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AuHamunka ckaTtbiBaHUs1 BaroHa

C COPTUPOBOYHOM rOPKMN Ha
JKesne3HO[40POXXHOM CTaHLUMN U3y4aeTcs
B pa3HbIx ee acrniektax. B tom yucne aron
TeMbl HeOJHOKPAaTHO KacasiuCb N aBTopbl
(cm., B4acTHOCTHM, «MT», 2015, N2 6).
OpHako B paHee caeslaHHbIX pacyeTax He
A0CTaBaJio OL|eHOK BpeMeHU ABWKEeHNS
Y CKOPOCTU BaroHa Ha rnpoMe>XXyTO4HOM
yyacTKe ropkv ripu Bo34eNcTeun
MornyTHOro BeTpa MaJiovi BeJINYNHbI.
IMy6nunkyemas cTaTbsi BOCMOJIHAET 3TOT
npob6esn, 3HaKOMUT C pe3y/bTaTaMmu
BbIYUCIIEHWNIA, MaTeMaTUyeCKUMN

v rpagppuyeckumMn 3aBUCUMOCTSIMU,
MoO3BOJISIOLNMU CAENATH
onpepaesieHHble 0600LLEeHNsI U BbIBOAbI.

Knto4eBsble crioa: npuHumn Janambepa,
knaccu4eckue popmMyJibl MyTv U CKOPOCTU
TeJ1, XXe/1e3HOA0POXHAasT CTaHLMs,
COPTUPOBOYHAS rOpKa, MPOMEXYTOYHbIN
y4acTOK, roryTHbIV BETEep, BPEMs U CKOPOCTb
CKaTbIBAHWNS BAroHa.
|
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Pac4yeT BpemMeHun ABNXEeHUs
M CKOPOCTU BaroHa
Ha NPOMEXYTO4YHOM y4yacTke
COPTUPOBOYHOUN rOPKHU
npu NnonyTHOM BeTpe

Typanoe Xaoubyaaa Typanosun — doxmop
MexXHU4ecKux HayK, npogeccop Ypanbckoeo
20Cy0apcmeeHH020 yHueepcumema nymeti coooujeHus
(YpI'VIIC), Examepunbype, Poccus.

Iopouenxo Andpeii Anexcanoposur — kanouoam
mexHuuecKux HayK, accucmenm kageopst «Cmanyuu,
yanvl u epysoeas paboma» YpI'VIIC, Examepunoype,
Poccu.

€3yJIbTaThl aHATUTUYECKUX MCCIIEN0-
BaHUI IBVKEHUST BATOHA I10 YKJIOHY
COPTUPOBOYHOI TOPKM, KOTAa CHja

aA9pPOIMHAMHNYCCKOI0O COIMPOTUBJICHUA F,B
IIOIMYTHOI'O BE€TpPaA 3aBUCUT OT KBaJpaTa CKO-

pocTH, T.e. Fm =f(¥) (tme vV, — OTHOCH-

TeJIbHasi CKOPOCTh BeTpa MO OTHOLICHUIO
K BaroHy), usjioxeHsl B [1—5]. TIpu atom
B [3—5] npuBeaeHbI TaHHbIE BHIYMCIUTETbHBIX
3KCTIEPUMEHTOB C ITOCTPOCHUEM IpaIecKrX
3aBUCHMOCTEI CKOPOCTH CKaThIBAHMST BATOHA
OT YKJIOHa ropku. OmHAKO aHAJIMTUYECKUE
opMyIIBI JUTSI OTIpeieSIEHUS CKOPOCTH Baro-
Ha TIpU €r0 JBMKEHUU T10 YKJIOHY CJIOXKHBI
JUTS TIPAKTUIECKOTO UCTIONb30BaHUs. IMEHHO
motomy B [6—16] rccieqoBaHbI c1ydau, KOraa
CcHJIa a3pPOJMHAMMYECKOTO COMPOTUBICHUS

F_ nomyrHOro BeTpa Majioil BEIMYMHBI (Ha-

npuMep, MpU TIOMYTHOM BeTpe 2—4 M/c) Ju-
HEHO 3aBUCHUT OT HaBETPEHHOM IUIOLIAIN
BaroHa c rpysoM, F, = f(A,,.). Takoii moaxoxn

IUPOKO TPUMEHSIETCS B 3aa9aX KPETJICHUST
rpy30B Ha BaroHax [17], B KOTOpBIX TPUHSITO,
YTO yIeJIbHOE AaBJICHUE, MPUXOAIIeecs Ha
1 M? maolmaau BaroHa ¢ Tpy3oM, paBHO
0,5 kH/m2.



B [6—8] choenaHbl MOMBITKY MTOCTPOEHUS
YIPOILIEHHOI MaTeMaTUYeCKO MOIEIU JBU -
JKEHUSI BaroHa Ha CKOPOCTHBIX ydacTKax
TOPKU W TIEPBOM TOPMO3HOU TO3ULIMU TIPU
BO3MIEICTBUM TIOTIYTHOTO BETpa MaJIOii BEJIH -
YMHBI, HO B HUX JOMYIIEHBI HEKOTOPBIE HE-
TOYHOCTH TIPU TPEJCTaBICHUU TrarpaMMbl
CKOPOCTU MOMYTHOTO BETpa U CKOPOCTU
JIBIDKEHMS BarOHA T10 YKJIOHY. DTU HETOYHO-
CTH, TIO CyTH, HE TIOBJIUSUIM Ha Pe3yJbTaThl
BBIYMCJICHUI BPEMEHM IBIDKSHUS 1 CKOPOCTH
CKaTbhIBaHMS BaroHa, uzjaoxeHHbie B [9, 10],
YTO CBSI3aHO C HE3HAYNTEIBHBIM YTJIOM YKJIO-
Ha FOPKH ,, IOCKOJIBKY cosy, ~ 1 [11].

B [12] noka3aHbl CUJI0BbIE COOTHOLIEHUS,
BO3HUKAIOIINE B CUCTEME «BarOH-ITyTh», OHU
pPacCMOTPEHbI OTAEIBHO IJI Yy4acTKa TOpKU
IO ¥ TIOCJIe CTpesioyHoro nepesona. B [13—15]
HCCJIeIOBAHO JBVKEHUE BaroHa Ha y4acTKe
MepBOi TOPMO3HOI TTO3UIINU C 3aTOPMaXKK -
BaHWEM TIPU BO3MIEUCTBUM MOITYTHOTO BETpa
Majioit BenmnuuHbl. [1py aTOM pelieHa 3amada
oInpeneaeHnsi CKOPOCTU BarOHa U €ro TOPMO3-
HOTO TIYTU B 3aBUCMMOCTHU OT BPEMEHM TOP-
MOXEHUsI, B TOM YHCJIE IO OCTAHOBKY BaroHa.

HecMoTpst Ha 3HaUYUTENBHOE KOJUYECTBO
paboT 10 U3YYEHUIO TMHAMUKYU CKaThIBAHUST
BaroHa ¢ TOpPKH, IO CUX IOP OTCYTCTBYIOT
MpUMePHI pacuéTa BpeMeHU IBIKEHUSI 1 CKO-
POCTH CKaThIBAaHMST BarOHA HA TTPOMEKYTOY -
HoM yuacTke (nanee — I1P yyactke) coptupo-
BOYHOI TOPKY TIPU BO3ACMCTBUY TOITyTHOTO
BeTpa MaJjioil BeJMMYMHBI. JlaHHAs CcTaThs
Mpu3BaHa CHejaTh peajbHBIN IIar B 3TOM
HarpaBJIeHUN.

noaxoAabl K PELLEHUIO 3A0AYU

B naurem ciyuyae nBuxkeHue BaroHa Ha [TP
y4JacTKe TOPKU TP TTOMTyTHOM BETpe, COoTJia-
cHO [16], pa3aesieHO Ha ABa STalla: Ha [IEPBOM
BaroH JIBUIKETCS IO CTPEJIOYHOTO TIepeBo/a,
Ha BTOPOM — TIOCJIE CTPEJKU TT0 KPUBOMY
Y4acTKy.

