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Hcemarynosa Capakyas Opa3ajiueBHa — A.T.H., npogdeccop (Anamarel, KazATK)
Paxumos Punat Kanunesuu — couckarenn (Aamarel, KazATK)

OB YCTPOUCTBE BO3BHIIIEHA PEJIFCOB B KPUBBIX HA CKOPOCTHOM
YYACTKE ACTAHA - AJIMATHBI

[IpobneMa mMOBBIIEHUS CKOPOCTH JBHJKEHHS TACCAKUPCKUX TIOE370B HAIPABJICHUS
Acrana-AnMaTel mpuodpeTaeT Bce OOJBINYIO0 aKTyaIbHOCTD, B CBSI3U C MPEICTOSALINMH 3UMHUMH
Asunarckumu urpamu 2011 roza, u u3-3a ycujieHUs] 5KOHOMUYECKUX CBsA3eH Mexay AcCTaHOW U
Anmartsl.

OcCHOBHBIM  (PaKTOPOM, CHEPIKUBAIOLUINM CKOPOCTH JBW)KEHHS TIO€3]I0B, SIBIISTFOTCS
UMerolIuecs: Ha HanpasieHuu ActaHa-Anmarsl kpusble paauycamu 600 u meHee metpos [1,2].
[IpoTs>K€HHOCTD MyTH C Pa3IMYHBIMU CKOPOCTSIMHU ABM)KEHUs Ha ydyacTke AcTaHa - AJIMathl AJis
noe3na «Tanbro» cocrasiser:

140 xm/g - 570,7 xkm rm 21,7%; 130 xm/4 - 360,2 kM vnu 13,7%:;
120 xm/g - 828,1 km mim 31,6%; 110 xm/4 - 290,1 kM mnu 11%;
100 xm/g - 427,4 km um 16,3%; 90 km/4 - 105,8 kM unu 4%;

80 km/u - 18 xm wiu 0,7%; 70 km/u - 11,8 km miu 0,4%:;

60 u menee kM/4 - 15,4 xm unu 0,6%.

OO0mas mpoTSIKEHHOCTh NMyTH CcO ckopocTsiMu HuKe 140 km/4 coctasisier 2056,8
kM win 78,3%. Ha JUHUM MHOTO KPUBBIX MajJOro paauyca, OHH MOTYT OBITh C
HEBBIAECPKAHHBIMM HOPMaTHUBAMH IO BO3BBILIEHUID pEJIbCOB M MO3TOMY, HMEETCs
CBEPXHOPMATHUBHBIH OOKOBOW H3HOC TOJNIOBKH penbcoB. lIpu H3MEHEHHH pPEXKHUMOB
BEJICHUs TMOE€30B BO3BBLIUIICHHE HAPYXKHOIO pelbca B KPUBOW MOXKET OKa3aTbCs
HEIOCTATOYHBIM I U30BITOYHBIM. UTOOB MPUHSATH peIIeHHE O BBINPABKE KPUBOU U 00
U3MEHEHHUHU BEJIUYUHBl BO3BBILICHUS PEJbCa YHNOPHOW HUTHU, YAJIUHEHUHU MNEPEXOIHBIX
KPUBBIX WJIH CMATMY€HHUHU MPOJOJBHOIO YKJIOHA OTBOJA BO3BBIMICHUS, JKEJIATEJIbHO 3HATH
CTENEeHb BJIHUAHUSA 3TUX MNAapaMETPOB HAa AUHAMHKY IMOABUXKHOIO COCTaBA U U3MEHEHHUE
MOE3HBIX HArpy30K Ha MyTh. JKCIHEPHUMEHTAJbHBIE HCCIEAOBAHUS 3TOW MpPOOIEMBI
NpPOBEAECHbl NyTEM MOJEJIUPOBAHUSA JBUXKEHUS BAarOHOB B KPUBBIX, HMEIIIUX T€ WU
UHBIE OTCTYIUJICHUs (IIPU MPOUYMX PABHBIX YCIOBHUSAX) C MOMOIIBIO CepTUGULHMPOBAHHON
no [SO-9000 mporpammuoii cuctembsl ADAMS/Rail. Ilporpamma ObLia UCMONB30BAHA
IJIsl OL€HKH BJIMSIHUS HECOBMNAJEHHUs KOHLA OTBOAA BO3BBIMIEHUS U KOHLA NMEPEXOAHOU
KPHUBOH, M30bITKA WUJIM HENOCTATKa BO3BBIMICHHUS YIOPHOH PENbCOBOW HHUTH B KPHUBOI,
IJIMHBI IEPEXOAHON KPUBOM.

