chepi eneKTpoeHepreTHKH
sIBIISIE COOOI0 BHM3HAYEHHS BiANOBIAHOCTI TEXHIY-
HOTO CTaHy EJEKTPOMEPEK 1 ENEKTPOYCTaHOBOK,
a TaKOX YMOB X eKCIuTyaTalii, HopMaM 3aKOHO/a-
BUUX akTiB. OCOONMBICTIO TEXHIYHOTO ayAHTY i€l
cdepu € Te, Mo Cy0’eKTOM MOXe OYTH K Hesalie-
KHHN eKcepT (nepeBipKka TEXHIYHOTO CTaHy eJeK-
TPOMEPEXK), TaK i BIIOBHOBAKECHHUIA EKCIEPT E€HEep-
rokoMIasii (mepeBipka TEXHIYHOTO CTaHY EJIEKT-
POYCTaHOBOK, HOTPUMAaHHS YMOB X HiAKITIOYEHHS
Ta ekciutyaramii). O0’€KTH TEXHIYHOTO ayIuTy
y cdepi eNeKTPOCHEPTETHKH — IIe SBISIOTHCS eJe-
KTpoMepexi, TpanchopMaTopHi MiAcTaHIii, po3-
MOJTBY] MPUCTPOi 1 MyHKTH, CUCTEMH aBTOMATHU-
30BaHOTO YIPaBIiHHS €JIEKTPOIIOCTAYaHHIM TOLIO.

[TpoBeneHHs caMoi MPOLEAYpH CIPSIMOBAaHE Ha
CTPYKTYpHU3AIliI0 ICHYIOUMX CHUCTEM EHEprornocra-
YaHHS, iIeHTH(DIKAII0 PU3UKIB, 110 HEPIAKO CTa-
I0Th IPUYMHOI0 BHHUKAIOYHX TEXHOJOTIYHUX IPO-
Onem, po3poOKy TporpaMu BIPOBAKEHHS €Hep-
roe()eKTUBHUX TEXHOJOTiH, onTUMi3aliio abo pe-
KOHCTPYKIIIFO €HepronoCTavyaHHs, cHCTEM
€JIEKTPOCHIIOBOTO Ta JWCTAHI[IHHOTO aBTOMAaTH30-
BaHOTO YIPAaBIiHHS, PO3POOKY HAIPSIMKIB MOTOY-
HOTO 1 TEPCHEKTHBHOTO PO3BHUTKY IiIIPUEMCTB
eNIEKTPO-CHEPT e THKH.

AKTyanbHICTh 3aCTOCYBaHHSI TEXHIYHOTO ay/Iu-
Ty B Taly3li MOPCBKOTO TPAaHCHOPTY 0OyMOBJIEHa
MIMPOKHM CIIEKTPOM MpOoOJIeM MIKpO- Ta Makpoce-
penoBuiia. TexHIYHUN ayauT MPOBOIUTHCS B Me-
kKax pearizalii KOMIUIEKCHOT TMporpaMu IIiJIBU-
IIeHHS. €)EeKTUBHOCTI JiSUTbHOCTI MOPCBHKOTO TIOP-
Ty Ta BHU3HAYAETHCS SK OIIHKA TEXHIYHOTO CTaHy
IH)KEHEpHUX CHCTEM Ta OOJalHAHHS: 3HOIYBaHHS,
Horo 4actoTu 0OCIyroByBaHHs, HEOOXiTHOCTI pe-
MOHTY, PiBHSI BUTPAT y BiJHOIIEHHI /10 TOAWH €KC-
IuTyararii, mpoJyKTHBHOCTI, cOOIBAPTOCTI EKCILTy-
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atauii. MeTol Takoro TEXHIYHOTO ayAuTy € BH-
3HAa4YeHHs aKTyallbHUX HampsMiB poOOTH Ta opra-
HI3alIHHO-€KOHOMIYHMX 3aXO[iB, IO J03BOJISTH
MOPCBHKHM MOPTaM CYTTE€BO MOKPAIIUTH Pe3yibTa-
TH TISTTBHOCTI B KOPOTKO- Ta CEPEAHBOCTPOKOBIH
repcnekTusi [1].

OyHKIiI NpoBeACHHS TEXHIYHOTO AayAUTY
B IIAT «VYxkp3anizHuus» BukoHye LleHTp TexHiu-
Horo aymuty (LUTA), ctBopennit B ctpykrypi JI1
«HaykoBo-gocnigauii  Ta  KOHCTPYKTOPCHKO-
TEXHOJIOTIYHUH 1HCTUTYT 3ai3HUYHOTO TPAHCIIOP-
ty» [IAT «Ykp3anizaut». Bignosigao 1o HOpma-
TUBHHUX [IOKYMEHTIB, SKHMU KEpPYyeTbCS B CBOIl
po6oti LITA, MOHATTS TEXHIYHOTO ayAWTy BH3HA-
YaeThCs SIK CHCTEMAaTUYHHM, HE3aJe)KHHUH 1 3a10-
KyMEHTOBaHUH MpOoIleC OTpUMaHHS IOKa3iB QyHK-
IIOHYBaHHSI CHCTEM BHPOOHMKa IIoA0 3abesre-
YCHHSI BUPOOHMIITBA TaKOl MPOIYKIIii, SKa BiJIo-
BiJla€ BHMOTaM HOPMATHBHUX AaKTiB, CTaHAAPTIiB
1 TEeXHIYHOI JOKYMEHTallii, pe3yJIbTaTOM SKOTO
II0CTAa€ BUCHOBOK II[OJ0 BIIIOBIAHOCTI JUIS 3aCTO-
CYBaHHS TOTOBOI MPOAYKIii ad0 MOCIyT BUPOOHHU-
Ka.

OCHOBHMMHM 3aJjauyaMH TEXHIYHOTO AayAHTy
B TaJTy31 3a1i3HUYHOTO TPAHCIIOPTY € BU3HAYCHHSL:

— BIAMOBITHOCTI CUCTEM BUPOOHHUKA KPUTEPIsM
ayaMTy, IKUMH € HOPMaTHBHA Ta KOHCTPYKTOPChKa
JOKYMEHTAIlis, BHYTPIIIHI KEpiBHI JOKYMEHTH
AT «Yxp3ami3HUIs»;

— METOJOMKHM Ta TEXHIYHOT MOXKJIMBOCTI ISt
MPOBEJICHHSI 1HCIIEKIIIIMHOTO 1 MPUHMAJILHOTO KOH-
TPOJIIO IPOAYKITii a00 TOCIyT;

— TIOKa3HHKIB SKOCTI MPOAYKIi, IO MpHiiMa-
IOThCSl THCTIEKI[IHHMM Ta TPUIMAaIbHUM KOHTPO-
JeM, JUIs MOHITOPHHTY CTaHy SIKOCTI TMPOAYKIIi
(TocyT) 3a JOTTOMOTOI0 CTATUCTHYHUX METO/IIB.

Texniuni ayauty, 1o npoBoasathes L[TA, ma-
I0Th CTaTyC «AYJIUTH JIPYTOI0 CTOPOHOIO» BiJIO-
BimHo m0 JICTY ISO 19011:2012, ToOTO ayautwy,
IO MPOBOJSATHCS NMPEICTABHUKAMHM 3aMOBHHUKA UM
IHIIIOKO 3aI[iKaBJIEHOI 0c00010 [3].

TakuMm 4YMHOM, Ha TPHUKIAAlI JOCBILY KpaiH
yuacuHukiB €C, cbOrofHi B Tajy3i 3aJi3HHYHOIO
TPAHCIIOPTY YKpaiHM BIPOBA/KEHO IPOBEACHHS
TEXHIYHOTO ayJUTY, SIKUI CIIPSIMOBAHUHN Ha yIpaB-
JiHHA CHCTEMOIO SIKOCTI MNpOAyKuUii (mmociyr);
00’eKTOM #0r0 (PaKTUYHO BUCTYIMAE MPOIEC BUPO-
OHMITBA TOCTAYAILHUKA 3aJi3HUYHOI TPOIYKIIii
(mocmyr).

Takuil HanpsAM JisUTBHOCTI € Oe3nepedHo BaxK-
JIUBHM, TIPOTE, HA JTyMKY aBTOPIB, JJIsl YCIIITHOTO

BIIPOB/IXKEHHSI OY/b-SIKHX HOBOBBEACHB 3aCTOCY-
BaHHs IO3UTUBHOI'O 3aKOPJOHHOIO JIOCBILY 3aMa-
JI0 — HEOOXIAHO BpaxOBYBaTH IHIUBIAyalbHI OCO-
OIMBOCTI PO3BUTKY 3ai3HMYHOI Tamy3i B YKpaiHi.

CBiTOBI TeHJEHII OOYMOBIIOIOTH MiATOTOBKY
npioputeTHUX TpoekTiB [IAT «Ykp3ami3HuIy,
SKi TIOB’S13aHi 3 PO3BHTKOM IIBUAKICHOTO PYXY,
noOyJOBOI0 MIKHAPOJHHUX TPAHCHOPTHUX KOPH-
JIOpiB Ta PO3BUTKOM MYJIBTUMOAAJIBHUX IIE€pEBE-
3CHb, aJic HE3aJJOBUTLHUN CTaH 3ai3HUYHOI iH(pa-
CTPYKTYpH Ta PyXOMOTO CKJIaJy MEPEIIKOKAE iX
peamizartii [8]. Ha Bimminy Bix inmux kpain €C,
ragy3b 3al1i3HUYHOTO TPAHCIOPTY YKpaiHU Xapak-
TEPU3Y€ETHCSI HAI3BUYAiHO BUCOKUM PiBHEM 3HOCY
OCHOBHUX (OHIB, AKi 3a0e3meuyroTh ii (yHKIIio-
HyBaHHA. Ekcrmyararist mux ¢hOHIIB MiCTUTH iCTO-
THI PU3HMKH, CBOEYACHICTH iMeHTH(IKAIl SKUX Ta
opraHizallisi yrnpaBliHHSI HUMH € 3alIOPYKOI0 0e3-
neku [6, 11, 12, 13]. Tomy, Ha AyMKy aBTOpiB,
BPaxOBYIOUH CHIiBBiAHOIIEHHS YacCTKH OOJIaJHaH-
HS, pyXOMOro ckjany Ta iHmmx pecypcis [TAT
«YKp3ai3HUI», MO TOBHICTIO aMOPTH30BaHUM,
aJle MPOAOBXKYIOTH CKCIUIyaTyBaTHCS, Ta YacCTKH
npuadaHoro MaifHa, IO NPUIMAETHCS B SKCILTya-
TaIio, HeoOXIIHO 3MIHIOBATH IIIXIJ 10 BH3Ha-
YeHHS 00’ €KTy TEXHIYHOTO ayIuTy.

Kpim 11p0ro, OCHOBHUMH MPUHLIUIAMHU ayTUTY
€ HE3aISXKHICTh Ta HEyNepeKeHicT. BpaxoByro-
YH, 110 Cy0’€KTOM MIPOBEIEHHS TEXHIYHOTO ayJUTy
e UTA, miamopsaxoBanmii Ta mim3BiTHHH I[TAT
«YKp3aIi3HUI», X JOTPUMAaHHsS BHUKIMKAE CyM-
HiBH. [lo TOTO X, aBTOpH HAyKOBUX ITyOiKarii [9,
10] maromomryroTh Ha HEOOXITHOCTI 3amydeHHS
HE3AJIC)KHUX EKCIIEPTiB 3 MPOBEJCHHS TEXHIYHOTO
ayJuTy JUIsl OTpUMaHHsA 00’ €KTHBHHX Ta Heymepe-
JDKEHUX pe3yJIbTaTiB.

OTxe, OTpuUMaHI pE3yNbTaTH JOCIIKCHHS
0COOJIMBOCTEH TPOBENICHHS TEXHIYHOTO AayAHTY
B c(epi mMpoMHCIOBOCTi, OYAIBHUIITBA, Ta30BH/I0-
OyBaHHS, €JIEKTPOCHEPIeTUKH, MOPCHKOT'O Ta 3ali-
3HAYHOTO TPAHCHOPTY JIO3BOJISIFOTH BU3HAYUTH
CIUTBHI Ta BiIMiHHI pHiCH HOTO IIiyiel, 00’ €KTy Ta
CyO’€KTy, IO XapaKTepHi A OUTBIIOCTI ramy3en.
Pesynbraru npusejeHi B Ta0J. Ta Ha puc. 1.

V3aranpHeHHs iHQoOpMalii, sKa TpUBEICHA
B Ta0. 1 ta Ha puc. 1 cBiTYUTH TPO Te, IO 3aCTO-
COBYIOUHM TEXHIYHWU ayquT y QyHKIIOHYBaHHI Tie-
pemiueHux cdep TrocHogaprOBaHHS, 3aMOBHUKHU
CTaBJISITh 32 METY JIOCATHEHHsS HACTYIHHUX LJIeH:
i IBUIIICHHS €()eKTUBHOCTI AisUTLHOCTI Ta Oe3IeKH,
MoOjIepHi3allii BUPOOHHUIITBA Ta CTBOPEHHS I0JaT-
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KOBHUX I'apaHTiil 3aXHUCTY MpaB iHBECTOPIB Ta MOKY-
TIIIIB.

VY mepeBakHIN OUIBIIOCTI Tamy3ed TEeXHIYHUI
ayJMT 3aCTOCOBYETHCS IS BU3HAUYEHHSI IOTOYHOTO
TEXHIYHOTO CTaHy OOJaIHaHHSI, M0 eKCILTYaTyETh-
csl Ta 3abe3medye OTPUMAaHHS PEe3yNIbTaTiB TOCIO-
JApCHKOI TiSUTBHOCTI, a JJIs 3[[IHCHEHHS TPOIICTY-
PH 3aJTy4al0ThCS He3aJIeXKHi EKCIIEPTH.

BpaxoByroun mo3uTHBHUIT JOCBIJl 3aCTOCYBaH-
HSl ayAUTy B PI3HUX Tally3sSX €KOHOMIKH Ta y3a-
TaJbHIOIOYN PO3IIISIHYTI XapaKTePUCTHKH JaHOTO
BHIY IiSUTBHOCTI, B pOOOTI IPOTIOHYETHCS TEPETiK
3ax0/liB IIOAO BPETYIIOBaHHS PO30IXHOCTEH y BH-
SHAYCHHAX ITIOHATTsA, MCTH Ta 3aBJaHb TCXHi‘IHOFO
ayauTy Ta PO3MIMPEHHS IUIed HOTO MPaKTUIHOTO
3acrocyBanHs B [IAT «Ykp3amizHuiisa», a came:

— BHECEHHs 3MiH 10 3aKOHOAaB4yol 0asu, IO
peryiIoe ayTuTOpChKy JisUIbHICTD B YKpaiHi, aga-

mTaris il 70 BCIX BUJIB ayAHTY, SKi IIUPOKO 3aCTO-
COBYIOTHCS Ha MPAKTHIII;

— CTBOPEHHSI 3aKOHOJABYOI, TEOPETHYHOI Ta
MPaKTUYHOI 0a3u JUIsl MATOTOBKU BUCOKOKBaTi(i-
KOBAHHUX CITCIIATICTIB 3 MPOBEACHHSI TEXHIYHOTO
ayauTy;

— pO3MIMPEHHS IiJIed MPaKTHYHOTO 3aCTOCY-
BaHHs TEXHIYHOT'O ayIuTy 00’€KTIB 3ai3HUYHOTO
TPAHCIIOPTY, PO3pOOKa HOBOI METOIWKH Ta TOO0Y-
JIOBA MTPUHIIUIIIB HOTO MTPOBEICHHS.

Jis peamizariii OCTaHHBLOTO TIOJIOKEHHS, aBTO-
pY BBKAIOTH AOUIILHAM PO3IIUPUTH OO’ EKT TIe-
peBipku B [TAT «Ykp3anmizHHIS», O TO3BOJIUTH
JOCTI/DKYBaTU TEXHIYHUNA CTaH I1H)XKCHEPHHX Ta
BHPOOHUYMX CHCTEM SIK 3aBOJiB-TIOCTAYaIbHUKIB
3aI3HAYHOI MPOMYKINil, TaK 1 MiJIPUEMCTB 3alli3-
HUYHOTO TPAHCIOPTY, L0 BXOIATh 0 CKJIaay
ITAT.

Tabmnums 1

CuiybHi pucH MeTH NIPOBe/IeHHSI TEXHIYHOI0 ayAUTY B Pi3HUX rajay3six

Table 1

Common features of the technical audit objective in various fields

Cdepa npoBeneHHS
TEXHIYHOTO ayAUuTY

Merta npoBeIeHHS TEXHITHOTO ayIUTY

CrinbHi pucu

IIpomucnoBicTh

BusiieHHs pe3epBiB MmiIBUIICHHS e()eKTHBHOCTI
JISTIBHOCTI MiZNPUEMCTBA, ONEPEKEHHS TPaBMaTH3-
My Ta OCATHEHHs Oe3redHoi Ta 6e3aBapiitHol poboTu

BHPOOHHUIITBA

[MigBuieHHs ePEKTUBHOCTI
ISUTBHOCTI Cy0’€KTa
rOCIIO/IapIOBAHHS;

MIABUIICHHS PiBHS OC3MEKH

Mopcbkuii TpaHCIIOPT

Bu3sHaueHHs aKTyalbHUX HAIPSMIB pOOOTH Ta
OpraHizamiifHO-eKOHOMIYHHUX 3aXO0/IiB IS I IBUIICHHS
€(eKTUBHOCTI JIiSUTLHOCTI MOPCHKOTO TIOPTY

[MigBuieHHs ePeKTHBHOCTI
JISUTBHOCTI Y0’ €KTa
rOCIIOaPIOBAHHS

[TigBUIIICHHS CHEPTOHE3aICIKHOCTI KPaiHU MUIIXOM

[MigBuieHHs ePEKTHBHOCTI

HapOIIEHHS 00CsTiB OYpiHHS CBEPUIOBHH Ta OE3MEKU

IISUTEHOCTI cy0’€KTa rocnoaapio-

TKY Ta MOJepHi3aIlil 00JaHaHHS ITiANPHEMCTB €JICKT-
POEHEePreTHKU

I'a30BuI00yBaHHS . .\ . : .
YMOB Mpalli, OTPUMAHHS PEKOMEHIAIIIH 11010 MOJIEPHi- BaHHS; I {BUIICHHS PiBHS
3arii JIr04oro o0Ja HaHHsA Oe3meKu; MoIepHizaIlis
[nenTHdiKalis pU3HUKIB Ta MiABHIIECHHS Oe3eku, po3- | [ligBuIeHHS ePeKTHBHOCTI Iisi-
poOKa HAMPSIMKIB TIOTOYHOTO i MEPCIEKTHBHOTO PO3BU- | JILHOCTI CY0’€KTA TOCIIOJapIOBaH-
EnexTpoeneprerrka

HS1; TIiIBUTICHHS PiBHS O€3IeKH;
MOJIepHI3aIlis

ByniBHUTITBO

[nenTHdIKAIS TOTSHIIIITHUX PU3UKIB IS 3aXUCTY 1H-
TepeciB iIHBECTOPIB, BIACHUKIB MalOyTHBOI 3a0yA0BH Ta
TiIBUIIICHHS] PiBHS O€3MEKH i 4ac MPOBEACHHS
OyaiBenbsHUX poOIT

3axucCT npaB iHBECTOPIB Ta
MOKYTIIIIB,;

MiABHUIICHHS PiBHS OC3MEKH

Sani3HNYHAH
TPAHCIOPT

[Momryk nokasiB GpyHKI[IOHYBaHHS CHCTEM BHPOOHHKA
m0/10 3a0e3meueHHs] BUPOOHMIITBA TAKO1 MPOAYKIIii, KA
BiJIMTOBia€ BUMOTaM HOPMAaTHUBHUX aKTiB, CTAHIAPTIB
1 TEXHIYHOI JOKYMEHTAIIi1

3axucT npaB iHBECTOPIB Ta
MTOKYTIIIiB
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Coepa nposeaenHs
TEXHIYHOTO ay/{UTy

Cy6’eKT TEXHIYHOTO ayTUTY

O6’exT TEXHIYHOTO
ayIuTy

bynignunTro

JII «HayxoBo — gocnijHuil 1HCTHTYT
GyniBensHOrO BUPOGHUIITBAY 200
He3aNe)KHUH eKenepT

IIpoMucIoBicTs HE3AJIEKHHH EKCIEPT — /—ﬁ
BUpOOHUTI Ta
IHXKEHEPHI CHCTEMH,
TazoBugoGyBanns HE3ANEXKHUIA EKCIIEPT — o
EKCILTYaTYIOTRCA Ta
™  safesmeuyroTs
He3AIeKHHUH exclepT abo OTpAMAaHH
Enextpoeneprerika YIOBHOBAXKCHUH MPECTABHUK — PE3YILTATIB
eHeproKoMIaHii FOC}'IO}lapCLI.(Ol
JUSTTBHOCTI
Mopcekuii TpaHCIIOPT He3aJIEKHUH excliepT —

o0JIaAHAHHS, [0

NpUAMAaETLCH I

3amisHuIHMK
TPAHCIOPT

LIEHTP TEXHIYHOTO ayIuTy
[TAT «Ykpzam3Huis»

BBE/ICHHS B
CKCILIVATAIIITO

Puc. 1.

OO0’ekT Ta cy0’€KT TEXHIYHOTO ayAUTy

Fig. 1. Object and subject of technical audit

MeTor0 TpOBEACHHA TEXHIYHOTO ayAWTy B Ta-
Jy3i 3aJII3HAYHOTO TPAHCTIOPTY YKpaiHu Mae OyTH
OIliHKa MTOTOYHOTO TEXHIYHOI'O CTaHy Pecypcy, IIo
3a0e3redye 3MiHCHEHHS TOCMOIAPCHKOI MisITbHOCTI
[TAT «Ykp3amizHUID ISl BUSBICHHS Ta aKTHBa-
1ii pe3epBiB MiABUIEHHS i €)EKTUBHOCTI, OIIHKU
Ta MOXJIMBOCTI TPOTHO3YyBaHHSI MaHOyTHIX HMOBI-
PHUX BHTpaT Ha PEMOHTHI IUKIM Ta MOJEpHi3a-
1i}0, & TAKOXK IiJIBUIICHHS OC3IEKU IMPalliBHUKIB
Ta KOPUCTYBAUiB MOCIYT 3aJli3HUYHOI'O TPaHCIIOP-
Ty.

Kpim 1miporo, cBoeuacHa imeHTH]IKAISA Ta aHA-
73 piBHS (QaKTHYHUX PU3WKIB Ta iX MOPIBHSAHHS
3 piBHEM JOMYCTHUMHMX ITiJ] 4ac peaizarii 3aXxoiB
MiBUIICHHS €(PEeKTHUBHOCTI IisSUTBHOCTI MiAPUEM-
CTBa HAJaCTh MOXKIIMBICTh IPUIIMATH PillIEHHS PO
JIOMYCTUMICTh peaizaiii MmpoekTiB, abo X HeoO-
XIIHICTh JIOOIIPAIFOBaHHS ITUX MPOEKTIB 3 METOI0
3MEHIIICHHS] PU3HKiB, CTBOPIOKOYN TaM CaMUM J[0-
JIATKOBI TapaHTil Ta IMOKPAIIyIUYd 1HBECTHUIIIHHY
NpUBaOIUBICTD MiANIPUEMCTB.

TakuM YMHOM, OCHOBHHMMH 3afadaM{ TEXHid-
HOTO ayJIUTy Ma€ CTaTH OOCTEXKEHHS 00’€KTIB 3a-
J3HUYHOTO TPAHCIIOPTY JIS:

— OWIHKHA MOTOYHOTO TEXHIYHOTO CTaHy HasiB-
HUX PecypciB Ta BU3HAYECHHS DPIiBHS OCHAIIEHOCTI
00’€KTa;

— BHSBJICHHS Ta JIOCTI/DKCHHS TEXHIYHHX PH-
3WKIB Ui 3a0e3MeYeHHs CBOEYACHOi opradizarii
MPOLIECY YIPaBITIHHS HUMU;

— MPOTHO3yBaHHS PEMOHTHHUX MHUKIIB (KamiTa-
JFHUX Ta TOTOYHHMX) YCTaTKyBaHHS Ta 3aco0iB
TPAHCIIOPTY, 1110 eKCILIYyaTyHThCs, 3 BUSHAYCHHSIM
X o4iKyBaHOI BapTOCTI;

— OIlIHKa MOJKJIMBOCTI BITPOBAP)KEHHSI iHHOBa-
MIAHUX TEXHOJOTH Ha 00’€KTI OOCTEKEHHS, IO
BKJIIOYAE:

a) BU3HAYCHHS HAIIPSIMY BIOCKOHAJICHHS;

0)BHUBUYEHHS (MOHITOPUHT) iCHYIOUUX IPOIYK-
TiB IHHOBAIIHOI JISUTBHOCTI Ta MigAOIp 0JHOr0 abo
KUTbKOX aJbTEPHATHBHUX BapiaHTIB, 110 MOXYTh
OyTH BIPOBaUKCHUMH Ha JTAHOMY 00’ €KTi;

B)MOPIBHSHHSA  TEXHIYHMX  XapaKTEPHUCTHK
00’€KTa, 10 BCTAHOBJICHI B Pe3yJbTaTi MPOBEE-
HOTO JIOCII/DKEHHS Ta HEOOXiJHiI JUisi BIIpOBa-
JOKEHHS 00paHOTo iHHOBAIITHOTO TIPOAYKTY.
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HaykoBa HOBH3Ha Ta MPaKTHYHA
3HAYUMICTD

HayxoBa HOBH3HA pOOOTH IOJISITa€E B TOMY, IO
OTpHMaHi pe3yJbTaTH JO3BOJISIIOTH PO3IIUPUTH
HOHATTS «TEXHIYHWH ayaWT» Ha 3ali3HUYHOMY
TPAHCIIOPTi, BU3HAYUTH METY HOTO NMPOBEICHHS Ta
MepeniK 3aBlaHb. 3acTOCYBaHHS PO3LIMPEHOTO
TEXHIYHOTO ayJUTy HaJacTh MOXXJIHMBICTH OTPUMY-
BaTH 00’ €KTUBHY iH(pOpMaIilo mpo (aKTHIHUN
TEXHIYHUH CTaH 00’ €KTIB 3aJli3HUYHOI iH(pacTpy-
KTypH, 3ac00iB TpaHCHOPTY Ta OONagHaHHS i BU-
KOPHCTOBYBAaTH ii JUIsi OPMyBaHHS IpOTpaM po3-
BHUTKY SIK OKpEMHUX MIANPUEMCTB, TaK 1 3aJi3HUIII
B IIJIOMY.

Pozmmpenns 1inel mMpakTHYHOTO 3aCTOCYBaH-
HS TEXHIYHOTO ayIuTy Ha MiAMPUEMCTBAX 3alli3-
HUYHOTO TPAHCTIOPTY J03BOJUTH 301IBIIUTH JOXO-
JHY YacTUHY iX KOIITOPHCIB ILISIXOM BHSBICHHS
He3aJiTHUX pe3epBiB, MOAEPHI3allii Ta OTPUMaHHS
IHBECTHIIIH, a TAKOXK 3MCHIIUTH BUIATKOBY 4aCTH-
HY 3a paxyHOK MiHiMi3allil BUTpaT Ha JIiKBiJaIlit0
HACJIJIKIB TPAHCIIOPTHUX IIOMINA, TPUUNHOIO SKHUX
CTAOTh HECBOEYACHO BUSBJICHI TEXHIYHI PU3HKH.

BucHoBxku

[epion craHOBICHHS aynuTy B YKpaiHi CKia-
nae moHan 20 pokiB, MPOTE, 3aKOHOAABYO JTaHUN
BUJI JISUIBHOCTI OOMEXeHMI Juine (iHAHCOBOIO
cdepotro. [Tompu 11e, ayIUT MKUPOKO 3aCTOCOBYETH-

Csl Ha MPAKTUI B pi3HUX chepax AISTIBHOCTI Mim-
PHEMCTB, YTBOPIOIOYM O€3id Pi3HOBHIIB, CEpen
SIKUX 1 TeXHIYHUN. MeToro Horo mpoBeACHHS B PO-
3MIAHYTUX cepax rocrnoJaploBaHHS € IiJBUIICH-
HS €(EKTUBHOCTI TisSTTLHOCTI Ta O€3MeKH, MOIECPHi-
3ar1isi BUpOOHUIITBA Ta CTBOPECHHS ITOJATKOBUX Ta-
paHTili 3aXUCTY MpaB iHBECTOPiB Ta MOKymuiB. [1pu
UpOMYy, Yy TepeBakHil OimbIIOCTI  Tramiy3eH,
00’€KTOM TIpOLEAYpH BUCTyMae oOJamHAHHS, IIO
eKCIUTyaTyeTbcs Ta 3abe3ledye OTpUMaHHS pe-
3yJIBTaTiB TOCMOJAPCHKOI MisSUIBHOCTI, a i ii mpo-
BEJICHHS 3aTy4al0ThCS HE3AIXKHI Cy0’ €KTH.
TexHiYHWA ayAuT 3ai3HAYHOTO TPAHCIIOPTY
CTIpSIMOBAaHUA Ha YNPaBIIHHS CHUCTEMOIO SKOCTI
MIPOJYKIIii, 0 TPUAMAETHCA B EKCITTyaTaIlifo.
BpaxoByroun mo3UTHBHUI JOCBiMl MPOBEIEHHS
ayJMTy B 1HIIUX Taly3sX, IPOMOHYEMO PO3IIUPIO-
BaTH LI MPAaKTUYHOTO 3aCTOCYBAHHS TEXHIYHOTO
ayauTy Ha MiJIPUEMCTBAX 3aJi3HUYHOTO TPAHCIO-
pTy, 1o nependadae OMiHKY MOTOYHOTO TEXHIYHO-
IO CTaHy 1 3aJIMIIKOBOTO PECYpPCy €KCIUTyaTOBaHHX
TPaHCIIOPTHUX 3aco0iB Ta oOnagHaHHs
[HAT «VYxp3ami3auis». Y pe3ynbrari BigKpuBa-
€THCSI MOKJTUBICTh BUSBIICHHS Ta aKTUBAIli pe3ep-
BIB JUIA MiJABUINCHHSA €(PEKTUBHOCTI isIbHOCTI
MiANPUEMCTB 3aJTi3HUYHOTO TPAaHCIOPTY, OLIHKU
Ta TPOTHO3YBAaHHS BHUTPAT HAa PEMOHTHI IMKIIH
1 MOJEpHI3aIli0, a TaKOX IIJABHMIICHHSI PIiBHSA
Oesme-KM  pyxy HOI3OIB  Ta  MOKpAIlEHHS
IHBECTHIIIITHOT IPUBAOIMBOCTI TaTy3i.
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PACIHIUPEHME LEJEN MPAKTUYECKOT'O IPUMEHEHMUS
TEXHUYECKOI'O AYJUTA HA ITPEAITPUATUAX
KEJE3HOAOPOKHOI'O TPAHCIIOPTA

Heab. Pabota npegycMaTpuBaeT uccieqoBaHue, CpaBHeHUE H 00001eHne HHPOPMAIUU O COBPEMEHHOM CO-
CTOSITHUU U OCO6eHHOCT$[X MPOBEACHUA TCXHUYCCKOTO ayAuTa B pa3IMYHbBIX OTPACIAX XO3IHCTBOBAHUS JUIA TIOJIy4d -
HUSI BO3MOXKHOCTH Pa3pabOTKU MPEJIOKCHHUH M0 PACIIUPEHUIO IeJIcH MPOBEACHHS MTaHHON MPOIEayphl Ha Mpe/I-
MPUATHUSX KEJIC3HOJOPOKHOT0 TpaHcmopta. MeToauka. B mporecce ucciie1oBaHus HCIIOIb30BAHBI METO/IBI AHAJU-
3a U CUHTE3a Ui U3YYCHUS COACPIKAHUA U OCHOBHBIX MOJI0KEHU Hay4YHBIX Hy6HHKaHHﬁ, HOPMAaTUBHO-IIPABOBBIX
AKTOB praI/IHLI " JIpYTuXx JaHHBIX O MPOBECACHUN TEXHUYCCKOI'O ayauTa B c@epe MIPOMBIINUICHHOCTHU, CTPOUTEIb-
CTBa, ra30/100bI4H, EKTPOIHEPIETUKH, MOPCKOTO U HKEJIE3HOAOPOIKHOTO TPAHCIIOPTA C MOCIEAYIOIUM HX CPaBHE-
HHEeM U 0000meHueM. Pe3yJbTaThl. YUUTHIBAs MOJOKUTEIBHBINA OIMBIT MPOBEJCHUS ayauTa B APYTHUX OTPaCIsX,
B paboTe paCIIUPSIOTCS LENU MPAKTHYCCKOTO MPUMEHEHHS TEXHUYECKOTO ayauTa Ha MPEANPUATHSIX JKEIC3HOI0-
POXKHOTO TPAHCIOPTA, YTO MPEAYCMATPHBAET OICHKY TEKYIIEr0 TEXHHYECKOTO COCTOSHHS U OCTaTOYHOTO pecypca
9KCIUTYaTUPYEMBIX TPAHCIOPTHBIX cpeacTB U obopynoBanus [TAO «Ykp3anu3seis». [1o ntoram paboTel OTKpHIBa-
€TCS BO3MOXKHOCTD BBISIBJICHUS M aKTHBALIMU PE3CPBOB LIS IOBBIIICHHUS 3PPEKTHBHOCTU NEATSIHHOCTH TPEATIPHSI-
TUH KEIJIE3HOJOPOKHOI'O TPAHCIIOpTa, OOUCHKN U IIPOTHO3UPOBAHUA 3aTpaT HA PEMOHTHBIC UKJIBI 1 MOACPHU3ANIO,
a TAaKKC IMOBBIIICHUSA YPOBHSA 6630HaCHOCTI/I JABMOKCHUS TTOC310B U YITYUIICHUA I/IHBGCTHHHOHHOﬁ TIPUBJICKATCIIbHO-
ctu orpaciay. Hayynas HoBuM3HA. IlonydeHHblEe pe3ysbTaThl IO3BOJSIOT PACHIMPUTH IMOHATHE (TEXHUYECKUH
ayJIuT» Ha JKEeJIe3HOJOPOKHOM TPAHCIIOPTE, ONPENENIUTh 1IeIb €ro MPOBEIeHHs W MepedyeHb 3ahad. [IpuMeHeHue
pPaACIIMPEHHOTO TEXHWYECKOTO ayJuTa MO3BOJIMT MOIYYaTh OOBEKTHBHYIO HHOOPMAIHIO O (haKTHIECKOM TEXHHYE-
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CKOM COCTOSIHUM OOBEKTOB JKEJIC3HOAOPOXKHOM MH(PACTPYKTYPHI, TPAHCIIOPTHBIX CPEACTB, 00OPYNOBaHHUA M HC-
MOJIb30BaTh ee A (POPMHUPOBAHUS NPOrpaMM Pa3BUTHUS KaK OTIEIbHBIX NMPEANPUATHH, TaK M JKEJIE3HOH AOPOTH
B nenoM. IlpakTuyeckasi 3HaYMMoOCTb. Pacimpenne nenel npakTHIeCKOro NPUMEHEHNS! TEXHUUECKOTO ayIuTa Ha
MPEATIPUATHAX JKEIE3HOJOPOKHOTO TPAHCIOPTA MO3BOJIUT YBEIWYHUTHh HOXOJHYIO 4acTh IIyTEM BBIIBICHHS HE3a-
JICCTBOBAaHHBIX PE3EPBOB, MOJICPHHU3ALMH U TOJIYYECHHUs WHBECTHLMH. A TaKXKe JacT BO3MOXKHOCTh YMEHBIINTH
PacXoAHYI0 YacTh 3a CUET MHHHMM3ALHUH 3aTPaT Ha JIMKBUIAIWIO ITOCIEICTBHH TPAHCIIOPTHBIX NMPOHCIIECTBHH,
MIPUYMUHOM KOTOPBIX CTAHOBATCSI HECBOEBPEMEHHO BBISBICHHbBIC TEXHUIECKHE PHUCKHU.

Kniouegvie crosa: TEXHUUECKUH ayUT; MPENPHSTH JKEJIE3HOAOPOKHOTO TPAHCIIOPTA; (PaKTUUECKOE TEXHUYE-
CKO€ COCTOSIHUE; MOBBIIIEHHE 2P )EKTHBHOCTH JEATENLHOCTH; HACHTH(UKAINS PUCKOB; MOJICPHU3AIHS
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EXPANSION OF OBJECTIVES OF THE PRACTICAL
APPLICATION OF TECHNICAL AUDIT AT RAILWAY
TRANSPORT ENTERPRISES

Purpose. The work is aimed to study, compare and summarize information on the current state and peculiarities
of conducting technical audit in various branches of business in order to obtain the possibility of developing pro-
posals for expanding the objectives of this procedure in railway enterprises. Methodology. In the course of the re-
search there were used the methods of analysis and synthesis to study the content and basic provisions of scientific
publications, normative legal acts of Ukraine, and other data on conducting technical audit in the field of industry,
construction, gas extraction, electricity, marine and rail transport, followed by their comparison and generalization.
Findings. Taking into account the positive experience of the audit carrying out in other sectors the article expands
the goals of practical application of technical audit in railway transport enterprises. This envisages assessment of the
current technical condition and the residual life of exploited vehicles and equipment of PIJSC «Ukrzaliznytsia». As
a result, there is an opportunity to detect and activate the reserves for improving the efficiency of railway transport
enterprises, estimating and forecasting the costs for repair cycles and modernization, as well as for increasing the
train safety level and improving investment attractiveness of the industry. Originality. The obtained results make it
possible to broaden the concept of "technical audit” in railway transport, to define the purpose of its carrying out and
the list of tasks. Application of the extended technical audit will provide an opportunity to receive objective infor-
mation on the actual technical condition of the objects of the railway infrastructure, means of transport and equip-
ment, and to use it for the formation of development programs as individual enterprises and the railway as a whole.
Practical value. Expanding the goals of practical application of the technical audit at railway enterprises will in-
crease the revenue part by identifying unused reserves, modernizing and obtaining investment, as well as reducing
the expenditure part by minimizing the costs of eliminating the consequences of transport events, which is the cause
of untimely identified technical risks.

Key words: technical audit; railway transport enterprises; actual technical condition; efficiency improvement;
risk identification; modernization
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RAILWAY TRACK REPRESENTATION IN MATHEMATICAL
MODEL OF VEHICLES MOVEMENT

Purpose. The tasks of modeling the interaction of track and rolling stock are basic ones for most areas of mo-
dern scientific research of railway transport. The compilation of the model by the principle of Lagrange d'Alembert
has found a very wide application for solving the problems of rolling stock dynamics. Representation of the railway
track in the model of vehicle movement can be implemented in several ways, which, among other things, will differ
in detail. The purpose of this work is to create a methodology for representing the railway track in mathematical mo-
dels of interaction with rolling stock and obtaining practical results for different characteristics and design of the
track and the level of maximum speed. Methodology. The problem consists of determining such track characteris-
tics as the reduced mass, the stiffness coefficient, and the dissipation coefficient. As a tool for solving this problem
we used the model of the stress-strain behavior of the railway track based on the joint use of the elastic wave propa-
gation equations to describe the topography of the part of the system that is involved in the interaction at a given
time and the equations of dynamic equilibrium of its deformation. This makes it possible to take into account the
dynamics of the deflection of the underrail base, which is especially important for the conditions of passenger traf-
fic, which can be carried out at high speed. Findings. The authors obtained theoretically justified stiffness and dissi-
pation coefficients of the railway track for calculating the dynamics of rolling stock in modern models based on sys-
tems of equations in accordance with the Lagrange d'Alembert principle. The established values, in contrast to those
given in other sources, have a reasonable dependence on the track design and the speed of movement.
Originality. The authors expanded the approaches of railroad track representation in models of rolling stock de-
scribed by systems of equations by the Lagrange-d'Alembert principle. The paper presents the developed method for
determining the characteristics of the railway track for such models is based on the results of variant calculations of
the dynamic deflection of the rail from the passage of the wheel. Practical value. The authors obtained the values of
the stiffness and dissipation coefficients of the railway track depending on the design and speed of motion for prac-
tical use in appropriate models of interaction between track and rolling stock.

Key words: railway track; interaction of track and rolling stock; railway track model; track stiffness; track dissi-
pation; dynamic track deflection; passenger traffic

scribed by systems with dozens of equations. De-
Introduction spite the fact that it is always being modeled the in-
teraction process between track and rolling stock,
the tasks of rolling stock research and those aimed
at the railway track research have fundamental dif-
ferences.
Today one can not recommend a single
mathematical model and, even, a single modeling

The tasks of modeling the interaction of track
and rolling stock are the basic ones for most areas
of modern scientific railway transport research.
Depending on the task being solved, one can use
both relatively simple, sometimes even flat calcu-
lation schemes and the developed models de-
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principle to solve the entire variety of tasks of
interaction between the track and rolling stock. It is
the problem definition should determine the
permissible  hypotheses and  assumptions,
obligatory factors of influence, possible accuracy
of the output data and sufficient accuracy of the
obtained results and other characteristics determin-
ing the choice of the adequate for this case model.

It is rather difficult to obtain satisfactory results
trying to combine simulation of rolling stock and
railway track operation. Therefore, the most com-
monly used are not general models, but
a staged modeling of processes in several different
models. Thus, in the models of rolling stock with
detailed accounting of dynamic processes in
a vehicle and maximal simplification of rail track,
the forces acting on the track are obtained. Further,
such forces become the initial load (usually
a simplified one to the static application of these
forces) in models with detalization of rail track
operation. This approach to the consistent applica-
tion of two fundamentally different models is be-
coming increasingly widespread today.

Models of rolling stock are, in most cases, sys-
tems of motion (oscillations) of a set of intercon-
nected solids. Usually, for the mathematical descrip-
tion of such models, the systems of differential
equations of the second kind, compiled according to
Lagrange-d'Alamber principle are used [1, 2].

As arule, it is taken a constant mass of interact-
ing bodies, linearity of the connections between
them, constant speed of motion, immutability of
geometry of the bodies themselves (the defor-
mations of system are determined by the change in
position of bodies, not by their own deformation),
the invariance of the physical (especially the elas-
tic ones) characteristics of bodies and so on. At-
tempts to eliminate such assumptions considerably
complicate solution of the equation system, and in
most cases, it makes impossible to obtain the solu-
tion with the necessary accuracy at all.

Particular attention should be paid to the fact
that the system of bodies, described by the La-
grange equations of the second kind may have
a local or global coordinate system. From the point
of view of mathematical tools, this does not have
a fundamental difference, but it has significant dis-
advantages for practical application. The local co-
ordinate system assumes that its center moves to-
gether with the system, as a rule it is located in the
center of the weight of the largest body, for

example, the car body. Then the coordinates of all
bodies at each step of calculation are moves rela-
tive to this point. At each step of calculation, they
have values about one order, both between them-
selves and between values at other steps. This ap-
proach provides a certain accuracy of results of
solving the equation system at each step in each di-
rection. However, with this approach, a vehicle
under study does not move along the track, but on-
ly fluctuates in one place. Local track inequalities
are set in the same local coordinate system, and the
global change in the motion trajectory is taken into
account as application of the corresponding exter-
nal forces. Thus, for example, the motion in
a curve is set by applying to the bodies of the cor-
responding centrifugal force.

Global coordinate system establishes a perma-
nent point of its center, the position of which does
not change during the entire sequence of calcula-
tions. It simplifies the mechanism for describing
the track position and makes it possible to set its
spatial position as an array of coordinates. The ad-
vantages of this approach are, first, the ability to
set any layout of the track, including the results of
outdoor shooting; and secondly, the forces arising
from changing the motion trajectory will be calcu-
lated as a consequence, not set as the source data.
However, all displacements of individual bodies of
car will also be determined relative to the origina-
Ily set coordinate center. This will increase the cal-
culation error.

Consequently, for the tasks in which it is the
rolling stock dynamics that is under study, the lo-
cal coordinate system is used - this is a more com-
mon variant. In some cases, when it is important to
study the motion dynamics, depending exactly on
the track geometry the global coordinate system is
used.

Modeling according to the principle of La-
grange-d'Alamber has found a very broad applica-
tion for solving the tasks of rolling stock dynamics.
In accordance with the principles of solid state me-
chanics it is assumed that the object has a constant
mass. The force applied to the object point instant-
ly leads to displacement of all its other points and
the body moves as one whole relative to the mass
center. The use of such an approach for modeling
the operation of a railway track construction may
take place, but for the most tasks it should be con-
sidered inappropriate. One can divide a railway
track into integral objects with a constant mass on-
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ly conditionally. Moreover, these masses will have
small displacement values, which will occur in
a short period of time.

Purpose

The work is aimed to create a methodology for
representing a rail track in mathematical models of
interaction with rolling stock and obtain practical
results for various characteristics and track design
and the maximum speed level.

Methodology

Rail track representation in the model of ve-
hicle movement can be carried out in several ways,
which, first of all, will differ in different detaliza-
tion.

One of the variants involves description of rail
track as an endless beam, which lies on an elastic,
non-inertial basis — the Winkler model. This model
is the basis of many static calculation schemes and
is adequate for many tasks. But such a system will
have an infinite number of freedom degrees, which
is inconvenient for inclusion in rolling stock mod-
els. An alternative is the Vlasov model, which
makes it possible to express displacement of the
beam (rail) points and underrail base through dis-
placement of the contact points of wheels and rails.

In this case, the general approach is maintained:
a system assembly of separate rigid bodies with
mass and connections between them. In the sim-
plest form it can be a tight connection of wheel
with a rail track, Fig. 1, a. Then the stiffness of
such a bearing reduced to one wheel can be deter-
mined by the formula

kt = 1)

where U — is an elasticity modulus of underrail
base; k —relative stiffness coefficient.

This variant is rarely used. The absence of
a dissipative connection makes the system too sen-
sitive to the swing: the accumulation of errors in
the solution of equations can lead to continuous
oscillations.

In most cases, it is used the variant where each
wheel has a rigidly dissipative connection with the
reduced part of the rail track — Fig. 1, b.

Today, it is spreading the tendency to take into
account the track inertia, that is, a track (or its in-
dividual elements) should have a mass, which

makes it an integral object of the mass oscillation
system and makes it possible to detalize for sepa-
rate components. The weight implies the so-called
«reduced mass» — that is, the one interacting with
the wheel. Sometimes it means the mass of rail,
sometimes — the mass of the track upper structure
(again, reduced to one wheel). It is clear that in any
case this mass is conditional, its value should
change in the process of interaction, but systems
based on the Lagrange-d'Alamber princile make it
impossible to use variable masses. In addition, the
railway track operates in the conditions of elastic
deformations that can not be fully identified by the
displacement of mass centers of rigid bodies.

Depending on the detalization degree of subsys-
tem «rail track», the following variants are possible:

— the reduced mass of rail is taken into ac-
count; it is assumed that the rail and the wheel, as
an object with their total mass, have a rigidly dissi-
pative  connection  with  underrail  base,
Fig. 1, c;

— it is taken into account the reduced mass of
rail, which has a rigidly dissipative connection
with underrail base; to separate the wheel mass
from the rail between them a rigid connection,
(with a large numerical value) is established,
Fig. 1, d;

— it is taken into account the reduced mass of
the track is taken into account, which has a rigidly
dissipative connection with the base, Fig. 1, e;

— it is taken into account the weight of sleeper
(interacting with the wheel), which has a rigidly
dissipative connection with under sleeper base on
the one side and with a rail on the other (as a rule,
unimportant one (Fig. 1, f), although there may be
the variants of rail mass separation too (Fig. 1, g);

— it is taken into account the weight of sleeper
(interacting with the wheel), which has a rigidly
dissipative connection with the rail on the one side
and with ballast on the other, which has a rigid
connection with sub-ballast base (Fig. 1, f).

The given classification is developed on the ba-
sis of works [1, 2, 6, 7, 9-11], and others.

From the point of view of vehicle movement
modeling the variants from "f" (see Fig. 1) and fur-
ther are not specify the calculation results as they
complicate the general system of equations and can
be identically referred to the variant "e" or even
simpler ones. Such detalization takes place when
trying to simulate the railroad operation itself.
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Fig. 1. Options for rail track representation in the model based
on the Lagrange-d'Alamber equation system:

1 —wheel; 2 -

rail; 3 — underrail base; 4 — conditional object with a weight

of a track, reduced to one wheel; 5 — immovable foundation; 6 — sleeper;
7 —under sleeper base; 8 — sub-ballast base

Thus, the task of presenting a rail track in mo-
dels of rolling stock is reduced to determining cha-
racteristics of connections between its elements
and the wheel. They can be obtained either by
purely analytical approaches, or according to the
results of dependences of the track deflections on
the applied load. The latter variant can be imple-
mented either experimentally according to the re-
sults of field measurements, or theoretically based
on the results of variant calculations using cor-
responding models of the stress-strain behavior of
the rail track. A similar problem was solved by

Prof. O. M. Darenskyi in the work [3]. This work
based on analytical calculations determines the
support rigidity reduced to one wheel, for the zone
of rail joints in the conditions of industrial
transport operation.

In order to solve such problem for mainline
transport, especially for the conditions of passen-
ger traffic, which can occur at high speed [4], one
of the important characteristics of the rail track
model which can be applied is the ability to take
into account the dynamics of the underrail base de-
flection.
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Thus, the task consists of determining such
characteristics of the track as the reduced mass, ri-
gidity coefficient, and dissipation coefficient. To
solve the task let us consider the following calcula-
tion scheme, Fig. 2.

=
%kt |_|L|Bt
4

Fig. 2. Calculation scheme of track operation
reduced to one wheel

P()

Operation of the track reduced to one wheel is
considered as a system with one freedom degree
consisting of mass that has a rigid (k,) and dissi-
pative (f,) connection with the base. An external
force (P) variable in time is applied to the system.
Such calculation scheme is identical to the rail
track representation in the Lagrange-d'Alamber
models shown in the Fig. 1, e, but, if necessary, it
can be reduced to the other variants.

z(x)=Ce™

L(mz + 2k —4rk, )cosk,x+(w? - 2k? )sin ktxJe’k‘X

Differential equation for describing fluctuations
of such system WiII have the following form

dt2+B‘ +kz=P(t). 2)

If one integrates along the length of the covered
distance, then

d?z dz
my?— o A
where V —is the movement speed.
The equations (3) are reduced to the classical
form

+ktz=P(x), (3)

2 P(x
d—§+2r£+m22: ( ) (4)
dx X H
where r = B To= J ktz;Hzmtvz.
2my’ T \my
The force will be presented using the
expression
P(x)=Ae ™™ (coskx+sinkx), (5)
where A — is the parameter determining the force
amplitude.

Then solution of the equation (4) will have
following form:

(coswx +sinmx) + e

k w? +2k2 — 4rk,

o’ — 4rk,0” + 4k, +8r’k? —8rk}

where C =i
m\V

Let's assume that the wheel covers the distance
from one axle between sleepers to the other, Fig. 3,
and then the process is cyclically repeated. This
approach corresponds both to the models in which
the vehicle (wheel) movement along the track is
conditional (wheel position relative to the track
does not change in the local coordinate system, and
movement relative to the track is taken into ac-
count by applying the corresponding external
forces (accelerations, constraints), and the models
in which movement along the track is set in expli-
cit form, taking into account the wheel position
along the track length.

