VYKpaiHChKUI IepKaBHUW YHIBEPCUTET 3a13HUYHOTO TPAHCIOPTY

MiHICTEPCTBO OCBITH 1 HAYKH Y KpaiHU

KBamidikamiiina HaykoBa

mpais Ha rpaBax pyKOIUCY
benikoB Exyapn AnatomniiioBud

VJIK 625.143.51
JTIMCEPTALIS

OCOBJIMBOCTI POBOTHU ITPOMDKHUX CKPITIJIEHB
THWIIIB TPEII TA TPEII-1II B YMOBAX KOJIII
HE3AI'AJIBHOI'O KOPUCTYBAHHA

05.22.06 — 3ami3zHrYHA KOIis

27 — Tpancnopt
[TomaeThest HAa 3M00YTTSI HAYKOBOT'O CTYIICHS KaHAM/IaTa TEXHIYHUX HAYK

JlucepTaltis MICTUTbh PE3YIbTAaTH BIIACHUX JOCIIHKeHb. BUKOpucTaHHs 11e#,

PE3YIBTATIB 1 TEKCTIB IHIINX aBTOPIB MAlOTh MOCHIIAHHS Ha BiMOBITHE HKEPEIIO

%/w/ E.A.BemnikoB
A

HayxoBuii kepiBHUK

|I[apeHCLKHI7I Onekcanap MukonaitoBuy

JIOKTOP TEXHIYHHUX HAYK,

npodecop

Xapkis — 2019



AHOTALIA

benikoB E.A. — OcobnuBocTti poOotu npomikuux ckpimienb tunis TPEII Tta
TPEII-III B ymoBax Kol He3araJibHOro KopuctyBaHHs. — KBamigikaiiiiHa HaykoBa
npais Ha MpaBax pyKOTMHCY.

Hucepratiis Ha 3100yTTsI HAYKOBOTO CTYNEHs KaHIUJaTa TEXHIYHUX HayK (I0KTOpa
dinocodii) 3a crnemianbHicTiIO 05.22.06 — 3amizHuUYHa Kojaist (27 — TpaHCHoOpT). —
VYkpaiHCcbKkuil 1epaBHUN YHIBEPCUTET 3aJ13HUYHOTO TpaHCHopTy, Xapkis, 2019.

JlucepTarlisi MpHUCBSIYEHA  EKCIEPUMEHTATbHO—TCOPETHYHUM  JTOCIIIKEHHIM
HanpykeHO—e(hOPMOBAHOTO CTAaHY MiJPEHKOBOi OCHOBH 3 MPOMDKHMMHU PEHKOBUMH
ckpiruieHHssMu TuniB TPEIT ta TPEII-1II 3 ypaxyBaHHsIM cuil B3a€EMO/IIi CHIEI1aTBHOTO Ta
CIIeIIali30BaHOTO0 PYXOMOTO CKJaay Ta 3ali3HUYHOT KOJIii B yMOBax 3aji3HUIlb
He3arajlbHOTO KOPUCTYBAHHSI.

3micT aucepramii. ¥ BeTymi InpejicTaBieHa 3arajbHa XapakTepHCTHKa poOOTH,
HABEJICHO aKTYyaJIbHICTh, 3B'SI30K 3 HAYKOBUMU TeMaMu, CHOPMYITHOBAHO METY Ta 3aJa4u
JOCIIKeHb, ONMMCAHO MPAaKTUYHE 3HAYCHHSI pOOOTH Ta HAYKOBAa HOBU3HA.

Y nepmiomy Ppo3gijii BUKOHAHO aHali3 TEXHIYHUX Ta EKCIUTyaTaliiHuX
XapaKTepUCTUK  KOJIA  He3aralbHOro  KOpPUCTyBaHHS  Ykpainu.  Hasenmeno
XapaKTePUCTUKU KOHCTPYKIIM BepXHHOI OYIOBM KOJIi 3ali3HHUIIL HE3arajbHOTO
KOPUCTYBaHHs. PO3risiHYyTO 0COOJIMBOCTI CIIEIIaIbHOTO Ta CIEIiali30BAHOT'0 PYXOMOTO
ckiany. BctanoBieHo, 1110 HaAOLTBIN MOMIUPEHOI0 KOHCTPYKITIEID BEPXHBOT OY0BH KOTIT
3aJII3HUITL HE3araJbHOTO KOPUCTYBAHHS € JIAHKOBA KOJiS Ha 3a11300€TOHHUX IITNaiax 31
ckpiruienasmu tuiry Kb. 3a3nadeno, mo et Tur cKkpiruieHHs, skuii monaa 50 pokiB Tomy
OyB pO3pOOJICHUI 1T YMOB KO MariCTpaJbHUX 3aJIi3HUIb, B 0araTbox BUIAIKaX HE
BIJIMTOBi/Ta€ yMOBaM €KCIUTyaTarlii 3aJIi3HUIb He3araJIbHOrO KOpUCTyBaHHs. Cepel TaKux
YMOB €KCIUTyaTallii CJiJ BKa3aTH Ha BHCOKI OCHOBI HAaBaHTAXKCHHS, IIiJABUIICHY
KOPCTKICTh PECOPHUX KOMIUICKTIB PyXOMOTO CKJIaqy, HasBHICTh 3HAYHOI KITBKOCTI
KPUBHUX MaJIMX PaJ1yCiB, BEJIMKI YXUJIH.

AHani3 CydacHMX BITYM3HSHUX Ta 3aKOPJAOHHUX KOHCTPYKIIA MPOMIKHUX
CKpIIUICHb, SIKI TMPOXOJATH  JOCHIJHO—EKCIEPUMEHTaJbHI  BUIPOOYBaHHA  Ha

MaricTpaJIbHUX 3aTI3HUIIAX, TOKA3aB, 1110 OCHOBHUMHU TEHCHIIISIMHU TTPH KOHCTPYIOBaHHI1
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CYy4YaCHUX CKpIIUIEHb € 3aCTOCYBaHHS NPYKHUX MPUKPIILIIIOBAYIB (KJIEM), BIAMOBA BiJl
pI3bOOBUX CHOJyYeHb, 3aCTOCYBAHHS CYYaCHUX TOJIMEPHHX Ta KOMIIO3UTHHX
MatepiaiiB 11 BATOTOBJIEHHS aMOPTU3YIOUUX Ta €JIEKTPOI30JII0I0YMX €JIEMEHTIB.
3po0JiIeHO BHMCHOBOK, IO HAHOUIBII MNEPCIEKTUBHUMU MJiI YMOB 3allI3HULb
He3arajgbHoro KopuctyBaHHs € ckpimieHHs TumiB TPEIT ta TPEII-IL. 1i ckpineHus €
OJIN3BKUMHU MK COO0I0 KOHCTPYKTUBHO, @ iX €JIE€MEHTH € B3aeMo3aMiHHUMU. OCHOBHA
BIIMIHHICTh — HasBHICTh MeTasieBol miakiaaku y ckpimiendi TPEII-II, mo Oyne
CIPABJIATH TO3MTHBHUN BIUIMB Ha POOOTY MiAPEHKOBOT OCHOBH B YMOBAaX BHCOKHX
OChOBUX HAaBAHTAKCHb.
3a3HayeHoO, 1[0 BHU3HAYEHHS OCOOJMBOCTEH pOOOTH MPOMDKHUX PEHKOBHX
ckpiruieds tuniB TPEIT ta TPETI-1II ayis ymoB 3ai3HUIIb HE3araaibHOTO KOPUCTYBAHHS
€ MOXJIMBUM TUIbKM Ha TIJCTaBl aHali3y CHJI B3a€EMOJII MDK PYXOMHUM CKJIQJOM Ta
KOJIEI0 W aHaji3y HaNpyXEHOTO CTaHy €JIEMEHTIB IMiPEHKOBOi OCHOBHU (CKpIILJICHD,
mmas, 6anacty) npu 3aCTOCYBaHHI TAKUX CKPITUICHb.
AHaNi3 ICHYIOUMX TEOPETUUHUX MOJIeNIel BU3HAUYEHHSI CHJT B3aEMO/II1 PyXOMOTO
CKJIay 1 KOJIii Ta po3paxyHKiB HAMpy>KEHOT'0 CTaHy €JIEMEHTIB KOJIii MoKa3as, 1110 B
OUTBIIIOCTI IMX MOJIEIEH BUKOPUCTAHO PO3PAXYHKOBY CXeMY KOJIii y BUTJISI OaJIOK, 1110
CIIUPAIOTHCS HA CYIUIBHY NMPY>KHY OCHOBY. 3HAYHHI BHECOK B PO3BUTOK TEOPii 3p00IEHO
npodecopamu O.I1. €Epmkosum, €.M. bpomOeprom, I'.M. llaxyusumnom, M.®. Bepiro,
B.A. Jlazapsaom, C.B. Awmemiaum, M.II. CwmupnoBum, M.A. ®pimmanoMm,
B.®. AxosneBum, C.I1. [lepmmanm, B.1. Anreneitkom, O.4. Koranowm, E.I. /laninenkom.
Onnak psix BueHux (nmpodecopu B.D. fAxosnes, K. /1. benux) 3a3Ha4aroTh, M0 IS
YMOB 3aJII3HUIIb HE3aTaAJIbHOTO KOPUCTYBAHHS PO3PaXyHKOBA CXeMa KOJIii K 0anku Ha
CYHUTBHINA TPYKHIN OCHOB1 HAJIMIPHO ieaii3ye Koito, 1l TEXHIYHHN CTaH Ta Ja€
3aHIDKEHI Pe3yIbTaTH.
Tomy Oyso 3po0Je€HO BHCHOBOK, IO JJIsI BU3HAYCHHS OCOOJIMBOCTEH POOOTH
ckpituieds TPEIT Ta TPEII-III B ymoBax 3ami3HUIb HE3arajlbHOTO KOPUCTYBaHHS
JOIUJTFHO  BUKOPHCTOBYBATH KOMIIIEKC MAaTEMAaTHUYHUX MOJENICH MPOCTOPOBOI