Ha pucynke 1 npuBoaurcs pacueTHas MOJEJb IBH)KEHUSI BArOHA B KPUBOIA.
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PaccToAaHue Mexay Kpyramm KataH1Aa

Pucynox 1 - PacueTHBIC CXCMBI U ONPCACICHUS BO3BBIIICHUS
Hapy»KHOTO PEJIbca KPUBOU

I[J'ISI YIYUIICHUA BINHUCbIBAHUSA T'PY30BbIX BAI'OHOB B KPUBBIC PEKOMCHAYETCS OTrpaHUYINBATDh
BEJIMUMHY HETOTAIIEHHOTO YCKOPEHHs] IPy30BOTO BaroHa He Oolee 0,3m/c’. Ha rpadukax
pucyHka 2 TIOKa3aHbI NnpeacIbHbIC BCIIMYMHBI BO3BbILICHUA Hapy>KHOI'O peibca,
yAOBJIETBOPSIOLIHE 3TOMY YCIIOBHIO.

OnpejereHne BO3BbILLEHUA HAapYXKHOTO penbca B KPUBOWN
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Pucynox 2 - Kpuas omnpeacacHISA BETHYHH BO3BHIIICHUS HAPYKHOTO PCIBCA B KPHUBOM
B Pa3HBIX CKOPOCTHBIX 30HAX, COOTBETCTBYIOMIAA HETIOTAIIEHHOMY YCKOPEHHIO
IPY30BBIX BAFOHOB K LIEHTPY KpHBOii He Goxee 0,3 m/c

IIpu >TOM Takke NPUXOAUTCS OTPAaHUYUTL MAKCUMAJbHYIO CKOPOCTb NAaCCaKUPCKUX
MOE37I0B Ha KPHUBBIX Oonbpimoro pamuyca (pucyHok 2). Ins xpusoii pamuycom 1500 m B
CKOPOCTHOM 30HE MAaCCAXKUPCKUX Moe3A0B 10 140 KM/4 BO3BBIIIEHUE HE JOJIXKHO ObITH OOJbIIe
40mM (pucyHOK 2) , B 3ToM chiyudae mo mpukaszy Ned4l or 2001r. (tabmuua 2 ¢tp.9) ckopocThb
MACCAKMPCKOTO Moe3na He AoipkHa ObiTe Oomee 130 km/4, xoTs mpu BO3BbleHHH 130MM u
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HEMNoTralleHHOM YCKOPEHUH MeHee HOpMaTHBa B 3TOH jke KPUBOH BO3MOXKHA CKOPOCTb JABM)KEHUS
170 xm/4.

BenuunHa BO3BBIIIEHHS HApy’>KHOTO penbca B Kpyrosod kpusoit mno LI1774 [3]
onpenensercs o Gopmyie:

h=12,5*V pm2/R, (1)
rae Vipus — IPUBEIEHHAs CKOPOCTh NOTOKA MOE3/10B B KM/4, R- paguyc kpuBoH, M.

Jlisl opraHu3anyy CKOPOCTHOTO MACCAKUPCKOTO ABMKEHUS] HEOOXOIMMO TaK)Ke MOBBICUTh
no 85-90 kM/4 CKOPOCTM TIpy30BbIX IO€3[I0B IO JBYM IpUYMHAM: MJi YMEHbIIEHHUs
ko3 unmeHTa cbeMa M NI CHHOKEHUS ABJICHUS KOJIEC T'PY30BBIX BarOHOB HAa BHYTPEHHIOIO
HUTb KPUBOM.

