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PO3PAXYHOK OCHOBHUX MAPAMETPIB CHAPEHOI KPICEJBHOI
JOPOI' 3 IEPEBAHTAKYBAJIBHUM ITPUCTPOEM

© Conoey6 B.B., anuno A.A., 2014

Po3pobiaeno cxemy crnapeHoi KpicelbHOI KaHATHOI AOPOrH 3 INepPEeBAHTAXKYBAIbHUM
MeXaHi3MOM i pPi3HMMH IBUAKOCTAMH PYXy KpicelbHOI MiABiCKH M Yac MOCAAKHU MACAKUPIB i
HA OCHOBHIl Tpaci. OTpuMaHO 3aJIe5KHOCTI A9 BU3HAYEHHS] HATATY TATOBO-HECHOI0 KaHATA,
NMOTYKHOCTi IPUBOAY Ta KOPCTKOCTi 3BOPOTHO-BUTSAKHOI0 MeXaHi3My NepeBaHTA:KyBaJIbHOI0
NPHUCTPOIO crapeHoi KaHaTHOI noporu. HaBeaeHo BHMCHOBKHM, sIkKi MOKHA BHUKOPHCTATH Yy
NPOeKTYBaHHI TaKUX AOPIr i ki migBumare ix HaailiHicTe Ta KoMdopTadeabHicTh MixA yac
eKCIJIyaTaiii.

There has been developed a scheme of paired lift with transshipment mechanism and
different speeds of motion lift suspension during the landing of passengers and on the main
track. The dependences for deter mination of tension/pull-rope, power drive and the rigidity of
the back-exhaust hood mechanism handling device of the paired lift have been obtained. The
findings that can be used in the design of such roads and will improve their reliability and
comfort in oper ation have been presented.

IMocTanoBka npodemu. Henomikom KaHATHHX JOPIT, 110 320€3Me4yIOTh IUIaBHY 3MiHY IIBHJIKOCTI
PYXY, € BUKOPHCTaHHS JIOPOrOr0 EIEKTPOHHOTrO OO0NaJHaHHS, ONHAK TaKHH MEXaHi3M J]a€ MOXIIUBICTh
3MIHIOBATH IBHUJIKICTh PYXY B MOPIBHSIHO HEBETUKUX MEKAX.

AHani3 BizoMux gocaimkensb i myoaikaniii. Cepen BiIOMHX TPaHCIOPTHUX 3aCOOIB 3HAYHE
MiCIle BIABOAMTHCS IMIJBICHUM KaHAaTHUM CHCTEMaM, OCOOJMBO B perioHax 3i CKJIaJHUMHU
penbepuumu ymoBamu [1-3]. KanaTHi cHCTeMH BHKOPHUCTOBYIOTHCS s TPAHCIOPTYBAHHS JIIOIEi
(kpicenbHi IOPOTH, KaHATHI BUTSTH, TOHOJIbHI JOPOrH) Ta BaHTAXIB (JiCOTPAHCIOPTHI YCTaHOBKH,
KaOenbHI KpaHW, BaHTaXHI JOpOrH Tomio). Jus mepeMilneHHS BaHTakiB abo rofedl Ha 3HAYHI
BilJlalli BUKOPUCTOBYIOTH CIapeH1 KaHATHI CHCTEMH 3 IEPEeBAHTAXEHHSM TPaHCIOPTYBaIbHHUX
3ac00iB 3 OJHI€T yCTaHOBKHM Ha iHIIy [4].

