5 Nekuuna 3
OANHAMUYECKUUN PACHET NYTU HA NPOYHOCTb

[naH nekyuu:

3.1. OcHo8blI OQuHaMu4yecKoz20 pacyema rymu Ha rMPoOYHOCMb .

3.2. lNepemeHHbIe cursbl, delicmgyrowjue Ha rnyme.

3.3. Bbibop pacyemHoU Hazpy3Ku.

3.4. PacyemHble ¢hopMmyribl Orisi ornipedesnieHus HanpsikeHul 8 anemeHmax nymul.
3.5. OnpederneHue doryckaeMbix ckopocmel 08UXeHUs Moe3008.

3.6. [ornyckaembie HarpsiXXeHusi 8 afleMeHmax 8epxHe20 CmMpoeHUs rnymu.

3.1. OCHOBbI AMHaAMMNYECKOro pacyeTa NyTu Ha NPOYHOCTb

[AvHamuyeckun pacyeTt nyTu Nos BO34eNUCTBUEM CUCTEMbI IPYy30B CBOAUT-
CH K TOMY, 4TOObI HAWTK OAHY TaKytlo cuny, Kotopas, byayym ctaTuyeckn npu-
NOXEeHHOW B pacyeTHOM CeYeHUWn, N0 CBOEMY BO3LEWCTBUKO Ha NyTb OKasa-
nacb Obl 3KBMBaNeHTHOW ANHAMMUYECKOMY BO3AENCTBUIO HA 3TO CeYEeHne nyTu
BCEN CUCTEMBbI rpy30B [6].

CnepoBatenbHO, ANHAMUYECKUI pacyeT MyTU Ha NPOYHOCTb 3aKI4YaeTcH B
onpeneneHnn aKBUBaNeHTHbIX CUM, KOTOpble MOXHO 6bino 6bl NoacTaBuUTbL B
pacyeTHble opMyribl U NMOMYYNUTb BENUYNHBI N3rMbatoLero MOMeHTa 1 nporu-
6a penbca, AaBneHus Ha Lwnany v ganee HanpsXXeHUn B afieMeHTax nyTu.

CtaTnyeckoe BO3OeWCTBME Ha NyTb CTOSLLEro 3Kunaxa onpefensercs
ero maccoun n ymcnom ocen. Npu OBMKEHUMN BO3OEUCTBME IKUMAXKa Ha NyTb
CTaHOBUTCA 3HAYUTENbHO CnoXHee. B 9TO Bpemd, KpomMe Cui TSXeCTU, Ha
NyTb OENCTBYIOT U CUMbl MHEPLMIN, MOSIBNAIOLLMECS NPU COBMECTHbIX Koneba-
HUAX NOABMXHOro coctasa U NyTu B BEPTUKANIbHOW WU rOPU3OHTaNIbHOM MMNOC-
KOCTSIX; TOPMO3HbIE U cunbl TsrM 1 T. A. Koneca aknnaxa npu obiem nocTy-
naTefibHOM ABWMXEHUN UMEIOT CIIOXKHblE MPOCTPAHCTBEHHbIE NEpPEMELLEHUS,
KOTOpble BbI3blBalOT KONebaHns peCCOpPHbIX KOMMNEKTOB U Haxo4sLWerocs Ha
HUX Ky3oBa [1].

CnoxHble konebaHus Ky3oBa NPUHATO pasfaensTb Ha 8038pamHo-nocmy-
namersibHble: noAanpbirMBaHve (BOONb BepTMKanbHOW OCK); noaeprusaHue

(BAonb NpoaosibHOM OcK); OTHOC (BAOSNb MOMNEepeYyHoOm Ocu) U epawameris-
Hble: BUNsiHNE (BOKPYr BePTUKanbHOW ock); BokoBasi Kauka (BOKPYr NPOAOS b-
HOM OCM); ranonupoBaHue (BOKPYr NonepevyHon ocu).
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Kpome TOro, nytb M Koneca nogsBuXHOro coctaBa MMEKT psig HECOBEP-
LLIEHCTB, KaXK4oe 13 KOTOPbIX Bbl3biBaeT 0OaBOYHbIE CUNMbl UHEpLUMK [1].

HecoBepLiueHcTBa (HEPOBHOCTWN) Ha NyTHU:

a) SIBHble WM reoMeTpuyeckme 3a CYeT OTKIOHEeHUN B OTMETKax Mpo-
AONbHOro Npoduns Nyt n MMKPOHEPOBHOCTEW HA NOBEPXHOCTU KaTaHUS ro-
NOBKW PENbCOoB;

0) HesiBHble (NOTaMHbIE) UNU CUSOBbIE 3@ CYET HEMSIOTHOro npuneraHng
3fIEMEHTOB BEPXHEr0 CTPOEHUA NMyTU OpYr K ApYry U BbIOOPKM NoddTOB noa
HarpysKkoun.

HecoBpelleHcTBa Konec:

a) HecoBNageHMe LUeHTpa TSHXKeCTU Kosieca C LEHTPOM BpalleHus (amucba-
naHc);

0) oBanbHOCTb KOMEC;

B) HEpaBHOMEPHOCTb M3HOCA KoJieca B MornepeyHoM cevyeHnn.

Bce HEPOBHOCTM MOXHO pas3fdennTb Ha [OBa XapaKTepHbIX Buaa: U3osu-
poBaHHble (UX BINAHME Ha BENUYUHY CUI MHEPLIMK 3aKaH4YMBaOTCH OO cre-
AyoLen HepoOBHOCTU); HenpepbiBHbIe (HENOCPEACTBEHHO NPUMbLIKAKOT ApYyr
k apyry) [1].