TpeOyeTcss MOAy4uTh IpUMEP pacuéTa
BPEMEHU 1 CKOPOCTH BaroHa 110 YIPOIEHHON
MEeTONIUKe, TJe 1Mo M3BecTHOU BenmuuHe [1P
y4yacTKa TOpKu lj= X(t,) MOXHO OBLITO ObI Hail -
TH BpeMs 7, B TE4EHKE KOTOPOTO MPOUCXOIUT
JBIKEHUE C 3aJaHHON HaYaJIbHO CKOPOCThHIO
JIO ¥ TIOCJIe CTPEJIOYHOTO NEPEBOJIA, a IO Be-
JIMYMHE BPEMEHHM — CKOPOCTDb BaroHa v, (7).
3nech u manee, coriacHo [12], k = 4 cooTBeT-
CTBYET YUETY TOJIbKO COTIPOTUBIICHUS CPETBI
Fcp‘ Ha [IP yyacTke ropku OO0 CTpEJIKHU
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Puc. 1. Anarpamma nonyTHOro BeTpa ioro-s0OCTO4YHOro
W ceBepo-BOCTOYHOI0 HanpasJ/IeHWIA.

n k=41 — y4€Ty BO3IEHCTBUS COIPOTUBICHUS
cpensl F, 1 MpoeKUuu BeTpa Ha OOKOBYIO
CTOpOHY BaroHa £, k =4 ¢ — yu€ty Bo3neii-
CTBUSI COTIPOTUBJIEHU T BCSIKOTO pojia (Cpebl,
CTPENIKH, KPUBBIX, cHera U uHed) F, Ha TP
TOPKU TIOCJIe CTpenku, k = 41 ¢ — yu€Ty Bo3-
NEeACTBUA COMPOTUBJIEHUI BCAKOTO pona F,
U MIPOEKIINN BeTpa Ha DOKOBYIO CTOPOHY Ba-
roHa I}By nk=42c— OI[HOBpGiVICHHOMy YUETY
BO3IIEMCTBUSI COTTPOTUBJIEHUI BCSKOTO poJia
F_, monepeyHoii NepeHOCHOM CUJTbl MIHEPLIMI
[, v mpoexuy BeTpa Ha GOKOBYIO CTOPOHY
BaroHa F,  (BO3IEHCTBHSI pa3INIHBIX COMPO-
TUBJICHWI TP IBUKEHWUY BarOHA TTO KPUBOMY
YUYacTKy MmyTH). 31ech 1 ganee j = 4 COOTBET-
CTBYeT cllydalo, Korma k = 4, 41, 42, aj =
4c—xormak=4c,41c,42c.

OO61I1e TTOAXOIHI K pelIeHUTO 3a1aun |12,
16] 3akII04aIOTCST B CIIECAYIOIIEM.

1. [Tpu paccMOTpeHUU ABUKEHUS BaroHa
C COPTUPOBOYHOI TOPKU MCIIOTBb3YIOTCS OC-
HOBHOI mpuHLMN JanambGepa B KOOpaMHAT-
Hoii opme [23] 1 kiraccuueckue HOPMYIThI
CKOPOCTH M ITyTH M3 Kypca (pU3nKM.

2. B ycioBusix 3a1auu ¥ MIPUHSITBIX TIPEJI-
MOCBITKaX (pUTypupyer cirydyaii, Koraa BaroH
T10 YKJIOHY COPTUPOBOYHOM TOPKYU BXOIUT Ha
ITP yyacTok ¢ 3aaHHOI HAYaJIbHOU CKOPO-
cTbio v,,. Ilpu BXOME OMMHOYHOIrO BaroHa
CYMTAeM, YTO OH MPEUMYIIECTBEHHO OyIeT
WUCTBITHIBATH BO3JECTBUE BHEITHUX CUJI
B BUJIE COOCTBEHHOU TSXECTH ¢ Tpy3oM G,
MPOEKIIMU CUJIBI adPOJIMHAMUYECKOTO CO-
TIPOTUBJICHUSI TIOTTYTHOTO BETPa MaJIOl BEJT-
9uHbl F_ (HarpuMep, I0ro-BOCTOYHOTO WK
CeBEepO-BOCTOYHOTO HAIIPABJIEHUI) 1O TIPO-
IonbHOI ocu Ox U momepedHoit ocu Oy

TypaHoB X. T., lopaveHko A. A. Pac4€T BpeMeHU ABMKEHUS N CKOPOCTU BaroHa Ha MPOMEXYTOYHOM

y4yacTtke COpTMpOBO‘IHOﬁ ropku npn nonyTHom BeTpe




Bxl

Puc. 2. YnpowéHHas
pacyéTHas mogenb
ABWXEHUs1 BaroHa rno
npogumo NP yyactka
ropku npu Bo34eicTBun
nonyTHoro BeTpa.

seune F, uF, e F..F, eF)(puc. 1),

UMes B BUIY, YTO B HEil MPOEKIINY CUJIBI a3-
POIMHAMUYECKOTO CONTPOTUBIICHUSI IIPUHSITHI
3aBUCSIIIMMU TOJIBKO OT IJIOIIAI HAaBETPEH-
HOI1 MTOBEPXHOCTHU BaroHa ¢ Tpy30M, KakK 3TO
ObIBaeT MPM PEelIeHUU 3aadu KpeTIeHUs
rpy30B Ha BaroHax [7].

Ha puc. 1 o6o3Ha4yeHo: v, — abcoaroTHas

CKOPOCTb MOMYTHOTO BeTpa; @ + & — HaIpaB-
JISTIOIIM#A yTOJT BEKTOpa abCOIOTHON CKOPOCTH
BETpa v, OTHOCUTEJILHO TOPU3OHTAIN (OCh

Ox) 1151 10T0-3aTIa{HOTO HaTpaBieHus; F, —

CuJia BO3IENCTBUS MOMYTHOrO BeTpa; F
ufl

.y

nonytHoro BeTtpa Ha Ox u Oy, T.e.

— NMPOCKIMU CHUJIbI BO3JIEHCTBUS FrB

(F,.F, e F, 3aMeTuM, 4TO €CJIM BeTep

CEBEepPO-BOCTOYHOIO HaIlpaBJIeHUSs, TO CHJIa
me MMeeT IPOTUBOIIOIOXHOE HallpaBJICHUE.

3. ITpu popmupoBaHuU pacy€THOI MoIe-
JIA IBVDKeHUsT BaroHa Ha 1P yyacTke ropku
JIO CTPEJIKU TPUHSITO MPEANOJ0XEeHUE, YTO
KOJIECHBIE Maphl 110 PEJIbCOBBIM HUTSIM JIBH-
JKYTCSI TIPY YUCTOM KauyeHMH KOJIEC OTHOCH-
TEJIbHO MOBEPXHOCTU KaTaHMSI PEIbCOBBIX
Hutel F o I TPCHUSI CKOJIBXKCHHS rpebHeit
KOJIEC O DOKOBYIO ITOBEPXHOCTbH PEJIbCOBOM
HUTH F, o IPT y4€Te BO3MEHCTBUS ITPOCKIIMHU
BeTpa Ha OOKOBYIO CTOPOHY BaroHa me, T.C.
F . FE=F o T FTP'CK. I1pu nBUXXEHUM Baro-
Ha 110 KpUBOMY YYaCTKY ITYTH ITOCJIE CTPEIKU
KPOME CONPOTUBIEHUI BCAKOrO pona F,
CJIeIyeT y4eCTh elllé BO3NAeHCTBHE TToIeped-
HOI TTIepEHOCHOI CHJIBI MHEPLIUU Iey U TIpO-
€KIIUM CUIIBI me Ha HaIlpaBJIeHUs MOCeTHe
CHJIBI.

B cooTBETCTBUM C 3TUM YIIPOIIEHHAS pac-
yE€THasg MoJeab ABUXeHus BaroHa Ha I1P
y4JacTKe TOpKHU IpeAcTaBlIeHa Ha puc. 2, Tie

® MMUP TPAHCMOPTA, Tom 14, N2 4, C. 78-91 (2016)

O — HauaJja MoABMXHOM CHCTeMbl KOOPAUHAT
Ox,yz, XECTKO CBA3aHHOIi C BATOHOM; OX — OCh
10 TOPU30HTAJIN; \Y,,, — YTOJI YKJIOHA (CITycKa)
ITP yyactka TOpKu; v, — OTHOCHUTEJIbHAS
CKOPOCTb BO3/lyXa; v, =V, — HayajibHasi CKO-
pOCTb BaroHa; v, —CKOpOCTb BaroHa; F, =
F,, — cuia conmpoTHBIICHNST CPE/IBI 10 CTPEJIKH,
a mocJie CTpesiku F, — cuiia COrpOTHBIEHUS
BCsKoro pona; Nu F. »x — HOpMaJIbHasl 1 Ka-
caTeJibHasl COCTaBJISIIOIIME PeaKIIuU CBsI3ei
(penbcoBbIx HUTEH). [TpuuémM N =N, + N, +
N3 + N4 u FTp.x = Erp.xl + Frp.x2 + Fva.xS + F'Tp4x4
BBICTYTAIOT KaK MapaJijiebHbIE CUIBI.
TakuM obGpa3om, ¢ MCITOJb30BaHUEM
OCHOBHOTO NpuHIMMA [lajambepa 1 Kjiaccu-
yecKux hopMyJ IMyTU U CKOPOCTHU Tejia Mo
usBecTHo# Bennumue TP ropku [ = x(z,)
u B corsacuu ¢ [16] onpeneneHsl Bpems f,,
B T€YEHME KOTOPOI'O BaroH IBUXKETCS C 3aaH-
HO# HayaJbHOW CKOPOCTBIO v, IO Hayaua
CTPEJIOYHOTO TIepeBO/Ia, a Mo BeJUYUHE Bpe-
MEHM 7, — CKOPOCTh BaroHa v, (7,). AHajoruy-
HO HAXOATCsI BpEMsI IBUXKEHMS £, 1 CKOPOCTh
Barona v, (f, ) mMocije CTpeJKH 10 Hayaaa

BTOPO TOPMO3HOM ITO3ULIUHU.