2( 22U o —4rko® +4k? +8r’k’] —8rk3] '

1/2 | 112

Fig. 3. Sample limits for deflection
dependence on the strength
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As a tool for solving such a problem it was
used a model of stress-strain behavior of the rail
track based on combination of equations of elastic
wave propagation to describe the geometry of the
outline of the part of the system space that is in-
volved in the interaction at a given time and the
equations of dynamic equilibrium of its defor-
mation [5].

Findings

According to simulation results of the dynamic
deflection of the rail, one can establish its depend-
ence on the applied force. As noted above, this de-
pendence will be determined in the area

I i -
XE[OiA], where | is the distance between

the sleeper axes. Example of the obtained deflec-
tions when the support is load-unloaded by a wheel
for the area with elasticity modulus of underrail
base of 32 MPa is shown in the Fig. 4

7= f(kt,Bt,mt, P);Zm :{Zm(i) =

f(P)}iR :Z(me - Z)z;

2400 —~ 5
2300 —
" P i
£2200 / el i
S 2100 ™~
g
% 2000
o
1900
136 138 140 142 144 146
Force, kN

Fig. 4. Deflection of rail track
according to modeling:
1 — statics; 2 — 80 km/h; 3 — 160 km/h; 4 — 240

Formula (6) shows the analytic dependence of
the deflection on the force. Thus, the track charac-
teristics can be determined as a result of approxi-
mating the data array of deflections obtained by
modeling (Z,,) by function (6). Approximation al-
gorithm according to criterion of the least squares:

3K, € (Kigniny Kignary )» 3Bt €] 03 Brnany )» IM; €] 05 My g ) - R — mi; (7)

Ke # Kigminy» Kt # Kimaxy s Bt # Brimaxy s My # Me(max) -

The calculation results are summarized in the
Table 1. They make it possible on reasonable
grounds to set the rail track characteristics for the
rolling stock modeling according to Lagrange-
d'’Amberm principle. Analysis of results showed
that application of reduced mass of track objects in
such models is appropriate in cases when there is
no complete deflection of the rail occurring at
a sufficiently high speed [8], or in cases of simula-
tion of stress-strain state of directly separate ele-
ments of the rail track.

Originality and Practical Value

Theoretically proved stiffness and dissipation
coefficients of the rail track for calculations of roll-
ing stock dynamics in modern models based on the
Lagrange-d'Alamber equation systems are ob-
tained. The established values as opposed to those
given in other sources have a substantiated de-
pendence on the track structure and movement
speed.

Table 1

Characteristics of railway track as a support when
interacting with a wheel

U, | Indica- Movement speed, km/h

MPa | tor 80 | 120 | 160 | 200 | 240 | 280
kt’ 47.4 | 48.2 | 495 | 51.2 | 53.2 | 55.3
MN/m

21
Be. kN 100 | 70 60 40 40 40
s/m
K, 62.6 | 63.1 | 63.9 | 65.0 | 66.2 | 67.7
MN/m

32
Be. kN 130 | 80 70 60 50 50
s/m
Ky 97.2 | 97.9 | 98.6 | 99.4 |100.4|101.8
MN/m

57
Be. kN 210 | 160 | 110 | 90 80 70
s/m
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The stiffness and dissipation coefficients of the
rail track as a support reduced to interaction with
the wheel in the models of vehicle movement are
determined not only by the elasticity of the under-
rail base layers, but also have a direct and inverse

Conclusions The approaches of rail track representation in
the rolling stock models, described by the equation
systems based on the Lagrange-d'Alamber princi-
ple are expanded. The value of rigidity and dissipa-
tion coefficients of the railway track depending on
its design and speed are obtained.

dependence on the movement speed, respectively.

10.

11.
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MPEJICTABJIEHHS 3AJII3HUYHOI KOJIII B MATEMATHYHINI
MOJEJII PYXY EKIITAKIB

Mera. 3ana4i MoJIeNIOBaHHS B3a€MOJIT KOJIIT Ta pyXOMOTo CKiaay € 0a30BUMHM sl OUIBIIOCTI HANPSIMKIB CY-

YaCHMX HAyKOBHMX JIOCHIKEHb 3ali3HWYHOTO TpaHcmopry. CkimamaHHA Mojenmi 3a mnpuHOMNoMm Jlarpamka-
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1’ AnamOepa 3HaHILIO MIMPOKE 3aCTOCYBAaHHS Ul BUPILICHHS 3a7a4 AMHAMIKKM pyxoMmoro ckiany. [IpencraBieHHs
3aJTI3HUYHOI KOJIT y MOZedi pyXy eKinaxiB MOXe 3A1HCHIOBATHCS JIEKUIbKOMa Crioco0amH, siKi, cepeq] iHmoro, 0y-
IIyTh BiIPI3HATHUCS Pi3HOIO AeTamizamiro. MeToro qaHoi poOOTH € CTBOPEHHS METOAWKH MIPEICTABICHHS 3alI3HUIHOL
KOJIi y MaTeMaTUYHHUX MOJEIIAX B3a€MOJII 3 PyXOMHM CKJIaJIOM Ta OTPUMAHHS NPAKTUYHHUX PE3yJbTaTiB Ul Pi3HUX
XapaKTePUCTHK 1 KOHCTPYKIIiH KoJIii Ha piBHI MakcHMabHOI mBHAKOCTI. MeToanka. 3aiada TOCTiHKeHHS CKIaia-
€ThCS 3 BU3HAUCHHS TaKMX XapaKTEPUCTHK KOJIii: MpUBeaeHa Maca, KOeimieHT >KOPCTKOCTI, KOe]imieHT AUCUTIAILI.
Sk iHCTpYMEHT U1 i po3B’s3aHHA Oylla 3aCTOCOBaHa MOJEINb HAIMPYKEHO-Ie(pOPMOBAHOTO CTaHy 3AIi3HHYHOI KO-
J1ii, OCHOBaHa Ha IMO€JHAHHI PIBHAHb MONIMPEHHS MPYXHOI XBWIII JUIS OIMCY TeOMeTpii 00pUCy YaCTHHU MPOCTOPY
cUCTeMH, 110 3ajlydeHa JI0 B3a€MOJIIl Ha JaHUi MOMEHT 4acy, Ta PiBHSHb JUHaMIuHOI piBHOBard ii nedopmanii. Le
Jla€ MOXJIMBICTh ypaxyBaHHS AWMHAMIK{ IPOTHHY IMiAPEHKOBOI OCHOBH, III0 OCOOJIMBO BAXKIIMBO JUIS YMOB IaCaKUP-
CBKOTO PYXY, SIKMI MOKe BiOyBaTHCS 3 BUCOKOIO HIBHJKICTIO. Pe3yabTarn. OTprMaHi TEOPETUYHO OOIpyHTOBaHI
Koe(iLiEHTH MKOPCTKOCTI Ta JUCHIALi] 3a1i3HUYHOT KOJIT U1l pO3paxyHKiB AMHAMIKHA PyXOMOTO CKJIaly B Cy4acHHX
MOJIETISIX Ha OCHOBI CUCTEM piBHSHB, CKIIaJICHUX 3a NpHHIUIIOM Jlarpanxa-n’ Anambepa. BeraHoBieHi 3HaYeHHS, Ha
BiIMiHY BiJ HaBEJICHUX B iHIINX IPKEpesax, MalOTh OOTPYHTOBAHY 3aJICKHICTh, IO MOENHYE KOHCTPYKINI KOJil Ta
MIBUAKOCTI pyxy. HaykoBa HoBu3Ha. Po3mmpeHi miaxoam npeacTaBieHHs 3alli3HHYHOT KOl y MOAENAX PyXOMOTo
CKJIa[ly, ONMCaHUX CHCTEMaMH PiBHSIHB 3a MpHHUUIOM Jlarpamka-n’ Anamoepa. Po3pobieHa MeToMka BU3HAUCHHS
XapaKTEePUCTUK 3aTi3HMYHOI KOJii JUIA TaKUX MoJeiei 3a pe3ylbTaTaMd BapiaHTHUX PO3PAXYHKIB IHMHAMIYHOTO
MIPOTHHY PEHKH BiJ MPOXOKEeHHS Kojieca. [IpakTHYHA 3HAYMMIiCTh. ABTOpaMH OTpUMaHi 3HaUYeHHS KoeillieHTiB
YKOPCTKOCTI W JAUCUMALIi 3aTi3HHYHOI KOJIi1 3aJIeXKHO Bif ii KOHCTPYKIIT Ta MIBHIKOCTI PyXy IUIA MPAKTHUIHOTO 3a-
CTOCYBaHHS Y BIAMOBIAHAX MOJIEIIAX B3a€MOIIT KOJIIT 1 pyXOMOTO CKIIany.

Kniouosi cnosa: 3anizHMYHA KOJis; B3a€EMOJIS KOJII Ta PyXOMOTo CKJIaay; MOJENb 3aJli3HUYHOI KOJIl; )KOpCT-
KIiCTh KOJIiT; TUCHIALlisl KOJii; AMHAMIYHUI MPOTHH KOJIii; MacaXupChbKuil pyx
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HPEACTABJIEHHUE KEJIE3HOJOPO’KHOI'O IIYTU _
B MATEMATHYECKOU MOJEJIN IBUKEHUSA SKUITA’KEN

Hens. 3agaun MoaeMMpOBaHHUS B3aUMOJCHCTBUS ITyTH W TOJBIKHOTO COCTaBa SBISIOTCS 0a30BBIMHU UIS OOJB-
IIMHCTBA HATPaBJIEHHI COBPEMEHHBIX HAyUHBIX HCCIEI0BAHNHN KEIE3HOJOPOKHOTO TpaHcmopTa. CocTaBiIeHHE MO-
Jenu no npuHiuny Jlarpamka-n’ AnamOepa Haluio MUPOKOe MPUMEHEHHUE I pElIeHHs 3a7ad TUHAMUKH [TOIBH K-
HOTO cocTaBa. lIpeacTaBieHue Kele3HOA0POKHOTO MyTH B MOJIEIH JBUKECHUS SKUIMAKEH MOXKET OCYIIECTBISATHCS
HECKOJIbBKUMU CIIOCOOaMM, KOTOPBIE, CPeIU poUero, OyayT OTIMYaThCs AeTann3anuei. Llenbio nanHoit paboThl sB-
JIIETCSl CO3/IaHMe METOJIMKH TPEACTaBICHUS JKEJE3HOMIOPOKHOTO MyTH B MATEMaTUYECKUX MOJEINSAX B3aUMOJCH-
CTBUS C TIOJIBJKHBIM COCTaBOM M TOJIYY€HHE MPAKTHUYECKHX PE3YJIbTAaTOB JUIsl PA3HBIX XapaKTEPUCTHK, KOHCTPYK-
Ui TyTH Ha YPOBHE MaKCHMaJIbHOM ckopocTH. MeToauKa. 3aada UCCISIOBAHHS COCTOUT 3 ONPEISIICHIS TAKIX
XapaKTepUCTHK IYTH. MPHUBEICHHAS Macca, KOAQQPHUIUEHT KEeCTKOCTH U Kod(h(UIIMEHT Auccumanuu. B kadecTBe
HHCTPYMEHTA JUIS €€ PelICHUs OblIa HCIOJIh30BaHA MOJICNh HATIPSHKEHHO-Ie()OPMUPOBAHHOTO COCTOSHUS JKEIE3HO-
JIOPO’KHOT'O MyTH, OCHOBaHHAsi HA COBMECTHOM HCIIOJIb30BAHUM YPaBHEHHUH PaclpOCTpaHEHUs YNPYTuX BOJH IS
ONHMCAHUS T€OMETPUU OUYEPTAHMsI YaCTH NMPOCTPAHCTBA CUCTEMBI, KOTOpas 3a/JeWCTBOBaHA BO B3aUMOJIECHCTBUM Ha
JAaHHBIA MOMEHT BPEMCHH, M YPaBHCHHU JMHAMHYECKOTO PaBHOBeCHs ¢ JeopManuu. JTO JaeT BO3MOXKHOCTB
y4ecTb TWHAMUKY Iporuda MmoaApebcoOBOTO OCHOBAHUS, UYTO OCOOCHHO BaYKHO JIJISl YCIOBUH MACCaAKUPCKOTO JBUXKE-
HUSI, KOTOPOE MOXKET OCYIIECTBISATHCS C BBICOKOH CKOpOCThIO. Pe3dyibrarhl. [lomydeHsl TeopeTnieckn 000CHOBaH-
HbIe KOA(PGHUIUEHTHI KECTKOCTH M JUCCHUITAINN KEJIE3HOIOPOKHOTO MYTH I pacdeTOB JUHAMUKH TIOJBUXKHOTO
COCTaBa B COBPEMEHHBIX MOJENSX Ha OCHOBE CHCTEM YypaBHEHWH, COCTaBIEHHBIX MO NpuHiumy Jlarpanxka-
1’ AmamOepa. YCTaHOBIIEHHBIE 3HAUEHUS, B OTJIMYKME OT MPHUBEICHHBIX B IPYTMX HCTOYHUKAX, UIMEIOT 0O0OCHOBaH-
HYIO 3aBHCHMOCTB, KOTOpasi OObEMHSET KOHCTPYKIIUH ITyTH U CKOpOCTH ABmkeHus. Hayunasi HoBu3Ha. Paciupe-
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3AJIIBHUYHA KOJIISA

HBI MOJXO/BI NMPEICTABICHUS KEJIE3HOIOPOKHOIO IMyTH B MOJAENISX MOABMKHOIO COCTaBa, ONUCAHHBIX CHCTEMaMHU
ypaBHeHHH 1o npuHLmy Jlarpamxa-n’Anambepa. Paspaborana MeToanka onpeneneHus: XapaKTepUCTUK JKeJIE3HO-
JIOPOXKHOTO ITyTH ISl TAKMX MOJENICH 10 pe3ynbTaTaM BapHaHTHBIX PacdeTOB AMHAMUYECKOTO MPOTrHOa pesbca oT
npoxoxaeHus koneca. [IpakTuyeckasi 3HAYMMOCTb. ABTOPaMH IOJTydEeHBI 3HAYCHUS KO3()(DUINECHTOB KECTKOCTH
U JUCCHUIANUH KEIE3HOAOPOKHOTO MYTH B 3aBUCHMOCTH OT KOHCTPYKIIMH M CKOPOCTH JBIDKCHUS JUIA IIPaKTHYe-
CKOTO MCHIOJIB30BAHUS B COOTBETCTBYIOIINX MOJETAX B3aMMOJEHCTBHS IIyTH ¥ OABHXHOTO COCTABA.

Kniouegvie crnosa: »ene3HONOPOKHBIN ITyTh; B3aMMOAEHCTBHUS ITyTH U MOIBMXHOTO COCTaBa; MOZETb JKEIE3HO-
JIOPOXKHOTO ITyTH; )KECTKOCTD ITyTH; UCCHUIIAIMS ITyTH; IMHAMUYECKHN TPOTUO MyTH; NaCCaKUPCKOE JIBIKECHNE
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PYXOMMUM CKJIAJ 3AJI3HULLG I TAT A TOI311IB

YK 629.463.004.4:656.211.7

A. O. JOBCBKAY

1*Kaub, «Baronm», YKpaiHCbKUI AepaBHUI YHIBEPCHUTET 3aJIi3HHYHOTO TpaHcHopTy, 1. Peitepbaxa, 7, Xapkis, Ykpaina,
61050, ten. +38 (057) 730 10 35, en. momra alyonalovskaya.vagons@gmail.com, ORCID 0000-0002-8604-1764

BU3HAYEHHSI HABAHTAKEHOCTI KOHTEHHEPIB Y CKJIAI
KOMBIHOBAHMUX IOI3/11B IIPU INEPEBE3EHHI
SAJIIBHUYHUM ITOPOMOM

Mera. [lane jociiDkeHHS CIIpsIMOBaHE Ha BU3HAUCHHS HaBaHTA)KEHOCTI KOHTEHWHEPIB y CKiajal KOMOIHOBaHUX
MOT3/1iB TIPH MEPEBE3CHHI 3aMi3HUYHUM TopoMoM. MeToanka. J[jist TOCATHEHHS 3a3HaYCHOT METH MPOBEICHI JTOCITi-
JUKEHHS IPUCKOPEHD (K CKIaJOBUX AUHAMIYHOTO HABAHTAXKEHHS), IO TIFOTh HA HECYYy KOHCTPYKIIIO YHIBEpCaIb-
HOTo KoHTelHepa tunopo3Mipy 1CC, po3MillleHOro Ha BaroHi-miargopmi npu nepeBe3eHHi 3ai3HUYHUM IOPOMOM.
Jlyist BU3Ha4YeHHS! NPUCKOPEHb, IO JIOTh HA HECydy KOHCTPYKIIO KOHTEWHepa, CKIIaJIeHO MaTeMaTHiHy MOJIEINb
Horo mepeMilieHb NpH KOJMBAHHAX 3aTi3HNYHOTO nopoMmy. Jlo yBarn npuifHATI KyTOBI NepeMillleHHs 3ai3HUIHOTO
MTOPOMY BiTHOCHO TTOB3JIOBXKHBOI OCi (KpEH), SIK BHIIAAKY HaWOLIBIIOT HABAaHTa)KEHOCTI HECYY0i KOHCTPYKIIil, a Ta-
KO’X BIUIMBY HA CTIHKICTh KOHTEHHepa BiTHOCHO paMu BaroHa-tuardopmu. IIpu ckinaganHi piBHAHb PyXy pO3TIISTHY-
Ti TPH CXEMH B3a€MOJil KOHTEHHepa 3 BaroHOM-IUIAT(GOPMOIO, PO3MIMIEHOTO Ha Marydi 3aJi3HUYHOTO MTOPOMY:
1) BiacyTHiCTH HepeMillieHb BaroHa-aTGOpMHU Ta KOHTEHHEPIB BiIHOCHO MOYATKOBOTO MOJIOKEHHSI TIPH KOJIHBAH-
HSX 3QII3HHYHOTO IIOPOMY; 2) HAsBHICTh NEpeMIllleHb BaroHa-TIaTGOpMH NMPU KOJIMBAaHHAX 3aJTi3HUYHOIO MOPOMY
3 ypaxyBaHHSIM HEPYXOMOCTI KOHTECHHEPIB BiIHOCHO pamMu BaroHa-miatopMu; 3) HasBHICTH MEpEMillleHb BaroHa-
ruiaTGopMu BiZJTHOCHO NallyOM Ta KOHTEHHEPIB — BiJIHOCHO paMH BaroHa-ruiathopmu. Bupinienus audepeHmianbHux
piBHSHB PyXy 3/iHCHEHO B CEpeIOBHIII MporpaMHoro 3abesneueHns Mathcad i3 ypaxyBaHHSIM 3BeIeHHS 1X IO HOP-
ManpHO1 hopmu Kot 3 HaACTYHHUM 1HTerpyBaHHsIM 3a MeToioM PyHre-Kyrtn. Pesdyabrarn. OTpuMano yToyHeHi
3HAUEHHsI MIPUCKOPEHb, SKI JIIOTh HA HECYy4y KOHCTPYKIIIO KOHTEHHEpIB, PO3MIILIEHNX Ha BaroHi-miatgopmMi npu
nepeBe3eHH 3ali3HUYHUM TTopoMoM. HaykoBa HOBH3HA. 3alpONOHOBAHO MaTeMaTH4YHI MOJIEINI NepeMillieHb Hecy-
YUX KOHCTPYKILIHA KOHTEHHEpiB, PO3MIMICHWX HA BAaroHi-IUIaTGOpPMiI TpU TEpeBE3CHHI 3aJi3HHYHUM ITOPOMOM.
IIpakTuuna 3HaYnMicTh. Pe3ynbpraTé MpoBeneHUX TOCHTIUKEHb MOXKYTh BUKOPHCTOBYBATHCS IIPH INIPOEKTYBAaHHI
HECYYHX KOHCTPYKIIH KOHTCHHEPIB HOBOTO IMOKOJIHHSA, a TAKOX CHPUATHMYTH ITiIBUIICHHIO e()eKTHBHOCTI KOMOI-
HOBAHMX IIEPEBE3CHb Y HAPSIMKY MIKHAPOJAHUX TPAHCIIOPTHUX KOPHIOPIB.

Kniouosi cnosa: xoHTeiHep; Hecyda KOHCTPYKIsl, AMHAaMiKa, MOJEJIIOBaHHS, HaBaHTaKCHICTh KOHCTPYKIII,
3aJII3HUYHO-TIOPOMHI NepeBe3eHHS

Beryn I'pysieto, TypeuunHoro. BpaxoByroun npuckopeHi
TEMIA PO3BUTKY JAHOTO BUIY KOMOIHOBaHHX Iie-
peBe3eHb TPOTHO3YEThCS 3OINMBIICHHS KiTBKOCTI
3aJI3HUYHO-TIOPOMHUX MapIIpyTiB 4epe3 akKBaTo-
pito HopHOTO MODA.

[ligBumenHss 00’€MiB BaHTaXOIEPEBE3EHh MiXK
€BpOA3iaTChKUMU KpaiHaMH 3YMOBIIOIOTH BIPOBA-
JDKEHHSI B EKCIUTyaTallil0 HOBHX TPAHCHOPTHHX
MapipyTiB. OJUH 3 OCTaHHIX cepel TaKuX € JiaH-
LIOrOM MI>KHAPOAHOTO TPAHCIIOPTHOTO KOPHUIOPY,
SIKWH TIOB’s13aB MiXk cO0OK0 KpaiHu €Bpornu Ta A3il

l'eorpadiune po3mimieHHss YKpaiHu Ha mHepex-
PECTi Mi>KHAPOIAHHUX TPAHCIIOPTHUX KOPHUIOPIB 3y-
MOBIIIOE 11 y4acTh y NMEPEBE3CHHIX MiX KpaiHaMH
€pponu Ta Asii. Jlns migBuiieHHs e()EKTHBHOCTI
MEPEeBI3HOrO IMpolecy HadylIu PO3BUTKY KOMOiIHO-
BaHI TPAHCIIOPTHI CHUCTEMH, OAHHUMH 3 HAHOLIbII
VCIIITHUX Cepell TAaKUX CHUMOIO31B € 3ali3HHUYHO-
MOPOMHI TepeBe3eHHs.

Ha cporonmnimHiii neHb 3ali3HUYHO-TIOPOMHI
MapuipyTHd CHojJy4aloTh YKpainy 3 bBonrapieto,
doi 10.15802/stp2017/118993 © A. O. JloBcbka, 2017
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1 MOYaB eKCIUTyaTyBaTHCS 3 TIOYaTKy MHUHYJIOTO PO-
Ky, KOJIM TIEPIIUH MOi3l KOMOIHOBAaHOTO TPAaHCIOP-
Ty TIEpeTHYB aKBaTtopito YopHOTo MOps Ha 3aJi3HU-
YHOMY MOpoMi 1 ipociinyBaB y Kuraii (puc. 1).

s 3a0e3meueHHs OE3MEKH TEPEBE3CHb IMO013-
JIiB KOMOIHOBAHOTO TPAHCIOPTY Ha 3aTI3HHYHUX
nopoMax MoOpeM HEOOXiTHHM € MpOBEACHHs J0cC-
JIJOKEHb IIOJ0 JUHAMIYHOI HaBaHTAXEHHOCTI

6-b TR

i CTIHKOCTI KOHTEWHEpiB BiIHOCHO paM BAaroHiB-
miaThopm.

AHAaJIi3 0CTAHHIX JOCTIIKEeHD

JlocnimpkeHHsT MIIIHOCTI KOHTEHHEPa-IUCTePHU
moxeni TK25 Tta ontumizaiiis HOTo HECy4oi KOHC-
TpykIii HaBeAeHi B [5, 9]. [Ipu cxiaganHi Moxeni
MIITHOCTI KOHTEHHepa-IICTEPHN BpaxoBaHi HOP-
MaTHBHI BEJINUMHN HaBaHTa)KeHb, HaBeIeHI B [1].

Puc. 1. [lepeBe3eHHs 3a1i3HUYHUME IOPOMAaMH BaroHiB-uiatgopm,
3aBaHTa)XKEHUX KOHTEHHepaMHu:
a — pyX BaroHiB-1u1aTopm 3 KOHTEfHEpaMH JI0 BUCTAaBHOTO IAPKY;
6 — HaKaT BaroHiB-1uIaTGopM Ha 3aJIi3HUIHUH TOPOM

Fig. 1. Flat cars transportation by train ferry loaded with containers:
a — flat cars movement with containers to the removable park;
b —rolling of flat cars on the train ferry

B po6orax [10, 11] o6rpyHTOBAHO IOIIIBHICTE
MPOEKTYBaHHS Ta BIPOBAKCHHS B EKCILTyaTallifo
KOHTEHHEPiB-IIUCTEPH, SK TPAHCIOPTHHUX 3acO00iB,
HaBeJIeHI pe3ynbTaTH ONTHMI3allii KOHCTPYKIIIH
KOHTEHHEepiB-1iucTepH. P03p00iieHo ya0cKoHaIeH]
KOHCTPYKIIT KOHTEHHEPIB-IIUCTEPH JUIA IepeBe-
3€HHS Ha)TOTIPOYKTIB.

KoHcTpykIifiHi  0COOJUBOCTI  KOHTEHHEPIB-
UCTEPH JUIs NIEPEBE3eHHS CKPAIICHUX Ta3iB po3r-
asayTO y [12]. V sikocti Martepiany Hecy4oi KOHC-
TPYKIii KOHTEHHepa BHUKOPHUCTOBYETHCSI HEPIKaBi-
toya cranb. [yis 0OMEXeHHs TEIUIOBOTO BIUIUBY
BiJI HaBKOJMIIHBOTO CEPEIOBHIIA Ha KOHTEIHEp
3aMpoTIOHOBAHO WOTO 1HKAICYIIALIIO 130JAIIIHOI0
CHCTEMOIO.

OcoOMMBOCTI KOMIT IOTEPHOTO MOJEIIOBaHHS
HeCcy4ol KOHCTPYKILIi KOHTeHepa-IIICTEpHN HaBe-
neHi y [14]. B sikocTi po3paxyHKOBOTO METOAY 3a-
CTOCOBAHUI METOJI CKIHUEHUX E€JIEMEHTIB.

HocnimkeHHs nepenadi TEIJIOBOTO MOTOKY 4e-
pe3 BHYTPIIIHI OMOpH IWITHIPUYHUX COCY[IB Ha
NPHKIIA/ KOHTeHHepa-IUCTePHU pO3risaHyTi y [17].

B cTarTi HaBeneHO CUMYJISIIIO TEIJIOBOTO IMOTOKY
4epe3 6araToniapoBy OMopy, BUKOHAHY 3 TUIACTHKY.

BunpoOyBaHHST METATIEBUX Ta KOMIIO3UTHUX KO-
HTEWHEPIB ITiJI BIUIMBOM HU3bKHX TEMIIEpaTyp HaBe-
neHi y [13]. BusHadeHo, siki TUITH KOHTEHHEPIB JOL1i-
JIbHO BUKOPUCTOBYBATH JUIsl TEPEBE3CHHS 3aBIaHOT
HOMEHKIJIATypH BaHTAXIB 3 YpaxXyBaHHSIM HHU3BKOT
TeMIIepaTypy HABKOJIHIIHLOTO CEPEIOBHIIIA.

[MuTaHHs MOA0 CTBOPEHHS 1/IealTbHIUX HECYYHX
KOHCTPYKITiH 3ai3HUYHUX TPAHCIOPTHHUX 3ac00iB
Ta BUMOTH, SIKHM BOHHU IOBHHHI BIANOBIZaTH Ha
Cy4acHOMY eTaIli pO3BUTKY BHCBITIeHi y [15, 16].

BaxnBo 3a3HaYMTH, MO Y PO3MISHYTHX TMpa-
X HE MPUIIIIOCS yBard MATAHHSIM JIOCIiHKEH-
Hs JIMHAMIYHOT HABAaHTA)KCHHOCTI HECYYHMX KOHC-
TPYKUill KOHTEHHEPiB y CKIaji Moi3niB KOMOiHO-
BaHOT'O TPAHCIIOPTY NPH MEPEBE3CHH1 3a1i3HNYHUM
TTOPOMOM.

Merta

MeTor0 [IOCIiKEHDb, SIKI HaBedeHI B CTaTTl
€ BH3HAYCHHS HABaHTAXXCHHOCTI KOHTEHHEPIB

doi 10.15802/stp2017/118993
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y CKJIaZi KOMOIHOBaHMX TOI3IiB MpHU MEpeBe3eHHI
3aJII3HUYHUM TTOPOMOM. JIJIsi OCSTHEHHS ITOCTaB-
JIEHO1 METH BHIIJICHI HACTYITHI 3a7adi:

1. CkyacTi MaTeMaTH4YHI MOJEII TepeMillleHb
KOHTEHHEPiB, pO3MILIEHUX Ha BaroHi-ruatdopmi
TIPH TIEpEBE3EHHI 3aJ1I3HIYHAM TTOPOMOM,;

2.0TpuMaTd yTOYHEHI 3HAYCHHS JUHAMIYHUX
HaBaHTaXXEHb, sKi AIIOTb HAa Hecydi KOHCTPYKIIi
KOHTEHHEpiB, PO3MIMEHNX Ha BaroHi-ruatdopmi
TIPH TIEPEBE3EHHI 3aJ1I3HUYHAM TTOPOMOM,;

3. HocnianTy CTiAKICTh pIBHOBard KOHTEHHEPIB
BIJTHOCHO paMH BaroHa-miaTgopMu IpH IepeBe-
3CHHI 3aTI3HHYHUM TTOPOMOM.

MeTtoauka

Jnsi BU3HAYEHHsS AWHAMIYHUX HaBaHTAXEHB,
SKi JIFOTh Ha HECydy KOHCTPYKIIFO KOHTeHHepa
y CKJIa/li KOMOIHOBAHOTO TIOi3/1a TIPU TIEPEBE3CHHI
Ha 3ai3HUYHOMY HOPOMi CKJIaJICHO MaTeMaTHYHY
Mozenb. [Ipu boMy BpaxoBaHO, IO BJIACHI mepe-
MIIIEHHS] HECY401 KOHCTPYKIIii BaroHa-turathopMu
BITHOCHO MayOM BiZICYTHI, OCKIUIBKH Wi Iepemi-
IeHHS OyayTh OOMEXEHi 3aco0aMH 3aKpITUICHHS
BiZIHOCHO Tay6u (puc. 2, a).

Jo yBaru npuiHATI KyTOBi EpEMIILIEHHS Baro-
Ha-TUIaTGOPMH 3 KOHTEHHEpAMH HaBKOJIO TOB3/0-

D
12-g

ne =06 — y3araJibHeHa KOOpPJMHATA, 10 BiJIOBI-

Ja€ KyTOBOMY HEPEMIIIEHHIO BiJIHOCHO IOB3/I0B-
*HbOi oci. [loyaTtok cucTeMH KOOpAWHAT PO3Mi-
IICHUH B IEHTPI Mac 3aJi3HUYHOTO MOPOMY;
D — BaroBe BOJOBUTICHEHHS; B — IIMpHWHA 3ai3-
HUYHOTO 1mopomy; h— Bucora OopTa 3alli3HUIHOTO
nopomy; Ag— KOe(illl€eHT ONopy KOJIUBAHHSIM;

Z, — KOOpAMHATA LEHTPY Baru 3aJi3HAYHOIO I10-

pomy; p'— BiTpoBe HaBaHTakeHHs; F(t) — 3akoH

Il 3ycuiuist, sike 30yproe pyX 3ali3HUYHOTO TOPO-
MYy 3 BarOHaMH, PO3MIIIICHUMH Ha HOTo nanyoax.

[loyaTrkoBe mepeMmilieHHsI Ta IWBUAKICTD 3aki3-
HUYHOTO TIOPOMY NPUIHSATI PIBHUMH HYIIIO.

BxijHI mapaMeTpu MaTeMaTHYHOI MOJIETi: reo-
METPUYHI XapaKTEPUCTHKH 3aJi3HUYHOTO TOPOMY,
T1IPOMETEOPOJIOTiuHI XapaKTEPUCTUKH aKBATOPIil
YopHOro Mopsi, KOOPAMHATH PO3MIIIIEHHS BaroHiB
BiTHOCHO LIEHTPY KOJIMBaHb 3a1i13HUYHOTO TIOPOMY.

o BY. ., h
(B® +4z,%) q+(Ae-—Jq= P

BXKHBOT 0ci X Ha KyT 0 (€KBiBaJeHT KOJIHMBaHb Oiu-
Ha XHUTAaBWIA B JWHAMIIl BaroHiB), SK BUMAIKY
HaO1IBII0T HABAHTAXKEHHOCTI HECy4oi KOHCTPYK-
mii BaroHa-miaTopMu 3 KOHTCHHEpaMH, a TaKOX
3a0e3nedyeHHs iX CTINKOCTI BiTHOCHO MalTyOu.

Po3paxyHku mpoBeneHi CTOCOBHO 3aji3HHYHO-
ro nopomy «lepon Llunkmy», mo pyxaerbcs akBa-
topiero YopHoro mopsi. B skocti 6a3oBoi Momei
BaroHa-rulatpopmu  obpana mozpenb  13-4012,
a koHTeiHepa — moaens 1CC, macoro 6pyTTO 24 T.

VYnapHa i MOPCBKHX XBWJIb Ha KOPITyC 3aji3-
HUYHOTO TIOPOMY 3 BaroHaMmy, PO3MILIEHUMH Ha
Horo Oopty o yBaru He mpuiimManacs. [Ipu cka-
JaHHI MOJeJIi BPaxOBaHO TPOXOiNaIbHHUI 3aKOH
pyxy 30yprorouoi aii (MOPChKOi XBHJII) HA 3aITi3HU-
YHHUH TOPOM 3 BaroHaMu, pO3MIIIEHMMHU HA HOTO
nanxy0ax Ta AUCUIATUBHY CKJIaJOBY, SIK& BHHUKAE
P KOJIMBAHHSAX 3aJII3HUYHOTO IOPOMY B YMOBax
MOPCBHKOI XHUTaBHIIi, & TAKOXK KYPCOBI KyTH MOPChH-
KOT XBHJII TIO BiJHOIICHHIO 10 KOPIIYCY 3ali3HHY-
HOTO TIOPOMY Ta BITPOBE HABAHTaXXEHHS, ITI0 Ji€ Ha
HAJBOJHY MPOEKIII0 3aTi3HUYHOTO TIOPOMY, Baro-
Ha-TUIaTGOPMH, PO3MIIIEHOTO Ha BEpXHiN mamyOi
Ta KOHTEHHEPIB.

+Ay o F O, )

Jiist po3B’s3aHHS TUQEPEHIIATBHOTO PIBHSIHHS
CKJIQJICHO TIPOTpaMy pO3PaxyHKY B CEpEIOBHIII
naketry Mathcad [6, 7], wis 4oro BoHO 3BOAMIOCS
10 HopManbHOi Gopmu Ko, micist 4oro iHTerpy-
Basucs 3a MetojioM Pynre — Kyrtu.

Ha puc. 3 HaBeneHO NMPUCKOPEHHS, SKi AilOTh
Ha HECy4y KOHCTPYKIIil0 BaroHa-miat(opMu 3 Ko-
HTeHHEepaMu, 0 PO3MillleHNid Ha KpalHiil Bifg ¢a-
nebopTa KOIii BEpXHBOI MayOu 3alli3HHYHOTO
MOpPOMY TIpH KYyTOBUX MEPEMILIEHHSIX HABKOJIO I10-
B3JIOBKHBOT oci. HaliOinbIia BenuuuHa TPHCKO-
PEHHS BUHHUKAE TPU KYpCOBOMY KYTi XBHIII TIO Bij-
HOLIEHHIO M0 KOpIyca 3ali3HUYHOTO HOpO-

My y =120°.
[TpuBeneni BeIWYMHU NPUCKOPEHb HE BPaxXo-

BYIOTb TOPHM30HTAJIbHY CKJIAJOBY IPUCKOPEHHS
BIJIBHOTO ITaJiHHS.
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3araipHa BEJIMUYMHA TPUCKOPEHHS, SKE Ji€ Ha
KpaiHiit Bix daapmobopTa BaroH-uiathopmy 3 Ko-
HTeiiHepamu, ckiana 6au3bko 0,25¢.

JIyist BU3HAUCHHS TPUCKOPEHD, K JIFOTh HA Ba-
rOH-IaThOPMy 3 KOHTEHHEpaMHU MPH MepeBe3eHHi
3aTI3HUYHUM ITOPOMOM 3 YPaxyBaHHSIM MOKJIHBUX
MepeMillieHb BaroHa BiIHOCHO MaJyOM B yMOBax
XBHJIIOBaHHA MoOps (puc. 2, 6), po3poOineHa mare-
MaTH4YHa MoJelb (2).

[Teprmie piBHSHHS MaTeMaTHYHOT MOZEII Xapak-

TCPpU3YE HepCMiHICHHSI 3QTI3HUYHOTO nopomy
D
—— (B*+4z°) |g,+| A
12‘ g ( g ) ql (

BIID

+ M7

BI® 2 1
IU U, = Py -

ne ¢, =0, — y3aragbHeHa KOOpAMHATA, IO Bi/IO-
BiJJa€ KyTOBOMY IEPEMILICHHIO 3aJli3HUYHOIO I10-
poOMy BITHOCHO HMOB3JJ0OBXHBOI OCi; O, =0, — y3a-
rajbHeHa KOOpIWHATa, IO BiAMOBiIa€ KyTOBOMY
MEPEeMIIICHHIO BaroHa-uiaropMu 3 KOHTEHHEpa-
MU BiZIHOCHO MOB310BXHBOI oci. [louaTok cucremu
KOOPJMHAT PO3MIMIEHUH B IIEHTP1 Mac 3aIi3HHYHO-

Iém@— MOMEHT iHepIlii BaroHa-

ro MopoMmy;
miatGopMu 3 KOHTeHHEPaMHU BiJIHOCHO MOB3JIOBXK-
HBOI OCi; Pp.,— BITPOBE HABAaHTAXKEHHS Ha OOKO-

By IPOEKIIII0 BaroHa-miaropmMu 3 KOHTEHHepamu,
PO3MIIIIEHOr0 Ha BepxHiM manyOi 3alli3HUYHOTrO
nopomy; Ny, — BHCOTa OOKOBOI IIPOEKIii BaroHa-

nnarhopmu 3 KouTeitnepamu; M., — MOMEHT

CHJI, 10 BHHUKAE MK BaroHOM-TUIATQOPMOIO Ta
najxy0o0r0 3aJIi3HUYHOTO MOPOMY IPHU KYTOBUX II€-
PEMIIIEHHSAX BIJIHOCHO MOB3/IOBXKHBOI OCI.
[TouaTkoBe mepeMileHHsT Ta MIBUAKICTH 3alli-
3HUYHOTO MOPOMY MPUNHSITI PIBHUMHU HYIIIO, JUIS
BaroHa-miaThopMu 3 KOHTEHHEpPAMH I10YaTKOBE
MepeMIillleHHS BU3HAYEHO MOXKJIMBOIO TOATIUBIC-
TIO MOTO By3JiB BiTHOCHO manyOm (OYKCOBHI BY-
301 BIJHOCHO OCI KOJIICHOI Imapu, paMa Bi3ka Bij-
HOCHO OCi OyKCOBOTO By31a, (PUKIIHHWI KIUH
BiJIHOCHO cepellMHU OOKOBWHH, HaJpecopHa Oanka

B YMOBax XBWJIIOBaHHSI MOps, a Apyre — BaroHa-
m1atGopMu 3 KOHTEHHEPaMH BiTHOCHO MaTyOH.

IIpu cximamaHHi MaTeMaTHIHOI MOJEI Bpaxo-
BaHO, 1[0 BaroH-uiaT¢popMa Ma€ BIACHY CTYIIHb
BIJILHOCTI BiIHOCHO MHanyOW 3aJIi3HHYHOTO MOPO-
My, IKa MO>kKe OyTH 0OyMOBIICHA!

— HEpIBHICTIO MaTyou;

— MOXXJIMBHMH BiIXWICHHSIMH B T€OMeETpii pa-

BIlD !

MU,
— HECUMETPHYHICTIO  3aKpilUICHHS  BaroHa-
W1aThOpPMH, TOILO.
B). h B -
[P q1 = p’-_-l_AH —_ F(t)'
2 2 2 (2)
BITHOCHO (PUKIIHHOTO KJIHMHA, T ATHUK IIO

mian’stauky [8]) Ta ckmanmo 31 mwm. IlouatkoBa
MIBUIKICTH TIPUHHATA PIBHOIO HYJIIO.

B po3po0Oreniit mMaTemMaTW4Hii Momem He
BPaxOBaHO YAapHY AiI0 MOPCHKHX XBHJIb Ha KOp-
ITyC 3aJTi3HUYHOTO MOPOMY 3 BaroHamu, po3Millie-
HUMU Ha HOTO OOpTY.

PesynbTatu po3paxyHkiB HaBeJeHi Ha puc. 4.

3aranbHa BeNWYMHA TIPUCKOPEHHS, SKE Ji€ Ha
KpaiiHilt Bix danpmbopTa BaroH-uiathopmy 3 Ko-
HTelHepamu, ckiaia 6musbko 0,3Q.
OtpuMaHi pe3ysibTaTH J03BOJISIIOTH 3POOMTH BHU-
CHOBOK, IO JIaHAa BEJIMYMHA IPUCKOPEHHS Iepe-
BUILy€ NPHUCKOPEHHS, SIKe i€ KOHTEWHep, po3Mi-
IICHHI Ha BaroHi-miat(opMi 3 ypaxyBaHHIM 5KOp-
CTKOTO 3aKpilieHHS BiJIHOCHO NairyOou maiibke Ha
20 %.

3 MeTOI BHM3HAYEHHS NMPUCKOPEHb MpPU HasB-
HOCTI TIEpEMIIICHb BaroHa-ruiarGopMu BIIHOCHO
najxyOou Ta KOHTEHHEpiB BiAHOCHO paMH BaroHa-
wI1aThopMH CKJIaJICeHO MAaTeMaTU4HY MOJIEINb, SIKa
BPaxOBY€ KyTOBI IEpEeMIillleHHs eJIeMEHTIiB CHCTe-
MU («3aJII3HUYHUM TIOPOM — BaroH-tuiatopma —
KOHTEHHep»)  HABKOJIO  IOB3JOBXKHBOI  OCi
(puc. 2, 8).
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A

e

Puc. 2. Po3paxyHkoBa cxeMa sl TOCHTIKSHHS KyTOBUX IepEMIIlleHb BiTHOCHO OB3IOBKHBOI OCi
BaroHa-1aTGopMu 3 KOHTCHHEPAMH, PO3MIIIEHIMH Ha 3aTi3HHYHOMY ITOPOMi:
a — TIpY BiZICYTHOCTI MepeMillleHb BaroHa-TiaTGopMu 3 KOHTEHHEepaMH BiTHOCHO MaryOwu;
6 — TPV HAsIBHOCTI TepeMillleHb BaroHa-IiaTt(opMu BiTHOCHO MayOH Ta BiACyTHOCTI
NepeMillleHb KOHTeHHepiB BITHOCHO paMy BaroHa-IiaThopMu;
6 — TIPU HAsIBHOCTI MepeMillleHb BaroHa-1uaTr)OpMH BiZJHOCHO Maryon
Ta KOHTEHHepiB BIIHOCHO paMy BaroHa-TiaThopMu
Fig. 2. Scheme for the study of angular displacements in relation to the longitudinal axis
of flat cars with containers located on a train ferry:
a — in the absence of displacements of the flat car with containers relative to the deck;
b — in the presence of displacements of the flat car relative to the deck and absence of
container movements relative to the flat car frame;
¢ — in the presence of displacements of the flat car relative
to the deck and containers relative to the flat car frame
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Puc. 3. TIpuckopeHHs, AKi TiFOTh HA HeCydy KOHCTPYKIIFO BaroHa-1iaT(GopMu
3 KOHTEIfHepaMu NP KOJIMBAHHSX 3ai3HUYHOTO TIOPOMY

Fig. 3. Accelerations acting on the bearing structure of a flat car
with containers at the fluctuations of the train ferry

e

15

tc

Puc. 4. TlpuckopenHsi, siKi AiF0Th HA HECYYy KOHCTPYKIIiFO
BaroHa-1yaTpopMu 3 KOHTEITHEpaMH NPH NepeBe3eHHI 3alI3HHIYHUM
MIOPOMOM 3 ypaxyBaHHSIM MOJIMBUX IIEPEMIILIEHb BIJIHOCHO Manyou

Fig. 4. Accelerations acting on the bearing structure of the
flat car with containers when transportation by train
ferry taking into account possible displacements relative to the deck

D . B). , h B -
[ﬁ(Bz +4292)Jq1 +(Ae 'E)ql = Psn 'E'*‘Ae o F (), 3)
. , h
Igﬂ@'qzzan@'%"‘Mgn@"'Mgnm' (4)
. , h
ity = Pl -+ M, )

ae ¢, =0, — y3araabHeHa KOOpAMHATA, II0 BIIIO-

BiJIa€ KyTOBOMY IEPEMIIIICHHIO HABKOJIO MOB370B-
’KHBOI OCl 3aJli3HUYHOrO mopomy; Q, =0, — y3a-

rajbHeHa KOOpIMHATa, II0 BiANOBiIa€ KyTOBOMY
NepeMillleHHIO HaBKOJIO MOB3/I0BXXHBOI OCi BaroHa-
miarhopmu; 0, =0, — ys3araibHeHa KOOpJHMHATa,
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IO BIAMOBIJAa€ KYTOBOMY IEPEMIIIEHHIO HABKOJIO
MTOB3IOBXKHBOT OCi KOHTelHepa. [louaTok cuctemu
KOOPAWHAT PO3MIIIECHUI B IIEHTP1 Mac 3alIi3HUIHO-
ro mopomy; My, — MOMEHT CHI, IO BHHHMKAE
MIiXK BarOHOM-IIIATQOPMOIO Ta KOHTCHHEpaMH TpU
KYTOBHX TEPEMIIIEHHSIX BIJHOCHO TOB3JI0BXHbBOI

oci; Iy — MOMEHT iHepIIii KouTeiinepa; h, — BUCO-
Ta OOKOBOI ITOBEpXHi KOHTEHHepa; Py — BITpOBE
HAaBaHTaKEHHs Ha OOKOBY MOBEPXHIO KOHTEIHEpPa;
MP™ — MOMEHT cu, O BHHHKAE MiX KOHTEH-

HEpPOM Ta BaroHOM-IIAaTGOPMOI0 TPU KYyTOBUX
MIePEMIIIICHHSIX BiTHOCHO TTOB3I0BKHBOI OCI.

[lpn BHU3HAUEHHI MOMEHTY CWJI, IO BHHHKAE
MiXX BaroHOM-TIaTGopMor Ta mnamny0or B3sTa IO
yBarm TOPH30HTAJIbHA CKJIaJoBa Bard OpyTTO
3 ypaxyBaHHSM CHJIM TEPTS MK CKJIQJIOBUMH Ba-
roHa. [lpu BH3HAaYeHHI MOMEHTY CHJ MDX Baro-
HOM-TIIaT()OPMOIO Ta KOHTEHHEPOM JI0 YBaru npu-
HHATa TOPU3OHTAIbHA CKJIQIOBA BarW OpyTTO KOH-
TeliHepa, CUIIM TepTs MK (ITHHTOBUM YIIOPOM Ta
(ITHHTOM, a TAKOXK TEOMETPist (PITUHTOBOTO YIIOPY.

[IpwitHaTe MpUMyIIeHHS, 110 BaroH-TutaTopMa
IpU KyTOBHX TEPEMIIEHHSIX HAaBKOJO ITOB3OBXK-
HBOI OCi Ma€ BJacHy CTYIiHb BUIBHOCTI 0 MOMEH-
Ty 4acy, KOoJu cuia Tepts F,, npuiiMe 3HaYeHHS

MEHIIE 3a AuHaMiuHe HaBaHTaxkeHHsa P, . Komu me

CTaHETbCS — KYy30B TEPEMICTUTHCS Ha BEJINYHHY
MOJKJIMBUX TOPU3OHTAIBHHUX 3MIIICHb €JIEMEHTIB
KOHCTPYKIIii [8] Ta Oy/1e MOBTOPIOBATH TPAEKTOPIIO
nepeMillleHHs 3aTi3HUYHOTo Topomy. st ypaxy-
BaHHS [BOTO y MaTeMaTW4HiA Mojeni mpH il
po3B’si3aHHi BBexeHo ymoBy: if t = n then g, =q,,
e N — MOMEHT 4acy, komu F, <P,. Tex came

CTOCYETBbCSL 1 KOHTEWHepa, MOXKIIHMBI 3MillEHHS
SIKOTO OOYMOBIICHI HAsIBHICTIO TEXHOJIOTIYHOTO
3a30py MiK (ITHHTOBHM ymopoM Ta (iTHHTOM
[2-4]. Tobro, BaroH-mIaTopMa Ma€ BIACHY CTY-
MiHb BIJIBHOCTI, 0OMEXEHY BETMUYHUHOI MOKIMBUX
3MillleHb E€JIEMEHTIB KOHCTPYKIIii, ICIs 9O0TO BiH
Oy/ic TIOBTOPIOBATH TPAEKTOPIIO MEPEMILICHHS 3a-
Ji3HUYHOTO TopoMy. KoHTeliHep Ma€e BiacHy CTy-
MiHb BUIBHOCTI JI0 MOMEHTY 4acy KOJH 3iHCHUTH-
Csl CIIMpaHHS BEPTUKAJIBbHOI CTiHKM (iTuHra y ¢i-
TUHTOBUH ymop.

Ha mincraBi npoBefeHNX po3paxyHKiB BCTAHO-
BJICHO, 1[0 HAaWOUIbINI BEMYMHU NPHUCKOPEHb BU-
HUKAIOTh MPHU KYpPCOBUX KyTaxX XBWIJI MO BiJHO-

LIIEHHIO JI0 KOPITyca 3aTi3HIHOro mopomy x = 60°

Ta 3 =120° . PesynbraTé po3paxyHKiB HaBeieHi Ha

puc. 5.

[lpn mpoMy MakCHMallbHI NPUCKOPEHHS KOH-
TeiHepa CKJIaau Onm3pko 2,5 M/CZ, BaroHa-
mnatdopmu — 1,8 m/c? (puc. 5).

UwncenbHi 3HA4YCHHS MPHUCKOPEHb NpPUBEACHI
0e3 ypaxyBaHHs CKJIaJIOBOi MPUCKOPEHHSI BUTBHOTO
MagiHHS.

3araipHa BeJIMYMHA TPUCKOPEHHS, SKE i€ Ha
KpaiiHili Bixm (¢anpmbopra BaroH-mWIaTHOpPMY,
ckiana 6mu3pko 0,49, a Ha KOHTEHHepa, PO3MIIIeHi
Ha HbOMY, Onu3bKo 0,47Q.

OTpuMaHi pe3yNnbTaTd JI03BOJIAIOTH 3pPOOUTH
BHCHOBOK, II[0 JJaHA BEJIMYMHA IPUCKOPEHHS Iepe-
BUILY€ MPUCKOPEHHS, SIKE /i€ Ha KOHTEWHEp, po3-
MilIeHW Ha BaroHi-maTgopMi 3 ypaxyBaHHSIM
YKOPCTKOTO 3aKpiIUIeHHS BITHOCHO MallyOu Maiike
Ha 50 %, a mpu HasBHOCTI IepeMillleHb BaroHa-
w1aThopMH BIIHOCHO TalyOHW Ta BiJICYyTHOCTI Iie-
pemilieHs KOHTEeWHEepiB BiTHOCHO pamu Ha 35 %.

