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JOCJLIZKEHHSA HAITPYKEHOI'O CTAHY B EJIEMEHTAX BY3JIA
CKPIIVIEHHS THUITY KIIII-S I AI€IO PYXOMOTI'O CRUIALY

Meta. Ha croromHi icHye TE€HIEHIISI 3 BIPOBAKCHHS MIBUIKICHOTO Ta BHCOKOIIBUAKICHOTO PyXy MOi3MiB Ha
Joporax YKp3ai3HHUIl, 0 MOoTpedye MiABUIIEHHS MIIHOCTI Ta CTIKOCTI KOHCTPYKMIi 3ami3HNYHOT Koumii. OqHo9a-
CHO 13 IIUM IIiBUIIMINCH Ta PO3MIUPHUIUCH BUMOTH, TPe/’ SIBICHI 10 MPOMIKHUX PEHKOBUX CKpimieHb. Came Ha
KOJIifiHI poOOTH 3 YTPUMaHHS Ta PEMOHTY BYy3i1a ckpiruieHHs npunanae Big 10 go 18 % TpynoBux BUTpAT mijg 4ac
ekcrutyaranii. OZHUM i3 OCHOBHUX BHJIIB CKPIIUICHHS, SIKi MICIS JOBIOTPHBAIMX E€KCIUTyaTalliiHUX CHOCTEPEkKEHb
YBIMIUIN B MOCTiiHY ekcrutyaTanito (5 Thc. kM) € nmpomixkae ckpiruteHHs tumy KIIII-5. /lani nonepenHix TeopeTny-
HUX JIOCJI/DKEHb JJOCTOBIPHO HE AaBAJIM YiTKMX HayKOBO-OOTPYHTOBAaHUX BiANOBINEH Ta pe3yabTaTiB poOOTH BCHOTO
By3Jla CKpiluIeHHs. TOMy MeTOI0 J0ciify € po3poOKa Ta OOIpyHTYBaHHS METOIMKH IPOBEICHHS TEOPETHYHOTO JI0-
cimipKeHHS poboTH By3na ckpituteHHs Ty KIIII-5 i3 meranpHOIO OMIHKOIO MICIb ITOSBH HANPYXKEHOTO CTaHy B HO-
ro eJeMeHTax Bif Hii pyxomoro ckiamy. Meroaumka. B ocHOBiI OOIpyHTYBaHHS METOAWKH TEOPETHYHOTO HOCIi-
JUKeHHST poOOTH By3Jla MPOMDKHOTO peifkoBoro ckpimteHHs tumy KIIII-5 (3 meTanbHOO OIIHKOIO HAIPYKEHOTO
CTaHy B WOTO MPOMDKHUX €JIEeMEHTax Bix Aii pPyXOMOro CKJIady) JISKHTh TEOpis METOXy CKIHYEHHHX EJIEMEHTIB
(MCE). Pe3yabratu. 3 gonomoroto 3acrocyBants Teopii MCE Oyiio BCTaHOBJIEHO: O/IHMM 13 TOJIOBHUX €JIEMEHTIB
By3JIa CKPIIJICHHSA, SAKi MEPIIMMH CIPUIIMAIOTh YaCTKy BEIHMYMHH Oi9HOI CHIH, IO MepemaeThes BiA Iil pyXoMoro
cKkiany, € npyxHi kiemu tuiy KII-5. AHanizyroun oTpuMaHi 1aHi, BCTAHOBJICHO, 1110 3HAYEHHs HAlPYXKEHb y MPYyT-
Kax KJIEMHU 3 BHYTPILIHbOI CTOPOHU peiKkoBOl HUTKH Ha 53,156 % Oinblie, HiXK 3HAUEHHS HAIPYXE€Hb Y 30BHILIHIN
cTOpOHI pelikoBol HUTKH. HaykoBa HoBU3HA. Po3po0iieHa MaTeMaTnyHa MOAENb POOOTH 3alIi3HUYHOI KOJIiT 13 1Ipo-
MDKHUM peiikoBuM ckpituteHHsM tury KIIII-5 mix giero pyxomoro ckiamy Ajisi JOCIHIKEHHS HAIPYKEHOTO CTaHy
B €JIEMEHTaxX BYy3/1a CKpiIuIeHHs. J[aHa MareMaTHyHa MOJENb JI03BOJISIE BpaxyBaTH (Di3MKO-MEXaHI4Hi BIACTHBOCTI
JIOCII/PKYBaHHUX €JIEMEHTIB Ta TeOMETPUYHI YMOBH 3aKpiIUICHHS, [0 IPEJICTaBIAIOTH COO0I0 KOHCTPYKTUBHI Ta eKc-
TUTyaTaliifHi XapakTepUCTUKH POOOTH BCHOTO BYy3ia CKpilUIeHHS B miutomy. IIpakTuyHa 3HaummicTb. OTpuMaHi
B JaHill poOOTi MOJOXKEHHS Ta PE3yIbTaTH CKIHYCHHO-CJIEMEHTHOTO MOJCITIOBAaHHS IO3BOJIAIOTH BiIOOpasuTH Ta
JOCTINTH HAWOLTBII IMOBIpHI MicCIs IOSIBH HAIIPYKEHOTO CTaHy B eneMeHTax ckpimieHHs tumy KIIII-5, B axmx
B [IOAAJIBIIOMY MOXXYTh BUHUKHYTH ITOLIKO/KEHHS Ta Ne(eKTH, 0 BIUIMBaTHME HA CTAOLIBHICTh POOOTH 3asIi3HHU-
YHOI KOJIi1 B LIJIOMY.

