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JUHAMIKA PO3PAXYHKOBUX XAPAKTEPUCTHUK HA
ABTOMOBUIBHHUX JOPOI'AX

DYNAMICS OF CALCULATED CHARACTERISTICS ON MOTOR
ROADS

Spemenko H.B., k.T.H.,, gon. (XapkiBchbKkuil HauioHAAbLHMIA
aBTOMOOLILHO-0POXKHIN yHiBepcHuTeT)
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B esontoyii cucmemu Jlroouna — Asmomobine — Jlopoea - Cepedosuwye € mpu emanu
nepemsopenns. Kooicna cucmema mae coi 3aMKHymi ma pO3iMKHEHI emanu po36UmkKy.
Koowcnuil eman exnrouace 6 cebe mpu nepioou 3aMKHyno2o ma mpu nepioou po3iMKHeH020
cmany cucmemu. Tedrc came mu modwcemo cnocmepicamu 'y 6y0b AKi cucmemi, 30Kpema i
8 OuHamiyi pO3PAXYHKOBUX XAPAKMEPUCMUK MPAHCHOPMHO20 nomoKy. [Ipononyemuvcs
DPO32IAHYMU OUHAMIKY 3MIHU PO3PAXYHKOBUX XAPAKMEPUCTHUK TMPAHCHOPIMHO20 NOMOKY
Ha asmMomMobibHUX 00PO2ax.

There are three stages of transformation in the evolution of the Human - Car - Road
- Environment system. Each system has its closed and open stages of development. Each
stage includes three periods of the closed and three periods of the open state of the system.
We can observe the same in any system, in particular, in the dynamics of the calculated
characteristics of the traffic flow. It is proposed to consider the dynamics of changes in the
calculated characteristics of traffic flow on highways.

Estimated traffic speeds are used to justify the plan and longitudinal profile of the
road. Road elements are determined from the conditions for ensuring the safe movement
of single passenger cars at the calculated speed. The higher the calculated speed, the
higher the level of operational quality of the road. Therefore, the dynamics of the estimated
speed can be used to judge the patterns of the evolution of highways.

The calculated speeds for roads of the 1st category in terms of absolute values are
close to the weighted average speeds of production cars. This can be especially clearly
traced in the second and third periods of the open state of the considered stage of evolution.
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This makes it possible to use the laws of the dynamics of the design speed of passenger
cars for the forecast of the estimated speeds.

Economic factors can lead to change. The increment in the calculated speed cannot
be extended to subsequent stages of evolution, since this period had significant disruptions.
It is advisable to take the coefficient of increase in the design speed of a given period for
subsequent forecasts based on the design speed of passenger cars in the first stabilization
period

Since standards for the construction of highways are introduced by decree, during
the period of their validity the design speeds do not change. Consequently, during periods
of stabilization of design speeds, the coefficient of their increase does not change and
remains equal to unity.

Analysis of this dynamics shows that the change in the design speeds of cars over
time is wave-like. Periods of steady growth in speeds are followed by periods of
stabilization. During periods of stabilization, design changes to vehicles are carried out.
In subsequent periods of steady growth in speeds, the possibilities of these changes are
realized.

The duration of periods of a closed state within each cycle of the system's evolution
decreases, and the periods of an open state increases in accordance with an arithmetic
progression.

The duration of periods of the closed state within each stage decreases, and the
periods of the open state increases in accordance with an arithmetic progression.

Each subsequent period of the closed state is two times less than the previous one,
each subsequent period of the open state is twice as long as the previous one.

The first periods of closed and open states during the transition from stage to stage
are also halved.

Kniouogi  cnosa:  pospaxynkogi  Xxapakxmepucmuku, MamemMamuyHa —MOOeb,
agmomobiny, cucmema, amomooinbHa 00poed.

Key words: calculated characteristics, automobile, highway, mathematical model,
system.

B eBomromii cucremu JIroamaa — ABToM00116 — Jlopora - CepenoBuine € Tpu
eTanu neperBopeHHs. KojkHa cuctemMa Mae CBOT 3aMKHEHi Ta PO3IMKHEHi eTamu
po3Butky. KoxkHuii eram Bkiod4ae B cebe TpH Mepiogu 3aMKHYTOTO Ta TPH
Tepio i po3iIMKHYTOTO CTaHy CHCTeMH. TeX caMe MH MOXXEMO CIIOCTEpiraTH y
Oynp SIKii cHUCTeMi, 30KpeMa 1 B JTUHAMIIll PO3PAaXyHKOBHUX XapaKTEPHCTHK
TPAHCIOPTHOTO MOTOKY Ha aBTOMOOITBHIX I0pOTax.