Juis omiHKHM CTIHKOCTI KOHTEHHEPIB BiIIHOCHO
pamu BaroHa-miaTGopMu MPOBEICHI JOCIIHKCHHS
KoeQilieHTy CTiiiKocTi piBHOBaru K, mpu KyTOBHX
MEpPEeMIMEHHAX 3aTi3HUYHOTO TMOPOMY BITHOCHO
MOB3/I0BXKHBOT oci (puc. 6).

Hns 3a0e3nedeHHs] CTIMKOCTI piBHOBaru KOH-
TeliHepa BIJHOCHO paMM BaroHa-miuatGopMH Io-
BUHHA BUKOHYBATHCSl YMOBa:

k :MZL (6)

M

nep

ne M

M nep — BCJIMYMHA ICPCKUAAOYOTO MOMCHTY.

— BCJIIMYHHA Bi):lHOBJ'IIOIO‘IOFO MOMCHTY,

8iOH

, h, . .\ N
M =pk-?+M6p-(g-Sln6+qk)-?, (7)

nep

M

8i0H

BK
=P,,-cos0- > +

h

#n, (M -(g-sin0+4,))-—, ©)

ne M~ — maca Gpyrro KoHTeiiHepa; ¢ — mpwmc-
e

KOPEHHS, SIKE Jli€ Ha KOHTEHHEP MPU KyTOBUX IIe-
PEMIIIEHHAX  BIJHOCHO  ITOB3JOBXKHBOI  OCI;
Pﬁp — Bara OpyTTo KOoHTeiliHepa; B, — IIUpUHA KO-
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HTCWHEpa; Ny, — KUIBKICTh (DITHHTOBHX YIOPIB Ha

AKl 3IOIHCHIOETbCS OOMMpaHHs KOHTEHHepa Npu
KYTOBHX TEpEMIIIEHHIX BIAHOCHO TOB3IOBXXHBOT
oci; h, —Bucora piTuHroBoro ymopa.

[lpn BHW3HAYCHHI NEPEKHIAIOYOTO MOMEHTY
B3STI O yBarm MaKCHUMaJbHI YHCENbHI 3HAUYEHHS
MPUCKOPEHB, SIKI PO3PaxoBaHi 3a JOMOMOIoK Ma-
TeMaTHIHOTO MoneaoBaHHs (1-5) Ta € ckimamoBu-
MU JMHAMIYHOTO HaBaHTAXXEHHS, 110 AilOTh Ha KO-
Hreinep. [Ipu upoMy mopir CTiKOCTiI BCTaHOBIIO-
€TBCS Y BHITIAJIKy KOJH BEJIMYMHHU BiTHOBIIOIOUOTO
Ta MEePEKUIAI0U0T0 MOMEHTIB PiBHI MiXK cO00¥0.
[IpoBeneHi gocmimKeHHS JTO3BOJIHIN 3pOOUTH BU-
CHOBOK, 110 KOCS(IIIEHT CTIHKOCTI KOHTEHHepa Bi-
JHOCHO PaMH BaroHa-IulaT(pOpMH Ma€ 3HAUYCHHS
MeHIme | Tpu HasBHOCTI TepeMilleHb (ITHHTIB
KOHTEHHEPIB BIAHOCHO (ITWMHTOBHX YIIOpiB Baro-
Ha-Tmatdopmu. [lpu oMy CTiliKicTs KOHTEHEpa

3a0e3MeuyeThCsl MPU KyTaX KPEHY 3ai3HUYHOTO
OpoMy 110 259,

PesyabTaru

OTpuMaHO YTOYHEH| BEIMYMHU AWHAMIYHIX HaBaH-
Ta)KEeHb, SIK1 JIIOTh Ha HECYyYYy KOHCTPYKIIIO BaroHa-
mwiaTgopMu 3 KOHTEHHEpaMH, PO3MIIIEHHMMH Ha
HBOMY IIPH TIEPEBE3CHHI Ha 3aTI3HUIHOMY TIOPOMI.

HaykoBa HOBHU3HA Ta IPAKTUYHA
3HAYUMICTh

Po3pobieHo MaTeMaTHYHI MOZECII TTepEMIIeHb
KOHTEHHEepiB, PO3MIIIEHNX Ha BaroHi-TuiaThopMi
MIPH TIEPEBE3CHHI 3aTI3HUYHAM TIOPOMOM.

Pe3ynbratn mpoBeNEHUX OCHIIKEHb MOXKYTh
BHUKOPHCTOBYBAaTHCS MPU MNPOSKTYBaHHI HECY4HX
KOHCTPYKIIili KOHTEHHEPiB HOBOTO TTOKOJIHHS 3 TT0-
KpallleHUMHU TeXHIKO-€KOHOMIYHUMH MTOKa3HUKAMHU.

1-
L0 /7]

N

== 0
5-120° \‘y
6:135

AW
L

A

/

10 135
f.c

Puc. 5. IlpuckopenHs, siki Aif0Th Ha HECY4y KOHCTPYKIIIIO
BaroHa-1aTpopMu 3 KOHTEIHEpaMH NPH NepEeBE3CHHI 3ali3HIYHIM

ITOPOMOM 3 YpaxXyBaHHIM MOXIIUBUX MEPEMIIIEHb BiIHOCHO ITOYATKOBOTO MTOJIOKCHHS ;
a — BaroH-taTGopma; 6 — KOHTEHHEP

Fig. 5. Accelerations acting on the supporting structure of the flat
car with containers when traveling by the train ferry taking into
account possible displacements relative to the initial position:

a — flat car; b — container
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Koed. crifirocTi

——TIpH BiICYTHOCTI IepeMillleHEs BaroHa-IITaTGOpMH Ta KOHTefiHepa;

wn

.

BucHoBku

Ha mincraBi mpoBemeHUX TOCHTIHKEHb MOXHA
3poOWTH HACTYITHI BUCHOBKHU:
N 1. ITpoeneno IOCIIIKEHHS JTUHAMIYHOT

HABaHTa)XEHHOCTI HECYYMX KOHCTPYKLIH KOHTEH-

L HEepiB, PO3MIIICHUX HA BaroHi-maTdopMi IpH Ie-

- pPEBE3eHHI 3alli3HUYHUM TOpoMOoM. OTpuMaHo

. [ O . c .
: “ﬁ YTOUYHCH1 3HAYCHHA IMPUCKOPCHD, K1 JIFOTH HA HC-
gy = ) NGO
m Cy41l KOHCTPYKI11 KOHTECUHEPIB,

IOPIr CTIHKOCTL | " k. ~ 2. Bu3HaueHO MakcUMallbHI KYyTH KPEHY 3alli3-
— 1 HUYHOTO MOPOMY IPHU SKHX 3a0€3MeUyEThCS CTiii-

KiCTh KOHTEWHEpiB BiAHOCHO paMH BaroHa-

1aThOPMH;
5 10 15 20 25 30 . . .
’ ’ R 3. IIpoBeeHi AOCTIIKEHHS CIIPUATUMYTh ITijI-
BHIICHHIO S(EKTUBHOCTI KOMOIHOBAHOT'O TpaHC-

=& = [IPH NepeMillleHHAX BaroHa-IaTgOpMH Ta HEpYXOMOCTI KOHTeiiHepa; IOpTY B HAIIPSAMKY Mi)KHapOI[HI/IX TPpaHCIIOPTHUX
—~ IIPH IepeMilleHHIX BarOHa-IITaTdOopPMH Ta KOHTeHHepa KOpH, I[OpiB.

Puc. 6. 3anexxHiCTh KOe]iIi€EHTY CTIHKOCTI

KOHTeIHepa BiTHOCHO paMu BaroHa-miarhopmMu

BiJl KyTiB KpeHY 3aJIi3HUYHOTO OPOMY

Fig. 6. Dependence of the container stability
coefficient relative to the flat car frame
on the banking angle of the train ferry
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ONPEJEJIEHUE HATPY KEHHOCTU KOHTEMHEPOB B COCTABE
KOMBUHHUPOBAHHBIX ITOE3/10B I1PU ITEPEBO3KE
KEJE3HOAOPOXHbBIM TAPOMOM

Hens. [lanHOE HCcIeA0BaHNE HAIPABICHO Ha OIpeJeleHIe HarpY>KeHHOCTH KOHTEHHEPOB B cocTaBe KOMOUHU-
POBAHHBIX TOE3I0B MPU MEPEBO3KE JKENE3HOMOPOKHBIM MapoMoM. Meroanka. i1 TOCTHKEHHS NOCTABIEHHON
LeTIM TIPOBEICHBI MCCICIOBAHUS YCKOPEHHH (KaK COCTABIAIOIINX ITUHAMUYSCKOH HArpy3KH), KOTOphIC ACHCTBYIOT
Ha HECYIIYyI0 KOHCTPYKLHIO YHHMBEPCAIBHOrO KoHTelHepa tumnopasmepa 1CC, pa3MemeHHOro Ha BaroHe-
wiaTdopMme Ipu MepeBO3Ke KEJIE3HOJOPOXKHBIM NMapoMoM. st onpeneneHust yCKOpeHHH, KOTOpbIe IEHCTBYIOT Ha
HECYIIYI0 KOHCTPYKIMIO KOHTEHHepa, COCTaBJICHa MaTeMaTH4YecKas MOJIENIb €ro NepeMEeNIeHNu NpH KoJeOaHUAX
KEJIE3HOJOPOKHOI0 MapoMa. Bo BHUMaHUE NPUHATHI YIJIOBBIE NEPEMEILEHHS JKENEe3HOA0POKHOIO MapoMa OTHOCH-
TENbHO MPOJOJIEHON OCH (KpeH), KakK ciydas HauOoJbIIei HarpyXEHHOCTH HECYIed KOHCTPYKIHH, a TAK)Ke BIUS-
HUS Ha YCTONYMBOCTh KOHTEHHEpa OTHOCUTEIFHO paMbl BaroHa-tuiaTgopmsl. IIpu cocTaBieHNH ypaBHEHUN JIBIKE-
HUSI PAaCCMOTpPEHBI TPU CXEMbI B3aUMOJCHCTBUS KOHTEHHepa ¢ BarOHOM-IUIAaT(OpPMOii, pa3MelIeHHOTo Ha manyoe
XKEJIE3HOIOPOKHOTO Tapoma: 1) OTCYTCTBHE mepeMenIeHrii BaroHa-miaTOpMbl H KOHTEHHEPOB OTHOCHTENHHO Mep-
BOHAYAJBHOTO MOJIOKEHHS TPH KOJEOAHHSAX IKEIE3HOMOPOKHOTO MapoMa; 2) Haaudue MepeMeleHni BaroHa-
I1aTOPMBI TIPH KOJIEOAHUAX HKETE3HOAOPOXKHOTO ITAPOMa C y4ETOM HENOJBIKHOCTH KOHTEHHEPOB OTHOCHTEIIBHO
paMbl BaroHa-miathopmsl; 3) HaJIMYKE NepEMENICHHI BaroHa-miaTGOopMbl OTHOCUTENBHO NMayObl U KOHTEHHEPOB —
OTHOCHTEJIFHO paMbl BaroHa-ratgopmel. Pemenne muddepeHmanbHbIX ypaBHEHHH IBIKSHUS! OCYIIECTBIICHO
B cpeze nporpammHoro obecrieuenust Mathcad ¢ yuerom cBemeHus uX K HopMaibHOH (Gopme Komm ¢ mocnenyro-
oYM UHTerpupoBaHueM 1o Merony Pynre-Kyrrel. Pedyabrarbl. IlomydeHbl yTOuHEHHBIE 3HAYEHHS YCKOPEHUH,
KOTOpBIE AEHCTBYIOT Ha HECYIIYI0 KOHCTPYKIIMIO KOHTEHHEPOB, pa3MEIIeHHbIX Ha BaroHe-ruiaTopme IpH Iepe-
BO3KE XKEJIE3HOJOPOKHbIM napoMoM. HayuHnast HoBu3Ha. IIpe/uioskeHbl MaTeMaTHUYECKUE MOJEIHU NEPEeMEIEHUI
HECYIIMX KOHCTPYKIMH KOHTEHHEpOB, pa3MEIIEHHbIX Ha BaroHe-ruiaTopMe IMpU MepeBO3Ke KEIEe3HOJOPOKHBIM
napoMoM. IlpakTudeckasi 3HAYMMOCTb. Pe3ynbTaTbl NPOBEAEHHBIX MCCIEAOBAHUNA MOI'YT HCIOJbB30BAThCS IIPHU
MIPOEKTHPOBAHNH HECYIINX KOHCTPYKIIMH KOHTEHHEPOB HOBOTO ITOKOJICHHS, & TaKkKe OyIyT CIIOCOOCTBOBATH MOBHI-
meHnio 3(pPEeKTHBHOCTH KOMOMHNPOBAHHBIX NIEPEBO30K B HANPABJICHHNH MEXIYHAPOIHBIX TPAHCTIOPTHBIX KOPUIO-
pOB.

Kniouesvie cnosa: xoHTelHep; Hecyllas KOHCTPYKIKS; TUHAMHKA; MOAEIMPOBAHUE; HATPYKEHHOCTh KOHCTPYK-
LU, KEJIE3HOJOPOKHO-TIAPOMHBIE TIEPEBO3KH
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DETERMINATION OF THE LOADING OF CONTAINERS IN MIXED
TRAINS WHEN TRANSPORTING BY TRAIN FERRIES

Purpose. The study is aimed at determination of the loading of containers in mixed trains when transporting by
train ferries. Methodology. In order to achieve the objective the author studied accelerations (as components of the
dynamic load) influencing the bearing structure of a 1CC standard container located on a flat car during transporta-
tion by train ferry. In order to determine accelerations influencing the bearing structure of a container, a mathemati-
cal model of the container’s movements under train ferry oscillations was made. The model considered angular dis-
placements of a train ferry relative to the longitudinal axis (bank) as being the maximum load on the bearing struc-
ture, as well as changes in the container stability relative to the flat car frame. While working out the motion equa-
tions three diagrams of interrelation between the container and the flat car located on the train ferry deck were
considered: 1) absence of displacements of the flat car and containers relative to the initial place under the train ferry
oscillations; 2) with displacements of the flat car under the train ferry oscillations when containers are immovable
relative to the flat car frame; 3) with displacements of the flat car relative to the deck and relative to the flat car
frame. The differential equations of motion were solved in Mathcad taking into account their reduction to
a normal Cauchy problem with a subsequent integration by the Runge—Kutta method. Findings. Refined values of
accelerations influencing the bearing structure of containers located on the flat car while transporting by train ferry
were obtained. Originality. The mathematical models of displacements of container bearing structures located on
a flat car while transporting by train ferry were proposed. Practical value. The results of investigations can be ap-
plied for designing bearing structures of new generation containers, besides they may improve the efficiency of
mixed transportation along the international transport corridors.

Keywords: container; bearing structure; dynamics; modeling; structural loading; railway ferry transportations
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SAJIEXKHICTD BEJIMUUHU 3HOCY ITAPHU TEPTA
«IPATHUK - HIAIPATHUAK» BIJ ITPOBIT'Y BAHTAKHOI'O BAI'OHA

Mera. JlocmikeHHS CHpSIMOBaHE Ha PO3IILLA B3a€MOJIl MMITIHAPUYHHUX TOBEPXOHb NMApU TEPTS «II’SITHHK —
A ATHAK» BaHTAXXHOTO BaroHa. HeoOXigHO TEOPETHYHO TOCHIAWTH IMIPOLEC 3HOCY Ta OTPUMATH 3aJICKHICTh Be-
JUYUHU 3HOCY TN SITHHUKA BiJ MpoOIry BaroHa 3 ypaxyBaHHSM CHJIOBOTO HaBaHTaXXCHHS, (Di3MKO-MEXaHIYHIX
1 TpHOOTEXHIYHUX BIACTHUBOCTEH CIIOIYYEHHX MaTepialliB Ui MOJAJbIIOr0 MOJCIIOBAHHS Ta KEPYBaHHS BEIHUYH-
HOI0O MDKPEMOHTHOTO IPOOIry 3a KPHUTEpi€EM 3HOCY BIATIOBIAHHUX pPEeCypCOBH3HAYAJIBHHUX EJIEMEHTIB BaHTaKHUX
BaroniB. Meroauka. [l TEOpEeTHMYHUX JOCHIKEHb 3aJ€KHOCTI BEIMYMHH 3HOCY Mapd TEpTS «I’SITHUK —
A STHUK» BiZ NMPOOIry BaHTQXXHOI'O BaroHa OyJio BHUKOPHUCTAHO TEOPIIO TEPTs Ta 3HOIIYBAHHS TBEPIUX TLII.
PesyabraT. Y poOOTI pO3IJISIHYTO B3a€EMOJII0 LIJIIHIPUYHUX ITOBEPXOHB IMApU TEPTS «I1’STHUK — i’ SITHUK»
BaHTa)XHOI'O BaroHa Yy BUIVIAII MOJENI «BajJ-BTYJKa». Y pe3yJbTaTi 3alpONOHOBAHI 3aJIe)KHOCTI MOCTIHHOTO Ta
3MIHHOTO 3HOCIB JAaHOI Mapu TepPTs Ul BHUIIAJIKIB, KOJIU JIIOTh CHJIM B IONIEPEYHOMY Ta MO3/I0BXKHBOMY HaIpsMax.
OTprMaHa 3aJIeXKHICTh BEJIMUMHU 3HOCY i’ ATHUKA BiJ NpoOIry BaHTa)KHOT'O BaroHa, 10 BPaXOBY€E CHIIOBE HaBaH-
TaXeHHs, (Pi3MKO-MeXaHIuHI Ta TPHOOTEXHIYHI BIACTUBOCTI CHONXYy4YeHHUX MaTepianiB. Ha 1 ocHOBI, 3acTOCOBYrOUH
JUIl PEMOHTY HOBI MaTepialM 3 Pi3HUMH BIACTHBOCTSIMH, MOXKHA MOJICIIIOBATH CTaH 3HOCY LWJIIHAPUIHHUX ITOBEP-
XOHb Tapu TEPTS «I1  ITHUK—IIAN STHUK», [0 JO3BOJSE y TOJAIBIIOMY KEpyBaTH BEJIMYMHOI MIKPEMOHTHOTO
Mpo0iry BaHTaXKHOTO BaroHa. Takox y po0OoTi, Ha mpukiai miBBaroHa 12-7023, Ha OCHOBI OTPUMAHOTO BUpa3y Oy-
J1 TOOYZI0BaHi 3aJIe)KHOCTI CepeaHbOT BETMYMHH 3HOCY AN ITHUKA JUIsI BUIAIKIB 13 pI3HUMH 3HaUYCHHSIMH Koedi-
LiEHTa BUKOPHUCTAaHHS MPOOIry Ta MBHIKOCTI pyxy moizfa. [Ipu nmpoMy nokasaHo, II0 3 IiABUINEHHSM MIBHIKOCTI
pyxy moizna no 100 km/roa, cepeqHs BeIMUMHA 3HOCY MiJN siTHUKA miBBarona 12-7023 nwxue Ha 25 %, HiX mpu
mBuakocti 80 km/ron. HaykoBa HoBu3Ha. Y po0OTI 32 KPUTEPIEM 3HOCY PO3IJITHYTO B3a€MOJII0 IHTIHIAPUIHUX
MOBEPXOHb MapH TEPTs «II’SITHUK — I ITHAK» BaHTQ)KHOI'O BaroHa Ta BIEPIIE OTPUMAHO 3aJIeXKHICTh BEIMYMHU
3HOCY I’ SITHAKA BiJ] POOITy, 110 BPaXOBYE CHJIOBE HaBaHTAXKCHHS, (Di3MKO-MEXaHIYHI Ta TPUOOTEXHIUHI BIACTH-
BOCTI CHOJIyYEHHX MarepiaiB. 3aCTOCOBYIOUH Ul PEMOHTY HOBI Marepiaiyv 3 pi3HUMH BJIACTUBOCTSMH, Ha OCHOBI
OTPUMaHOI 3aJIe)KHOCTI MOXKHA IPOBOAMTH MOJEIIOBaHHS CTaHy 3HOCY LMJIIHIPUYHUX MOBEPXOHb Iapy TEPTs
T’ SITHUK — MO SITHAK», TOOTO  KEepPyBaTH BEIMYMHOIO MDKPEMOHTHOTO MpoOIry BaHTAXXHOTO BaroHa.
IIpakTuuna 3HaYUMicTh. Pe3ynbrarn poGOTH 103BONISIOTH BCTAHOBUTH BEJIMUYHMHY 3HOCY IIJIT SITHUKA ISl BiJIIO-
BiJTHOTO €KCILTyaTaliifHOTO MPOOIry BaHTaKHOTO BaroHa.

Kniouosi crosa: BaHTaXKHI BaroHM; BEJIMYMHA 3HOCY; ITiIN ITHUK; MI>KPEMOHTHHUH MPOOIT; CHIIOBE HABAHTAKCHHS

PEBi3HOT pOOOTH 3HAYHOO MIPOIO BILTUBAE TEXHIU-
Beryn HUH CTaH BAHTA)XHOTO BArOHHOTO TI'OCIOIApCTBa
[3, 4, 6, 15]. Hnd miIBUIICHHS TEXHIKO-

3ai3HUYHUIA TPAHCIIOPT B YChOMY CBITI 3aiiMae . . .
€KOHOMIYHMX MOKa3HUKIB B OCTaHHIM yac po3rif-

3HAYHy YacTHHY PUHKY IOCIYT, $IKi IOB’s3aHi . . .
S . JIAE€THCSI MOXKJIMBICTH 301NIBIIEHHST MIXXPEMOHTHHX
3 oprasizali€ro Ta 3a0e3Me4YeHHSIM IEPEeBi3HOrO

. npoOiriB BAHTAXHUX BaroHiB O€3 3HUXEHHS DIBHA
npomecy [5-7, 11, 13, 14]. OcHOBHOIO i TOJIOBHOIO 6p carin. O p
. €3IIEKH noi3aiB. OCTaHHE OOCIATa€ThCsl Ha
3aJa4yero  3ali3HuLb, 10 BxoaaTh g0 IIAT i pyXy A €1
.. . . . OCHOBI 3aCTOCYBaHHSIM HOBUX, OUIBII €(PEKTUBHHUX,
«YKpaiHChKa 3QNi3HUIS», € IIJBUIICHHS PIiBHA

. . TEXHOJIOTI PEMOHTY Ta BIJHOBIIEHHS poOOUnX
Oe3neku pyxy MOI3/iB, HA SIKy MPHU OpraHi3alii me- PEMOHTY & i p
[TOBEPXOHb BY3JIiB BAaHTXKHUX BAroHiB, m0 3a0e3-
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MEYYIOTh HEOOXiJHE IiJIBUIIICHHS 3HOCOCTIMKOCTI
ICHYIOUMX EeKCIUTyaTOBaHUX 3pPa3KiB 3 MOJAIBITNM
301IBIIEHHSAM X MIXKPEMOHTHOTO TIPOOITy.

Excnutyaranist BAroHHOTO MapKy B HacTyMHUI
Yyac BiOyBa€Tbcs B yMOBax MiJBHUILCHHS BaHTa-
YKOTTITHOMHOCTI BaroHa 1 MIBUAKOCTEHN pyXy, y pe-
3yJIBTaTi YOTO HABITh MPH Pyci Ha MPSIMOJiHIHHUX
IUISHKaxX cuja iHepuii Jocsirae 3HadeHb, IO J10C-
TaTHI JUIA BIAPUBY 1T ATHUKIB BiJg TOBEPXHI
mian stauka [S5—7]. Ilpu obcTexeHHIX Haxpecop-
HUX 0aJlOK yCTaHOBJICHO [5—7], 10 rMOWHA 3HO-
LIyBaHHS OMOPHHUX MMOBEPXOHb MiAM’ SITHUKIB, YIIO-
PHUX TIOBEPXOHB 30BHIIIHIX 1 BHYTPIIIHIX OypTiB
pi3ko 3pocna. 3a3HaueHe BiIOYBA€TbCs MPH Tij-
BUIIICHHI IHTCHCHBHOCTI MEPEeMIllleHb I ITHUKIB
BiAHOCHO MmN ITHUKIB. JloJaTKOBHI BILIUB Bif-
OyBaeThCs P KPOMOYHOMY OOTIHpaHHI I’ ITHUKIB
Ha MO ATHUKK Ha HACTYIHOMY iX BiHOCHOMY
MTOBOPOTI i/l 9ac MPOXOHKEHHS KPUBHX, IO B pe-
3yNbTaTi MPHU3BOIUTH 0 MaKCHMAIIbHOI TIHMOWHU
3HOIIIYBaHHsI OMOPHOI MOBEPXHi MiAIN ITHUKIB, iH-
TEHCUBHICTb SIKOT MOXKE CKJIaJiaTH 1..3 MM y pikK.

B ekcrmyararii BaHTa)XHHX BaroHiB Bi0yBa-
€TbCS HEPIBHOMIPHE 3HOIIYBAaHHS I ATHUKIB,
0 TIOB’SI3aHE 3 IHTCHCUBHICTIO TPOXOJKCHHSI Ba-
TOHIB 10 KPUBHUM KOJii Masioro paaiycy [5—7]. Ilpu
OMY BifOyBa€ThCs HEpPiBHOMipHE 30UTBIICHHS
HaBaHTa)XEHb Y Bi3Ky BaHTa)XKHOTO BaroHa (po3sa-
HTaKEHHA OJHOTr0 OYKCOBOIO BYy3/1a, HagMipHE
30iIbIIIEHHS] HABAHTAXKEHHS HA MPOTUJICKHUIN OYK-
COBHII B30I TOIO). THUIOBMI CTaH MiAN STHUKA
BaHTA)XKHOTO BaroHa IPH HAJXOJPKEHHI JI0 TUIaHO-
BOTO PEMOHTY 300pakeHuit Ha puc. 1.

Y  TeopeTWUYHHMX  BHUKJIAAKAaX, HaIPHUKIAL]
y [8-10, 12, 13, 15], He iCHy€E JTOCTOBIpHHUX 3aJICHK-
HOCTEH Ui BU3HAYEHHS BEIMYMHM YU IHTCHCHUB-
HOCTI 3HOWIYBaHHSI sl POOOYMX TIOBEPXOHb
M ATHUKIB BaHTaXXHUX BaroHiB. Taki 3aieHOC-
Ti HEOOXIHI [T TOJAJIBIIIONO MOJICIIOBAHHS TIPO-
LieCy 3HOLIYBAaHHS I’ITHUKOBUX BY3JIiB IPH BUKO-
pUCTaHHI HOBUX MaTepiamiB 3 pi3HUMH (i3UKO-
MEXaHIYHUMH Ta TPUOOTEXHIYHHMHU BIACTHBOCTSI-
MH y IPOIIeCi pEMOHTY Ta BiTHOBJIEHHS Ul OTpPH-
MaHHS MOXJIMBOCTI KEpYBaHHS BEJIMYUHOIO MiXK-
PEMOHTHOTO TIPOOITY 32 KPUTEPIEM 3HOCY BiJIIOBI-
THUX PECYpCOBHM3HAYAJIbHUX EJIEMEHTIB BaHTaX-
HUX BaroHiB.

Puc. 1. 3HoC Oypra miam’ sTHUKA
BaHTa)KHOTO BaroHa

Fig. 1. Depreciation of the centert pad rim
in the freight car

Meta

PosriisHyTH B3a€MOJIiI0 IMITIHAPUYHHUX TTOBEP-
XOHb TapH TEPTS «I1’SITHUK — i ATHUK» BaHTa-
JKHOTO BaroHa. TeopeTWYHO OCIHiAWTH TIpOIecC
3HONIYBAaHHS Ta OTPUMATH 3aJIC)KHICTh BEITUYHHU
3HOCY M’ ATHUKA BiJ| MpoOiry BaroHa 3 ypaxy-
BaHHSM  CHJIOBOTO  HaBaHTAXKEHHS,  (Di3UKO-
MEXaHIYHUX Ta TPUOOTEXHIYHUX BIIACTUBOCTEH
CIOJIyYCHHMX MaTepiamiB JjIs TOJaJIBIIOr0 MOJe-
JIOBAaHHA Ta KEPYBaHHS BEIHMYUHOI MIKPEMOHT-
HOTO TpOOIry 3a KpUTEpieEM 3HOCY BIATIOBITHUX
pPEeCYpPCOBH3HAYAIEHUX €JIEMEHTIB BaHTAKHUX Ba-
T'OHIB.

MeToanka

B3aemonito IMIIHAPUYHHUX TOBEPXOHb NapH
TEPTS «I1’SITHUK — T ITHUK» BaHTAXKHOTO Baro-
HAa METOJIOM MOJICTIIOBAHHS MPEJICTABUMO Y BUTJIS-
Il Mopeni «Ban-BTysKa». [Ipu BuBeneHHI BUpa3iB
3HOIIIEHHS OyJIeMO BHKOPUCTOBYBaTH TEOpPETHYHI
nonoxkenHs b.1. Kocrenpkoro [1, 2, 8].

PosrnsinemMo Mozenb «Bajd—BTyJKa» y BHIVISAL
CIpOILICHOI CXEeMH B3aEMOAIl Tapu  TepTA
«IT’ATHUK — M STHAKY», 110 IPUBE/ICHA Ha puC. 2.

Sx 0auummo, y HEHaBaHTRKEHOMY CTaHI MK
IT’SITHUKOM Ta TAI AITHUKOM iCHY€E 3a30p O. Ale
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y Tpoleci eKcruryartanii, el 3a3op mo TBipHIH,
3aNIe)KHO BiJ HaBaHTAXEHHs, OyAe 3MiHIOBATHCA.
Tob6T0 B3aemMois MIIIHAPHYIHAX MOBEPXOHD MApH
TEPTS «II’SITHUK — TiIM ATHUK» BiIOYBa€ThCS Ha
IesIKifi KOHTAKTHIM IUIOLIiHI 3 BUHUKHEHHSAM Bi-
MOBITHOTO KOHTAKTHOTO THCKY MiXK €JIeMEHTaMH.

Hami (Ha pwuc. 3) TpeacTaBUMO CIPOIICHY
pPO3paxyHKOBY CXEMy B3aEMOIl Tapu TepTs
«ITSITHUK — TN ATHAK»  JUI ~ BUTAAKY, KOJH
II’ITHUK i€ Ha MO STHUK 3 CHI0r0 Q [Iy1s BU3HA-
YCHHSI KOHTAKTHOT'O TUCKY Ta BEJIMYHMH 3HOCY.

[Tnoma KOHTAaKTy eJeMEHTapHOI TUIOIAIKU
B JIaHOMY BUTIAJIKy Oy/ic BU3HAYATHCS HACTYITHOO
(b opmyItor0:

d8=%da, (1)

ne do— KyT CerMeHty, 110 BU3HAYa€ IJIOLY KOH-
TaKTy eJeMEHTapHOI MJIOMaAKH;, h— BUCOTa B3ae-
MOMii TWMIIHAPUYHAX TIOBEPXOHb TApU TepTA
«I’AITHUK — OO STHUAK.

Cuna HOPMAJILHOTO THUCKY Ha EIEMCHTapHY
TUIOINAAKY MPH il HA MiAN ITHUK HaBaHTAKCHHS
Q BU3HAYATHMETHCS SIK

hd,

dN = p—Lda, 2
p—-da 2)

J¢ P — BEIMYMHA KOHTAKTHOTO THUCKY Ha €JIeMEH-
TapHy IUIOIIAJIKY .
Toxni npu B3aeMo1ii, KOHTAKTHUH THCK Ha elie-
MEHTapHil TuIomaAmni Oy/ie TOpiBHIOBATH:
2 dN

__2 dN 3
P =14, da ®)

Ha enemenrapniii 1uromanmi Oyle BUHUKATH
cuia TepTs, sKa MPOMNopLiliHa HOPMATLHOMY THC-

Ky:

hd

—2dq,. (4)
2
3 OCTAHHBOT'O BHPA3Y KOHTaKTHI/Iﬁ THUCK Ha

eJIeMEHTapHIN TUTOIAII Oy e TOpiBHIOBATH:

p=_2 9F
fhd, da.’

dF =1fp

(5)

ne f — xoediuieHT TepTI MiX MOBEPXHSIMHU

I’ SITHAKA Ta i ATHUKA.

Bl & .
2 Eil
,/// : \\‘\\
/TN
/) A\
/ fﬁ/ ‘\\c\ \
f (/ (),\ “5‘ \
-1 [‘T - = e
Vo J /
\ /” /
\\ \ J /
N N P /
N S
\\\ — . /
~—_ | -

Puc. 2. Cnpomiena cxema B3a€MOIii Tapu TEPTS
«I’ATHUK — MO ITHAKY:
1 - Bam; 2 — BTyIKa

Fig. 2. Simplified scheme of interaction of a friction
pair «center plate — center pad»:
1 —shaft; 2 — sleeve

Puc. 3. Po3paxyHkoBa cxema B3a€MOJIi1 mapu
TEPTS «I1’SITHUK — I ITHHK

Fig. 3. Scheme of the interaction of the friction
pair «center plate — center pad»

PesynabTaTn

[TocTiiiHul 3HOC Ha €JIEMEHTAPHIM IUIOIIAIII
ab (puc. 3) y 3BOPOTHOMY HAaIpSIMKY, il CHIIU
tepts dF , mo3sHaunmo depe3 Oy , a 3MIHHMI 3HOC,

110 Ji€ B HAPSIMKY cuiid Q , HO3HAYKMMO SIK O .
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Jlyis 3a3HaueHUX BEJIMYUH 3HOCY, IO JIIFOTh Ha
€IeMEHTApHIM TUTOIIAIl 3aIUIIeMO CITiBBIIHO-
NICHHS B HACTYITHOMY BHTJISIII:

S =08, cosa. (6)

OckinpKy pafiabHAR 3HOC 8y HMOBMHEH OyTH
NPONOPLIHHIM HHUTOMOMY THUCKY Ta BiJHOCHIH
3HAKO3MIHHIN IIBUAKOCTI KOB3aHHS MPH KOHTAKTI
Mapu TEPTS «II'STHUK — IO ATHAK», TO MOXKHA
3alucaTi HACTYITHUN BUPA3:

B, —kpo 2, )

ne K— xoedimieHT MPOMOPLIHHOCTI, SKWUH 3ale-
JKUTh BiJI BJIACTHBOCTCH B3a€EMOJIIOUUX Marepia-
JIiB; ® — KOJIOBA 3HAKO3MiHHA IIBUIKICTH 00ep-
TaHHS MiAN ATHUKA HABKOJIO I’ SITHMKA B €KCILTya-
TaIii npu pyci Barosa.

Tonmi BenwuMHA TOCTIHHOTO 3HOCY ITOBEPXHI
€JIEMEHTapHOI IUIOMAKH Jp Oyae MaTH HacTyIIHE

CITIBBIHOIIECHHS:
d,
O = kpm?cosa. (8
Ockinbku xoediuieHT mpomnopuiHocti K 3a-

JIS)KHUTD BiJl BIIACTUBOCTEH B3a€MO/IIF0OUMX MaTepia-
JIiB II’ITHMKA Ta i ITHUKA, a TAKOXK ITOJIOKEHHS

IJIONIi KOHTAKTHOI B3a€MOJIii, TO B I[bOMY BUIAJKY
MTOKJIaJIEMO HACTYITHE CITiBBiTHOIIEHHS:

_fKeHB L )

re Ky,
II’SITHAKA Ta AN STHUKA BIAIOBIAHO, SIKI BH3HA-
YarOThCS 32 BUPA3aAMU:

K,— npyxHi mocTiiiHi A1 Marepiany

1-p? 1-pl
K, = EHl K, = EHz, (10)
1 2

L, 1, — koediuientn Ilyaccona ams matepiary
I’ ATHUKA Ta miamn’ SITHAKA BIZIIOBIAHO;
E,, E,— Moamyni npyXHOCTI Marepiany II'sITHUKa
Ta MiAN sATHUKa Bianosigno; HB,, HB, — TBep-
Jictb (ab0 MIKpOTBEPIICTh) MaTepiany I’ sITHUKA
Ta MiAN SITHHKA BiANOBIOHO, L —mOBXKMHA KOJIl
IiJ] 9ac pyXy BaroHa y CKJaji 1moi3ga, M; V — IIBH-
JKICTh PYXY BaroHa y cKiafi moisma, M/c; @ — KyT
MiX TPUKITAJICHAM 3yCHUJUISIM Ta KOHTaKTOM B3ae-
MOJIii criosTydeHuX eyeMeHTiB, 0<op<m/2.

Y Bupazi (8) ypaxyemMo OCTaHHI BHKIAIKU
3 ypaxyBaHH;IM iHTerpyBaHHs Bupasy (5) Toxi ans
BEJIMYMHHU TOCTIHHOrO 3HOCY IiAI SITHUKA O Oy-

JIEMO MaTH HACTYITHE CITIBBIHOIICHHS:

od, QL

E=

Jis  peanbHOrO KOHTAKTYy TIPU  B3a€EMOJIL
II’ITHUKA Ta A0 ITHUKA, HE 3HUKAIOYM JTOCTOBI-
PHICTh PO3paxyHKIB, MOXXHA TPUHHSATH 3HAYCHHS
0., 10 HE TIEPEBUIIYE JIEKUTLKOX IPaJyCiB, TOJI K
3 cosa=1.

Y pesynbrati BUpa3 IS BHU3HAYEHHS 3HOCY
i’ STHAKA TpUAME HACTYITHUNA BUTIIS!

( E0-18)HB od, QL

EZ(1-u?)HB, hd, o v

E=

(12)

Akmo npu B3aeMoAil HMIIHAPHUYHUX IOBEP-
XOHb TI’ATHHKA Ta M ITHUKA BPaXxOBYBaTH BCi
CyMapHi CWJIH, IO AiIOTH Y TOPU3OHTAIbHIN ILIO-
mmHi (y TONepedyHoMy 1 MO3I0BKHBOMY Hampsi-

¢ BiA-p5)HB,
E; (1-u;)HB,

¢ E0-1)°HB, od, L

—XCOSQLCOS (.

11
hd, a v ()

Max), SIK HaBeJICHO Ha puc. 4, TOOTO MPHU MOBOPOTI
Bi3Ka MpH MO/I0JIaHHI KPUBOi, TO OTPUMAEMO CyMa-
PHY CHIIy KOHTaKTHOI B3aemoii 2P :

P =3Qcos¢p+2ENSsing, (13)

a TOYKa JIOTUKY MEePEMiCTHTBCS HA KYT @ .

Toni Bupa3 (12) mis BeIMYWHU 3HOCY IMITIHI-
PUYHOI TOBEpXHI MiAN sITHUKA Oyae MaTh OiibIn
TOYHE 3HA4YeHHsI (JUIsl pyXy Ha KPHUBHUX), OCKIJIBKH
OyJie BpaxoByBaTH BCi CHJIM, IO JIFOTh B TOPH30H-
TaJIbHIN MJIOMIKHI, y TOMY 4Kcii OOKOBI, paMHi Ta
THepITiiHI:

FN —

EZ(1-p?)?HB, hd,o v

—x (ZQcosp+ZN sing) (14)
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Puc. 4. B3aemomis IIITIHAPHYHAUX TIOBEPXOHB
I’ ITHUKA Ta TiA ITHAKA 3 BPaXyBaHHIM BCiX
CYMapHHUX CHJI, IO IFOTh B TOPH30HTAIbHIH
wionuHi (y nonepeyHomy
1 IO3TOBXKHBOMY HAIpPsIMax)

Fig. 4. Interaction of the cylindrical surfaces
of the center plate and the center pad considering
all the total forces acting in the horizontal plane

(in the transverse and longitudinal directions)

Ha ocHoBi otpumanoro supaszy (14) moOymye-
MO 3aJIeXHOCTI CEpelHbOI BEIMYMHH 3HOCY
i’ SITHAKA Jis miBBaroHa 12-7023, skwii pyxa-
€ThCA Y CKJIA Toi3fa 31 mBUAKICTIO 80 KM/TOJ
(puc. 5, a) i 100 km/roxn (puc. 5, 6) nns BUNAIKIB
pi3HUX 3HaueHb KoeQillieHTa BUKOPUCTAHHS IMPO-
oiry.

3 puc. 5 mpocrexyeThcs JIiHIHHA 3aJIEKHICTD
Cepe/IHbOl BEJTMYMHM 3HOCY i ATHUKA BiJ Mpo-
0iry BaroHa, Ha TpuKiIani miBBarona 12-7023.
Kpim Toro, 3 miBHIEHHSIM MIBUAKOCTI PYXy IMOi3-
ma go 100 xm/ron, cepemHss BeIWYWHA 3HOCY
min’aTauka miBBaro"a 12-7023 wmkue Ha 25 %
HiX TIpy mBUAKOCTI 80 KM/TO/T.

OtpumaHi TEOPETHYHI AaHi CepeaHbOT BEIUYH-
HU 3HOCY Tiamn’ siTHUKa miBBarona 12-7023 He cy-
nepevars JaHuM, IO OTPUMaHi MiJ Yac eKcIuTya-
TaiHUX JOCTIDKeHb Ta HaBEAEHUX Yy poOoTax
[12—-15]. Pi3HuIsS TEOPETUYHHX Ta EKCIICPHMEHTa-
JHHUX 3HAYEHb 3HAXOJIUTHCSI B MEXKaX JOIYyCTUMOT
noxuOKkH 1 He nepesuLIyBana 8,7 %.

HaykoBa HOBU3HA Ta NPAKTHYHA
3HAYHMICTH

Y po0oTi 32 KpUTEPIEM 3HOCY PO3IIISHYTO B3a-
€EMOJIII0 INWIIHAPUYHUX TOBEPXOHb Mapu TEPT
«I’ATHUK — OO ATHUK» —~ BAHTAXXHOI'O  BaroHa

1 BIepIe OTPUMAHO 3aJISKHICTh BEITUYMHH 3HOCY
i ITHAKA BiJg TpoOiry BaroHa, IO BpaxoBYeE
CHJIOBE HaBaHTAXCHHS, (i3MKO-MEXaHIYHI Ta TPH-
OOTEeXHIUHI BJIACTHBOCTI CIIONyYEHHX MaTepiaiiB.
3acTocoByIOUYH HOBI MaTepialu 3 Pi3HUMHU BIAcTHU-
BOCTSIMU JUI PEMOHTY, HAa OCHOBI OTPHUMAaHOI 3a-
JISKHOCTI TPOBEJCHO MOJCIIOBAHHS CTaHy 3HOCY
UWIIHAPUYHUX TTOBEPXOHD MapH TEPTA «II’ATHUK —
i ITHAKY», TOOTO 3alporioHOBaHUH 3acid Kepy-
BaHHS BEJIMYMHOI MIKPEMOHTHOTO MpOOiry BaH-
Ta)KHOTO BaroHa.

PesynpTatn poOOTH MO3BOJSIOTH BCTAHOBUTH
BEIMYMHY 3HOCY MM SITHAKA TPU BiJMOBIIHOMY
eKCIUTyaTallifHOMY MPOOIry BaHTa)KHOTO BaroHa.

a-a " | |
4 i 4
15 ~ |
3 ‘ s
x5 g ‘ e
13
= 1 | |
P [
" T
. —
=
05 / ‘
» L=
o 10 20 3 0 s0 60 70 80
MpoGir, Tvc. ki
35
6-b )
3
25
il :
s 2
§ 15 //‘ ‘ //"’/— 1
& g /; ’:,// T
1
T
05 L= =
, afiil

° R e
Puc. 5. 3anexHicTh cepeHROT BEIMIHHU 3HOCY
mian’ aTHuka nisearona 12-7023 sxwit
pYXa€eTbes y ckiafi noizna;
a — 31 mBuakictio 80 km/rox, 6 — 100 kM/rox It 3HAYEHD

KoedimieHTa BUKOPUCTAHHS MPOOIry:
1-05,2-06;3-07,4-1,0
Fig. 5. Dependence of the average wear value of the
gondola center pad 12-7023, which moves
as a part of a train:
a — with the speed of 80 km/h, b — 100 km/h, for values

of the coefficient of use of the run:
1-05;2-06;3-07;4-1.0

BucHoBku

Y po0oTi pO3TISTHYTO B3a€MOJIII0 IHIIHAPUY-
HUX  TIOBEPXOHb  MapH  TEPTS I’ SITHHUK —
i STHUK» BAaHTaKHOTO BaroHa y BHIJISII MOJIE-
i «BaN-BTyJKa». Y pe3yJibTaTi 3alponoHOBaHi
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3aJISKHOCT] JIJIl TIOCTIHHOrO Ta 3MIHHOTO 3HOCY
JAHOT ITapy TEePTS IS BHITANKIB, KOJIW IOTh CHJIH
B TONMEPEYHOMY 1 TIO3JIOBXKHHOMY HAarmpsiMax.
OTpumaHa  3aleXHICTh  BEIIMYMHU  3HOCY
miAn’ ITHUKA BiJ MpoOiry BaHTa)KHOTO BaroHa Bpa-
XOBY€E CHIIOBE HaBaHTa)XCHHS, (Pi3MKO-MexaHIdHI
Ta TpUOOTEXHIYHI BJIACTHBOCTI CHOJIYYCHHUX MaTe-
piaiiB, Ha OCHOBI $5IKOi, 3aCTOCOBYIOUM HOBI Mare-
plamm anms peMOHTY 3 PI3HUMH BJIACTUBOCTSIMH,
MOJKHA MOJICITIOBATH CTaH 3HOIIYBAaHHS LWTiHIPH-
YHUX TOBEPXOHb TapH  TEPTAd  «II STHHK —
HiAN ITHAK», 110 J03BOJISIE B TOAAJBIIOMY Kepy-
BaTH BEJIMYWHOIO MIKPEMOHTHOTO IMPOOIry BaHTa-

Takox y poOoTi, Ha mpuKIaAl MiBBaroHa
12-7023, Ha OCHOBI OTPUMAHOTO BHUpPa3y OyIH IO-
OyZOBaHI 3aJI€KHOCTI CepeHbOI BEIMYHMHHA 3HOCY
i SITHAKA JIJTsL BUITAJIKIB Pi3HUX 3Ha4YeHb Koedi-
Li€HTAa BUKOPHUCTAHHS MPOOIry i MIBUAKOCTI PyXy
noizzaa. [Ipu nboMy cepeliHsl BeIMYuHa 3HOCY HOro
OiAm ITHUKAa ~— Jocsirae 2 MM Ais 1poOiry
B 80 THCc. KM, mBUAKOCTI pyxy 100 km/rox i Koe-
¢imienTi BukopuctanHs npobiry 0,6. Kpim Ttoro,
[TOKa3aHO, IO 3 IMIBUIICHHSAM MIBHAKOCTI PyXy
noizga o 100 kM/ron, cepeiHs BEIUYMHA 3HOCY
mian’ aTHuka mBBaroda 12-7023 mmkue Ha 25 %
HDXK Tpy mBHAKOCTI 80 KM/TOST.
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TEOPETHYECKASA 3ABUCUMOCTD BEJIMYUHBI U3HOCA ITAPBI
TPEHUSA «IIATHHUK - IIOAIIATHUK» OT ITPOBEI'A T'PY30BOI'O
BAT'OHA

Heab. B nccnenoBannn HEOOXOAMMO PAcCMOTPETh B3aWMOICHCTBHE IMIMHAPHYECKUX MOBEPXHOCTEH Iapsl
TPEHUS IIATHHK — MOAIMSATHHUK» IPy30BOro BaroHa. Ilpesdmonaraercst TeopeTHUECKH HCCIEe0BATh MpoIlecC M3HOCa
U MOJIYYHTh 3aBUCUMOCTh BEJIMYMHBI U3HOCA MOJISATHHKA OT IPOOera BaroHa ¢ y4eToM CHUIJIOBOM Harpy3ku, GU3UKo-
MEXaHWYECKUX U TPHUOOTEXHUYECKUX CBOWCTB B3aMMOIEHCTBYIOIIMX MAaTEPHUANIOB YIS MOCIEAYIOMEr0 MOJEIHPO-
BaHUS M YIPABJICHUS BEITHUYMHON MEXPEMOHTHOTO NMpobera Mo KPUTEPHUI0 H3HOCA COOTBETCTBYIOIIMX PECypcoomnpe-
JIEJIAOLINX 3JIEMEHTOB I'PY30BbIX BaroHOB. MeToauKa. J{J1s TEOPEeTHUIEeCKUX UCCIIEIOBAaHUHM 3aBUCUMOCTH BEJTMYNHBI
M3HOCA Mapbl TPEHHS IIATHUK — HOAISTHUK» OT Mpolera rpy30BOro BaroHa ObLia MCHOJIB30BaHa TEOPHUS TPEHUS
n n3HOca TBepHbIX Tenl. PesyabTarsl. B pabore paccMoTpeHO B3amMopaeHCTBHE LMIMHAPHYECKHX ITOBEPXHOCTEH
Tapsl TPEHHS «IIATHUK — MOAISTHUK) IPY30BOTO BaroHa B BUJIE MOJIENN «Bal-BTyJKa». B pe3yinprare mpeanokeHb
3aBUCHMOCTH ITOCTOSTHHOTO W TIEPEMEHHOTO W3HOCOB JIAHHOM ITapbl TPEHUs Ul CIIydaeB, KOTJa JEHCTBYIOT CHIIBI
B MIONIEPEYHOM M IIPOJIOIBHOM HampasieHusX. [lomydeHHas 3aBUCHMOCTD BEJIMYMHBI H3HOCA MOJMATHHKA OT Mpode-
ra rpy30BOTO BaroHa YYMTHIBAET CHJIOBYIO HarpysKy, (M3MKO-MEXaHWYECKHE M TPHOOTEXHHYECKHE CBOICTBa CO-
MpsDKeHHBIX MaTepuaiioB. Ha ee ocHOBe, MpUMEHSS IJIsI pEMOHTa HOBBIE MaTepHajbl C Pa3IMIHBIMHU CBOMCTBaMH,
MOJKHO MOJICIUPOBATh COCTOSIHME M3HOCA IMIMHAPUYIECKUX ITOBEPXHOCTEH Mapbl TPEHUS «IIATHHK — MOAMSTHHUK,
YTO TMO3BOJISET B JaIbHEHIIIEM YIIPABIATh BETHUYMHON MEKPEMOHTHOTO Ipodera rpy30Boro BarosHa. Takxke B pabote
Ha mpumMepe noxyBaroHa 12-7023, Ha OCHOBE HOJY4E€HHOT'O BBIPAXKEHHUS OBUIM MOCTPOEHBI 3aBUCHUMOCTH CpeIHen
BEJTMYMHBI U3HOCA MOJISTHHUKA JJIS CIydaeB C Pa3IMUYHBIMU 3HAUYCHMSIMH KO3 PHIIMEHTa UCTIONB30BaHUS ITpobera
W CKOPOCTH JBIKEHUs moe3a. [Ipu 3ToM 1mokas3aHo, 4To ¢ MOBBIIICHUEM CKOPOCTH JIBI>KeHHUs noe3aa 10 100 km/4,
CpemHssl BENMYMHA W3HOCA IOMISITHUKA moiyBarona 12-7023 wmwxke Ha 25 %, uyem mpu ckopoctn 80 km/d.
Hayuynasi HoBu3Ha. B paboTe 1o KpHTEepHIO M3HOCA PACCMOTPEHO B3aMMOJICHCTBHE IMIMHIAPHUECKUX TTOBEPXHO-
CTelt mapbl TPEHUS «IIATHHUK — MOJISITHUK» TPY30BOTO BaroHa M BIIEPBBIE TIOJIyYeHA 3aBUCUMOCTh BEJTMYMHBI H3HOCA
MOJMATHHKA OT MpoOera, yYWTHIBAIONMAsi CHIOBYIO Harpysky, (PM3MKO-MEXaHWYECKHE M TPUOOTEXHUUYECKHE CBOM-
CTBA CONPSDKEHHBIX MaTepuaoB. [IpuMeHsst [Ulsi peMOHTa HOBbIE MaTepUalibl C Pa3IMYHBIMU CBOMCTBAMH, HA OCHO-
B€ MOJIy4E€HHON 3aBHCHUMOCTH MO>KHO IMPOBOJUTH MOJEIUPOBAHUE COCTOSHMS U3HOCA LIUIMHIPUYECKUX MOBEPXHO-
CTeH mapsl TPEHUS IIATHUK — MOAISATHHUK», TO €CTh YIPABIATh BEIWYMHOW MEXPEMOHTHOTO Ipobera rpy30BOro
BaroHa. IIpakTHyeckast 3HAYUMOCTb. Pe3ynpTaThl paboOTHI MO3BOJSIIOT YCTAHOBUTD BEJIMUMHY W3HOCA MOJISATHUKA
JUISL COOTBETCTBYIOIETO AKCILTYaTallHOHHOTO Npo0era rpy30BOro BaroHa.