s yctaHOBKH Oe3nepepBHOT Aii i3 3aMKHYTHM TATOBO-HECHUM KaHATOM, MPHKIAIOM SKHUX €
KpiceabH1 KaHAaTHI JOPOrH, aKTyallbHUM € 3a0e3MeUeHHS 3MIHHOI IIBUIKOCTI PYXy TPaHCIOPTHOTO
3aco0y Ha OCHOBHIM Tpaci Ta Mia 4Yac IMOCajJKWd 1 BHcCaakW macaxupiB. Ha mocanami # Bucamii
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nacakupiB [uis Oe3neKkd pyxy HeoOXimHa MiHiMadbHa MBHIKICTE pyxy kpicen (0,5-1,0 m/c). A 3
METOI0 3a0e3MeueHHs] MaKCUMabHOI MPONYCKHOI 3/JATHOCTI JIOPOTH HAa OCHOBHIW Tpaci MBHUIKICTH
Tpeba 30impmyBat gm0 5 m/c. Jlms KpicedIbHMX KaHATHHMX IOpIr peajizallis TaKkoro IPOIEecy
3a0e3MeYyeThCsl BHKOPUCTAHHIM PYXOMHX JIOPI)KOK-TPAaHCIIOPTEPiB, sIKi 30iraroThcs 3 BicClO
pyxomoro kaHata [1l], a B cyyacHHX JOporax CHCTEMOIO CIeliallbHUX KIMHOMACOBUX Iepenad 3
PI3HHMH MIBUIKOCTIMH PYXY.

IMocTanoBka 3agaui. 3MiHHY IIBUJKICTh PyXy MacaXHpiB MOXKHA 3a0€3MEUNTH, BHKOPHUCTABIIH
CliapeHy KaHaTHY CHCTEMY 3 PI3HHUMH MIBHIKOCTSIMU PyXy KaHaTiB. Jlo Hei BXOAWTH OMOMDKHUIA KaHAT,
TpaBepCHa KOJIisl, JONMOMDKHA KapeTka, 3aTUCKadl JUIsl KPIIJICHHS Ha KaHaTaX, BaXKiib JUIss OJOKyBaHHS 1
pO30JIOKYBaHHSI 3aTHUCKAadiB Ha KaHATaX, 3BOPOTHO-BUTSDKHUM MEXaHi3M Ui IUIABHOTO PEryilOBaHHS
MIBHJIKOCTI PYyXY.

OcHoBHmii Marepian. Cxema Takol YCTaHOBKM TMoOkazaHa Ha puc. 1. Opnak mix dYac
MepeBaHTaXXCHHS TPAHCIIOPTHOTO 3ac00y 3 OJHieT yCTAHOBKY HA iHIY BUHHKAIOTh 3HAYHI JUHAMIYHI
HaBaHTaXeHHsS. J[1s aHanmizy NTUHAMIYHHX XapaKTepUCTHK Ta BUOOPY OCHOBHHX MapaMeTpiB Takoi
CUCTEeMH HeoOXimHO po3pobutu ii auHamiuHy Mozaenb. [Ipu nboMy 3a OCHOBY MpUiMEMO 3aralbHi
Teopii cucteM, Teopii MOAENIOBAHHS, aBTOMAaTH30BAHOTO TPOCKTYBAHHS 1 KOHCTPYIOBAHHS MaIlliH Ta
MEXaHIYHUX KOMILIEKCIiB [5—7].

Puc. 1. Cxema ycmanoexu

[TomepenHiii HATAT TATOBO-HECHOI'O KaHATa MOBUHCH 3a0e3leuyBaTH HaJilHE 34eIieHHS HOro 3
KaHATOBEIYyYHMM IIKIBOM 1 MOKe OyTH BH3HAYCHHUH 13 3aeKHOCTI [8];

T
P rem, (1)
X

e TIO — HaTAT po00YO0i BITKH KaHaTa; T, — HATAT XOJOCTOI BITKH KaHaTa.

MoHTa)XHUM HATAT KaHaTa BHU3HAYAETHCA 3 YMOBHU 3a0e3meueHnsT MaKCUMaJIbHO )Z[OHyCTI/IMO'l'

CTPUIKM NPOBHMCAHHA, sKa JUIs KaHaTHUX popir craHoBuTh. f =(0,008, 0,01) A, (f - crpinka
npoBucaHHs, |, - BenmnuumHa mporuHy kaHatHoi jgoporu) [1]. Toxai MOHTaXHHUH HATAT MOXHa

BU3HAYUTH i3 3aJISKHOCTI, [2 ];
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_ CI"Ii2 _ q>4i2
T, = = =12,5x4;, 2
8xf  8>0.001%; % @)

Jc TO — MOHTa)KHUU HATAT TITOBO-HECHOT'O KaHaTa, Ii — JIOB)KMHA MAaKCHUMAJILHOI'O IIPOrOHY YCTAaHOBKU,
( —Bara NOroHHOro METpa KaHara.