YMPOLLEHHAS
NOCJIEAQOBATEJIbHOCTb AENCTBUN

OTMeTHM, YTO MPEACTaBIEHHBIC HUXE
(hopMybl BhIBeeHbI Hamu paHee [12]. Opu-
TMHAJbHBIMU XK€ pe3yJibTaTaMM SIBJISIOTCS
BBIYMCJICHHBIE BEJIMYMHBI CHJI, CIIOCOOCTBY-
[OIIME W/WIM TPEMSTCTBYIOIIME IBMXKEHUIO
BaroHa Ha [1P yyacTke ropku, a Takke 3Haue-
HUST YCKOPEHMI, BDEMEHM JIBVXKEHUST U CKO-
pPOCTHM CKaThIBaHUsI BaroHa. YIPOIIEHHYIO
MOCJIeIOBAaTEIbHOCTh pacuyéTa CKOPOCTH Ba-
rona Ha [1P yyacTke no v mocjie CTpeJI04HOro
repeBo/ia TPy BO3/ICHCTBUM MOITYTHOI'O BETPpa
a”HajgoruyHo [12, 16] MOXHO IpeaCcTaBUTh
CJIeIYIOIIUM 00pa3oM.

TypaHoB X. T., lopaneHko A. A. Pac4eT BpeMeHU ABUXEHUSA U CKOPOCTU BaroHa Ha MPOMEXYTO4YHOM
y4yacTKe COpTUPOBOYHOW rOPKM Npu NONyTHOM BeTpe



1. PaccmoTpuMm ciyyaii mpoeKTUPOBaHUS
TOPOYHOW rop;0BUHBI Ha 24 nyTtu. [1pu npo-
€KTHUPOBAHUY COPTUPOBOYHOI TOPKU TIOJTHYIO
aminy TTP ydactka / IpUHUMAIOT COTTacHO
pekomeHaauusm [24]. Hanpumep, yKiIoH
ropku 9 npomuine, y,, = 0,009 pan. (sin(y,,) =
0,009), nnuuHa ydyacTka 10 CTpenku [, =
20,001 m, a mocnie ctpenku — [, = 21,271 m.

2. PaccunThIBalOT MPOEKIIMY CUITBI BO3ICH -

CTBUsI TIOITYTHOTO BETPa Ha BaroH, HaIipuMep,
FOTO-3aMaHOTO HaIpaBJIeHUsI, IO TTPOIOJIb-
Hoit Ox n nonepedHoit Oy, ocu (Ha puc. 2 oCh
Oy, He nokaszana) B Buze (2) [12], kH:
F,. =054 Fos =054, (1
rae 0,5 — ynesnbpHOe naBieHue Ha 1 M2 roomna-
nu, kH/m? [17]; A — nuomanb TopueBoi
MOBEPXHOCTH BaroHa ¢ Tpy3oM, M?; A — T10-
111a/Tb O0KOBOI TTOBEPXHOCTU BaroHa C Tpy30M,
M2 Jlomryctum, ecmn A, = 6,384 u A, = 27,36 M?,
ToF_  =3,192n me = 13,68 kH.

3. PaccuMThIBAIOT «CABUTAIOIIYIO» CHUILY

F_ ., (T.c. MPOCKIIMIO CUJIBI TSIXKECTH BaroHa
crpy3oM G | ¥ CUJIbI BO3IEHCTBYS IOy THOTO
BeTpa FHa HanpaBJeHHMe CKaTbIBaHWs Ba-
rona 1o ocu Ox) — cMm. puc. 2 u (3) [12]:
Fou= Gsm('/’Ok )+ F,, cos(yy, ), 2

raie G — cuyia TSXKECTU BaroHa C Tpy3oM
¢ y4ETOM MHEPIIMY Bpalaomuxcs Mmace, KH.

Hampumep, eciu G = 908 kH, sin(y,,) =
0,009, F__=3,192xH, cos(y,,) =1, 10 Fc;. =
11,364 xH.

4. OnpesiesisiioT Cuily TpeHust KavyeHust F, |
B 3aBUCUMOCTH OT TPOEKIIUU CUJIBI TSDKECTH
BaroHa ¢ rpy3oM G, 1 CHJIBI COTIPOTUBIICHUS
MONYTHOTO BeTpa F | Ha Hanpasienue ocu 07
(cM. puc. 2) KakK KacaTeJIbHYIO COCTABJISIOLLYIO
peaKUK CBA3M (PENbCOBBIX HUTE) F, KOTO-
pag cornacHo 3aKoHy KyioHa paBHa (cM. (7)
[12])‘

F, o =fy(Geosy) + Fsin(yy,)).  (3)

[ie f, — HEKOTOPBIA TIPUBENEHHBINA KOS UL~
€HT TPEHUST KaYeHHsl, YIUTIBAIOIINI KOJTUe-
CTBO KOJIEC B TeJieXKaX, TPEHUE KayeHUs
(110 KOJTBLIAM TTOIIIMITHAKA Y KOJIECa T10 PEJTbCy)
(06braHO TprHUMaroT £ = 0,0001) [1-5].

Homyctum, ecan f, = 0,0001, G=908 xkH —
CcHJIa TSIKECTW BaroHa ¢ Tpy30M C y4E€TOM
WHEPIIMU BpallalomuXcsl Macc (KOJECHBIX
nap) (6e3 yuérta 3toit uHepuuu G = 794 kH
Mpu CUJie TIXKECTU Tpy3a Grp = 650 xH),
cos(y,)=1,F_ =3,192kH, sin(y,) =0,009,
ToF = FTP_K =0,094 xH.

Tp. x1
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5. Haxonsit cuity TpeHust CKoNbXeHust £
OT BO3JEHCTBUS MPOEKIIUU BETPa HA OOKOBYIO
CTOPOHY BaroHa me = F_, C Y4ETOM JIaHHOIA
CWJIBI KaK KacaTeJIbHYIO COCTaBJISIOILYIO pe-
AKX CBSA3U (PENTLCOBBIX HUTEH) F, KOTOPYIO
cornacHo 3akoHy KymnoHa ompenensiior n3

Bpra)KCHI/IH (106 [12]):
F f::KO (4)

Tp6.X =
raef, ,— KOS(I)(I)I/IL[I/ICHT TPEHUSI CKOJTbXKEHUS
rpebHel KoJIEC 0 00KOBYIO TOBEPXHOCTD PeJib-

COBOI HUTH (OOBIMHO TIPMHUMAIOT 10 f, | =

Tp CK -f;KO oy

0,25) [12— 14] Hanpuwmep, eciu £, = 0,2,
e 68 kH, 0 F_, = F_ =
2,736 KH

6. Ha ocHoBe (3) u (4) BBIUMCIISIIOT CUITY
TPEHUs BIOJb IBMKEHUS BaroHa Kak CyMMY
CUJI TPeHMS Ka4eHUs F 1 CHJI TPEHUSI CKOJTb-

- Tp.K .
KeHust F| ¢ y9€TOM BO3NCHCTBHUSI IIPOCKLINN
BETpa Ha OOKOBYIO CTOPOHY BaroHa F, B Buzie

F‘Tp.xl F F +F;-pcx (5)
=0,094, F =

TP.CK

K npumepy, eciu F |
2,736 kH, 0 F_ =2 954 kH.

7. OnpenensiioT CUJIbl COIMTPOTUBIECHUS
JIBVKEHUIO BarOHA OT CPe/ibl Fcp‘ B Buze (100)
[12]‘

=k_k, G,

cp.”VHB.

(6)

e kaA— KO2(GULIMEHT, YIUTHIBAIOIITUI TOJTIO
CUJIBI TSDKeCTH G MpU y4éTe COMPOTUBIICHUS
cpensl (00braHO B Ipeaesnax 0,0001—0,0005 mpu
CKOPOCTH TTOITYTHOTO BeTpa oT 2 10 4 M/c) [25,
c. 182]; k  — x03(pHULMEHT, yUUTHIBAIOLIMIA
HETOUHOCTD BHIUHCTEHHIT k., (OOBIMHO IPUHN-
matot 10 1). Craxewm, ecm k, = 0,0003, k=
0,8nG=908 kH, To F, = 0,218 kH.

8. Berumcnsior «y):[epxmBanmHe» CHUJTBI
F,, 1> OKa3bIBAIOLIME COMPOTUBIICHUE JIBIXKE-
Huto BaroHa Ha [1P yyactke ropku 1o u mocie
CTpeJIOYHOTO repeBoza B Buze (cM. (12) [16]):

F;'nkxl Frp K + F + FTp CK (7)
Fowi =1y (Gcos(y/04 )+ F, sin(y, )) +
+(kcp4 + kcmp. + kc.u. + ka. )kne.G + (8)

+-f;'l€0 (Iey +

3nech mo-npexxHeMy k = 4 COOTBETCTBYET
BO3/ICIICTBUIO TOJIBKO COTTPOTUBIICHUS CPEIBI
Fcp' Ha [1P yuyacTke ropku A0 CTpejKu
n k=41 — y4€Ty BO3IeHCTBUSI COMIPOTUBICHUS
cpensl F, n MpoeKUuy BeTpa Ha GOKOBYIO
CTOpPOHY BaroHa me; k =4 c — yuéry BO3meli-
CTBMSI CONPOTUBICHUI BCAKOTO poxa F_,

F;cos(a,)).