Knrouogi cnosa: IpoMixkHe CKPIIUICHHS; IPY>KHA KJIeMa; MiApeiikoBa MPOKIIaaKa; JKOPCTKICTh; CHJIa IPUTHCKaH-
HsI; METOJI KIHIIEBUX €JIEMEHTIB
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Beryn

Binpme HiXK miBTOpa CTONITTS NpPaKTHKa EKC-
TuTyaTamii KoJii Hao4YHO ToKaszana, Mo Ui BCiX
BHIIIB JIEPEB'THUX 1 3a1i300€TOHHUX ITiIPEHKOBUX
OCHOB HAMOULIBII CKJIaJHAM KOHCTPYKTHBHO 1 TEX-
HOJIOTIYHO HAWBAXKJIMBIIIAM BY3JOM € TMPOMIXKHI
pefikoBi ckpimrenns. Came Ha KoJifiHI poOoTH
3 YTPUMaHHS 1 pEMOHTY CKpIIUICHb NpUTIaae 3Ha-
YHA YaCcTUHA TPYJOBUX 3aTpar MijJ 4ac eKCIuTyara-
mii Komii. [3 BHKOpHCTaHHSAM 3ali300€TOHHHUX
IIMaj1, OJHOYACHO IiJBHIIMIACH 1 MKOPCTKICTh 3a-
J3HUYHOI KOJIii, THM CaMUM 301JbIIYIOYH 1IMOBIp-
HICTh TOSBH Pi3HUX Ne(eKTiB Ta MOIIKOIKEHb
B pelikax, a TakoXX 1 BiOparifiHoi B3aeMomii Mix
eJIeMEeHTaMM BepxXHbOi OymoBH Kouiii. He3anoBiib-
HUN BIUIMB BHWIIE3a3HAYCHUX (HAKTOPIB TEBHOIO
MipOIO TIPOSIBIIIETHCS OMOPOM KOHCTPYKIII KOl
301JIbIICHOMY MOT3HOMY HAaBaHTAKCHHIO B MOIEpe-
YHO-TOPU3OHTANBHIN 1mionmHl. Oco0muBo 18
CIIOCTEPIra€eThCsl B KPUBHUX Majoro paiiyca, Je Be-
JIuurHa i OIYHUX CHJI KOJMBAETHCS Big 75 IO
130 kH [12]. Pe3ynbraTom aii Takux CHIJI € MOSIBA Y
MIEBHUX MICISIX €IIEMEHTIB CKPITUICHHS 3HAYHOTO
HaTpy>XKeHO-1e()OPMOBAHOTO CTaHy, IO BIUINBAE
Ha CTaOUIBHICT POOOTH €IEMEHTIB By3J1a IPOMIXK-
HOTO peiikoBoro ckpiminenns tumy Ta KIIII-5, saxi
Ha CHOTOJIHI € OCHOBHUMH TI0 BCiii Mepexi YKp3a-
JI3HHAL].

HaiiGinbin  1OCTOBIpHI  MICISl  HANpPYKEHO-
nehOpMOBAHOTO CTaHy B €IEMEHTaX BY3Jia MPOMi-
KHOTO PEHKOBOTO CKpIIIEHHS, B SIKUX B TOAAlb-
HIOMY IIiJ] Yac TPUBAJIOI eKCIUTyaTalii MOXYTh BH-
HUKHYTH TTOIIKOKEHHS TIEPEBAXKHO BiJ il O1YHUX
CHJI, BU3HAYAIIUCh B OCHOBHOMY €KCIIEpUMEHTAITb-
HAMH METOJIaMH{, 10 BUKOHYBaIHCh y 60—70-x
pOKax MHUHYJIOTO CTOJITTS.

Jani nociikeHb JOCTOBIPHO HE NaBalHM Hay-
KOBO OOTPYHTOBaHHX BIATNOBiJEH Ta YiTKUX pe-
3yJIbTaTiB POOOTH BCHOTO By3Ja MMPOMIKHOTO peid-
KOBOTO CKpIIUICHHS Tif M€ CHII, IO IepenaBa-
JIUCh Ha €JIEMEHTH MPOMIKHOTO PEHKOBOTO CKpiIl-
JICHHSI B1JI pyXOMOTO CKJIaay.

Meta

Meroro € po3poOka Ta OOTPYHTYBaHHS METO-
JVKH BUKOHAHHS TEOPETUYHOTO JOCIIKCHHS PO-
6otu By3na ckpimenns tuny KIIII-5 3 neransHoro
OIIIHKOIO MICIIh TIOSIBH HAIPY>KEHOTO CTaHy B HOTO
eJIeMEeHTaX IIiJT TI€F0 PyXOMOTO CKIIady.

doi 10.15802/stp2015/42174

MeTtoanka

OCHOBOIO TEOPETUYHOTO IOCITIIKEHHS POOOTH
3aITI3HAYHOI KOJIi1 13 MPOMIXKHUM PEHKOBHUM CKpiIl-
neraHsM turry KIII-5 3 meranpHOIO OIMIHKOIO Ha-
NPYKEHOTO CTaHy B HOT0 MPOMIKHHUX €IeMeHTax
ITiJT Ti€0 PyXOMOTO CKJIaIy € METOIWKa, 1o 0a3y-
€TbCS Ha Teopil METOAY CKIHYEHHHX €JIEMEHTIB
(mani MCE).

Po3B’s13aHHS MEBHOI 3aa4i BKIIOYAE AEKITIbKa
eTarliB, o 300paxxeHo Ha puc. 1.

