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KuiBchbkuil HalllOHAJIBHUM YHIBEPCUTET OYIIBHUIITBA 1 apXITEKTYPHU

IHOWYK OIITUMAJIBHUX ITPOCTOPOBUX TAPAMETPIB JIJ15
I'EOAE3UYHOI'O POSMIYYBAHHSA TPAHCIIOPTHHUX PO3B’SA30K
3 TAJIBMIBHUMMU INEPEXI/THUMHU KPUBUMUA

Haiibinow  posnoscrodocena  mpancnopmua  po3e’sa3ka  mMuny  «Iucm
KOHIOWUHUY — CKIAOHA [H)CeHepHAa cnopyoa, y sKOi 8ci napamempu ma 0OMedHceHHs
NnaaHy ma No3008JCHbO20 NPOPIN0 NOBUHHI OYMU  Y3200HCeHi Midc C0DOoIO.
Hacamnepeo nompiono epaxosysamu peanvHi 3MiHHI WBUOKOCMI PYXY A8MOMOOINIE
Ha po38’a3yi 015 3a0e3neueHHs MexHIKO-eKOHOMIYHUX NOKA3HUKI6 ma Oe3neKku pyxy.
Liti ymoei, 5K 008e0eHO HAUWUMU OOCNIONCEHHAMU 6 NONEePeoHiX NYyONIKayisix,
8i0N0BI0arOMb YMOYHEHI 2albMIBHI Nepexioni Kpuei y cK1aoi po36 s3Ku.

Ilpononyemo memoo onmumizayii npocmoposux napamempie mpaHcnopmHUx
PO38 430K MUNy «JIUCH KOHIOWUHUY 3 YMOUYHEHUMU 2ATbMIGHUMU NepexiOHUMU
KpUBUMU.

Knwouosi  cnosa: eanbmiéni Kpugi; YmMoOuHeHI NApAMEMPUYHi PIBHAHHI,
PO38’A3Ka MUNy «IUCm KOHIOWUHUY, ONMUMATbHI napamempu mpaHCnopmHux
PO38 30K, 2e00e3udHi pO3MI4y8aHHSL.

IIpo0JieMa i ii 3B’9130K i3 HAYKOBUMHM i MPAKTUYHUMHM 3aBJIaHHAMH.

TpancroptHa  po3B’s3Ka THUIY  «JIUCT  KOHIOUIMHW» —  HAWOLIbII
PO3IOBCIOJIKEHA CEpell PO3B’SI30K MJiA MEPETHHY aBTOMOOUIBHUX JOPIT B Pi3HUX
piBHsAX. JIiBomoBOpoTHUH 3’131 OyJie HaMOIBIIT KOMIAKTHUM, KOJIU MO0 JIOBKHWHA B
TIJIaH1 CIIBIIAJIA€ 3 HOT0 JOBKUHOKO Y MO3A0BXKHHOMY TTPOd1Ii 3 ypaxyBaHHSIM I1JIOTO
psAoy PpI3HOMaHITHUX OOMEXKEHb: HaxXWiiB, BIpaxiB, paAlyciB BEpTUKAJbHUX 1
TOPU3OHTAIBHUX KPHUBUX, JOBXKUH CYMIKHUX JUISHOK MPOI3HUX YACTUH MPAMHUX Ta
KpuBux, 1 T.1. Ilomyk onTuManbHHX mapaMeTpiB 3’i34y 3 YypaxyBaHHSM BCIX
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oOMeXeHb BHKOHYIOTH METOJOM MiAOOpY mapameTpiB 1 MaTeMaTU4HOi OOpOOKH
KO)KHOTO BaplaHTy 3 HACTYNHUM iX mopiBHSAHHSIM. Ile moBosi ckiagHui
OaraTopiBHEBHI pO3paxyHKOBUH MPOIIEC.

AJle 3 BUKOPUCTAHHSIM TaJbMIBHUX MEPEXIJIHUX KPHUBHUX, 3aMPONOHOBAHUX
HaMmu paxime [1- 5], siki BIANOBIIAIOTH pealbHOMY PyXy aBTOMOOUIIB 31 3MIHHOIO
IIBUJIKICTIO, BUHUKAIOTh HOB1 OOMEXKEHHS, 110 NOTPEOYIOTh YpaxyBaHHS.

Meta. MeToro po0GOTH € Y3roJI’KEHHsI TUIaHOBUX 1 MPOCTOPOBUX IMapaMeTpiB
TPAHCIIOPTHUX PO3B’SI30K THUITY <JIUCT KOHIOIMIMHUY» 3 YTOYHEHUMH TaJIbMIBHUMU
nepexiTHUMU KPUBUMH.