B mporieci po6oTH ycTaHOBKH HaBaHTAXYETHCS SIK poOoUa, Tak 1 X0JI0CTa BITKM KaHATa i IPH LIbOMY
BaYKJIMBO 3a0€3IEUNTH CITIBBIAHOMICHHS MK HATSITaMH, 1[0 BU3HAYAETHCS 3amekHicTio (1).

Jnst BU3HAYEHHSI HATATY TATOBO-HECHUX KAHATIB CHAPEHOl YCTAaHOBKU PO3TIITHEMO OKpPEMY BITKY
KaHara B mpotieci podotu (puc. 1).

Y cratu4HOMY TIONOKEHHI BITKM TATOBO-HECHOTO KaHaTa MDK OMOpaMu HaOWparoTh (opmu
JIQHITFOTOBUX JIHIM, 10 TIEPETHHAIOTHCS B TOYKAX MPHUKIaAaHHSA BaHTaXiB [4]. PIBHAHHS JaHIIOTOBOI JTiHIT
HaOyJie TaKOTo BUTIISLY

-C.
Ye =Gy xch =2 Gy, (©)]

Gy
ne  X.,V.- KOOpIMHATH TrpaHWYHMX To4ok (k = A, B, |Il); i — Homepu BiTOK KaHara,

C;,C,i, G5 - mapamerpuyHi KoeQillieHTH JaHLIOIOBUX JIiHIH;
3B’ 130K MiXK MapaMeTpUIHUMU KoeillieHTaMi MOJKHA BUPA3UTH TAaKUMH 3aJIKHOCTSIMU [4]:
C, g =T, xcosa;i
X =Cy; y (4
Ye =Cs, b
Je ( —Bara IOTOYHOIO METpa KaHaTa; X.,Y. - YMOBHI KOOPJMHATH BEpPIIMHH JaHLIOTOBOI JIiHIi.

BUKOpHCTOBYIOUM B3a€MO3B’ 30K MK MapaMeTpUYHUMHU Koe(illieHTaMu JaHIFOroBoi JiHii (4), i3
piBusiHHs (3) OTpUMAaEMO:

® 0

Cxp - X - N
Cgqreh¢ D XA parsh— ID"IA 24 (4Q, +Cyy xg)x

¢ 2>Cy 2xC, ssh D" XA+
1 +
& 2Cy g
é u
§ u (5)
e u
sh € (Xp - Xg) +arsh (Ys - Yp) ngy
e Xp - X u
2% 0y 2V acyen Vg g
e A a 2% +Cyy) G
e q ]
ne Qx, Qy — BIAMOBIHO TOPU30HTANIbHA 1 BEPTHKAIbHA CKJIaI0B1 30BHINIHLOI'0 HaBaHTaXXeHHs Q.
Koeodiuient C;, MOXHa BU3HAUHUTH 13 3aJI€KHOCTEH:
C12>q=iQx+Cll>q;i,] (6)

C,; xq =Tz xcosa
BukoHaBIIM BIAMOBIIHI MEPETBOPEHHS, HA OCHOBI piBHsAHB (5), (6) HaTAr KaHaTa B TOYli B MoXxHa
BH3HAYUTH 32 (POpMYIIO0FO:

¢ u
% - - U
TB :Clz >q>Ch§M+arCOS (yB ()y(D)- - )l:J (7)
A 2 2xC,, xch 8~ *p)d
€ 2C, H
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Ha kpicenbHUX KaHATHHX J0pOrax Kpiclio >KOPCTKO KPIMHTHCS 0 KaHaTa, TOMY T'OPU30HTAJbHI
CKJIaJIOBI BiJ BaHTaxy Q, cnpuilMaroThesi KaHAaTOM 1 Oe3rmoceperHbO BIUIMBAIOTH HA Horo Harar. Tomy
CTaTHYHI HATATH BITKH, 1110 Habirae ta 1o 30irae, BiAOBIJHO, CTAHOBUTHUMYTh
U
ho Y 8

—_— —_— o
T, =T =T, - & Qy.!
= p

n
To=T,=T, =_alQXi;

ne N, h- BiImOBiAHO KiTBKICTh BaAHTAXIB, PO3MIIIIEHUX Ha BITKaX KaHaTa, 10 HAOIraroTh Ta IO 30irafoTh.