Ha puc. 2 HaBeneHa octaroyHa cxema MoOJei
JUTSL JOCHIJKCHHS Ta JETalbHOI OIHKKA po00TH
BCHOTO By3Ja pelikoBoro ckpimnenHs tumy KIIII-5
3 METOI0 OTPHMAaHHS JIOCTOBIPHHMX pPE3yJIbTATIB
H/IC eneMmeHTIB BHACIIJOK 30BHIIIHBOI Iii CHI,
110 TIepeAar0ThCs BiJl KOJIC PyXOMOTO CKIIaay.
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Puc. 1. OcHogHi eramu pozpaxyHky MKE ta
MOCTIOBHICTE iX BUKOHAHHS

Fig. 1. The main stages of FEM calculation and
consistency of their performance
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Puc. 2. Moaens KOHCTPYKITIT 3a1i3HUYHOT KOJIiT
i3 ckpirutenssm tuny KIIII-5

Fig. 2. Model of railway track construction of
a fastening type KIIIT -5
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BpaxoByroun BeaMKe pO3CIIOBaHHS XapaKTepH-
CTHK 3aJIi3HUYHOI KOJIIi Ta €KIMaXXiB, TOUYHICTh BH-
MIpIOBaHHS BKa3aHWX BENWYHMH (AWB. pUC. 1) mif
yaC BUKOHAHHS EKCIIEPUMEHTIB  3HAXOIMTHCS
3 IOIyCTUMOIO MOXMOKOI0 Ha piBHI £ =10 % . Mi-

pa 3MiH I1i€] BETHYUHU BCTAaHOBIIOETHCS KOedilie-
HTOM Bapiamii «v». [Ipu E=10%—>v=10%.
Tomy mizx yac BUKOHAHHS AMCKPETU3alil KOHCTPY-
KIIii, KiTBKICTh KPOKiB (piBHIB) PO3OMBKH 00JIACTi
Ha CE B momanbmmx po3paxyHKax BH3HAYAIOCh HE
OinpIme Hik 5 %.

Ha ocHOBi monepenHbO BHKOHAaHHX JOCIHi-
JDKeHBb OyJI0 CTBOPEHO TAaKUil alrOpUTM:

R=ficp@Q.F.P.n/A=5%), (1)

ne QZ{{O% @, ;oo {515 855 S,....}}, @

0 = {{gu, g., g}_/...}, {(p,‘, 0., (p}_/...}} , 3)

3BIICH

R :{{GH,G”, le...csu...}, {yu, V., yy}} , (4)

Je Q — 30ipka eleMeHTIB KOJIii; », — TBepAOTLIMH
i-uii eneMeHT (00'€KT) CyKyIHOCTI €IEeMEHTIB KOii
(knema, MpokIajKka, peika Ta in.); g , ¢, — j-ui

€JIeMEHT CYKYITHOCTI T€OMETPHUYHHX IapaMeTpiB
1 MHOXMHAa (PI3MKO-MEXaHIYHHX BIACTUBOCTEH

o0’ekta ® BignoBixHo; S={S,S,S..} — mHo-
JKUHA (CYKYIHICTh) 3B’S3KiB Mk 00’ €xkTamu; F, P
— CYKYIIHICTb HaBaHTaXXCHb Ta 3aKpiIUIEHb, 7 —
KIJIBKICTh LMKIIB po3paxyHKy; A — %-Ha cxo-
KICTh CyMDKHMX pe3yJIbTaTiB; G,, y, — k-uii ene-
MEHT HalpyXeHb Ta AepopMmaliil 00’ekta o ; R —
cTa" Moedi BiamoBigHo po3paxyrakam MKE.

Hampysxenns, 1o 1moB’s3aHi i3 aedopmariisamu,
OMKCYIOTHCS CITIBBIIHOIICHHSIM:

)

fol =[D]{"}. )
fe {G} — BeKTOp HATpyKeHb; [D] — MaTpHI KO-

PCTKOCTI; {sel} — BEKTOp IPY>KHOI Aedopmarii.

BekTop HanpyeHb BU3HAYAETHCS 3 BUPA3y:

T
{G}:[GX’Gy’GZ9ny=GyZ’G)Cz:| - (0)
doi 10.15802/stp2015/42174
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Buxinauii MacuB, BUpaXXCHUH BEKTOPOM IPY-
JKHOT 1eopMallii, OMHCY€ETHCSI BUPA30M:

fet={e}+ |07 o}, )

ne {€} — BekTOp MOBHOI HedopmaLLii; {gth } — BEK-

TOp TeMIiepaTypHoi nedopmarrii.
3Bigcu

{8}:{gxasy’gzﬁxyagyz"gxz}- (®)

Bexrop temmepaTrypHoi medopmariii Bu3Hada-
€TBCS 3 BUpa3y:

T
{Sth}:AT[AX5Ay5AZaO:O:O:| s (9)
AT =T —Tppp
ae Ay, A y A, Koe(iLieHT TeMIepaTypHOro

PO3IIMPEHHSI €JIEMEHTa B HANpPsMKy IUIOMIMHA
x,y,z; T — icHyro4a TemMneparypa B EeBHill TOYIL;
T, — TEMIIEpATYpa, NIpHU sKil aepopmanii Biacy-
THI.

Bekropu medopmaniii (&) B TEBHHUX TOY-
Kax X,V,z,Xy,VZ,XZ OIHCYIOThCS TaKHUMHU DiBHSH-

HAMU:

e, =AAT+oc /E,-v o6 /E -v o /E,
e, =AAT+oc, /E -v o /E —-v o [E,

e.=AAT+c_,/E.~-v 6. /E —-v_ o, /E (10)

g = GW e = GZy e = sz
w > Py T > @ T
G.X} GZy GZ)L

e & ,&, ,& — BelMUUHU AedopMalliii eneMeHTa

y?
B HaNpsMKy OCed x,y,z; ¢, & _, &, — Aedop-
Mmarii 3cyBy KE-todok B muromwuHax xy, xz, yz;

G,, 6,, O, — Hallpy>XXCHHA B CJIICMCHTAaX II0 OCAX

z

X,¥,2; 0 — Halnpy>KeHHA 3CyBY B ILJIO-

zx

Xy 2 Gzy » O

HWIMHAX XV, XZ, VZ .