Kntouegvle crosa: Tpy30BBIE BarOHBI; BETMYMHA U3HOCA; MOAISTHHUK; MEKPEMOHTHBIN MPOOET; CHIIOBast HATPY3-
Ka
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THEORETICAL DEPENDENCE OF WEAR VALUE OF FRICTION PAIR
«CENETR PLATE — CENTER PAD» ON A FREIGHT CAR MILEAGE

Purpose. The paper considers the interaction of the cylindrical surfaces of the friction pair «center plate — center
pad» of the freight car and theoretically investigates the wear process. It is also necessary to obtain the wear value
dependence of center pad on the mileage, taking into account the power load, the physical-mechanical and tribo-
technical properties of the interacting materials for the subsequent modeling and control of the value of overhaul
mileage by the wear criterion of the corresponding resource-determining elements of freight cars.
Meroauka. For theoretical studies of the wear value of friction pair «center plate — center pad» on the freight car
mileage, the theory of friction and wear of solids was used. Findings. In this paper interaction of cylindrical surfac-
es of the friction pair «center plate — center pad» of a freight car in the form of a «shaft-sleeve» model is considered.
Dependences of the permanent and variable wear of a given friction pair are proposed for cases in which forces act
in the transverse and longitudinal directions. Obtained dependence of the wear value of center pad on the freight car
mileage takes into account the power load, physical and mechanical and tribo-technical properties of the conjugated
materials. On its basis, using new materials for repair with various properties, one may simulate the wear state of
cylindrical surfaces of the friction pair «center plate — center pad», which will make it possible to control the value
of overhaul mileage of freight car. Also (on the example of gondola 12-7023) on the basis of obtained expression
there were constructed dependences of the average wear value of center pad for the cases of different values of the
mileage use coefficient and the train movement speed. It was shown that with an increase in the train speed to
100 km/h, the average wear value of the gondola 12-7023 center pad is lower by 25% than at the speed of 80 km/h.
Originality. In the work on the wear criterion, the interaction of cylindrical surfaces of the friction pair «center plate
— center pad» of a freight car is considered. For the first time it was obtained the dependence of wear value of center
pad on the mileage taking into account the power load, physical and mechanical and tribo-technical properties of the
conjugated materials. Applying new materials for repair with different properties, based on the obtained dependence
one can carry out a simulation of the wear state of cylindrical surfaces of friction pair «center plate — center pad»,
that is to control the value of between-repair mileage of freight car. Practical value. The results of the work make it
possible to establish the wear value of canter pad for the corresponding operating mileage of the freight car.

Keywords: freight cars; wear value; center pad; overhaul mileage; power load
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IMPROVEMENT OF MATHEMATICAL MODELS
FOR ESTIMATION OF TRAIN DYNAMICS

Purpose. Using scientific publications the paper analyzes the mathematical models developed in Ukraine, CIS
countries and abroad for theoretical studies of train dynamics and also shows the urgency of their further improve-
ment. Methodology. Information base of the research was official full-text and abstract databases, scientific works
of domestic and foreign scientists, professional periodicals, materials of scientific and practical conferences, me-
thodological materials of ministries and departments. Analysis of publications on existing mathematical models used
to solve a wide range of problems associated with the train dynamics study shows the expediency of their applica-
tion. Findings. The results of these studies were used in: 1) design of new types of draft gears and air distributors;
2) development of methods for controlling the movement of conventional and connected trains; 3) creation of ap-
propriate process flow diagrams; 4) development of energy-saving methods of train driving; 5) revision of the Con-
struction Codes and Regulations (SNiP 11-39.76); 6) when selecting the parameters of the autonomous automatic
control system, created in DNURT, for an auxiliary locomotive that is part of a connected train; 7) when creating
computer simulators for the training of locomotive drivers; 8) assessment of the vehicle dynamic indices character-
izing traffic safety. Scientists around the world conduct numerical experiments related to estimation of train dyna-
mics using mathematical models that need to be constantly improved. Originality. The authors presented the main
theoretical postulates that allowed them to develop the existing mathematical models for solving problems related to
the train dynamics. The analysis of scientific articles published in Ukraine, CIS countries and abroad allows us to
determine the most relevant areas of application of mathematical models. Practical value. The practical value of the
results obtained lies in the scientific validity and applied orientation of theoretical studies using mathematical mo-
dels, the improvement of which will expand the range of problems to be solved, and increase the level of reliability
of the results obtained.

Keywords: long train; train dynamics; mathematical models of longitudinal train oscillations; inter-car coupling
modelling; science articles; longitudinal forces in the train; locomotive driving simulators

Introduction The current level of theoretical methods for study-
ing the transient modes of train movement, based
on the use of modern PCs and IT, allows solving
many technical problems in the field of train dy-
namics. In addition, computer modelling (numeri-
cal experiment) has significant advantages over
field experiment.

First, there is no need to conduct an experiment
on real physical objects, so the costs for various
computer experiments are much less than for actu-
al experiments. The scale of the experiments can
be chosen at own discretion, and there is the possi-
bility of conducting multiple experiments with

With increasing speeds of movement, masses
and lengths of trains, especially freight ones, in-
creasing capacity of locomotives, it is required to
control the longitudinal forces that arise during
stationary and transitional train movements that
affect the traffic safety. It should be borne in mind
that from the standpoint of traffic safety, longitudi-
nal forces of quasistatic character or forces of
shock nature containing such quasistatic compo-
nents can be dangerous. Such forces can, under
certain conditions, cause outsqueezing (or pulling
out) of wagons from the train.

Earlier, the experimental method of studying
transient modes of train movement was the main
method used to obtain practically important results.

gradual changes in the task input data.
Secondly, in the process of constructing ma-
thematical models for carrying out a computational
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experiment and during its investigation, it is pos-
sible to analyse and understand the characteristics
of the object under study.

Purpose

Any scientific research should be based on
knowledge of the scientific heritage of predeces-
sors, and therefore one of the key stages of any
scientific research is the analysis of the results of
scientific research of predecessors. The need for
such an analysis is due to the impossibility of al-
lowing repetitions of the scientific result and the
need for further development of science with the
purpose of search for truth [30, 33].

The purpose of the publication is to analyse the
results of scientific research conducted in Ukraine,
CIS countries and abroad on the development of
mathematical models for solving problems of train
dynamics, and also to show the urgency of their
further improvement.

Methodology. Analysis of publication

To solve these problems, Nikolai Egorovich
Zhukovsky in 1919 proposed two train calculation
models.

In this case, the train was viewed as an elastic
rod with a load at the end. The rod mass and length
was equal to the train mass and length, while the
load mass — to the mass of the locomotive [9].
Then the motion of the train was described by the
wave equation and the definition of longitudinal
forces was reduced to the solution of the boundary
value problem. Then the train was supposed to be
considered as a system of solids connected by elas-
tic links subordinate to Hooke's law, and the task
was reduced to solving a system of differential
equations for given initial conditions. The schemes
described above represented conservative systems
and allowed us to determine only the upper bound-
aries of longitudinal forces under unsteady modes.

V. A. Lazaryan specified the calculation
models proposed by N.E. Zhukovsky. If the cou-
pling gaps do not affect the course of transients
(when the train pre-stretched from head starts,
when the head locomotive of the head pre-
compressed train brakes, when the stretched (com-
pressed) train enters the summit or sag), then the
train can be considered as an elastic-viscous rod
with a load (locomotive) at the end [1, 4, 12, 15-
17, 19, 36].

Fig. 1. Calculation model of train
in the form of rod.

In this case, the longitudinal oscillations of the
train are described by second-order partial dif-
ferential equations.

Using such a model, the solution of the prob-
lem can be found analytically.

Vsevolod Arutyunovich Lazaryan proposed in
his doctoral thesis to take into account the energy
dissipation during oscillations and to consider the
train as a one-dimensional system of solids con-
nected by elastic-viscous bonds.

Fig. 2. Calculation model of train

in the form of chain of bodies connected
by elastic-viscous bonds

These calculation models were used in the
works of V.A. Lazaryan, E.P. Blokhin, I.G. Bar-
bas, T.A. Gorodetskyaya, A.l. Stukalov, A.A. Ula-
nov and F.V. Florinskii. Numerous special train
experiments, conducted by V. A. Lazaryan in real
conditions, confirmed the validity of application, in
a number of cases, of the mentioned calculation
models and allowed to find many characteristics of
freight and passenger trains necessary for calcula-
tions (run speed, perturbations during start-up and
braking, train longitudinal stiffness, coupling stiff-
ness during loading and unloading, average statis-
tical gaps in the inter-car couplings).

Naturally, in this case, transitional modes of
motion were considered, not influenced by the
gaps in the train coupling (starting of the pre-
stretched and braking of the head pre-compressed
trains, movement of the stretched train along the
summit and sag). In all these cases, there is a prac-
tical coincidence of not only the curves of distribu-
tion of the maximum longitudinal forces along the
train, obtained by calculation and based on the ex-
periment results, but also the oscillograms of the
longitudinal forces The linear formulation of the
tasks made it possible to use analytical methods
and the electric model created on the passive ele-
ments (R, L, C) in the rolling stock dynamics and
strength laboratory of the DNURT.
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The first studies of longitudinal forces, when
the gaps influence the transient process, were car-
ried out experimentally.

When the gaps in the inter-car couplings influ-
ence the transient process, V.A. Lazaryan proposed
as a calculation model a system of solids connected
by elements with elastic imperfections that take
into account the gaps [3, 18, 20-23, 28].

o
Gl e

Fig. 3. Calculation model of train as
a nonlinear system.

Fig. 3 differs from Fig. 2 by the presence of one
more element, conditionally denoting the coupling
gap, and the non-linearity of the power characteris-
tics of the centre-coupler draft gear.

The presence of coupling gaps, in general, the
nonlinearity of the power characteristics of the
draft gears makes the train considered as a chain of
solids connected by links with nonlinear character-
istics. In this case, the mathematical model of lon-
gitudinal train oscillations is a system of essential-
ly nonlinear differential equations, the order of
which depends on the number of vehicles in a
train. It is impossible to obtain a solution of this
system analytically. Therefore, at the initial stage
the DNURT research of the train movement transi-
tional modes in the present formulation was carried
out with the help of a special electronic train model
made on the basis of three MPT-9 type analogue
computers. It is known that one of the advantages
of ACS (analogue computing system) is obtaining
of the solutions on a real-time basis, which is very
important in the case of automatic control systems.

With the advent of ECM (electronic compu-
ting machine), such studies have been carried out
by numerical experiments.

In this case the problem was reduced to solving
a system of ordinary differential equations using
numerical integration methods. The works [2, 3,
11] are devoted to the method of mathematical
modelling of train movement transitional modes
using ECM.

The advent of digital computers and the use of
modern computing methods have made it possible
to significantly expand the range of important tasks
for the industry. In this case, the oscillograms of
longitudinal forces obtained as a result of solving

the system of nonlinear differential equations can
only be compared qualitatively with those obtained
experimentally, but the distribution along the com-
position of the maximum values of the longitudinal
forces found by calculation and experimentally
agree fairly well. Naturally, such an agreement can
only be obtained when calculation uses the signifi-
cant driving characteristics of the train and the
track layout, as well as data on the distribution of
the gaps in the coupling before the beginning of
the transient processes.

To obtain such characteristics, special experi-
ments were carried out, with the trains homogene-
ous in wagon mass and draft gear type, within the
station tracks in order to determine the numerical
values of the parameters required for solving dif-
ferential equations of train movement.

One of these parameters is the gap limit in in-
ter-car couplings.

For the freight trains formed from the newly-
manufactured freight wagons this gap is 45 mm.
For the trains formed from freight wagons in ser-
vice this gap is equal to 65 mm. For the passenger
trains, the coupling gap is 45 mm. These values of
the gaps were used in solving differential equations
of train movement [3, 29, 48].

Rolling stock on the 1524 and 1520 mm gauge
railways is equipped with elastic-corrugating draft
gears, which are not stable in operation, therefore,
often the inter-car have different characteristics.
However, the experimental studies of train move-
ment transitional modes revealed the general, in-
tegral properties for the whole system.

Integral values are necessary for analytical
studies and modelling of transitional modes of
train movement. They can be determined by the
nature of the propagation of disturbances in the
train, i.e. by the speed of propagation of the pertur-
bations along the train, by the dispersion of the
perturbation waves of various levels, by the damp-
ing of the oscillations, etc. [2, 3, 48].

The use of digital computers allowed studying
the transitional modes of the movement of freight
and passenger trains during their starting, braking
and moving along the broken profile track. Here-
with the study included the homogeneous and he-
terogeneous trains, as well as trains containing
wagons with moving loads, equipped with draft
gears of automatic couplers and air distributors of
various types. The digital computers allowed solv-
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ing the greatest number of tasks related to the lon-
gitudinal dynamics of the train and solved at dif-
ferent times [7, 29, 34, 45, 48, 56-59].

The results of these studies were used when de-
signing new types of draft gears and air distributors
[3, 5, 6, 10, 27, 31, 32], when developing the
methods for controlling the movement of conven-
tional and connected trains [2, 38, 40], when creat-
ing the appropriate process flow diagrams and de-
veloping the energy-saving methods of train driv-
ing [58, 62], when revising the Construction Codes
and Regulations (SNiP 11-39.76) [3, 29, 48], when
selecting the parameters of the autonomous auto-
matic control system, created in DNURT, for an
auxiliary locomotive that is part of a connected
train [29], when creating computer simulators for
the training of locomotive drivers [24, 26, 37,
50-52, 54, 64].

In these days, freight trains weighing several
tens of thousands of tons with locomotives distrib-
uted along the train have long been in use in a
number of countries in America, Asia, Africa, and
Canada.

In order to increase the carrying capacity of
railways, to reduce operating costs, the weight
norms of freight trains in a number of countries are
being revised. For example, the weight norm of
4,000 tons was replaced in Russia by 6,000 tons on
the most common 1524 and 1520 mm gauge. The
double freight trains of 12,000 tons with locomo-
tives distributed along the train were put into regu-
lar operation on the most heavily loaded tracks of
Russian railways [13, 25, 39, 44, 46].

Herewith, in order to ensure the permissible
level of longitudinal forces in the most dangerous
mode of driving — braking — it is necessary to drive
the locomotives in a coordinated manner.

In trains of increased mass and especially
length during braking, there are longitudinal loads,
which can be dangerous from the point of traffic
safety.

Numerous special experiments, conducted in
different years at the Pridneprovskaya Railway,
DNURT, the Central Research Institute of the Mi-
nistry of Railways, and in a number of cases with
the participation of MSURE, with trains weighing
6, 8 and 10 thousand tons have shown that in case
of emergency and service braking even in homo-
geneous trains weighing up to 10 thousand tons the
cars can experience, with a low probability (of or-

der of thousandths), the forces, which exceed the
permissible strength.

During regulation braking, the maximum va-
lues of compressive forces observed in the experi-
ments with a statistical probability of 0.009 exceed
by 20-60% the values of the longitudinal loads
(£1 MN) allowed for the III calculation mode. For
the tensile forces that arise during «recoily, the
excess reached 20%, but with greater probability
by several times.

A lot of works [3, 11, 28, 35, 38, 43, 44, 47-49,
53, 60, 61, 63] are devoted to the study of longitu-
dinal dynamics in the braking of long trains using
mathematical models.

When operating the long trains, special atten-
tion is paid to the assessment of the dynamic
performance of vehicles, among which the most
important is the indicator characterizing the vehicle
movement safety — the derailment stability factor.

For this purpose, there are used mathematical
models of spatial oscillations of the car (or group
of cars), moving in the train [8, 14, 26, 41-42, 55].
In this case, the vehicle model is divided into sepa-
rate objects and the connections between them.
The objects, for example, can be the all inertial
features or some of them, which can be combined
into one object; while the others can act as separate
objects.

Findings

Information base of the research was official
full-text and abstract databases, scientific works of
domestic and foreign scientists, professional peri-
odicals, materials of scientific and practical con-
ferences, methodological materials of ministries
and departments.

The analysis of publications on the develop-
ment of mathematical models for solving the train
dynamics problems shows the multiplicity of the
investigated aspects. Scientists around the world
conduct numerical experiments related to the eval-
uation of the train dynamics using mathematical
models, which must be constantly improved.

The research results have found their scientific
use in a number of publications of authors in spe-
cial and scientific publications, speeches at scien-
tific conferences.
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Originality and practical value

The originality of the study is the presentation
of the main theoretical provisions and
methodological recommendations for the im-
provement of mathematical models for solving the
train dynamics problems. The carried out analysis
of scientific publications makes it possible to de-

Conclusions

The analysis of scientific publications on math-
ematical modelling of train dynamics allowed
drawing the following conclusions:

1. Despite the variety and the large number of
issues considered and solved in the field of transi-
tional modes for the movement of tank trains, the

termine the most relevant studies in the field of
train safety that are impossible without mathemati-
cal modelling.

The practical value of the results obtained lies
in the scientific validity and applied orientation of
theoretical studies using mathematical models, the
improvement of which will expand the range of
problems to be solved, and increase the level of
reliability of the results obtained.

problem of the train dynamics, in particular that of
train longitudinal oscillations, remains relevant,
especially at the most dangerous driving mode —
braking.

2. Recently, especially in Europe, much atten-
tion has been paid to modelling the movement of
trains of increased mass and length.

3. Mathematical models should be used to solve
problems concerning the influence of perspective
rolling stock on the train dynamics.

4.The existing mathematical train models
require improvement, taking into account the tasks
that arise during the operation of the rolling stock.
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Mera. BukopucToByroUl HayKOBi ITyOumikamii, y poOOTi HEOOXiTHO IPOBECTH aHANI3 MaTEeMATHYHAX MOJCIEH,
po3pobnenux B Ykpaini, kpainax CH/I Ta 3a KOpIoHOM, SIKi BUKOPHCTOBYIOTBCS JUISl TEOPETHYHUX JOCIIIKEHb M-
HaMIKH 1101312, a TAKOXK MOKa3aTH aKTyaJlbHICTh IOJANIBIIOTO 1X ynockoHayleHHs. Meroauka. [ndopmaniiinoro 6a-
3010 JOCIiKEHHs Oy o(iliiiHi MOBHOTEKCTOBI Ta pedepaTuBHi 6a3M aHWX, HAYKOBI Mpalli BITYM3HIHUX 1 3apy-
ODKHUX BUEHHX, MpoQeciiiHl nepiouyIHi BUIAHHS, MaTepiaii HAyKOBO-TIPAKTUYHUX KOH(EPEHIIH, METOANYHI Ma-
TepiaJii MiHICTEPCTB Ta BLIOMCTB. AHaii3 myOuikaii npo iCHyIo4l MaTeMaTH4Hi MOJeNi, sIKi BUKOPHCTOBYIOTHCS
JUIsl BUPILIEHHS IIMPOKOTO KOJIa 3aBAaHb, OB’ I3aHUX i3 TOCITIHKEHHSIM JMHAMIKH 11013713, OKa3ye MOIUIBHICTD iX
3acrtocyBaHHsA. PesyabTraTn. OTpuMaHi pe3ynbTaTH AOCIHIIKEHb OyJIM BHKOPUCTaHi: 1) TPH MPOEKTYBaHHI HOBHX
TUTIB MOTIMHAIOYHX arapaTiB Ta PO3MOMUIEHUKIB TOBITPS; 2) IPH po3poOIi crocoliB yIIpaBIiHHS PyXOM 3BHYAN-
HUX 1 3’€JHAHUX TOI3MiB; 3) MpHU CTBOPEHHI BIANOBIAHUX PEXUMHHUX KapT; 4) mpu po3poOIi eHepro3depirarodanx
cnoco0iB BemeHHS NOi31iB; 5) mpu meperisani CtpoutensHbx HopM U npasui (CHull 11-39.76); 6) npu Bubopi ma-
pamertpiB ms crBoperoi y AIITi aBTOHOMHOI cHCTEMH aBTOMaTHIHOTO KEPYBAaHHS JTOTIOMIXKHUM JIOKOMOTHBOM, III0
3HAXOAMTHCS B CKJIAZl 00’ €JHAHOTO MOi311a; 7) TIPH CTBOPEHHI Ha 0a3i KOMIT IOTEPHUX TEXHOJOTIH TpeHaXepiB I
HABYAHHS MAIIUHICTIB; 8) MpHU OIIHIOBAHHI TUHAMIYHHUX TOKA3HUKIB CKIMaXIB, [0 XapaKTePU3YIOTh OC3MEKy PyXy.
BuyeHi BChOro CBITY NPOBOJSTH YHCENbHI €KCIIEPUMEHTH, TIOB’s3aH] 3 OLIIHKOI0 JAWHAMIKM NOi37a, 328 JOIOMOTOI0
MaTeMaTUYHUX MOJeliell, siKi HeoOXiZHO IMOCTIHHO BAockoHanmoBaTH. HaykoBa HOBM3HA. ABTOpaMH BUKIaJCHI
OCHOBHI TEOPETHYHI TOJIO)KEHHsI, HA MIACTaBI SAKUX PO3pPOOJICHI ICHYIOYI MaTeMaTH4YHI MOJEINi Uil BUPILICHHS
3a7a4 OuHaMiku noizga. [IpoBexeHuii aHani3 HayKOBHX cTared, omyOJjikoBaHMX B Ykpaini, kpainax CHJI Ta
3a KOpJOHOM, JIO03BOJIS€ BH3HAUUTH HaHOUTBIN akTyadbHI cdepd 3acTOCyBaHHS MaTeMaTHYHUX MOJCINCH.
IIpakTHyHa 3HaYMMicTh. [IpakTHUHE 3HAUCHHS OTPUMAHHX PE3yJIbTATiB MOJISrae y HayKOBiil OOIPyHTOBAHOCTI Ta
NPHUKJIAIHIA COPSIMOBAHOCTI TEOPETHYHHX JOCHIDKCHB 13 BUKOPHCTAHHAM MaTeMAaTHYHUX MOZEINCH, yIOCKOHAICHHS
SKUX JO3BOJHTH PO3IIMPUTH KOJIO BUPIIIYBaHHUX 3aBIaHb, i JBHUIIUTH PiBEHb JOCTOBIPHOCTI OTPUMAHHUX PE3YJIbTATIB.

Kmouosi crnosa: noBrococtaBHi noizna; TMHaMiKa Moi3/1a; MaTeMaTHYHI MOJIEINI ITO3J0BXKHIX KOJIMBaHb M01311a; MO-
JIEIMIOBaHHS MDKBATOHHHX 3'€THAHB; HAYKOBI CTATTi; MO3JOBXKHI CHJIH B ITO13/li; TPEHAXKEPH MAITMHICTIB JOKOMOTHBIB
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COBEPIIEHCTBOBAHUE MATEMATHUYECKHUX MOJIEJEN JIJIS
OLHEHKHU TUHAMMKMHU ITOE3IA

Heas. Vcnone3ys HaydHble MyOIMKaLiK, B paboTe HEOOXOJUMO NMPOBECTH aHAIN3 MaTeMaTHYECCKHX MOJEIIeH,
paspaboTanHbIX B YKpanHe, crpaHax CHI' u 3a pyOexoM Ui TEOPETHYECKUX HCCICIOBAaHUH TUHAMUKH MOE37a,
a TaKXKe MOKa3aTh aKTyalbHOCTh JAIBHEHIIEro UX COBepIIeHCTBOBaHUA. Meroauka. MHpopManronHoit 6a30ii uc-
CJIEIOBaHUs SBIUIUCH O(HIMAIbHBIE MMOJHOTEKCTOBBIE U pedepaTHBHBIC 0a3bl NTaHHBIX, HAYYHBIC TPYIbl OTEYe-
CTBEHHBIX ¥ 3apyOCKHBIX YYEHBIX, HPO(PECCHOHANBHBIC MEPHOIMYCSCKUE W3IaHUs, MaTepualbl HaydyHO-
MPaKTHYECKUX KOH(EPEHLUH, METOIMUECKIE MaTepHallbl MUHICTEPCTB M BEJJOMCTB. AHaIM3 IMyOIMKaIui 0 cyle-
CTBYIOIIUX MaTeMaTHYECKUX MOJIENSX, UCIOJIB3YEMBIX JIsl PELIeHHs HIMPOKOTro Kpyra 3ajiad, CBs3aHHBIX C HCCIIe-
JIOBaHHEM TMHAMUKH [10€3/1a, MOKa3bIBaeT 11eIecO00pa3HOCTh uX npuMmeHeHus. Pesynbrarel. [lonydeHHble pe3yiib-
TaThl WCCICOBAHUIA OBUIM HCIOJB30BaHBI. 1) MPH MPOEKTHPOBAHMM HOBBIX THIOB IMOTJIOIIAIONINX allapaToB
Y BO3JyXOpachpeaenuTeneii; 2) mpu pa3paboTke crocoO0B yHpaBiIeHUs JBUKEHHEM OOBIYHBIX U COEMHEHHBIX IMO-
€3710B; 3) NIPH CO3JJaHUM COOTBETCTBYIOIIMX PEXUMHBIX KapT; 4) NMpH pa3pabOTKe SHEProcOeperaonmx cnocoooB
BelleHusI 110e310B; 5) npu nepecmotpe CtpoutenbHsix HopM 1 mpasui (CHull 11-39.76); 6) npu Beibope mapamer-
poB 1 coznanHoi B JIMITe aBTOHOMHOMH CHCTEMBI aBTOMAaTHYECKOTO YIIPABJICHUS] BCIIOMOTATEIbHBIM JIOKOMOTH-
BOM, HaXOJSIIUMCS B COCTaBE COEIMHEHHOTO I10€3/1a; 7) IPHU CO3JaHMH Ha 0a3e KOMIBIOTEPHBIX TEXHOJOTHH Tpe-
Ha)KepoB JIsi 00ydeHUs] MAIIMHNCTOB; §) NPH OLIEHKE JMHAMMYECKUX TOKa3aTeNnell dKUIaxel, XapaKTepu3yrommx
0€301acHOCTh JBMKCHUS. YUEHBIE BCETO MUPA MIPOBOAAT YHCICHHBIE SKCIIEPUMEHTHI, CBS3aHHbIE C OLIEHKOW JIMHA-
MHUKH 10€3/1a, C TOMOIIbI0 MAaTeMaTHYeCKUX MOJENeH, KOTOpble HEOOXOJMMO IOCTOSIHHO COBEPIICHCTBOBATD.
Hayuynasi HoBH3HAa. ABTOpPaMH W3JI0’KE€HbI OCHOBHBIE TEOPETUYECKHUE MOJIOKEHHUS, HA OCHOBAHUM KOTOPBIX paspa-
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00TaHBI CYIIECTBYIONINE MATEMAaTHUECKHE MOJICTH IS PEIICHMS 3a/1a4 JUHAMHKHU moe3na. IIpoBeaeHHbIH aHamM3
HaY4YHBIX CTaTei, OmyOJMKOBaHHBIX B Ykpaune, crpanax CHI' u 3a pyOexom, Mo3BOJISI€T ONpeAeiInTh Hanbosee
aKTyaJlbHble 00JNIacTH NPUMEHEHUs] MaTeMaTnieckux mozenei. [lpakruyeckast 3HaunMocTtsh. [IpakTuueckoe 3Ha-
YEeHHE MOJYYCHHBIX PE3YJIbTaTOB 3aKII0YaeTCsl B HAYYHOW 0OOCHOBaHHOCTH ¥ NPUKJIAHOM HANPaBIEHHOCTH TEOpe-
TUYECKUX HCCIEOBAHUMN C UCIOJIb30BAHMEM MAaTeMaTHUECKUX MOJAENEH, COBEPIICHCTBOBAHHE KOTOPBIX MO3BOJIMUT
pacIIUpUTh KPYT pellaeMbIX 3a/a4, TOBBICUTh YPOBEHb JOCTOBEPHOCTH MOJIYIaeMbIX pPe3yJIbTaToB.

Kniouesgvie cnosa: nnuHHOCOCTaBHBIC MO€3/1a; AMHAMUKA MOE3/1a; MaTeMaTHYeCKUe MOIEIU MIPOAONBHBIX Koje-
OaHMi 1Moe31a; MOJEIMPOBAaHUE MEKBATOHHBIX COSANHEHNUI; HAyIHbIE CTAThH; MPOAOIbHbIC CHIIBI B ITOE3/IC; TPEHA-
KEpbl MAIIUHACTOB JIOKOMOTHBOB
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INVESTIGATION ON UTILITY OF PLASTIC WASTE
AS AN ADDITIVE FOR BITUMINOUS CONCRETE
USING WET PROCESS OF MIXING

Purpose. Plastic waste has become a major environmental issue of concern due to its exponential growth due to
rapid urbanization. The paper investigates utility of plastic waste as an additive for bituminous concrete using wet
process of mixing. Methodology. The methodology for the present paper has been designed with complex research
consisting of Marshall mix design of the bituminous mix added with plastic waste for modifying bitumen using wet
process of mixing, performing the tests on the samples and analyzing the results in the form of table and figures. In
the present paper LDPE and HDPE type of plastic waste are used to modify the bitumen. Finding. The results show
that addition of 6 percent of bitumen improves the Marshall properties of the mix. Use of plastic to modify the bitu-
men not only makes the road surface more durable but also it is an eco-friendly way of proper disposal of plastic
waste. Originality. The processes used for mixing the plastic waste to the bitumen are dry process and wet process.
Dry process of mixing the plastic waste to the bituminous mix is most common and lot of study is carried out on its
application. In the present paper wet process of mixing has not yet been studied much. Practical Value. The practi-
cal application of utilizing the plastic waste to modify bitumen in the bituminous mix improves the stability values
resulting in the more durable road surface. Also the method ensures the proper disposal of plastic waste in eco-
friendly way.

Keywords: plastic waste; waste reuse; road construction; asphalt concrete; wet process

work on reduction, recycling, reusing and energy

Introduction

Plastic is a non-biodegradable material increas-
ing exponentially due to tremendous growth in
population, urbanization and changed life style
with its widespread applications. Researchers
found that the material can remain on earth for
4500 years without degradation [1]. Several studies
have proven the health hazard caused by improper
disposal of plastic waste. In this scenario, the con-
ventional waste disposal methods are found to be
inadequate. Researchers and scientist are trying to

recovery from solid wastes. Study revealed that,
out of total plastic waste in India, around 94%
waste comprises of thermoplastic content, which is
recyclable such as PET, LDPE, HDPE, PVC etc.
and remaining 6% belongs to the family of thermo-
set and other categories of plastics such as SMC,
FRP, multi-layered, thermocol, etc.

In the current era of economic development
with such a hefty population, it is required to have
a dense network of road for the smooth transporta-
tion of goods & passengers. India, despite having
one of the largest railway network moves mostly
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on roads. Be it passenger or freight all move on
roads. Nearly 65% of freight and 85% of passenger
traffic use roads for their movement [4]. In India
flexible pavements are generally preferred due va-
rious advantages such as low cost, availability of
material, speed of construction, ease in construc-
tion, low maintenance and ease in upgradation. It
should be noted that major portion of highway in
India is flexible. Recent research suggests that
these plastic materials can be used in road con-
struction as a binding material. Polyethylene is
extensively used plastic material, and it has been
found to be one of the most effective polymer ad-
ditives in road construction. Use of plastic along
with the bitumen in construction of roads not only
increases its ductility and smoothness but also
makes it economically sound and environment
friendly [17]. From an environmental and econom-
ic point of view, the use of recycled instead of vir-
gin materials could have several advantages such
as help easing landfill pressures and reducing de-
mands of extraction from natural quarries.
Furthermore, this would be an alternative solution
for environmental pollution by utilizing waste ma-
terials as secondary materials in road construction
projects [14]. Waste plastic bitumen road is found
to be stronger, durable, withstand heavy loads, ab-
sorption of radiations, resistive to cracking and
rutting. Generally two processes are adopted first is
Wet process which is basically the polymer en-
riched/modified bitumen process and secondly the
Dry process that is basically poly coated aggregate
process [4].

Literature Review

Amit P. Gawande (2013) had used the plastic
waste in the construction of bituminous road
construction by replacing conventional type of
aggregate with plastic coated aggregate and also
mixed in bitumen. The dry process was used for
the aggregate while the wet process was used for
the bitumen. The dry process helps to have better
binding of bitumen with the plastic-waste coated
aggregate due to increased bonding and increased
area of contact between polymer and bitumen. The
polymer coating also reduces the voids. This

prevents the moisture absorption and oxidation of
bitumen by entrapped air. This technique adds a
cumulative benefit to National Economy also gives
contribution to environmental benefits, employ-
ment generation and agricultural efficiency [1].

Mayura M. Yeole et.al, (2014) have highlighted
the developments in using plastics waste to make
plastic roads. In the flexible pavement construction
where bitumen binders are used, it is of significant
importance that the binders form ductile thin films
around the aggregates. This serves as a satisfactory
binder in improving the physical interlocking of
the aggregates. The objective behind the
experiment was to measure the ductility of given
sample of homogeneous mixture i.e. bitumen and
waste plastic and to determine the suitability of
mix. The bitumen was prepared using waste plastic
for varying percentage by wet process and allowed
to test with the help of ductility apparatus.
Percentage of waste plastic added in bitumen, the
ductility value of modified bitumen is decreases. If
the ductility value is less than specified value then
road surfaces may get cracked and due to this life
of pavement will be reduced, Hence 9% of the
plastic waste must be added to the bitumen for the
better performance of the roads using wet process
[17].

Shirish N. Nemade et.al, (2013) use the poly-
mer waste with or without crumb rubber to modify
the properties of bitumen. The wastes like crumb
rubber, HDPE waste, LDPE, PP Waste and
mixture of crumb rubber- HDPE waste were taken
into consideration. When these plastics are added
into bitumen, various differentiating results have
obtained. The addition of this waste is determined
by means of weight % of bitumen. It is called out
by two processes, viz, dry and wet process. Dry
process is used for aggregate while wet process is
used for bitumen. The waste obtained and mixed in
different forms i.e. polymer waste was in shredded
form and HDPE waste in strand form and crumb
rubber was in powder form. From the obtained re-
sults they conclude that it not only strengthened the
road construction but also increased the road life as
well as will help to improve the environment and
also creating a source of income [16].
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Dhirar Taha Mohammed et.al, (2014) used po-
lyethylene terephthalate (PET) as asphalt modifier
in asphalt. The research paper has focused on the
ability of improving the performance of asphalt
mixtures using Polyethylene Terephthalate (PET)
obtained from plastic waste in Mosul landfills.
Five different percentages of PET are added using
wet process. Marshall test, moisture susceptibility
and durability test are conducted on unmodified
and modified asphalt mixtures. The results showed
that the optimum polymer content of PET is 4%.
the addition of this percentage of polymer lead to
an improvement in the durability, resistance of as-
phalt mixture to moisture damage & increase of the
Marshall stability by 36.09% while the flow values
reduced slightly [15].

Dixit Sandhya et.al, (2013) quoted that in the
wet process, shredded waste plastic is mixed with
hot bitumen at a temperature 1600C with the help
of powerful mechanical stirrers. The stabilizers are
also added to the bitumen during heating. The mix
is then laid on the road. In this process, mixing of
higher percentages of is however, difficult because
of the difference in viscosities of molten plastic
waste and bitumen [5].

Bindu et al. (2010) investigate the benefits of
stabilizing the stone mastic asphalt (SMA) mixture
in flexible pavement with shredded waste plastic.
Conventional (without plastic) and the stabilized
SMA mixtures were subjected to performance tests
including Marshall Stability, tensile strength and
compressive strength tests. Triaxial tests were also
conducted with varying percentage bitumen by
weight of mineral aggregate (6% to 8%) and by
varying percentage plastic by weight of mix (6% to
12% with an increment of 1%). Plastic content of
10% by weight of bitumen is recommended for the
improvement of the performance of Stone Mastic
Asphalt mixtures [2].

Materials and Methods

Various materials used in the present study are
bitumen, aggregate (fine and coarse), filler, and
shredded plastic waste. The bitumen used for pre-
sent study is of 60/70 penetration grade and is ob-
tained from BPCL, Nagpur and PWD, Amravati.

Coarse aggregates, fine aggregates and fly ash
were collected from local producer of crushed ag-
gregates. The plastic waste was segregated from
the municipal waste and shredded at the local plas-
tic waste recycling plant at MIDC, Amravati.

The experiment was conducted into two parts.
The first part consists of calculating the optimum
value of the bitumen and second part consists of
optimizing the quantity of plastic waste used to
replace the bitumen. Wet process was used to mo-
dify the bitumen and Marshall Samples were pre-
pared using the same bitumen. In this process the
coarse aggregates and fine aggregate and fly ash
were heated to 170°C. The bitumen was heated to
160°C and shredded plastic waste retaining on
2.36 mm sieve is added in proportion by weight to
the hot bitumen and mixed thoroughly using me-
chanical stirrer to obtain homogenous mix. The
waste plastic LDPE, PVC and HDPE were added
varying from 0%, 2%, 4%, 6%, 8%, 10% and 12%
by the weight of bitumen. This modified bitumen
was added to the homogenous mix of aggregate,
bitumen and plastic waste. After proper mixing the
mix was placed in the compaction mould and com-
pacted with 75 blows on both face to get Marshall
Samples. The stability and flow were obtained by
testing the sample on the digital Marshall frame
and the average values for Bulk specific Gravity,
AV, VMA and VFB were calculated and graphs
were plotted. The values obtained stability values
are corrected after applying the correction for
thickness of the sample. According to Das, A. and
Chakroborty P. the following properties were cal-
culated based on volumetric analysis [3].

Bulk Specific Gravity of sample (Gb)

The bulk density of the sample is determined
by weighing the sample (Wa) and by taking its
submerged weight (Ww). The specific gravity of
the specimen is given by

W

a

Gb=
W, —W,,

where, Gb = Bulk Specific Gravity of sample,
Wa = Weight of sample in air (g), Ww = Weight of
sample in water (g).
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Theoretical specific gravity of the mix (Gt)
Theoretical specific gravity Gt is the specific
gravity without considering air voids, and is given

by:

_ P1+P2+P3+Pf+Pb
~P1 P2 P3 Pf Pb
It H
Gl G2 G3 Gf Gb

Gt

where, P1 is the Percentage by weight of 20mm
coarse aggregate in the total mix, P2 is the Per-
centage by weight of 10mm coarse aggregate in the
total mix, P3 is the Percentage by weight of Stone
Dust in the total mix, Pf is the Percentage by
weight of filler in the total mix, Pb is the Percent-
age by weight of bitumen in the total mix, G1 is
the specific gravity of 20mm coarse aggregate, G2
is the specific gravity of 10mm coarse aggregate,
G3 is the specific gravity of Stone Dust, Gf is the
specific gravity of Filler, Gb is the specific gravity
of bitumen
Bulk Specific Gravity of Aggregate (Gsb)

_ P1+P2+P3+Pf
“PL P2 P3 Pf
e e e S
Gl G2 G3 Gf

Gsh

where, P1 is the Percentage by weight of 20mm
coarse aggregate in the total mix, P2 is the Per-
centage by weight of 10mm coarse aggregate in the
total mix, P3 is the Percentage by weight of Stone
Dust in the total mix, Pf is the Percentage by
weight of filler in the total mix, G1 is the specific
gravity of 20mm coarse aggregate, G2 is the spe-
cific gravity of 10mm coarse aggregate, G3 is the
specific gravity of Stone Dust, Gf is the specific
gravity of filler.

Air voids percent (AV)

It is the total volume of the small pockets of air
between the coated aggregate particles throughout
a compacted paving mixture, expressed as a per-
cent of the bulk volume of the compacted paving
mixture. The amount of air voids in a mixture is
extremely important and closely related to stabi-
lity, durability and permeability. The following
equation represents the percentage of air voids in
the specimen.

(Gt — Gb)100
Gt

Voids in the Mineral Aggregate (VMA)

VMA is the volume of inter granular void space
between the aggregate particles of a compacted
paving mixture. It includes the air voids and the
volume of the asphalt not absorbed into the aggre-
gate .VMA describes the portion of space in a
compacted asphalt pavement or specimen which is
not occupied by the aggregate. VMA is expressed
as a percentage of the total volume of the mix
Voids Filled with Binder (VFB).

Ps x Gmb
Gsb

AV =

VMA = Ll— JlOO

where, Ps = Aggregate content, %;Gsb = Bulk spe-
cific gravity of total aggregat;eGmb = Bulk speci-
fic gravity of mixed aggregate.

Voids Filled with Bitumen (VFB)

VFB is the voids in the mineral aggregate
frame work filled with bitumen binder. This repre-
sents the volume of the effective bitumen content.
It can also be described as the percent of the vo-
lume of the VMA that is filled with bitumen. VFB
is inversely related to air voids and hence as air
voids decreases, the VFB increases.

(VMA—AV)
VMA

where, AV is air voids in the mix and, VMA is the
voids in the mineral aggregate.

VFB =100

Results and Discussion

The optimum binder content for the mix was
found to be 6% since the maximum stability was
found at 6 % of binder content. The obtained value
was further used for the subsequent study. During
the experiment PVC type of plastic waste was also
used but while mixing the shredded PVC plastic
with hot bitumen some gases were coming out of
the mix and hence PVC plastic was not used for
further experiment. The details of volumetric and
mechanical properties are tabulated in the table and
figures below.
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Table 1
Optimum Bitumen Value Calculation
Bulk Spe- Theoretical . . Marshall Stability (kN)
Bitumen | cific Grav- Specific Void Analysis Flow(mm)
content % ity Gb Gravity Gt
(gm/cm®) (gm/cm®) AV (%) | VMA (%) | VFB (%) | Measured Corrected
5 2.195 2.389 8.131 23.046 64.818 10.52 9.40 2.32
55 2.204 2.361 6.673 23.146 71.334 12.14 10.69 2.54
6 2.205 2.334 5.5627 23.508 76.605 13.89 11.95 2.64
6.5 2.200 2.307 4.639 24.076 80.897 12.11 10.70 3.22
7 2.198 2.281 3.638 24,552 85.285 11.56 10.05 3.72
Stability Vs Bitumen Content Bitumen Content Vs Air Void %
13 9.00 ‘
12 8.00 ‘
E § 7.00 — Maxin‘1111116%
z U v N 3 6.00
2, / = 5.00 \.\—\*‘\
5 ‘/ Minimum 9 kN 4.00 +— Minimum 3%
5 200 ‘ \ ‘T
8 2.00 — ! ! ! 1
5 5.5 6 6.5 7 5.0 55 6.0 6.5 7.0
Bitumen content {%) Bitumen content (%)
Fig. 1. Bitumen Content Vs Stability Fig. 4. Bitumen Content Vs Air Void %
Bitumen Content Vs Flow Bitumen Content Vs V.F.B%
jz Maxinu‘ouf nun ‘ 22
E 35 = X g0
£ - 2 _—
g 3.0 ‘ = 75 /
= 2s 77”—T/Mininmm"nnn 70 -~
2.0 - 65
| | | ‘0
5.0 55 6.0 6.5 7.0 5.0 55 6.0 6.5 7.0
Bitumen content {%) Bitumen content (%)
Fig. 2. Bitumen Content Vs flow Fig. 5. Bitumen Content Vs V.F.B %
Bitumen Content Vs V.M.A %
240 The volumetric and mechanic properties of the
% 220 mix were obtained after adding LDPE and HDPE
g 200 - types of plastic at 2%, 4%, 6%, 8%, 10% and 12%
18.0 Mininwum 15%6 . .
oo by the weight of bitumen and the results are tabu-
140 ! lated in the table and figures below.
5.0 5.5 6.0 6.5 7.0
Bitumen content {%)

Fig. 3. Stability Vs V.M.A %
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Table 2
Plastic Waste Calculation
: Bulk Theoretical Void Analysis Marshall Stability (kN)
Type of C\IIZS;;: Specific Specific Flow(mm)
Plastic Gravity Gb | Gravity Gt
% (gm/cm3) (gm/cm3) i~ VMA VFB Measured | Corrected
(%) (%) (%)
0 2.205 2.334 5.53 23.51 76.61 13.89 11.95 2.64
LDPE 2 2.224 2.334 4,72 22.86 79.34 13.02 13.02 2.46
HDPE 2 2.22 2.334 4.89 22.99 78.75 13.34 12.85 2.49
LDPE 4 2.241 2.334 3.98 22.26 82.12 14.76 13.73 2.52
HDPE 4 2.232 2.334 4.35 22.56 80.70 14.58 14.00 2.56
LDPE 6 2.25 2.334 3.58 21.93 83.69 15.35 14.73 2.65
HDPE 6 2.241 2.334 3.98 22.26 82.11 16.39 14.59 2.71
LDPE 8 2.235 2.334 4.22 22.45 81.21 15.44 13.94 2.78
HDPE 8 2.235 2.334 4.24 22.47 81.21 15.39 14.10 2.88
LDPE 10 2.219 2.334 4.93 23.02 78.60 14.43 13.03 3.27
HDPE 10 2.213 2.334 5.17 23.22 77.74 14.37 13.17 3.34
LDPE 12 2.201 2.334 5.71 23.65 75.88 13.04 11.78 4.37
HDPE 12 2.195 2.334 5.94 23.85 75.10 13.23 11.95 4.10
Bitumen Content Vs Stability Bitumen Content Vs V.M.A %
16 26.0
i ] o k| ]
Z 14 B3 ' l\"‘—J ,,f—"/
% 13 —&—HDPE ; 0 R —+—LDPE
% 12 —e—LDPE = 200 HDPE
@ 1; Minimum 9 KN Minimum 1.0 —— ——Minimum
a 160 1 | Mmlmulr 15% ‘
8 14.0 | I ]
0 2 4 6 8 10 12 0.0 2.0 4.0 6.0 8.0 10.0 12.0
% of Bitumen content Replaced by Plastic Waste % of Bitumen content Replaced by Plastic Waste
Fig. 6. % of Bitumen replaced by plastic Fig. 8. % of Bitumen replaced by plastic
waste Vs Stability waste Vs Air void %
Bitumen Content Vs Flow Bitumen Content Vs Air Void %
5.00 oo | | | |
| ‘ | 6.00 - -
B i: B Maximum 4 mm ——% E ?2; ] Masimum 6|"V %{LDPE
E im0 e = who —+—HDPE
E 3.00 TnoeE T s [ Minimum
250 Minimum 2 mm Minimum z:g ; Minimum 3:% e Maximum
2.00 | | m— Maximum 2.00 | |
1.50 ] ! ! ! ! ! ! 0.0 2.0 4.0 6.0 8.0 10.0 12.0
0.0 2.0 4.0 6.0 8.0 10.0 120 % of Bitumen content Replaced by Plastic Waste
% of Bitumen content Replaced by Plastic Waste
. . . Fig. 9. % of Bitumen replaced by plastic
Fig. 7. % of Bitumen replaced by plastic waste Vs Flow waste Vs V.E.B %
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Bitumen Content Vs V.F.B %

85

80
/ ‘\ ——LDPE
73 ~—HDPE

70

V.F.B.%

0.0 2.0 4.0 6.0 8.0 10.0 12.0

% of Bitumen content Replaced by Plastic Waste

Fig. 10. % of Bitumen replaced by plastic
waste Vs V.M.A%

Conclusions

— From the investigation on utility of plastic
waste as an additive for bituminous concrete using
wet process of mixing it can be concluded that ad-
dition of plastic improves the Marshall properties
of the mix.

— The Addition of 6% of the LDPE and HDPE
plastic waste improves the stability value of the
bituminous mix which results is the increase in the
toughness of the mix. The roads can withstand
heavy traffic and shows better service life.

— Due to addition of plastic waste the flow va-
lue increases resulting the improvement in the
workability.

— Addition of plastic waste results in decrease
in the air voids which reduces the bleeding of bi-
tumen.

— The volumetric and Marshall properties of
the mix show the acceptable trends and could sa-
tisfy the specified limits.