JTWHAMIYHOI CUCTEMHU «EKIMaXK—KOJIis1», OCHOBH K01 OyiIu po3pobiieH1 nmpodecopom
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O.M. [HapeHchkuM. Ajie B 1Iei KOMIUIEKC MaTeMaTUYHUX MOJIesiel HE0OX1THO BHECTH

KOpEryBaHH4, sIK1 I03BOJISATH BpaxoByBaTtu poooty ckpirieHs TPEII ta TPEIT-1II B konii.

Y npyromy po3aijii npuBeeHO pe3yabTaTh AOCIIIKEHb BIUTUBY ckpirieHb TPEII

ta TPEII-11I Ha XapakTepuCTUKH MPOCTOPOBOI JKOPCTKOCTI pEHKOBHUX OMOP Ta 3p00IEHO

MIPOTHO3HY OI[IHKY 3MiH IIUX MapaMeTpiB Il Yac eKcIuTyaTallii kosii. Taki ToCTiKEeHHS

Oynu HeoOX1AH1 AJi1 BHECEHHS BIJIMOBIIHUX 3MIH Y MaTeMaTUYHy MOJENb JUHAMIYHOI
CUCTEMHU «EKiMak—periKoBa KOJIisy.

[TpocTopoBi xkopcTkocTi peiikoBux omop 31 ckpirieHHsmu TPEIT ta TPEIT-1II
NpEeCTaBlIeHI, SK CHCTEMH 3 TIOCTINOBHO 1 MapalielbHO CIIOJYYCHUX MKOPCTKOCTEH
NPYXXHUX €JIEMEHTIB, K1 BXOAATH 10 CKJIQAY IMX OIMOP: HAIMAIBHUX 1 MiIPEHKOBUX
NPOKJIAIOK; TPYKHUX KJIEM; dKOPCTKOCTEH CHUCTEMH «IMana—Oanract». B ocHOBY mux
MozeNe OyJio MOKJIaJAeHO KOHIICTII0 0araTonapoBoi MigpeHKoBOI OCHOBHU, MPOBIAHI
MOJIOXKEHHS sIKO1 Oyym po3pobsieri mpod. E.I. {aninenkom.

Ha migcraBi nux moxeneit Oyno BU3HAYEHO MEPENiK XapaKTEPUCTHK MPY>KHUX
€JIEMEHTIB 1 IEPEITIK 3aJIeKHOCTEHN 1X 3MIH ITiJT 4ac eKCILIyaTallii Kok sKi moTpiOHO OyJ10
BU3HAUUTU €KCTIEPUMEHTAJIBHO.

ExcniepumeHTanbHUMHM JTOCHIKEHHSAMH, sIKI OyJlM TMpOBENEeHI B JIabopaTOPHUX
yMOBax, OyJO BCTaHOBJIEHO JKOPCTKOCTI MPYKHHMX eneMeHTiB ckpimieHb TPEII Tta
TPEIT-III nmpu iX HaBaHTa)X€HH1 BEPTUKAJLHUMH 1 TOPU3OHTAIPHUMHU TOTIEPCUHHUMU
cuinamMu. BunipoOyBaHHSMHE NIPYKHUX €JIEMEHTIB, K1 €KCIUTyaTyBaJIMCS B KOJI1i IPOTATOM
8 pokiB Ha mocmimHuX AuIsHKax IliBmeHHO—3axigHOoi 3aIi3HHUIN, BCTAHOBJIECHO 3MIiHHU iX
KOPCTKOCTEH Mmin vac ekcruryaranii. lle mo3Bonamio He TUThKM BU3HAYWUTH MPOCTOPOBI
xopctkocTi ckpiuiedb TPEIl ta TPEII-II nmpu BepTukanbHOMY, TOPHU30HTAIBHOMY
MOTICPEYHOMY HABaHTAXCHHI Ta KPY4YEHHI pPEHKH ajie ¥ CIPOTHO3YBAaTH 3MIHU ITUX
mapamMeTpiB Mg Yac ekcruryararii. Jliama3oHW JAMHAMIYHMX HABaHTAXKEHb TIPH
BUNIPOOYBAaHHAX  TPOKIANOK OynmM  NPUNHATI  BIANOBIAHUMH  BEPTHKATHLHUM
HABAaHTAXXEHHSM, SIKI BHHHKAIOTh MPU PYyCl €KiMaxXiB 3 OChOBUMHU HABAHTAKEHHSMH 10
211 xkH, no 265 xH, no 343 xH, mo 460 xH na Bick. BcTaHoBIEHO 1O AMHAMIYHA

YKOPCTKICTh MPOKIAZ0K 3pocTae B 7—7.4 pa3u 31 30IbIIICHHSM 1HTEPBaJIiB HABAHTAKEHb.
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BunpoOyBaHHs npokiaaok, 1o Oyl B €KCIUTyaTallli moKas3aiu, 1o micjisi 8 pokiB
eKCIUTyaTallii B KOJli dOPCTKICTh MPOKIIAJIOK 3pocTae B cepeaHbomy Ha 19-20 %. ns
BU3HaueHHs >xopcTkocTi npykHux kiem KIIT ckpimnens TPEIT Tta TPEII-II Oynu
MPOBEJIEHI iX BUIIPOOYBAaHHS 13 3aCTOCYBaHHSAM OOJIaHAHHS, IKE JOCUTh TOYHO MOJIEIIOE
poOOTYy KJIeM y KOJTii.

CepenHe 3Ha4YeHHS >KOPCTKOCTI LMX KJIE€M IMpH BEPTUKAIbHUX JAedopMariisix
cranoButh 970 kH/M, 3a cepeHbOro kBagpatunuHoro Bixxunenns 0,02-10% kH/m.

CkI1aZi0Bi MPOCTOPOBUX JKOPCTKOCTEH CHCTEMH «IIMana—0anact» Oynu BH3HAYEHI
Ha OCHOBI €KCIIEPUMEHTAJIbHUX JOCIIKeHb, BUKOHAHUX Kadenporo «Koiist Ta komiiiHe
rocriogapctBo» YkpAY3T B 2008-2009 pokax Ha KOJIAX METaIypridiHUX 1 TIPHUYO
BUJ00YBHUX MIANPUEMCTB Y KpaiHH.