3rigHo 3 BUpa3oM (5), oOepHEeHa MaTPULIs OIH-
CYETBCS TaK:
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VE  —~v/E, ~./E_ 0 0 0 Gy =(EE,)/(E +E, +2vyxE, ),  (14)
v, /E  VE ~—~_ /E 0 0 0
~v./E —~_/E UVE 0 0 ol (11)

il Ve TVl g Gy, =|\E E;|/|Ey,+E,+2v,Ey, |, (15)

LT % 6 weo o oy =(EyE: )I(Ey+ B +2v 2 Ey )
0 0 0 0 VGuq G.=(E.E)/(E,+E +2v_E). (16)
0 0 0 0 0 0

ne E — monyns FOHra mo ocsix x, y,z; v — Koe-
¢iuient Ilyancona; G — MOIyJib 3CYBY B ILIOLIH-
Hax xy,xz,yz.

Hampysxenns (o), 110 BHHAKAIOTH B €JIEMEHTAX
B HampsIMKy oceil x, y,z, Ta HallpyXEHHsS 3CYBY

B IUIOIIMHAX Xy, xz, yz, OIMUCYIOTbCSH 33 TaKHUMHU
BHpa3aMHu:

oy :Ex/h[l—(vyxz)Ey /EZ}(SX ~AGAT)+
FEx I h Ve +V vy By | Bz |
x(8y = ApAT )+ Ex /B Vg +vyzv g |
x(e; —ALAT)
oy =Ey/h[l—(vzx2)Ex/EZJ(sy ~AAT)+
+Ex/h[vyx +szVyzEy/Ez]><
(x = AyAT)+ By /A Vg + V.2V By [ B |
x(e; —ALAT)
S, =Ez/h[1—(vyx2)Ex/EZ:|(sz —AZAT)+,

Ex/h[vzx +sz"yx]x
X(8x = AxAT )+ Ey /B vz + VoV Exc | Ey |

x(sy —AyAT), (12)

=G._¢

ZX T X

c,=G,¢

wE€y» 0,=Ge, ,0

zy©zy 2 zx
ne h=1~(Viy ) Ex /By (V2 ) Ey /B2 -
~(Viz ) Ex/Ez =2vxyVo Vi Ex 1 E- . (13)

Monynp 3cyBy B IUIOLIMHAX Xy, Xz, yz OIUCY-
€THCS TAKMMH BHPa3aMHU:

doi 10.15802/stp2015/42174

Ilix 4Wac mOCHiMKEHHS HANPYXEHOTO CTaHy
€JIIEMEHTIB y BY3J1i MPOMIXKHOTO PEHKOBOTO CKpil-
nenns tury KIII-5 1o Mopeni npukiagaiuck 30B-
HimAi cumm (F) (muB. puc. 2), sSKi BUHHKAIOTh
y CKJIaJHUX YMOBax eKCIUTyaTaiii, a came: B KpH-
BHUX JUISHKAX KOJII.

Ha ocHoBi 11b0r0 0yI10 IeTabHO NEePETIITHYTO Ta
MTPOAHAJII30BaHO 3HAYCHHS OIYHMX Ta TOPU30HTATb-
HUX CWJI, [0 BUHHUKAIOTh B KPUBUX JLISHKAX
KOJIi M Ji€l0 pyXOMOro CKiamy, 3a eKCliepuMeHTa-
TpHEMHA 3BiTamu jtabopartopii KITHIAJI JHY3Ty
[2-5, 7, 15—16]. Y xoxi aHami3zy Opanuch A0 yBaru
Pi3HI BUAU OCIITHOTO PyXOMOTO CKJIaay Ta Iapame-
TPH YJAIITYBAHHS JUITHOK KOJTii.

OrmiHKa 3MiHM BEITWYWHH OIYHMX Ta BEPTHKA-
JBHUX CWJI, 1[0 BUHUKAIOTH B KOJIi Mija i€l pi3-
HUX THUIIB PyXOMOTO CKJIaJy 3ajie)KHO BiJl jiara-
30HY pajiyciB, 300paxeHo Ha puc. 3—5.

80 ¢
70 A

>R, [ 4]

250 400 550 700 850 1000 1150
Puc. 3. 3amexHicTb OIYHUX CHII I10 30BHIIIHII

PpeiKOoBIi HUTLI BiJ Jiana3oHy pajiyciB

Fig. 3. The dependence of lateral forces
in the external rail thread from
the range of radiuses

Benmnunna OIYHMX TOPHU3OHTATBHUX CHUI 3alIe-
JKHO BiJ Aiama3oHy pajiyciB HOCUTHb HETiHIHHUHA
xapakrtep (puc. 3), SKHii MOKHA OMHCATH (YHKIIi-
€10:

b
y=a+—,
X

(17

e a, b —nocTiiiHi mapameTpu.
[Mapamerpu QyHkmii 17, 3a AkuX BOHA Mae Mi-
HIMYM, MOKHA OITHCATH CUCTEMOIO PiBHSHb:
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o n s Mapamerpu ¢ynkuii (19) 3a meromom Haii-
2a 2 (J’z —ax; _b) MEHIIUX KBaapaTiB [11] MoKHa omucaTu TaKOrO
=1 CHUCTEMOIO PiBHSHB:
8 i 2 n 2 n n
b (yz_axi_b) > (18) ay. x +bei=inyi,

T BHUMIpSIHI KOOPAWHATH i-1 TOUKH; 1 —
1

KUTBKICTh TOYOK 3 BUMIPSHUMH KOOPIUHATAMHU.