B uccnepoBaTenbCkux Uenax MUCMonb3yeTcsd MeToauka AWUHaMUYeCKOro
pacyeTa B3auMMOOEeNCTBMA NyTU U nNoaBwXHOro coctasa M.®. Bepwuro,
A.A. KoraHa [15].

3.2. NepemeHHbIe CUMbl, AEUCTBYIOLUE HA NYTb

BepTukanbHble cunbl OT KOnec K penbcam MpunoXeHol ctatnyecku. Ho
BEnu4MHa cun onpepenseTcs ¢ y4eTom AuHamukn. PaccmoTpum onpepene-
HVe JONOMHUTENbHbIX MHEPLIMOHHBIX CUM, CBA3aHHbLIX C KorebaHnsMu Ky3oBa
N HeobpecCOopeHHbIX MacC MOABWXKHOrO COCTaBa Mpu Hanuyunuu Hecosep-
LLUEHCTB MyTW U KOnec.

Cunbl, cBA3aHHbIe ¢ KonebaHuAMNU obpeccopeHHbIX Macc akunaxa Py.

PacuyeTHas mogenb npeacTtaBneHa Ha puc. 3.1 n nmeet cneaytowme o6o-
3Ha4YeHusA:

M, — Macca Ky3oBa, npuBeeHHas K Konecy;

Z — cxaTne peccop npu ABWKEHUN 3KMNaXka no HEPOBHOCTU Ha NyTw;

X, — XECTKOCTb PeccOpHOro MOABELLMBAHWS, MpUBEAEHHast K Konecy,

. 3
XK, =(0,5+2,0)-10° kH/m.
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Puc. 3.1. PacyeTHasa mogenb konebaHumn
0BOpeccopeHHbIX Macc NOABMKHOIO CocTaBa

B aTtom cnyyae andepeHumansHoe ypaBHeHNe konebaHu Ky3oBa ume-
eT Bng,

2
X -Z+M d°-Z

p KWZO. (31)

NaHHoe auddepeHUmnanbHoe ypaBHeHWe konebaHns rpysa Ha peccope B
SIBHOM Buae

d.z XK,
2 T
d-t© M,

.Z=0. (3.2)

B ypaBHeHue (3.2) npuwnock B peccopbl 4o6aBntb cunbl TpeHus (ZT) —

cyxue (ncesno) u BA3KMe (KBasu), MHaA4Ye Npu KPUTUYECKOM CKOPOCTU OBUXKe-
HUA V, MOryT BO3HWKHYTb pe3OHaHCHble aBneHus. Ecnun penbcbl 12,5 m —

X

V., =70+80 km/™, npn 25 m — V, =140 +160 Kkm/y; M—p = W2 — kBagpaT UMK-
K

NMY4ECKON 4acToTbl COBCTBEHHbIX KorebaHuii rpysa Ha peccopax. Liuknud-

¥
HOCTb — 3@ 21 CEKYH[; o~ yacToTa, 'u.
T

Ha ocHoBaHuK pesynbTaTtoB 60MbLINX HAaTYPHbIX UCMbITAHUA NPUHSITO On-
penenaTb MakCUMarnbHYyl CUIy MHEpPLMM OT KonebaHui Ky3oBa Ha peccopax
Kak

P, =Z- K. (3.3)

3HayeHus Z NpuMHUMatoT No MaTtepuanam UCMbITaHUW Mo criefyowen 3a-
BMCUMOCTU

Z=a+b-V?, (3.4)

roe a, b — amnupuyeckne KOapPPUUMEHTLI, YCTAHOBIEHHbIE AN Pa3fINYHbIX
NOABWXHbIX eanHuL, [2, 6].

CpenHee sHaueHne PP =0,75P.
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CpeaHee KBagpaTU4eCKOEe OTKMOHEHME OaHHOW CUMbI SIo XapakrepusyeTt

pa3bpoc AaHHbIX OTHOCUTENBHO CPedHEero 3Ha4vyeHus U onpenenseTcs cne-
ayrwmm obpasom: 3HavYeHne Cunbl P, mo dopmyne (3.3) Ana pasnu4yHbIX

BenuunH Z,. PaccunTbiBaeTca cpegHee apudMUTUYECKOE 3HayYeHue CUnbl

Pocp- [anee BbIMMCNAETCA OTKIIOHEHWE KaXOoW BenuuuHbl cunbl By oT
cpegHero 3HadeHus Ppcp. [TonyyeHHas pasHOCTb BO3BOAWUTCHA B KBagpar.

CpeaHee kBagpaTnyeckoe OTKNOHEHNE Sp onpegensaeTca no dopmyne (3.5).

_ 2 2
I:)p1 Z1 Sp1 - Pp1 N Ppcp Sp1 - (Pp1 - Ppcp )
_ 2 2
Pp, Z, Sp, =P, - Ppcp Sp, = (P, ~ Ppcp)
_ 2 2
Ppa Z3 Sp3 B PpS B Pp0p Sps - (Pps - Ppcp )
_ 2 2
Ppn Zn Spn - Ppn - Ppcp Spn = (Ppn - Ppcp )
i=n
Pocp 2 Spi =0, Tak Kak R, =XP;, S, = — (3.5)

BHUW>XT conocTtaBun Sp n Pp N YCTAHOBWI, YTO Sp =0,08 Pp.