Ha nmiacraBi nanux eKcriepuMeHTIB OyJIH ojiepKaHi eMIIPUYHI KOeIIIEHTH TOCT1II
3aJ11300€TOHHHUX IIMAaJl BiJ BEJIMYMHU MO KOJIAX TOHHAXY 3 YpaxyBaHHSM [1ara3oHIB
HaBaHTAXEHb.

[IpoBeneHi ekcriepuMeHTaNIbHI pPoOOTH B J1abOpaTOPHMX yMOBaX Ta B KOJii
JTO3BOJIMJIM BU3HAYUTH TIPOCTOPOBI KopcTKocTi ckpiruienb TPEIT ta TPEII-II 1
KOPCTKOCTI PEUKOBHX OIOP MPH 3aCTOCYBAHHI IUX CKPIMIEHHAX. TakuM YUHOM
OTpUMaHI JIaH1 JO3BOJIMIM BUKOHYBATH YUCEIbHI JOCIIKCHHS CHIT B3a€EMO/IIT pyXOMOTO
CKJIaJly Ta KOJII1 3aJII3HUIIL HE3araJIbHOTO KOPHUCTYBAHHS IMPU 3aCTOCYBaHHI CKPIIICHb
TPEII Ta TPETI-III.

Y TperboMy po3aiii YMCETPHUMHU METOAaMU BUKOHAHO JOCIIIKEHHS CHII Jii Ha
KOJII0 HaBaHTaXEHb IiJ] 4Yac pyXy CHEHIaJbHUX 1 CIeIiali30BaHUX BaroHiB MpHU
3actocyBanH1 ckpimienb TPEII ta TPEIT-1II. Jlna nopiBHAHHS OTpUMaHUX PE3YIbTaTiB
BUKOHAHO TaKOXX PO3paxyHKH CWJI Jii Ha KOJil0 MpH 3acTocyBaHHI ckpimieHb Kb B
OJTHAKOBHX YMOBaX €KCILTyaTaIllii.

B pospaxynkax cui nii OyJ0 BHUKOPHUCTAaHO MaTe€MaTU4YHI MOJEl MPOCTOPOBOIL
JUHAMIYHOI CHCTEMHM «CKIMMaX—KoJIis», B OCHOBY SKHX IIOKJIQJICHO KOHIICTIIIIIO
JUCKPETHOI MIAPEHKOBOI OCHOBM 3 HENIHIMHUMM JUCUINIATUBHUMU NPYKHUMHU
XapaKTEepUCTUKaMU PEUKOBUX omop mnpu 3actocyBaHHi ckpimienb TPEIT ta TPEIT-1I.

Takuit miaxXia 103BOJIMB BpaxOBYBaTH JOJAATKOBI JUHAMIYHI CHIIH, 110 BUKJIMKaH1
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HEPIBHOXKOCTKICTIO MIIPEHKOBOI OCHOBH, BIIMIHHICTIO NPYXHUX 1 JMCHUIATHUBHICTIO
OIop Ta iX HeMIHIMHICTIO. /{15 yMOB 3a/II3HUIB HE3ATAIbHOI'O KOPUCTYBAaHHS BETUYMHU
TaKuX JMOAATKOBUX CHJ MOXKYTh TEepeBUINYBaTH 15 % Bim piBHA CTATHYHUX KOJICHHUX
HaBaHTAKEHb.

ABTOpOM y pO3paxyHKOBY MOJelb OyJlIO0 BHECEHO pIBHAHHA MPOCTOPOBOL
AKOPCTKOCTI peiikoBux omnop 31 ckpirwieHHssMu TPEIT ta TPEII-II npu BepTHKaIbHUX Ta
TOPU30HTAIPHUX BHUTHMHAX 1 KPydYeHHI peWku. TakuM 4YHUHOM, OCHOBHA CHCTEMa
nudepeHIiabHUX  PIBHAHb MPOCTOPOBOI  JUHAMIYHOI CHCTEMHM  «EKIMaX—KOJis»
pO3B’si3yBajiacs B HEJMiHIWHIN MOCTAHOBIII 3a/1a4i.

B Mozeni BpaxoBaHi Npy>KHO—AUCUIIATUBHI CUJIH, SIKI BAHUKAIOTh Y TOYIll KOHTAKTy
KoJeca 1 peWKH, MOAATKOBI JMHAMIUHI CHJIM, IO BUKJIMKAHI JUCOAaHCOM Kojieca,
HEPIBHOMIPHICTIO 3HOCY MOBEPXHI KOUEHHS Ta MOB3yHaMU. MOJIENIb BPaxoBY€ IUPUHY
KOJIICHOT Mapu, IIUPUHY KOJIii, HAXUJI peHOK, KOHIUYHICTh MOBEPXH1 KOUECHHSI Ta HAsIBHICTh
BEPTHKAJIBHUX 1 TOPU30HTAILHUX HEPIBHOCTEH KoJIii. MaremaTnuuHa MoJIesb peatizoBaHa
B CYYacHIl cucTeMi MaTeMaTH4YHOTo npoektyBanus Mathcad.

Jlns  BUSABICHHS OCOOJMBOCTEM B3aeMOJIIi PyXOMOIro CKiIaay 1 KoJii Tmpu
3actocyBaHH1 ckpimienb TPEIT ta TPEII-II, B mopiBHsHHI 31 ckpimieHHsM Kb Oynu
BHKOHaH1 0aratoBapiaHTHI po3paxyHKH. SIK po3paxyHKOB1 OyJIO B35TO HAITIBBArOHU THITY
12-1000,  gymnkapu BC-85 ta  6-BC—60, wuyaByHOBO3HY  muiatgopmy
BaHTaKOMIAHOMHICTIO 75 T, HIJaKOBO3 3 €MHICThIO KoBIIA 16,5 M, 4aBYHOBO3M 3
emuicTbio KoBia 50 ta 140 T, Ta Bi3ok a1 BuauBHULL [-120-5500.

Sk 3MiHHI B pO3paxyHKax MPUUMAIUCh TaKi MapaMeTpu perKoBOI KOJIii:

— paniycu kpyroBux kpuBux — 350—-600 wm;

— JIOBKMHA BEPTUKAIIBHUX HEPIBHOCTEH — B 2—6 M;

— rbuHa BepTUKaIbHUX HepiBHOCTEH — Bia 0,005 M 10 0,006 M;

— JIOBKMHA TOPU30HTAJILHUX HEPIBHOCTEH — BiJ 2—6 M;

— CTpisla BUTUHY ropu30HTaIbHUX HepiBHOCTEH Bia 0,005 m 10 0,05 m;

— T€pMIH ekcruryaraiii komii — Bix 0 7o 10 pokis.

Takum unHOM, OyJIM BUKOHaH1 po3paxyHku Outbil HIk 1540 BapiaHTiB B3aeMOAIT

PI3HUX THUITIB PyXOMOI'0 CKJIaAy 1 KOJIii 3 PI3HUMHU XapaKTEPUCTUKAMHU.
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Po3paxyHKkHM mokazainu, 110 Ha BEIMYMHHU BEPTUKAIBHUX CHJI B3AEMOJIIi PyXOMOTO
CKJIaJly 1 KOJIi1 BILUTMBAIOTh, TOJIOBHUM YMHOM (OKPIM XapaKTEPUCTUK PYXOMOTO CKIIany),
KOpOTKi (40 6 M) HEepiBHOCTI MpOoduI0, HEPIBHOKOPCTKICTh MIAPEHKOBOT OCHOBH Ta
KOHCTPYKI[Ii TPOMDKHHUX CKpitieHb. KoeQimieHT AMHAMIYHOCTI TaKUX CHJI MOXKE
nocsrati 3HadyeHb 1,2—1,3 a abCONIOTHI 3HAYEHHS KOJICHMX HaBAaHTAXXEHb MOXKYTh
nepesuiysatu 300 kH.

3a MIBUAKOCTI PyXy 3a3HAUYCHHMX THUIIIB PyXOMOTrO CKJIaay KOoe(DillleHTH AMHAMIKH
MOXKYTh IEPEBULTYBAaTH 3HaUeHHS 1,22 15 yaByHOBO3a 140 T.