TypaHoe X. T., lopaneHko A. A. Pac4eT BpeMeHU ABUXEHUSA U CKOPOCTU BaroHa Ha MPOMEXYTOYHOM
y4yacTKe COPpTUPOBOYHOU rOPKK NP NONYyTHOM BETpE



k=41c — y4€Ty BO3IEICTBHUS COIMPOTUBIICHMI
BCSKOTO pola F, ¥ MpoeKLMHU BETpa Ha 60Ko-
BYIO CTOPOHY BaroHa F, u k =42 c — yuéry
BOBIEUCTBUS PA3IMIHBIX COTTPOTUBIICHMI ITPU
JIBIDKEHUM BaroHa 1o KpUBOMY YUacTKy ITyTH,
kKH. B (8) o6o3HayeHo: o, — yroj moBopoTa
kpuBbIx Ha [1P yyacTke (0OBIYHO MPUHUMAIOT
B 3aBUCMOCTH OT KOJIMYECTBA ITyTH HA TOPOY-
HOl ropiioBuHe); k , k , nk —Koahduim-
€HTBI, YYUTHIBAIOIIIE I[OI[IO cymm TsKecTH G,
a TakXe COMPOTUBIIEHUS CTPEJIKM, CHera
¥ MHEsI, KPUBBIX (OOBIYHO NPUHUMAIT K =
0,00015, k£, = 0,00015 (ro maHHbIM [25] /:[o-
XOJIUT A0 0 00025) u k =0,00011); Iey -
repevHast HCpeHOCHaH CHJIa MHEPLIUH (qame
3 kH u Gonee).

9. 1o BeJIMYMHAM «CIABUTAIOIIEN» ch
¥ «yaepxkuBatoiieii» F  CHI BBIYUCISIIOT
cuny F,, cnocoGCTBylomon JIBUKEHUIO Baro-
Ha Ha [1P yyacTke 10 ¥ mocje CTpeIoYHOro
nepesoga, kH:

F =F,  -F

caxl yak.x1*

&)

Hanpuwmep, eciu F, | = 11 ,364 xH;
F n=0,312xH, to F,= 11,052 xH — cua,

TIPY BO3JEHCTBUM KOTOPOU IMTPOUCXOTUT IBU -
JKeHMe BaroHa ¢ yckopenuem Ha 1P ygactke
JIO CTPEJIKU C YI4ETOM TOJIBKO COIPOTUBIICHUS
cpenbl F , ac100aBICHIEM e1le M TPOCKLINN
BeTpa Ha 60K0By10 CTOpOHY BaroHa F
3,048 xH, To ecTn F, = 8,316 kH.

[Mocne crpesoyHoOTrO TIEepeBoa 3HAYESHUS
STUX CWI C YYETOM BO3ACUCTBUS TOJIBKO CO-
NPOTUBJIEHUIA BCAKOTO pofa F, , BEIYUCIIEH-
HbIe 10 (2) u (8), TAKOBBI: FMl = 11,364 xH,
VI 0,611 xH, F, = 10,753 xH; ¢ yuétom
BO3IEHCTBUSI COITPOTUBIIEHUI BCSIKOTO poJia
F,_ n npoekuumu BeTpa Ha OOKOBYIO CTOPOHY
Barowa — F , . =33«xH, F, = 8,064 xH;
C YYETOM BO3IEHCTBUS PA3TMUHBIX COTIPOTUB-
JICHW# W IBUXEHUS BaroHa Mo KPUBOMY
yyactky nytn — F . = 3,763 kH, F,, =
7,6 kH.

10. TTo 3Ha4yeHMIO CUITBI F, ¥ MacChl BArOHA
M ¢ yaéToM MHEpIMY BpallaloIuXcst YacTen
HAXOIAT YCKOPEHWE BarOHa a, PY IBXKEHUU
Ha paccMaTprMBaeMOM Y4acTKe TOPKH C YCKO-
penueM, m/c? (cMm. (14) [12]):
a, = G 10

Y (10)

Honyctum, eciiu M= 5,484 « 10* kr — mac-
ca BaroHa ¢ rpy3oM ¢ y4€TOM MHEpIUM Bpa-
miarommxcs yactei Barona u F, = 11,052 xH,
TO YCKOpEeHWE BaroHa, Mpu KOTOPOM ITPOUC-

ydlxl
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XOIIUT YCKOPEHHOE IBUXKEHWE M0 CTPEJKHN
DU HAJIMYMK CONPOTUBJIEHUSA CPENBL: a, =
0,119 m/c? (ecnu yuecTh BO3IEHCTBHE COIIPO-
TUBJICHUST CPEJIbI M TTPOEKIINM BETpa Ha OOKO-
BYIO CTOPOHY BaroHa, To npu F, = 8,316 kH —
a, = 0,09 m/c?). [Ipu 1BMXKEHMHM BaroHa nocie
CTPEJIKM TI0 KPUBOMY YYaCTKY ITyTH TIPU BO3-
NEACTBUM COMPOTUBJIEHUS BCAKOTO poa F:

=10,753 xHwn a,, = 0,116 m/c?; npu Bo3-
NEACTBUM CONIPOTUBIIEHUSA BCAKOTo poaa F,
¢ Y4ETOM BO3IEHMCTBUS TPOEKIIMU BeTpa Ha
OOKOBYI0O CTOPOHY BaroHa mpu F, =
8,064 xH — a,, = 0,087 m/c* npu Bo3zeiicT-
BUU CONPOTHUBJIEHUI BCAKOTo poaa F_
C YYETOM JBMKEHMsI BATOHA I10 KPUBOiA F,, =
7,6 kH —a,, = 0,082 m/c?.

11. BeInCIA10T BpeMms £, B TeYEHUE KOTO-
pOTO MPOUCXOANT TIPSIMOJIMHEWHOE PaBHOY-
CKOpEHHOE JIBI/DKCHI/IG BaroHa Ha [TP ygactke
TOPKM JUIMHO# /,, M (cM. (16) [12]):

2
Ve + Vo —2a,1,

t, = S
a4

D

e v, — HadajbHas CKOPOCTh BaroHa (Ipu
Bxoge Ha ITP ygacTok), m/c.

ITo naHHBIM PACUYETOB MPEIBITYIINX YIaCT-
KOB, COTJIaCHO pa3paboTaHHOW HaMM TPO-
rpaMMBbl TIPOEKTUPOBAHMS TIO BCE JTMHE
COPTUPOBOYHOI TOPKM, MPUMEM V,, =
5,933 M/c ¢ yu€ToM BO3IEWCTBHS TOJIBKO CO-
MPOTUBJIEHUST CPENLbI FCPA Ha ITP yyactke no
CTPEJIKH, a C YYETOM BO3ICUCTBUST COTTIPOTUB-
JIEHWSI CPeNibl U TIPOEKIIMK BETpa Ha GOKOBYIO
CTOpOHY Barona — v, = 5,575 m/c. Ilpu
ABUXEHMM BaroHa IOCJ€e CTPEIKHU v, =
6,323 M/c ¢ y4€TOM BO3IEICTBHS TOJBKO CO-
MPOTHUBJIEHUS BCAKOTO pona F_, ipy Bo3zieii-
CTBUU COMPOTHUBJICHHUSI BCSIKOTO POJia U MPO-
eKIIMU BeTpa Ha OOKOBYIO CTOPOHY BaroHa
Voure = 9,889 M/c, a npu Bo3aeHCTBUM COMPO-
TUBJICHUU BCSIKOTO poJia C YYETOM JBUXKEHUS
BaroHa 1o Kpusoii v, = 6,14 m/c.

Hanpuwmep, eciu v, = 5,993 m/c, a,
0,119 m/c?, I, = 20,001 m, To BpeMsi CKaTbIBa-
Hus BaroHa Ha [1P yyacTke o cTpeiku rpu
BO3[CHCTBUU TOJIBKO COTIPOTUBIICHUSI Cpe-
abl — t, = 3,264 ¢ ¥ NPy BO3/IECTBUM COMNPO-
TUBJICHUST CPEJIbI M TTPOEKIIMU BEeTpa Ha OOKO-
BYIO CTOPOHY BaroHa (T.e. v, = 5,575 m/c u
a, =0,09m/c?) —t, = 3,489 c. [1pu 1BrKeHUM
nocJie CTpeJiku, ecu v, = 6,323 m/c, a,, =
0,116 m/c?, [, = 21,271 m, To Bpems CKaTbIBa-
HUSI BAarOHA TP BO3/IEHICTBUY TOJIBKO COTIPO-

TypaHoB X. T., lopaneHko A. A. Pac4eT BpeMeHU ABUXEHUSA U CKOPOCTU BaroHa Ha MPOMEXYTO4YHOM
y4yacTKe COpTUPOBOYHOW rOPKM Npu NONyTHOM BeTpe
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Puc. 3. Ipajpunyeckas MMOCTb BP
ABW)XeHUsI BaroHa Ha nnpPoOMe>XyTO4YHOM y4aCTKe ropku
A0 CTPEJsIKN OT NPOA[EHHOro rnyTn.
TUBJIEHUI BCAKOro pona — t, = 3,266 ¢, npu
BOBICHCTBUH €ll1e ¥ TPOSKIIMU BETpa Ha OOKO-
BYIO CTOPOHY BaroHa (v, = 5,889 m/cua, =
0,087 m/c?) —t, .= 3,521 ¢, anpu Bo3aeiicTBUN
COTIPOTUBIICHUIA BCSIKOTO pojia ¢ y4ETOM JIBU-
KEHHUS 10 KPUBOMY Y4acCTKy TOPKHU (V,,, =
6,14m/cna, =0,082m/c?) —1¢, =3,388c.