— This study has a positive impact on environ-
ment and the use of waste plastic in bituminous
concrete is eco-friendly way of using waste plastic
for road construction.
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JOCJIIIKEHHA BUKOPUCTAHHSA IVTACTUKOBUX BIAXOAIB
AK 1OBABKHU JIA BITYMHOI'O BETOHY IIPU 3ACTOCYBAHHI
MOKPOI'O MPOLECY 3MIIIYBAHHA

Merta. [InacTMacoBi BiIXOAH CTaIH CEPHO3HOIO EKOJIOTIYHOIO MPOOIEMOI0, BUKIMKAHOIO X €KCIIOHEHIIaJIbHUM
pOCTOM 4epe3 MIBUAKY ypOaHizalito. B sikocTi BupilieHHS NpoOJieMH BUKOPHUCTOBYIOTBCS BIIXO/AW JUIS CTBOPEHHS
MIIHOT TOpOXHBOT MTOBEpXHi. J[yIs1 3MillyBaHHS IUIACTUKOBHX BiIXO/IB i3 GITYMOM B)XXHBAIOTHCSI CyXHMH Ta BOJIOTUH
npouecu. Cyxuil mporec 3MilIyBaHHS IUTACTUKOBHMX BiIXOJIB 13 OITYMHOIO CYMINIIIIO € HaHOLIBII MOIMIMPEHHM,
TIPOBOJMUTHCS 6AraTo JOCIHIKEHb MO0 HOTO 3aCTOCYBaHHIO. MeTOr0 1TaHOT POOOTH € JTOCHTIKEHHS TIIACTUKOBHUX BiJI-
XOMIB y SAKOCTI [00aBKM mis OiTyMHOro OETOHY 3 BHKOPHCTaHHSAM MOKPOTO TIPOIECY 3MiITyBaHHS.
Metoauka. TexHooris miei po6oTu Oyna po3podieHa B X0i KOMIIEKCHOTO JOCTiPKEHHs, Sika B TOMY YUCIi BH-
Byae cknajx Gitymuoi cymimi Marshall. Jlanuii koMIoOHEHT momaBaBCs 0 IUIACTMACOBUX BiaxofiB. Moaudikariis
6iTyMy, OTpHMaHa NPH BUKOPHUCTAHHI MOKPOTO IPOIeCy 3MiITyBaHHS, BUIPOOOBYyBajacsd Ha JOCITITHUX 3pa3Kax.
Amnani3 pe3ynbTaTiB TaKoX HpeACTaBIsABCsA y (GopMi Tabiuii Ta MalIOHKIB. Y Hiil poOOTi 11 nepepobku OiTymy
BUKOPHUCTOBYIOThCS mojieTmiieHoBi Binxoan LDPE i HDPE. PesyabsTatn. OTpumaHni pe3ysibTaTH IOKa3ylOTbh, IO
noxaBaHHs 6 % OiTymy nokpaugye BaacTuBocTi cymimi Marshall. Bukopucranns miactuka s Mmoaudikauii Oity-
MY HE TIIbKH pOOHMTH JOPOXKHIO ITOBEPXHIO O1bILI JOBrOBIYHOIO, aJle TAKOX € €KOJOTIYHO YHCTUM CHOCOOOM mpa-
BWJIBHOT yTWITi3alii IiIacTUKOBUX BinxoziB. HaykoBa HoBu3HA. Po3IIMpeHo ysBIEHHS MPO NepeBary BUKOPHCTaH-
HS IJTACTHKOBMX BIIXOJIB y SIKOCTI KOMIIOHEHTIB OITYyMHOTr0 OETOHY IIPH 3aCTOCYBaHHI MOKpPOrO HpOLECY 3Milly-
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BaHHS. Y TOW K€ Yac aBTOPH IiJKPECTIOIOTh, IO B JaHii poOOTI MOKpHWIl IpoIec 3MIlTyBaHHS IIe HE BUBYCHUH
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NCCIEJOBAHHUE UCIHOJIB30OBAHUA IIVTACTUKOBBIX
OTXOA0B B KAYECTBE 1OBABKU J1JIA BUTYMHOI'O
BETOHA 1P IPUMEHEHHUU MOKPOI'O ITPOLHECCA
CMENLINBAHUA

Hean. [InacTMaccoBbIC OTXOMABI CTAH CEPHE3HON 3KOIOTMYCCKOM MPOOIEeMOH, BEI3BAHHON HUX 3KCIIOHCHI[HAIb-
HBIM POCTOM H3-3a OBICTpOH ypOaHH3anuu. B xauecTBe pemeHus mpobaeMbl HCHIOIB3YIOTCS OTXOJBI TSI CO3MaHUL
MIPOYHON JOPOKHOW MOBEPXHOCTU. [l CMENIMBaHUs TUTACTUKOBBIX OTXOJIOB C OUTYMOM YMOTPEONSIOTCS CyXOl
U BIaXHBIH nponecchl. CyXoif Mporece CMEMIMBaHUS TUIACTHKOBBIX OTXOA0B ¢ OUTYMHON CMECHIO SBIIICTCSI HAN0O0-
Jiee pacTpOCTPaHSHHBIM, TPOBOIUTCS MHOTO HUCCIIEIOBAaHHUM O €ro MPUMEHEHHUI0. B maHHOH paboTe Hembio SBIIeT-
Csl HCCIIEZIOBAaHNUE TUIACTHKOBBIX OTXOJIOB B KauecTBe MOOABKU IUIsi ONTYMHOTO OETOHA C MCIIOJIB30BAHUEM MOKPOTO
mporecca cMmemmBaHus. Mertoanka. TexHONIOTHS HacTosmIeH paboThl OblIa pa3paboTaHa B X0JA€ KOMIICKCHOTO
HCCIIeIOBaHMs, B TOM YHMCIe HM3ydaroiero cocraB doutymuoit cmecu Marshall. Jlaunbiii koMmoHeHT mo6aBisiCcs
K TUIACTMACCOBBIM O0TX0AaM. Momudukanus OutyMma, IOJTydIeHHAs MIPH HCIIOIB30BAaHUHA MOKPOTO IpoIecca CMEIIn-
BaHUs, HCHBITHIBAJIACh HA OMBITHBIX OOpa3max. AHaIu3 pe3yiIbTaTOB TaKkkKe NMPEACTABISICA B (opMme TaOIHIBI
U pucyHKOB. B Hacrosmeil pabore st mepepabOTKM OMTyMa HCIOJIB3YIOTCS MOJIMATHICHOBbIE oTxoabl LDPE
u HDPE. Pe3yabTaThl. IlomydeHHbIe pe3yabTaThl MOKA3bIBAIOT, YTO Jo0aBieHUe 6 % OUTyMa yaydIiaeT CBOWCTBA
cmecu Marshall. Hcnons3oBanune mractuka it MOAU(UKAINE OUTYMa HE TOJBKO JIENIaeT JOPOKHYIO TIOBEPXHOCTh
6oJiee OITOBEYHOM, HO TAaKXKe SBIIAETCS KOJOTMYECKH YHUCTBHIM CIOCOOOM MPaBHIBHON yTHIIM3AalUH IIACTHKOBBIX
otxon0B. HayuyHass HoBu3HA. PacimpeHo npencTaBieHue O MPEUMYIIECTBE NCIONb30BaHMUS IIACTUKOBBIX OTXO/I0B
B KauecTBE KOMIIOHEHTOB OMTYMHOro 0OeTOHa NpH NPUMEHEHHH MOKPOTO Ipoliecca cMelnBaHus. B To sxe Bpems
aBTOPBI NOAYEPKUBAIOT, YTO B HACTOSAIIEH paboTe MOKPBIH ITPOIIECC CMENIMBAHMS €Ille He H3YYeH B MOJIHOM 00beMe.
IIpakTHyeckas 3HAYNMOCTD. [IpakTHUecKOe NPUMEHEHNE YTHIIU3ANH TUIACTUKOBBIX OTXOJ0B /Uil MOAN(UKAIINT
OuTymMa B OMTYMHOH CMECH MOBBIIIAET 3HAUCHUSI CTAOMIILHOCTH, YTO TPUBOJUT K MCIIOJIb30BaHUIO Oojee MpOoYHOi
JIOPOXKHOHM TToBepXHOCTH. Kpome Toro, Meros obecrneunBaeT Ha UISKAILyI0 YTHWIIM3AIHIO IUIACTUKOBBIX OTXOIOB
9KOJIOTUYECKH OE30IacHBIM CIIOCOOOM.

Kntouegvle cnoga: TINACTUKOBBIE OTXOMbBI; HMOBTOPHOE HCIONB30BAaHHE OTXOJOB; JOPOXKHOE CTPOUTEIHCTBO;
ac(hanbTOOETOH; MOKPBIH MpoIIecC
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POINTS ON THE SPHERE SURFACE

Purpose. The extensive use of the computer-aided design system (CAD) in education and industry puts forward
new demands on the scope, content and quality of up-to-date descriptive geometry course. The purpose of the work
is topicality analysis of traditional descriptive geometry methods for 3D modelling and development of methodolo-
gical recommendations for its teaching as a subject together with a selected CAD. Methodology. Conclusions about
effectiveness and expedience of application of descriptive geometry methods are drawn on the basis of tools analysis
and comparison of modern CADs and descriptive geometry for solving problems arising during 3D modelling. Ge-
neralization of teaching experience made it possible to give recommendations about optimization of the descriptive
geometry course taking into account present-day requirements to professional skills of an engineer.
Findings. CADs tools and descriptive geometry methods are compared by way of specific example to give the an-
swer what is more suitable for solving problems arising during 3D modelling. Originality. We presented the me-
thodological recommendations about optimization of descriptive geometry teaching together with a selected CAD.
We proposed the conception of a modern textbook on descriptive geometry. First of all, the textbook must describe
algorithms for solving problems by means of standard CAD tools exactly in 3D, not on the plane. It is desirable to
accompany these algorithms by pictorial images in order to have an opportunity to grasp an idea quickly and imple-
ment it through methods of direct modeling in CAD application. We also touched practical problems of students’
motivation to ensure high effectiveness of graphical education. Practical value. This paper may be useful mainly
for educators in the field of engineering graphics because it raises a vital question ‘Descriptive Geometry versus
CAD’ which now has no definite answer. Topicality and teaching approaches of different solution methods of spa-
tial problems by means of projections is subject of a dispute, taking into account that CAD tools are continuously
updated. This paper by way of specific example shows some advantages and limitations of descriptive geometry and
CAD, as well as touches the issues of their efficient joint application for teaching.

Keywords: descriptive geometry; CAD; sphere; teaching methods; motivation

Introduction

The surface of a sphere is considered definite,
if the position of its centre and the radius are
known. The sphere is the surface of revolution.
The sphere is also the surface of a full sphere. In
computer-aided  design  systems, a three-
dimensional model of a sphere can be constructed
by rotating a semicircle around its diameter, i.e. by
kinematic way of surface formation. In AutoCAD
for construction, there is also a separate command
[9], the initial data for which are the coordinates of
the centre point of the sphere and the size of its
radius — the analytical method.

Purpose

In some cases, there is a need to fit a sphere in-
to the already existing geometry, i.e. to construct
the sphere surface when the position of several
points on its surface is known, while the centre and
radius are unknown. As it is known, for the unam-
biguous definition of a sphere it is necessary to
know the coordinates of at least four noncoplanar
points lying on its surface. 3D modelling programs
do not have built-in tools for such constructions,
and textbooks on descriptive geometry (DG) de-
scribe only the kinematic and analytical way of
determining the surface. The graphical specifica-
tion of a second-order surface by points is not
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a typical way of determining a surface, although it
can occur when solving practical problems.

Methodology

As sphere is the geometric locus of points in
space equidistant from a point called the sphere cen-
tre, then the solution of this problem consists in
finding a point equidistant from the four given

02

values [2]. Thus, with 3D modelling, we come
across a separate class of problems, when it is
necessary to go from one set of input data (4 points
on the sphere surface) to the other (sphere centre
and radius). Such problems can be successfully
solved by DG methods, and the construction
algorithms are wused in computer simulation.

Fig. 1. Construction of sphere centre by 4 points (four replacements of projection planes)

Fig. 1 shows one of the possible graphical
solutions of this problem using DG methods. There
are given four points A, B, C, D in two projections.
The found points O, and O, are the desired
projections of the sphere centre. As you know, you
can draw a circle through any three given points.

This circle can be regarded as a parallel of the
desired sphere. Then the sphere centre will lie on the
perpendicular reconstructed from the centre of the
parallel. It is necessary to build two different paral-
lels at given points and restore perpendiculars from

doi 10.15802/stp2017/117973

94

O. S. Danylova, A. S. Shcherbak, A. V. Krasniuk, 2017



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

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponeTpoBchkoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2017, Ne 6 (72)

TPAHCIIOPTHE BYJIBHUIITBO

their centres. The intersection point of the perpen-
diculars will be the sphere centre.

On the plane, by using a double replacement of
the projection planes, we found the natural value of
each of the two planes formed by the given points.
Then we constructed the sphere parallels, perpen-
diculars from their centres, and found the intersec-
tion point of these perpendiculars. From the point of
view of DG, this method of solving the problem on
the plane is not optimal, because there is another

0.

o}

A, D,

one, which requires fewer graphic. However, this is
a simple and understandable way to solve the
problem straight forward.

Figures 2 and 3 show the second way of finding
the desired sphere centre. We take any three points
for belonging to a common parallel and find its
centre. Using the fourth point, we construct another
parallel and find the sphere centre. Since any
of the given points can be taken as the fourth one,
there are four possible solutions.

Fig. 2. Construction of sphere centre by 4 points (double replacement of projection planes)

To solve the problem, it is also necessary to re-
place the projection planes twice. We turn the points
C, B and D into a plane, passing through them the
intersecting lines CD and the horizontal h. We find
the natural value of this plane and construct a circle
around the three points C, B, D — projection of the
parallel ms. Through the fourth point A, the projec-
tion of the second parallel ks is constructed. On
plane Ps both parallels are projected in the form of
concentric circles, and on P, in the form of parallel
segments of straight lines. The extreme points of the

projections of parallels 2 and 3 define a circle whose
centre coincides with the sphere centre. Points 2 and
3 must be joined by a straight line segment. From
the middle of this segment, we restore the perpen-
dicular, which will pass through the sphere centre.

Some 3D modelling programs allow imposing
parametric constraints and restrictions on geometric
objects. With the help of such tools it is possible to
simplify the solution of problems and in general to
avoid additional constructions [12].
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For example, in SolidWorks, to find the sphere
centre in a three-dimensional sketch, you can select
an arbitrary point and connect it to four specified
points with straight line segments. Then you need to
select all the lines and define the geometric
«equality» relationship between them (Figure 4).

The program will automatically —move

an arbitrarily chosen point to such a position that
all segments become the same length, i.e. it will
find the sphere centre — a point equidistant
from the four given values.

Fig. 3. Construction of sphere centre by 4 points (double replacement of projection planes), visual image

Next, we need to construct a plane through the
centre and any two points, construct a semicircle in
this plane and obtain the sphere by the rotation
method.

This method cannot be used in AutoCAD and
KOMPAS-3D. In KOMPAS-3D, parametric
constraints can only be imposed on flat objects
in a sketch, and in AutoCAD such geometric
dependencies cannot be applied to objects lying in
different planes.

Findings

Despite the fact that modern CAD systems are
quite a powerful tool, they are not perfect, i.e. do
not have tools «for all occasions». Moreover, the
effectiveness of their use directly depends on the
user's skills, including his geometrical-graphic
training. The study of descriptive geometry is one
of the most important stages of such training.

In addition to its main purpose of developing
spatial thinking, descriptive geometry studies
methods of solving the applied tasks. Many of
these tasks can be solved by CAD, but one of the
areas remaining relevant in DG so far is the
solution of tasks that require a transition from one
set of initial geometric data to another set of such
data needed for modelling [17].

Originality and practical value

The extensive use of CAD in education and
industry also puts forward new demands on the
scope, content and quality of up-to-date descriptive
geometry course. [1, 3, 4-8, 10, 13-16]. Now the
user has the ability to solve spatial geometric prob-
lems in the virtual three-dimensional space of the
program, which makes it possible to avoid cumber-
some construction on the projection planes. There-
fore, the ideal DG textbook should first of all give
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algorithms for task solving using the typical CAD
tools exactly in 3D, and not on a plane. It is
desirable to accompany these algorithms by
pictorial images in order to have an opportunity to

< _,L % .]@ @. @, o - 9 2':‘. @,.

grasp an idea quickly and implement it in 3D.
Complex constructions on the plane go to the
background.
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Fig. 4. Specifying the geometric «equality» relationship for straight line segments in SolidWorks

Conclusions

The solution of the problem in the three-
dimensional space of the program is a natural
process for a man. DG methods for solving spatial
problems on a plane were developed when there
was simply no other way to obtain a result. These
methods are beautiful and elegant and often startle
the imagination, but are they needed now, when
the result can be achieved by pressing just a few
buttons? Of course, we cannot and should not
completely abandon the methods of classical DG:
there are situations when they are still necessary.
But the number of such tasks is getting smaller
every year. Modern DG course should, first of all,
include algorithms based on methods of direct
modelling in 3D space, avoiding projection trans-
formations.

As it is known, DG is considered by most
students as a complex subject, for the study of
which one needs certain motivation. Many students
having acquainted with 3D modelling programs do

not understand what the meaning of studying DG
is, «if everything can be built on a computer».
Therefore, methodically it makes sense to divide
a joint study of DG and engineering computer
graphics into two stages.

The first stage: study of the basic capabilities of
CAD. At this stage the proposed tasks do not
require involvement of DG and are designed to
teach a user to apply the main CAD tools. The task
of this stage is to give the student a powerful tool
and to teach him how to use it. The user should
receive positive emotions from the fact that he can
build 3D models and receive drawings using com-
puter programs. It is very important that at this
stage the student learns to achieve a positive result
on his own.

The second stage: the tasks proposed for
modelling to the student should require additional
constructions, involvement of DG or analytical
geometry. For example, such tasks may require
a transition from a geometry task with one set of
input data to another set that can be implemented
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in the relevant CAD. The tasks should contain
some of the tasks of DG, which is skillfully woven
into the existing geometry. Herewith by the total
volume of work and visually the models at this
stage can be simpler than the previous ones.
A situation is created when a user who knows how
to use CAD cannot build a «simpler geometry»
[11]. It is necessary to draw from the user an emo-
tional state of excitement, which is characterized
by a very strong interest in what is happening and

a persistent desire to continue. It is very important
to give the student time to think independently
before explaining the solution. Perhaps this is the
most important point of learning. It makes sense to
give clues that will indicate the desired direction of
the solution search. The task of the teacher is to
show the student DG place and possibilities for
solving the problems that arise during 3D
modelling.

LIST OF REFERENCE LINKS

resource]. - Available at:

1. Usanos, I'. C. [lepcriekTHBBI HauepTaTeIbHOM reoMeTprn Kak yueOHol mucuumiunsl / I'. C. VBanos // I'eo-
metpust u rpaduka — 2013. — T. 1, Beim. 1 — C. 26-28. doi: 10.12737/467.

2. Jloces, H. B. 200 onmmMnmagHpIX 3a1ad 110 HadepTaTeNbHONH reoMeTpur : mpakT. nocodbue / H. B. Jloces. —
Mocksa : Bercmr. mk., 1992. — 144 c.

3. MexIucuuIuiMHapHbe CBS3M HAadepTATEIbHOM T'€OMETPHUHM M CMEKHBIX pa3leloB BBICIICH MaTeMaTHKH /
N. M. Imurpuesa, I'. C. UBanos, B. U. Ceperun, K. A. Mypasses // ['eomerpus u rpapuka. — 2013. — T. 1,
Boin. 3. — C. 8-12. doi: 10.12737/2124.

4.  CanbkoB, H. A. ['eomeTpuueckoe MojenupoBanue U HaueprarensHas reomerpus / H. A. CanbkoB // T'eomeT-
pust u rpaduka. — 2016. — T. 4, Beim. 4. — C. 31-40. doi: 10.12737/22841.

5. CanbkoB, H. A. MecTo HaueprareibHOI TEOMETPHH B CHCTEME F€OMETPUYECKOr0 00pa30BaHUs TEXHUYECKUX
By30B / H. A. Canbkos // Teomerpus u rpaduka. — 2016. — T. 4, Beim. 3. — C. 53-61. doi: 10.12737/21534.

6. CambkoB, H. A. HaueptarenbHas reomerpus — 0a3za s kommbiotepHoit rpaduku / H. A. CanbkoB // T'eo-
Mmetpust u rpaduka. — 2016. — T. 4, Beim. 2. — C. 37-47. doi: 10.12737/19832.

7. Xetigen, A. JI. HauepraTensHas reomeTpus Kak «oer B memkax» / A. JI. Xeiidern // [IpobieMsr kadecTBa rpa-
(hbudeckoif MOATOTOBKH CTYJCHTOB B TeXHHYeckoM BY3e: Tpaauiuy u nHHOBAINH : MaTepransl V MexayHap.
Hay4.-TIpakT. uHTepHeT-KOH]. — [Tepmp, 2015. — T. 1. — C. 298-325.

8. Xetigen, A. JI. Peoprarmsanus Kypca HadepTaTeIbHON T€OMETPHH KaK aKTyallbHas 3aqada pa3BuUTHs Kadenap
rpaduxu / A. JI. Xeiideu // T'eomerpus u rpaduka. — 2013. — T. 1, Bein. 2. — C. 21-23. doi: 10.12737/781.

9.  Autodesk AutoCAD Help [Electronic
http://help.autodesk.com/view/ACD/2016/ENU/. — Title from screen. — Accessed : 02.10.2017.

10. Bokan, N. Computer-Aided Teaching of Descriptive Geometry / N. Bokan, M. Ljucovic, S. Vukmirovic //
Journal for Geometry and Graphics. — 2009. — Vol. 13, No. 2. — P. 221-229.

11. Danilov, E. Descriptive Geometry for CAD Users: Ribs Construction / E. Danilov // Journal for Geometry and
Graphics. — 2014. — Vol. 18, No. 1. — P. 115-124.

12.  SolidWorks Web Help [Electronic resource]. — Available at: http://help.solidworks.com/. — Title from screen.
—Accessed : 02.10.2017.

13. Suzuki, K. Application of descriptive geometry procedures in solving spatial problems with feature and
parametric modelling 3D-CAD / K. Suzuki, H-P. Schroecker // Proc. of the 13" ICGG. — Dresden, Germany,
2008. - Vol. 1. - P. 1-8.

14. Suzuki, K. Introduction to 3D-CAD/CG — Learning geometry and graphics through Inventor and 3ds Max. —
2nd ed. [in Japanese] / K. Suzuki, Y. Yokoyama, T. Kanai. — Tokyo, Japan, 2012.

15. Suzuki, K. Significance of traditional geometry in teaching and learning graphic science / K. Suzuki //
CADDM: computer aided drafting, design and manufacturing. — 2013. — Vol. 23/3. — P. 49-55.

16. Suzuki, K. Traditional Descriptive Geometry Education in the 3D-CAD/CG Era / K. Suzuki // Journal for
Geometry and Graphics. — 2014. — Vol. 18, No. 2. — P. 249-258.

17.

Zsombor-Murray, P. A Cylinder of Revolution on Five Points / P. Zsombor-Murray, S. El Fashny // Journal
for Geometry and Graphics. — 2006. — Vol. 10, No. 2. — P. 207-213.

doi 10.15802/stp2017/117973

98

O. S. Danylova, A. S. Shcherbak, A. V. Krasniuk, 2017


http://lib.mgppu.ru/opacunicode/index.php?url=/auteurs/view/17140/source:default
http://lib.mgppu.ru/opacunicode/index.php?url=/auteurs/view/17140/source:default

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

Hayka Ta nporpec Tpancrnopty. BicHuk J{HiponeTpoBcbKOro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2017, Ne 6 (72)

TPAHCIIOPTHE BYJIBHUIITBO

0. C. JAHWIOBAY, A. C. IIEPBAK?, A. B. KPACHIOK?®

YKad. «padira», JIHIIPOIETPOBCHKNI HAIOHANBHIIT YHIBEPCHTET 3aTi3HUIHOr0 TPAHCIIOPTY iMeHi akazeMika B. Jlasapsua,
By Jlazapsina, 2, JIainpo, Ykpaina, 49010, ten. +38 (056) 373 15 59, en. nomira diit.geometry@gmail.com,

ORCID 0000-0003-1375-0575

Kad. «'pacikar, [HImpONeTpoOBCHKIi HAL[IOHATEHII YHIBEPCHTET 3ai3HHYHOTO TPAHCIIOPTY iMeHi akazemika B. JlasapsHa,
By JlazapsHa, 2, JIHinpo, Ykpaina, 49010, texn. +38 (056) 373 15 59, en. nomra pro-f@ukr.net, ORCID 0000-0003-1340-0284
*Kad. «'pacika», JHIIPONETPOBCHKHIT HAIOHAIBHIN YHIBEPCUTET 3aTi3HHIHOTO TPAHCIOPTY iMeHi akagemika B. Jlasapsma,
By JlasapsiHa, 2, JIainpo, Ykpaina, 49010, ten. +38 (056) 373 15 59, exn. mowta diit.geometry@gmail.com,

ORCID 0000-0002-1400-9992

TOYKHU HA ITOBEPXHI COEPU

Merta. Illupoxe 3acTocyBaHHs CHCTEMH aBTOMaTH30BaHoro npoektyBaHHs (CAIIP) B HaBuansHOMY mporieci Ta
Ha BUPOOHUIITBI BUCYBa€ HOBI BUMOTH 10 00’€My, 3MICTy i SKOCTI BUKJIaJJaHHS Cy4acHOTO Kypcy HapHUCHOI reoMeT-
pii. MeToio poboTH € aHaJi3 aKTyaJIbHOCTI METOJIIB KJIACHYHOI HAPHUCHOI TeOMeTpii Ul 3a/1ad4 FeOMETPUIHOTO MO-
JICITIOBaHHS Ta pO3pO0Ka METOJMYHHUX PEKOMEHAALH 11 BUKIaJaHHS SK HaBYAIBHOI AUCIUIUIIHY CIIIJIBHO 3 00paHOI0
CAIIP. Meroauka. BucHOBKH TIpo e(pEeKTHBHICTH Ta MOIUIBHICTH BHKOPHCTAHHS METOJIB HAapHCHOI reoMeTpil
3po0JieHi Ha OCHOBI aHANI3Yy W MOPIBHIHHSA MOKIHBOCTeH cydacHuX CAIIP Ta HapuCHOI reoMeTpii Ay BUPIMICHHS
IIUTaHb, SKi BUHUKAIOTh Y IPOLECI TPUBUMIPHOTO MOJICIIOBaHHS. ¥Y3araJlbHEHHS AOCBIAYy BUKJIAJAHHA rpadiuHuX
JUCLUITIIH TO3BOJIMIIO JaTH PEKOMEH/AIII] 1010 ONTHMI3alil BUKIAaAaHHS Kypcy HapHUCHOI TeoMeTpil 3 ypaxyBaH-
HSIM CyYacHHX BHUMOT JI0 KBastidikauii imkeHepa. PesynbTaTn. Ha KOHKpeTHOMY NpHKIIaAi NPOBEICHO MOPIBHIHHS
moxBocteil CAIIP Ta MeToziB HapuCHOT reoMeTpii Il BUPILIEHHs MPo0JeM, sIKi BAHUKAIOTh [IPU T€OMETPUYHO-
My MmojentoBanHi. Haykosa HoBu3Ha. Hanani MeToanyHi peKOMEHIAINT BiTHOCHO OpraHi3allil Ta onTuMi3amii BU-
KJIaJlaHHS KypCy HApHUCHOI reoMeTpii cribHO 3 00panoro CAIIP. 3ampornoHoBaHa KOHIICIIISI CY4acHOTO Mi{pyYHHU-
Ka 3 HApMCHOI reoMeTpil, SKHUH, IIepLI 3a BCe, MOBUHEH J[aBaTH arOPUTMH JJIsl BUPILICHHS 3a/1a4 TUIIOBUMH 1HCTPY-
MenTtamu CATIIP came B 3D, a He Ha mromuHi. baxkaHo, 1100 I1i aNTOPUTMHU CYIIPOBOIKYBAJICS HAOYHUMH 300pa-
KEHHSMH, sKi O [O3BOJSUIM MIBHAKO BJIOBHTH il€I0 Ta peanidyBaTu il METOJaMM IIPSIMOTO MOJCTIOBAHHS
Y CepeloBHILI NPOrpaMH TPHUBUMIPHOTO MOJENIOBAaHHS. PO3IIISIHYTI MPAaKTUYHI MUTaHHS MOTHBAI CTYJCHTIB IIpH
BUBYCHHI HapucHOi reomerpii. IlpakTuyna 3HauyumicTh. [/lana poOora, Hacammepen, Oynae IikaBa BHKJIaJadaM
rpadiyHAX TUCLUILIIH, TaK SIK MOPYIIYE aKTyaJbHE MUTAHHS «HapucHa reomerpis npotu CAIIPy, Ha sxe 3apa3 He-
Ma€ OJHO3HAYHOI BIAMOBiMi. AKTYalbHICTh Ta CHOCIO BHKIAJaHHSI TUX a00 IHITUX METOMIB BHPIMICHHS MPOCTOPO-
BUX 3a/1a4 32 JIONIOMOTOI0 ITPOEKIii Ha IUIOMIMHI, IPH MOCTIHHO 3POCTAIOYUX MOXIJIMBOCTSX mpsMoro 3D Monento-
BauHs 3acobamu CAIIP, € mpeamerom 0OroBopeHHs Ta cymnepeuok. JJaHa pobora Ha TMPUKIALi JEMOHCTPY€E MOXKIIHU-
BOCTI it 0OMexxeHHs1 HapucHOi reometpii Ta CAIIP, a Takoxk TopKaeTbcs MUTaHb €)EKTHUBHOCTI IX CHIJIBHOTO BUKJIA-
JIaHHSI.

Knrouosi cnosa: napucha reomerpisi; CAIIP; cdepa; meToarka BUKIIaJaHHs; MOTHBALIIS
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TOUYKHU HA IOBEPXHOCTH COEPHI

Heas. Illupokoe ucnonb30BaHne CUCTEMBl aBTOMaTH3HpoBaHHOTO npoektupoBanus (CAIIP) B yueOGHOM mpo-
Liecce M Ha IPOM3BOJICTBE BBIJBUIacT HOBBIE TPeOOBaHMS K 00bEMY, COJCP)KAHHUIO M KayecTBY IPEIOIaBaHus CO-
BPEMEHHOI'0 Kypca HayepTaTesbHOi reoMmeTpun. Llenbro paboThl sSBIIsSETCS aHAIN3 aKTYaJIbHOCTH METO/I0B KJIacCH-
YeCKOH Ha4yepTaTeIbHOM TeOMEeTpHH i 3a/1a4 TeOMETPHYECKOTO0 MOJSIHPOBAHHUS W Pa3paboTKa METOIUYECKUX
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pexoMeHaanuii e€ mpenogaBaHus Kak yaeOHOH JUCIUIUIMHEI coBMecTHO ¢ BeIOpanHOi CAIIP. Mertoauka. BriBos
00 3¢ deKkTHBHOCTH M Lieneco00pa3HOCTH MPUMEHEHUsI METOJI0B HadepTaTeIbHOW reOMETPUH CJeNIaHbl Ha OCHOBE
aHalu3a, cpaBHEHUs Bo3MoxkHocTell coBpeMeHHbIX CAIIP u HauepraTenbHON reoMeTpUH sl PelIeHHs BONIPOCOB,
BO3HMKAIOIIUX B MpoLecce TPEXMEPHOro MojenupoBanus. O000IeHNE ONIBITa IPENoaBaHusl TPAQUIECKUX TUCIIH-
IUTMH HO3BOJIMJIO AaTh PEKOMEHJAIMM MO ONTHMHU3ALUU NPENoAaBaHus Kypca HauepTaTeIbHOW FeOMETPHH C yue-
TOM COBPEMEHHBIX TpeOOBaHMI K KBaIM(pHKAUK HHXeHepa. Pe3yabraTsl. Ha KOHKpeTHOM IpuMepe MpoBeleHO
cpaBHeHnue Bo3moxkHocTeld CAIIP u MeTo/10B HauepTaTeNbHOM reOMETPUH JUIsl PEIICHHsT Mpo0ieM, BOSHUKAIOIINX
IIpU reoMeTpudeckoM MoaenupoBannu. HayuHasi HoBu3HA. J[aHBI METOAMYECKHE PEKOMEHIALNHN OTHOCHTEIHHO
OpTraHM3aIlMH W ONTHMHU3AINH MPEToIaBaHIsl Kypca HadepTaTeIbHON reoMeTpin coBMecTHO ¢ BbiOpanHoU CAIIP.
ITpennorkeHa KOHIENINA COBPEMEHHOTO Y4eOHHKA 110 HAauepTaTeIbHOI TeOMETPHH, KOTOPBIH, MPEXIE BCETO, I0JI-
JKCH JJaBaTh aTOPUTMBI JUTS pemIeHns 3aaa4u TunoBbeiMu nHCTpyMeHTaMu CATIP mmenHo B 3D, a He Ha TIOCKOCTH.
XenarenpHo, 9TOOBI 3TH AITOPUTMBI CONMPOBOXKIAINCH HATISAAHBIMH H300paKCHUSIMHM, MO3BOJLIIOIIMMHU OBICTPO
YIJIOBUTH HJICI0 U PEANIN30BaATh €€ METOJAaMHM MPSIMOTO MOJEIMPOBAHNSA B CPEZE MPOTPaMMBI TPEXMEPHOTO MOIEITH-
poBaHus. 3aTPOHYTHI MPaKTHUECKUE BOMPOCH! MOTUBAIMU CTYACHTOB MPH U3YYEHUU HauepTaTeIbHON reOMeTpHU.
IIpakTuyeckas 3HayuMocTh. [lanHas paboTa, mpexe Bcero, OyJeT MHTEpECHa NperoaaBaressiM rpaduuecKux
JUCHHIUIMH, T. K. TOJHUMAET aKTyaJbHBIN BOIPOC «HauepTaTenbHas reomerpus npotuB CAIIP», Ha KOTOpBI ceil-
Yyac HCT OJHO3HAYHOI'O OTBCTA. AKTyaHLHOCTL U Ccroco0d npenoaaBaHusd TE€X WM WHBIX MCTOJOB PCIICHUA IIPO-
CTpaHCTBCHHBIX 3a/la4 C IMMOMOIIBIO HpOGKHI/Iﬁ Ha IUIOCKOCTH, IPU IMOCTOAHHO PACTYIIUX BO3MOXKHOCTAX MNPSAMOI0
3D mopemupoBanus cpeacrsamu CAIIP, sBisercs npeaMeroM oOcyKaeHUS U criopoB. JlaHHas paboTa Ha mpuMepe
MOKa3bIBaeT BO3MOKHOCTH M OTpaHUUYCHMS HaueprarenbHoi reomerpun U CAIIP, a Takxe kacaeTcs BOIPOCOB 3¢-
(hEeKTHBHOCTH MIX COBMECTHOT'O IIPETIOIaBaHusI.
Kniouesvie cnosa: naueprarensuas reomerpust; CAIIP; cdepa; MmeToauka npemnosaBaHus; MOTHBALINS
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THHOBAIUIMHI TEXHOJIOI'TI JUISI TUJIOBOI'O 3ABE3IIEYEHHS
BINCBK

Merta. BceOiune Ta nocriiiHe THIOBE 3a0€3Me4eHHs BIHChK BBaXKAETHCS OJHUM 13 OCHOBHHUX (DaKTOPIB YCIIIIHO-
TO BeJICHHs 00HOBHX /il OyAb-SKOI0 JepKaBOK. 3MIHM I'€OIOJITHYHOT Ta BOEHHO-CTPATErivyHol cutyauii B €Bporri
CHPUYMHWIN 3MIHM y 30pOMHUX CHIIaX JiepKaB, y TOMY YUCII 1 y TUJIOBOMY 3a0e3leyueHHi, 0 00YMOBIIIOE HEOO-
XIHICTP TONTYKY HOBUX, OLTBII e()eKTUBHUX IIISIXiB BUPINICHHS 3aBIaHb THIJIOBOTO 3a0e3IeUeHHs Mix Jac cydac-
Horo 6or0. Lle akTyanpHO choromHi i mist 30poitaux Crn Ykpainu. ToMy MeToro poOOTH € po3TiIsin (3 TOYKH 30py
BTIJICHHS B MIPAKTUKY) IHHOBAIlIH y THIIOBOMY 3a0€3II€UCHHI CHIIOBHX CTPYKTYp AEpKaBH, SKi MOCTAIOTh Yy BUTIISAMIL
HOBOTO, BJIOCKOHAJIEHOTO MPOJYKTY: MOIYJIFHIX KOMIUIEKCIB, 10 BKJIIOYAIOTH B ceOe pi3Hi OJIOK-KOHTEHHEpH (KyX-
HS-IANBHS, TyIIOBa, MPaibHs, OJOK-TIOCT, aMOyIaTopis Ta iHmni). BoHU pi3ko 3MiHATH Yy MaliOyTHROMY SAKICTB IO-
OyTy BilicbKOBOCITY>KOOBIIIB I1iJ] 4YaCc BUKOHAHHSI OOWOBUX 3aBJlaHb y 30HaX HA/I3BUYaWHHUX CHTYalliil Ta MPH y4acTi
y 30poiiHux koH(uiktax. MeToanka. B 0CHOBY METOIMKH MOKJIA/IEHI CYyTTEBI 3aX0/U 1110JI0 BIOCKOHAJICHHSI CUCTE-
MU THJIOBOTO 3a0e3MeueHHs B HAMOMmKIOMy MaiOyTHROMY. BOHH MOJSITalOTh Y peopraHisailii iCHy40l CHCTeMH
THII0BOTO 3a0e3nedenHs 30poiiHux CHil Ta CTBOPEHHI MOAYJIBHUX CTPYKTYD, SIKi JIETKO aJanTyIOThCs Ta IpU3HaYa-
I0ThCSl HAJall sl BUKOHAaHHS KOHKPETHHUX 3aBJaHb. Pe3yjbTaTn. ABTOpaMH NPONOHYETHCS KOMILJIEKT KOHCTPYK-
TOPCBKOT JOKyMeHTAIii Ha OJIOK-KOHTEHHEp MOJIbOBUX HpalibHi Ta AymIoBoi. Takoxk po3poOIsIFOTECS TEXHOJOTIUHI
Moy 00ioBOro (OJIOK-TIOCT), THIOBOTO (KyXHS-iNANbHS), MEANIHOTO (TIepecyBHA aMOYIaTopis) 3HAYCHHS Ta 1H-
mri. HaykoBa HoBH3HA. OnHiE0 3 0cobmmBOCTEH pedopm, ski mpoBoasaTecs B 30poitHnx Crinax YkpaiHy, € ix Hay-
KoBe oOrpyHTYBaHHA. {51 TeopeTndHOro 3a0e3neueHHs, po3poOKH i OOIpyHTYBaHHS NMEPCHEKTUBHHX 1/1€H MOoa0
MOJITIICHHS JKUTTE€3a0€3MCUeHAS BIFICEKOBOCITYKOOBIIIB TIPH TPHUBAJIOMY pO3MIIIEHHI B TOJIBOBHX YMOBAax
BIIEpIIEC TPOTOHYEThCS BUKOPUCTAHHS OJIOK-KOHTEHHEpIB — MOOUIBHHUX 0araToyHKIIOHATHHAX MpPUMIIICHb.
IIpakTuuna 3HaYMMicTh. BpaxoBytoun, mo BificbKOBO-TIOJIITHYHE KEPIBHUITBO YKpPATHH PO3IIsiIae THIOBE 3a0e3-
MIeYeHHs BIHCHK SIK OJIHY 13 CKJIQJIOBUX BCEOIYHOTO 3a0e3nedeHHs: 30pOiHNX CHII Y MUPHHH Ta BOEHHHH 4ac, BUKO-
pHCTaHHS 3alPONOHOBAHKX il i3 MOJINIIEHHS NOOyTy BifiCBK 103BOJINTH CHOPMYBATH HOBHUIl BUIIISL CHCTEMH
MaTepialbHO-TeXHIYHOT0 3a0e3neueHHst 30poiiHux Cuit YKpaiHu.

Kniouosi cnosa: iHHOBAITIS; THIT, TOOYT; YMOBH 3a0€3ME€UCHHS; TIOJHOBI YMOBH

Beryn

Bupobiiena 60i10BOIO TIPAKTUKOIO CHCTEMAa TH-
JIoBOro 3a0e3neyeHHss 30epirae CBOE 3HAYCHHS
i B Cy4yacHHX yMOBaxX. Alle TIpU I[bOMY HE MOXKHA
HE BpaxOBYBaTH 1 pSIJA HOBUX BHUMOT, SKi

npe.’ IBISIOTECS IO THITY, IO BUIUTUBAIOTH 3 Xa-
pakrepy cy4acHoro 6oro [1, 4, 13].

«TunoBe 3abesnedyeHHs» — OaHHO-TIpATBHE,
MEJMYHE, MPOJOBOJIbYE 3a0€3MeUYCHHs BiHCHKOBO-
CITy>k0O0BIIIB Ta iH.
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[To6yT BifICHKOBOCTYXOOBIIIB Tix Yac BHKO-
HaHHA OOWMOBHMX 3aBJaHb Yy 30HAaX HaA3BHYANHHUX
CUTYyaIlill Ta 3a ydJacTi0 B 30pOWHHMX KOH(]IIIKTax
€ OJHUM IX HaWOUTBIN aKTyaJIbHUX NMHUTaHb B KOH-
Henuii po3BUTKY cydacHUX 30poiHmx cui [8, 9,
16].

Tomy iCTOTHO YCKIIaIHSAETHCS CHCTEMa MaTepi-
IBHOTO, OaHHO-TIPAJIBHOTO, MEIUYHOIO, MPOAO-
BOJIYOTO 3a0e3MeUYeHHs] BIMChK. Xoya TEeXHiuHa
OCHAIIEHICTh 1 MOOLTBHICTH BIHCHKOBOTO THITY Oa-
raTopa3oBO 3pPOCIH B TIOPIBHSIHHI 3 IPYTOIO CBITO-
BOIO Bil{HOO, aJie OJTHOYACHO B JICCATKU pa3iB 30i-
JIBITHIACS BUTPATa MaTepiallbHUX 3aCO0iB.

AHami3z poOOTH TWIOBHX OpraHiB B aHTH-
TEPOPUCTUYHUX OMEpallisix IEePEeKOHAB HAaC Y TOMY,
IO TPU TPUBAJIOMY PO3MIIIEHHI BiCBKOBOCITYK-
OOBIIIB Y TOJHOBHX YMOBaX XHUT-T€3a0e3MeueHHS
ix Oymno opraHi3oBaHO Ha HEIOCTATHBOMY piBHI
abo OyJso 30BCiIM BijacyTHI [2, 5, 6, 14, 15, 17, 18,
19]. HasBHi B 30poitanx Cuiax TexHika i oOman-
HaHHS I TOJIbOBUX YMOB (i3WYHO 1 MOpPaIbHO
3acTapiyiv i He BiJOBIJAIOTh CyYaCHHM BHMOTAM.
[lomoskeHHsT YCKIAQIHIOETBCSA M€ W BIICYTHICTIO
JOCTaTHBOI KUTBKOCTI JIXKEpPEN MATHOI BOAM, Yepe3
[0 BUHHUKAIOTh TPYAHOINI 13 3a0€3MEYCHHSIM BO-
JIOI0 JIJIsl IPUTOTYBAHHS 1Ki, CAaHITapHO-TIOOYTOBUX
moTpeo.

Buxin 3 jmamy TexHIKM THIIy BilOyBa€ThCs Tie-
PEBAXHO Yepe3 TEXHIYHI HECHPABHOCTI 1 3HAYHO
pimmre — Big OOHOBUX MOMIKOIXKeHb. Lle 00ymoB-
JIEHO THM, IO TEeXHiKa THITy HEpiIKo 30epiramacs
3 MOPYIIEHHSM YMOB. 3aX0/liB 3 PEMOHTY Ta MOJie-
pHi3aii 3acTapiioi TeXHIKM HEAOCTaTHBO, MOTPiO-
HO 3aCTOCOBYBATH IPHUHIIMIIOBO HOBI ITiJIXOJIH.
Came TOMY CBOTOJHI y BilicbKax OiNbllie yBara
MPUIIISETHCS IOA0 OpraHizailii mo0yTy BiCbKO-
BO-CITY>KOOBIIIB. /{151 1[bOTO THIIOBI CITy’KOU OKpe-
MO 3aKyMNOBYIOTh TEXHIKY Ta MaiHO BiJ pPi3HUX
MOCTaYaNbHUKIB B PI3HUX MICTax KpaiHU: HAMETH,
Ja3Hi, KyXHi 1 T. 1., SKi HaIXOAATh, K MPABHUIIO,
HEPIBHO-MIPHO, Pi3HUMH JIOTaMHA. A B TIOJBOBHX
yMOBax iX JIOBEJETHCS 30UpaTH B €JMHY CTPYKTY-
pY, NIpH IIbOMY BHHHKAIOTh MPOOJIEMH CYMICHOTO
MOHTAXY.

JlocmipKeHHSIM  BIICBKOBO-TIOJIBOBOTO  TTOOYTY
3aliMaITuCsl BYCHI-ICTOPUKHU 0arathox KpaiH, B T. .
CHJ i Ykpaiau. Hanpuknan, taxi sk E.C. Censs-
cpka, M.A. €menbHO-JIyKbIHUMKOB 1 Oarato iH-
mmx [10-12, 16].

CporogHi CTBOPIOIOTHCSI MPUHLIMIIOBO HOBI Te-
XHOJIOTiT 0OCIyroBYBaHHs BiliCEKOBOCIIY>KOOBIIIB,

MIPALiBHUKIB CUJIOBUX CTPYKTYp Ta PATYBaJIbHUX
3aroHIB y 30HaX HaA3BUYaWHUX CHUTyamid Ta
30poHUX KOH(]IIKTIB, 1m0 3a0€3MeUnTh y MailOyT-
HbOMY TEXHOJIOTIYHE OHOBJICHHA 30pPOHHUX CHII
1 pATYBaJbHUX 3aTOHIB Ha Cy4aCHOMY DiBHI.

3BiCHO X, IO CHOTOJIHI MOBa MOBUHHA WTH PO
CHUCTeMy 3a0e3NeYeHHs MOBCSAKIEHHOI JKUTTEMiS-
JBHOCTI BIHCBK.

[Monii Ha cxoji kpaiHU cTanu CepHO3HUMHU BH-
mpoOyBaHHSAM JUIA Bciel BIifICBKOBOI Oprasizarii
HaIoi JAep)KaBH, y TOMY YHCII 1 s THITy 30poii-
Hux Cuil, OcKijibKi B OOMOBHX YMOBaX MPOXOIUTH
MepeBipKy Ha Ji€37aTHICTH 1 e(eKTHBHICTH BCA
crcTeMa TUJIOBOTO 3a0€3eUCHHS.

Merta

3MiHU TEOMOJIITUYHOI Ta BOEHHO-CTPATETIYHOL
cuTyarii B €Bpori CIpUYHUHWIHN 1 3MiHH Y 30poii-
HUX CHJIaX JIepXKaB, Y TOMY YHCIi i B iX THIOBOMY
3abe3neyenHi. 1llo o0OyMOBIIOE HEOOXIAHICTH TO-
IIyKy HOBUX, OUNBII €(QEeKTUBHUX MNUIIXIiB BHUPI-
LICHHS TaKUX 3aBlaHb cydacHOro 6oto. Lle akrya-
JBHO chorofHi ¥ s 30poitHux Cun YkpaiHu.
Tomy MeTor0 poOOTH € PO3TIIsAL i BTUICHHS B Mpak-
TUKY 1HHOBAIlil y THIIOBOMY 3a0e3MeueHH] CHIIO-
BUX CTPYKTYp J€p>KaBH, TOOTO MOCTaBKH HOBOTO,
BIOCKOHAJIEHOTO MPOJYKTY — MOAYJILHUX KOMILIE-
KCiB, M0 BKJIIOYalOTh B cebe pi3Hi OJ0K-
KOHTeHHepH (KyXHIO-iaJIbHIO, TYIIOBY, HPAJIBHIO,
OJIOK-TIOCTH, aMOYJIaTOPiIo Ta 1HIII), SIKi PI3KO 3Mi-
HATh Y MailOyTHBOMY SIKICTh MOOYTY BiCHKOBOC-
JTy>KOOBIIIB ITiJ] YaC BUKOHAaHHS OOMOBHX 3aB/IaHb
y 30HaX HAJ3BUYAWHUX CHTyallili Ta NpU y4acTi
y 30poitHux koH(mikTax [2, 4, 6, 11].

HeoOxinHicTh y po3po0ii iHHOBAIIMHUX TeX-
HOJIOTi  ansi  OOCIyroByBaHHS  BIHCBKOBO-
CITy>kOOBIIIB, PATYBaJIbHUX 3arOHIB Y paiiOHaX BU-
KOHAaHHS 3aBlaHb, a TaKOXX BAaxXTOBUM Ipa-
miBHUKaM (HaTOBMKaM, Ta30BHKaM), BHHHKIIA
3 METOI0 CTBOPEHHS Cy4acCHOTO BiTHYM3HSHOTO 3pa-
3Ka MOOUTEHOTO 0araTo()yHKITIOHATHPHOTO KOMILIE-
key s notped 3C, MBC Ta [epxaBnoi Ciyx0u
VYkpainu 3 HC Ta iHmumx cuioBux cTpykryp. Lle
00yMOBHJIO BHKOPHCTAHHS HOBITHHX TEXHOJOTIH
(3BaproBaHHs), a TAKOXK MaTepiaiiB, IO CTaHE OC-
HOBOIO I TIOCHJICHHS MarepiajibHO-TEXHIYHOIO
3a0e3MeUeHHsT TUIOBUX CTPYKTYp, 3a0e3NeunTh
3HWKEHHS  «IMIIOPTO3AJIEKHOCTI»  EKOHOMIKH
VYkpainn B npuabaHHi NMOAIOHMX KOMILIEKCIB 3a
kopaounom [7, 11, 19].
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MeTtoauka

B ocHOB1 MeTOOMKH 3aKiIafeH] TOI0BHI 3aX00U
IOJI0 BIOCKOHAJIEHHS CHCTEMH THJIOBOTO 3a0e3-
MEYCHHS B HAWOMIMKIOMY MalOyTHBOMY, SIKi TIO-
JSTaloTh Y TOMY YHCII B peoprasizamii icHyro4oi
CHUCTEMHU THJIOBOTO 3a0€3MEUCHHSI Ta CTBOPEHHS
MOJYJIBHUX CTPYKTYp HOBITHIX cHIJ, SIKi OyOyTh
JIETKO aJanTyBaTUCS 1 MPU3HAYAIOTHCS HalaMli A
BUKOHAHHS KOHKPETHHX 3aB/IaHb.

Pe3yabTaTn

®daxiBsaMu JHITPOITETPOBCHKOTO HAITIOHATEHO-
TO YHIBEPCHTETY 3ali3HUYHOTO TPAHCHOPTY iMeHi
akageMmika B. JlazapstHa po3poOJIeHO KOHCTPYKTOP-
CBKY JOKYMEHTAI[IIO JUII MOOLTBHUX CHUCTEM THIIO-
BOT'0, TEXHIYHOTO, MEAMYHOT'O, IH)KEHEPHOTO, aMi-
HICTPaTHBHOTO 3a0e3MeYeHHs, IO CKIAJAI0ThCs
3 GaraTo()yHKIIOHATBPHUX TEXHOJOT1YHIX MOJYIIIB.
Jlani Moy mpu3HAYEHI U ONIEPATHBHOTO PO3To-
pPTaHHA TiJ Yac BUKOHAHHS TIOCTABICHHX 3aBIaHb
CHIJIOBUMH CTpyKTypamu, ciayx0amu MHC i BaxTo-
BAMH POOITHUKAMH Y BiJUTaJIeHUX BiJl MICI[I OCHOB-
HOI JUCIOKAIl] MICISIX, a TAKOXK — 3 MOKJIMBUM BH-
KOPUCTaHHSAM iX JUIS PO3MIIIEHHS KapayiiB, SKi
CYNPOBOUKYIOTh 3a3BHYal BAHTaXI.

ABTOHOMHUI MOIynb — e MOOiUTBHE OaraTo-
¢yHKIIOHATbHE TpUMilleHHA. BiH sBise coOoro
KapKacHy CTajJeBy KOHCTPYKIIO, sKa JI03BOJISE
nepemimaTy ii 3a JONOMOrol KpaHa. 30BHI KOH-
TelHep OOIIMBAETLCS METAIOM, 3CEPEIUHN 00pO0-
JIIOETBCSL 3aJIEKHO BiJ HOro mnpusHayeHHs. Taki
KOHCTPYKIIii BUKOHaHI B po3Mipi He 20-Tu ¢hyToBO-
ro KOHTelHepa, K 3a3BHYaii, a po3mip ix B mUpH-
Hy He nepeBuilye 2,4 M, y JAOBXUHY 7,5 M, IO
00yMOBIIEHO 3PYYHICTIO iX TPaHCHOPTYBAaHHS aB-
TOMOOIIBHUM TPAaHCIOPTOM (HANPHUKIIAJ, TPaHC-
nopT BUpoOHMITBA aBTo3aBoy KpA3), 3amizHuu-
HUM TpaHcnopTroM (matdopma Uil mepeBe3eHHS
KOHTEIHEepiB).

Jlo OCHOBHHMX TiepeBar aBTOHOMHHX MO-
OinbHUX MonyIiB (y TOPIBHSHHI 3 HAWOIMKIUMU
aHAJIOraM1) HAJIeKATh!