[lopiBHSIHHS BEPTUKAJIBHUX CHJI B3Aa€EMOJII PYXOMOIO CKJaay Ta KOJii mpu
3actocyBaHH1 ckpimienb Kb, TPEII ta TPEII-II noka3ano, 1o piBeHb BEpTUKAIbHUX
JUHAMIYHUX CUJI MpH 3acTocyBaHH1 ckpiruienb TPEII minBuiyeTscs B cepeHLOMY Ha
4-6 % B mopiBusHHI 31 ckpimienHsMu Kb. Ilpu 3actocyBanni ckpimiens TPEIT-III
PIBEHB CUJI 3MEHIITYeThCs 10 12 %.

Po3paxyHKM rOpH30HTANBHUX MOMEPEYHUX CHUJI MTOKA3alu IO Ha iX PiBEHb, OKPIM
THUIIIB CKPIIJIEHb, BIUTMBAIOTh XapaKTEPUCTUKH TJIaHY Ta TEPMIHU eKCIUTyaTallii Komii.

VY npaMmux AUISHKaX, 32 HAgBHOCTI TOPU30HTAIBHUX HEPIBHOCTEH, MOXKYTb
BUHUKATH TOPU3OHTAIBHI CHJIH, 110 MEepeBUINYIOTh 8§ KH aia neskux TUMiB BaroHiB. Y
KpUBHX JUISHKAX KOJii TOpHU3OHTANBHI TomnepedHi cuiau mnepepuinyoTs 100 kH. Ilpu
3acTocyBaHHl ckpimieHb Tuny TPEIl piBeHb TOpU30HTAIBbHHX IONEPEYHUX CHII
MiIBUIIYETHCA B cepeaHboMy Ha 7 % BIIHOCHO pIBHS CWJI, SIKI BUHUKAIOTH MPHU
3actocyBaHH1 ckpimienb Kb. [Ipu ckpinnenni TPEII-II piBeHb Takux cuil 3HUKY€ETECS
1o 17 %.

Y po3aijii yorupu Oynu BUKOHAHI JOCTIIKSHHS HAMPYKEHOTO — Me(hOpMOBAHOTO
CTaHy €JIEMEHTIB MiIPEHKOBOI OCHOBH KOJii 3 BUKOPUCTAHHSIM MPOCTOPOBOI MOJIEINI, IKY
Oyny po3poOJIcHO 3 BHUKOPHUCTAHHAM METOMIB CcKiHdeHHHX eneMmeHTiB (MCE).
MonyntoBaHHS PEHOK, MIPEHKOBUX MPOKIAJAOK Ta MPYKHUX KieM OyJIo MPOBEIECHI 13
3actocyBaHHsM (CE) st po3paxyHKiB HaIlpy>K€HOTO — Ae(OpPMOBAHOTO CTaHy IS
00’€KTIB 3 OJIHOPIAHOTO JiHIMHOrO MpyxkHOro matepiany. o mapametpiB nux CE
BBOJIATh MOJYJI1 IPYKHOCTI, KoediuieHT Ilyaccona, ryctoTu maTepiany Juisl ypaxyBaHHS

Horo BiacHoi Baru. MoJieNtoBaHHS KOHTAKTIB MK peKaMu, MPOKIagKaMH,



8

130JII0I0YMMHU BKJIQJIMIIAMU Ta aHKEPaMU BHUKOHYBAJIOCh 32 JOIOMOTOI0 JBOBY3JIOBUX
CKIHUCHHUX €JIEMEHTIB OJJHOCTOPOHHIX MPYKHUX 3B’ SI3KIB.

B mogeni 3anmizo0eronnux mman, kpim CE, siki MonentorTh OETOH, BBEACHO
€JIEMEHTH, 1110 MOJIEIIOITh POOOTY apMaTypH B TOMY YHUCII 13 3yCHILJISIM MONEPEAHBOTO
Hatary. Mogeni 6anactHoro mapy ckiananucs 3 CE, npu3HaueHUX JJis MOJETIOBaHHS
OJTHOOIYHOT POOOTH IIUX MaTepiajiB Ha CTUCHEHHS, 3 ypaxXyBaHHSM 3CYBY.

o po3paxynkoBux napametpis 1iux CE BxoasaTe Moayib nedopmartii, Koe@iieHT
ITyaccona, muToma Bara, MUTOME 34ETUICHHS Ta KYT BHYTPIIIHbOTO TEPTS.

30BHIIIHE HABAaHTAXKECHHS Ha MOJEJIb BEpPXHBOI OYyMOBM KOJii mpuiiManocs 3a
pe3ysibTaTaMH po3paxyHKiB, IPOBEJICHUX Y PO3aii 3.

Po3paxyHku mokasaiu, 1o Ha HaNpY>KCHUH CTaH KJIEeM ICTOTHO BIUIUBAE PIBEHb
TOPU3OHTAIBHUX TONEPEUYHUX CUJI. Y KPUBUX JUITHKAX KOJIT HAMPYXXEHHS y KiIeMax
ckpiruienb TPEII moxxe nocsiratu 3HauenHst 1280 MIla, ta mpu 3acTocyBaHH1 CKPINJIEHb
TPEIT I 1190 MIla npu pi3HHUX THUIAX pyxoMmoro ckiaay. HampyxkenHs B
3a11300€TOHHUX ITajiax 3MIHIOETbCs B Mexkax Big — 12 MIla no 3,3 Mlla npu
ckpirennsix TPEIL 3acrocyBannst ckpimiens TPEIT-1II 3MeHmyroThs Taki auamno3oH
HampykeHHs: 10 -6,06 ta 1,81 MIla. ExBiBajneHTHI HampyXeHHS 3 ypaxyBaHHSIM
HaIPY>XEeHb MONEPEAHBOTO HATITHEHHS MOXKYTh nocsaratu 19,17 MIla npu ckpirieHHIX
TPEII ta TPEII-1II. Ha po3moain mpocTOPOBUX HANPYKEHb Yy HITNaji iCTOTHO BILJIUBAE
NIePEBAaHTAXKCHHS 30BHINTHBOT PEHKH Yy KPUBIHA Ta IEPEPO3NO/I1JT HABAHTAXXEHb HA Iy
BiJl IPOKJIAJIKA Ta aHKEPIB BHACIIIOK Jii TOPU3OHTAIBHUX MomnepedHnx cuil. OTpuMadi
poO3paxyHKaMu HarpykeHHs B Oanacti gocsrarots piBas 0,376 MlIla npu ckpimieHHAX
TPEIl na Hecy4y 37aTHICTh. 3 YypaxyBaHHSIM IIHPOKOTO BXXHMBAHHS Ha KOJIAX
HEe3arajJbHOTO KOPUCTYBaHHS MIeOEHI0 31 CIa0KMX TIpChKUX Mopia abo MUTaKiB, TaKUU
piBEHb TIEPEBUIIYyE€ MOT0 HeCydy 3MaTHICTb. ToMy M [JUISHOK 3 OChOBUMH
HaBaHTaxxeHHAMU Ouibiie 300 kH pekomengoBano 3actocyBanHs ckpimiens TPEIT-II
Ta TIOCWJIIOBAHHS OQJIACTHOT MPU3MHU YKJIAIAHHIM T€OTEKCTUIIIO0 a00 TeOpeIiTOK.

[lopiBHAHHSL pe3ynbTaTIB PO3PAXyHKIB 31 3HAYEHHSMH JOMYCTUMUX HaIpY>KEHb
MoKa3aju, 1o migpeiikoBa ocHoBa 31 ckpimieHHsmu TPEII € uinkom npaiie3natHoro npu

o0epTaHH1 pyXOMOTO CKJIaay 3 OChOBUMH HaBaHTakeHHsAMH 70 300 kH B nmpsimux ta
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KpUBUX JUIHKaX 3 paaiycamu He MeHie 350 M; mpu OChOBHX HaBaHTaxeHHAX 301-—
450 xH moxnuBe Bukopuctanns ckpirieHb TPEII-III 3a mBuakocti pyxy Ao 15 km/rog;
IIPU OCOBUX HaBaHTaKeHHAX Ounble 450 kH 3acTocyBaHHS 3a3HaYEHUX CKPIIJIEHb HE
PEKOMEHIOBaHE.