Ipu HEOGXOAUMOCTH MOXKHO MOCTPOUTH
rpaMYeCKyI0 3aBUCUMOCT £, = (/).

12. OmpenelsiioT CKOpocTh BaroHa Ha [1P
y4acTKe TOPKM 0 U TOCJe CTPEJIKH V, 110
KJaccudeckoit hopmye Kypca hbusuku, mM/c
(cm. (13) [12]):

v, (1)=v, +at. (12)

K mpumepy, mist 3aaHHBIX UCXOIHBIX
JaHHBIX: v, = 5,933 Mm/c,a,= 0,119 m/c%, 1, =
3,264 ¢ Ha I[1P ygacTKe 10 CTPEIOYHOTO Iepe-
BOJa CKOPOCTb BaroHa v(t,) = 6,323 m/c nim
22,76 XM/4 ¢ y4€TOM BO3IEUCTBUS TOJHKO
COMPOTUBIICHUS cpenasl F_ ; mpu vy, =
5,575m/c,a, =0,09m/c%, t, = 3,489 c c yuetom
BO3ICHCTBYUSI CONPOTUBICHUS Cpensl F, |
¥ TIPOEKIINM BeTpa Ha OOKOBYIO CTOPOHY Ba-
rona v(z,) = 5,889 m/c wiu 21,2 km/4. Ipun
JIBVKEHUU TIOCTIE CTPEJIOYHOTO TepeBoia
CKOpocThb BaroHa (v, = 6,323 m/c, a, =
0,116 m/c?, 1, = 3,266 ¢) v(t,) = 6,7 M/c unn
24,1 xM/4 ¢ y4E€TOM TOITBKO COTIPOTUBIICHU I
BCAKOTo poza F_, ¢ y4€TOM BO3IEHCTBUS CO-
NIPOTUBJIEHWIA BCAKOTO pona F, v NpoeKunu
BeTpa Ha OOKOBYIO CTOPOHY BaroHa (v,
5,899 m/c, a, = 0,087 m/c?, 1,

04lc

.=3,521¢)
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6.327

5.062

ved(t) 3.796
ved1(t)

0
==== 2531

1.265

Ckopoctb ckarbisanns sarona 1no [TP ropku, m/c

0 0.66 1.32 1.98

t

2.64 33

Bpewms nemxenns earosa no I1P ropku, ¢

Puc. 4. lpajpmyeckasi 3aBUCUMOCTb CKOPOCTH
ckatbiBaHUs BaroHa Ha NP y4JacTke ropkuv o cTpeJsiku
OT BPEMEHU [BUXEHUS.

w(t,, ) = 6,19 M/c nnu 22,3 xm/4, a Ipu BO3-
JNIEICTBMU COTIPOTUBJIEHUI BCSIKOTO pojla FC
C YY4ETOM ABUKEHHS BaroHa 1o KpuBoi (v0 .

— 2 —
6,14 m/c, a,,, = 0,00046 m/c?, t,, = 2,642 c)
w(t,,) = 6,42 m/c nmm 23,1 km/4.

rPA®GUNYHECKUE SABUCUMOCTU
BPEMEHU U CKOPOCTU
CKATbIBAHUSA

st mpumepa rmokaxkeM rpadudeckue 3a-
BUCUMOCTHU BPEMEHU NIBUXKEHUS OT JJIMHBI
npoiiaéHHoro myTu rpu 14 = 0,2...20 M 1 cKo-
pocTu ckaTbiBaHus BaroHa Ha ITP yyacTtke
TOPKU B JTI0001 MOMEHT BPEMEHH f IO CTPei-
kumnput=20,0,1...2.5 c (puc. 3 u 4).

Bpewms nBroxenns Barona 7, (/) B 3aBUCHMO-
CTH OT JUTMHBI 4aCTKa COPTUPOBOTHOI TOPKHM /,
TIpY YUETE BO3ACUCTBUS TOJILKO COMTPOTUBIICHUST
cpenbl F, ».» & TAKXKE CONPOTUBJIEHNS CPEIbI F .
Y TIPOEKIIMY BeTpa Ha OOKOBYIO CTOPOHY BaroHa
F, (TO ecTb 1IpHj = 4, YeMy COOTBETCTBYIOT k =
4; 41), kotopoe creayeT u3 Boipaxkenus (11).

CKkopocTh ckaThiBaHMWs BaroHa Ha [IP
y4acTKe TOPKH B JIIOOOW MOMEHT BPEMEHU f
PaBHOYCKOPEHHOTO JBVXKEHUS A0 CTPEJIKU
BBIYUCIISIOT 10 (12):

ved(t) =v04 + a4 « t — cKopocTh BaroHa v(f)
MpuY y4€Te BO3ACUCTBUS TOIHKO COTIPOTUBIIE-
Hust cpensl F, M/C;

ve41(t) =v041 + a41 * t — CKOpOCTh BaroHa
v(f) Ipu yu€Te BO3AEMCTBUSI COMTPOTUBIICHUST
cpenbl Fcp' U MPOEKIMU BeTpa Ha OOKOBYIO
CTOpOHY BaroHa F, Mm/c.

TypaHoe X. T., lopaneHko A. A. Pac4eT BpeMeHU ABUXEHUSA U CKOPOCTU BaroHa Ha MPOMEXYTOYHOM

y4yacTtke COpTMpOBO‘IHOﬁ ropku npn nonyTHom BeTpe




6.706

5.365

vede(t)
vedle(t) 4.024

ved2e(t)

0 2.682

1.341

Cxopocrb ckarbiBanus parona o 1P ropku, m/c

0 0.66 1.32 1.98

t

2.64 33
Bpewms nemxenns parona no I1P ropku, ¢

Puc. 5. lpajpuyeckas 3aBUCUMOCTb CKOPOCTH
cKaTbIBaHUs1 BaroHa Ha rpoMeXXyTO4YHOM y4acTke
ropKu rnocJsie cTpesiku oT BpeMeHU ABUXEHUS.

Kax BugHO, Ipu paBHOYCKOPEHHOM
nBUxeHuu BaroHa Ha I[1P yyactke 1o cTpe-
KW TIpU y4€Te COTIPOTUBIICHUS CPEIbl U BE-
Tpa CKOPOCTh €T0 CKAThIBAHUS YBEIUINBA-
€TCsl JIMHEMHO.

CKopoCTH CKaThIBaHUS B TIOO0T MOMEHT
BPEMEHMU ! NBUKEHUSI BaroHa PaBHOYCKO-
PEHHO TOCJe CTPEJIKU HaXOMISIT TeM Xe
crmocobom (12):

vedc(t) = v04c + adc*t — CKOpPOCTH Ba-
roHa v(f) pu BO3AEHCTBUU TOJIBHKO COTIPO-
TUBJIEHUI BCSIKOTO poja (Cpeabl, CTPEIKH,
KPUBBIX, CHera, ues) F_, m/c;

ve4lc(t) = v041lc + adlc+t — ckopocThb
v(f) TIp¥ BO3IECTBUM COTIPOTUBJICHUI BCS -
Koro pozpa F, ¢ y9€TOM NMpPOEKIUHU BETPa
Ha OOKOBYIO CTOPOHY BaroHa me, M/c;

ve42c(t) =v042c + adc * t — cKopocTh v(f)
TPU BO3AEUCTBUU COTIPOTUBIIEHUN BCIKOTO
poma F, u ¢ y4éToM ABMXEHUS BaroHa Imo
KPMBOMY Y4acTKy rOpku F, M/c.

Pe3ynbraThl BBIUMCIEHUM TTPEACTABICHBI
Ha puc. 5.

Kak cienyet u3 puc. 5, CKOpOCTH CKaTbl-
BaHWSI BaroHa MocJjie CTPEJIKU IMPU OTHOBpPE-
MEHHOM YYETE BO3NENCTBUSI COMIPOTUBIIE-
HUI BCSKOTO poja (Cpelbl, CTPETOK, CHera,
WHesl, KPUBBIX, BETPA) TOXKE YBETUINBAIOTCS
JIMHEWHO.