140 ;
130 ¢
=120 L
; leu I
2110 fe— &%
¢ 100 |
~ 00 L
80 |
70 | | . 1 }I
; B
250 400 550 700 850 1000 llﬁ\[ ]
Puc. 4. 3naueHHs BepTUKANBHUX CUJI
T10 30BHIIIHIN HUTL KPUBOI 3aJIEKHO
BiJl iama3oHy paiyciB
Fig. 4. The value of vertical forces
in the external thread of the curve
from range of radiuses
170 A
150
Z130 g% ey R
o110 F
~ 90 t
70
50 i | | 1 l

|
"R [n]
250 400 550 700 &50 1000 1150

Puc. 5. 3HaueHHs BEPTUKAIBHUX CHIT
MO BHYTPIIIHIA HUTI KPHBOT 3aJIEIKHO
BiJl liania30Hy pajiyciB

Fig. 5. The value of vertical forces
on the internal thread of the curve
from range of radiuses

XapakTep 3MiHH BEITUYMHU BEPTHKAIBHUX CHII

SIK TI0 BHYTPIITHIN, TaK 1 10 30BHIIIHIA pEeWKOBiit

HUTKaX 3aJIEKHO BiJ Jiama3oHy pajiyciB R, m (3a

pe3ylbTaTaMy anpoKCHUMYBaHHS) HOCUTh JiHIHHAN

xapaktep (puc. 4, 5) Ta MOXE ONMUCYBAaTUCH (PYHK-
Li€ro:

y=ax+b. (19)

doi 10.15802/stp2015/42174
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i=1 i=1 i=1

ale. +nb= Zy,. . (20)
i=1 i=1

3a pe3yabTaTaMy apoOKCUMYBaHHS Ha puc. 3—5
MO’KHA IT00AYUTH, 1110:

— BeNM4MHA OIYHUX CHJ B KPHUBHX [UISHKAaX
Koutii pagiycoMm R =o0 1o R=600 m crpimko 30i-
JMBIIYEThCA 1 cTaHOBUTH 60,5 %, B miamazoHax
kpuBuX Bix 501-600 M 10 401-500 M — Ha 8,33 %,
Big 401-500 m 1o 300—400 — Ha 20 %);

— IO 30BHIIIHIN PEHKOBIM HUTIII BEIWYMHA Be-
PTUKATBLHUAX CHJI 3MIHIOETHCS B Mialla30HAX pajaiy-
ciB Bix 601-1000 m go 501-600 m na 0,16 %, Bix
501-600 m mo 401-500 m — ma 0,19 %, Bin
401-500 m 1o 300—400 m —Ha 1,2 %;

— M0 BHYTPIIIHIN pEHKOBIH HHUTII BEJIWYMHA
BEPTHKAJILHUX CWJI 3MIHIOETHCS B Jlialla30Hax pa-
niyci Big 601-1000 m mo 501-600 — Ha 1,68 %,
Big 501-600 m mo 401-500 m — na 0,24 %, Bix
401-500 m g0 300—400 M — Ha 6,6 %.

PesynbraTti po3paxyHKiB MpH Pi3HUX CEperHIX
3HAYeHHAX OIYHMX Ta BEPTUKAIBHUX CHJI, IO BH-
HUKaIOTh B Jiama3oHax pagiyciB R=300+420 wm;
421+550 m; 551+600 M, 300paxkeHi y taou. 1.

Tabomums 1

Po3paxynkoBi 3HaueHHs1 HanpyskeHb (o, MIIa)
B KJIeMax

Table 1

The calculated stress values (o, MPa)
in the terminals

3navyenHs HanpyxeHb (Mlla) B kmemax
Hianazon Kiema Ne 1 Knema Ne 2

paniycis R, Huxna Bepxns Huxua Bepxnsa
M YacTWHA | 4YacTHHA | YacTWHA | YacTHHA
npyTKa NpyTKa npyTKa npyTKa

300...420 | 134,945 | 29,956 | 57,716 | 24,512
421...550 | 98,923 26,991 38,484 | 20,312
551...600 | 72,885 23,918 | 36,712 17,480

Ilig yac mOCHIMKEHHS HANPYXEHOTO CTaHy
€JIEMEHTIB y BY3Ji IPOMIDKHOTO PEHKOBOTO CKpil-
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nenns tamy KIII-5 no Moaeni npukiaganace cuc-
Tema cuil (puc. 6), sKa BUHHKA€E Y CKIAJHUX YMO-
BaxX eKCIUTyaraillii, a caMe: B KPHUBHX JISHKAX KO-
JIii TIpH pI3HMX Jiama3oHaxX padiyciB.
IIpoanaimizyBaBIy TEOPETHIHO-OTPUMAaHI aHi,
10 300paxkeHi Ha puc. 7, Ta 3rigHo 3 Tabn. 1 Bcra-
HOBJICHO, IO CEepeIHi 3HAYCHHS HAIPYy>KEHb, SKi
BUHHUKAIOTh B TpyTKax kiemu Ne 1 (BHyTpimrHs
CTOpOHa pEHKOBOI HUTKH), 3HAYHO OUIBII, HIXK
BEITMIMHY HAIIPYXXEHb B MPyTKax kKiaemMu Ne 2 (30B-
HIIIHS CcTOpoHA peikoBoi HUTKH). [IporneHTtHe
CITIBBiTHOIIIEHHS IKMX 300pakeHo Ha puc. 8.