Y m’aromy po3aisli BUKOHAHO aHalli3 €KCIEPUMEHTAIbHUX JOCHIIKEHb poOOTH
KOJI1i He3arajibHOT0 KOPUCTYBaHHS MU 3acTocyBaHH1 ckpimienb Tuny TPEIL I'onoBHOIO
METOI0 TIPOBEACHHS LUX JOCIIIKEeHb Oyna mepeBipKa aJeKBaTHOCTI 3alpOIOHOBAHUX
MOJIeJIe 1 METO/IB PO3paxyHKIB pealbHUM YMOBaM €KCIUTyaTallli Kojii He3arajabHOTO
kopuctyBaHHs. KpiM TOro, oTpumani JaHi OynM BHUKOPUCTaH1 JJii BU3HAYEHHS
KOPCTKOCTEH CUCTEMU «ILIATU—0anacT.

BuMipioBaHHsS CHIOBHX MapaMmeTpiB Oyl BHUKOHAHI €JICKTPOTCH30METPUYHHMHU
METOJIaMH 13 3aCTOCYBaHHSIM MIiKPOTIPOIIECOPHUX aHAIOTO — IU(POBUX IEPETBOPIOBAYIB
1 HOyTOyKa 1Is iX peecTpalii y (yHKIII peaJbHOTO yacy, 30epiraHHsi Ta HACTYIHOI
00poOKH.

3 MeTOr BHKJIIOUCHHS BIUTMBY nedopmariiii Ta BiOpamiii 0anacty W 3eMIITHOTO
MOJIOTHA HAa BUMIPIOBaHHS IepeMillleHb eJEeMEHTIB KoJjiii, OyJI0 3acTOCOBaHO
BigeonudpoBy cucremy. Ll cucrema 103BoJsiIa BUMIPIOBATH TEPEMIIIEHHSI PEHOK Ta
mman i3 Tounictio 0,03 MM y QyHKLIT peanbHOro yacy 3 Tounictio 1073 c.

Peectpariist pe3ynbratiB BUMIPIOBaHb CHJIOBHX IapaMeTpiB 1 MEpPEeMIllleHb OJHUM
KOMIT IOTEpOM y (YHKI[Ii peaJbHOro 4acy J03BOJWJIA TOEJHYBATH MACHBH WX JaHUX
JUUIsl HACTYTTHO1 0OpOOKH.

OCHOBHI eKCHepUMEHTaNbHI poOOTH Oyliu TMPOBENEHI Ha MJIIOYUX KOJISAX
XapkiBeskoi  ¢imii  [IpAT «Kuis—duimpoBceke MIII3T» y 2012 pomi. Ha
eKcriepuMeHTanbHIi AutbHUI ciM mman [11-1-1 6yno 3amineno Ha mmanu tumy [TA-T
31 ckpiruienasmu TPEIL.

ExcriepumenTanbHi poOOTH MPOBOAMWINCH IMiJT Yac PyXy CIEMIaIbHOTO TOTSTa, 10
cknagancs 3 JokomotuBa TI'M—4, nBox mmardopm moneni 13—401 ta gBOX AyMmKapiB
BC-85. IInatdhopmu Ta aymnkapu Oyinu 3aBaHTa)XK€H1 1IeOEHEM 10 BaroBOi HOPMHU.

IBuAKOCTI pyXy mOTsra NOCTYIOBO 3MIHIOIBIIACh Bif 3 110 33 KM/TOJ.
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[lig yac mpoBeAEHHS €KCIEPUMEHTAIBHUX POOIT BUMIPIOBAJIUCh BEPTHKAIbHI Ta
TOPU30HTANIBHI CUJIH, IO AII0Th Ha IINaNy, i Halpy>KEeHHs, 110 BUHUKAIOTh Ha BEPXHIN
MOCTeJ1 MNajlyd OpH ii HaBaHTakeHH1. KpiM Toro, Oyiu BU3HAUYEHI 13 3aCTOCYBaHHSAM
merona lllnymnda ropuzoHTanbH1 HONEPEYH CHIIH.

ExcniepumeHTanbHl poOOTHM MOKa3ajid, IO 3alpolOHOBaHI MOJeNl W MeTonu
PO3paxyHKIB € aJleKBATHUMH peallbHUM YMOBaM poOOoTH KoJiii 31 ckpimienHssmu TPEIIL.
Po301kHOCTI npu BU3HAYEHHI TOPU3OHTAJIbHUX TIOMCPCUYHUX CUJI 3HAXOOATHCA B MCKAX
8,5 %, mpu BU3HAYEHHI CWJI, IO JIIOTh Ha mmany B mMexax 9,4 %, nmpu BU3HAUYCHHI
Hanpy»eHb Ha BEPXHI MOCTL1 1IMany B Mexax 9,6 %.

KuarouoBi cioBa: BepxHs OyqoBa KoJii HE3arajJbHOrO KOPHCTYBAHHS, MPOMIXKHI
ckpiruiendss TPEIT ta TPEII-IL, »opcTkicTh peHKOBHX OMOp, B3aEMOJISl PyXOMOTO
CKJIQJy Ta KOJIIi.

ABSTRACT

Bielikov E. A. — Features of work of intermediate fastenings TREP and TREP-Sh
in conditions for non—public railways. Qualifying scientific work on the rights of
manuscripts.

Dissertation for the degree of a candidate of technical sciences (doctor of
philosophy) in the specialty 05.22.06 — Rail-way Track (27 — Transport). Ukrainian State
University of Railway Transport, Kharkiv. 2019.

The dissertation is devoted to the experimental and theoretical study of the stressed—
deformed condition of the sub-rail basis with intermediate rail fastenings of the types
TREP and TREP-SH taking into account the forces of interaction between the special
and specialized rolling stock on the railway track in the conditions of non—public
railways.

The content of the dissertation. In the introduction substantiates the relevance of
the topic under consideration. The purpose of research, object and tasks of researches are
formulated. The methods of researches and scientific novelty of the received results are
described.

In the first section, an analysis of the technical condition and performance

characteristics of non—state railways in Ukraine. Features of the special and special rolling
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stock are considered. It is established that the most widespread construction of the upper
structure of the track for such railways is the railways track on rein—forced concrete
sleepers with fastenings of type KB. It was concluded that the con—struction of the said
fastenings in most cases did not correspond to the conditions of exploitation of
technological, special and specialized railways tracks of metallurgical en—terprises. It is
noted that this type of fastener, which was developed more than 50 years ago for main
railways, in many cases does not meet the conditions of exploi—tation of non—public
railways. Among such minds of exploitation trace specify on high axial loads, increased
stiffness spring sets rolling stock the presence of a significant number of curves of small
radii, large deflect the plan trass.

The analysis of existing fastenings undergoing experimental tests on the research
sites of main railways showed that the main tendencies in the design of such fastenings
are the use of elastic terminals (elastic terminals), the renouncement of threaded joints,
the use of modern polymeric and composite materials for absorbers and electrical
insulating elements. It has been established that the most promising intermediate fasteners
for these conditions of non—public railways are the railways fastening of the types of
TREP and TREP-Sh, which are constructive and close together, and their elements are
interchangeable. It was concluded that the definition of the fea—tures of the use of these
fastenings at this stage is possible by the method of study—ing the forces of interaction
between the rolling stock and the railroad or the special and specialized rolling stock,
followed by the investigation of the stressed state of elements of the undercutting base
when applying the types of TREP and TREP-Sh.

The analysis of the existing theoretical models for defining the vehicle track in—
teraction forces and calculations of a stress state of the track elements demonstrated, that
nowadays the most important calculation models and methods, are ones based on the
general track design diagram, which considered the track as beams rested on the whole
elastic foundation; the author believe that these models do not conform with the structure
and operational conditions for non—public railways.The analysis of the existing
theoretical models for defining the vehicle track interaction forces and calculations of a

stress state of the track elements demonstrated, that nowadays the most important



12

calculation models and methods, are ones based on the general track design diagram,
which considered the track as beams rested on the whole elastic foundation; the author
believe that these models do not conform with the structure and operational conditions
for non—public railways.