— rabapuTHi po3MipH MOAYIIsl, IO YHi(iKoBaHI
3 20-tu QyTOBUMH KOHTCHHEpaMH, IO J103BOJISIE
BUPOOJIATH iX TPAaHCTIOPTYBAHHS 3 BUKOPUCTAHHIM
yCiX BHUIIB TpaHCIOPTYy 0€3 J0JaTKOBUX BHUMOT
1 IPUCTPOIB;

— 3aCTOCYBaHHSl CYYaCHUX TEIUIOI30JSILiHHIX
MaTepialiB, sKi JIO3BOJISIFOTH BHUKOPHUCTOBYBATH
MOJyJdb B OyIb-SKUX KIIMAaTHYHUX 1 TMOTOJHHX

YMOBAaX; TaKOK MOXKJIMBO J0OOJagHAHHA iX ycTa-
HOBKaMH KOHJHIIOHYBaHHS MOBITPs; KOHCTPYKIIis
ABTOHOMHHX MOOUTPHUX MOMYNIB JO03BOJSIE 1M
30epiraTé mpame3aTHICTh y TeMIIepaTypHOMY Ji-
amasoni Big —40 °C no +50 °C;

— ePrOHOMIYHICTb KOHCTPYKLIi MOAYJs IOCS-
TaeThesl 32 PaxXyHOK MAaKCHMAJIBHOTO BpaxXyBaHHS
¢i3nyHNIX TMapaMeTpiB 0cOOOBOTO CKIAy 1 MOXK-
JUBOCTEH 00NagHaHHS, SIKE 3aCTOCOBYETHCS;

— eKOJIOTIYHICTh MOMyJisa 3abe3rmedyeThcsl 3a
paxyHOK BHKOPHUCTAHHS 3aMKHYTHX KOHTYpiB
1 cHCTeM yTuIi3arii;

— TPOCTOTa KOHCTPYKIIIi MOEAHYETHCA 3 HE00-
X1THOKO MILHICTIO, IO J03BOJISE 3a0€3MEeUYUTH OIl-
TUMaJIbHY Macy MOJyJIsl B €KillipOBaHOMY CTaHi;

— MOJXJIMBICTh PO3MIILIEHHS aBTOHOMHOTO MO-
IyJisl B OKOTIaX TIIMOWHOIO /10 5 METPIB;

— OMIIOHAIBFHO JIOCTYMHA BOYIOBaHa CHCTEMa
HaBaHTAXXCHHsI, BABAHTAXKCHHS JI03BOJISIE MTPOBO/H-
TH omeparii 3 MOHTaXy 1 JeMOHTaxy Momyns Oe3
3aCTOCYBaHHS JOJATKOBUX MexaHi3MmiB (puc. 1);

— MOJXJIMBICTh YCTAHOBKH 1 IEMOHTAXY JH3€Ib
reHeparopa, o 3a0be3rnedye MOyl eIeKTPOeHep-
Ti€r0, 32 JOTIOMOTOI0 TIepe10aueHOT0 KpaHa-0aKw;

— EJICKTPOXKUBIICHHS MOJXE 3/1iHCHIOBATHUCS SIK
BiJl TM3€IBHOI0 IeHepaTopa, TakK i Bij EHTPaIi30-
BaHOT ENEKTPOMEPEKi;

— KOMIUIEKTAIlisl 1 pO3MIIIEHHsI BHYTPIIIHBOTO
oOnajgHaHHS MOXYTh OyTH BiJJKOPHUTOBaHi BiJIO-
BIZIHO JI0 TOAATKOBUX BHMOT.

Puc. 1. Cucrema HaBaHTaXEHHA-PO3BAHTAKCHHS
ABTOHOMHHUX MOOITBHUX MOTYJTIB

Fig. 1. Load-unloading system of autonomous
mobile modules
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AemoHoOMHULL  MOOIIbHULL  MOOYIbL  «KYXHA-
ioanvusay (puc. 2) TeX MPU3HAYCHUHN AT TPUTOTY-
BaHHS 1 opraHizamii TOBHOIIIHHOTO Tapsyoro xap-
qyBaHHS OCOOOBOTO CKJIATy B ITOJHOBHX yMOBax
3 6 MocagOYHUMK MiCIISIMU.

BazoBa kommekramisi AaHOTO aBTOHOMHOTO
MOOUTBHOTO MOJIYJISl BKJIFOUAE B ceOe: Imid, BapHIlb-
HY TIOBEPXHIO 3 BHUTSDKKOIO, XOJOAWIBHY 1 MOpO-

3WIBHY Kamepw, Imadu 1 cremaxi ans 30epiraHHs
KYXOHHOTO TpWiIaajs, PaKOBHHY (3 MOXKIIUBICTIO
MIIKITIOYEHHS 10 30BHIINIHBOTO JDKepena BOIM),
IIicTh Miclpb OONaJHaHUX AJsl TPUHoMy 1Ki, 0ak
3 3a1acoM BOJIH, Ooityiep, onairoBaJIbHE, EHEPro3a-
Oe3nedyBaJibHE, BEHTWIAIIMHE Ta KaHali3aliiHe
o01aHaHHS.

Puc. 2. ABTOHOMHHI MOOLTBHUI MOAYIIb «KYXHS-IIaNbHS»

Fig. 2. Self-unit mobile module «kitchen-dining room»

ABMOHOMHUL  MOOITGHULL  MOOYIb  «KYXHS»
(puc. 3) mpuszHayeHH a1 3a0e3[eUYCHHsT OBHO-
LiHHUM TapsyuM XapuyBaHHSIM 0COOOBOTO CKiamy
B TIOJIbOBUX YMOBaX.

BasoBa xoMmiieKkTallisl BKJIIOYae B ceOe: iy, Ba-
PWIBHY NOBEPXHIO 3 BHUTSDKKOIO, XOJOAWJIbHY
i MOpO3WIIbHY KaMepH, madu 1 cTenaxi s 30epi-
TaHHsS KyXOHHOTO TpUJIaJfsl, PAaKOBUHY (3 MOXKIH-
BICTIO TIJKJIIOYEHHS JIO 30BHINTHBOTO JDKEpela
BO/M), Oak i3 3amacoM BojU, OOWJIEp, ONMaIIOBab-
He, eHepro3adesnedyBalibHe, BEHTHISMIMHE, KaHa-
J3arfiiiHe o0JiagHaHHS.

%

Puc. 3. ABToHOMHMI MOOTEHUH MOAYITb KKYXHSD»

Fig. 3. Self-unit mobile module «kitcheny

ABMOHOMHUL  MOOITLHULL  MOOYIL  (AA3HAY
(puc. 4) mpu3HaYCHHH Il MUTTSI OCOOOBOTO CKJIa-
Iy, 10 3HAXOAWUTHCS NaleKo BiJ CTalliOHAPHUX
0a3, y HOJbOBHX YMOBaX. ba3oBa KOMIUIEKTAIlis
BKJIIOYA€ B ceOe: JBa CHaJIbHUX MICIs, OIaJICHHS,
6oitnep i3 npoxykruBHicTio 300 11 raps4oi Boau 3a
TOJIMHY, BEHTHIALIIO; 3a1lac BOJY Jia3HI CTAHOBHUTH
1 500 i1, 10 103BOJISE i OYTH MOBHICTIO HE3AJICK-
HOIO BiJl 30BHINTHIX JKEpel.

Puc. 4. ABToHOMHMI MOOLTEHUI MOYJIb JIA3HSI»

Fig. 4. Self-unit mobile module «bath»

Kpim Toro, KOHCTPYKIlisi aBTOHOMHOTO MOTYJIs
«J1a3Hs», HA BIJIMIHY BiJl aHAJOTIB, JNO3BOJISIE Tid
OyTH HE TiIBKH €HEepPro-, a i BOZOHE3aIEKHOIO.

AemoHOMHUL MOOITbHULL MOOYIL  «NPATILHSAY
(puc. 5) npusHadeHui Uil IpaHHSA peueit 0co0o-
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BOTO CKJIay, IO 3HAXOISATHCS JANEKO Bif] CTaIlio-
HapHUX 0a3 B MOJHLOBUX YMOBaX.

Puc. 5. ABToHOMHHI MOOUTEHII MOIYJb «IPATBHS»
Fig. 5. Self-unit mobile module «laundry»

bazoBa kommekTamis BKIOYae B cebe: IBa
CHaNBPHUX  MICI, OMNaJeHHd, Ooiijep  mpo-
nyktuHicTIO 300 11 raps4oi BOAM 32 TOAMHY, BEH-
TWISIIIO, TPU CYIIMJIBHUX 1 TPHU MPaTbHUX MAaIH-
Hu. Kpim TOro, 3amac BoAgu mpaibHi CTaHOBUTH
750 1, mo mo3Boisie iii OyTH MOBHICTIO HE3aJeK-
HOIO BiJI 30BHIITHIX JHKEpeT.

A8moHOMHULL MOOINbHULL MOOYTL  «HEKAPHA»
(puc. 6) mpuU3HAYEHWI I MPUTOTYBaHHS XJIi0O-
OysiouHNX BUPOOIB B HEOOXiIHOMY acOPTHMEHTI
JUI 0cOOOBOT'O CKJIaly B IOJIBOBUX YMOBAX.

Puc. 6. ABToHOMHMIA MOOITEHUI MOAYIIb «HEKAPHS»
Fig. 6. Self-unit mobile module «bakery»

Bba3oBa koMIuIeKTallis BKIIOYAaE B cebe: MiKcep
JUTSL 3aMIIITyBaHHS TiCTa, TICTOMOAUILHUK, ITiY, IIa-
¢u nns 30epiraHHS IHIPENi€HTIB 1 JOJATKOBOTO
KyXOHHOTO O0O0JIaJIHaHHS, PAaKOBHHY (3 MOKIJIHBIC-
TIO MiJKJIIOYSHHS 10 30BHIIIHBOTO JKEpesa BOJIN),
0ak 3 3amacoM BOJIH, Ooiisiep, onatoBalibHE, CHEP-
roza0e3reuyBaiabHe, BEHTHISIIIHE, KaHATi3aIliifHe
00J1aIHaHHS B OJJHOMY KOMILIEKTI.

AemoHoMHUL MOOITLHUTL MOOYIb «ONOK-NOCH»
(puc. 7) mpu3HaYeHUH I KHUTTe3a0e3MeUeHHS
0CcO00BOI0O CKJIA/Ty B ITOJBOBUX YMOBAX.

ba3zoBa kommekTanis BKIOYae B cede: IIICTbh
CHaJIbHUX MICIlb, TyIIOBY KaOiHy, BApUIIbHY MOBE-
PXHIO 3 BUTSDKKOIO, XOJIOIMIBHUK, Madu, IpaabHy
MaIlvHy, CTUT 00iIHIN PO3KIIagHIA, Ooiinep, oma-
JOBaNbHE, eHepro3adesnevyBaibHe, BEHTHIIALIN-
He, KaHaji3aliiine o0a HaHHs.

Puc. 7. ABTOHOMHHI MOOLTEHUI MOYITH «OJIOK-TIOCTY
Fig. 7. Self-unit mobile module «block post»

AemoHOMHUL MOOLIGHUL MOOYIb CAHIMAPHOT
00pobKu 0cobo6020 cknady (puc. 8) MpU3HAYCHUH
JUIsl TIOBHOI caHiTapHOT 00poOKK 0co0OBOTO CKIla-
ny (TirieHiyHe MUTTA 3 Je3iH(eKier0 0OMyHANpPY-
BaHH) y OJIbOBUX YMOBaX.

Bba3zoBa xomruiekrarisi BKiIoyae B cede: Iymio-
BOIO IpHJiaj (CUCTEMa PO3MOJiTy BOAU 1 Je3iHdi-
KYIOUHX PiUH), CUCTEMY 3JIUBY BUKOPHCTaHOI BO-
M, KOMIUIEKT MeOIiB, omnaitoBalibHE, €Heprosa-
Oe3neuyBaJibHE, BEHTUIAIIFHE 00J1aIHAHHS.

Puc. 8. ABToHOMHUH Ae3iHGEKIIFOUNA KOMIIIIEKC

Fig. 8. Autonomous disinfection complex
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A8moHOMHULL MOOYIb «KOMAHOHULL NYHKM»
(puc. 9) mpu3HAYEHWH Ui PO3MIIIEHHS TPYIH
OTIEpATUBHOTO YIPAaBIiHHSA (KOMaHTHOTO CKIIay)
1 obciyroByrodyoro mepcoHarmy. BiH mepenbadae,
CTBOPEHHSI YMOB U POOOTH B MOJBLOBUX YMOBAX,
opraHizanii pyxJIMBUX KOMaHIHMX IYHKTiB, IITa-
0iB 1 MyHKTIB yIpaBIiHHS cujamu i 3acobamu. Po-
3paxOBaHWU Ha KIUIBKICTh TepcoHalry — 4 dHoIl.
Moske 3acTocOoByBaTHCS Ui aBTOMAaTH30BaHOTO
300py, 0OpoOKm 1 BimOOpaykKeHHS JaHUX 1 Tepe-
Javi y3aranbHeHOi iHpopmarii mpo 00CTaHOBKY Ha
KOMaH[IHI ITyHKTH BHILO] JTAHKH.

AsmoHomHu MOOYIb «ambynamopisny
(puc. 10) nonmomarae miATPUMYBaTH Ha HaJCKHO-
My DiBHI SKICTb MEIWYHOI JOMOMOTH (TIPOBOAMTH
aMOyJmaTOpHUN TPUHAOM XBOPHUX, 3IHCHIOBATH
OpUHOM aHaji3iB, HaJaBaTH MEPIIy MEIWYHY J0-
IIOMOT'y) 0COO0OBOMY CKJany B OOWHOBil 00CTaHOB-
11i, HaA3BUYaWHINA CUTYyaIlli, a TAaKOX NMPU BUKOHAH-
HI IHIIWX 3aBJaHb, TOB’A3aHUX 3 PO3MIIICHHAM
0c0o00BOTO CKNIagy B MOJBOBUX yMoBax. Pozpaxo-
BaHWH Ha KUIBKICTh MEAWYHOTO TIEPCOHATY —
S 40J1., KUIBKICTh IALI€HTIB — 5 4oj. Bkiatodae nu-
3€JIb-TeHEPATOP MOTYKHICTIO 6,5 KBT.

Puc. 9. ABTOHOMHUI MOZlyJIb «KOMaHIHUN ITYHKT»

Fig. 9. Self-unit mobile module «command post»

HayKOBa HOBHU3HA Ta NPaAKTHYHA 3HAYHMICTD

Opniero 3 ocobnauBocTeit pedopm, sKi MPOBO-
naTbesa y 30poiinux Cunax Ykpainu, € X HayKoBe
obrpynryBanus [8, 9, 10]. lns teoperuyHoro 3a-
Oe3redeHHs, po3pOOKH 1 OOTPYHTYBaHHSI MEPCIEK-
TUBHHUX 1lIefl 1100 TOJIMIIEHHS >XUTTe3a0e3rne-
YeHHSI BICHKOBOCITY>KOOBIIIB TIPH TPHUBAJIOMY PO-
3MIIICHH] iX Y MOJBOBHX YMOBax BIIEpILE MPOIO-
HYETbCS ~ BHUKODHCTaHHA  OJOK-KOHTEHHEpiB —
MOOUTBHUX 0araToyHKLUIOHANBHUX MPHUMIIIEHb.
BpaxoBytoun, 1110 BificbKOBO-TIONITHYHE KEPIBHHMII-
TBO VYKpaiHU pOo3MNIsJiac€ TUIIOBE 3a0e3MeveHHs
BIHCBK fIK OZIHY 13 CKJIal0BUX BceOiyHOro 3abe3re-
YeHHs! 30pOMHMX CHJ y MHUPHMH 1 BOEHHHH dac,
BUKOPHUCTAHHS 3alIPOTIOHOBAHMX i/Iel 3 TOMIMIIeH-
Hs MOOYTY BIHCBHK [103BOJIUTH 3alPOIIOHYBATH HO-
BUI BHIJIS CHCTEMH MaTepiallbHO-TEXHIYHOTO
3abe3nedyenns 30porinux Cun YKpainu.

Puc. 10. ABTOHOMHII MOITyTTh «aMOyIaTOPisL»

Fig. 10. Self-unit module-ambulatory

BucHoBku

[Ipu npoBenieHHI BiHCHKOBOI pedopMu HaiiBa-
JKIIMBIIIUMHU TIMTAHHAMHU 11 3MICTy € MpoOJeMu
BceOIYHOro 3a0e3MeUeHHs BIChbK Ta LUISIXH iX BU-
pimenns [3, 10, 16, 19]. Cepen HHX THIOBOMY
i TEXHIYHOMY 3a0€3MEUYCHHIO BIMCHK 3aBXIH
BIJIBOAMTHCS OCOOJIMBE Micie 1 posnb. Tomy Hama-
rO/PKEeHHS TOOYTY BiliCBKOBOCIY>KOOBLIB 1 mpa-
LIBHUKIB CHJIOBUX CIIy>KO TIiji 4aC BUKOHAHHS 00-
WOBHUX 3aBliaHb, Y 30HaX HAJ3BUYAWHUX CUTYaIliH,
IIJSIXOM CTBOPEHHS 1 TIOIAJTBIIOTO BIOCKOHAICHHS
MOOIBHOTO  0araToyHKIIOHAIBHOTO  MOJIYJIS
MpU3BeJIe 10 peopraHizalii THIOBOTO 3abe3rneueH-
Hs He TUbkK 30poiiHux Cuil, a i 1HIIUX CHIIOBUX
CTPYKTYp Y HamnpsIMKy MHiZABHILIEHHS MOOUIBHOCTI,
MOJKJIUBOCTI (PYHKIIIOHYBaHHS HE3aJC)KHO BiJ I10O-
TFOJTHUX YMOB, ITOPH POKY 1 Ha Oyab-sKi¥ MiCIIEBO-
CTi.
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NMHHOBALIMOHHBIE TEXHOJIOI'MAN
ThLJIOBOI'O OBECIIEUEHUS BOMCK

Ieas. Beecroponnee n OecriepeboitHoe ThUIOBOE 0OecieueHNEe BOICK CUNTAETCS OJHUM M3 OCHOBHBIX (haKTo-
POB YCHEUTHOTO BeAEHHs OOCBBIX AEHCTBHI JIOOBIM rocynapcTBoM. CHCTeMa THIIOBOTO O0OECHEUECHHS, CO3/IaHHAs
B MUpPHOE BpeMsi, IIpeIHa3HAuYEHa U HCIOIB30BaHUS B XOA€ BOCHHON KaMnaHnyu. OHa SIBISETCS CBS3YIOLINM 3Be-
HOM MEXIy (PPOHTOM M SKOHOMHKOW CTPaHBI U, B TO JK€ BPEMs, IPEACTABIAET COO0H OMH M3 BaXXHBIX (DPAKTOPOB,
BIMSIOIINX Ha OOeBylO omepanuio. [lo MHEHHIO SKCIEpTOB, H3MEHEHHS TEONOJUTHYECKOH W BOEHHO-
CTpaTern4eckoi CUTyaruu B EBpore NOBIEKIN U N3MEHEHHS BOOPY>KCHHBIX CHJI TOCYJapcTB, B TOM YHCIIE B THUIO-
BOM 06ecnequHH, KOTOPOEC MPETEPIEBACT UBMCHCHHUA U pa3BUBACTC MO HEIMMOCPECACTBCHHBIM BJIUAHUEM BOCHHOM
CTpaTeruy, JOCTHXEHHUE Lielieil KOTopol npu3BaHo obecneuynth. Bee 310 00ycioBinBaeT HEOOXOIUMOCTh MOKCKA
HOBBIX, OoJiee 9((EKTUBHBIX ITyTeH pelIeHHs 3a/1a4 ThIJIOBOTO 00ECIeYeH s B COBPEMEHHOM 0010. DTO aKTyallbHO
cerogus u Juisi BoopyxenHsix Cun Ykpaussl. [1o3ToMy Lienbio paboThl SIBISIETCS PACCMOTPEHUE M BOILIOIICHHE
B MPAKTUKY THIJIOBOI'O 00ECTIEUEHHs] CUIIOBBIX CTPYKTYp IOCYAapcTBa MHHOBAIUK B BUJIE HOBOTO, YCOBEPIIEHCTBO-
BaHHOT'O NMPOJYKTA. CO3JaHNS MOIYJNBHBIX KOMIUIEKCOB, BKITIOUAIOIINX B ce0s pa3nu4Hble OJIOK-KOHTEHHEpHI (KyX-
HS-CTOJIOBAs, AyIIeBas, padedHas, OJ0K-TocT, aMOynaTopus u apyrue). OHU pe3Ko N3MEHAT B OyIyIieM KauecTBO
paspemeHnst BOMpocoB ObITa BOGHHOCITYXKAIIMX BO BPEMsI BHITIOJTHEHHS OOEBBIX 33a7ad B 30HaX UPE3BBIYAWHBIX CH-
Tyaliil ¥ TIPH Y4aCTHH B BOOPYXEHHBIX KOH]IHMKTaX. MeToanKa. B 0CHOBE METOMKH 3aJI0KEHBI CYIIECTBCHHBIE
MEPOIIPHUATHS 110 COBEPIICHCTBOBAHHMIO CHCTEMBI THIJIOBOTO oOecredeHus B OmmkaiimeM Oynyniem. OHM 3aKiioda-
I0TCSI B PEOPTaHM3AIMH CYIIECTBYIONIEH CHCTEMBI THUIOBOTO OOECIICUeHHsI M CO3IaHWU MOIYJIBHBIX CTPYKTYp CHII
" CPCACTB, KOTOPLBIC JIETKO aAalITUPYIOTCA U IPEAHAZHAYAIOTCA BIIOCJICACTBUMN IJISA BBIMTOJHECHNA KOHKPECTHBIX 3aj1a4.
Pe3yabrarel. [Ipennaraercss KOMIUIEKT KOHCTPYKTOPCKOW JOKYMEHTAIMM Ha OJOK-KOHTEWHEp HIJsl MpayeqdHon
U JylIeBOH B TOJEBBIX YCIOBUSX. Takke pa3pabaTbIBaeTCsl TEXHOJOTMYECKHE MOAYJIH 00eBOro (OJIOK-IOCT),
TBUIOBOTO  (KyXHS-CTOJIOBast),  MEAMUMHCKOrO  (NepelBIbKHAs  amMOynaTopus) 3HAueHHWs W JpyTHe.
Hayunas HoBu3Ha. OniHO# U3 ocobeHHOCTEH pedopM, NpoBoaAUMBIX B BoopykeHHbix Cuinax YKpauHbl, sSBISETCS
uX HayyHoe oOocHoBaHMe. /i1 TeopeTHueckoro obecreueH s, pa3pab0oTKu U 00OCHOBAHMUS MEPCHEKTUBHBIX HJIEH
TI0 YIYYIIEHUIO )KN3HE00eCTIeYeHUsI BOCHHOCTY)KAIlMX MPU IJIUTEIHFHOM Pa3MEIICHHUH B MOJEBBIX YCIOBHSX, BIIEP-
BbIE TIpeJyUIaraeTcsi MCIOJIb30BaHWE OJIOK-KOHTEHHEPOB — MOOWIBHBIX MHOTO(YHKIHOHAJIBHBIX ITOMEIICHHH.
IIpakTHyeckasi 3HAYMMOCTb. YUYHUTHIBAS, YTO BOCHHO-TIOJIMTHYECKOE PYKOBOJCTBO YKpaWHbl PACCMaTPUBAET ThI-
JI0BOE o0ecIieueHne BOWCK KaK OJHY M3 COCTABIISIONINX BCECTOPOHHETO 00€CIIeueHHsT BOOPYKCHHBIX CHII B MUPHOE
1 BOGHHOE BpeMsl, UCIIOIb30BaHNE TPEIUIOKEHHBIX HJEH M0 YIYYIIeHUIO ObITa BOWCK MO3BOJIHUT COPMHUPOBATH HO-
BBIH OOJIMK CHCTEMbI MaTepHaIbHO-TEXHUUECKOT0 oOectieueHns: BoopyxeHHbIXx Cuil YKpanHsl.

Kntouegule cnoea: NHHOBAIS; THUT; OBIT; yCIIOBHS 00ECTICUECHNUS; pa3BUTHE
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INNOVATIVE TECHNOLOGIES OF LOGISTICAL SUPPORT
OF TROOPS

Purpose. Comprehensive and uninterrupted logistical support of troops is considered one of the main factors of
successful conduct of hostilities by any state. The logistics support system, created in peacetime, is intended for use
in the course of a military company. It is the link between the front and the economy of the country, and at the same
time, it is one of the important factors affecting the combat operation. According to experts, changes in the geopolit-
ical and military-strategic situation in Europe resulted also changes in the armed forces of states, including their
logistical support, which is undergoing changes and is developing under the direct influence of the military strategy,
the achievement of whose goals it is intended to provide. All this necessitates the search for new, more effective
ways of solving logistical problems in modern combat. This is true today, including for the Armed Forces of
Ukraine. Therefore, the purpose of the work is to consider and implement in practice the logistic support of the state
power structures of innovations in the form of a new, improved product - the creation of modular complexes, includ-
ing various block containers (kitchen-dining room, shower room, laundry, post-office, dispensary and others). They
will dramatically change in the future the quality of resolving the issues of everyday life of servicemen during the
performance of combat missions in emergency zones and with participation in armed conflicts. Methodology. The
methodology is based on the main measures to improve the logistic support system in the near future, including the
reorganization of the existing logistic support system and the creation of modular structures of forces and means that
are easily adapted and subsequently targeted for specific tasks. Findings. A set of design documentation for the
block - container for laundry and shower in the field is offered. Technological modules for combat (block-post), rear
(kitchen-dining room), medical (mobile ambulance), and others are also being developed. Originality. One of the
peculiarities of reforms carried out in the Armed Forces of Ukraine is their scientific justification. For the theoretical
support, development and justification of promising ideas for improving the life support of servicemen during long-
term deployment in the field, the use of block containers-mobile multifunctional premises - is proposed for the first
time. Practical value. Considering that the military and political leadership of Ukraine considers the logistic support
of the troops as one of the components of the all-round support of the armed forces in peacetime and wartime, the
use of the proposed ideas for improving the life of the troops will help to form a new image of the material and
technical support system of the Armed Forces of Ukraine.

Key words: innovation; rear area; everyday life; terms of security; development
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STUDY OF THE EFFECT OF SOIL CEMENT ELEMENTS WHEN
STABILIZING ROADBED MODEL IN LABORATORY CONDITIONS

Purpose. Experimental studies allow determining the stress-strain state or bearing capacity of the tested soil
body. A preliminary study of the results of model testing and experimental research allows us to find the optimal
solutions and to justify the parameters of the chosen technology. The purpose of this work is to determine the effect
of soil cement elements when stabilizing the roadbed on a weak subgrade using the soil tests in laboratory condi-
tions. Methodology. During the development of measures for the reconstruction and consolidation of soil bodies,
their strength is tested using many methods. In all cases, we take into account the physical and mechanical charac-
teristics of soils obtained as a result of research, as well as the existing regulatory documents. We performed the
experimental studies by model testing in laboratory conditions. The model testing was based on the corresponding
relationships between geometric sizes, mechanical properties of materials, loads and other factors on which the
stress-strain state depends. During testing, the model was loaded gradually. We maintained each load level up to
conditional stabilization of the soil deformation. We took the readings from measuring devices at each stage of load-
ing after achievement of stabilization of soil mass deformations. We fixed the readings in the test journal.
Findings. During stabilization with soil cement piles there is an improvement in mechanical properties, which leads
to a decrease in deformations by 2...3.5 times. Each test is accompanied with graphs of relative deformations-stress
dependence, as well as deformation curves and compression curves. According to the results of experimental stu-
dies, it can be seen that when testing a model with cement piles, compared with a model without soil cement piles,
the relative deformations of the samples taken prior to the experiment and after the experiment almost coincide, in-
dicating a decrease in deformability under load. Originality. We proved that this stabilization type positively affects
the stress-strain state of the soil body, by increasing its physical and mechanical characteristics. The obtained results
allow for rational design of subgrade stabilization work with the help of modern technologies. Practical value. The
in-depth analysis of the results of experimental studies opens up possibilities for theoretical synthesis and develop-
ment of theoretical foundations, which will allow in the future avoiding, in the similar cases, the experimental veri-
fication of the stabilization type given for the relative type of soil. It is confirmed that this method of stabilization
used can be applied in real conditions.

Keywords: roadbed; soil cement elements; trough study; soil tests

to identify the parameters that determine the de-
velopment of deformations in subgrade soil.
Modern production requires the ability of spe-
cialists to independently put and solve various fun-
damentally new technical problems, which cannot

Introduction

Knowledge of the mechanical properties of
soils is equally important for both the roadbed and
the calculation of the rolling stock-embankment

interaction.

It is clear that the mechanical properties of any
soil, in different operation conditions, should vary
significantly.

When calculating the interaction of subgrade
soil with the track superstructure, the urgent task is

be done without mastering the basics of scientific
research. Based on common research methods, we
get the answer to the question where to start the
study, how to treat facts, how to generalize them,
which way to go from the facts to conclusions.
When researchers have enough factual material,
then as a means of solving this technical problem,
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they use hypothesis — evidence-based assumptions
put forward to explain any process which after
checking may be true or false.

In the process of learning, experimental re-
search is a necessary step in obtaining empirical
knowledge.

Experiment is the most important part of scien-
tific research. Its basis is a scientifically advanced
experience with precisely calculated and controlled
conditions.

The main purpose of the experiment is to iden-
tify the properties of the objects under study, to test
the validity of the hypotheses, and on this basis to
study widely and deeply the topic of scientific re-
search [1, 8].

The development of modern computing sys-
tems and applications allow receiving answers to
almost all questions pertaining to predict the be-
haviour and characteristics of stress-strain state of
soil. However, there are problems when this is not
enough, for example, there are no theoretically
substantiated solutions, or the tasks themselves are
rather complicated.

Experimental studies allow us to determine the
stress-strain state or bearing capacity of the tested
subgrade [2, 3, 4].

Most of the experimental studies should be per-
formed on large-scale models, and only in special
cases one should perform natural experiments. Pre-
liminary study of the results of model testing and
experimental research allows us to find the optimal
solutions and to substantiate the parameters of the
chosen technology in industrial conditions.

Purpose

Experimental studies of the roadbed construc-
tion, which is reinforced by ground-cement piles,
are carried out to solve the following issues:

— analysis of the results of numerical and full-
scale model testing with the purpose of obtaining
the methodology of calculations at the design
stage;

— definition of dependencies of soil body pro-
perties on the parameters of roadbed stabilization.

Methodology

Experiment is called a set of researches, which
are united by one purpose, one system of restrictions
in space and time.

The study is the realization on the object of cer-
tain conditions and rules. As a result of the experi-
ment, an event occurs, the appearance of which is
fixed by some parameter, which, as a rule, has
a numerical definition and characterizes the result to
a large extent.

The experiment is the most important part of
scientific research. This is one of the main ways to
gain new scientific knowledge. More than 2/3 of all
labour resources of science are spent on experi-
ments. The base of the experimental study is an ex-
periment, which is a scientifically established expe-
rience or observation of a phenomenon in clearly
defined conditions that allow it to be monitored,
manipulated, reproduced every time when these
conditions are repeated. The experiment differs
from the usual, every day, passive observation by
the active influence of the researcher on the phe-
nomenon under study.

The main purpose of the experiment is testing
the theoretical positions (confirmation of the work-
ing hypothesis), as well as a broader and more pro-
found study of the topic of scientific research.

The experiment should be carried out as soon as
possible with minimum costs at the highest quality
of the results.

During the development of measures for the re-
construction and stabilization of soil bodies, their
strength is tested using many methods. In all cases,
we take into account the physical and mechanical
characteristics of soils obtained as a result of re-
search, as well as the existing regulatory documents.

The experiment method corresponds to the mo-
dern level of science, takes into account the experi-
ence gained earlier. The proposed method includes
the justification of the research design, instrumental
support, etc. [9].

Model testing is a method of studying any phe-
nomenon by comparison with another phenomenon
similar thereto, that is, the reproduction of the pro-
perties of an object on a specially reproduced ana-
logue-model. There are mathematical model testing,
physical model testing, model testing on mechanical
models.

In this paper, simulation is an experimental solu-
tion to a problem and occupies an intermediate posi-
tion between analytical calculations and field stu-
dies.

The model testing was carried out on the basis of
the corresponding relationships between geometric
sizes, mechanical properties of materials, loads and
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other factors on which the stress-strain state depends
[2,7].

The design of the model allows providing the
requirements of all normative documents regulating
soil tests in laboratory conditions.

The model scale is chosen in such a way that the
geometric dimensions, material characteristics, load,
and other model parameters are interconnected by a
system of equations that is a condition of similarity.

The preparatory phase included making up an
experiment program, in particular the selection of
independent and dependent variables, the analysis of
the ways to achieve the testing integrity, the identi-
fication of the optimal sequence of experimental
actions, the development of methods for fixing and
analysing the results, preparing the necessary
equipment, giving guidance to the test subjects, and
forming a sample.

In accordance with the study tasks, the work
program provided for soil tests in conjunction with
ground-cement elements.

During the study the following procedure was
performed:

1 — Arrangement of a constructive solution for
soil body stabilization

2 — Assembly of load and measuring systems

3 — Test

4 — Disassembly of measuring and loading sys-
tems

5 — Removal of the soil body and examination
of the soil cement elements.

The initial stage of experimental research is the
construction of a control model. For this purpose,
we used the laboratory trough of the DNURT labo-
ratory, filled with soil in accordance with the road-
bed transverse profile. Laboratory trough is a capa-
city of 0.65x0.25x0.12m, which eliminates the sub-
grade deformations, and, accordingly, their effect on
the results of the study.

General construction of the trough with measu-
ring devices is shown in Fig. 1.

During testing, the model was loaded gradually.
The maximum load was 16 kg. The value of
maximum pressure was calculated at R65 rails and
25t load per axle.

Each load level was maintained up to conditio-
nal stabilization of soil deformation. We took the
readings from measuring devices at each stage of
loading after achievement of stabilization of soil
body deformations. We fixed the readings in the test
journal. Upon reaching the maximum load, we un-

loaded the tested model fixing the readings of the
measuring devices.

Fig. 1. Model of soil bank in trough
with measuring devices.

. » Py
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Fig. 2. Roadbed model before the test

The journal was filled in neatly, without any cor-
rections. Simultaneously with measurements, we
conducted pre-processing of the results and their
analysis. This analysis allows controlling the pro-
cess under study, adjusting the experiment, impro-
ving the technique, and increasing the efficiency of
the experiment.

Findings

We carried out the model testing in laboratory
conditions using a standard trough filled with soil
in accordance with the roadbed transverse profile.
Laboratory  trough is a  capacity of
0.65x0.25x0.12m, which eliminates the subgrade
deformations, and, accordingly, their effect on the
results of the study [6, 11].

doi 10.15802/stp2017/118187

114

© V. D. Petrenko, O. L. Tiutkin, I. O. Sviatko, 2017




ISSN 23073489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponeTpoBchkoro

HaL[iOHAJIIBHOTO YHIBEPCHUTETY 3aJIi3HUYHOr0 TpaHcnopty, 2017, Ne 6 (72)

TPAHCIIOPTHE BYJIBHUIITBO

It should be noted that the soil properties cor-
respond to complicated engineering and geological
conditions, and the soil itself (loam) for laboratory
experiments was sampled on the problem areas of
the railway [5, 10].

After performing the control calculation of an
unshaped roadbed, we obtained the maximum de-
formations of 5...8 mm.

The maximum relative deformations are
0.24...0.372 mm for the non-stabilized body, and
0.125...0.2 mm for the stabilized body (Fig. 3).
Accordingly, when reinforced with soil cement
piles there is an improvement in mechanical prop-
erties, which leads to a decrease in deformations
by 2...3.5 times. Moreover, we can say that the
residual deformations have at least half of the de-
formations of crushed stone bed (Fig. 4).

It should be noted that after the test all the piles
remained in the initial state, no cracks, chips and
other damages were detected (Fig. 5).

After each stage of the tests, we performed la-
boratory testing of soil samples before and after
loading.

Each test is accompanied with graphs of rela-
tive deformations-stress dependence, as well as
deformation curves and compression curves.

Graph of dependence of relative strains on stress
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Fig. 3. Graph of dependence of relative
strains on stress
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Fig. 4. Soil sample after the test

Fig. 5. Appearance of the soil cement elements
in the bank body after the test

According to the results of experimental stud-
ies, it can be seen that when testing a model with
cement piles, compared with a model without soil
cement piles, the relative deformations of the sam-
ples taken prior to the experiment and after the ex-
periment almost coincide, indicating a decrease in
deformability under load.

The conducted experiments showed the in-
crease in soil deformation as a result of the place-
ment of soil cement elements, due to the soil con-
solidation. It can be assumed that the total defor-
mation module of the entire body, taking into ac-
count stabilizing soil cement elements, will be
much higher.

Originality and practical value

The paper considers the possibility of stabili-
zing the roadbed on a weak subgrade using the soil
cement piles. We proved that this stabilization type
positively affects the stress-strain state of the soil
body, by increasing its physical and mechanical
characteristics.

The in-depth analysis of the results of experi-
mental studies opens up possibilities for theoretical
synthesis and development of theoretical founda-
tions, which will allow in the future avoiding, in
the similar cases, the experimental verification of
the stabilization type given for the relative type of
soil.

The implemented stabilization of the roadbed
with the soil cement elements will contribute to
improving the track strength and state.

The obtained results allow for rational design
of subgrade stabilization work with the help of
modern technologies.
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Conclusions into operation of the track section and small values
of subsidence.

Soil cement elements that are widely used
abroad, as well as in the construction of industrial
and civilian facilities, can be applied for rein-
forcement of transport constructions, namely,
when stabilizing both the roadbed and weak sub-
grade.

The use of model testing allows us to detect the
stress-strain state of a soil body with any geometric
and physical-mechanical characteristics.

The presented method of experimental research
allows estimating objectively the real influence of
soil cement elements on the soil body of the weak
subgrade roadbed.

Thus, it is confirmed that this method of stabi-
lization used can be applied in real conditions.

The experience of designing and operating the
track structure has shown that over time it is neces-
sary to take certain measures to improve the soil
body characteristics to allow further normal opera-
tion of the roadbed.

When increasing the load on the weak subgrade
as a result of the construction of the other track,
back filling or increased axial load when changing
the rolling stock, the process of settling and con-
solidation can continue again. Therefore, one of
the most expedient and perspective variants of de-
signing and reconstruction of embankments on
weak subgrade is the subgrade stabilization using
string cementation. The arrangement of soil ce-
ment piles allows providing short terms for road-
bed stabilization, the possibility of quick putting
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JOCJIIKEHHA BIIVIMBY 'PYHTOLLEMEHTHHUX
EJEMEHTIB ITPU YKPIIIVIEHHI MOJIEJII 3BEMJISAHOI'O
IHOJOTHA B IABOPATOPHUX YMOBAX

Mera. ExcriepuMeHTaIbHI JOCIIKEHHS T03BOJISIIOTh BU3HAYUTH HAIIPYKEHO-IeGOopMOBaHU CTaH abo Hecyuy
3[aTHICTh IPYHTOBOT'O MacuBy, IO po3risiaaeThes. [lonepene BUBYEHHS pe3yibTaTiB MOJEIIOBAHHS i eKCcrieprMe-
HTaJBHUX JOCIIKEHb JI03BOJISE MiIIOpaTH ONTUMaJbHI PIllIeHHs Ta OOIPYHTYBaTH NapaMeTpu 00paHoi TeXHOJIOTII.
Meroto 1aHoi poOOTH € BU3HAUCHHS BIUIMBY IPYHTOLIGMEHTHHX €JIEMEHTIB YKPIIJICHHS 3eMJISTHOTO TI0JIOTHA HA Clia-
OKiif OCHOBI 32 OITIOMOTOI0 BHIIPOOYBaHHS IPYHTIB Y MabopaTopHux ymoBax. Meroauka. Ilin yac po3poOku 3axo-
IIiB IMIOA0 PEKOHCTPYKINi Ta YKPIIICHHS IPYHTOBHX MAacCHBIB BHKOHYETHCS IEpEBipKa iX MIITHOCTI 3a JOIOMOTOIO
0araTboX MeTOHiB. B yciX BHIaakax 0 yBaru NpUiMaroTh (i3HKO-MEXaHIUHI XapaKTepUCTHKH IPYHTIB, OTPHMaHi
B pe3yJbTaTi HOCIiIKEHb, a TAKOXK [IiF0Yl HOPMaTHBHI TOKYMEHTH. EXCiepUMeHTaIbHI AOCIIIKEHHSI BHKOHYBAJIICh
IUITXOM MOJCTIOBAHHS B JIA0OPATOPHUX yMOBaX. MoJEIOBaHHS 3IIMCHIOBAJIOCh HA OCHOBI BIIIMOBIMHUX CIIiBBIiI-
HOIIEHb MK TEOMETPUYHUMH PO3MipaMy, MEXaHIYHUMH BIACTHBOCTSAMH MaTepialliB, HABAHTR)KEHHAMH Ta 1HIINMH
(axkTopamu, BiJl SKHUX 3aJ€KHUTh HanpykeHo-nedopmoBanuii crad. [Ipu nmpoBeneHHI BUIIPOOyBaHb HaBaHTAXKECHHS
MOJIeII 3/1HCHIOBATIOCH MOCTYMOBO. KOXKHY CTYIiHb HAaBAaHTAXXCHHS BUTPUMYBAJIM IO YMOBHOI cTadimizariii gedop-
Mauii IpyHTY. 3HATTS BUIIIKIB 13 BUMIPIOBaJbHUX MPUCTPOIB Ha KOXKHOMY CTYIEHI HaBaHTa)KCHHS BUKOHYBAJIOCh
Ticyst JOCsiITHeHHs crabimizanii nedopmarniii rpyHToBoro Macupy. MikcyBaHHsI BiZUTIKIB 13 00J1alHAHHS Bi[3HAYAIIOCH
y XKypHaii BunpoOyBaHb. Pe3yabraTu. [Ipy yKkpinieHHi IpYHTOLIEMEHTHHUMH MAJISIMH MOJIENi 3€MJISIHOTO TI0JIOTHA
BiJIOYBA€ETHCS MOKPAIIECHHS MEXaHIYHUX BIACTUBOCTEH, 110 MPU3BOANTE 0 3MEHIICHHS aedopmariiid y 2...3,5 pasu.
Js koxxHOTO BUTIPpOoOYBaHHS MOOYAOBaHI rpadikd 3aIeKHOCTI BiTHOCHUX AedopMarliif BiJ] HAPYKEHH, a TaKOX
rpadiku qedopmariii Ta KOMIIpeciiiHi KpuBi. 3a pe3yibTaTaMi eKCIIEPUMEHTAIBHUX TOCIIIPKEHh MOXKHA IMO0AYHTH,
110 TIpH BUITPOOYBAaHHI MOJIEINI 3 BJIAIMITYBAaHHSAM IPYHTOLIEMEHTHHX T1ajb, TOPIBHSHO 3 MOJEIIIIO O3 BIIAIITyBaHHA
IPYHTOIICMEHTHHX TaJlb, BigHOCHI aedopmarii 3pas3kiB, mo Oymu BigiOpaHi M0 EKCIEPUMEHTY Ta TicCIs
eKCIEPUMEHTY, MaibDKke 30IiraroThCs, MmO CBIAYUTH NP0 3MCHIICHHS Ie(pOPMATUBHOCTI IIiJl HAaBaHTa)KCHHSM.
HaykxoBa HoBu3Ha. J[0BeJeHO, IO JaHUW TN YKPIIUIEHHS TO3UTHBHO BIUIMBAE HA HaNpyXeHo-IedopMoBaHMi
CTaH IPYHTOBOTO MAacHBY LIUISXOM ITJBHIIEHHS HOTo (i3MKO-MeXaHIuHMX XapakTtepucTuk. OTpuMaHi pe3ynbTaTiu
JIO3BOJISIIOTH PallioHaJIbHO MPOEKTYBaTH POOOTH 3 YKPIMJICHHS I'PYHTOBOI OCHOBH 3a JOIIOMOTOI0 CY4acHHX TEXHO-
norid. [IpakTuyna 3HaunMicThb. loriaubneHuit aHami3 pe3yiabTaTiB €KCIEPUMEHTAIBHUX JOCTIKEHb BiJIKDHBAE
MOXIJIMBOCTI JUISI TEOPETUYHOIO y3arajlbHEHHsI Ta PO3POOKH TEOPETHYHUX OCHOB, IO JO3BOJUTH y TOAANIBIIOMY
YHUKHYTH B aHaJIOTIYHUX BUIaJKaX €KCHEPUMEHTAIBHOI NEePEeBIPKH MPUBEIEHOTO B POOOTI BUY YKPIIUICHHS JUIs
JTaHOTO BHAY IpyHTY. IlinTBEpKEHO, 110 BUKOPUCTAHUH METOJl YKPIIUIEHHS MOKe OyTH 3aCTOCOBaHUI y pealbHUX
YMOBax.

Kniouosi crosa: 3emisHe MOJIOTHO; I'PYHTOLIEMEHTHI €JIEMEHTH; JIOTKOBI JOCIIKEHHS; BUIIPOOYBaHHS IPYHTIB
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NCCIEAOBAHUE BJIUAHUA I'PYHTOUEMEHTHBIX OJIEMEHTOB
ITPH YKPEIVIEHUHU MOJEJIN 3BEMJISAHOTI'O ITOJIOTHA
B IABOPATOPHBIX YCJIOBUAX

Henb. DxcniepuMeHTaIbHbIE HCCISIOBAHUS MO3BOJIIOT ONPENCIUTh HANPsHKEHHO-Ie(OPMUPOBAHHOE COCTOS-
HHE WU HECYIyI0 CIIOCOOHOCTh paccMaTpUBAaeMOr0 IPYHTOBOTO MaccuBa. [IpenBapuTensHoe H3ydeHUE pe3ylibTa-
TOB MOACJIMPOBAHUA U SKCIICPUMEHTAJIbHBIX I/ICCHC}IOB&HHI?I IIO3BOJISACT HO[[O6paTI) ONTUMAJIBHBIC PCIICHUA U O6OC-
HOBaTh MapaMeTphbl BEIOpaHHOM TexHOJOTHH. Llenplo qaHHOW paboThI SIBJISETCS ONpENESICHUE BIMSIHUS TPYHTOLe-
MEHTHBIX 3JIEMECHTOB YKPEIUICHUS 3¢MJISIHOTO IOJIOTHA Ha CTa0OM OCHOBAaHWH C MOMOIIBIO HCIBITAaHUS T'PYHTOB
B J1a00paTOpHEIX ycnoBusax. Meroauka. [Ipu pa3paboTke MEpONPHUATHI MO PEKOHCTPYKIMU U YKPEIUICHHIO ITPYH-
TOBBIX MAaCCHBOB BBITIOJHSCTCS IPOBEPKA MIPOYHOCTH C MMOMOIIBI0 MHOTHX METOJIOB. Bo Beex cirydasix Bo BHUMaHUE
NPUHUMAIOT (PU3NKO-MEXaHHUYECKUE XapaKTePHCTUKH TPYHTOB, TIOJYYCHHBIC B PE3yJIbTAaTe HCCICIOBAHMIM, a TaKXKe
JEHUCTBYIOIINE HOPMAaTUBHBIC JOKYMEHTBL. DKCIICPUMEHTAIBHBIC UCCIICIOBAHMUS BBIIOIHSINCH ITyTEM MOJEINPOBa-
HUS B J1aDOPaTOPHBIX YCIOBHAX. MOJEIHPOBaHHE OCYLIECTBISUIOCh HA OCHOBE COOTBETCTBYIOLIMX COOTHOIICHHUI
MEXy F€OMETPUUECKIMHU pa3MepaMH, MEXaHUUECKHMMH CBOMCTBAMHU MaTE€PHAJIOB, HArPY3KaMHU U IPYTUMH (akTo-
paMu, OT KOTOPBIX 3aBHCHT HaNpsDKEHHO-IeopMHUpOBaHHOE cocTosiHMe. [Ipy MpoBeAeHNH WCTBITaHUI HArpy3Kd
MOJIETIH OCYILECTBISLIMCH MOCTENeHHO. Kax1ylo cTeneHp Harpy3Ky BBIIEPKUBAIIM 10 YCIOBHOW CTaOMIIM3aluy Jie-
¢dopmanuu rpyHTa. CHATHE OTCYETOB C M3MEPUTEIBHBIX YCTPOWCTB Ha KaXKIOH CTYNEHH HArpy3Kd BBIMOJIHSIIOCH
Hocie JOCTIDKeHHS CTabuIu3aiuu AedopManuii rpyHToBoro Maccusa. GUKCHpoBaHHE OTCUETOB IO 00OPYIOBaHUIO
O0TMEYaJIOCh B XypHalle ucnblTaHuil. Pe3yjabrarsl. [Ipu yKperieHun rpyHTOLIEMEHTHBIMY CBasIMU MOJENH 3E€MJIsI-
HOTO IIOJIOTHA MPOUCXOAUT YIyYIICHHE MEXaHWYECKHX CBOWCTB, YTO MPUBOAUT K YMEHBIICHHUIO Ae(hopMarui
B 2..3,5 pasa. /i1 KaXAOro HCIBITAHUS IOCTPOCHBI IpadMKH 3aBHCUMOCTH OTHOCHTENBHBIX AedopMmanuil oT
HalpsDKeHUs, a Takke rpaduku gehopManuii 1 KOMIPECCHOHHbBIE KpUBbIe. 13 aHanmmu3a pe3ysibTaToB SKCIEPHMEH-
TalbHBIX MCCICAOBAHUN MOXKHO 3aKJIFOYMTh, YTO MPU UCIBITAHHU MOJIEIIH C YCTPOWCTBOM I'PYHTOLIEMEHTHBIX CBai,
[0 CPaBHEHHIO ¢ MOJEJIBI0 0e3 yCTPOiCTBAa IPYHTOLIEMEHTHBIX CBail, OTHOCHTEJbHBIE Ae(OpMaLlii IPYHTOB ObLIH
MCHBIIC. Haquaﬂ HOBH3HA. IIOKaSaHO, 4qTOo ﬂaHHLIﬁ TUIT YKPCIUICHUA TOJIOKHUTEIIbHO BJIUMACT HA HAINPAXKCHHO-
neopMUPOBaHHOE COCTOSIHHE IPYHTOBOTO MACCHBa, a TAKXKe Ha ero (pu3nko-MexaHW4eckue xapakrepucTiku. [To-
JIYYCHHBIC PE3YJIbTAThl MO3BOJIAIOT pallUOHAIIBHO IMPOCKTUPOBATH pa6OTI)I IO YKPCIUICHUIO TPYHTOBOI'O OCHOBAaHUA
C MOMOIUIBI0 COBPEMEHHBIX TeXHOJIOruil. IIpakTuyeckasi 3HAYMMOCTD. YTIYOJICHHBIN aHAIN3 Pe3yJIbTaTOB JKCIIe-
PUMEHTAJIBHBIX HUCCIICIOBAHHH OTKPBIBACT BO3MOXHOCTH JAJISI TEOPETUYECKOTO 0000IIeHNs U pa3paboTKu TeOpeTH-
YEeCKHX OCHOB, MTO3BOJIMT B JaJIbHEHIIeM 30eXKaTh B aHAIOTHYHBIX CIIydasX SKCIEPUMEHTAIbHOM MPOBEPKH NPHUBeE-
JCHHOro B paboTe BWJAA YKpEIUICHHs JUI1 JaHHOTO BHAa rpyHTa. [IOATBEp)KIEHO, YTO HMCHOJIB30BAaHHBIA METOX
YKPEIUICHHS! MOXKET ObITh MPUMEHEH B PeajbHbIX YCIOBHSX.