- - =

Puc. 6. PozpaxyHKkoBa cxema By3ia
peiikoBoro ckpimuteHns tumy KIII1-5:
1 — peiika; 2, 7 — xieMu; 4 — migpeiikoBa MpoKJIaaKa;
5 — 3amizobeToHHa mmana; 3, 6 — i30JIF0I0YHH BKJIAINIIT

Fig. 6. Calculation model of node
rail fastening, type KIIII-5:

1 —rail; 2, 7 — terminals; 4 — rail pad;

5 — concrete ties; 3, 6 — isolating liner

[c] = |50Mila

i

%
120 T — e Kaewa Nel
100 e

a, M[la

! Rm
551-600

421-550

Puc. 7. 3anexHicTh HanpyXeHb y MPYTKax KJIeM
0 30BHIIIHII Ta BHYTPIIIHIN
CTOPOHI PEHKOBOT HUTKH

Fig. 7. The dependence of the stresses
in the bars of terminals on the external
and internal sides of the rail thread

3rigHo 3 pHC. § MpoaHaNi3yBaBIIM OTPUMaHi
JlaHi, BCTAHOBJEHO, IO 3HAYEHHS HAINpPyKeHb
Yy HWKHIM YacTHHI NMPYTKa KIEMH TI0 BHYTPIUIHIH
CTOPOHI perKoBOi HUTKH Ha 56 % OinblIi, HIX IO
30BHIIIHIA CTOPOHI PEHKOBOT HUTKH.

doi 10.15802/stp2015/42174
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Puc. 8. [lopiBHAJIBHI cepe/IHi 3HaUCHHS HAIPYEHb
B IpyTKax kieM | ta 2

Fig. 8. Comparative average values of stresses in
the bars with terminals 1 and terminal 2

3Ha4YCHHS HANPYXKEHb Y BEPXHIH YaCTUHI TIPY-
TKa kieMu Ha 53,1 % Oinplmni, HiXK 3HAYEHHS Ha-
Npy’KeHb Y BEPXHil YaCTHHI MPyTKa KJIEMH, aje He
MIEPEBUIIYIOTHh JIOMYCTUMHX, WO IIiITBEPHKEHO
Takox [1, 9, 14].

PesysbTarn

B pesynbrari aHanmizy OTpUMaHUX HaHHX, IO
300pakeHi Ha puc. 8, 0aYMMO, IO 3HAYCHHS Ha-
npyKeHb y TPYTKax KIeMH M0 BHYTPIIIHIHA CTOPO-
Hi pefikoBoi HUTKH Ha 53,156 % OinbIri, HiXK 3Ha-
YeHHSI Halpy>KeHb 110 30BHILIHIN CTOPOHI peKoBOi
HUTKH.

OTpuMaBIIM HA OCHOBI TEOPETHYHHX PO3paxy-
HKIB, 3TiJHO 3 BHIIEHABEIECHUM aJTOPUTMOM, BHU-
XiHI 3HAYEHHS HAIMPYKEHUX BIIACTUBOCTEH k-0TO
eJIeMEeHTa KOHCTPYKIIii, MOXKIIMBO IPOaHaIi3yBaTH
HaNOUTBII IMOBIPHO-IOCTOBIPHI MICIIS TIOSIBU MaK-
CHUMaJIbHUX HaIpyXeHb B €JIEMEHTaX By3ja Ipo-
MiKHOTO peiikoBoro kpirutenHs tumy KIIII-5, oco-
0JIMBO B KIJIEMI.

HaykoBa HOBU3HA Ta MPAKTUYHA
3HAYNMICTDL

Po3pobiena mMaTemMaTH9Ha MOJAETH POOOTH 3a-
J3HUYHOI KOJIii i3 MPOMIXKHUM PEHKOBUM CKpiI-
nensasim Ty KIII-5 mig miero pyxomoro ckiamy
Ul TOCHI/DKEHHS HAaIpY KEHOTO CTaHy y eleMEH-
Tax By3zia ckpimuieHHs. L[s maremaTtnuHa mopenb
JTO3BOJISIE BpaxyBaTH (Di3MKO-MEXaHIuHI BIIACTUBO-
CTI JIOCNIITHMX E€JIEMEHTIB Ta IeOMETPHYHI YMOBHU
3aKpIIJIEHHS, 0 SBJISIOTH COO0I0 KOHCTPYKTHBHI
Ta eKCIUTyaTaIliifHi XapaKTepUCTUKH POOOTH BChO-
TO By3Jla CKpIiIVICHHA B IIIJIOMY.

OTtpuMaHi B poOOTi MONOXKEHHS Ta Pe3yJIbTaTH
CE-MopnentoBaHHS JIO3BOJISIIOTH BiOOpa3uTH Ta
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JMOCIITATA HAWOUIBIII IMOBIpHI MICIIS TIOSIBU Ha-
NPYKEHOTO CTaHy B €JIEMEHTax CKPIIUICHHS TUITY
KIIII-5, B sikux B MOJAIbIIOMY MOKYThb BUHUKHY-
TH HNOUIKOPKEHHS Ta Ne(EeKTH, 110 BIUIMHE Ha CTa-
OinpHICTH pOOOTH 3aJTI3HUYHOI KOJIiT B LIJIOMY.

BucHoBku

3a JI0MOMOTOI0 MOJENIOBaHHS pPOOOTH KOHC-
TPYKUil 3aMi3HAYHOI KOJIii i3 MPOMIKHUM pEHKO-
BuUM ckpimieHHsM tumy KIIII-5, mo rpyHTyeThCs
Ha Teopii MCE, Oyiio BCTaHOBJICHO, IO OJHUM i3
TOJIOBHUX €JIEMEHTIB By3Ja CKPITUICHHS, SKi Tep-
IMMHU CHPUHAMAIOTh YacTKy BEJMYMHH OiYHOI CH-
JH, 10 TEePeNaeThesl Mif Ji€I0 PyXOMOTo CKIamy,
€ ipyxHi kiaemu Tamy KII-5.