00600111251 pE3yTBTaTHl PACUETOB C YUETOM
BO3/ICHICTBUS TOJIBKO COMTPOTUBIICHUST CPETbI
F, n Betpa, MOXHO OTMETHUTb, YTO €CIIH
BpeMsl IBMKEHUSI BaroHa 10 CTPENKU, Ha-
npuMep, npu k = 4 coctasnser f, = 3,264 c,
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cKopocThb ¥(f,) = 6,323 m/c umm 22,76 km/4
HNpyu CKOPOCTU BXOJA HAa Y4acToOK Vv, =
5,933 m/c,anpuk=41:1, = 3,489, v(t,) =
5,889 m/c mnnm 21,2 xm/4, v, = 5,575 m/c,
TO aHaJIOTUYHbIC JaHHbIE MOCIE CTPEIKU
C YYETOM BO3AEWCTBUS COMPOTUBIEHUN
BCSIKOTO pona (cpeabl, CTPEJIOK, CHera,
WHes, KPUBBIX) Fcp' ¥ BeTpa ipu k =4 ¢ OymyT
paBHbL: f,, = 3,266 ¢, v(f,) = 6,7 M/c nnm
24,1 km/4,anpuk=41c:v, =35,589m/c,
t,.=3,521c,v(t, ) =6,2Mm/cumm 22,3 KM/4.

Pe3ynbTaThl pacyeTOB MOKa3bIBAIOT, YTO
HE3aBUCUMO OT TOTO, IBMKETCSI JIX BarOH 10
CTPEJIKM WU TIOCTIe Hee, TTPU BO3AEHCTBUN
TOJIBKO CONPOTUBICHHUS cpeibl F, umu xe
COBMECTHO C MTPOeKIIMei BeTpa Ha 60KOBYIO
CTOPOHY BaroHa F, , 1100 CONpOTUBICHNUI
BCSIKOTO pona (Cpeabl, CTpeJKHU, CHeEra,
UHesd, KPUBBIX) F, ¢ y4ETOM MPOXOXKAEHUS
MO0 KPUBOMY YYaCTKy FOPKU MPOUCXOAUT
PaBHOYCKOpEHHOE ABUKeHMe BaroHa. [1pu
5TOM BpeMsI IBMXCHUS MPAKTUYECKU He
MeHsieTcd: ¢ t, = 3,264 c (npu k =4) no t, =
3,266 ¢ (ipu k=4 ¢), a CKOPOCTH CKATbIBa-
HUs BarOHa yBEIMYMBAKOTCsA ¢ v, = 5,933 M/c
mo w(t,) = 6,7 m/c (npu k =4)ucvy, =

041c

5,575 m/c no w(t, ) = 6,2 m/c (mpu k = 4 c).

BbiBOAbl

1. CumoBble COOTHOIICHUSI, KOTOpPHIC
MMEIOT MECTO B CHUCTEME «BaroH-ITyTh» Ha
I1P ygacTke Tipu BO3IEHCTBUU ITOMYTHOTO
BETpa MaJION BEIMYWHBI C YIETOM pa3Ind-
HBIX BUIOB COTIPOTUBIICHUI (Cpeabl, CTpeI-
KW, CHeTa, MHesl, KpUBBIX, BeTpa) A0 1 ITOCe
CTPEeJIKU, TIO3BOJIMJIN OTPENe/IuTh YCKOpe-
HUE BaroHa IIPW €T0 ABMXXCHUM IO YKIOHY
COPTUPOBOYHON TOPKHU.

2. IlpennoxkeHHas yIPOIIEHHAS TTOCTIe-
JIOBATEJIbHOCTh pacuéra JaeT BO3MOXHOCTh
110 M3BECTHOMY 3HaUYeHMIO JIMHEI [1P yaact-
Ka TOPKHU 110 U ITOCJIe CTPEJIKN lj HaMTH Bpe-
Ms JIBUXEHHUs BaroHa f, NMpy pasindHbIX
YCIIOBHSAX (BO3IECTBHE TOTBKO COTTPOTHB-
JICHUI BCSIKOTO poja, IMPOCKIIMKM BeTpa Ha
OOKOBYIO CTOPOHY BaroHa M Jip.), a 3aTeM
¥ CKOPOCTh €TI0 CKATBIBAHUS B KOHIIE yJacCT-
Ka v ().

3. Pacuéramu ycraHoBieHo, uTo Ha [1P
yJ9acTKe TOPKHU TP BO3ACHCTBUHU ITOTTYTHO-
TO BETpa MaJioil BETWUYMHBI HE3aBUCUMO OT
y4éTa pa3IUIHBIX BUAOB CONPOTUBICHUN
(cpenmbl, CTpeIKH, CHeTa U MHES, KPUBBIX,
BETpa) 0 M TOCJE CTPEJKU MPOUCXOAUT

TypaHoB X. T., lopaneHko A. A. Pac4eT BpeMeHU ABUXEHUSA U CKOPOCTU BaroHa Ha MPOMEXYTO4YHOM
y4yacTKe COPTUPOBOYHOM rOPKU NPV NONYTHOM BETpE



pPaBHOYCKOpPEHHOE IBMXCHUE BaroHa, 4To
O3HavaeT yBeJMUeHUEe CKOPOCTH €ro BhIX01a
C JaHHOTO y4YacTKa 0 CPaBHEHUIO CO CKO-
pPOCTBHIO BXO/Ia HA HETO.
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CALCULATION OF TIME OF MOVEMENT AND SPEED OF A CAR ON THE
INTERMEDIATE SECTION OF THE HUMP YARD UNDER TAIL WIND
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ABSTRACT

The dynamics of the car rolling from a hump
yard at a railway station is studied in its various
aspects. The authors have also touched upon this
topic repeatedly (see, in particular, World of
Transport and Transportation, 2015, Iss. 6).
However, earlier reports lacked estimates of time

of movement and speed of a car on the intermediate
section of the hump yard under the influence of tail
wind of low speed. The published article fills this
gap, introduces the results of calculations,
mathematical and graphical dependencies
enabling to make certain generalizations and
conclusions.

Keywords: principle of D’Alembert, classical formulas of path and velocity of bodies, railway station, hump
yard, intermediate section, tail wind, time and speed of car’s rolling.

Background. The results of analytical studies of
the car driving on the slope of the hump yard, when

the force of aerodynamic tail wind resistance F,,
depends on the square of velocity, i.e. E, =f(2)

(where V,, is relative wind speed in relation to the car)

are set forth in [1-5]. In [3-5], there are data of
numerical experiments with construction of graphical
dependences of car’s rolling speed from the slope of
the hump yard. However, the analytical formulas for
determining car speed when itis moving on the slope
are complicated for practical use. That is exactly why
in [6-16] cases are studied where the airdynamic

resistance force F,, of tail wind of small value (for

example, with tail wind of 2-4 m /s) depends linearly
onthewindwardareaofthe carwithaload F,, = f(4,,)-

This approach is widely used in fastening of loads on
cars [17], in which it is assumed that the specific
pressure per 1 m? of area of the car with load is equal
to 0,5 kN /m?.

In [6-8] attempts were made to construct a
simplified mathematical model of car movement
under the influence of tail wind of small value, but
in them there are some inaccuracies in the
presentation of diagram of tail wind speed and
speed of car movement on the slope. These
inaccuracies, in fact, did not affect the results of
calculation on time of movement and speed of car’s
rolling, as setoutin [9, 10], which is associated with
a slight angle of inclination of the hump v, since
cosy,~1[11].

In [12] force relations are shown that arise in the
system of «car-track», they are considered separately
for the hump section before and after the turnout
switch. In [13-15] car movement on the section of the
first brake position with braking when exposed to
tailwind of small value. In this the problem of
determining car speed and braking distance according
to braking time, including before the car stops, is
solved.

Despite the large number of studies on dynamics
of car’s rolling from the hump, there are still no
examples of calculation of travel time and speed of
car’srolling on an intermediate section ( hereinafter —
INT section) of the hump yard when exposed to
tailwind of small value. This article aims to make a real
step in this direction.

Objective. The objective of the authors is to
calculate time of movement and speed of a car, when
itmoves on an intermediate section of the hump yard
under tail wind.
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Methods. The authors use general scientific and
engineering methods, graph construction,
mathematical calculation.

Results.

Approaches to task solution

In this case, movement of car on INT section of
the hump under tail wind according to [16] is divided
into two phases: in the first one a car moves to the
turnout switch, in the second — after the switch on the
curved section.

It is necessary to receive a sample calculation of
time and car speed by the simplified procedure where
for the known value of INT section of the hump l/ =x(t)
it will be possible to find time t,, during which motion
occurs ata predetermined initial speed before and after
the turnout switch, and for the time value — car speed
v, (t,). Hereinafter, accordingto [12], k=4 corresponds
to accounting of only environment resistance F, , on
INT section of the hump to the switch and k = 41 to
accounting of impact of environment resistance F_
and wind projection on a lateral side of the car F oy k=
4c - to accounting of impact of resistance of any kind
(environment, switches, curves, snow and frost) F, on
INT section of the hump after the switch, k =41c - to
accounting ofimpact resistance ofany kind F, and wind
projection on a lateral side of the car FW and k = 42
s —to simultaneous accounting of impact of resistance
of any kind F,, transverse inertial forces Iey and wind
projection on a lateral side of the car F oy (impact of
different resistances when the car is moving on a
curved section of the track). Hereinafter, j =
4corresponds to the case when k =4, 41, 42, and j =
4s —when k=4s, 41s, 42s.

General approaches to task solution [12, 16] are
as follows

1. In considering car movement from the hump
yard the basic principle of D’Alembert in coordinate
form [23] and the classic formula of speed and path
from the physics course are used.