Cunbl, cBA3aHHbIe C KonebaHMAMN HeobpeccopeHHbIX Macc (Konec-
Has napa, bykcoBbIn y3en, peccopa) Py,.

B aTom cnyyae onpeaensoTcs AONOMHUTENBHbLIE CUITbl MHEPLIMA, BO3HUK-
HOBEHME KOTOPbIX CBSA3aHO C Hanu-
Ynem HepoOBHOCTU Ha nyTu. Hepos-
HOCTW XEeNne3HOOOPOXHOro nyTn —
9TO UCKaeHus B npodwmne (reo-
MEeTpU4ECKMe HEPOBHOCTU 1 — BU-
AVMblE) U AMHAMUYECKNE HEPOBHO-
CTM 3a CYeT npocagkn noapenbco-
BOro oCHOBaHus y (puc. 3.2).

O6wasa npocagka kKoreca B 30HE reOMETpPUYECKOM HEepPOBHOCTU paBHa
(m+y).

BepTukanbHas ckOpoCTb KoJieca Ha 3TOM nepeMeLLeHUN:

TpaekTopus
ABWXKEHUS
koneca

Puc. 3.2. Cxema HeEpPOBHOCTEN Ha NyTK

din+y) (3.6)
dat
2
a BepTuKarbHOe yCcKopeHue M (3.7)

dt?
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B obwem cnyyae niobasi cuna nHepumm paBHa NpovsBeAeHno Macchbl Ha
yCKOpEeHue, AeNCcTBytoLee Ha 3Ty maccy.

PaccmoTpyM B3auMoaencTBme Koreca v nyTu B CaMoM YrNpoLLLEHHOM BUAE.

YpaBHeHNe paBHOBECUSI MOXHO 3anucaTtb B crieqytolem Buae:

R+2ZJ+XT+Q=0. (3.8)

roe R — peakums penbca; *J — cunbl uHepuumn; XT — cunbl TpeHud; Q —
BHELLHME CUTbl.

Cuna ynpyroro otnopa (peakTuBHas cuna) penbca MOXeT ObITb onpeae-
neHa no copmyne

R-Y, (3.9)

y
Y1

roe y — npocagka penbca nof Konecom (guHamuyeckui npormnb); y; — Benu-
YMHa Npocagku nNog e4NHUYHOW CUIOWN.
B cTtaTtuke

(3.10)

rge )Kn — JKEeCTKOCTb nyTu, npuBedeHHaa K KOHTaKTy KoJieCa WU pelibCa,
X =(0,5+2,0)-10° kH/m;

R=y-XK.. (3.11)
Ecnu namepum npornb y noa HenssecTtHon cunon P, To MOXeM HanTn 1
cuny P, = Y,
Y1

Cunbl MHepUUN ANS CUCTEMbI «KONECO—MyTby» OnpeaensTcs Mo Bblpa-
XKEHUIO

2 2
sg=m IV g dY (3.12)
dt dt
rae m, — (OUKTUBHAsA macca Konebnwllerocs nyTu, npuBefeHHas K TOYKe.
OKcnepmMMeHTanbHO YCTaHOBMNEHO, YTO OHa paBHa NPUMEPHO 2—4-MeTPOBOMY
KyCcKy penbca [1].
CyMmMapHbIe CuUnbl TPEHNSA MOXHO MOMYYUTb MO BbIPaXXEHUIO
dy ~d’
ST=ry+0 Y+l ——+l—2 4+l —2 +..., 3.13
oth-Y 29t "B g T4 g ( )
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roe r, — napamMmeTp CUn TpeHus, HelaBUCALLNX OT BEJTMYUHbI NepemMeLleHnd

(N0 GOKOBbLIM MOBEPXHOCTSIM LUNAsbI, MEXAY KOCTbINAMMU U NOAOLLBOWN penb-
ca); r, — napaMeTp CUN TPEHUs, 3aBUCALLMX OT BENNYMHLI NepemMeLLeHus

penbca (CVIJ'IbI TPEHNA B 6ar|r|aCTe); [, — NapamMeTp CUn TpeHns, 3aBnCALLNX

OT CKOPOCTM NepeMeLLEeHNs Harpy3kn (Cunbl BA3KOro TPEHUS).

[MapameTpbl cMn TPEHUS Mano M3y4eHbl U B MPAKTUYECKUX pacyeTax He
YYnUTbIBAKOTCS.

Bosgencrteust BHeWHUX cun Q mMoxeT U He 6biTb. C y4eTOM BbILLEN3NIO-
XEHHOro B obuiemM Buae 3anuwiem crneaytouiee anddepeHumansHoe ypas-
HeHune
Y g S+y)
—+M——=—+m,—+f(t)=0. (3.14)
Y1 dt dt

BbinonHum npeobpasoBaHne 1 NonyyYnm

2 2
Yoo +m) Y v 90k - o;

2 dt? dt?
fy(t)
2
e Ly T g, (3.15)
dt y{(M, +m,) M, +m,
rge ; = ‘{12 — KBagpart LI,I/IKJ'II/IL-IeCKOIZ YacCToOThbl CO6CTBeHHbIX KoIe-
y1(MK + mn)