VY Micusfx KiemH, A€ HampyXeHUH CTaH, IO
BHHHKAE BIJ] CyMICHOI B3aeMOil KOIiI Ta KOJIiC
PYXOMOTO CKJIaJy, € MaKCHMallbHUM, IIiJl Yac
ekcrutyaranii OyIyTh BUHMKATH Hampy>KeHHS BTO-
Mmu [10], AKi B TOJJANBIIOMY MOXYTh IPU3BECTH JI0
[I0C/Ta0JIEeHHS CHJIOBOTO JIAHLIIOXKKA — «peiKa-
KJeMa-npokiaaka». OJHOYacHO Lie MpHU3Bene 0
BTpaTd CTaOUTBHOCTI POOOTH BY3Ja MPOMIKHOTO
petikoBoro ckpimtenns tumy KIIII-5 Ta MoxkimuBo-
ro BUHUKHEHHS yrOHy IUTITed OE3CTUKOBOI KOl
[8, 10, 17-18,].

Ha croromni 0ocoONMBiCTE yTPUMaHHS CKpIiIl-
nennst tumy KIIII-5 nonsrae y 3amini gedeKTHUX
Jeraneid B Xoni iX BHUsABIEHHSA. EnemeHTH cKkpin-
JICHHSI PEMOHTY HE ITiJUIATalOTh 1 3aMiHIOIOThCA Ha
HOBI, SIKi BU3HAYAIOTHCS HATYPHHUM OTJISAIOM T€O-
METPUYHHX PO3MIpiB [6].

Ha meit gac icHye mpoOnema, mo IoB’si3aHa
3 BIICYTHICTIO METOIMKH Ta 3aC00IB KOHTPOJIO 3a
CTaHOM POOOTOI0 By3Jla MPOMIXHOTO PEHKOBOTO
ckpimnennst tumy KIIII-5 B ekcrutyaranii, a came:
KOHTPOIIb 3a pobotoro kinem tumy KII-5, ockinbku
BOHW BH3HAYAIOTh HAMIHHICTH pOOOTH By3i1a CKpi-
IUICHHS B 1JIoMy. BuH#Kae HEOOXiHICTh PO3p00-
KA PEKOMEHJALI ION0 YTPUMAaHHS 3aji3HUYHOI
KOJIi1 13 IPOMI>KHUM PEHKOBHUM CKPITUICHHSM THUITY
KIIII-5, sxi 6 103BOJIMJIM IIICHIUTH POOOTY By3Jia
CKpIIJICHHS 3 OJHOYaCHUM 30€pexeHHSM Heo0-
XiTHOI BENWYMHU CHJIM TPUTHCKAHHS DPEUKH 110
MiAPEHKOBOI OCHOBHU MPOTSTOM BCHOTO MiKPEMOH-
THOT'O TEPMiHY eKCIUTyaTarii.

e omHOYaCHO BiAKpUIO O MOKJIHMBICTH 30111b-
MIEHHS TOJITOHY VKIAAKH TPOMIKHHUX PEHKOBUX
ckpimiens tumy KIII-5, Britovyaroun 1 Kpusi paji-
ycom MmeHIre Hixk 400 M.
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NCCIEAJOBAHUE HAITPAXKEHHOI'O COCTOAHUA
B 3JIEMEHTAX VY3JIA CKPEIIVIEHUS TUIIA KIIII-5
noa IEMCTBHUEM ITOJABUKHOT'O COCTABA

Henb. Ha ceropgusiiHuil N€Hb CYLIECTBYET TEHIEHLUS I10 BHEAPEHUI0 CKOPOCTHOIO U BBICOKOCKOPOCTHOI'O