2. Inthe context of the tasks and taken assumptions
a case arises where the car along the slope of the
hump yard enters INT section with a given initial speed
v, When a single car enters, we believe that it will be
mainly influenced by external forces in the form of its
own weight with load G, projection of aerodynamic
drag force of tailwind of small value F (e.g., south-
east or north-east direction) along the longitudinal
axis Ox and the transverse axis Oy as F,,_and Fry 1-€.

F..F, €k, ) (Pic. 1), bearing in mind that in its
projection of aerodynamic drag forces are taken as
dependent only on the area of the windward surface
of the car with cargo, as is in the case of dealing with
the problem of fastening cargo on cars [7].
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Pic. 1indicates: v,, —absolute speed of tailwind;

w + & — directional angle of vector of absolute speed
of wind v,, relative to the horizontal (axis Ox) for

south-west direction; F,W — force of impact of tail

wind; F_and F — projections of impact force Fm

of a tail wind on OxandOy, ie. (F,..F,,)eF, . Note

that if the wind is of north-east direction, then the force
F has an opposite direction.

3 When forming the calculation model of
movement of the car on INT section of the hump to
the switch an assumption is made that the wheel sets
on rail strands move under pure rolling of the wheels
relative to the tread surface of rail lines F, , . and sliding
friction of wheel flanges on the side surface of the rail
line F,, by taking into account the impact of wind
pro;ectlon on a lateral side of the car F, , i.e. F, =
F.=F_, +F,,.- When the car is moving on a curved
section of the track after the switch in addition to
resistance of any kind F,_ it is necessary also to take
into account the impact of transverse inertial force |,
and projections of force F oy ON the direction of the
latter force.

In line with this simplified calculation model of
movement of the car on INT section of the hump is
shown in Pic. 2, where O is origin of the moving
coordinate system Ox,yz, rigidly connected with the
car; Ox is axis in honzontal direction; v, is angle of
slope (descent) of INT section of the hump; v, is
relative air speed;, v, = v, _, is initial speed of the car;
v, is the speed of the car; F =F,,, isforce of resistance
of environment before the switch and after the switch
F_is force of resistance of any kind; N and F,__are
normal and tangential components of the reaction of
links (of rail lines). And N=N, +N,+N,+N,and F =
FoatFriot FMS F, ,actas parallel forces

Thus, using the basic principle of D’Alembert and
the classic formulas of path and speed of the body
with the known value of INT section of the hump |, =
x(t,) and in accordance with [16] are identified time
tk, in which the car is moving at a given initial speed

o [0 the beginning of the switch turnout and Iwith the
value of time t, — car speed v_(t ). Similarly, time of
movement t, and car speed v, ( t,,) after the switch
to the beginning of the second brake position are
found.

Simplified sequence of actions

Note that the following formulas were determined
by us earlier [12]. The original results are calculated
values of forces that promote and / or impede car
movement on INT section of the hump, as well as the
values of acceleration, time, motion and rolling speed
of the car. A simplified sequence of calculating the
car speed on INT section before and after the switch
turnout under tail wind, as in [12, 16] can be
represented as follows.

1. Let’s consider a case of hump neck designing
on track 24. When designing a hump yard the full
length of INT section |,_is taken according to the
recommendations [24]. For example, the slope of the
hump 9 ppm, y,,= 0,009 rad. (sin(y,,) = 0,009), the
length of the section to the switch |, = 20,001 m, and
after the switch -1, = 21,271 m.

2. The projections of the impact force of a tail wind
on the car, such as the south-western direction, along
the longitudinal Ox and transverse Oy, axis (in Pic. 2
Oy, axis is not shown) in the form (2) [12], kN:

F, =0,54; F, =054, (1)

9!
S A
=

R
|
]
|
I
I
I
|
]
|
4
i
I
|
|
|
|
]
]
Vo

Pic. 1. Diagram of tailwind of south-east and north-
east directions.

where 0,5 is specific pressure per 1 m? of the area,
kN/m? [17]; A, is area of end surface of a car with
cargo, m?; A is area of lateral surface of a car with
cargo, m?. Forexample, ifA,=6,384and A =27,36 m?,
thenF,, =3,192andF, = 13,68 kN.

3."The «shearing» force F s 1S calculated (i.e.,
the projection of gravity force of the car with cargo G,
and impact force of a tail wind F,, on the direction of
car rolling on the axis Ox,) — see Pic. 2and (3), [12]:

Fy = Gsinlyy,) + F,, cos(yy, ), (2)

where G is gravity force of a car with cargo, taking into
account the inertia of rotating masses, kN.

Forexample, if G=908 kN, sin( \vo /) =0,009, F =
3,192 kN, cos(vy,,) =1, then F, = 11,364 kN.

4. Rolling friction force’ F,r ., I determined
depending on the projection of gravity force of the car
with a cargo G, and a tail wind resistance force F,,, on
the direction of Oz axis (see Pic. 2) as the tangential
component of reaction of connection (of rail lines) F,
which according to the Coulomb’s lawis(see(7), [12]):

fr ot = Jo (GCOS('//M) +F, Sln(‘/’m)) (3)

where f, is some resulted rolling friction coefficient,
taking into account the number of wheels in bogies,
rolling friction (on bearing’s rings and wheel on the
rail) (usually take ;= 0,0001) [1-5].

For example, if f;=0,0001, G = 908 kN - gravity
force of a car with cargo taking into account the inertia
of rotating masses (wheel sets) (excluding this inertia
G =794 kN at gravity force of cargo Gca, , =650 kN),
cos(w04) =1,F, =3192kN, sin(y,,) = 0,009, then

froxt f( rol. = O 094 kN

5. Sliding friction force F, , from the influence of
wind projection on a lateral s:de ofthecarF,, =F_,
with account of this force as a tangential component
of reaction of connection (of rail lines) F, which
according to Coulomb’s law is determined by the
expression (10b [12]):

Ffr,u = Er sl. fsloF wy -fsloE'ly’ (4)
where f_, is coefficient of sliding friction of wheel

flanges on the lateral surface of a rail line (usually take
up tof, =0,25) [12-14]. For example iff,=0,2,
—F =13,68kN, thenF, , =F =2, 36kN

6 Based on(3)and(4)i: IS calculated the frictional
force along the car movement as the sum of rolling
friction forces F,,  and sliding friction forces F,,

taking into account the impact of wind projection on
the lateral side of the car F,, in the form

F =F;:E‘m]+E’rs] (5)

fr.xl

wy
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Pic. 2. Simplified calculation
model of car movement on the
profile of INT section of the
hump under tail wind.

=0,094, F,

fr.sl.

Forexample, ifF,
F, o =2,954 kN.
7. Determine the Forces of resistance to
movement of the car from the environment F_ as
( 10b) [12]:

=k, kG,

env env."Vin.

=2,736 kN, then

fr.rol.

(6)

where k,,, is coefficient, taking into account the
share of grawty force G ataccounting of environmental
resistance (usually within 0,0001-0,0005 at a speed
of tail wind from 2 to 4 m/s) [25, p. 182]; k,, is
coefficient, taking into account the inaccuracy of
calculations k,, (usually takenupto 1). For example
ifk,,, =0, 0003 k =0,8and G =908 kN, then F,
0, 218 kN. ‘

8. The «holding» forces F,, are calculated
resisting the movement of the car on INT section of
the hump before and after the switch turnout in the
form (see(12), [16]):

F,.=F +F_ +F

shkxl — + frrol. env. firsl. 5

(7)
Fya = 1o (Geos(wy) + F,, 51n(1//04))
(Ko + Ky, Tk, K K, G [y, + B s cOS(ay)).

env. cur.

(8)

Here again k =4 corresponds to the impact of only
resistance of environment F_ on INT section of the
hump to the switch and k=41 — to accounting ofimpact
of resistance of environment F,  and wind projection
on a lateral side of the car F " k =4c - to accounting
of resistance of any kind F , k=41c - to accounting of
impact of resistance of any kind F, and wind projection
on a lateral side of the car F,, and k = 42¢c - to
accounting ofimpact of dlfferentreSIstances when the
car is moving on a curved section of the track, kN. In
(8) there are following indications: a., is rotation angle
of curves on INT section (are usually taken depending
on the number of tracks on the hump neck); k,, k_,
andk,, - coefficients, taking into account the share of
gravity force G, as well as resistance of the switch, snow
andfrost, curves(usually are takenk_, =0,00015, k_,

O 00015 (according to [25] it comes to 0,00025) and
=0,00011); I, - transverse inertial force (often
3 kN and more).

9. Using the value of «shearing» F_ . and
«holding» F, , ., forces is calculated force F,, which
facilitates the movement of the car on INT section
before and after the switch turnout, kN:

F =F, - K

shoxl hol.k.x1*

(9)

For example, if F, = 11,364 kN; F, , . =
0,312 kN, then F, = 11,052 kN - force, under which
impact the car moves with acceleration on INT section
before the switch, taking into account only the
resistance of environment F_ , and with addition of
wind projection on a lateral s:de of the car F
3,048 kN, i.e. F,, = 8,316 kN.