GaHuIn CUCTEMbI KKONECO—MYTb».
Torga ocHoBHOe AudpepeHumanbHoe ypaBHEHWE COBPEMEHHOro AuHa-
MMUYECKOro pacyeTta NyTu Ha NPOYHOCTb 3anuLLETCs B Crieayowem Bnae

d2y 2 1

—+V¥.y=—"f(t), 3.16

dt2 + y MK+ ] 1() ( )
%r—/

BHELLUHWE CUsbl

roe W2 — kBagpaT UMKIMYECKO 4acToTbl COBCTBEHHBIX Kone6GaHuii cucTemb
«KONEeCo—NyTby,

Y2 = 2= = (3.17)

g — YCKOpPEHME CUNbl TAXKECTU; gx — HEODPECCOPEHHbIN BEC, NMPUXOAALLMNCS
Ha Koneco.
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Mepuon cobcTBeHHbIX KonebaHMnm CUCTEMbI «KONEeCOo—MyTb» MPU N3BECT-

HOW YacToTe onpeaenseTcsa no popmyne
T, :@. (3.18)
b

Mpodpbeccop C.I. TumowteHko (1909 r.) nccnegosan Tpu BUaa HEPOBHOCTU
Ha NyTu:

— TPEYronbHyto;

— napabonuyeckyo;

— KOCUHYcOMOanbHyto.

Bbino yctaHoBneHo, YTo Hanbonee HebnaronpMATHON OOPMON HEPOBHO-
CTWU Ha NyTW Npu onpeaesieHnn SOMNOSIHUTENbHOro Nporndba penbca y U go-
NOSTHATENBHOW CUSMbl MHEPLMN ABNSETCA KOCUHYCcoMaanbHas.

[laHHas HEPOBHOCTb OMUCLIBAETCS YpaBHEHNEM

11:2(1—0032€—Tc ), (3.19)

H

rae a — Hambonbluaa opAavHarta (amnnuTyaa) HepoBHOCTH; /,, — ANUHA He-

POBHOCTU; X — TEKYLLEEe 3Ha4YeHne HepoBHoCcTH, X =V -t

BTopasa npounssogHas oT ypaBHeHUs (3.19) 6bina nogcrtasrieHa B rnpaByto
2

YacTb ypaBHeHus (3.16) ((;T? — BHeLWHAA cuna npu Hannuynm HepoBHOCTHN).
B pesynbTaTe nonyyeHo cnegyoLllee pelleHne ypaBHeHUs
y:E Mc . 12 cos@t—cosz—nt : (3.20)
2 M, +m, T, To Ty
— | -1
"

1
roe T, — Bpems NpOXOoXAeHUs KONecom HepoBHOCTH, T, :v”; Ty — nepuwop

cobcTBeHHbIX konebaHun [popmyna (3.18)].
Mocne BblMUCREHUSA OOMONHUTENBHOrO npornba penbca Yy, BbI3BAHHOMO
HepoBHOCTLIO 1(1), Obina onpegeneHa cuna nHepuumn [6, 16]

2
n . |U
=P = o i oV 21

. . . 2a
rpe | — yKJ'IOH ONHaMn4eCKoun HepOBHOCTVI, | = 7
H
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Mocne npeobpasoBaHUs U OOMONHUTENbHbLIX UCCMNeAoBaHUN AN nyTu ¢
Xene3obeToHHbIMM LLNanamu bbina nonyyeHa pacyetHas dopmyna

PHH=o,8.1o—8-a1.B-y.g-z.PCp\/g.\@.v, (3.22)

roe B — Ko3(pUUMEHT, yYUTbIBAIOLUIA BIIMSHUE TUMNa penbcoB Ha obpa3oBa-
HWe OUHaMu4eckon HepoBHOCTM Ha nytn (B=1 — gna P50; B=0,87 — aons
P65; B=0,82 — gna P75); y — KO3PULMEHT, YyYNTbIBAIOLLNA BNNSHUE poaa
bannacta Ha obpasoBaHne JUHAMNYECKOM HEPOBHOCTU Ha NyTK (y =1 — onsa
webHs; y=1,1 — ana rpasus; y=15 — anga necka); / — pacctosHue mexay
ocamK wnan, cm; Py, — cpeaHsaa co CTOPOHbI Korneca Harpyska, AencTByoLLasn
Ha nyTb; V — CKOPOCTb OABWXEHUS, KM/Y; a1 — KOIULNEHT, YYNTbIBAOLLNM
BNUsiHMe Konebnowencsa maccol NyTM Ha obpasoBaHne OANHAMWUYECKOWN He-
pPOBHOCTU Ha nyTn (o = 0,931 — Ana xene3obeToHHbIX wnan; o4 =1000 —

ONA OepeBAHHbIX wWnan); € — KOS(MMOUUNEHT, yYUTbIBAIOLINA BIIUSAHNE XKECT-
KOCTW MYTU Ha BESIMYUHY YKINOHA AMHaAMUYeckon HepoBHocTU (e=0,322 —
ANS Kene3obeToHHbIX Wnan; € =1 — Ana gepeBaHHbIX Lwnarn).

CpenHee kBagpaTudeckoe OTKIOHEHWEe JaHHOW CUTb:

2
S P, —PP
S, = ””'N 2 s, =0707P,. (3.23)
Cunbl nHepuumun, cesA3aHHbIe C Hariniymem N30NMNPOBaHHbLIX HEPOBHO-
cTeun Ha Konecax P, .