Po3paxyHKOBI HIBHJKOCTI pyXy BHKOPHUCTOBYIOTHCS IJISI OOTPYHTYBaHHS
IUIaHy Ta MOB3JOBXKHBOTO Npodimto noporu. EnemenTn n0pir BU3HAYaroThCS 3
YMOB 3a0e3ledeHHst Oe3MeYHOro pyXy OJMHOYHMX JIETKOBHX aBTOMOOLUTB 3
PO3paxyHKOBOIO HIBHAKICTIO. UMM BHIIE PO3paxyHKOBa LIBHIKICTH, TUM BHILE
piBEHb eKcIulyaTauiiiHol siKkocTi gopord. ToMy 3a JAMHAMIKOIO PO3PaxyHKOBOT
IIBUJIKOCTI MOYHA CYAUTH PO 3aKOHOMIPHOCTI €BOJIIOLIIT aBTOMOOUIBHHX JAOPIT.

Ha puc. 1 moxa3aHo 3MiHy 3Ha4e€Hb PO3PAaXyHKOBHX IIBHAKOCTEH 3a
pe3yIbTaTaMH JOCIiHKEHb.
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Pucynox 1 - JIlunamika po3paxyHKOBUX IIBHIKOCTEH:
____ nmoporu I xateropii;
_____noporu Il kateropii;
-.-.. poporu III xareropii

Hani puc. 1 oTprMaHi Ha OCHOBI JIFOYMX TEXHIYHUX HOPM Ta TIpaBui [1].

AHami3 mUX JaHUX MOKa3ye, IO Tepiofw crabimi3alii po3paxyHKOBHX
OIBHIKOCTEH pyXy CHIBHAJAIOTh 3 TaKUMH K IepiogaMH Yy IWHaMIIi
KOHCTPYKTUBHUX IIBHIKOCTEH CEPIHUX Ta PEKOPIAHUX aBTOMOOLITIB.

Po3paxynkoBi mBuakocTi Juist jgopir I-i kateropii 3a aOCOTIOTHHUMH
3HAUEHHSIMH HaOJIKAIOTBCS JI0 CEPEIHbO3BAXKEHUX IIBHAKOCTEH CepiiiHUX
aBTOMOO11iB. OCOOJIMBO YiTKO 116 MOYKHA ITPOCIIIIKYBATH y IPYrOMY Ta TPEThOMY
mepioiax po3iMKHYTOTO CTaHy €Tally €BOJIIOLT, IO po3risiaacThed. Lle no3Bomse
BUKOPHCTOBYBAaTH 3aKOHOMIPHOCTI JMHAMIKM KOHCTPYKTHUBHHX HIBUAKOCTEH
PYXY JIETKOBHX aBTOMOOIJIIB JIJIs TPOTHO3Y PO3PaxXyHKOBUX IMIBUIKOCTEH PyXy.

ExonoMmiuHi axTopu MOXKYTh IpHU3BECTH 10 3MiH. [IpupicT po3paxyHKOBOI
LIBHIKOCTI HE MOJKE IOIIMUPIOBATHCS HAa HACTYIIHI €TAITH eBOJIIOLIT, TAK SIK JaHUH
nepiog Mae 3HauHi 300i. KoedimieHT mpupocTy po3paxyHKOBOi IIBHIKOCTI
JAHOTO Tepiofy Ul HACTYIHOTO IPOTHO3Y NPUIMAaIOTh 3 KOHCTPYKTHUBHOI
IIBUJIKOCTI JIETKOBHX aBTOMOOIIIB y MEpIIHA NIepio]T cTadiizamii

kpa=120/75=1,5.

Tonmi emmipmuHmil 3B 530K  KoedimieHTa TPHPOCTY PO3PAXYHKOBOI
MIBUIKOCTI 3 HOMEPOM 3aMKHEHOTO Mepioy Ha TaHOMY €Tarli eBOJIOIiT CHCTeMHU
MOe OyTH IPEJICTABICHUM Y TAKOMY BUTIISI (pHC. 2)

kpa=3 - 2,125213(n-1) + 0,6251012(n-1)2 (1)
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Pucynok 2 - 38’5130k koe(illieHTa IPUPOCTY PO3PaxXyHKOBOT LIBUIKOCTI 3
HOMEPOM 3aMKHEHOTI'0 Iepiony:
1 — dakTnuHMI; 2 — I HACTYITHOTO IIPOTHO3Y

Tak sx HOopMaTWBH Ha OYIIBHUITBO aBTOMOOLTBHHUX JOPIT BBOISTHCS
JNEKPEeTHO, TO B TMepiod iX Hii po3paxyHKOBI HIBHIKOCTI HE 3MiHIOIOTHCS.
BinmoBigHO, B mepioau cTabimizarii po3paXxyHKOBHX MIBUAKOCTEH KOSPIIi€HT IX
MIPUPOCTY HE 3MIHIOETHCS Ta 3AJIMILIAECTHCS PIBHUM OJIUHUIII.