The mathematical model of the spatial vehicle track dynamic system was taken as
theoretical and a design track diagram with rails rested on separate supports with non—
linear elastic—dissipative characteristics was taken on the base of it.

Therefore, it was concluded that in order to determine the features of the TREP and
TREP-SH fastening operation in the conditions of non—public railways, it is expedient to
use a complex of mathematical models of the spatial dynamic system "crew—railways
track”, the bases of which were developed by Professor O.M. Darensky.

But the application of this model required some changes, thus, vrahovuyuchu force
into ac—count the force of interaction railways trac vikristannyam kriplen ty types of TRIP
and TREP-Sh.

In the Second Chapter the mathematical models to form the spatial rigidities of the
rail supports with the fastenings TREP and TREP-Sh were developed, and the
experimental elastic characteristics were experimentally established.

The laboratory research established the static and dynamic rigidities in the elastic
elements of the fastenings which impacted the rail foundation at various stress ranges.
The predictive estimate of changes in these parameters under track operation was
conducted.

On the base of experimental research conducted on the tracks belonging to
metallurgical and mining enterprises in Ukraine, the rigidities of the sleeper ballast
system allowing for load ranges, structural peculiarities of the ballast prism and the
tonnage along this section were defined.

Thus, the information obtained on the base of the research allowed producing some
needed changes in the mathematical model of the dynamic vehicle track system.

Multivariant numerical calculations have investigated the forces of interaction of
special and specialized rolling stock, and the railway track in the conditions of non use

routes. The mathematical model of the spatial dynamical system "crew—path™ has allowed
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to take into account additional dynamic forces that are caused by the unevenness of the
sub-rail base, the difference between the elastic and dissipative characteristics of the
supports and their nonlinearity. In the calculation model, the equations of the spatial
stiffness of the rail supports with the intermediate rail fastenings of the types TREP and
TREP-SH at vertical and horizontal bends and torsion of the railroad were added.

The model takes into account the elastic—dissipative forces that arise at the point of
contact of the wheel and the rail, the additional dynamic forces that are caused by the
wheel imbalance, the uneven wear of the rolling surface, the presence of sliders. The
model takes into account the width of the wheel pair, the width of the track, the inclination
of the rails, the finiteness of the surface of rolling wheels, the presence of vertical and
horizontal roughness of the path. The proposed mathematical model is implemented in
the modern mathematical modeling system Mathcad.

In the Third Chapter the multi—choice calculation was fulfilled to reveal
peculiarities of the vehicle track interaction with the fastenings TREP and TREP-Sh or
KB. Eight types of rolling stock with axial loads in a range of 200-450 kN were
considered so that to cover a wider range of operational conditions. The calculations were
made for straight sections and curves with radii from 350 to 600 m. Besides, tracks with
vertical and horizontal irregularities were also studied. Thus, calculations for more than
1,500 interaction variants were made.

The vertical and horizontal forces from intermediate fastenings, irregular elastic
track, track operational life, combination of irregular layout and profile were analyzed. It
was established that while applying the fastening TREP the level of spatial dynamic
forces was similar to that on the track with the KB fastenings. And the level of forces
decreased by 8-12 % when the fastenings TREP—Sh were applied.

The further research was aimed at defining the mode of deformation of the rail
foundation with models designed with finite element methods. Models of rails, elastic
clamps, pads, bottom layers, reinforced—concrete sleepers and ballast were developed.
The mode of deformation for these elements was calculated; the calculation was based on

the interaction forces which demonstrated that the rail foundation with the fastening
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TREP was workable for the rolling stock of axle loads up to 300 kN along straight
sections and for curves of radii 350 m and more.

The fastenings TREP-Sh are recommended for sections with rolling stock capacity
of up to 450 kN.

In the Fourth Chapter the adequacy of the proposed models and the methods of
calculations were verified by comparing the calculation and experimental data.
Experiments were carried out on the section of the non—public railway, consisting of
straight and curved sections with a radius of 460 m. According to the study, there is a
specially formed train consisting of the locomotive TGM—4, two flat cars 13-401 and two
dump trucks BK—85. Wagon cars and dump trucks were loaded with bitstones to
carriages. The speed of the train changed from 3 to 33 km/h. During testing, modern
microprocessor and digital technologies, as well as a laptop for storing and further
processing information were used. During the experiment, the vertical and horizontal
forces, which act on the sleepers and the stresses that appear on the top bed of the sleepers,
were measured. In addition, horizontal transverse forces were measured using the
Schlumpf method. In order to exclude the influence of the strains and vibrations of the
ballast and the earthen cloth on the measurements of the movement of the elements of the
path, a video—digital system was used that allows measuring the movements of the rails
and sleepers with an accuracy of 0.03 mm in real time with an accuracy of 107 s.
Compared the results of calculations and experiments; they showed that the developed
models and methods were adequate to the actual operating conditions of the TREP rail.
The difference did not exceed 9.6%.

The Fifth Chapter the adequacy of the proposed models and the methods of
calculations were verified by comparing the calculation and experimental data.
Experiments were carried out on the section of the non—public railway, consisting of
straight and curved sections with a radius of 460 m. According to the study, there is a
specially formed train consisting of the locomotive TGM-4, two flat cars 13-401 and two
dump trucks BK-85. Wagon cars and dump trucks were loaded with bitstones to
carriages. The speed of the train changed from 3 to 33 km / h. During testing, modern

microprocessor and digital technologies, as well as a laptop for storing and further
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processing information were used. During the experiment, the vertical and horizontal
forces, which act on the sleepers and the stresses that appear on the top bed of the sleepers,
were measured. In addition, horizontal transverse forces were measured using the
Schlumpf method. In order to exclude the influence of the strains and vibrations of the
ballast and the earthen cloth on the measurements of the movement of the elements of the
path, a video—digital system was used that allows measuring the movements of the rails
and sleepers with an accuracy of 0.03 mm in real time with an accuracy of 1073 s.
Compared the results of calculations and experiments; they showed that the developed
models and methods were adequate to the actual operating conditions of the TREP rail.
Differences in the determination of horizontally transverse forces are within the limits of
8.5%, when determining the forces acting on the sleepers in the boundaries of 9.4%, when
determining the stresses on the upper bed sleepers in the boundaries of 9.6%.

Keywords: permanent way of non—public railways, intermediate fastenings TREP
and TREP-Sh, rail support rigidity, vehicle/track interaction.
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BCTVYII

AKTyauabHicTh TemMu. Koii He3araibHOro KOPUCTYBAHHS € CKJIaJIOBOIO YACTHHOIO
TPAHCIIOPTHOI ~ cHCTEMH  YKpaiHU. BaHTaKOHANpy>KEHICTh KOJIA  HE3araJbHOIO
KOpUCTYBaHHsI MOXke csiratd 10 40 MiaH T OpyTTO/KM 3a pik. OChOBI HaBAHTAXEHHS IS
JESKUX THUMIB CHEIIAIbHOTO Ta CHEIIai30BAHOTO PYXOMOTO CKIIay, SIKUM € CKJIaJI0BOIO
TEXHOJIOTTYHUX TPOLIECIB BUPOOHUYUX MIINPUEMCTB, MOXKYTh mnepesuiryBatu 450 xH.
[TpOTSDKHICTh KPUBHUX JUISHOK KOJIM HE3aralbHOTO KOPUCTYBAaHHA y TOMY YHCIi 3
paniycamu 10 350 M cknanae 60 % Bij 3arajqbHOT MPOTAXKHOCTI KOJIIH, siIKa, B CBOIO Uepry,
ctanoBUTh 0113bK0 20 000 kM.