AHaniz pocaimxenb i myOuaikamii. TpaHcmopTHi poO3B’S3KM  4acTo
MPOEKTYIOTh 3 MEPEXITHUMH KIOTOITHUMU KpUBUMHU [5,6] um kamioigamu [7], sKki
pO3paxoBaHl Ha MOCTIMHY MIBUAKICTH PyXy. B IHIIMX BUMAJKaX BPaxXxOBYIOThCS
rajbMIBHI MEpeXiJHI KPUBI, B SKUX He 3a0e3leyeHa OCHOBHA YMOBa MEPEX1THO1
KpUBOI — IUJIaBHUN Tepexif BiJ MpsAMOi 3 OE3KIHEYHUM pajJiilycoM J0 pajilycy
KpyroBoi kpuBoi [1- 4, 8].

Buxkiaaag ocHoBHOro marepiaay. OCKUIBKM TPaHCIOPTHA PO3B’SI3KAa THUITY
IACT KOHIOIIMHMW» € 0araTOCKJIaJ0BOI0 MPOCTOPOBOID CHOPYAOI0, BUHUKAE
HEOOXIIHICTh MEepII 3a BCE MPOAHANI3yBaTH BCl Ii YACTUHHU 3 METOK) BUBYEHHS 1X
F€OMETPUYHOI TOYHOCTI, (DYHKI[IOHATBLHOCTI T4 B3a€EMOCYMICHOCTI.

[imi  aHamizy: Oe3meka pyXy, TEXHIKO-€KOHOMIUHI TOKa3HUKU PyXy
TPAHCIIOPTHUX OJMHUIIb, KOMIAKTHICTh JIIBOIOBOPOTHHUX 1 MPABOIMOBOPOTHUX 3’13/11B
Ta, SIK JI0JaTKOBMM, ajie HaJI3BMYANHO BAXKJIWBHUN aCMEKT — MIHIMI3aIlls IUIONI, SKY
3aiiMae ycsi TpaHCIIOPTHA CIOPY/Ia, IO BEJIbMU BAXKIIMBO B TICHUX MICBKHUX YMOBAX.

Cnouatky 3poOMMO aKIIEHT Ha TOMY, IO TPAEKTOPil pyXy aBTOMOOLUIIB Ha
pO3B’s3Ill TOBUHHI  BIANOBIAATH peajbHUM 1X 3MIHHUM IIBHUJKOCTAM Ha
J1BOMOBOPOTHUX 3’1371aX, OCKUIBKM 1€ PyX Ha KPUBUX MaluXx paniyciB. B Hammx
MOMEPEIHIX JOCTIDKCHHSAX JOBEJACHO EKCIEePHMEHTAIbHO, IO aBTOMOOLIl, SKI
3aXO0JSITh Ha JIIBOIMOBOPOTHUM 3’13/, 3HMKYIOTh IIBUAKICTh, 1 HABMAKH, BUXOJISIYH 13
3’131y, MBUAKICTH 301IBITYIOTH [3].

ToMy B SKOCTI MEepeXiIHMX KPUBHUX JIIBOMOBOPOTHUX 3’13/1IB HEOOX1AHO
BUKOPHUCTOBYBATH rajbMiBHI KPUBI, a HE KJIOTOI/IH], 5Kl 4aCTO BUKOPUCTOBYIOTb, 1 5IK1
pPO3paxoBaHi HA MOCTIMHY MBUAKICTb PYXY.

Jlesiki raapMiBHI MEpEeXiJHI KpPHBI, 110 PO3paxOBaHI Ha 3MIHHY IIBUIKICTh
pyXy, TaKO BUKOPUCTOBYIOTh B TPAHCIIOPTHUX PO3B’si3Kax [4]. AJle, aHANI3yI0UH 111
KpWBi, MU TPUWIUIA JO BHUCHOBKY, IO BOHM HE BIANOBIAAIOTH KIACHYHOMY
MpPU3HAYEHHIO TepexigHoi KpuBOi, a came, HE 3a0e3MeuyioTh B KIHII KPHBOI
HEOOXITHUN pajiyc, SIKUWA JOPIBHIOE pajilyCy KPYroBoi BCTaBKH Jisi TUIABHOTO
nepexoay BiJ TMEepeximHol M0 KpyroBoi kpuBoi. lle mpuBoguTh 10 HEOE3meUHUX
MOMEHTIB PyXy aBTOMOOUIS B TOUI[I TPUMHUKAHHS MTEPEXiAHOI 1 KPYyrOBOi KPUBHX.
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Tomy Hamu panime Oynau BHBEACHI (OPMYIM YTOYHEHUX TaIbMIBHUX
MepexiJHUX KPUBUX, SIKI BIAMOBIJAIOTH BUMOTaM DPajiyCiB KIAaCHYHUX MEPEXiTHUX
kpuBux [1, 2]. Kpim Toro, mi3Hiiie 3’sCyBajiocs, 10 Il YTOYHEHI MEepPexXiIHI KPHBI
MalTh, SK JOJATKOBHI e€(eKT, BJIACTUBICTh 3MEHIIYBATH IUIONLY, Ky 3aiMae
J1BOTIOBOPOTHHUM 3’1371, 110 AeMOHCTpye puc.l [1].