JABHIKCHUS IMMOC3A0B HA JOpOorax pr3aJ'II/I3HI>IHI/I, 4qTo Tpe6yeT MOBBIICHUA MTPOYHOCTH U YCTOﬁqHBOCTH KOHCTPYK-
[UU KCJIC3HOAOPOKHOTO ITYyTH. O,HHOBpeMeHHO C OTUM IIOBBICUJIUCH U PACHINPUIINCH Tpe6OBaHI/ISI, MpEaBbABIISICMbBIC
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K MPOMEXYTOUHBIM PENIbCOBBIM CKpEIIeHUsIM. MIMEHHO Ha ImyTeBble pabOThHl MO COAEPKAHUIO M PEMOHTY y3la
ckpemienns npuxonurcs ot 10 mo 18 % TpymoBsIx 3aTpar Bo BpeMs 3kciuryaTtanuid. OIHUM U3 OCHOBHBIX BHIIOB
CKpPEIUICHHsI, KOTOPBIE MOCJIE JITUTENIbHBIX 9KCIUTYyaTallHOHHBIX HAOMIOJEHUH BOLIIN B MOCTOSIHHYIO 3KCILTyaTalluio
(5 TBIC. KM), ABNSETCA MpOMEXyTouHOe ckperuienue Tuna KIIII-5. JlaHHbIe MpeabIIyuX TeOPeTHUECKHX UCCIIEn0-
BaHUW OCTOBEPHO HE JaBaJld YETKUX Hay4yHO OOOCHOBAHHBIX OTBETOB U PE3YJILTATOB pabOTHI BCETO y3Iia Kperuie-
Hust. [103TOMY Lienbio ombITa sBIIsIeTCsl pa3paboTka 1 000CHOBAaHHE METOIUKH NPOBEACHHS TEOPETUUECKOTO UCCie-
JoBaHMs paboThl y3na ckperuienust tuna KIIII-5 ¢ netanpHON OLIEHKOH MECT MOSBIICHUS HAIIPSDKEHHOTO COCTOSIHUS
B €ro 3JIEMEHTaxX OT BO3JEHCTBHS MOJBIKHOTO cocTaBa. MeToanka. B ocHoBe 000CHOBaHMSI METOAMKU TEOpETHUE-
CKOTO HCCIeIoBaHHs paboThI y3J1a MPOMEXYTOYHOT0 pesibcoBoro ckperutenus tuna KIIII-5 (¢ neranbHoOl oneHKoMH
HAIpsDKEHHOTO COCTOSIHUSL B €TI0 MMPOMEXYTOUHBIX JJIEMEHTAX OT BO3/IEHCTBUS MTOBIKHOTO COCTaBa) JIEKHUT TEOPHS
MeToaa KoHeuHbIX drmeMeHToB (MKD). PesyasTaThl. C moMomnsio npuMeHeHus Teopruu MKD ObIIIO yCTaHOBIEHO:
OJTHMM M3 TJAaBHBIX 3JIEMEHTOB y3Jla CKPEIUICHHS, KOTOpPBIE NMEPBBIMH BOCIPUHHUMAIOT JOJIO BEIWYMHBI OOKOBOM
CHJIBI, TIepelaBaeMOil OT BO3JIEHCTBHUS MOABIKHOTO COCTaBa, SBISFOTCS ynpyrue kiaemMsl tama KII-5. Arammsupys
MOJTy4EHHbIE JaHHBIE, YCTAHOBJICHO, YTO 3HAYCHUE HANPSKCHUH B MPYTKaX KJIEMMbI C BHYTPEHHEW CTOPOHBI PEllb-
copoit HuTH Ha 53,1-56 % Oosplne, 4eMm 3Ha4YCHHWE HANPSDKEHUH Ha BHEIIHEH CTOPOHE pPEIbCOBOM HHTH.
Hayunasi HoBu3Ha. PazpaboTana MaTemarnieckas MoJiellb pabOThI JKEJIE3HOAOPOIKHOTO MYTH € MPOMEKYTOUHBIM
penbcoBbM ckperieHneM tuna KIIII-5 mox nelicTBueM MOABMXKHOTO COCTaBa JJIsl MCCIIENOBaHMS HAIPSDKEHHOTO
COCTOSIHMSI B 3JIEMEHTaxX y3Ja CKperuieHus. [laHHas MareMaTuueckas MOJENb MO3BOJISIET y4ecTb (U3MKO-
MEXaHUYECKUE CBOMCTBA UCCIECAYEMBIX JIEMEHTOB U N€OMETPUYECKUE YCIOBUS 3aKPEIJICHUs, MPEACTaBIIAIONINE
co00ll KOHCTPYKTHBHBIE M OKCIUTyaTallMOHHBIE XapaKTEePHUCTHUKH pabOThl BCETO y3iIa CKPEIUICHHS B LEJIOM.
IpakTnyeckasi 3HaYyuMocThb. [lomydeHHble B JaHHON paboTe MONOXKEHHS W pe3ynbTarhl KD-MomennpoBaHUS
MO3BOJIIIOT OTPAa3WTh M HCCIENOBaTh HambOojiee BEPOSATHBIE MECTa IOSBICHHS HANPSHKEHHOTO COCTOSIHUS
B anmeMeHTax ckperuieHus tumna KIITI-5, B KOTOPBEIX B JalbHEHIIEM MOTYT BOSHHKHYTH ITOBPEXKICHUS U JE(PEKTHI,
YTO MOBJMSAET HA CTAOMIBHOCTH PaOOTHI JKENE3HOAOPOKHOTO MY TH B IIETIOM.

Kniouegvie cnosa: mpoMexyTOUHOE CKPEIUICHUE; YIIPyTas KIEMMa; MOIPEeNbCoBasi MPOKIIAIKa; AKECTKOCTb; CHIIa
MPYKATHS; METOJ] KOHEYHBIX JJIEMEHTOB
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INVESTIGATION OF STRESS STATE IN THE ELEMENTS
OF RAIL FASTENINGS, TYPE KIIII-5S UNDER THE INFLUENCE
OF ROLLING STOCK

Purpose. To date, there is a tendency for the implementation of high-speed trains on the territory of the Ukrain-
ian Railways, which requires increasing the strength and stability of the construction of the railway track. At the
same time requirements for intermediate rail fastening have increased and widened. It is on trackwork and repair of
the rail fastening labor costs during the operation are from 10 to 18%. One of the main types of fastening, which
after long operational observations was included in the permanent operation (5 th. km.) is an intermediate fastening,
type KIIII-5. Data from previous theoretical studies reliably prevented clear science-based answers and results of the
rail fastening. Therefore, the aim is to develop a methodology and rationale for the theoretical research work of rail
fastening, type KIIII-5 with a detailed assessment of the appearance of stress state places in its elements from the
effects of rolling stock. Methodology. The basis of study methods of theoretical research work of the intermediate
rail fastening, type KIIII-5 (with a detailed assessment of the state of stress in its intermediate elements from the
effects of the rolling stock) is the theory of finite elements method (FEM). Findings. Using the FEM it was found
that one of the main elements of the intermediate rail fastening, which first perceives share of the value of the lateral
force transmitted from the effects of rolling stock are elastic type terminals, type KII-5. Analyzing the data set, the
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bars in the terminal voltages at the inner side of the rail thread 53,1-56% are greater than the stresses on the outside
of rail thread. Originality. A mathematical model of railway track with intermediate rail fastening, type KIIII-5
under the action of rolling stock for the study of the stress state in the elements of fastening was developed. This
mathematical model let take into account the physical and mechanical properties of the test elements and geometri-
cal fixing fastenings as constructive and operational characteristics of the entire rail fastening in general.
Practical value. The obtained results in this work of FE simulations allow reflecting and exploring the most likely
places of the stress state appearance in the elements of the fastening, type KIIII-5, in which damages and defects can
be in the future. This in general will affect the operation stability of the railway track as a whole.

Keywords: intermediate fastening; elastic terminal; under-rail pad; stiffness; pressing force; finite element
method
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