[Ipu mocsrHeHi cTaHy aBTOMOOUTBHOI TOPOTH, SIKUH 3a0e31meuye BHKOHAHHS
YMOBH

VY H=VH1=VH2,
MOJATBIIMNA PIiCT MIBHAKOCTEH pyXy MOKIMBHH JIMIIEC y BHUMAAKY 3MiHU
MaKCHUMAaJIbHO MOXITUBOi KOHCTPYKTHBHOT IIBUAKOCTI aBTOMOOLIs VinT. JlificHo,
B TAKOMY CTaHi CTOCOBHO nociimkennasMm E.B.I"aBpunosa [2]:

VH122/3(Vur),

VII=Vuir. (2)
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3aKOHOMIPHOCTI 3MiHM KOHCTPYKTUBHUX IIBUAKOCTEH PyXy aBTOMOOLIIB €
MOXJIMBMM BHMBYMTH Ha NpPUKIAAl icTOpii pOCTy aOCOJIOTHUX PEKOPIiB
mBuakocrted 3a nanumu FIA (Federation Internatinal de L’ Automobile). Lli nani
orpumani 3 WEB-cropinku Internet [3].

JlMHaMika KOHCTPYKTHBHUX IIBUIKOCTEH pyXy aBTOMOOLIIB Ipe/ICTaBIeHa
Ha puc.3
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Puc. 3 - Jlunamika KOHCTPYKTHBHUX IMIBUKOCTEH JIETKOBUX
aBTOMOO1UTIB Ha JOpOTax :
* - KOHCTPYKTHBHA MIBUAKICTH B PiK MMOSIBY B CKJIaJi TPAHCTIOPTHUX MOTOKIB;
+ - cepelHs KOHCTPYKTHBHA IIBUJIKICTH 33 5-TH piuHUI nepiox;
- - BUPIBHIOIOYHM KpUBa 32 METOJJOM KOB3HOI CEPEHbOT;
- -- MEXi JIOBIpPYOT0 KOPHUIOPY.
AHani3 1aHo1 AMHAMIKH TT0Ka3ye, 1110 3MIHU KOHCTPYKTHBHUX IIBUIKOCTEH
aBTOMOOLJTIB Y Yaci HOCUTh XBHJICHOAIOHHHI XapakTep [4].
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[lepiogn cCTIHKOTO pOCTYy WIBHAKOCTEH 3MIHIOIOTBCA Tepiogamu iX
crabimizanmii.

VY nepionu crabinizamii 31iHCHIOIOTbCS KOHCTPYKTHUBHI 3MiHH aBTOMOOIIB.
VY HacTymHI Hepioan CTIMKOro pocTy IIBHAKOCTEH peai3yloThCsi MOXKIMBOCTI
LMX 3MiH.

TpuBasnicts nepioziB 3aMKHEHOTO CTAHY Y MeXaX KOXKHOTO IIUKJTY €BOJIFOLI|
CHUCTEMH 3MEHIIYEThCS, a NEpiofiB PO3IMKHEHOTO CTaHy 30UIBIIYeTHCS
BiINOBiTHO /10 apudmMeTHaHoi mporpecii, [5]

Tn+1=Tn/2,
Tm+1=2tm, 3

ae T - TpuBanicTh NEepioAy CTIMKOro pocTy KOHCTPYKTUBHOT IIBHIKOCTI
aBTOMOOLUIS, POKH;
t- TpuBaicTh nepioay crabinizanii KOHCTPYKTUBHOT IIBUKOCTI, POKH;
N - HOMep Mepioy CTIHKOrO POCTY MIBHAKOCTEH B LIUKIII €BOIOLIT
CUCTEMH;
M - HOMep mepioay cTabuTi3aIii MBUAKOCTEH B I[HKJII SBOJIFOIIIT
CHCTEMH.
AHaJIOT1YHO 3MIHIOKOTHCS MEPIIi HePioJx 3aMKHEHOTO CTaHy CHUCTEMH MPU
TepeXoi BiJl MUKITY 0 IHUKITY [6]

Tk+1(1) = Tk(1)/2, (4)

ne K - HoMep IHKITy €BOJTIOLIIT;
(1) - inmexc.
[epiui nepioan po3iMKHEHOTO CTaHy CUCTEMH IPH MEPEXO0Ii BiJ] LUKITY 110
LUKITY €BOJIIOLIT TAKOXK 3MEHIIYIOThCS:

tk+1(1) = tk(L)/2. ()