[Ipononyemo MeTon TMOUIYKY ONTUMAIbHUX MPOCTOPOBHUX IMapaMeTpPiB
TPAHCIIOPTHUX PO3B’A30K THUITY «IUCT KOHIOINIMHUY» 3 TajJbMIBHUMH MEPEX1THUMU
KPUBUMH, SIKUI IPYHTYETHCS HA BUKJIAJECHUX HUKYE MIPKYBAaHHSX 1 MaTeMaTUYHUX
pO3paxyHKax.

[ToyaTkoBmii Bifpi3ok [, MPOI3HOI YACTHHH IEPEXiTHOI TajJbMiBHOI KPHBOI
JIBOMOBOPOTHOTO 3’13y PO3B’SI3KM CIIBIAJa€ 3 MPOIZHOK YAaCTUHOK OCHOBHOI
Tpacu. Tomy camocTiiinuil npoduib 3’137y MOXKE MOYMHATHUCS TUIBKUA 3 BU3HAYEHOI
TOYKHU rajabMiBHOT KpuBoi H (puc.1).

TakuM YHMHOM, JOBKMHA JIBOIIOBOPOTHOTO 3’i31y B IUiaHi L, CKiamaeTbecs 3
JIBOX TaIbMiBHHMX HEPEXiTHUX KPUBUX (KOKHA 3 HUX CKJIAJAETHCS 3 JBOX YaCTHH [l i
l;) Ta KpyroBoi KpuBOI

LH = z(lH + lB) + lKK (1)

JosxuHa [, sika oTpiOHA JUIst BIATOHY BipasKy, BU3HAYAETHCS BUXOISTUYH 3
HaXWJIy Bipaxy Ha 3’131 i, OMEPEYHOTr0 HAXUTy MMOKPUTTS OCHOBHOT TpacH i

np»
HaXWIy BIATOHY BIPAXY Iy, Ta LIMPUHU CMYTH NPOi3HOT yacTHHHU b [8]:
|- b(iy—inp)
? iBiAI‘ (2)
Hait611b111 po3MoBCIOIKEH] MapaMeTpH:
b=4wm; i, =0,06; i,, =0,02; iy, = 0,005. To6To [, = 32 M.
JToBKHHA KPYroBOi KPUBOI [, BU3HAYAETHCS TaK:
l}c}c = (71' +a-— ZQ)R = ﬁR (3)

JloBkuHA TiIAHKY [, raabMiBHOT KpUBOI BU3HAYAETHCS BUXOAMYH 3 BEIHUNHH
Vi, KA BBAKAETHCS HE MEHIIOIO, HIXK IIMPUHA CMYTH PyXY (B pO3paxyHKax NpHilHSATaA
Yu = 4 M)/

3anpornoHoOBaHi paHille yTOUHEH] TapaMeTPUUH1 PIBHSHHSA rajJbMIBHUX KPUBUX
[1, 2, 3] BU3BHAYAIOTH:

_U 3 Ya _ Vi Ve _ Vi g2
yﬂ_3ky“(1+4 10+4 56U) (4)
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Puc. 1. YTo4HeHI rajgpMiBHI KpUBI Y CKJIaJli TPAHCTIOPTHOI PO3B'S3KHU TUITY «JIUCT
KOHIOILIMHIDY

JloBxku1Ha ycCi€i rabMiBHOT KpUBOi L BU3HAYAETHCS TAKUM YUHOM [1]:

2 2
[ = Vi = Vs
2a (5)
ne Vy, — mouaTkoBa IIBUIKICTE;

Vg — MIBHIKICTH HA KPYTOBiil KPHBIii;
(4 — YNOBIJIbHEHHS.
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BpaxoByroun BHIlleCKa3aHe, HANOUIbII KOMIAKTHUM JIIBOIIOBOPOTHUH 3’131
OyJie Tofi, Koiau
L=1,+1, (6)
[TpuiiHaBIIM yMOBY (6) SIK OCHOBHY, BpaxoByrouu oOMexeHHs (2)—(4) ta (6),
MOKEMO CKJIACTU CUCTEMY JBOX PIBHSHB:

K9 _9p
2a
U Ya Y Ve Ve
—— Y314+ ZE_ELE_Bp2l=9
Ya g \MT T T 10T 7 56

(7)

_2a U= 2Vhg
7 T a(Ve—V,)-9,8

re y.=+1+kl,—1; k

MaeMo cuctemMy [ABOX HENIHIWHUX PIBHSHb BHUIIMX CTENEHIB 3 JIBOMa
HEBIIOMUMHU a Ta [l,, s’Ka PO3B’SA3YEThCS TUTBKU iTepamiiHuMu metomamu. Jlis
PO3B’sI3aHHS 111€1 CUCTEMH 3HAMICHI MPOMDKKH 130JIS1111 1T KOXKHOI HEB1AOMOT MiX
MIHIMAIPHUMH Ta HAJJWIIKOBUMH (MaKCUMaJIbHUMH) HAOIKCHUMH 3HAYCHHIMU
KOPEHIB CUCTEMH.

BucHOBKHM Ta HANPAMOK MOJAJBIINX A0C/iIKeHb. Bu3HaueHHST HEBITOMUX
a (ynoBillbHEHHS aBTOMOOIIIB) Ta Bifpi3ka [, ransMiBHOI KPHBOI A€ MOMKJIHMBICTEH
JESKIA KOpEKIIi IUX MapaMeTpiB JUisi YMOB pyXy aBTOMOOUTIB Ha KOHKpPETHIN
PO3B’s3111 Ta MPHU MOJATBIINX PO3PAXYHKAaX MO3A0BXKHBOTO MPOQLII0 3’ 13/11B.

HactynHum etanmoMm JOCHII)KEHb ONTHUMAJIbHUX MapamMeTpiB TPaHCIOPTHOI
PO3B’SI3KM THUIY <JIUCT KOHIOUIMHU» € PO3PaXyHOK IMO3J0BXKHBOTO Mpodinto
JBOMOBOPOTHOTO 3’131y, SIKUM CKJIala€TbCsl 3 JBOX BEPTHUKAIbHUX KpUBHUX (S-
noaiOHuiA TPodisb) - omykioi Ly, yBIrHYTOI L, Ta IPSIMOT BCTABKH MiXK HUMH lger.

Haiikpamum Oyne BapiaHT, KOJIM JTIOB)KWHA KPUBUX Ta BCTABKU IMO3/10BKHBOTO
npodutro 3 yciMa oOMexeHHSIMH Oyje CHiBOajgaTh 3 JOBXHWHOK KPHMBHUX B IIJIaHI.
[Tomyk 1IBOTO ONTHUMAIBLHOTO MIPOCTOPOBOTO BaplaHTy MPOMOHYETHCS B HAIIUX
HACTYIHUX MyOIIKaIisX.
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SEARCH OF OPTIMAL SPATIAL PARAMETERS FOR GEODETIC
DELINEATION OF MOTORWAY INTERCHANGES WITH BRAKING
TRANSITION CURVES

The most widespread grade-separated road junction — cloverleaf interchange
— 1s a complex engineering structure, in which all the parameters and limitations of
the plan and longitudinal profile must be coordinated with each other. The goals of
the analysis: traffic safety, technical and economic indicators of the movement of
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transport units, the compactness of left-turn and right-turn exits and, as an additional,
but extremely important aspect, the minimization of the area occupied by the entire
transport structure, which is very important in tight urban conditions.

First, let's emphasize that the trajectories of cars at the intersection must
correspond to their real variable speeds on left-turn exits, since this is traffic on
curves of small radii. In our previous studies, it has been experimentally proven that
cars entering a left-turning exit reduce their speed, and conversely, when leaving the
exit, their speed increases. Therefore, it is necessary to use braking curves as
transition curves of left-turn exits, and not clothoid curves, which are often used, and
which are designed for constant speed of movement.

Some braking transition curves designed for variable speed are also used in
traffic junctions [4]. But, analyzing these curves, we came to the conclusion that they
do not meet the classical purpose of the transition curve, namely, they do not provide
the necessary radius at the end of the curve, which is equal to the radius of the
circular insert for a smooth transition from a transition curve to a circular curve. This
leads to dangerous moments of the car's movement at the junction of the transition
and circular curves.

Therefore, we previously derived the formulas of refined braking transition
curves that meet the requirements of the radii of classical transition curves [1, 2]. In
addition, it later turned out that these refined transition curves have, as an additional
effect, the property of reducing the area occupied by the left-turn exit, as shown in
Fig. 1.

We offer a method for optimizing the spatial parameters of cloverleaf
interchanges with refined braking transition curves.

Keywords: braking curves; refined parametric equations; cloverleaf
interchange; optimal parameters of road junctions; geodetic delineation.
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