CrnoxuBIuecs: MpeAcTaBIeHUss O PAaBHOBECHH LEHTPOOEIKHOH M IIEHTPOCTPEMHUTEIBHON
CHJI OT BO3BBILIEHHUS] HApPY>KHOT'O peJibCa BOZHUKIM M3 PacCMOTPEHHUs '"CTaTU4YeCKOW KapTUHbI
paBHOBeCcHsl CUJ", KOTJa NpHU CJEJOBaHUM MAacCCaXUPCKOrO BaroHa IO JJUHHONW KPyroBoi
KPUBOH HACTyIaeT JAWHAMHUYECKOE paBHOBecHEe. B rpy30BOM BaroHe, KOTOPBI OOBIMHO HE
TPAHCIIOPTHPYETCS CO CKOpPOCThIO Oomee 80 Km/4, BIMSHHE PECCOPHOTO TMOABEIINBAHHS
HAUMHAET CKa3bIBAThCS MPU CKOPOCTSX Oonee 60 km/4, a mpu Oosee HU3KUX CKOPOCTSX IPy30BOH
BaroH JBIDKETCS KakK HemonapeccopeHHass macca u ycnoBue (1), mpunsaroe L1774 nns Hero
cnpaBeasinBo. IlaccaXXMpCKuil BaroH HE yCIEBAET YCIOKAUBATHCS TaK OBICTPO, KaK IPy30BOH, U
1t Hero ycyoBue (1) He oTpakaeT cyInecTBa MPOUCXOASIINX MPOIECCOB 3aTyXaHUsl KoJeOaHMi
IpU BXOAE B KPUBYI M BbIXOAE M3 KpuBOoi. Ha nuHuUsAX, rae mpeobiagaer maccakHpPCKoe
IOBIKEHUE, 3TH OOCTOATENBCTBA HY KHO YUYUTBHIBATH NIPU TUIAHUPOBAHUH BBITTPABKH KPUBBIX.

Jlns moe3noB ¢ MeHbluel U OoJybIlel CKOPOCTBIO, YeM CPEIHEB3BEIICHHAs!, BO3BBILICHNE
HApY’ KHOTO PENbCa OKa3bIBAETCS M30OBITOYHBIM HJIM HEAOCTATOYHBIM, YEM OINPEAEJICHHOE IO
dopmyne (1). Hexoropeie Oonbiierpy3Hble KpaHbl U pyTas TsDKeast TEXHUKA, B COOTBETCTBHH C
HopMaTuBaMu AO «HK «KTXK»», He MoxkeT nepeBO3UTHCS 1O KeNe3HOAOPOKHBIM My TsAM, €CJIU
BO3BbILIEHNE HApy>KHOro pesibca npeBocxonuT 80 MM. IIoHMkaTb BO3BBbIIEHHE Hapy KHOTO
penbca B KPUBOH TOJIBKO Uil Pa30BOr0 MPOMYyCKa TSKENOH TEXHUKH OY€Hb HAKJIAJHO, TO3TOMY
W3JIMIITHETO BO3BBIMIEHHS HAPYKHOTO Pesibca KPUBOH B AUCTAHLMAX Iy TH CTaparOTCst m30erats.

Ilo Meronuke Ha3HaueHUs BEJMYMHBI BO3BBIIIEHHS HAPY>KHOIO pejibca B KPUBOM HET
eauHcTBa MHeHMM. Hekoropble crnenuanucTbl yBepeHbl B IOJb3€ 3aBBILIEHHS] PacyETHOIO
BO3BbILIEHM TpUMepHO Ha 20-30%.

OueBuano, uto Tpedyercs najbpHEHIIee HCCIeOBAHNE BONPOCA HA3HAUEHHS BO3BbIIIEHHS
HapPyKHOTO peNibca KPUBOH, HO mpu OosbieM 0OIIeM MOaX0Ae ¢ paCCMOTPEHHEM He "CTaThKu'",
a IMHAMUKU MPOUCXOALINX MTPOLIECCOB.

Konebanust macca’kupCKoro BaroHa B KOPOTKMX KPHUBBIX MajiOrO paguyca HE YCIEBAIOT
3aTyXHYTb U JOJUKHBI OBITh HHBIE KPUTEPUHN HA3HAYECHUS BO3BBILICHNUS, ueM yciosue (1) [4].

PaccMoTpuM BXOZ M BBIXOA NMAcCaXMPCKOro BaroHa npu ckopoctu 10-50 m/c B KpuBble
paguycom 1000m (anuna kpyrosoi kpusoit 300 M, BO3BBILIEHHH HapyskHOro penbca 80, 100,
120 MM, IJIMHBI CHMMETPUYHBIX NepexoaHbIX KpuBbix — 1o 80, 100 u 120 M) npu HecoBnaaeHuu
OTBO/ZIa BO3BBILIECHUS U IEPEXONHON KPpUBOH A0 +20Mm.