Mpn OBMXKEHUM Koneca C M30SIMPOBAHHOM HEMNMAaBHOM HEPOBHOCTLIO Ha
NOBEPXHOCTWN KaTaHUsA (NOoN3yH, BblbonHa) nonydaercsa yaap. B pacyetax ny-
TW Ha NPOYHOCTbL paccMaTpuBaloT Criydyau, Korga Koreco npokaTbiBaeTcd Mo
penbcy CBOen N30NMpoBaHHOW HEPOBHOCTLIO 6e3 oTpbiBa, T.e. 6e3dygapHoe
B3anMOAENCTBME.

TpaeKkTopusa LieHTpa
TAXKECTU Korneca

Puc. 3.3. Cxema koneca ¢ n30nmpoBaHHON HEPOBHOCTLIHO:
a — nonayH (BblbonHa)

CornacHo MNT3 gononHutenbHasa rnybuHa HEPOBHOCTU AOMycKaeTcsa Ang
KONec C NOALUMMHMKAMUM CKOSIBXEHUS — 2 MM; C NOALUMMHUKAMWN KauyeHust —
1,0 mm. B cooTBeTCTBUMN C BbINOMHEHHLIMW UCCeLOBaHNAMU MOSTy4YeHa chne-
aywouwasa pacyeTtHas popmyna [6, 16]:
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PVIHK = ¥Ymax "84 0 (3-24)

K’
A€ Ymax — MakCUManbHbIN AOMNONHUTENBbHbLIN I'IpOFI/I6 penbca npn npoxox-
AdeHnn Komnecom KOCMHyCOI/I,EI,aJ'IbHOﬁ HEPOBHOCTMH, OTHECEHHbIN K eguHuLe

T
rnyOuHbl HEPOBHOCTK, ONpeaenseTca N0 OTHOLUEHUIO _I_—O, roe T, — nepvon
b4
BbIHY)>XAEHHbIX KornebaHun korneca npu npoxoxaeHnn UM HepoBHOCTH; Ty —
nepuod coOBCTBEHHbIX KONebaHU CUCTEMBI «KONECO—TMYTb.
PacuyeTHble 3HaveHusa T, n T, onpeaenawTca no opmMynam:

T, =0,036204 T, =556 | "% , (3.25)
\Y gu

lo4=20cMm (y , =7d; g=981cm/c?.

Mpwn T—°<O,71 <_|_—°, Ymax = »47; Npn Opyrux 3Ha4YeHusx Yy,.,, onpene-
¥ ¥
ngaetca no rpadouky npodgeccopa C.IM. TumoweHko (puc. 3.4) kak Hanbonb-
LIasa BeNIMYMHaA B MHTEpBare 3Ha4YeHuMn.

T 1,37
1,25[T°o,71]
Ymax Ymax =1,47e ¥ npn To/Tw>0,71
1,47

1,4 /
1o 1/
0,6 /

/
0,2 H
, = T To/T
002 06 1,0 1,4 1,8 22 26 3,0 o/ Ty

Puc. 3.4. KpuBasa gononHutensHoro npornba penbca Ymax

i
B 3aBMCHMOCTM OT COOTHOLLEHMS 1o
T‘P

[pyron cnoco® onpeaeneHns Ymax CBOAUTCA K HAXOXKAEHUIO KPUTUHECKOM

cKkopocTh V,,, NP1 NpeBbILLEHNN Haf, KOTOPOi 3aAaHHoOW V; Y, =147 . Kpy-

TN4eCKaa CKOPOCTb onpeaendaeTtcd no 3aBMCUMMOCTH
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U
V, =0,182 /ﬁ . (3.26)

Ecnu VKp>Vi, TO VYmax ONpedensercd no rpaduky npu 3HaAYEeHUU

L 0129 /;g
0 9 prm npu

To
= —| 20,71 — No annNpPoOKCMMNPOBaHHOMY BbIpaKe-
Ty v ¥
1,37
—1,25(T°—o,71J T
HUIO KPUBOW YKa3aHHOro rpaduka vy, ., =1,47e ¥ , anpu T—O <0,71 -

v
No JNIMHEMHOWN 3aBMCUMOCTU, 3aMEHSIIOLLEN KPUBOSIMHEMHOE OYepTaHMe 3TOro
y4yacTka B rpadomke (e — oCHOBaHWE HaTypasbHbIX NorapudomoB).
B dopmyne (3.24) a, — pacyeTHasa rnybuHa n3onmpoBaHHOM HEPOBHOCTU
Ha Konece, NPUHMMaETCH BeNUYnHOM 2/3 oT fonyckaemoro 3HavyeHna no MNT3
(a; =0,065 cm — npu nogwmnHMkKax kadeHnsa n a, = 0,133 cm — npu noaLmMn-

HUKaX CKOMbXEHUs);, o, — KO3MMULMEHT, y4nTbIBAKOWMN BNMAHME Koneb-
niowenca maccebl nytn (o, = 0,433 — npun AepeBsHHbIX Wwnanax, oy = 0,403 —
Npwu >kene3obeToHHbIX LWwnanax).

CpegHee kBagpaTnyeckoe OTKNOHEHWE OaHHOM WHEPLMOHHOW CUMbl paB-
HO crefyoLen BenmynHe

U
Sy = 0:25P 4 = 0,5 gy a4t (3.27)

Cwunbl MHepLMK, CBA3AaHHbIE C HAaNM4YMeM HenpepbIBHOUM HEPOBHOCTU
Ha konece P, .