OxkpiM  3a3HAYEHUX EKCIUTyaTalllfHUX OCOOJMBOCTEH KOJiM  He3arajabHOro
KOPUCTYBaHHS, Ma€ MiCIle IHTCHCHBHE HAKONWYYBAaHHS 3aJIUIIKOBUX Aedopmartii
MiIpeKoBOi OCHOBH, BHACHIJOK BHCOKHMX OCBHOBHX HABAaHTA)XCHb Ta KOHCTPYKIIIHHUX
0CcOOJMBOCTEH CHEliaIbHOIO Ta CHEIiali30BaHOT0 PyXOMOro ckiaay. OcoOMMBOCTI MIaHy
Ta TIPo(iIF0 KOJIM He3arajJbHOTO KOPUCTYBaHHS TaKOXX ICTOTHO BIUIMBAIOTh Ha PIBEHBb
TOPU3OHTAIBHUX TMOMEPEYHUX Cuil. Bucoka 3a0pyaHeHICTh OallacTHOrO Marepiany,
BUKOPUCTAHHS 3a1300€TOHHUX INMaJ MPU3BOJAATH O 3OUIBIICHHS IapaMeTpiB
YKOPCTKOCTI €JIEMEHTIB KOJI1i B BEpTUKAJIBHIN Ta TOPU30HTAIBHIN TUIOIIMHI Ta JO 3HAYHOTO
3pOCTaHHS TOIATKOBUX JUHAMIYHUX CHIL

OCHOBHOIO KOHCTPYKIII€I0 BEPXHbOI OyIOBU KOJIIM HE3araJibHOr0 KOPUCTYBAaHHS €
JIAHKOBA KOJIis Ha 3a11300€TOHHUX IIIMajax 3 MPOMDKHUM PEHKOBUM CKPIIUICHHSM THITY
KB. Leit Tum cKpirsieHHS Ma€ CyTTEBI HEOIIKU: HASIBHICTh YOTUPHOX PI3bOOBHUX 3'€THAHD
y KOXXHOMY BY3Ji, 3HAUHY METAJIOEMHICTb, HEMOXJIMBICTh 3MIHM IIHPUHU KOJIIi,
HECTIPOMOXHICTh, 32 CBOIMH KOHCTPYKTUBHUMHU OCOOJHMBOCTSMH, CTAOUTRHO CIpUAMATH
TOPHU3OHTANIBHI MOTIEPEYHI CHIIH.

VY 3B’s3Ky 3 BUIIE3a3HAYCHUM Ha JIAHWH Yac € aKTyaJbHUM MHUTAHHS JOCHTIKEHHS
MO>KJIMBOCTI BUKOPUCTAHHS 1HIIMX THITIB TMPOMDKHUX PEHKOBUX CKPIIUICHb, 5IKi O B
OUTBIIIN Mipi BIAMOBIZAIH OCOOIMBHM YMOBaM €KCILTyaTallii.

Orxe, aucepraiiiiHy poOOTy MPHUCBIYEHO PO3B’SI3aHHIO AKTyaJlbHOI HAyKOBO—
TEXHIYHOI 3aJa4yl BU3HAYEHHS MOXJIMBOCTI BUKOPUCTAHHS MPOMDKHUX PEHKOBHUX

ckpiruiens TuniB TPEIT ta TPEII-1II B ymoBax 3a1i3HUIb HE3araJIbHOIO KOPUCTYBAaHHS 3
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ypaxyBaHHSIM CHJI B3a€MOJ1i BiJl CHIEIIaJIbHOIO Ta CHEI[iali30BaHOTO PYXOMOTO CKIIay.

3B’5130K po00OTH 3 HAYKOBMMM NPOrpamMamM, IUiaHamMH, Temamu. /{ucepraniiina
poboTa BHKOHaHa B paMKaX TEeMaTWKH Kadeapu KOJii Ta KOJIMHOro rocrojapcrsa
VYKpaiHChKOro AepKaBHOI'O YHIBEPCUTETY 3ali3HUYHOro TpaHcnopty 3a 2006 — 2017 pp.
«Po3pobka Teopii Ta METO/IIB ONTUMI3ALIIT HECYYMX KOHCTPYKIII TPAaHCTIOPTHUX CIIOPYI»
Ne JTP 0110U002127.

Meta gociikeHHS — EKCIIEPUMEHTAIbHO—TEOPETUYHO JOCIIAUTH HANpPYy>KEHO—
nepopMoBaHMii CTaH MiAPEHKOBOT OCHOBU 3 TPOMDKHMMHU PEHKOBUMH CKPITUICHHSIMH
tunie  TPEIl ta TPEII-III 3 ypaxyBaHHAM CuJ B3aEMOAIl CIHELIAJIBHOTO Ta
CTICIIaTi30BAaHOTO PYXOMOTO CKJIaAy Ta KOJii B yMOBaxX 3alli3HUIIb HE3arajbHOTO
KOPUCTYBAHHS Ta HAJIaTH PEKOMEHJAIII] 1010 iX BUKOPHUCTAHHS B IIUX EKCIUTyaTalliiiHIX
yMOBaXx.

O0’ekT mocigzkeHHs1 — poOOTa MiAPEHKOBOT OCHOBH 3 MPOMDIKHUMH PEUKOBUMHU
ckpirmienHssMu tumiB TPEIT ta TPEII-II B ymoBax ko1l He3araabHOTO KOPUCTYBaHHS.

IIpenmeT nocaimKeHHs1 — Hapy>KeHO—AE(POPMOBAHUN CTaH MIAPEHKOBOT OCHOBHU 3
NPOMDKHUMU PEHKOBUMU CKPITUICHHSAMH 3 ypaxyBaHHSIM CHJI B3a€MOJIIT CIIEIIAIbHOTO Ta
CHEIIAII30BAaHOT0 PYXOMOI'O CKJIQAy Ta 3ali3HUYHOI KOJii B yMOBax 3aJIi3HHIL
He3arajJbHOr0 KOPUCTYBAHHS.

3amaui 10CTiIKEeHH .

— PO3pOOUTH MaTEeMaTHYHI MOJEIl JUIi BU3HAYCHHS IPOCTOPOBHUX >KOPCTKOCTEH
€JIEMEHTIB MPOMDKHUX peiikoBux ckpimieHs TumiB TPEIT ta TPEIT-I;

— BUKOHATH EKCHEPUMEHTAIbHI JTOCHIIHPKCHHS >KOPCTKOCTI TPYKHHUX €JIEMEHTIB
npomMibkHUX peikoBux ckpimieHs tumiB TPEITI Ta TPEII-II Tta mopiBHSATH oTpuMaHi
pe3yIabTaTH 3 JAaHUMU JKOPCTKOCTEH EJIEeMEHTIB MPOMIDKHOTO PEHKOBOTO CKPIMJICHHS THUITY
Kb niist omHakoBUX yMOB €KCIUTyaTarlii B KOJISX He3aralbHOTO KOPUCTYBaHHS;

— BpaxyBaTd JOJATKOBI JWHAMIYHI CWJIHM, BHKIWKaHI HEPIBHOMPYKHICTIO
MPEHKOBOI OCHOBH, B MAaTEMAaTUYHIM MOJIEII POCTOPOBOI AMHAMIYHOT CHCTEMHU
«EKIMaX—KOJIish» MPU 3aCTOCYBaHHI MPOMDKHUX peiikoBux ckpimieHb TumiB TPEII ta
TPEIT-111;

— BHUKOHATHU YMCIIOB1 AOCIII>KEHHS POCTOPOBUX CHJI B3AEMO/IIi CIIEIATBHOTO Ta
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CHELIaTI30BaHOT0 PYXOMOI'O CKJIaly Ta KOJIIi MPU 3aCTOCYBaHHI MPOMDKHUX PEUKOBUX
ckpiruiens ThniB TPEIT ta TPEII-I qy1st yMOB 3ai1i3HUIB HE3aralbHOrO KOPUCTYBaHHS,

— pO3pOOUTH pEeKOMEHaLli 010 BUKOPUCTAHHS MPOMDKHUX PEHKOBUX CKPIIJIEHB
tuniB TPEII Ta TPEII-III B ymoBax ko1 He3araasHOTr0 KOPUCTYBAHHSI.