ITonydeHs! pacueTHble 3aBUCHMOCTH BEPTUKAJIBHBIX U MONEPEUHBbIX HArpy30K Ha PEJIbChI
YIOPHOW W BHYTPEHHEH HUTel KpuBoul (Tabmuubl 1, 2, pucyHku 3, 4) A MHHUMAJbHBIX,
"ycTaHoBuBIIMXCS" (TIpH AMHAMHYECKOM PABHOBECHH) U MAKCUMAJIbHBIX 3HAUSHUH.
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Tabnnua 1 - 3aBUCUMOCTh AMHAMUYECKUX CUJI OT CKOPOCTH
(% OT cTaTueCcKOl BEPTUKAIbHOMN CUJIbI)

BeprukanpHas cuia Ha yiopHyo HuTh | IlonmepeduHas cujia Ha YIIOPHYIO HUTh
\Y YCTAaHOBHBINA | MAKCUMAJl | MUHMMAJI | YCTAHOBUB | MAKCHMaJl | MUHUMAJ
(m/s) SICST bHAast bHAast 1IASICST bHAast bHAast
10 85.2394 105.842 | 77.00616 | -9.08126 | 7.525002 | -9.60063
20 92.80364 106.8949 | 83.36778 | -8.33223 6.72248 -9.01925
25 98.57779 108.2312 | 87.73793 | -7.76524 | 6.054537 | -8.51397
30 105.6661 113.222 | 91.37802 | -7.05793 | 5.117133 | -7.95587
40 123.0974 130.2575 | 93.62492 | -6.84744 | 2.090206 | -7.93058
50 143.1031 143.1031 | 97.06912 | -13.5185 | 0.620781 | -14.8463
BEPTHKAJIbHASI CHJIa HA BHYTPEHHIOIO TIOTIePEYHAst CUJIa HA BHY TPEHHIOIO
HUTD HUTD
\Y YCTAaHOBHBINA | MAKCUMAJl | MUHMMAJI | YCTAHOBUB | MAKCHMaJl | MUHUMAJ
(m/s) scs bHAas bHAas 1asics bHAas bHAas
10 113.2666 120.7756 | 94.75321 | -27.3648 | 0.306021 | -27.9696
20 106.7541 115.1798 | 93.67204 | -23.0311 0.617976 | -24.1353
25 101.7856 111.253 | 92.54015 | -19.7464 | 0.836745 | -20.9923
30 95.67843 107.8891 | 88.82636 | -15.5732 | 0.995773 | -16.9118
40 80.7125 105.7909 | 74.01604 | -5.61201 1.097926 | -6.70141
50 63.77642 102.7279 | 58.82308 | 3.200207 | 4.493229 | -0.39449

Tabnnua 2 - 3aBUCUMOCTb AMHAMUYECKUX CHJI OT HECOBIIAJCHHUS OTBOJA
BO3BBILICHUs U NIEpPEeXOHON KpuBOil (% OT cTaTU4YeCKON BEPTUKAIbHON CHUIIbI)

ITonepeunas cuna Ha yNOPHY IO
BepTukanpHas cujia Ha YIIOPHYIO HUTh HUTH
Cwmelrie
HIE VYcraHo-
oTBONOB | YcTaHOBUB- | Makcumams | MuHMMANb | BUB- Maxkcumans | MuHUMAIb
(m) masics Hasi Hasi masics Hasi Hasi
-20 98.57779 107.8735 | 83.41329 | -7.76524 | 6.727998 -9.50974
-10 98.57779 107.9323 | 85.53579 | -7.76524 | 6.397611 -8.94728
0 98.57779 108.2312 | 87.73793 | -7.76524 | 6.054537 -8.51397
10 98.57779 109.4118 | 89.57182 | -7.76524 | 5.686261 -10.8918
20 98.57779 111.4395 | 91.08144 | -7.76524 | 5.069157 -11.7585
BepTukanbHas cuia Ha BHyTPEHHIOK ITonepeunas cuna Ha
HUTbH BHYTPEHHIOK HUTh
Cwmelrie
HIE VYcrano-
oTBONOB | YcTaHoBuB- | Makcmvans | MuHNUMAab BUB- Makcnvans | MuHHMATb
(M) 1asicst Has Has masics | Has Has
-20 101.7856 115.0586 | 92.65902 | -19.7464 | 0.943709 -20.4981
-10 101.7856 113.1959 | 92.61882 | -19.7464 | 0.940512 -20.3445
0 101.7856 111.253 92.54015 | -19.7464 | 0.836745 -20.9923
10 101.7856 109.5944 | 91.47917 | -19.7464 | 1.076072 -21.8779
20 101.7856 108.3343 | 90.20081 | -19.7464 | 0.577806 -21.8635