B mpormeci pob6oTH yCTaHOBKM JUHAMIYHY CKIAJOBY HATATY KaHAaTa MOXXHa BU3HAYHTH 13
3aJIeKHOCTI:

U.
T =EoAT " ©

ne A, E - BiAMOBiHO IUIOImIA MeETajeBOro Iepepizy 1 MOXyNlb MpyKHOCTI KaHata; U; - dyHKmis
nepemimens X; . BpaxoByroun TepTs MK KaHATOM Ta MPOMDKXHHMMH OIOPaMH, a TAKOXK MK HPUBOAHUM i
HANpPaBJSIIOYUM OJIOKaMH, 3aIeKHICTh (9) MOXKHA MPECTAaBUTH B TAKOMY BUTJISII:

T =E A (o 1) (10)

T ¢
ne @; — dyHKILisA, 110 BpaXoBye BTPATH B KOJIUBHIN cHCTEMI.

Dynkniro @; —MOKHA BU3HAUUTH 13 3aJI€KHOCTI!

2
=i (11)
2XQ
e N;- KxoedimieHT JIHIHHOrO OHOpYy OKPEMOro €elIeMeHTa; U; - MIBUAKICT MOIIUPEHHS HPYXKHUX
nedopmariiif; Q —Bara oKpeMoro eneMeHTa.
HIBHUAKICT U; - MOXHA BU3HAYHTH 32 (hopMyIoro,
U = () (12)

Je I - cepeqHs T'yCTHHA MaTepiany KaHara.
Jlnst Bu3sHaueHHs GyHKOii mepemimens U; po3riasiHeMO piBHAHHS pyXy KaHaTHOI YCTAHOBKH, SIKi

MO)KHA MTOJaTH Yy BUJIsiI [7]:

M- T g
|- 1 o
i ; 13)
dw., w__ Y (
a(_x) - m =Q2,-:-

flu b

ne W —kinern4Ha eHepris cucremu; Q 1 Q, - y3arajubHeHi cuiy; | ;U- y3araJbHEHI KOOPJIWHATH.

V3arajgbpHeH] CUJIM MOKHA BU3HAUYUTH 13 3aJI€KHOCTEN
Q =M,; - Mxg>U;i

Q=Mxg- C U, 49

ne M,;- obeproBuii MOMEHT Ha Baly JIBUTYHa; M - Maca pPyXOMOro KaHaTa Ta BaHTaXiB
g . . .

(M=am+mJ);, m- macu BaHTaxiB, N- KUIbKICTh BaHTaXiB; M. - Maca HOTOHHOI'O MeTpa
N

kaHata; U - HOB)KMHA KaHaTa.
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KiHeTHuHy eHeprito CUCTEeMH MOYKHA BH3HAYUTH 3 PIBHOCTI [ 7]:

W=%n1l>¢2>j&2+%M {U- 14 )2, (15)
7e M - Maca NPUBOJHOIO IIIKiBa; I - pajiyc MIKiBa.
Tomi:
.U
X X I
W 24 - Mo oG- 4 )
i :
s i
aw x| x :
— =MXU-1); y (16)
U :
M = M =0 |
i :
b

[TincTaBUBIIM BEIMYMHH MOXITHUX SHEPrill Ta y3araibHIOWYUX CHII 3 piBHsHB (14), (15) B piBHSIHHS
(13), orprmaemo:

. M i
+M - M >xh=—20 - M xq:]
(ml )"“ﬁl . xg;/ (17)

-M X+ M =M xg- C b
Pyx xanara i oOepTaHHS MIKiBa CYPOBOKYETHCS 4YaCTOTOI KomuBaHHs K:
+M
= CK xrrh-— (18)
m, XM
[MincraBuBmm 3HauenHs K B cucremy (17), micis HECKIaJHHX TEPETBOPEHb OTPUMAEMO
nudepeHianbHe PIBHSIHHS BiIHOCHUX KOJIMBAHb CHCTEM Y BHTJISII:

M
G+ K2y =2+ 19
YR (19)

3aranpHUA PO3B’ 130K TAKOTO PIBHSHHS MOYKHA 3aIHCATH TaK:

U=U,;+U, (20
ne U;— 3aranpHHUil pO3B’SA30K OXHOpIAHOrO piBHSAHHA, U,— YaCTUHHUI pO3B’SI30K HEOTHOPITHOIO
PIBHSIHHSIL.