Knrwouesvle cnosa: 3eMIITHOE TOJOTHO; TPYHTOLEMEHTHBIC 3JIEMEHTHI; JIOTKOBBIC HCCICIOBAHHS, WCIBITAHHS

TPYHTOB
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S.B. VIBSIHOBY

¥ JlaGopartopist OCITiIKEHb ATOMHHX i TEIIOBHX eNeKTPOCTaHii, [IpHAHimpOBCEKIiT HAYKOBO-OCBITHilH LEHTp iHHOBALIITHIX
TEXHOJIOT1H y OyniBHHUTBI, [IpuaHinpoBCchKa AepikaBHa akaaeMis OyJiBHULITBA Ta apXiTeKTypH, ByJ. UepHHUIIeBCbKOr0,24 a,
Juinpo, Ykpaina, 49600, tex. +38 (063)180 33 86, en. nomrra t-vail*ulianov@ua.fm, ORCID 0000-0002-5575-4753

I3 JOCBIAY ITPOBEAEHHS IIOPIBHAJIBHUX BUIIPOBYBAHD
JIECOBUX IPYHTIB PYUHUMU JIMUHAMIYHUMUA
30HAAMMU PI3BHOMAHITHUX KOHCTPYKIIHN

Mera. [l BU3HAYCHHS ITapaMeTPiB IPYHTIB JIECOBOI (opMallii, sIKi BBaXKAIOTHCS CKIIAJHIAMHU B OyIiBHUITBI a00
eKCIUTyaTallil JKUTIOBUX Ta IIPOMHUCIOBUX CHOPYZH, Iepen0adaeTbCsl aHalli3 OTPUMAHUX IAHUX MOJBOBHX JOCIHI-
JOKEHb ISl TOTO, 00 BHKOPHCTOBYBATH IX y PO3paxyHKax IJIsl NMPOTHO3YBAHHS CHTYallil, IO MOXE CKIACTHCS
B eKcIutyaralii 00’ €KTiB. 3a rOJIOBHY METY JIOCII/PKEHHSI OyJI0 BUCYHYTO: 1) BIOCKOHAJIECHHS HALIMX YSBJICHb IPO
I'PYHTH JiecoBOi (opMarii Ha NPUKIAAI BU3HAYEHHS MOXKJIMBOI 3MiHM ITapaMeTpiB JIECOBOT TOBII, SIKa 3HAXOIUTHCS
ITi/1 BIUIMBOM HAaBaHTa)XEHHS BiJl MOBHOI Baru OyiBii; 2) BIANPAIIOBAHHSI METOAMKH POBEACHHS 30HyBaHHS IIUISI-
XOM BITPOBaKEHHS NOJIIIIEHUX, YJOCKOHAIICHUX PYYHHUX 30H/IB Ta MOPIBHSIHHS JaHUX LUX BUIIPOOYBaHb 13 TUMH,
10 OyJu OTPUMAHI IHIIUMH METOAaMH; 3) BU3HAYCHHS ILISAXIB MOAJIBIIOTO MPOBEACHHS JOCHTIKCHb 3a JOIMOMO-
TOI0 pyYHHX 30HAIB. MeToauka. HanpsMKy iH)KEHepHO-TEOJOTIYHUX TOCIIKeHb OYIIM aKTyalli30BaHi 3a JOIIOMO-
TOI0 METONIB aHami3y Ta CHHTE3y, Ta SK IHCTpyMEHTapii OyJ0 BHKOHAaHO JWHAMIYHE 30HIYBaHHSI.
PesyabsTaTn. ABTOpOM OynM IpoaHali30BaHi JaHI JUHAMIYHOTO 30HIYBaHHS IPYHTIB 30Hmamu tumy HIIT-5
KOHCTPYKIIi JIHIIpOIEeTpOBCHKOTO HAIIOHATHHOTO YHIBEPCHTETY 3ali3HHYHOTO TPAHCIOPTY IMEHI akaaemika
B. JlazapsiHa. Takox mMpoBeIeHO 30HAYBaHHS JIeTKHM ManorabaputauM 30H10oM tumry JIJJATE Ha 006’ekTi BHIIPOOY-
BaHb, [0 3HAXOJMBCS B CKJIAJHUX 1H)KEHEPHO-TCOJIOTIYHIX yMOBaxX: Ha 3a0yf0BaHii TepUTOpii, IPYHTH AKOI Ipea-
CTaBJicHI JiecaMu. Y MOJAIBIIOMY OYB BU3HAUCHHI MUHAMIYHHIA OMip IPYHTY 30HIYBaHHIO Ta BHBEJCHA (opMysa
3aJIe)KHOCTI MIJK OTPUMaHUMHM MTOKa3HUKaMH JTuHamiuHoro onopy. HaykoBa HoBu3HA. 30H/1yBaHHS HEOOBOIHEHHUX
JICCOBUX TPYHTIB, SIKi CKIaJald TEPUTOPir0 OYIIBHHUIITBA, MPOBOMIOCSA BIEPIIE 3aCTOCOBAHMM 30HIOM BJIACHOL
PO3pO0OKH IpyIU aBTOPIB, Y TOMY YHCHi — i aBTopa cTarTi. [lpakTruyna 3HauuMicTb. J(uHaMiuHe 30H1yBaHHs, IO
Ha0yJI0 3HAYHOTO MOIIMPEHHS IiJ 4Yac iHKEHEpHHUX BHIPOOyBaHb y OyaiBHULTBI 60—70 pp. MHHYJIOro CTOpivys,
CBOTO/IHI BYKUBAETHCS PIKO, a JUIsl JOCIIDKSHHS JIECOBUX IPYHTIB Yy iX pi3HOMaHITHUX cTaHax (0OBOJHEHHX, HE0O-
BOJIHEHUX, NOPYIIEHHUX TOII0) Maiike HE po3pobisieHo. ToMy BUBEIEHHS POPMYITH KOPEISLii, 0 MiATBEPIXKYE Tpa-
Ba Ha BXXMBaHHS ICHYIOUHX (OpMyJT Ta PO3paxyHKOBUX Koe(ili€HTIB came IS IPYHTIB JiecoBol (opMarii (a 1e
61m3bK0 90 % YeTBEPTHHHUX IPYHTIB YKpaiHH), € aKTYaJIbHOO Ta HOBITHBOIO TEMOIO.

Kniouosi crosa: nuHamiuHe 30HIYBaHHS, MaJorabapuTHUN 30H/; YMOBHUH JMHAMIYHHUHN OIIp; IPYHTH JIECOBOI
¢dopmarrii

[ITupoko pO3MOBCIOHKECHI BUMPOOYBAaHHS 32
Beryn JIOTIOMOTOK0 JIMHAMIYHOTO 30HIYBaHHsS HE CKElb-
HUX TIOpiJl, OLIBII TOTO, pEKOMEH/IOBaHI TaKi BH-
npoOyBaHHSA B CKIQJHUX TCOJOTIYHAX YMOBAx
(xapcT), Ha 3a0ynoBaHiil TepuTopii abo B Mexax
cTapux OyniBens i ciopya tomo. [{omo BumpoOy-
BaHb JICCOBUX IPYHTIB, TO TUHAMIYHE 30H](yBaHHS
JIECIB B3araji MpeAcTaBisuIoCs JTOCHUTh CKIIAIHOIO
POOJIEMOI0, TAKOXK Yepe3 Te, IO JIECH JIETKO I10-
PYLIYIOTBCS, MPOCIIAI0Th, CTBOPIOIOTH ILUTUBYHU Ta
kaBepHU. ToMy Marepiai 3 ZOCTiIKEHb JIECIB caMe
30HYBaHHSAM € aKTYyaJbHOI TEMOKO CYYaCHHUX 1H-
JKEHEepPHUX BUTIpOoOyBaHb [3].
Buaiaumo okpemMo, 110 Taki JOCHIHKEHHS € 10-
CHUTh €EKOHOMIYHHMMH, OCKUIBKHM BKJIFOYAIOTh TIJIBKH

[lix gac imxeHepHUX BUNPOOYBaHb Mix OyIiB-
HUITBO OyAb-KUX OO’€KTIB CTaBUTHCS 33 METY
BHU3HAUYEHHsS TapaMeTpiB TPYyHTY Oe3rmocepenHso
B MOJILOBUX yMOBax. J{o oOiamHaHHS, SKE AOIIIb-
HO BUKOPHCTOBYBaTH B TOJbOBHX yMOBaXx, Haje-
KaTh JAWHAMIYHI 30HAM Pi3HOTO BHKOHaHHS. Jlu-
HaMIYHMH 30HJ — JIETKMH Ta JOCTYIHHU TpUiIaj,
3a JIOTIOMOTOI0 SIKOTO BiJIOMparoTh MpoOU TPYHTY
HEMOPYIIEHOI CTPYKTYpU 3 METOI MPOBEICHHS
IPYHTOBUX BHUIPOOYBaHb Ta BH3HAYCHHS IapaMeT-

piB rpyHTYy [1, 2].
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BUTpATH Ha 30H] Ta HOTO TPaHCIOPTYBaHHI, a Ta-
KO’X 3apEeKOMEHIYBaJIH ce0e B TUX BHUIAAKAX, KOJIH
Ha 3a0ynoBaHid TepuTOpii abo B MeXax CTapux
OyaiBesb 1 CIIOpyl HEMOKIIMBO PO3TAIyBaTH T'PO-
Mi3nke oOnamHaHHS a00 BWHHUKAIOTH TPYIHOIII
gepe3 0OMEXEHICTh MPOCTOpPY, 3HAYHY KIBKICTh
KOMYHIKaIliii.

Meta

Ilepen BUKOHAHHSIM AOCTIKEHb Ha IIiICTaBi
JaHUX JITepaTypHUX JKepen 3 icTopil HMUTaHHS
B apxiBax JlITy, I[IIABA, MI'CY, MI'VY [2, 3,
6-9, 12, 13, 17] Tomro (MOmyTHO BiJA3HAYHUMO, IO
cydacHi myOumikamii mpo IWHAMIYHE 30HIYyBaHHSI
MayorabapuTHUMHU 30HAaMH, a OCOOJIUBO MPO 30H-
JyBaHHS JIECOBUX TOBIII — JIy’K€ HEUHUCIICHHI), OyIn
BHU3HAYEHI TaKi HAIIPSIMKH JIOCIHIHDKEHHS, a caMe:

— BU3HAYCHHS MOXIJIMBUX 3MiH IapaMeTpiB Jie-
COBOI TOBIIi BEPXHBOI YACTUHH T€OJIOTIYHOTO PO3-
pi3y, IO 3HAXOOUTHCS MK Kymamu OypoHaOWB-
HUX TaJlb 3 YpaxyBaHHSM IIOBHOI Baru OyIiBii;

— OTPUMaHHS BHUXIIHUX JIAaHHUX JIsS pO3paxyH-
KiB ITOKa3HUKIB Jiecy 4epe3 OTpUMaHi KoedilieHTn
MDK TEOTEeXHIYHUMH TapaMeTpaMH IS CTaHAapT-
HUX Ta HECTAaHAAPTHHUX 30H/IIB, CITIBCTABJICHHS X
3 HOPMaMH Ta BUMOTaMH iCHYIOUMX HOPMAaTHBHHX
JIOKYMEHTIB;

— po3poOKa HampsMiB TOAAJBIIOTO TOKpa-
IIICHHS. METOJIIB MPOBEICHHS BUIPOOYBaHb 30H1a-
mu JITATE (poc. — JIMATD) ta AIIT-5 3 ynopom
Ha BUNPOOYBaHHS B CKJIAJHUX IH)KEHEPHO-
reoJIOriYHUX OOCTaBMHAX Ta B yMOBax Jil040ro
OyaiBEIEHOTO BUPOOHUIITBA.

MeToanka

VY mporieci AOCHIHKCHHS BUKOPUCTaHI METOU
aHaJIi3y 1 CUHTE3Y 3 METOI BU3HAUCHHS HAWOUIbII
aKTyaJlbHUX HAMpSMKIB 1H)XEHEPHO-TEOIOTIYHIX
JOCHI/pKEHb JieciB. Sk iHCTpyMmeHTapiid Oyio Bu-
KOHAaHO JIMHAMIYHE 30H/{yBaHH: IPYHTIB Ta 3a HOTO
pe3ylbTaTaMyd MOPIBHSUIBHO-aHAITUYHUM METO-
oM Oyra OTprMaHa KOpelsiliiHa 3aJIeKHICTb.

MeToauKa Ta 00JaAHAHHA JOCTiIKeHHHA

JaHi IOCTUKEHHS NPOBOAMIIMCA B CKIAIHHUX
IH)KEHEPHO-TEOJIOTIYHMX yMOBax: Ha TepUTOpil
5-TIOBEpPXOBOTO KHUTIOBOTO OyAMHKY (M. JIHIIpo)
3 MI3€MHUM MApKiHIOM; KUK OJIM3bKO PO3TAILO-
BaHUH N0 IHIIMX CHOPYA, Y TOMY YHCIi JOPEBO-

JOLIAHOT 3a0yI0BH, 3 (YHIaMEHTOM, IO CKJIaja-
€THCS 3 KyIIiB OypoHAaOWBHUX Taib, Ha SAKi CIIUpa-
€TbCs TTUTA pocTBepKY 3aBToBIIKH 1 000 Mm [4].

[lix gac excruryarartiii 1aHOi TEPUTOPii HEOTHO-
Pa30BO MPOBOAMIIKCS JOCTIIKECHHS IPYHTIB, IO il
CK1aalTh. ToMy 3a THONEpeAHbHO OTPUMAHUMHU
JaHUMH IPYHTH XapaKTepH3YIOTHCS SIK €0JIOBO-
JeITOBiaNbHI BEpXHbOUETBEPTHHHI JIECOBI CYMICKH,
MWITYBAaTi, TBEP/i, BUCOKOTIOPUCTI, 3arajbHOI0 Mi-
nHicTIo 10 10 M, cxwibHI n0 mpocimanas. Hims-
HICTB IPYyHTY 1,59 TI/CM, OIUTBHICTH CYXOTO IPYHTY
1,47 r/cm ta nopucticte 45 %, nmpupogHa BOJIO-
ricte 0,09 gact. on. Moayne medopmanii rpyHTy
3 IPUPOTHOIO BOJIOTiCTIO CTaHOBUTH E =18 Mlla,
a y BonoroHacudeHomy crai — 9 Mlla. [IpoexTHa
TpaHUYHA BEIMYMHA CEPEeTHBOTO OcimaHHsa QyHma-
MEHTY cKjamae 15 cm.

[licns 3akiHYeHHS OYJIBHHUIITBA JKUTIOBOTO
OyanHKY OyJ0 BHKOHAHO JWHAMiYHE 30HAYBaHHS
neciB A0 rmouH 10 3,1 M I1BOMa pydYHUMH 30H-
namu po3podku JIJATE Tta HIIT-5 uepes mixBan
(mim3eMHMI TIAPKIHT) 3aBISKH CIEMiadbHO PO3Ta-
[IOBAaHUM II1iJ] 9ac OyIiBHUIITBA B IUTUTI POCTBEPKY
TpyOHUM Tpoxoakam aiamerpom 1 000 MM Ta pos-
TAIIOBAHOMY BCEPEAMHI MapKiHra HACKpPi3HOMY
IPUSAMKY 3arambHoro miomteio 1 M2 Bincraus mik
TOYKAMM 30HJYBaHHS HE THepeOuibiyBana 1 M.
CxemMa po3TaimryBaHHs TOYOK 30HAYBaHHS HaBele-
Ha Ha puc. 1.

BunpoOyBaHHS IPOBOIMIKCS 3TiAHO 3 IIFOUYUM
Ha yac BukoHaHHs poOit JICTY b B.2.1-9-2002,
mizHime — JICTY b B.2.1-9-2016 [4, 5].

PesyabTatn

[1ix gac moMKOBUX BUTIPOOYBaHb 30HIaMH JIBOX
TUTIB OyJIM OTpUMaHi J1aHi, 3a IKUMHU HaKpECIeHUN
rpadik (puc. 2), 10 MOB’sA3y€ 3HAYCHHS YMOBHOTO
JMHAMIYHOTO omopy rpyHTty Pd(c3) (craHmapTHwuii
301 JIJIATE) ta Pd(M3) (manorabapuTHuii —
JIIIT-5).

TexHiyHl mapamMeTpu 000X 30H/IB HaBEICHO
B Tabm. 1.

Sk BiZOMO, TepeBaKHA OUIBIIICTh PYYHHX 3a-
OMBHUX 30H[IB, IO 3aCTOCOBYIOTHCS B HACTYITHHIMA
Yac, MpEACTaBleHa JISTKUMU THUIAMH (3 MOJIOTOM
o 10 kr), 3a BUHITKOM MaiiKe HEAaBHO PO3pO0-
JIEHWX PYYHUX 30HIIB cTamaptHoro tuiry P/IK Ta
JIJATE, mpuuoMy ciifi BiJ3HAYUTH, IO 30H
JIJATE Oyno 3acTocoBaHO 3HA4YHO paHille, HIX
3ou7 kommanii «['eotrect» — PJIK [8, 10, 11].
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Puc. 1. Cxema minsHKy BUMPOOYBaHb

Fig. 1. Scheme of test section

Tabaums 1
OcHoBHi napamerpu pyunux 3a6unux 30u1iB JITATE Tta JIIT-5
Table 1
The main parameters of manual driving rods LDATE and DIIT-5
T Bucora Maca IIItanrn Koniunuii HAKOHEYHUK Maca ckitageHoro
HI1
Ne CKUJAaHHS MOJIOTa, ; B 30Ha
30H1a Hiamerp | Homxuna | J[liamerp | Kyt 3arocrpeHHs
MOJIOTA, CM KT (6e3 moroTa), KT
LITAHT, MM | ILITaHT, CM | KOHYCa, MM KOHYyca, Tpaj
1 AIT-5 50 10 20,0 110/124 40 60 8
2 | JJOATE 40 30 335 90/100 74 60 30
Bimomi nesiki cripoOu BuBeneHHs (Gopmys Ta
KoeillieHTIB mepepaxyHKy mnapameTpy Pd s
e 4 CTaHJApPTHUX a00 MajorabapuTHHUX 30HIIB. 30K-
338 [ 22 - * pema, Taki 3asiexxHocTi 3anpononysaia H. H. 3y0-
4.79 2,06 2 Pd(c3) = 0,2753Pd(m3) + 0,7175 . . . . .
51| 165 * KoBa i (uIoBloMIAMianbHUX BiAknamis Ilig-
— LR MOCKOB’st [0, 7]. AmHamiz iX mokazye, mo ix
— - 15 .

e P ° t HEMOXJIMBO 3aCTOCOBYBATH IS JIECIB CEPETHBOTO
508 | 144 . * [IpunHinpoB’s, oHaK, BXKE OTPUMAaHI 1aHi MOXYTh
CTaTH TPHUKIAIOM JUIsl BHBEIEHHS DPETiOHATHHHX

05 KOPEJIAIIHHUX 3aJIeKHOCTEH aHaJIOTIYHOTO BUTY.
3o0kpeMa, IS TPYHTOBUX YMOB JaHOTO OyIiBe-
0 JILHOTO MalaHYWKa Ha ITiJICTaBi 0OpoOKu Ta aHa-
S . )3 “° °  Ji3y marepiaiiB MOJBOBUX TOCIIKCHb, sIKi OyiH
Pd(m3), MNa . (9}
. . BukoHaHi 3oHmaMHu JIJIATE (cranmapTHUil 30HK)
Prc. 2. I'padix MHaMiuHOro ONOpY IPyHTY ta JUT-5 (wecranmapTHUil 30HT), JUIA JIECOBUX
SOHIYBAHHIO IPYHTIB HaNiBTBEPIOi Ta TBEPAOi KOHCHCTEHIII],
Fig. 2. Graph of dynamic soil resistance [0 3aJIATal0Th M IUIUTOI POCTBEPKY, Oyia 3a-
to sounding IIPOITOHOBaHA KOPEJIAIiHA 3aJICKHICTh:
Pd(c3)=0.2753Pd(m3)+0.7175.
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Byno Bu3HaueHo, 110 J1€COBi IPYHTH, LIO CKJIa-
JAIOTh JaHy TEPUTOPII0, CXWIBbHI IO MPOCITaHHS
[PYHTy Ta MOPYLIEHb HOro CTPyKTypu. MokHa
MPOTHO3YBaTH, SIK OyAe 3MIHIOBATHCS CTPYKTYypa
Jiecy MiJI BIUTMBOM BOJIOTH abo BiOpaiiii, uepe3 pyx
TPAHCIIOPTY TOIIO.

Bim3Hauumo Takox, mo Oyid OTpUMaHi Mpo-
MiXKHI pe3yJbTaTH EKCIIEPUMEHTIB 1 I MOJallb-
ITUX BUCHOBKIB 3 METOIO iX JOCTOBIPHOCTI MOXKHA
3allaHyBaTH Taki AOCHiIKEHHS, AK. 30HIYBaHHS
IPYHTY Yy BOJIOTOMY CTaHi (BogoHacwmueHOMY abo
00BOIHEHOMY), TIOJNBOBI EKCIIEPUMEHTH 3 PO3Ta-
IIyBaHHSAM TMajh Oimsg Tpacum abo Ha Tpaci (mix
BILUTUBOM ITOCTIHHOTO PyXy TPaHCIOPTY) abo 1moo-
nmu3y OymiBHHITBA i T. 1. MeToanKa eKCIepuMeH-
TiB OyJa MOKpalieHa 3 TOUYKH 30py il MPOBEACHHS,
OJTHAK, 3AJIMIIAIOTHCS] TUTAHHA PO 00CAT Ta 3MICT
MOJANIBIINX TIONBOBUX BUIpoOyBaHb. Kpim Toro,
3 TOYKH 30pY OIIHKH CTaHy IPYHTIB, CJiJ 3aIIPOEK-
TYBaTH JOCIIPKEHHS 3a JIesKi MPOTSHKHI IHTepBaIN
qyacy (Micslp, PiK TOIIO). 3a TUMH JAaHHMH, IO
Oy o6pani B JiTeparypi [9], Taki 3miHu 3a yacom
Oy HE3HAYHNMH, XO4a 1 pyXajucs TepUTOPIEro
Oy/iBeJIbHO-KPaHOBI MaIllMHU, CKCKaBaTOPH, CaMO-
CKHUIU — BCE 1€ HE 3MIHIOBAJIO ICTOTHO IMOKA3HUKHU
IPYHTY. AJIe CJTiJl BpaXOBYBAaTH, III0 CTaH KOHKPET-
HOTO THITy IPYHTY Ha TEpUTOPii HOro po3moBCIO-
JOKEHHS 3QJIEKUTH 1 BII CTUXIAHOTO BOJOIOCTA-
yaHHs a00 po3TanryBaHHS OyJb-SIKOTO BUPOOHUII-
1Ba. TOOTO, MO0 TPOTHO3YBAaTH TMOBENIHKY TPYH-
TiB, OCOOJIMBO TIOCAJIOYHHMX, TaKUX SK JIECH,
HeoOXiIHO BW3HAYaTH BCi YMOBH eKCILTyaTarlii
JaHOi TEPUTOPIi Ta COPY., IO TaM PO3TAIIOBaHI.
Tinbku 3 ypaxyBaHHSIM BCiX TEXHOTEHHUX Ta TPH-
ponHux (aKTOPiB MOXKHA TOBOPUTH PO JAOCTOBIp-
HICTB Ta BipOTiAHICTh €KCIIEPUMEHTIB.

HaykoBa HOBU3HA Ta NPAKTHYHA
3HAYHMICTh

Jani mocimipkeHHs Maid 3a BiANpPaBHUM TO-
IITOBX BJIOCKOHAJICHHS TPHJIA/IiB Ta IPUCTOCYBAHb
JUIsl 30HIyBaHHS. ICHyrodi ycraHOBKM (Taki, Ha-
MIPUKIIAJ, K HaWOUIbIN ONMU3BKHUN 32 TpPU3HAYCH-
HSIM 1 TapaMeTpaMH aHaJIoT 30Hy JaHOi KOHQIry-
pauii npunaa PAK kommnanii «CEOTECTY, po3po-
OneHuit y M. €KaTepuHOYpT, Pocis,
http://geotest.ru/complect/PIK/A3, cxnagnuii 3a
KOHCTPYKIIIEIO Ta BEJIHMKHU 3a rabapuTaMmu: CKIia-
JAETHCS 3 KUIBKOX IITAHT 13 3aKPIIJICHUM JI0 HUX
KOHYCOM JUIS 3aHYPIOBaHHSI B IPYHT, KOMILJICKTY-

€THCSl YTPUMYBAUeM 3 PYKOSITKAMH 1 LIEHTPATOpoOM
31 CHeIiaTbHIMH ITHPSMH). HemomikaMu 1150T0 Ta
0aratboX IHIIUX TPHIANIB € BITHOCHO CKJIagHA
IUIL PYYHOTO TMPUCTPOI0 KOHCTPYKLIsS, TOCTATHBO
BEIIMKI Ta0apwuTH, MO POOJATH BaXKWUMH TIPOBE-
JICHHSI BHMPOOyBaHb B OOMEKCHHX (CKJIAIHUX)
yMOBax, a TOJIOBHE, BIJICYTHSI MOXIIUBICTb 3aCTO-
CyBaHHsI TaKuX MPHUJIaNiB IJIs 30HIyBaHHS 3a CTa-
umxapToMm SPT (Standart Penetration Test). o Toro
K, ISl TPOBEACHHS BUMNPOOYBaHb KOMILIEKTOM
PJIK moTpibHi 3ycniis 3 BUKOHABIIIB.

B ocHOBY TeXHIYHOTO pillIeHHS 30HAY BIACHOT
po3poOKu Oysi0 IMOKIAaAEeHO METY CTBOPEHHS -
LIEBOTO 1 MPOCTOTO 32 KOHCTPYKIIEIO BITUYNU3HIHO-
T'O TPUCTPOIO, 3 MOXIIMBICTIO CEPIHHOTO BUPOOHHU-
LTBA, A BUMPOOYBAHb IPYHTIB Wi QyHIAMEHTH
CTHOPYJ METOJIOM AMHAMIYHOTO 30HIyBaHHs, 0C00-
JIUBO B HEJOCTYIHUX MICIIX 3 MiHIMAJIbHOIO KiJlb-
KicTro BHKOHaBIiB. /[ mporo Oyna mokparieHa
KOHCTPYKIiSl 30HAY, 3 JOAAaHHSM JIOJATKOBOTO
npuiagas Uiss poOOTH 3 BaXKUMH TPYHTaMH,
Yy TOMY YHCTi — 3 THMH, 1[0 MICTATh ¥ 001 BKITFO-
YeHHsI OyNiBeTbHOTO CMITTS, yIaMKH TOIIO. Taki
nependaveHi JOMOMDKHI TpUIaad Ta IPUCTOCY-
BaHHA POOJIATH 30HJ YHIBEpCAIbHHM, a TaKOX
Ha/Jal0Th MOXJIMBICTD 30HIYBaHHS 32 CTaHAAPTOM
SPT.

[lonboBi BHUIPOOYBaHHS 3 BiANPAIOBAHHSIM
METOAMKH 3aCTOCYBaHHS BUKOHAHOT'O 30HIY CIpHU-
SUTH TIOZANIBLIMM JOCIIIPKEHHAM, 3aBASKH iM Oyna
BUBE/IEHA KOpEJAMiiHa 3aleKHICTh (32 TaHUMU
30HAYBaHHS JIEKIIbKOX OyNiBebHUX MailJlaHIB Ta
MOJJAJIBIIOI CTaTUCTUYHOIO OOpPOOKOI0 pe3ynbTa-
TiB PO3paxyHKiB), IO ¥ MATBEP/KY€E HAYKOBY HO-
BU3HY JIaHUX JIOCHIJKCHb Ta BHUCBITJIIOE TEPCIIEK-
THUBM NPAaKTUYHOTO 3aCTOCYBAaHHS PO3POOIEHOTO
30H]1y, CIPSIMOBYIOYH iX HE TUTbKU B OYIIBHHUIITBO,
ale i B HampsIMKy BIJIHOBICHHS Ta BiJOyIOBH
CHOpPYZA Pi3HOMAaHITHOrO mpu3HadeHHs. llepcrek-
THUBM 3aCTOCYBaHHS 30HIIB, Y TOMY 4YHCI —
W y 3ami3HUYHOMY OYIIBHUITBI BXKE JOKa3aHi,
OCKUTBKHM ¥ mix 4yac OyMiBHHIITBA KOJii BH3HAdYa-
IOTBCS palloHM a00 OKpeMi TISTHKH, SIKi TPEeICTaB-
JieHI BaXKUMH TPYHTaMH, TOOTO MPOBOASTHCA PO-
00TH B yMOBax TpOCIJJaHHS TPYHTY, 3CyBIB (Ha-
MpUKIa, Mg 4dac OynmiBHuITBA JIBbBIBCBKOI Ta
OntechbKo1 3aTi3HUYHUX KOJIH).

o Toro *k, 3a HAITMM JOCIIHKEHHSIM, OTpHMa-
Hi KOPEJAIiHI 3aJIeKHOCTI, 1[0 BXXUBAIOTH ITiJ] 9ac
PO3paxyHKIB 3a JaHUMH 30HIyBaHHS IPYHTIB,
HaJal0Th MOXJIMBICTh CTEKUTH 3a 3MiHAMHM Y Yaci,

doi 10.15802/stp2017/118371

© 4. B. Yabsiaos, 2017

123


http://geotest.ru/complect/РДК/ДЗ

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

Hayxka ta nporpec Tpascnopty. Bicaux /IHinponeTpoBchkoro

HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2017, Ne 6 (72)

TPAHCIIOPTHE BYJIBHUIITBO

SK1 CIIOCTEPIraroThcsl MPU AOBrOTPUBAIIN EKCILTY-
aTamii TepuTOpii pO3TalryBaHHS CHOPYA, 3 OTpH-
MaHHSAM TPAKTHYHUX PEKOMEHMAI y BHIaIKax
MOTIPIICHHS] 1HXEHEPHO-TEOJIOTIYHUX YMOB a0o
HACTYITHOI 3a0yTOBH TEPHUTOPI].

BucnoBku

[IpoBeneHi AOCHTIHKCHHS TOBEJIA 3PYYHICTh Ta
JIETKICTh B eKCIUTyaTalii JMHAMIYHUX Mayorabapu-
THHX 30HIIB 000X THMiB. Po3paxoBani mapamerpu
IPYHTY € JOCTOBIPHUMH 1 JOCUTH MOBHO XapakKTe-
pU3YIOTH CTaH JieCy B JaHUX i1H)XKEHEpHO-
reojorivanx ymoBax. IIpote, mo6 BaOCKOHAMHTH

BHUCHOBKH 200 MOUIMPHUTH HAaIli YSBJICHHS MPO MO-
BEIIHKY JIeCIB KOHKPETHOTO iX THIy, HEOOXiIHI
HEOIHOPA30BI TIOJHOBI eKCIIepUMEHTH. [IpaBHIEHO
MPOEKTYIOUH iX Ta Maroui Ha yBa3l OTpUMaHHS He
TITBKM PEKOMEHMAIIN 3 eKCIUTyaTallii TaHOi TepH-
TOpii, HEOOXiTHO TPOBOAUTH  TOCIIIHKCHHS,
3 YCTAaHOBKOIO Ha CHIBBIJIHOIIEHHS iX PE3yJIbTaTiB
3 JAaHWUMH iHIIMX BUNPOOYBaHb. BiampamtoBaHHs
METOJINKH, 5IKa OyJia 3aIIpONOHOBAaHA Y CTATTI, CITiJT
BECTH B KUIBKOX HamNpsIMKax Ta y Pi3HHUX iHKeHep-
HO-TEOJIOT1YHUX YMOBaX, IO MOXXE MPEICTaBUTH
ITAPOKHUI MaTepiai s MOMaIbIINX JOCTiIKECHb.
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W3 ONBITA MPOBEJAEHUSI CPABHUTEJIbHBIX UCIIBITAHU
JECCOBBIX 'PYHTOB PYYHBIMU TUHAMNYECKUMH 30HIAMHA
PA3HOOBPA3HBIX KOHCTPYKIINU

Henn. /Ins ompeneneHusi mapaMeTpOB I'PYHTOB JISCCOBOHM (hOpMaIliK, KOTOPBIC CUYUTAIOTCS TPYAHBIMU TMPH
CTPOUTENIBCTBE UJIM SKCIUTyaTallMK KUIMIIHBIX U IPOMBILUIEHHBIX COOPYKEHUH, IpeayCcMaTpUBAETCs aHaIU3 MOy~
YCHHBIX JAHHBIX ITOJICBBIX PICHBITEIHI/IFI C TCM, lITO6LI HUCITIOJIB30BATh UX B pacr{eTax JJIs1 HpOFHOBHpOBaHI/IH chyaum/I,
KOTOpPasi MOXKET OCJIOKHUTHCS BO BPEMs IKCILTyaTallii O0BEKTOB. 3a TJIABHYIO IEJIb UCCIICAOBAHMS OBLITU BBHIIBHHY-
THI: 1) ycOBepmIEHCTBOBaHHME HANIMX TNPEICTABICHHH O TPYHTAX JIECCOBOW (OpMamuy Ha MPHUMEPE OIpeeIeHHUs
BO3MOXHBIX U3MEHEHUI MapaMeTpoB JIECCOBOU TOJIIM, KOTOpas HAXOAMUTCS TMOJ HArpy3Koil OT MOJHOrO Beca CO-
OpYKEHHS;, 2) 0TpabOTKa METOANKH MTPOBEACHUS 30HIUPOBAHMS ITyTEM BHEAPEHHS YIYIIICHHBIX, C TOBBIIICHHBIMHI
KadycCTBaMHu, py‘IHLIX 30HOOB: CpaBHeHI/Ie JAHHBIX OTUX I/ICCJ'IGI[OBaHI/Iﬁ C TCMHU, KOTOpLIe 6I:IJ'II/I HOJ'Iy‘IeHI)I leyFI/IMI/I
MeToJaMu; 3) OIpeneNieHHe IyTed ManbHEUIIero MPOBEACHUS WCCICIOBAHUN C IOMOIIBIO PYYHBIX 30HIOB.
Metoanka. HanpaBieHus: HHKXCHEPHO-TCOJIOTMICCKUX UCCIICIOBAHMIA ObUTH aKTyaTH30BaHBI C MMOMOIIBI0 METOJIOB
aHamM3a ®W CHHTE33a, W B KayecTBE WMHCTPYMEHTapWs OBUIO BBINONHCHO TUHAMHYCCKOS 30HAMPOBAHUE.
PeSyJ'[])TaTbI. ABTOpaMI/I 6I)IJ'II/I HpoaHaJ'II/I3I/IpOBaHI)I JAHHBIC JUHAMUYECCKOT'O 3OHIII/IpOBaHI/I${ prHTOB 30HAAaMHU THUIIA
JAUNT-5 koHCTpyKuuu JIHENpONMETPOBCKOIO HALMOHAIBLHOTO YHUBEPCUTETA IKEJIE3HOAOPOKHOTO TpaHCHOPTa
nMeHn akanemuka B. JlazapsHa. Taxoke mpoBeneHO 30HANPOBAHKE JIETKUM MaJIOTa0apuTHBIM 30HI0M THa JINATO
Ha OOBCKTE WCCIENOBaHHA, KOTOPBI HAXOMWICS B CIOXHBIX WHXCHEPHO-TCOJIOTUYCCKUX YCIIOBHSIX: Ha
3aCTPOCHHOW TEPPUTOPUH, TPYHTHI KOTOPOH NpeacTaBieHBl JiecamMu. Jlanee OBUIO OmpeneeHo IWHAMHYECKOE
COHpOTI/IBHeHI/Ie prHTa 3OHI[I/IpOBaHI/IIO W BBIBCICHA (bopMyna 3aBUCUMOCTHU MG)KZLy HOJ'IyLIeHHLIMI/I II0Ka3aTCIIsIMU.
Hayunass noBW3Ha. 30HIUpPOBaHWE HEOOBOIHEHHBIX JIECCOBBIX TPYHTOB, KOTOpBIC COCTABIISIIOT TEPPUTOPHIO
CTPOUTENBCTBA, IPOBOIUIIOCH BIIEPBBIC UCIIOIB3YEMBIM 30HAOM COOCTBEHHOW Pa3pabOTKH TPYIIbI aBTOPOB, B TOM
gricie — U aBTopa ctathu. [IpakTHYeckoe 3HaYeHne. [[MHAMUYECKOE 30HIUPOBAHKE, KOTOPOE TPUOOPEIO 3HAYHU-
TEIFHOE PacHpOCTpaHEHUE BO BpeMs MH)KCHEPHBIX HCCIENOBAaHHNA B cTpoHTenbcTBE 60—70 IT. mMpomuioro Beka,
B HACTOSIIEE BPEMsI HCIIOJIB3YETCs PENIKO, a ISl MCCIICIOBAHMUS JIECCOBBIX TPYHTOB B UX Pa3HOOOPA3HBIX COCTOSHU-
six (0OOBOTHEHHBIX, HCOOBOJHEHHBIX, HAPYIICHHBIX, HCHAPYIICHHBIX U T. [I.) IPaKTHYECKH He pa3padoTano. [losTo-
My BbIBeZIcHHE (HOPMYJT KOPPEIAIMH, KOTOPhIC TOATBEPKIAIOT IPaBa Ha HCIOJb30BAHKUE CYIIECTBYIOMUX (HOPMYIT
U pacyeTHHIX KO3(Q(QHUIMEHTOB UMEHHO IS JIeCCOBOM Tommu (a 3To okoio 90 % COBPEMEHHBIX UYCTBEPTHUHBIX
TPYHTOB YKpawHBI), IPEICTABIIACTCS aKTyaJIbHON M HOBEHIIIEH TEMOT.

Kniouegvle cnosa: MTUHAMUYECKOE 30HAMPOBAHME; MaJorabapuTHBINA 30H]I; YCIOBHOE JMHAMHYECKOE COTPOTHB-
JIEHUE; TIOYBHI JIECCOBOH GopmaIiu
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FROM EXPERIENCE OF CONDUCTING COMPARATIVE TESTS OF
LOESS SOILS BY MANUAL DYNAMIC PROBES OF DIFFERENT
CONSTRUCTIONS

Purpose. To determine the parameters of soils of loess formation, which are considered difficult in the construc-
tion or operation of housing and industrial facilities it is provided an analysis of the obtained field test data in order
to use them in calculations to predict the situation, which can be complicated during operation of the facilities. The
main purpose is: 1) improvement of our ideas about soils of loess formation using the example of determining pos-
sible changes in parameters of the loess mass, which is under load from the total weight of the structure; 2) testing
the methodology of sounding by introducing improved manual probes: comparing the data of these studies with
those obtained by other methods; 3) determination of the ways of further research using manual probes.
Methodology. The directions of engineering-geological research were updated with the help of analysis and synthe-
sis methods. Dynamic sounding was performed as a tool. Findings. The authors analyzed the data of dynamic
sounding of soils by probes of the type DIIT-5 made by the Dnipropetrovsk National University of Railway
Transport named after Academician V. Lazaryan (DNURT). Also, it was sounded the research object in difficult
engineering-geological conditions: in a built-up area, the soil of which is represented by forests. The sounding was
carried out using the small-sized LIATE probe. Further, the dynamic soil resistance to sounding was determined and
the dependency formula between the obtained indices was derived. Originality. The sounding of the unwatered lo-
ess soils was carried out by light non-standard probe developed by the DNURT and, for comparison, by a self-
developed probe of a group of authors, including the author of the article. The probe was used at the first time.
Practical value. Dynamic sounding, which had spread significantly during engineering research in the construction
of 60-70 years of the last century, is currently used rare. As for research of loess soils in their various states (wa-
tered, unwatered, disturbed and undisturbed, etc.) it is practically not developed. Therefore, the derivation of corre-
lation formulas that confirm the rights to use existing formulas and design coefficients precisely for the loess mass
(and this is about 90% of modern Quaternary soils of Ukraine) seems to be a topical subject.

Keywords: dynamic sounding; small-sized probe; conditional dynamic resistance; loess formation soils
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ENHANCING THE SCIENTIFIC LEVEL OF ENGINEERING TRAINING
OF RAILWAY TRANSPORT PROFESSIONALS

Purpose. Publication of the results of international scientific and technical cooperation of the Dnipropetrovsk
National University of Railway Transport named after Academician V. Lazaryan (DNURT, Ukraine) and the Czech
Technical University (CTU) in the field of engineering training of students on the basis of modern methods of de-
velopment of scientific and creative abilities of students. Methodology. The development of scientific thought and
the improvement of the professional level of students of engineering specialties of railway technical institutes may
be carried out by different methods both during training and during extracurricular time. One of the methods for
improving the scientific level of future engineers is the public lectures of renowned scholars and researchers from
leading European higher education institutions, enabling students to have access to world-class advanced scientific
idea. Findings. The authors have analyzed the activity of DNURT and CTU on scientific and educational prepara-
tion of students. It is emphasized that cooperation promotes strengthening of contacts between universities, im-
proves the quality of students' training, is one of the factors of the professional development of future specialists,
raising the scientific level of engineering training of railway transport professionals. It is proved that DNURT and
CTU duly fulfill the higher education tasks of training of professional personnel who are able to work effectively in
the global market, aimed at improving the quality and efficiency of education. Originality. This paper presents the
analysis of results concerning the efficiency of application of modern methods for engineering training of students
of technical higher educational institutions. It gives extended view of the main directions of international education
activities. Practical value. It is confirmed that popularization of modern methods of propagation of engineering
thought among student youth has acquired a new meaning and contributes to enhancing the scientific level of engi-
neering training of railway transport professionals.

Key words: engineering training of students; popularization of scientific knowledge; international cooperation

employed by rail transport. This confirms that the
Introduction transport industry must move towards innovative
changes, to increase its importance as an important
transit subsystem on the way of updating not only
infrastructure but also strategies for the develop-
ment of all components of the transportation pro-
cess, including working in conjunction with other
modes of transport [1, 3, 10].

The analysis of the railway industry activity
shows that Ukrzaliznytsia occupies a respectable
position in the country's economy [1]. This is not
without a significant role of graduates of the

The development of transport, in particular
railways, has a significant impact on the socio-
economic life of any state. In Ukraine, the railways
conduct a significant amount of transport work
(share in the total turnover is more than 85% —
Ukrainian railways occupy the fourth place in
Eurasia and the sixth in the world by volume of
transported goods, and in passenger traffic — 45%);
2% of the total working population of the state is
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Dnipropetrovsk National University of Railway
Transport named after Academician V. Lazaryan
(DNURT) who study in the advanced scientific en-
vironment, in conditions of continuous improve-
ment of professional skills and active, creative
thinking since the university is the centre of scien-
tific and technological support of the deve-lopment
of the railway industry. DNURT, since its founda-
tion and to date, pays considerable attention to all
aspects of student life: research and educational
work, since a future railway engineer must possess
not only professional knowledge and be a harmoni-
ously developed person, but also have the oppor-
tunity to realize his intellectual potential, showing
its individual peculiarity [7, 8]. But numerous as-
pects of joint international activity in the field of
trainings of railway students have so far been un-
derestimated due to a number of objective reasons.

Purpose

Publication of the results of international scien-
tific and technical cooperation of the Dniprope-
trovsk National University of Railway Transport
named after Academician V. Lazaryan (Ukraine)
and the Prague Technical University (Czech Re-
public) in the field of engineering training of stu-
dents on the basis of modern methods of develop-
ment of scientific and creative abilities of students.

Methodology

The development of scientific thought and the
improvement of the professional level of students
of engineering specialties of railway technical in-
stitutes may be carried out by different methods
both during training and during extracurricular
time. One of the methods for improving the scien-
tific level of future engineers is the public lectures
of renowned scholars and researchers from leading
European higher education institutions, enabling
students to have access to world-class advanced
scientific idea.

Findings

Let us consider the historical and methodologi-
cal principles of the organization and the develop-
ment of international scientific and technical co-
operation of universities on the example of coope-
ration between the DNURT and the CTU.

In the 30s of the last century, when the process

of industrialization was rapidly gaining momentum
and the problem of the lack of skilled engineers
became aggravated, a whole network of new
higher educational institutions arose, including our
university. When creating the DITE (DNURT), it
was considered that Dnipropetrovsk is an im-
portant transport hub, one of the centres for deve-
lopment of the coal-metallurgical complex. The
first 190 engineers-graduates from DITE in 1934
filled up the ranks of specialists in the transport
and construction sectors. According to the docu-
ments of that time, during their studies at the insti-
tute they underwent a serious theoretical training
and acquired practical knowledge and skills [4-8].
At present, the following qualities of professional
training of an engineer are highly appreciated: abi-
lity to establish contacts with people, art of com-
munication, ability to achieve the set goals, compe-
tence, creativity, organizational skills, analytical
thinking [7, 17]. The training of such a specialist is
the urgent task of the university and should be
conducted in the synchronous process and interac-
tion of three components: special-professional,
fundamental-research and humanitarian. Life ex-
pects of a student, future manager, a thorough
knowledge of basic general scientific, technical,
technological, and humanitarian disciplines [11].

Nowadays, the University has nine faculties in
all mode of attendance, about seven thousand stu-
dents study at the university (http://diit.edu.ua/)
[4, 5]. DNURT is not only one of the leading tech-
nical higher education institutions, but also a pow-
erful research institution in the field of rail
transport and transport construction. [17-19]. One
of the important tasks of the University is to in-
crease the level of training of specialists, their
competence, professional knowledge, computeriza-
tion of training. The faculty wants the students to
master deep special knowledge to meet the socio-
economic and spiritual needs of the present day —
to become a specialist capable of recognizing true
engineering problems, setting complex technical
tasks and finding new, highly effective solutions,
implementing original technological developments
[17-19].

Significant role in this is played by the Re-
search Department (RD) of the University, which,
among many activities, carries out the following
(http://diit.edu.ua/) [8]:

— identification of priority and perspective di-
rections of scientific research at the University;
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— conducting internal and external expert eva-
luation of projects for carrying out scientific re-
searches;

— organization of work on conclusion of con-
tracts with domestic and foreign customers for the
creation of scientific and technical products, the
provision of scientific and technical services, mar-
keting research;

— development of business proposals and busi-
ness plans for the introduction of scientific re-
search into production;

— defining the list of research and development
works (R&D), which are promising for implemen-
tation in the region and industry;

— conducting fundamental and research studies
on natural, social, humanitarian and technical sci-
ences;

— conducting applied researches by orders of
domestic and foreign enterprises, institutions, or-
ganizations, individuals and initiative RD on solv-
ing urgent tasks of scientific and technological de-
velopment, etc.

To enable a modern specialist to meet the im-
peratives of our time, in the field of ensuring the
connection of scientific research with the educa-
tional process, the RD organizes the scientific and
technical activities of the students, conducting stu-
dent competitions, student contests, scientific con-
ferences, which affects the students' progress. The
Ministry of Education and Science of Ukraine an-
nually rewards the University for its high achieve-
ments in the field of scientific activity and interna-
tional cooperation (http://diit.edu.ua/).

The Dnipropetrovsk National University named
after academician V. Lazaryan (DNURT), in the
process of entering into the European educational
space, devotes much attention to the measures for
the future railway engineers to possess not only
professional knowledge, but to be a harmoniously
developed person, to have the opportunity to re-
alize their intellectual potential, showing their per-
sonal properties [7, 9]. In modern conditions, the
University administration, among others, considers
international activity as one of the priorities of
working with students since international coopera-
tion is an important direction for preparing a new
generation of specialists in the framework of inte-
gration of our country into the world educational
space. For this purpose, great attention is paid to
the expansion of international contacts, the conclu-
sion of agreements, the organization of interna-

tional conferences, symposiums, the implementa-
tion of joint scientific projects, the exchange of
experience and information on common issues for
higher education institutions [7, 17-19].

Over 90 years of its existence, DNURT is fa-
mous for its traditions and innovations [4, 5]. Spe-
cial attention is paid to the direction of internati-
onal cooperation with universities of other coun-
tries. An example of such cooperation is coopera-
tion with the Czech Technical University (CTU)
(https://www.cvut.cz/).

The Czech Technical University in Prague
(CTU) is one of the largest and oldest technical
universities in Europe. His history is closely inter-
twined with the history of technical education, not
only in the Czech Republic, but throughout Central
Europe [20]. It was founded on the initiative of
Joseph Christian Willenberg on the basis of the
order of January 18, 1707 by Emperor Joseph |
(Fig. 1, a). The training began in 1718; however, it
took next 100 years when the engineering profes-
sorship was recognized. In 1803, the emperor sup-
ported the proposal to turn the engineering and
construction school into a polytechnic educational
institution (Fig. 1, b).

A major event in the history of the educational
institution was in 1863, when the first polytechnic
specialists graduated from it. The training was now
carried out in 4 specialties: hydraulic engineering
and road construction, construction of ground
structures, mechanical engineering and chemistry.
The Czech language began to be used in the teach-
ing process on a par with the German language.
Conflicts between the Czech and German halves of
the professorship led in 1869 to the division of
universities into two separate institutions — the
Czech and the German ones. For the Czech institu-
tion they built a building and since 1879 the uni-
versity has received the right to be called technical
[20].

Until the First World War, as well as the Czech
industry as a whole, the university was developing
rapidly resulting in the introduction of new disci-
plines, which was caused by the needs of society
and accelerated technological development. In
1920, the university was renamed as the Czech
Technical University, which already had 7 facul-
ties: Engineering, Architecture and Ground-
Mounted Construction, Machine and Electrical
Engineering, Chemical Engineering, Mining, For-
estry and Forest Engineering, Faculty of Special
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Sciences and Commercial Faculty. After the Sec-
ond World War, a general reconstruction of the
CTU took place — some departments became inde-
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was created

pendent institutions, the Faculty of Architecture
in the 70s, and the Faculty of
Transport — in the 90s [20].

Fig. 1. General view:
a — Rescript of Emperor Joseph I; b — Prague Polytechnic

Specialists in the field of railway engineering
acquire education at the Faculty of Civil Engineer-
ing — the Department of Railway Structures and the
Faculty of Mechanical Engineering — Department
of Automobile, Internal Combustion Engines and
Rail Transport. The Independent Department of
Railway Vehicles was founded in 1954. This event
is inextricably linked with Professor R. Nejepsa —
one of the most important personalities of Czecho-
slovak engineering, science, research and educa-
tion. He is considered the founder of modern spe-
cialized university education in the field of con-
struction of rail vehicles [16, 20].

At present, the CTU has eight faculties (Civil
Engineering, Mechanical Engineering, Electrical
Engineering, Nuclear Sciences and Physical Engi-
neering, Architecture, Transportation Sciences,
Biomedical Engineering, Information Technolo-
gy), that comprehend more than 20,000 students.
The University offers educational programs at
three levels:

— three or four year undergraduate program,
a Bachelor's Degree after graduation,

— biennial Master's Degree Program — Master's
Degree,

— doctoral programs of study lasts three or four
years and lead to the Ph.D. (candidate of sciences).

Students of the specialty «Railway Vehicles»
acquire and deepen their knowledge in all technical
areas, including technical mechanics, material
strength, thermodynamics, theory of internal com-
bustion engines, electrical engineering, mechanical
and hydraulic gears, motor vehicle theory, etc.

Students acquire deep knowledge concerning the
automated design system, numerical simulation of
modern rolling stock, and the implementation of
experiments in laboratories (Fig. 2) [2, 12-16, 18].