HenpepblBHbIE HEPOBHOCTU Ha KOnece MNosABNSATCA 3a CYET HecoBnage-
HUSA LLEHTPa TSHKECTU Kosieca C LLEHTPOM TSXKECTU OCU U LIEHTPOM BpaLLeHus
(puc. 3.5, a), 3a cyeT oBasnbHOCTU Konec (puc. 3.5, 6) n 3a cyeT HepaBHOMEP-
HOCTM M3HOCa KOoSieC B NOMNEepeyYHoOM CEeYEHUU U nepexoda Kpyra KadeHus C
anametpa [, Ha 0o (puc. 3.5, 8).

Mo yTo4YHeHHbIM AaHHbIM npodeccopa M.®. Bepuro [6] 4ONONMHUTESbHYIO
CUNY WHEPUMN 3a CHET HernpepbiBHOM HEPOBHOCTW Ha Korece MOXHO ornpe-
aenntb nNo gopmyne

5 _ 0,2310,-U-V2[q, (3.28)
HHK — 2 o 3 .
P K-U-3,26 K2 g,

roe V — CKopoCTb ABWXEHUs, KM/Y; d — ouameTp Koneca, CM.
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LIeHTp Kpyra
KaTaHus

Oq # 0o
1P

LileHTp ocu

o A,

Puc. 3.5. HenpepblBHbIE HEPOBHOCTU Ha Korece

CepgHee KBagpatn4yeckoe OTKIIOHEHNE AaHHOW CUrbl

S, =0,225P, . (3.29)

3.3. BbIbop pacyeTHOU Harpy3ku

Ons pacyeta HeOOXOAMMO OMNpPeaennTb BEPOSTHOE 3HaYeHne CyMMapHOM
BEPTUKanNbHOW CUIbI.

BepoAaTHOCTHAsA KOMMO3MUMA BepTUKarnbHbIX CUIT 3anucbiBaeTcs B Crie-
ayolem Buae

Ppacq = PCT ’ Pp 'PHn ) PVIHK ) PHHK' (3.30)

PacueTHylo cuny Hago coCTaBUTb C 3aaHHOM
cTeneHbtlo BeposATHOCcTU. lNycTb namepeHo N pas
3Ha4YeHne BepTUKaNbHOM CUMbl B CEYEHUM NYTMW.

N; MocTpoumMm rucTtorpaMmmy MrOTHOCTM YacTOCTEWN
Prin JA_P‘% Prax  (BeposiTHOCTeW) (puc. 3.6). Becb AnanasoH cun ot
Puc. 3.6. FMCTOrpaMMa Prin A0 P, Pasgenum Ha paBHble UHTepBarnsl

pacnpegeneHns P; (paspsiabl) BenuumHon AP (war nHTepBsana).
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O603Ha4YnM:
N; — yacTtoTa HabnogeHun BennynHbl P B i-M nHTEpBane;

N ®, — YacToCTb (BEpOATHOCTb) NosiBNeHns cun P, B i-M nHTepBsarne;

N,

N-AP
POATHOCTEN (YacToCcTeN)).

Mpn HenpepbIBHOM U3MEHEHUU NNoT-
HOCTU BEPOATHOCTEN KpmMBasi MOAYMHSET-
ca pacnpegenenuto lNaycca (puc. 3.7) un
ONUCbIBaAeTCs 3aBUCUMOCTbIO

= W, — oTHOCWTENbHAas NNOTHOCTbL pacnpeaeneHns (NMOTHOCTL Be-

I:’min Pcp |:)max
1 (Pi—Pcp)?
= e 252 (3_31) Puc. 3.7. KpuBas pacnpeneneHus
S\/2x cryyanHoi sennunHel (Maycca)

PacnpegneneHne ["aycca yooBrneTBopseT YeTbIpeM NOSIOKEHUSAM:
1) KpnBas cumMmMeTpuyHa OTHoCUTErNbHO P,

o :%; (3.32)

2) nnowanb Mexay KpuMBoM U ocbto abcumcc paBHa eguHuue. MNnowanb
KaXkQoro nNpsiMoyrosfibH1Ka rmctorpammbl

I:)C

o =ap NN (3.33)
N-AP N
MroLaab BCein rmctorpammbl paBHa equHuLe
N YN N
Q=Yoo =y _N_y. 3.34
R (334

3) yem GonbLue konnyecTtso N, Tem 6onblie N; B kaxxaom i-m nHTepsarne;

4) yem wmnpe nHTepsan AP, Tem Gonbluee KONMYECTBO CriydyaeB nagaer
Ha Hero.

KpuBasa BeposaTHocTen ["aycca xapakrepuayeTca BenuynHon P, n S. Ec-
N NPUHATL 3@ pac4eTHOEe 3Ha4YeHne BepTUKarbHyo cuny, To

1) Ppacy =P¢p (BEPOATHOCTL NPEBbILLEHNS pacieTHOro 3HaveHust 0,5);

2) Poaos =P +5(0,159);

3) Poaos =Pop +25(0,023);
4) Pyo0, =Pep +2,55(0,006);
5) Poacs = Pop +35(0,001);
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6) Poaos =Pep +65(0,0).

B npaBunax pacyeta [2, 3, 6] NpUHATO, YTO PpakTUYECKN CUMbl MOTYT npe-
BbICUTb B 6 crnydasax n3 1000 pacyeTHble cunel, T. €.