Afterthe switch turnout the values of these forces
with account of influence of only resistance ofany kind
F , calculated by (2) and (8), are such: F_,
11,364 kN, F. —0611kNF =10,753 kN; taklng

sh4c.x1

shatxi
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into account resistance of any kind F,_and wind
pI’OjeCtIOI’I onalateral side ofthe car—F,,,  =3,3kN,

F,. = 8,064 kN; taking into account the influence of
various resistances and movement of the car on a
curved section ofthe track-F, ,,. . =3,763kN, F,, =
7,6 kN.

10. According to the value of force F, and the mass
of the car M taking into account the inertia of rotating
parts is calculated acceleration of the car a, when
moving on the considered section of the hump with
acceleration, m /s?(see (14), [12]):

F10°
a, =———.
M

Forexample, if M = 5,484-10% kg — mass of the car
with cargo, taking into account the inertia of rotating
parts ofthe carand F,= 11,052 kN, then acceleration
of the car, when takes places accelerated movement
before the switch in the presence of resistance of
environment: a, = 0,119 m/s? (if consider the impact
of resistance of environment and wind projection on
a lateral side of the car, thenat F,,=8,316 kN —a,, =
0,09 m/s?). When the car moves after the switch on a
curved section under the influence of resistance of
any kind F: F, = 10,753 kN and a,, = 0,116 m/s?;
under the /nfluence of resistance of any kind F, With
account of impact of wind projection on Iateral side
ofthecaratF,, =8,064kN -a,, =0,087 m/s? under
the influence of resistance ofanyk/nd F_With account
of movement of the car on a curved section .

7,6 kN -a,, =0,082 m/s.

11. Time t,, during which occurs rectilinear

uniformly accelerated motion of the car on INT section

(10)

with the length of |, m (see (16), [12]):
Ve Vo —2a,l,
hs——_— (11)
k

where v, is initial speed of the car (at the entrance to
INT section), m/s.

According to the calculations of the previous
sections, according to the design program which we
have developed for the entire length of the hump yard,
we assume that v,, = 5,933 m/s with account of the
influence of only resistance of the environment Fo
on INT section to the switch, but with account of the
influence of resistance of environment and wind
projection on lateral side ofthe car - v,,, =5,575m/s.
During movement of the car after the switch v
6,323 m/s with account of influence of only resistance
ofanykind F,, under the influence of resistance ofany
kind and wind projection on lateral side of the car
Vosre = 9,889 m/s, and under the influence of
resistance of any kind with account of movement of
the car on a curved section v,,, = 6,14 m/s.

For example, ifv,,= 5,993 m/s, a,= 0,119 m/s?
I,=20,001 m, the time of car’s rolling on INT section
to the switch under the influence of only resistance of
environment — t, = 3,264 s and under the impact of
resistance of environment and wind projection on
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lateral side of the car (i.e. v,, =5,575m/sand a,, =
0,09 m/s?) - t,, =3,489s. During movement after the
switch, if v,, = 6,323 m/s, a, = 0,116 m/s? |,
21,271 m, then time of car’s rolling under the influence
of resistance of any kind - t,. = 3,266 s, under the
influence of also wind projection on lateral side of the
car(v,,,,=5889m/sanda,, =0,087 m/s?) - t, =
3,521 s, and under the influence of resistance of any
kind with account of movement on a curved section
ofthe hump ( =6,14m/sanda,, =0,082m/s?) -
=3,388s.

If necessary, it is possible to construct a graphic
dependence t, =1{1,).

12. Speed of the car on INT section of the hump
before and after the switch v, is determined according
to the classical formula of physics course, m/s (see
(13),[12]):

v, (1) =V, +a,t.

v042z:
t420

(12)

For example, for set initial data: v,,, = 5,933 m/s,
a,= 0,119 m/s? t, = 3,264 s on INT section to the
switch turnout the speed of the car \(t,) = 6,323 m/s
or 22,76 km/h with account of only resistance of
environmentF, :atv,, =5575m/s, a, =0,09m/s?

env.’

t,, = 3,489 s with account of influence of resistance

ofenvironment F_  and wind projection on lateral side
of the car ((t,,) =5,889 m/s or 21,2 km/h. During
movement after the switch turnout the speed of the
car(v,,, =6,323m/s, a, =0,116 m/s? t, = 3,266 s)
v(t,,) = 6,7 m/s or 24,1 km/h with account of only
resistance of any kind F,, with account of influence of
resistances of any kind F, and wind projection on
lateral side of the car (v, =5,899m/s, a 0= 0,087
m/s? t, =3521s) vt, )=6,19 m/s or 22,3 km/h,
but under the influence of resistances of any kind F.
with account of movement of the car on a curved
section (v,,,, = 6,14 m/s, a,, = 0,00046 m/s? t,, =
2,642s) v(t,,) =6,42m/s or 23,1 km/h.

Graphic dependence of time and speed of
rolling

We show as an example graphic dependencies of
time of motion on the length of distance covered at
14: = 0,2..20 m — and speed of car’s rolling on INT
section of the hump at any time moment t to the switch
att=0,0,1...2,5s. (Pic. 3and 4).

Time of car movement t (1) depending on the
length of section of the hump yard I. with account of
only resistance of environment /—'env, as well as
resistance of environment F,  and wind projection on
lateral side of the car F__(i.e. at j = 4, which

rwy
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6.706 |

5.365

vede(t)
vedle(t) 024

ved2e(t)

0 2,682

Pic. 5. The graphic
dependence of speed of car’s
rolling on the intermediate
section of the hump after the
switch on time of movement.

Speed of car’s rolling, m/s

1.341

corresponds to k = 4; 41), which follows from (11):

The speed of car’s rolling on INT section of the
hump at any time moment t of uniformly accelerated
movement to the switch is calculated according to
(12):

ve4(t) = v04 + a4-t — car speed \t) with account
of only resistance of environment F_ , m/s;

ve41(t) = v041 + a41-t - car speed v(t) with
account of impact of resistance of environment F__,
and wind projection on lateral side of the carFW m/s.

As can be seen, in case of uniformly accelerated
movement of the car on INT section to the switch with
account of resistance of environment and wind its
rolling speed increase linearly.

Rolling speed at any time moment t of car
movement uniformly accelerated after the switch is
found by the same method (12):

ve4c(t) = vO4c + adc-t — car speed \((t) under the
influence of only resistance of any kind (environment,
switch, curves, snow, frost) F, m/s;

vedic(t)=v04ic +adlic: t speed V(t) under the
influence of resistance of any kind F, and with account
of wind projection on lateral side of the car F m/s;

ve42¢(t) = v042c + a4c-t — speed V(t) under the

influence of resistance of any kind F, and with account

of car movement on a curved section of the hump
» M/S.

The calculation results are shown in Pic. 5.

As follows from Pic. 5, speed of car’s rolling after
the switch at simultaneous account of resistance of
any kind (environment, switches, snow, frost, curves,
wind) increase also linearly.

Summarizing the calculation results with account
ofonly resistance of environment F_  and wind, it can
be noted, that if time of car movement to the switch,
for example, at k = 4 is t, = 3,264 s, speed \t,) =
6,323 m/s or 22,76 km/h at speed of car entrance to
the sectionv,,=5,933m/s, andatk=41:t,, = 3,489,
vt,,)=5, 889 m/s or21,2km/h, v, =5,575m/s, then
stmllar data after the switch with account of resistance
of any kind (environment, switches, snow, frost,
curves) F,  and wind at k = 4c will be: t, = 3,266 c,
vt,) =6, 7m/s or 24,1 km/h, and at k = 41c =
5589m/s ,=3,621s,U(t,, )= 62m/sor223km/h

The calculatlon results show that regardless of
whether a car moves to the switch or after it, under
the influence of only resistance of environmentF_  or
together with wind projection on lateral side of the car
F,Wy or resistances of any kind (environment, switch,
snow, frost, curves) F, with account of car passing on
the curved section of the hump occurs uniformly
accelerated car movement. At the same time time of

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 14, Iss. 4, pp. 78-91 (2016)
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Time of car movement, s

movement remains practically unchanged: from t, =
3,264s(atk=4)tot, =3,266 s(atk=4c), and speeds
of car rolling increase from v, = 5,933 m/sto \(t, ) =
6,7m/s(atk=4)andfromv —5,575m/stov(t4,c)=
6,2m/s (atk=4c).

Conclusions.

1. Power ratios that occur in the system «car-
track» on INT section under tail wind of small value
with account of different kinds of resistance
(environment, switch, snow, frost, curves, wind) to
and after the switch, allowed to determine acceleration
of the car at its movement on the slope of the hump
yard.

2. The proposed simplified sequence of
calculation makes it possible using the known value
of the length of INT section of the hump to and after
the switche l to find time of car movement t, under
different condmons (influence of only reSIStances of
any kind, wind projection on lateral side of the car
etc.), and then speed of its rolling at the end of the
section v,(t,).

3. Calculation found that on INT section of the
hump under tail wind of small value regardless of
accounting of different kinds of resistance
(environment, switch, snow and frost, curves,
wind) before and after the switch occurs uniformly
accelerated motion of the car, which means the
increase of speed of its exit from this section
compared to the speed of entrance into this
section.

041c
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