Kax BumHO U3 aHaju3a pe3yJbTaTOB pacdyeToB (Tabmuiel 1 u 2), BIUSHUE HECOBMAACHHUS
OTBOZa BO3BBIMIECHUSI CPABHUTEIBHO HEBEIMKO M HAXOAMUTCS B mpenenax 2 -5% OT CTaTU4ecKOon
Harpy3Ku.
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PucyHoK 3 - 3aBUCHMOCTD BCPTHKAIBHON CHITBI, ICHCTBYOIICH
HA YOOPHYIO HUTh, OT CKOPOCTH
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PucyHok 4 - 3aBHCHMOCTE BEPTHKATIBHBIX HATPY30K Ha YIOPHBIA H BHY TPCHHUH PEIbChl OT
CKOPOCTH IBI)KCHHA B KpUBOU paguycoM 600m u Bo3ebimeHnu 150MM
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PucyHOK 5 - 3aBHCHMOCTh BEPTHUKATBHBIX HATPY30K KOJIECC HA YIIOPHYIO
HUTb OT BO3BBILIEHUA HAPYKHOTO PEIbCa
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BbiBoabI:

CopneprxaHue BO3BBILICHUS] HAPYJKHOTO pesibca B KpUBBIX paaumycoM 1000M u Gonee mo
CKOPOCTSIM JIJIsl TPYy30BbIX MOE310B yoBjeTBopsieT HopMaM Muctpykuuu LI1774 o Texymemy
CONEpKAHUI0 NMYTH U HOPMaM MO JONMYCKAae€MbIM CKOPOCTSIM ABMXeHUs. [Ipu cymiecTBeHHOM
HE0CTaTKe BO3BBIIIEHUS Hapy KHOTO pejibca B KpuBOH paauycoM 600M mnonepedHble Harpy3ku
Ha peJbChbl YIOPHOH HUTU MOTYT Bo3pacTu Ha 10-20%.

Ha yuactke Hokmapckoll AUCTAHLUHU MyTH CIEAYET OPUEHTHUPOBATHCS B HA3HAYCHHUU
BO3BBIIIEHNUsT HAPYXXHOIO pelbCa B KPHUBBIX HAa CKOPOCTH TIPY30BBIX NOE3[00B, Y4YUTBIBAs
MEHBINYI0 OCEBYI0 HArpy3Ky NacCaKUPCKOro BaroHa W Jydinee AeMI(pUpOBaHHE HArpy3Kd
MACCAKUPCKUM BarOHOM, Y€M I'PY30BbIM.
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IIPOEKTHPOBAHHUE H CTPOHTEJ/IBCTBO /IOPOTI,
METPOIIOJIUNTEHOB, ADPO/IPOMOB, MOCTOB H
TPAHCIIOPTHBIX TOHHE/IEH

YIK 624.131.537
Bba3zanosa UnHa AMaHOBIKOBHA — K.T.H, AoueHT (Aamartbl, Ka3ATK)
ITPOTHO3HASI OIIEHKA YCTOMYNBOCTH OMOJI3HEBHIX CKJIOHOB

IIpn mpoeKTUPOBAaHMU TOPHBIX ABTOMOOHMIIBHBIX AOPOr HEOOXOAWMO MpenyCMOTPETh
IIOCTPOHKY COOpY>KeHUH, oOecrnednBaromux Oe30macHOCTh U OecrnepeOOHHOCTh IBIDKEHUS B
TE€YCHHE T0Jla, TAK KaK TaKue JOPOTU TOABEPKEHbI NEHCTBUIO OIMOJ3HEH, O0OBAJIOB TOPHBIX
MOPOJ, JJABUH U CHEKHBIX 3aHOCOB.

[epemereHre ropHBIX MOPO MOXKET OBITh MEIJICHHBIM — B BU/IE OTIOJI3HEH WITH CIUTBIBOB U
OBICTPBIM — MA/ICHNE, ONPOKUABIBAHIE, CKAThIBAHKE B BUJIE OOBAJIOB, KAMHETIA0B 1 OCBIIEH.

Onon3HU BO3HUKAIOT MPU HEYCTOWYMBOM IMOJIOXKEHUH TOPHBIX MOPOJ U MX CMEIIeHUU
NoJ JAEWCTBHEM COOCTBEHHOTO Beca. XapakTepHbIM U OMOJ3HS SIBJISIETCS CBSI3HOCTD
IBWKYIIEHCS] MacChl U HAJIMUME TIOBEPXHOCTH CKOJNbKeHHs. BaxkHemii ¢pakTop oOpazoBaHUs
OMNOJI3H — AEUCTBUE MOBEPXHOCTHOM M MOA3EMHOM BOABL. IloCTpolika AOPOrH Ha OMOJI3HEBBIX
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