[MpupicT pekopAHUX MBUIKOCTEH y NEpioan PO3IMKHEHOTO CTaHy CHCTEMHU
3pOCTaE MPH MEePEX0/Ii J0 3aMKHEHOT O Tiepiony. KoedirieHT mpupocTy pekopaHoi
LIBHUKOCTI 32 Mepiojl PO3IMKHEHOT0 CTaHy MOB’3aHUH 3 JIHIHHOIO 3aJIEKHICTIO 3
HOMEPOM TIepioy pO3IMKHEHOTO CTaHy CBOJIOIIT CHCTEMH.

kp=1+0,0135 m, (6)

ne K - koedimieHT mpupoCcTy pEKOPIAHOT MIBUAKOCTI pyXy aBTOMOOLIA Y
MepioJ; pO3iMKHEHOTO CTaHy,

kp= Vmk/VmO, @)
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e VmO,VmK - pekopaHi mBUAKOCTI pyXy B TepInii Ta OCTaHHI# poKH m-
HOTO 1epioly pO3IMKHEHOTO CTaHy.

[MpupicT mwBHIKOCTEH PyXy Y HEpioAn 3aMKHYTOTO CTaHy 3MEHIIIY€EThCS ITPU
TIepexo/Ii 3 eTamy Ha eTal.

KoedimieHT nprpocTy MBUIKOCTI pyXy B NEPILi NePioaH 3aMKHEHOTO CTaHy
3MEHIIYETHCS TPH MEpexXoi N0 MOCHIAOBHHX LUKIIB EBOJIOUII CHCTEMH
BIZITIOBIJTHO /10 3aJI€)KHOCTI

kp(1) =21-6a, (8)

ne kp(l) - koedilieHT NPUPOCTYy MIBHAKOCTI B TEPIIOMY Mepioni
3aMKHEHOTO CTaHy.

KoedimieHT MpUpOCTy KOHCTPYKTHUBHOI IMIBUIKOCTI JISTKOBUX aBTOMOO1ITIB
3MEHIIYETHCS MPU MEPEeXo/i J0 MOCHIOBHHUX IEpioJiB 3aMKHEHOIO CTaHy Ha
KokHOMY etari eposrorii cuctemu JIAJIC BifmoBigHo 10 hopMyi:

1-i1 eTan
Kx =6 - 3,321425(n-1) + 0,5357195(n-1)2
2-ii eramn
Kk =3 -2,125213(n-1) + 0,6251012(n-1)2 9

Amnaniz Gopmy (9) mokasye, 10 IpH MEPEXOo/i 3 €Taly Ha eTal BEJIMYHHA
(Kx -1) 3meHmyeTbes y 1Ba pa3u. ToMy MOXXHA MPUITYCTHTH, 10 HA TPETHOMY
etam eBomorii cuctemu JIAJIC KoedillieHT NTPHUPOCTY KOHCTPYKTHUBHOT
LIBUJKOCTI y MEpPioJid 3aMKHEHOTO CTaHy OyIyTh 3MIHIOBATUCS BiJIIOBIZHO 10

dbopmynu

Kx =1,5-0,3125076(n-1) + 0,06250393(n-1)2 (10)
Jie N - HoMep Mepioly 3aMKHEHOTO CTaHy B MeKax JIAHOTO eTaIly eBOJIOLIII.

KoedimieHT mnpupocTy KOHCTPYKTHBHOI — IIBHJKOCTI y nepioau
posimMkHeHoro crany cuctemu JIAJIC 3pocTae BignoBinHO 10 GopMyin

Kk=1+0,0075 m, (11)

Je¢ m - HOMEp Tepioay pPO3IMKHEHOTO CTaHy B MeXaxX JaHOTO eTaly
€BOJIIOLIIT.

3akoHoMipHIcTh (11) 30epiraeTbcsi Ha BCiX eTamax €BOJIOIIi CHCTEMH
JIAJIC.

AHaJi3 poA0CIOBHOT pO3BUTKY aBTOMOO1IEOYAyBaHHS MiATBEPIDKYE TyMKY
PO Te, IO B NEPiOJX PO3BUTKY PO3IMKHEHOTO CTaHy CHUCTEMH 3/1HCHIOIOTHCS
OCHOBHI BUHAXO/IH, BIAKPUTTS, KOHCTPYKTUBHI 3MiHU aBTOMOO1JISI, 1110 BU3HAYAE
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mporpec y IWHAMIII PEKOPAHUX IIBHAKOCTEH pyXy B HACTYIHI Tepioan
3aMKHEHOI'0 cTaHy. [IpoBeneHi NOCHIKEHHs O3BOJIMUIM TIPHUITYCTHTH, LIO 3a
JMHAMIKOIO PO3PaXyHKOBHX XapaKTEPUCTUK MOYKHA CYIUTH ITPO 3aKOHOMIPHOCTI
€BOJIIOIIT ABTOMOOUTBHUX JIOPIT.
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