OpHopiaHE PIBHAHHS MOYKHA 3aIMCATH TaK:
$ +k2U, =0 (21)
Toni Uy = Assin(kt + a);
ne A— aMmIuliTyga KOJWBaHb; t- KOOpAMHATH 4Yacy; a- movatkoBa ¢asza; K — yacTora BHUMYIICHUX
KOJINBaHb.

SIKIo yacTHHHUM po3B’ 130K npuitaaru Y, = B, Toxi

M
M,; =const,B=——2%— +%
kexmx Kk
3aranpHuiA po3B’ 130K HaOyBa€e BUTIISILY:
: M
U =Asin(ki+a)+ 52—+ (22)
kexmx K
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Matoun 3HauenHst U, i3 3anexxHocti (9) MOXKHA BH3HAYUTH JAWHAMIYHY CKJIaOBY HATATY KaHata B
JIOBLJIBHINM TOYII.
MaxkcuManbHUI HATST KaHaTa IOPiBHIOBATHME:
Thax =T, +T; (23)
3HAHIIOBIIM HATAT TATOBO-HECHOTO KaHaTa, MO)KHA BU3HAYUTH MOTYXHICTh NMPHUBOAY KaHATHOI
TIOpOTH:
_ Tonax XD
2°h,%h,

ne D - miamerp Bemydoro mkiBa;, W - KyToBa HIBUJKICTh pyXy wiKiBa; hy;h, - BianoBimHo koediunieHTH

(24)

KOPHUCHOT [Iil MPUBOJY 1 CUCTEMH KaHAT-OIOPH.

Jlist 3a0e3medeHHs 3MiHM MIBHIKOCTI pyXy Kpicia Ha KaHaTHii gopo3i  (puc. 1) 3a momomMororo
MepPeBaHTAKYBAIBHOTO MPUCTPOIO TMiABICKa “mepenaeThess’’ 3 OfHOro KaHara Ha iHmmi [9]. Baxmmso
MPaBUIBHO BHOpATH KOPCTKICTh MPYKHOTO €JIeMEHTa, IO MPHHMAaE KpiCenbHY IMiABICKY, 3 METOI0
YHHKHEHHS y/IapiB Ta TUHAMIYHUX NIEpEBaHTaKEHb.

Y MOMEHT KOHTaKTy 3 TepeBaHTaXYBILHUM IPHCTPOEM KpicelbHa IMiJBICKAa BIMYIIIISIETHCS BiX
OCHOBHOTO KaHaTa, 3a JIOIOMOTOI0 CIEMiabHOTO 3aTHUCKAada 3aKpIlUTIOEThCS HA JIOMIOMDKHOMY KaHaTi i
MOYMHAE pyxaTucs Ha TpaBepci-3 (puc. 1) 3 MBUAKICTIO pyXy OCHOBHOrO KaHary. OgHaK MIBHIKICTH 3
JOTIOMIKHOTO KaHaty g0 1 m/c, JomycTiMa JUTst TIOCaaKu MacaKupiB. [1MaBHICTh 3MEHIIIEHHS IIBUIKOCTI i
JIOCSATHEHHSI HElo BenuunHu 1 m/c 3a0e3nedyeThesi CrieliaibHUM TPY)KHUM eieMeHToM. Lle moxe OyTu
3BOPOTHO-BUTSKHUN MexaHi3Mm abo npyxuna [1, 10].

Po3sriisiHeMo po3paxyHKOBY CXeMY MepeBaHTaKyBaJbHOTO MPUCTPOIO (pHC. 2).