Poacy =Pep +25°S, (3.35)

pacu

roe S — cpeaHee KBagpaTtn4eckoe OTKITOHEHUE BCEX NepeMeEHHbIX CUn, nen-
CTBYROLWNX Ha NYyTb CO CTOPOHbI KOJ1ECA,

Pep =Pe; +0,75P, . (3.36)

Teopren BepoATHOCTEN OOKa3blBAETCH, YTO OUCMEPCUS psaa He3aBUCU-
MbIX NepeMeHHbIX paBHa CyMMe AUCMNEPCUN KaXaon BESIUYUHDI, T. €.

S2 =Y'S?, cneposaTtenbHo, S =/ S? . (3.37)

Torga [2, 3, 6], yunTbiBasg KOSIMYECTBO M30SMpPOBaHHbIX (5 %) 1 Henpe-
pbIBHbIX (95 %) HEpOBHOCTEN Ha Konece

S=,/S2 +S2, +0,05S2, +095Sz,, . (3.38)

3.4. PacyeTHble hopMynbl Ans onpeaerieHNa HanpsHkKeHUn
B 3/IeMeHTax nyTu

HanpsbkeHns unarmba B KpoMKax MOAOLWIBLI penbca onpeaenstTcs no
dopmyne

GE=M(PCT+O,75 Py +25S+YPg, 1), (3.39)

n

Pep

P

pacy

roe f — koadbpUUMEHT, yunTbIBaOLWNN OENCTBUE FTOPU3OHTANbHbBIX Nonepey-

HbIX CWUM, BHELEHTPEHHOE MNPUMOXEeHNE BEPTUKamNbHbIX CUNM U MOAYKITOHKM

penbcoB. OnpenensaeTcs aKCnepuMeHTanbHo, NpuBeaeH B [2, Tabn. 3.
HanpsihxkeHus cMatma B lWWnanax onpeaensaioTcs No 3aBUCUMOCTH

K¢ ~
Ow =" Ppacq + chp ‘M., (340)
20

roe o — nnowaab nepegadun AasrieHns Ha wnany Yepes nogknagky unim npo-
knagky (npu 6ecnoaknagoyHOM CKpenneHnn).
HanpsibkeHuns cxxatmsa B 6annacrte B NoapenbCoBOM 30HE paBHO

30



K/ ~
O6 :Eepacq"'zpcp ‘N, (3-41)

roe Q, — addeKTrBHasA nnowanb HWKHEN noctenu nomnylwnanbl (C y4eTom
ee nsrmnba).

3.5. OnpeaeneHne gonyckaeMbiX CKOPOCTEN ABUXEHUsI Noe3noB

Mpy NPOEKTUPOBAHUN XENE3HO4OPOXHOrO NyTU MHOrA4A NPUXOAUTCH pe-
lWaTb 3a4ayun, CBsi3aHHbIE C OonpeadenieHneM OonyckaeMblx CKopocTen obpa-
LLIEHMSA MOABWXKHbBIX €4MHUL, MO YCNOBMAM MPOYHOCTU nyTu. [na aToro pac-
CMaTpuMBatOT HaMpsPKEHNS B 3NIEMEHTaX BEPXHEro CTPOEHUsI MyTU 3adaHHON
KOHCTPYKLUMN MpU OBWXKEHWM OAHHOW MOABWXXHOM €OUHWLbI C pasnnyHbIMU
CKOPOCTSAIMK B NPSIMbIX U KPUBLIX pasHbIX paanycoB. B pesynbTate nonyyatot

rpacuku O'E =f(V), nogobHble puc. 3.8.

Op, MMMa
300
00‘“ '/ 3
L% o
250 I 1 =240 ?\ V.
10kl c4UTIVIT Id __— A

200 ;;;\0%/“\‘7
— /% i i

|
150 '
“_//»/ :
»——/ I |
100 ¢V,qor| VV.ClOI'I Vgon V, KM/q
0 20 40 60 80 100

Puc. 3.8. HanpsxeHusa B Kpomkax nogowsbl pensca tuna P50
Npv Npoxoae NoKoMoTnBa

[pn HaHeceHMn Ha rpadnK 3HAYEHUA OLLEHOYHOIO KpUTEPUSA NPOYHOCTU B
TOYKE €ro nepeceyvyeHusi C pacyeTHOM BENUYMHOM MNOoNy4varT AOOMyCKaemyto
CKOPOCTb ABWXEHUSA NOABMXHOM eanHuubl. Ha puc. 3.8 B Ka4yecTBe NnoaBux-
HOM eAuHNLbI NOKa3aH NTIOKOMOTUB C KpUTEPUEM NPOYHOCTU MO HaNPSXKEHUAM
B penbcax [c,] =240 Mlla [2] Ha y4acTKe nyTn C rpy3oHanpsi»KeHHOCTbo OT

10 0O 24 MnH TKM Op. Ha KM B rog.

Kak npasuno, gonyckaemyto CKOPOCTb OBWXEHWUS MOABWKHOIO coCTaBa YC-
TaHaBNMBAKOT MO HaNpsHKEeHUAM B penbcax. Ecrnn B gpyrmx anemeHTax BepxHe-
ro CTpoeHus Nyt (Ha wnanax, 6annacrte, OCHOBHOM NSioWaake 3eMAsHOro no-
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NOTHA) pacyeTHble HanpskeHnsa Gonblle gonyckaemMblX, TO NPUHUMAIOT peLue-
HMe 06 yBenMYEeHNN NX MOLLHOCTM (YBENMYEHME KONMYECTBA, pa3mMepoB).