Project-oriented training focuses on the needs
of the Czech railway industry in accordance with
international standards and legislative require-
ments. As CTU successfully cooperates with lead-
ing global manufacturers of railway vehicles (such
as Siemens, Skoda, VUKV, Stadler, etc.), the
companies offer students the subject of student and
research projects (Fig. 3), graduation papers,
training programs, targeted scholarships. Subse-
guently, graduates find work as researchers, deve-
lopers, designers, test engineers and managers in
the design, manufacture, testing and operation of
railway vehicles [2, 12-16, 18].

During the 2016/17 academic year, CTU
offered its students 123 curricula and 464 research
areas within these programs (Erasmus Mundus,
Erasmus Mundus External Window, Ceepus,
Athens, Aktion, etc.). The Czech Technical Uni-
versity has contacts with other universities both in
Europe and abroad, within which there are imple-
mented joint programs for obtaining international
diplomas. For example, in the 2016/17 academic
year, the Dnipropetrovsk National University of
Railway Transport named after Academician
V. Lazaryan signed the cooperation agreement
with the Czech Technical University, which will
strengthen the contacts between our universities
(http://diit.edu.ua/).
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Fig. 3. Examples of some results of students’ computer simulation projects:
a — a railway bus; b — low-floor tram bogie; ¢ — locomotive driver's cabin — noise analysis
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In order for a modern specialist to meet the im-
peratives of our time, DNURT holds a number of
events within the framework of international scien-
tific cooperation (http://diit.edu.ua/). Recently one
of such events took place — during the days of sci-
ence at the Mechanical Faculty DNURT held
a scientific lecture for undergraduates and gradu-
ates on the topic «Railway Vehicle Education in

the CTU» (http://diit.edu.ua/). The speaker was
Dr. Kalivoda J. from the Czech Technical Univer-
sity. It is pleasant to note that in addition to stu-
dents of mechanics, the participants also included
students from the Faculty of Bridges and Tunnels,
Energy Process Management, Organization of
Railways Construction, Industrial and Civil Con-
struction (Fig. 4) (http://diit.edu.ua/).

The scientific lecture was conducted on a high
methodological, scientific, educational level,
evoked a considerable interest on the part of the
listeners. Dr. Kalivoda J. gave full professional
answers to numerous questions. Here are just some
reviews of participants in the scientific lecture in
social networks (http://diit.edu.ua/):

— «The conference was held at the highest level
with high professionalism and dedication. It al-
lowed us to find out about the Czech Republic, its
education and prospects for the development of rail
transport...» (V. Babiy, group 339).

— «...You have prepared an international scien-
tific meeting at the scientific level. Thanks to you,

Fig. 5. S Undergraduates and graduates during a scientific lecture at DNURT

we have learned how today’s students are studying
outside of our glorious Ukraine and how highly the
diploma of DNURT is recognized at the interna-
tional arena. Such meetings are very useful for us
as future specialists. Thank you!» (O. Kras-
noshchok, group 347).

Originality and practical value

This work presented the analysis of results con-
cerning the efficiency of application of modern
methods for engineering training of students of
technical higher educational institutions. It
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extended view of the main directions of interna-
tional education activities.

It was confirmed that popularization of modern
methods of propagation of engineering thought
among student youth has acquired a new meaning
and contributes to enhancing the scientific level of
engineering training of railway transport profes-
sionals.

Conclusions

This confirms that international cooperation
promotes strengthening of contacts between uni-
versities, improves the quality of students' training,
is one of the factors of the professional develop-

ment of future specialists, raising the scientific le-
vel of engineering training of railway transport
specialists. As you can see, the Dnipropetrovsk
National University of Railway Transport named
after Academician V. Lazaryan and the Czech
Technical University adequately fulfil the new
tasks set before higher education — training of pro-
fessional personnel who are able to work effective-
ly in a global market, aimed at improving the
quality and efficiency of education.

The authors of the paper express their gratitude
to Doctor of Science, Professor S. V. Myamlin for
consulting in the preparation of the article.
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NIJBUIIEHHSI HAYKOBOI'O PIBHS IH)KEHEPHOI
HIATOTOBKU ®AXIBIIB 3AJIIBHUYHOI'O TPAHCIIOPTY

Meta. OnputtoiHeHHS pe3yJIbTaTiB MIXXHAPOIHOTO HayKOBO-TEXHIYHOIO CHIBPOOITHUIITBA J{HIIPONETPOBCHKO-
IO HAIIOHAIFHOTO YHIBEPCHUTETY 3aJi3HHMYHOTO TPAHCIOPTY iMeHi akanemika B. Jlazapsaa (JHY3T, Ykpaina) ta
Yecrkoro texnigHoro yHiBepcuteTy (UTY, Uecbka peciryOitika) B Tany3i iHKCHEPHOT MiITOTOBKH CTYCHTIB Ha 0asi
CyJacHHX METOJIB PO3BUTKY HAyKOBHX Ta TBOPYMX 31i0HOCTEl cTyneHTiB. Meroanka. Po3BUTOK HayKOBOi TyMKH
Ta MiIBUIICHHS TPOQECiifHOTO PiBHA CTYACHTIB MAIIMHOOYIIBHUX CIICIIaIbHOCTEH TEXHIYHUX BHIIMX HABYAIBHHIX
3aKJIaJIiB 3QTI3HAYHOTO HANPSMKY MOJJIMBO 3IHCHIOBATH PI3HUMH METOJAMHU SIK IIiJl Yac HaBYaHHS, TaK 1 (pakyib-
TaTHBHO, Yy TI03aHaBYaJIbHUI Yac. OJJHUM 13 METO/IB IiIBUIIEHHSI HAYKOBOTO PiBHSI MalOyTHIX 1HXKEHEpIB € my0utiu-
Hi JIeKIi] BiIOMUX HAyKOBIIB Ta JOCIIJHUKIB i3 MPOBIAHNUX €BPOIEHCHKUX BUIIUX HABYAIBHUX 3aKJIaJiB, LIO JIA€
MOXIJIMBICTb CTYJICHTaM MaTH JIOCTYI JI0 epe1oBoi HAayKOBOT JIyMKH cBiToBOro piBHs. Pe3yabraTn. HaBeneHo ana-
mi3 pisutbHocTi JJHY3T Ta UTY 3 HayKOoBO-OCBITHBOT MiATOTOBKU CTyAeHTIB. [linkpecieHo, o MiXKHApOIHa CITiB-
npats CIpHs€e YKPIIUIEHHIO KOHTAKTIB MK YHIBEPCHUTETaMH, HOJIMIIYE SIKICTh HABYAaHHS CTYICHTIB, € OJHHM i3
YMHHHKIB X MPOo(eciiHOro CTAaHOBJICHHS Ta ITiABUIIEHHS HAYKOBOTO PiBHS 1H)KEHEPHOT MiZAroTOBKU (haxiBIliB 3aii3-
HuUgHOTO TpaHcmopty. doBeaerno, mo JHY3T ta UTY rimHO BHKOHYIOTH IIOCTABIICHI BHIIOK OCBITOIO 3aBIAHHS
3 MATOTOBKY MpOQeciifHUX KampiB, sSKi 3yMiIOTH €(PEKTHBHO IMPAIMIOBATH B YMOBaX TII00AILHOTO PUHKY, IO CIIpPs-
MOBaHI Ha MiABHUIICHHS IKOCTi, epekTuBHOCTI ocBiTH. HaykoBa HoBH3HA. BukoHaHO aHali3 pe3ynbTaTiB eheKTHB-
HOCTI 3aCTOCYBAaHHS CY4YacHHX METOJIB IHXXEHEPHOI MIATOTOBKM CTYAEHTIB TEXHIYHAX BHUIIMX HaBYAJIbHUX
3aknmagiB. Po3ImupeHO ysABICHHS TIPO OCHOBHI HANPSMKHA MDKHAPOTHOI MiSTIBHOCTI B Taly3i OCBITH.
IpakTuuna 3HaunMicTsb. [linTBepKEHO, MO MOMyJSIpU3allis Cy9aCHUX METO/IB, MOIIUPEHHS 1HXEHEPHOI TyMKH
cepel] CTyIEHTChKO1 MOJIOZi Ha0yI0 HOBOTO 3HAYSHHS Ta CIPUSIE MMiABUICHHIO HAYKOBOTO PiBHS iH)KEHEpHOI MiATo-
TOBKH (DaxiBIIiB 3aJTI3HUYHOTO TPAHCTIOPTY.

Kntouosi cnosa: iHXEHEpHA MIATOTOBKA CTYCHTIB; MOITyJIIPH3allisl HAYKOBUX 3HAHb;, MDKHAPOHA CIIBIpAIlL
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MOBBINIEHUE YPOBHS MH)KEHEPHOM IMOJIITOTOBKHA
CIIEIMAJIMCTOB KEJIE3HOAOPOKHOI'O TPAHCIIOPTA

Hean.  OOHaponoBaHME  PE3yJAbTATOB  MEXIYHAapOIHOTO  HAYYHO-TEXHHMYECKOTO  COTPYIHHYECTBA
JIHenponeTpoBCKOro HalMOHAJIBHOTO YHUBEPCHTETA JKEJIE3HOJOPOKHOTO TPaHCIIOpTa UMEHH akaaemuka B. Jlaza-
pstHa (AHYXKT, Vkpauna) u Yemickoro texuundeckoro yausepcurera (UTVY, Yemickas pecrnybirka) B 007aCTH HH-
YKEHEPHO MMOJIrOTOBKH CTY/IEHTOB Ha 0a3e COBPEMEHHBIX METO/IOB Pa3BUTHsI HAYYHBIX U TBOPUECKHX CITIOCOOHOCTEH
cryzneHtoB. Meroauka. Pa3BuTie HayuyHOH MBICIN M TOBBIIICHHE PO(ECCHOHATIBHOTO YPOBHSI CTYACHTOB MalllH-
HOCTPOUTEJBHBIX CHEHUATBLHOCTEH TEXHHMYECKUX BY30B JKEJIE3HOJOPOXKHOTO HAINPABJICHUS BO3MOXHO OCYLIECTB-
JSTH PAa3IMYHBIMUA METOJaMH KaK BO BpeMsl 0OydeHHs, Tak U (aKyIbTaTUBHO, BO BHeydeOHoe BpeMs. OqHuM 13
METOJIOB TIOBBIIICHHUS YPOBHSA OyIyIINX WHKCHEPOB €CTh ITyOJIMYHBIC JICKIIMM M3BECTHBIX YUCHBIX M HCCIEIO0BaTe-
Jel W3 BeIYIIMX CBPOICHCKMX BBICHIMX yYEOHBIX 3aBEACHHH, YTO JaeT BO3MOXKHOCTH CTyJEHTaM HMETh JOCTYII
K [EpEeIOBOM HAyYHOU MBICIM MUPOBOro ypoBHs. Pedyabtartsl. [Ipusenen ananus aesreasHoctd AHYXKT u UTY
[0 HAYYHO-00pa30BaTEIbHON ITOATOTOBKE CTYAEHTOB. [IoM4epKHYTO, YTO MEKAYHAPOIHOE COTPYIHHUYECTBO CIO-
COOCTBYET yKPEIUICHHUIO KOHTAKTOB MEXIY YHHBEPCHUTETaMH, HOBBIIIAET KAYECTBO OOYUEHHSI CTYICHTOB, SIBISICTCS
OHUM U3 (HaKTOPOB UX MPOPECCHOHATBHOTO CTAaHOBJICHHSI, OBBIIICHHS YPOBHS HHKEHEPHOH ITOJTOTOBKH CIielra-
JIUCTOB KeJIe3HOZopokHOTO TpaHcnopTta. Jokazano, uto JHYXKT u UTY mOCTOWHO BBIOJHSAIOT MOCTaBICHHBIS
BBICIIIIM 00pa30BaHUEM 3aJaud 1O MOATOTOBKE MPO(ECCHOHAIBHBIX KaIpOB, KOTOPBIE CMOTYT 3P (PEKTHBHO pabo-
TaTh B YCJIOBHSIX TJIO0AJBHOIO PhIHKA, HANpPABJICHHBIX HA MOBBINICHHE KauecTBa, d(PEKTUBHOCTH OOpa30BaHMSI.
Hayuynasi HoBu3HA. BrinonHeH aHanu3 pe3yiapTaToB 3G (GEeKTHBHOCTH NPUMEHEHUS! COBPEMEHHBIX METOIOB MHKE-
HEpHOI1 MOJIrOTOBKH CTYJICHTOB TEXHUYECKUX BBICIINX y4eOHBIX 3aBelleHni. PaciiupeHo npeacraBieHue 00 OCHOB-
HBIX HaIlPaBJICHUSIX MEXIYHApOIHOW IEATEeNbHOCTH B obnacti obpaszosanus. IlpakTuyeckas 3Hauumocts. [lox-
TBEPXKJCHO, YTO IOIYJIAPU3ALHUSI COBPEMEHHBIX METOJIOB, PACIPOCTPAaHEHHE WH)XEHEPHOH MBICIH CpPEIH CTyJeHYe-
CKOW MOJIOAEXKH MPHUOOPENIO HOBOE 3HAYCHUE M CITIOCOOCTBYET MOBBIIIEHUIO HAYYHOTO YPOBHS MHXXCHEPHOH MOATO-
TOBKH CIICIIHAIHNCTOB JKEJIC3HOAOPOKHOTO TPAHCHIOPTA.

Kniouegvie crnosa: nixeHepHast OJATrOTOBKA CTYICHTOB; HOIMYJIIPU3ALUS HAYIHBIX 3HAHWH; MEX/yHapOaHOE
COTPYIHHYECTBO
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MonenroBaHHS MepexiHOT KPUBOi HA OOMEKEHIH MiISHIN MiCIIEBOCTI.

B. JI. bopucenxo, C. A. Ycmenko 2
CucremMa migTPUMKH aKaJeMiqHOT YECHOCTI JIJIsl YKPaiHChbKHX YHIBEPCUTETIB.

B. I lllepcmiox, M. B. JKapixosa 2

CueHapHO-TIpenieIEHTHHIA TiAX1]] 10 YIPaBIiHHS reTepOreHHUM aHCaMOIieM
JUHAMIYHUX 00'€KTIB.

B. I'. lllepcmiox, 1. B. Coxon, K. M. Tapacenxo 2
MareMaTHyHa MOJICITh [T BA3HAUCHHS TOKA3HUKIB TATOBO-TPAHCIIOPTHUX 3aCO0iB.
A. @. I'onosuyx 3

CrBopennst [T-opieHTOBAaHOTO OHTOJIOTIYHOTO GPEHMBOPKY JJIS 1ijiel GopMyBaHHS
OCBITHIX IPOTrpaM Ha OCHOBI KOMITETEHTHOCTEMH.
I M. Kopomenxo, JI. M. Kopomenxo, A. T. Xapo 4

Marepiano3HaBcTBO

OcoOIMBOCTI MIKPOCTPYKTYPH XPOMO-HIKEJIEBOT'O TIOKPUTTS, HAIIABICHOTO
noponikoBoro crpiukoro [TJT AH-111 i3 50 % nepexputTsim.

O. I Benix, b. B. €¢ppemenxo, C. JI. Maxypos 2
Kommnosumiiiae iMmynsCHO-TII1a3MOBE TOKPUTTS «cTasb P18/uaByn 230X2813».
0. I' Yabax, T. B. Ilacmyxosa, B. I'. E¢ppemenxo, I. O. Bakynenxo, 1. O. Bonocenxo 3

BB xiMivHOTO CcKIay 4aByHY Ha po3noit Cr moMix ¢azaMu micist BiAmany npu
690 °C.
B. B. Hempeoko, 1. I1. Bonuox 4

140

Crop.
81

56

66

77

48

117

41

61

40

131
92

101

110

92

50

120

102

60



Ha3zga crarri Ne Crop.
KypHATY
BrmutuB cTpyKTypHHX MapamMeTpiB HU3bKOBYTJICIICBOI CTaJli HA TOPIHHS €ICKTPUYHOI
JyTH.
1. O. Baxynenxo, C. O. I[Inimuenxo, H. I'. Mypawiosa 5 71

Herpaaunuiiini Buau Tpascnopry. MammHn Ta MexaHi3Mu
SxicHUI aHANI3 3aI€KHOCTI IOTY>KHOCTI MTPUBOAY CTPIYKOBOTO TOPH30HTAIBHO-
MOXMJIOT0 KOHBEEPA BiJ HOro BUXiIHUX apaMeTpiB.
B. M. bocomasz, M. B. bopenxo, 1. B. Heuaii, O. I1. Cegepun 1 143

BusHaueHHs! KOHCTPYKTUBHUX MapaMeTpPiB MAPHIPHO-3WICHOBAHUX CTPLIOBUX
CHCMEM TTOPTaTBLHUX KPaHiB.

B. B. Cyenobos, K. B. Txauyx 1 156
Juramika BiOpOXUBHIIBHUKIB 13 HETIHIIHOIO MPYKHOIO XapaKTEPUCTUKOIO.
B. I JJupoa, 0. M. Osuapenxo, C. B. Paxwa, O. A. YepHii 2 131

[TigBuIIeHHST PEMOHTONPUAATHOCTI My(PT EHEPreTHYHUX YCTaHOBOK 3ac00iB
TPaHCHOPTY 3aCTOCYBaHHIM KaHATHHX MPYKHUX €JIEMEHTIB.

B. O. Ilpoyenxo, O. IO. Knemenmvesa 2 140
[IpoexTyBaHHS PO3rOPTHUX MOBEPXOHD JeTanel cKiIaaHoi GopMH.
C. C. Tuwenxo, A. B. Kpacuwk, T. B. Yavuenko, A. C. Illepbak 2 148

ExcriepuMeHTaNbHI AOCTIHKSHAS JUHAMIKH BiIIIEHTPOBOI JTHUBAPHOI MAIIIHA JJIS

BHPOOHUIITBA TPOKATHUX BAJIKiB.

I1. I". Anogpics 3 112
CriBBiTHOIIEHHS MiXK )KOPCTKICHIMHU BTPAaTaMH Ta BTPATaMU B ITiAIIAITHAKAX

KaHaTHUX OJIOKiB.

B. M. bocomas, JI. M. bonoapenxo, M. B. Ouepemmniox, O. O. Tkauog 4 71
BB nonareBux Ta mpoQiibHUX XapaKTEPUCTHUK HA TiAPOAMHAMIUHY €()eKTHBHICTD

rpeOHIX TBHUHTIB.

0. M. Kopons, O. H. Kopueniok 4 80
Bu3HaueHHs €KBIBaJCHTHOrO Ta ONITUMAJILHOTO JIiaMETPiB KOHIYHO-IIIHAPHUIHOTO

HAKOHEYHMKA 3 BUCTYNIAMH JIISI IPOKOJIIOBAHHS IPYHTY.

C. B. Kpaseyw, O. I1. Ilocmimioxa, B. M. Cynones 4 89
[pyxHa HeniHIlHA TUHAMIKA PyXY CYNOpTa KapycelbHOro BepcTaTa sl 0OpoOKH

CYIIBHOKATaHUX 3JTI3HUYHUX KOJIIC.

P. II. lloepebnsax 4 98

IIpoMuc/ioBHii TPAHCIOPT

InTencndikarist TEIIO0OMiHY Y BUCOKOTEMITEPATYPHOMY KHUILUITYOMY IIapi.
A. O. Peowvko, 1. O. Pedvko 5 79

Pyxomuii ckiaj i Tsira noi3ais

Y nockoHalleHHsT HeCy40i KOHCTPYKIIii BaroHa-TaTpOpPMHU JUIS TiBUIIICHHS
e(eKTUBHOCTI KOHTEHHEPHUX MEPEBE3EHb.

A. O. Jloscvka 1 167
MitHicTh OiYHOT paMU TPHOXEIEMEHTHOTO Bi3Ka.
0. A. Hluxynos 1 183

Po3nozinene 30BHINITHE TOBEPXHEBE 3MIiI[THEHHS] BATOHHUX KOHCTPYKIIIH METOJJOM
HaBUBAHHSI.

O. B. ®omin, A. A. Cmeywvko, B. €. Ocomax 2 156
Bubip KOHCTPYKTHBHUX DIllIeHb €JIEMEHTIB BArOHIB 13 MaJIOI0 Macoio TapH.

10. I1. boponenxo, 1. O. @ininosa 3 121
Oco0MHMBOCTI KOHCTPYKIIii XOJ0OBUX YACTHH TATOBOTO PYXOMOTO CKJIATYy.

C. B. Mamnin, O. Jlynic, JI. O. Heoyaca 3 130

ExcrniepimeHTanbHa OIiHKa CIIEKTPIB YIAPHOTO BIATYKY PYXOMOTO CKJIAY.
O. B. Tpemvbsxkos, O. O. Tpemvaxos, M. B. 3imaxoea, A. A. [lempoe 3 147

141



Noe

Ha3zga crarri - TOD.
KypHATY

Crioco0u ynpaBiiHHS IHEPTHICTIO ONaJICHHS.
E. B. Binowuyskuii 4 106
Teoperuunuii 6a3rc mapaMeTpUIHOTO CHHTE3Y HECYUHX CUCTEM BaroHiB.
O. B. ©omin, O. M. I'opobuenxo, H. C. Kouewrxosa, B. B. Kosanenko 4 117
Monenb migBiNTyBaHHS MarHiTOJIEBITYIOUOTO MOT3/1a.
B. O. llonaxos, M. M. Xauanypioze 5 91
MeTtoauka no0yA0BU JMHAMIYHOI MOJIENI PyXy 0araTOMacOBHX CHCTEM.
O. I'. Peiioemeiicmep, B. O. Karawnux, O. A. [llukyros 5 99

BusHaueHHs HABaHTa)XEHOCTI KOHTEHHEPIB y CKIa/li KOMOIHOBAaHUX MOT3/1B MIPH

nepeBe3eHHi 3aTi3HNYHIM TOPOMOM.

A. O. Jloscvka 6 49
3aneXHICTh BEIMUNHHI 3HOCY MAPH TEPTS «I1 ITHUK — M ATHAK» BiJ IPOOiry

BaHTAXXHOTO BaroHa.

JI. A. Mypaosn, /]. O. I[looocvonos, B. FO. [llanowmnux 6 61
BrockoHaneHHs MATEeMAaTUYIHUX MOJIETICH ISl OI[IHKH JHHAMIKY MM013/1a.
JI. B. ¥Ypcynax, A. O. Llseys 6 70

TpancnopTHe OyAiBHMITBO

HocaimxeHns nedopMariiiHux XapakTepUCTHK IPYHTOBOTO MaTepiany 3

BUKOPUCTAHHAM BiJXOJIB.

JI. B. Tpuxos, B. 0. Casuyx 2 166
HedopmariiiHo-HanpyXeHUH cTaH By3J1a IIOBEPXOBOr0 CHOIyYEHHs 0aoK Mpoi3Hoi

YACTUHH 3aJTI3HHYHOTO MOCTA.

C. B. Kntounux 3 160
BusHaueHHs Ta paH)KyBaHHS OpraHi3alifHO-TEXHOJIOTIYHNX YHHHHKIB, 10

00yMOBJIIOIOTH PaIliOHATBHI PIIIEHHS 3’ €THAHHS apMaTypH.

A. B. Paokesuu, A. M. Hemeca 3 171
[ToGynoBa MpoMixKHOT ONIOPU MOCTA SIK TApaMETPUIHOTO 00’ €KTa 3a TOTIOMOT OO

Autodesk Revit.

K. I I'naoka, H. I1. Bouaposa 4 129
JluHaMmika pO3BHUTKY, CYTHICTb Ta raly3b 3aCTOCYBaHHS IPOCTOPOBHX CTPYKTYPHO-

BaHTOBHX CTaJIC3a1i1300€ TOHHIUX KOHCTPYKIIIH.

I M. I'aciu 5 107
B3aemoisi rpyHTOIIEMEHTHUX MalbOBUX MIAMNIPHAX KOHCTPYKIIIH 13 TIIIOM 3CYyBY.
. 1O. Ienamenxo, B. /. Ilempenxo, A.JI. Tromobkin 5 115

JluHaMivHa MMOBEAIHKA IBYIPOTOHOBUAX HEPO3PI3HUX 3aI1i300€TOHUX MPOTOHIB TTiJT

BILUTMBOM PYXY IIBUIKICHHUX TIOT3IiB.

O. I'. Mapuniuenxo 5 124
Oco06aMBOCTI MPOEKTYBaHHA KOMOIHOBaHMX apOYHHUX MOCTIB 13 THYYKUMHU HOXHIMMU

MHiIBICKAMU.

B. O. Camoceam, Yoican Pounun, O. O. ['ononobosa, C. IO. Bypsax 5 131
JocnigkeHHs T1IpaBIiuHOro BIUTUBY HAa TEXHOJIOT1YHY CTIHKICTh METPOTYHEIIO

MUIKOTO 3aKJIaIaHHs] B HAMUBHHX MacHBax.

C. M. Cmosnnux, A. JI. I'an, €. A. 3acopyuixo, JI. B. Illatioeyvka 5 141
Oco0MBOCTI 30J1U TEIJIOBUX CJICKTPOCTAHIIIN K 3alIOBHIOBAYA JUIsl OCTOHIB.
M. A. Cmopoacyx, T. M. Ilasnenko, A. P. Abbacosa 5 149

JocaimKkeHHs] BAKOPUCTAaHHS TUIACTUKOBUX BiAXO/IB K TOOABKH I OiTyMHa OETOHY
3 BUKOPUCTAHHSM MOKPOTI'O IPOIIECY 3MIIITyBaHHS.

A. B. Tieapi, .P.M. Pao 6 83
Touku Ha moBepxHi cdhepu.

O. C. anunosa, A. C. lllepbax, A. B. Kpacniok 6 93
IHHOBALIIHI TEXHOIOTIT A1 TUIOBOIO 3a0€e3IeYeHHs BINChK.

C. B. Mamuin, FO. B. Keban, O. I1. Cegepun, C. O. Axosnes, O. 1. lllanmana 6 102

142



. Ne
Ha3ga cratTi
KypHAITY

JocnigkeHHs BIUIMBY TPYHTOLIEMEHTHHX €JIEMEHTIB MPH YKPITUIEHH] MOJIeNi
3eMJITHOTO TIOJIOTHA B JJAOOPATOPHHUX YMOBAX.
B. JI. Ilempenxo, O. JI. Tiomokin, 1. O. Ceamxo 6
I3 mocBimy mpoBeneHHs MOPIBHSUIBHUX BUIIPOOYBAaHb JIECOBUX IPYHTIB PYYHUMH
TUHAMIYHUMH 30HJaMH PI3HOMaHITHUX KOHCTPYKITiH.

A B. Vavsanos 6
Po3BuUTOK BHIIIOT INKOJIH

[ligBumIeHHS HAYKOBOTO PiBHS iH)KEHEPHOI MiATOTOBKH (haxiBIIiB 3aJII3HHYHOTO

TPaHCIIOPTY.
A. Kanieooa, JI. O. Heoyorca 6

Crop.

112

120

128

143



Temaruueckuii ykazarens )xypHana «Hayka ta mporpec TpaHcnopry.
BicHuk /IHImpOneTpoBChKOro HAI[IOHATBLHOTO YHIBEPCUTETY 3aJI13HUYHOTO
TpaHCTIOPTY iMeH] akaaemika B. Jlazapsuay 3a 2017 ron

Howmep

Hazpanue ctatbu Crp.
KYpH.
3HaMeHaTe/IbHbIE COOBITHS
TpancnopTHOH akafgeMuu YKpauHbl — 25 neT 2 7
ABTOMATH3HPOBAHHBbIE CHCTEMBbI YIIPABJICHHUS HA TPAHCIIOPTE
[Tpumenenune npeodpazoBanus Oypbe U BelBIeT-peodpazoBaHus 1 Aemudpannu
koma AJICH.
O. A. T'ononobosa, B. U. I'aspuniox 1 7
HUccnenoBanue pactpocTpaHeH!s TOTEHLUATIOB BIOIb PEIbCOB.
E. U wyyx 4 7

JKO0JIOTHSI HA TPAHCIIOPTE

PacueTr TUHAMUKH 3arpsi3HEHUS TPUMATUCTPATbHON TEPPUTOPUH TIPH MEPEBO3KE YTJISL.

H. H. benses, M. O. Onaouno 1 18
CHIKEHMEe UHTEHCUBHOCTH YHOCA YTOJIBLHOM MBLUTH ITyTEM HCIOIh30BaHUS

CIENHATFHOTO PAaCTBOPA.

H. H. benses, A. A. Kapno, 3. H. Axybosckas 2 8
IMoacucrema Mojenei SKOIOrMYECKOr0 MOHUTOPHHTA TSl OLCHKH COCTOSIHUS

aTMoc(hepHOTo BO3ayXa.

C. 3. llonuwyx, B. FO. Kacnuiiyesa 2 16
YucneHHoe MOICTTHPOBAHIE 3arPs3HEHUS BO3/IyXa B Clydae BHE3AITHOTO BEIOpOCca

aMMHaKa.

JI. B. Amenuna, H. H. Benses 3 7
ITporHo3 3arps3HeHust aTMOC(HEPHOTO BO3IyXa BEIOPOCAMHU aBTOTPAHCIIOPTA C YUETOM

XUMHUYECKOH TpaHCHOpMAIMK BPEIHBIX BEIIECTB.

H. H. benses, E. C. Cnasunckas, P. B. Kupuuenxo 3 15
CHMXCHHE KOHIICHTPAIIMKM aMMHaKa B aTMOCc(epe IpU €ro BHE3aHONH 3MUCCHUU.

JI. B. Amenuna, H. H. benses, I[1. b. Mawuxuna 4 16
UrcneHHOE MOJIeTMPOBaHUE PACIPOCTPAHEHHS 3arPSA3HEHUS Ha TOPOJICKOH YIHIIe.

H. H. benses, O. C. Cnasunckas, P. B. Kupuuenko 4 23
Bognsle peannu B YkpanHe 1 MUpE.

JI @. Jlonuna, I1. b. Mawuxuna, A. A. Kapno, A. A. Muwenko 5 7

9KOHOMMKA U yYipasBJicHUE

OKOHOMHKO-TIPaBOBOE 000CHOBAHNE MHBECTULIUH B Pa3BUTHE TPAHCIIOPTHON

UH(PaCTPYKTYypBHI.

B. B. JKenesnax 1 27
PedopmupoBanue u pecTpykTypHu3auus Y Kp3alu3HbILU: KIIOUEBOE 3a1aHUE IS

YKParHCKUX pedopMaTopoB.

P. [Tummman 1 34
Hcnonb3oBaHue pernoHaIbHBIX BO30OOHOBIISIEMBIX OMOPECYPCOB ISt paOOTHI CHCTEMBI

TETIIOCHA0KEHUSL.

A. H. [wunvro, B. A. I'abpuney, B. I'. Kysueyog 1 51
AHaIm3 UCIoIb30BaHUS METOJIOB IIPUHSTHS PEIICHH B IPOSKTHOM MEHE/KMEHTE.
U. B. Tpugonos, U. A. Kopxuna 1 63

[IpencraBnenue camoit MomHOM xene3Hoi goporu EC u moanepkka ee paboThI ¢
IIOMOII[bI0 YKOHOMHYECKOI'O aHaIn3a.
b. @apxac 2 25

144



Howmep
KYPH.

Ha3Banwne cratben

Pa3BuTHE CHCTEMBI IEPEBO3KH I'PY30B M0 aBTOMOOHIIBHOM JI0OPOTe Ha OCHOBE
MPUHIIUIIOB JIOTUCTHUKH.
U. M. I]apenkosa 5

JKCNJIyaTanus 4 PeMOHT CPe/ICTB TPAHCIIOPTA

dopmanuzanus napameTpa HapsHKCHHOCTU ACSITSIbHOCTH MalIMHUCTA JIOKOMOTHBA

Ha OCHOBE 3PrOHOMUYECKON MOJICIH.

A. H. I'opobuenko, A. O. Aumonosuy 1
[oBrIIIeHTIE MEKXPEMOHTHOTO pECypca TENIEXKEK TPY30BhIX BaroHOB. Moienb

TEOMETPHU U3HOCA TIOJIIIATHHKA.

JI. A. Mypaosmn, /]. A. Ilooocenos 1
[lepcriekTHBEI yIydIIeHUs] TEXHIYECKOTO COCTOSHUS BATOHHOTO TTapKa Ha JKEJIe3HBIX

JI0porax Y KpauHbl.

E. B. Ilonomapenxo 1
Br160p onTHMAaNIBHBIX TApaMETPOB U3MEPEHHS YaCTOTHI BPAIIICHHS BaJia

THUAPABIMYECKON Tepeiavr TeIIOBO3a C HCIIOIh30BaHHEM MUKPOKOHTPOJIIEpa.

U. B. XKyxosuyxuti, 4. A. Kmownux 2
MeTouKa CO3/TaHUS HHTEIUIEKTYalTbHBIX aBTOMATH3UPOBAHHBIX CUCTEM YIIPABICHUS
JIOCTaBKOM I'Py30B Ha JKEJE3HOH nopore.

A. Y. Kupuyenxo 2
Co3nanue SKCIIOPTHO-OPUEHTUPOBAHHON CETH 3JIEBATOPOB B Y KpauHe.

. H. Kozauenko, P. B. Bepnueopa, P. I1l. Pycmamos 2
[IpoGiieMbl opraHu3aIyy MacCAKUPCKUX MEPEBO30K Ha xkelle3HbIX goporax CLIA.

P. I". Kopobvesa 2
OneHKka ypOBHSI COOTBETCTBHSI JOKOMOTHBOPEMOHTHOT'O IPOU3BOJICTBA.

0. H. Jlayyn 3
Onpenenenne paMHOU cuiibl AekTpoBo3a BJIS0 npu nBMKeHNH Ha KPUBBIX Y4acTKax

MyTH.

A. A Kyzviuun 3

MoenupoBaHue IPOIECCOB HAKOIJICHHS BArOHOB JIJISl PEIICHUS 33]1a4 OTICPATHBHOTO
IJIAHUPOBAHUS B YCJIOBHUAX HEONPECIICHHOCTH UCXOTHOW HH(OPMAIIHH.

0. A. Tepewenxo 3
OnpeneieHue TOMYCTUMON CKOPOCTH JIBHIKSHHMSI ITO€3/1a C PUHYTUTEIIbHBIM

HAKJIOHOM Ky30Ba B KPUBBIX Y4acTKax ITyTH.

M. U. Kanuya, /1. B. Boowvipys, A. E. Jlecsk 4
HUccnenoBanns sHEprooOMEHHBIX MTPOIIECCOB MPH IMTATHBIX YCIOBUAX SKCILTyaTaI[HH
MOJIBUYKHOTO COCTaBa METPOIIOJIUTEHA C CUCTEMaMHU PEKyIepalliu.

A. A. Cynum, C. A. Myosicuuyx, 1. A. Xosza, A. A. Menvnuk, B. B. @edopos 5
[lepcriekTHBBI UCTIONB30BaHUS YaCTHBIX JIOKOMOTHBOB JJIsI IEPEBO3KH I'PY30B B

HaIPaBJICHUH MOPCKHUX TIOPTOB.

/. H. Kozauenxo, A. b. Ouxacos, A. I1. Illenomenxo, n. M. Cannuyxuii 6
[TocTpoenue Mexannueckoi Moaenu Barona ausens-noesga JIIKp-2 u ee

0COOEHHOCTH.

A. A Kyzvuuun, A. B. Bamue 6
Pacmmpenue nieneii mpakTHYECKOTO MMPUMEHEHHUS TEXHIUECKOTO ayAnTa Ha

MPENMPHUSITHSAX JKEIE3HOJOPOKHOTO TPAHCTIOPTA.

A. M. Oxopoxos, M. A. bynax 6

DJIEKTPHYECKHH TPAHCIIOPT
Br100op panroHanbHBIX MapaMeTpOB HOMUHAJIBHOTO PEKUMA SJIEKTPOBO30B.
I K. I'emoman, C. JI. Mapuxyya 1
AnnpoKcUMaIysi yHUBEPCAIbHOW MarHUTHOW XapaKTEPUCTHKH JJIs1 MOAEIMPOBAHUS

TATOBBIX JIEKTPUYECKUX MAIIIKH.
A. E. Jlpybeyxuii 1

Crp.

19

70

79

88

36

46
56
71

23

32

45

29

28

20

30

96

106
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Ha3Banwne cratben

BrusiHue HaxxaTHst KOHTAKTOB KOHTAKTOPOB B CHIIOBBIX IIETISIX DJIEKTPOITOABIKHOTO
COCTaBa Ha X IJIACTHYECKYIO Je(hOPMAIIHIO U IIJIaBIICHUE.

A. FO. Banuituyk, JI. B. /[youney, O. JI. Mapenuu, JI. B. Ycmumenko

Br16op parnuoHanbHEIX TapaMeTPOB HOMUHAIIBHOTO PEKHAMA 3IIEKTPOMOE3/I0B C
ACHHXPOHHBIM TATOBBIM ITPHBOOM.

I K. I'emoman, C. JI. Mapukyya

Pacyer MarHUTHBIX XapaKTEPUCTHUK TATOBOTO 3JICKTPOABUTATEIIS C IIOMOIILIO
YCOBEPILEHCTBOBAHHON YHUBEPCAJIbHON MATHUTHOM XapaKTEPUCTUKHU.

A. E. llpybeyxuii

Cucrema aBTOMaTH3MPOBAHHOTO BBIOOPA CKOPOCTHOTO PEIKUMA JIBHIKEHUS CPEJICTB
AIEKTPOTPAHCIIOPTA C METHI0 YMEHBIICHUS PAcX0/a dJIEKTPOIHEPTUH.

K. A. Copoxa, T. I1. Ilasnenxo, /I. A. Jlb1uog

[NoBwimenue 3¢ heKTUBHOCTH pabOTHI AIEKTPONPUBO/IA IIOCTOSTHHOTO TOKA HA OCHOBE
WCIIOJIb30BaHUS CYIIEPKOHICHCATOPHBIX HAKOITUTEIICH IICKTPO3HEPTUH.

A. H. Myxa, H. A. Kocmun, E. A. Kypunenxo, I'. B. L{unns

7Ke1e3H010pOKHBIHA NYTH

[Iporno3upoBanue naccaxUpPCKUX MEPEBO30K IIPU BHEIPEHUH BEICOKOCKOPOCTHOT'O
JBIDKEHHS TTOE3/I0B.

H. b. Kypean, /]. H. Kypean

O noBepXHOCTHOM pa3pyIIEHNH TOJIOBOK JKEIE3HOJOPOKHBIX PEIHCOB.

A. I Jayviwun, I'. 11. Mapuenxo, A. IO. [nazoe

VY4er a’poAHaMUYECKOT0 BO3IEHCTBUS MPH YCTAHOBJICHUH MaKCHMAaJbHO-
JIOITYCTUMBIX CKOPOCTEN JBMKEHUS BBICOKOCKOPOCTHOT'O TI0€3/1a.

C. T. [xcabbapos

[IpencraBneHue xeae3HOAOPOKHOTO ITYTH B MATEMATUYECKON MOJEITHN
JBUKEHUS DKUITAKEN.

H. b. Kypean, /1. H. Kypean

I/IH(l)OpMallHOHHO-KOMMyHI/IKaHI/IOHHbIe TEXHOJIOI'HHN
H MaTeMaTH4Y€CKO€¢ MOJIC/IMPOBaAHHUE

[Tpo6nembl BEISIBICHHS TUIaTHATa U aHAINW3 HHCTPYMEHTAILHOTO IIPOTPaMMHOTO
o0ecriedeHust U1 UX PELICHUs.

B. U. Hlunkapenxo, E. C. Kyponamuux

MopenupoBaHue EPEXOHON KPUBOM Ha OTPAHUYEHHOM y4aCTKE MECTHOCTH.
B. JI. bopucenxo, C. A. Ycmenko

Cucrema noaepKKA akaAeMHYECKOW YECTHOCTH AJIl YKPAUHCKUX YHHBEPCUTETOB.
B. I'. lepcmiox, M. B. >Kapuxosa

CueHapHO-TIpelieICHTHBII MOX0/1 K YIPaBJICHUIO TeTepOreHHBIM aHcamOieM
JUHAMHYECKUX OOBEKTOB.

B. I'. llepcmiox, U. B. Coxon, E. H. Tapacenxo

Martemaruyeckasi MOZEIb 7S ONPEIENIeHUs TToKa3aTeNeil TATOBO-TPAaHCIIOPTHBIX
CPEACTB.

A. @. I'onoguyx

Cosnanue IT-opreHTHPOBAHHOTO OHTOJIOTHYECKOTO (peHMBOpPKA JUIS eI
(dopmupoBaHus 00pa30BaTEIbHBIX TPOrPaMM Ha OCHOBE KOMIIETEHTHOCTEH.

I M. Kopomenxo, JI. M. Kopomenxo, A. T. Xapo

MarepuanoBeaeHue

Oco0eHHOCTH MUKPOCTPYKTYPBI XpPOMO-HHUKEJIEBOT'O IOKPBITHS, HAIUIABIEHHOTO
nopoikoBoii nentoi IIJI AH-111 ¢ 50 % nepexprituem.
A. I'. Benux, b. B. E¢ppemenxo, C. JI. Maxypos

KoM1o3uiroHHoe UMITyJIbCHO-TIJIa3MEHHOE OKPhITHE «cTaib P18/ayryn 230X2813».

0. I'. Yabax, T. B. Ilacmyxosa, B. I'. E¢ppemenxo, U. A. Baxyrenxo, . A. Bonocenko
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BiusiHre XUMHUYECKOTO COCTaBa uyryHa Ha MexdasHoe pacmpeaenerue Cr mocie
omxkura ipu 690 °C.
B. B. Hempeoko, U. 11. Boruox 4 60
BiusiHre CTPYKTYpPHBIX MapaMeTPOB HU3KOYTJICPOIUCTOM CTaIM Ha TOPCHUE
AIEKTPUUECKON TyTH.
U. A. Baxynenxo, C. A. [lnumuenro, H. I'. Mypawosa 5 71

HerpaguumoHHbIe BUIBI TPAHCIIOPTA.
MammuHBI H MeXaHU3MBI
KadecTBeHHBIH aHATH3 3aBUCHMOCTH MOIITHOCTH TIPUBO/IA ICHTOYHOTO
TOPH30HTAIBHO-HAKIOHHOTO KOHBEWepa OT ero HCXOIHBIX ITapaMeTPOB.
B. H. boeomas, H. B. bopenko, U. B. Heuaii, A. I1. Cesepun 1 143
Omnpenenenne KOHCTPYKTHBHBIX TTAPAMETPOB MAPHHUPHO-COUTICHEHHBIX CTPETOBBIX
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B. B. Cyenobos, E. B. Tkauyk 1 156
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B. U. [lvipoa, IO. H. Osuapenxo, C. B. Paxwa, A. A. Yepruii 2 131
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TpaHCIoOpTa NPUMEHEHHEM KaHATHBIX YIPYTUX IEMEHTOB.
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OKCIepUMEHTaIbHBIC HCCIICIOBAHMS TUHAMHUKY HIEHTPOOCKHON JIUTEHHON MallluHbI

JUTS TIPOM3BOICTBA MTPOKATHBIX BAJIKOB.

1. I". Anogpues 3 112
COOTHOIIEHUS MEXKAY KECTKOCTHBIMU ITOTEPSIMHU M MTOTEPSIMU B MOAITHUITHUKAX

KaHATHEBIX OJIOKOB.

B. H. boeomas, JI. H. Borndapenxo, M. B. Ouepemniok, A. A. Tkauog 4 71
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C. B. Kpasey, A. II. I[locmumioxa, B. H. Cynonesg 4 89
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P. I1. Hoepebnsx 4 98

IIpoMBINLIEHHBIH TPAHCIIOPT

NuTtencudukaiiys TerooOMeHa B BHICOKOTEMIICPATYPHOM KHUIISIIEM CIIOE.
A. A. Peovko, . A. Peovko 5 79

IMoaBHKHOM COCTAB KeJIE3HBIX I0POI M TArA M0e310B
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A. A. Jlosckas 1 167
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0. A. Hluxynos 1 183
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METOJA0M HaBHBKHMH.

O. B. ®omun, A. A. Cmeyxo, B. E. Ocomax 2 156
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10. I1. boponenxo, U. O. Qununnosa 3 121
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C. B. Mamaun, O. Jlynuc, JI. A. Hedyorcas 3 130
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A. B. Tpemosixos, O. A. Tpemwvsikos, M. B. 3umaxosa, A. A. [lempos

Crioco0bl yrpaByieHUs MHEPTHOCTHIO OTOTLICHMUSL.

3. B. benowuyxuti

Teoperudeckuii 6a3rc mapaMeTpuIeckoro CHHTE3a HECYIMX CHCTEM BaroHOB.

A. B. ©omun, A. H. I'opobuenxo, H. C. Kouewxosa, B. B. Kosanenxo

Mojienb MoABEIIUBAHMS MarHUTOJICBUTUPYIOIIECTO MTOE3/1a.

B. A. lonaxos, H. M. Xauanypuose

MeTouKa IOCTPOCHHS TUHAMHYECKOW MOJICTH IBUKCHUS MHOTOMACCOBOW CUCTEMBI.
A. I'. Peiioemeticmep, B. A. Kanawnux, A. A. [luxynos
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CoBeplIIeHCTBOBAaHUE MaTEMATHUECKUX MOJICIICH [T OLICHKY TUHAMMKH TT0€3/1a.

JI. B. Vpcynax, A. A. Llgey

TpaHcnOPTHOE CTPOUTEIBCTBO

Hccnenopanre neopMamOHHBIX XapaKTEPUCTUK TPYHTOBBIX MAaTEPUAIOB C
HCIOJB30BAHUEM OTXOOB.

JI. B. Tpukos, B. 0. Caguyx
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C. B. Kniounux

OnpefeneHre U paHKUPOBAaHUE OPraHU3aIl[MOHHO-TEXHOJIOTHYECKUX (haKTOPOB,
00yCJIOBJIMBAIOIIUX PALIMOHAIBLHBIC PEIICHUS COCTUHCHUS apPMATYyPhI.

A. B. Paokesuu, A. H. Hemeca

[MocTpoeHne MPOMEKyTOUHON OMOPBI MOCTA KaK apaMeTpUIeckoro 00bheKTa ¢
nomorIsio Autodesk Revit.

K. U I'maokas, H. I1. bouaposa

JluHaAMUKa Pa3BUTHUSA, CYITHOCTh U 00JIaCTh IPUMEHEHHS TPOCTPAHCTBEHHBIX
CTPYKTYPHO-BAHTOBBIX CTaJICKEJIe300€TOHHBIX KOHCTPYKIIHHA.

I M. TIacuii

B3auMoieiicTBHE IPyHTONIEMEHTHBIX CBAHBIX TOAMOPHBIX KOHCTPYKIHIA C TEIOM
OIIOJI3HSL.

. 1O. Uenamenxo, B. []. Ilempenxo, A. JI. Tromvrun

JlnHaMuyeckoe MoBeIeHNE IBYXITPOIETHRIX HEPa3PE3HBIX JKEIe300€TOHHBIX MPOJIETOB
[P BO3JACHCTBHM CKOPOCTHBIX ITOE3/I0B.

A. I'. Mapunuuenko

Oco0EHHOCTH MPOSKTHPOBAHUST KOMOMHUPOBAHHBIX APOYHBIX MOCTOB C THOKUMU
HAaKJIOHHBIMH IIOIBECKAMHU.

B. A. Camoceam, Yowcan Ponnun, O. A. I'ononobdosa, C. FO. bypsk
HccnenoBanus TuIpaBInIeCKOrO BIMSHUS HA TEXHOJIOTHUSCKYIO YCTOMYHUBOCTh
METPOTOHHEJIS MEJTKOTO 3aJI0)KCHHSI B HAMBIBHBIX MacCHBAX.

C. M. Cmosnuux, A. JI. I'an, E. A. 3azopytixo, JI. B. Illatioeykas

OcoOEHHOCTH 30JTbI TEIUIOBBIX JICKTPOCTAHIIMHN KaK 3allOJHUTENS 1Jis OCTOHOB.
H. A. Cmopoorcyx, T. M. [lasnenxo, A. P. Abbacosa

HccnenoBanue HCIIONB30BAHUS IUIACTHKOBBIX OTXONOB B KauecTBe HOOaBKH VIS
OUTYMHOI0 OETOHA MPHU MPUMEHEHHHA MOKPOT'0 TIPOIIeCcca CMEIINBAHUS.

A. B. Tusapu, U.P.M. Pao

ToukH Ha MOBEPXHOCTH cHEpHI.

0. C. Jlanunosa, A. C. llepbax, A. B. KpacHiox
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HMHHOBallMOHHBIE TEXHOJOIMU THIJIOBOTO 00ECIIEYEHMS BOKCK.

C. B. Mamaun, FO. B. Keban, A. I1. Cesepun, C. A. Axosnes, A. U. lllanmana
HccnenoBanre BIUSHUS TPYHTOIIEMEHTHBIX D3JIEMEHTOB NPHU YKPEIUICHHUH MOICITU
3eMJISTHOTO TTOJIOTHA B JIA0OPATOPHBIX YCIOBHSIX.

B. JI. [lempenxo, A. JI. Tiomoxun, U. A. Ceamxo

W3 ombiTa TpoOBENCHUS CPaBHUTEIBHBIX HWCIBITAHUHA JIGCCOBBIX TPYHTOB PYYHBIMHU
JTUHAMHYECKUMU 30HaMH Pa3HOOOPA3HBIX KOHCTPYKIIIH.

A. B. Yavsanos

Pa3BurHe Boicuiel NIKOJIBI

[ToBbIllIeHHE YPOBHS HMH)XEHEPHOW IMOATOTOBKU CIEIHAIHUCTOB JKEIE3HOIOPOKHOTO
TPaHCIOPTA.
A. Kanueooa, JI. A. Hedyacasn
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M. B. Kurhan, D. M. Kurhan 1 117
On surface fracture of rail heads.

O. P. Datsyshyn, H. P. Marchenko, A. Y. Glazov 4 41
Consideration of aerodynamic impact in setting the maximum permissible speeds of high-

speed train.

S. T. Djabbarov 5 61
Railway track representation in mathematical model of vehicles movement.

M. B. Kurhan, D. M. Kurhan 6 40
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V. D. Borisenko, S. A. Ustenko 2 92
Academic integrity support system for Ukranian universities.

V. G. Sherstjuk, M. V. Zharikova 2 101
Scenario-case approach to the control of heterogeneous ensembles of dynemic objects.

V. G. Sherstjuk, I. V. Sokol, E. N. Tarasenko 2 110
Mathematical model for determining the indicators of tractive vehicles.
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A. G. Belik, B. V. Efremenko, S. L. Makurov 2 120
Composite impulsed-plasma coating «steel T1/cast iron Cr28mn3».
Y. G. Chabak, T. V. Pastukhova, V. G. Efremenko, I. O. Vakulenko, I. A. Volosenko 3 102

Influence of the cast iron’s chemical composition on the interphase distribution of Cr
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Enhancing the scientific level of engineering training of railway transport professionals.
J. Kalivoda, L. O. Neduzha

154

Journal
number

Page

166

160

171

129

107

115

124

131

141

149

83
93

102

112

120

128



3MICT

EKCIUVIYATALIIA TA PEMOHT 34CObIB
TPAHCIHIOPTY

J. M. KO3AYEHKO, O. b. O4YKACOB,

A. IL. LIEIIOTEHKO, H. M. CAHHULIbKHI
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