= 7

2

Puc. 2. Pospaxynkosa cxema nepesanmaticy8aibH020 npucmpoio.
1 — kanam ocnoenoi dopoeu; 2 — donomiscHull Kanam, 3 — mpasepcHa petkda,
4 — nonoosicenHs 6aHmMaxicy 8iON0BIOHO NOYAMKOGE
ma nicis nepeveniients; S — nepesanmanicy aibHull Mexamizm;
6 — ynop na donomisicnomy kanami,
7 — npysicHull enemMenm nepesanmaiCy8albHO20 RPUCTPOIO

[lig yac MpoOEKTyBaHHS MEPEBAHTAXKYBAJILHOTO MEXaHI3MY Ba)KIMBO BCTAHOBUTU 3aJICKHICTh MIX
Barow BaHTaxy Q, JKOPCTKICTIO 3BOPOTHO-BUTSDKHOrO MexaHisMy C Ta IIISIXOM TaJIbMyBaHHS, SKHI
3a0e3rneuye nepexia KpicenbHOI MiBICKK BiJl BUAKOCTI Uy 10 U, .

PiBHsIHHS eHepreTHYHOro OanaHcy A pO3paxyHKOBOI CXEMH PHC. 2 MOXKHA TIO/IATH Y BHTJISII:

Q{us - up)° I

ne Q — Bara BaHTaxy (KpicenbHa MiIBiCKa 3 JIM)KHUKOM); § — MPUCKOPEHHS BUIBHOTO MaiHHS

(g=9,81u/c?); M - xoedillieHT omopy pyXoOBOi MiABICKM MO TpaBepci; § - OUIAX TalbMyBaHHS
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(mepexoy BaHTaXy BiJ IIBHIKOCTI Uj 10 Us,); Uq;U, - BIMOBIAHO MOYATKOBA 1 KiHIIEBA MIBUIKOCTI PyXY
BaHTaxy, C — TIO3J0BXKHS >KOPCTKICTh 3BOPOTHO-BUTS)KHOI'O MEXaHI3My IEpEBaHTaKyBaJIbHOIO
MPHUCTPOIO; | - KYT HAXHUIY IITAHTH 3BOPOTHO-BUTSHKHOTO MEXAHI3MY.

JIist BU3HAYEHHS MT03I0BKHBOI JKOPCTKOCTI 3BOPOTHO-BUTSLKHOTO MeXaHi3My piBHAHHS (25) MokHa

3arMcaTy y BUTIISII:

Cng(ul_UZ)Z >COSZj _ "?’COSZj 8>< (26)
g 29§ S

Po3B’ s3aBiu piBHAHHS (25) BiIHOCHO rajibMiBHOIO IUISXY, OTPHMAEMO:

2 Qxm xcos’] i Q>(u1-u2)2>coszj
S C S 2xg>xC

PiBusuus (27) Mae omMH pO3B'A30K, SKHH 3aJ0BONBHSAE YMOBY 3amadi (aIpyruii poss’ 30K

=0 27)

BiJ €MHMIA), a came:

g . Qmeosi | \/QZ arf 50os’] | QU - u,)? oS’ 8)
2>C 4xC? 2xg>C ’

BukopucroBytoun Bupasu (2; 7; 8; 9; 14; 22; 23; 24; 28), MoxHa BU3HAYNTH OCHOBHI MapaMeTpH
KaHaTHOI J0poru. Po3paxyHKH BHKOHAHO 3 BUKOPUCTAaHHIM MpUKIagHuX mporpam Matchad proffessional
ta Mathematica for Windows.

s npukiany mokaxemo rpagiddi 3aJeKHOCTI BEIMYMHU TaJIbMIBHOTO IUBIXY Bia skopcTkocti C
1ust pisaux 3HaueHb Q (puc. 3).

I'padpiku moOGynoBano must Bunmaaky: m = 0,1 =lO°;u1 =5mlcu, =1mlc

Cin ~_
\ 3
10 \
N

2,5 5,0 7,5 10 12,5 St™

Puc. 3. Ipaghixu ons 6ubopy dcopcmrxocmi. 360pOMHO-BUMSINCHO20 MEXAHIZMY
1—npu Q= 1000H; 2 — npu Q= 2000H; 3 — npu Q = 3000H;



BucnoBku. OTpuMaHi pe3ynbTaTH MOXXKHA BUKOPHCTATH IIiJ] Yac MPOEKTYBAHHS Ta EKCILTyaTallii
KaHaTHHX JIOPIT 3 TATOBO-HECHUM KaHATOM.
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