NHorga npu npoekTnpoBaHUM MEPONPUATUIN NO MOAEPHU3AUMN (PEKOHCT-
PYKLMM) NyTU C NOBbILEHNEM CKOPOCTEN OABMXEHUS NOe340B MO NOAOOHbLIM
rpagoukam (puc. 3.8) MOXHO CyauUTb O TOM, Kakne KpmBble Heobxogmumo byaet
CMSAMYMTb M OO KakKoro paguyca.

3.6. lonyckaemMble HanpshKeHus
B 3/IeMEeHTaX BepXHero CTpoeHus nyTu

B MeToawnke oueHkn BO3OeNCTBMSA NOABMXHOIO COCTaBa Ha nyTb Mo ycno-
BMAM obecneveHns ero HaaexHoCTu [2] ykasaHHble YeTbipe Kputepusi npoy-
HOCTW NyTW onpeaeneHbl U3 ycroBusa obecnevyeHns HageXHoCTU NyTu B 3a-
BMCMMOCTWN OT ero knacca (Knaccbl nyTen HOPMUPYIHOTCS B COOTBETCTBUM C
MNonoxeHnem o0 cucteme BedeHUS NYTEBOrO XO3SMCTBA Ha XXene3HbIX JOpOo-
rax Po):

[c,] — 13 ycnosua HenpeBblWEHWA OOMYyCKaeMoro Konmyectsa OTKa3oB

penbCcoB 3a Nepuon HopMaTUBHOW HapaboTKu;
[6,] — 13 ycnoBusi HenpeBbILLEHUS AOMYCKaeMoro M3Hoca Lunan u npo-

Krnagok nog noAknagkamuy 3a nepuog HopMaTUBHOW HapaboTku;
[c] ¥ [0,] — 13 ycnoBua HenpeBsbILLEHNA [OMYCKAaeMOW UHTEHCUBHOCTU

HaKOMMEeHUs1 oCTaToOYHbIX AedopMauunn COOTBETCTBEHHO B Hannacte M Ha
OCHOBHOW NsiowagKke 3eMAHOro nosnoTHa.

OTN KpUTEPUN Ha3BaHbl OLEHOYHBbIMU KPUTEPUAMM MPOYHOCTU NyTU. Yuc-
NEHHble 3HaYeHUs! OLIEHOYHbIX KpUTEPUEB MPOYHOCTU MYTU MPUMEHUTENBHO K
rpagaunm rpy3oHanpsPKeHHOCTM B COOTBETCTBUM C [TonoxeHnem o cucteme Be-
AEHNS NyTEBOro X03AMCTBA Ha XernesHbix goporax PO npueeaeHsl B Tabn. 3.1.

Tabnuua 3.1
OLl,eHO‘-IHbIe Kputepun npovYHOCT NyTn
Buabl 3HavyeHNsa OLEHOYHbIX KpuTepue npodHocTu, Ma,
Kputepun | noaBukHOro npw rpy30HanpPsKeHHOCTU, MITH. T BPYTTO/KM B rog*
cocTaBa bonee 50 50-25 24-10 meHee 10

[G ] JlokoMoTUBbI 190 200 240 340
K BaroHsi 150 160 200 300
[G ] JlokoMOTUBbI 1,2 1,6 2,0 3,0
w BaroHsi 1,1 1,5 1,8 2,7
[G ] JlokoMOoTUBbI 0,4 0,42 0,45 0,50
6 BaroHbl 0,26 0,30 0,35 0,40
[G ] JlokomoTUBbI 0,10 0,10 0,11 0,12
3 BaroHbl 0,08 0,08 0,09 0,10

*[1Ns1 HOBOCTPOEK — Ha AECATLIN ro4 3KCnnyaTaumn.
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[aHHble Tabn. 3.1 NpMMEHUMBI:

[o,] — ONsA TMNOBbLIX HETEPMOOOPaBOTaHHbIX PEIbCOB B NPAMbIX U KPUBbIX
paguycom 6onee 1000 m. B kpuBbix paguycom 1000 M 1 MeHee OeNCTBYHO-
LLUMUMN  HOPMAaTMBHbIMM [OOKYMEHTaMu MpeayCcMOTpPeEHa chnowHas CMeHa
penbCoB Mexay KanutanbHbIMKU peMoHTamu nytu: R=1000+651 m — oauH
pa3, npyu R=651+351 M — gBa pasa u npn R <350 M — Tpu pasa. [NoaTomy
n3 ycnosusi obecnevyeHuns ykasaHHbIX NokasaTenen HagexxHoCTn NyTn B Taknx
KPUBbIX 3HA4YEHME OLEHOYHbBIX KPUTEPUEB MPOYHOCTU PENbCOB MPUHMMAETCS
[c,]=240MIlla; npn ncnonb3oBaHWM TOMbKO TEPMOYMPOYEHHbIX PEeribCoB

npuBefeHHble B Tabn. 3.1 3HaveHus [c, ] yBennumeatotca Ha 14 %;
[cs] — Ana webeHouHoro 1 acbectsoro bannacTa; npu necyaHom banna-
CTe npvBefeHHble B Tabn. 3.1 3Ha4YeHus [cg] HeobxoanMo yMmeHbLNTL B 1,6

pasa, a Npu KpbepHOM rpaBuu 1 pakyLike — B 1,4 pasa;
[c,] —Ansa 3emMnsaHoro NonoTHa U3 CyrMUHUCTbLIX TPYHTOB.

PekomeHayemas nutepatypa [1, 2, 3, 6, 8].
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