Metoau a0CTiIzKeHHS — 3arajIbHONPUIHITI METOIU PO3PAXYHKIB 3aTI3HUYHOT KOJIT
B YMOBaX MariCTpajibHUX 3aJlI3HMIb Ta KOJIIM He3arajlbHOro KOPHUCTYBaHHS; METOJ
CKIHYEHHUX €JIEMEHTIB J/JI1 OI[IHKM HampyKeHO—Ie(POPMOBAHOIO CTaHY MIAPEHKOBOI
OCHOBH; METOJIM MaTeMaTH4YHOI CTATHUCTUKU J/JIs TIOPIBHSHHS Ta aHANi3y pe3yJIbTaTiB
JIOCHIJKEHHS.

HaykoBa HOBH3HA o/Iep:KaHUX Pe3yJabTATiB MOJISITa€ y HACTYITHOMY:

Bnepuwe suznaueno (0ocnioicerno):

— TPOCTOPOBI JKOPCTKOCTi Ta BIUIMB PiBHS HABaHTAXXCHb HAa PEHKOBI OMOpH TIpH
3acTtocyBaHH1 npoMixkHUX ckpiruienb TumiB TPEIT ta TPEII-II 1 3ami300eToHHMX 1Imiat
i1 yac eKCIUTyaTallii KoJiil He3araJabHOTO KOPUCTYBaHHS,

— piBE€Hb BEPTUKAIBHUX 1 TOPU3OHTAIBHUX MOMEPEYHUX CHII, SIK1 JIFOTh Ha PEHKOBI
OTIOpH TIPH 3aCTOCYBaHHI MPOMDKHUX peiikoBux ckpiruieHb tumiB TPEII ta TPEIT-1I, Bixg
CHELIaJTbHOTO Ta  CIELIaTi30BaHOTO PYXOMOIO CKJIaay 3ajli3HUIb He3arajbHOro
KOPUCTYBaHHS 3 ypaxyBaHHSM IIBHUAKOCTEH pyXy, pajiyciB KpHUBUX, HasIBHOCTI
BEPTHKAIBHUX 1 TOPU3OHTATBHUX MTOTICPEYHUX HEPIBHOCTEH KOJII;

— HanpykeHo—1e(pOpMOBaHUI CTaH IMiIPEHKOBOT OCHOBU 3 MPOMDKHUMH PEHKOBUMU
ckpimenusamu tumnis TPEIT ta TPEII-II 1 3ami300eTOHHUX mIMaix B yMOBaX 3aJIi3HUIb
He3arajibHOr0 KOPUCTYBaHHS.

VY I0CKOHAJIEHO KOMIUIEKC MaTeMaTHUYHUX MOJENed MpPOCTOPOBOi JUHAMIYHOI
CUCTEMU «EKIMaK—KOJis», 10 BPaXoBy€e HANPYKeHO—Ie(hOPMOBaHUI CTaH MiApPEHKOBOI
OCHOBH 3 MPOMIKXHUMU peiikoBuMu ckpirienHsmu tumis TPEIT Ta TPETI-II.

JlocTOBipHICTH M0JIOKEHb | BUCHOBKIB AucepTanii 3a0e3neyeHa CriBCTaBICHHIM
pe3yabTaTIB PO3PaxXyHKIB Ta JTaHWUX, OTPUMAHUX 13 BIACHUX EKCIIEPUMEHTIB Ta IHIIMX
JOCTIIKEeHb, 110 BioOpaxeHl y BIIKpuTuUX myOmikauisax. IIpu mMopemoBaHHI poOoTH
MIAPEUKOBOI OCHOBHU 3 YpaxXyBaHHSIM ii JUCKPETHOCTI 3aCTOCOBYBAIIUCS 3arajlbHONPUNHSTI

TEOopii 1 MPUMYILEHHS ONOPY MaTepiaiiB Ta OyAiBeIbHOI MEXaHIKU; IPU OLIHII
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HanpyXeHo—1e(opMOBaHOTO CTaHy MIAPEHKOBOI OCHOBU [IJIi YMOB 3ali3HUIIb
HEe3arajbHOTO0 KOPUCTYBAHHS — METOJ CKIHUCHHUX EJICMEHTIB.

IIpakTuyHe 3HAYEeHHSI OJePKAHUX Ppe3yabTatiB. Po3pobreHO mpakTHyHI
pEeKOMEHJAIll II0JJ0 BUKOPUCTaHHS MPOMDKHUX perkoBux ckpimieHb tumiB TPEIT Ta
TPEII-III B ymoBax Kojiii He3araibHOro KopUcTyBaHHs. lIpakThyHe BIpOBaIKEHHS
pe3yJIbTaTIB AUCEPTAIIHHOT pOOOTH MIATBEPIKYETHCS BIIMOBITHUMU aKTaMHU, K1 HaJaHO
B JIOJIaTKAaX JI0 JUCEPTAIIii.

Oco0OucTuii BHecok 3100yBaya. Oy Ta aHaimi3 JTEpaTypud 3a TEMAaTHUKOIO
JOCITIJDKCHHS;  MIATOTOBKA  CKCIEPUMEHTAJIBHUX  3pa3KiB  Ta  TMPOBEACHHS
EKCIIEPUMEHTAIBHUX JOCTIPKEHb €JIEMEHTIB MPOMDKHUX PEHUKOBUX CKPIMUIEHb THIIIB
TPEII ta TPEII-1I npu ctaTiyHOMY Ta JUHAMIYHOMY HaBaHTAXKEHHSX; yOCKOHAJICHHS
KOMIUJIEKCY MaTeMaTUIHUX MOJIEICH MPOCTOPOBOI TMHAMIYHOT CUCTEMHU «EKIMaXk—KOJIish;
po3po0ka peKoOMEeHaIlil M0JI0 BUKOPUCTAHHS MPOMDKHUX PEWKOBHUX CKPIIUICHb THITIB
TPEIT ta TPEII-1III B ymMoBax koJiii He3araJbHOro KopucTyBaHHsA. OCOOMCTHUN BHECOK
aBTOpa y CIUIbHI IyOJIiKaIlii BiI0OpakeHNH y TIEpesTiKy OImyOIiIKOBaHUX POOIT.

Anpobaunisi  pesyabTatiB  aucepramii. OCHOBHI  pe3yiabTaTd  AWCepTaIli
JIOTIOBIATMCST 1 OOTrOBOPIOBAJIMCS HA HAYKOBO—TEXHIYHMX KOH(DepeHIisax: 77—

MDKHApOIHIM HayKOBO—TeXHIUHIN KOH(pepeHIlii «Po3BUTOK HAYKOBOi Ta IHHOBAIIHHOT

TISUTBHOCTI HA TpaHcHopTi» (M. XapkiB, 21-23 kBitHs 2015 poky); 6—1if MKHApOIHIHI

HayKOBO—TeXHIUHIH KoH(pepeHitii «[IpodieMu HaaitHOCTI Ta TOBrOBIYHOCTI 1H)KEHEPHUX
CHIOpYJ Ta OyAIBENb Ha 3aJII3HUYHOMY TpaHcropTi» (M. Xapkis, 19-21 ksitas 2017 poky).
Iy6aikanii. 3a pesynpTaTamMu AricepTaiiiHol poOoTH oIy0aikoBaHO 9 HayKOBHX
npatib, 3 HUX 5 cTaTteil y haxoBux BumaHHAX, pekoMeHnoBanux MOH VYkpainu, B Tomy
YHCITi 5 — Y BUAAHHSAX, 0 BXOATH JI0 MDKHAPOIHOT HAYKOMETPUIHOI 0a3u, 2 myOmiKarrii
anpoOaIifHOro XapakTepy, 2 MaTeHTH Ha KOPUCHY MOJICIb.

Ctpykrypa i o6csr podoru. /{ucepramis CKIagaeThes 31 BCTYITY, ITSITH PO3ILTIB,
3araJlbHUX BHCHOBKIB, CIHCKY BHKOPHUCTAHMX JDKEepen Ta mo;artkiB. JlucepTtaris
BUKJIaJIcHa Ha 234 cTOpiHKax 1 MICTUTHh 128 CTOPIHOK OCHOBHOTO TEKCTY, 52 PUCYHKHU Ta
21 Tabnmiro Ha 36 CTOpPIHKAX, CITMCOK BUKOPUCTAHMX JDKEpen 13 222 HaiiMeHyBaHb Ha 21

ctopinil, 10 nonatkiB Ha 49 cTopiHKAX.
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