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Ilpononyemuvca anzopumm no 00820CMPOKOBOMY NPOZHO3YBAHHIO PO3PAXYHKOBUX
Xapaxkmepucmux mpaHcnopmHo20 NOMOKY HA a8MOMOOIIbHUX O00po2ax O po3pobKu
MEXHIKO - eKOHOMIYHUX PO3PAXYHKIE NpU NPOEeKMYGAHHI A8MOMOOLIbHUX Oopie ma
MPAHCNOPMHUX KOPUOOPIE YKpainu.

The article proposes an algorithm for long-term forecasting of the calculated
characteristics of the traffic flow for the development of technical and economic
calculations in the design of highways and transport corridors in Ukraine.

At the current stage, given the existing man-made loads on the road and the
environment, the future development of the transport system is important. For this, it is
necessary to introduce measures to renew the road infrastructure, introduce new
technologies, use production waste, and reduce emissions of harmful substances into the
environment. In the practice of substantiating the calculated characteristics of highways,
the method of evolutionary-probabilistic modeling is used, which allows for taking into
account the qualitative changes of the transport system in the period forecasted in tBased
ons of empirical data, a dynamic series of changes in the calculated characteristics of the
traffic flow is constructed.

The empirical series of the development of the calculated characteristics of the
traffic flow is equalized by the method of moving average or by the method of least
squares.

The analysis of the smoothed dynamic series is performed. At the same time, the
following are established:

- moments of the beginning and end of periods of the closed state of the system;

- moments of the beginning and end of the periods of the open state of the system;

- the term of closed and open state periods;

- coefficients of growth of the calculated characteristics of the traffic flow in the
periods of the closed and open state.

The data is compared with the tabular data and the stages to which the empirical
dynamic series belongs are established.
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The moment of the end of the period in which the last point of the dynamic series is
located is set.

Using the data, the terms of the following periods, the moments of their beginning
and end, as well as the initial and final calculation characteristics for each period are
predicted.

Kniouosi  cnosa: asmomobinena Oopoea, po3paxyHKOSI — Xapakmepucmuxu,
Mamemamuina Mooeb, agmomoodins, cucmema.

Keywords: highway, calculated characteristics, mathematical model, automobile,
system.

Ha cydacHoMy etami, 3a IiCHYIOUMX TEXHOTCHHMX HaBaHTa)KCHb Ha
aBTOMOOLTBHY IIOPOTY Ta HABKOJIMIIHE CEPEAOBHIIE, € BAXKIMBAM B
MalOyTHROMY PO3BUTOK TPAHCIOPTHOI cucTeMu. Jlias 1pOro HeoOXiTHO
3anpoBaPKyBaTH 3aXOAM IIOJO IOHOBJECHHS JOPOXHBOI 1HQPACTPYKTYpH,
BIIPOBA/DKCHHS HOBHX TEXHOJIOTiH, BHMKOPHCTaHHS BIIXO/IB BUPOOHMITBA,
3MEHILCHHS BUKU/IB IIKIJUIMBUX PEYOBUH y HABKOJIMIIHE cepenoBuie. [1]

B npaktumi  oOrpyHTYBaHHS  PO3PaXxyHKOBHX  XapaKTEPUCTHK
ABTOMOOUTBHUX JIOPIT 3aCTOCOBYETHCS METOJ[ EBOJIOIIHHO-HIMOBIPHICHOTO
MO/JICTIFOBAHHSI, [0 JO3BOJISIE YPAXOBYBATH AKICHI 3MiHN TPAHCHIOPTHOI CHCTEMHU
B TIepioXi, IO TPOTHO3yeThCs y daci. IIpomoHyeTbcs anroput™M IO
JOBTOCTPOKOBOMY MPOTHO3YBaHHIO PO3paxyHKOBUX XapaKTEePUCTHK
TPaHCIIOPTHOTO TIOTOKY AJISl PO3POOKH TEXHIKO - EKOHOMIUYHHX PO3PAaXyHKIB IIPH
MPOEKTYBaHHI aBTOMOOUIHHHX JIOPIT Ta TPAHCIOPTHUX KOPUIOPiB YKpaiHU.
AJTOpUTM pO3paxyHKy HMOBIPHOCTEH Mepexoy KOMIIOHEHTIB CUCTEMH
“JIromuHa - aBTOMOOLITB - CepeIoBUINE PyXy™ 3 (AaKTHYHOTO CTaHy B 3a7aHUM.

1. Ha ocHOBI eMmipuuHMX JaHUX OYAYETbCS JAWHAMIYHUI psg  3MiHK
PO3paxyHKOBUX XapaKTEPUCTHK TPAHCIIOPTHOI'O MIOTOKY.

2. EMnipu4Huii psii pO3BUTKY PO3PaxyHKOBUX XapaKTEPUCTUK TPAHCHOPTHOIO
MOTOKY BUPIBHIOETHCS 32 METOJIOM HalMEHBIINX KBaApaTiB.[2]

3. BUKOHY€ETBhCS aHAINi3 BUPIBHSIHOTO JMHAMIYHOTO psfy.[3]

[Tpn 1bOMy BCTaHOBIIOIOTHCS:

- MOMEHTH TOYaTKy Ta 3aKiHYE€HHS IepioAiB 3aMKHyTOro crany cuctemu JIACP;
- MOMEHTHM TIOYaTKy Ta 3aKiHYEHHsS IEepioJiB PO3IMKHYTOIO CTaHy CHCTEMH
JIACP;

- TEPMiH IepioAliB 3aMKHYTOT'O Ta PO3IMKHYTOT'O CTaHy (JIaru CTaHiB);

- KOeQiIlieHTH TPUPOCTY PO3PAXyHKOBHX XapaKTEPHUCTHK TPAHCIIOPTHOTO
MTOTOKY B TIEPi0I¥ 3aMKHYTOTO Ta PO3IMKHYTOTO CTaHy.

4. Jla"i TOpIBHIOIOTH 3 TaOJMYHWMM Ta BCTAHOBIIOIOTHCS €Talld, N0 SKHX
BiIHOCUTBCSI eMITIpUYHUNA JUHAMIYHUAN PSI.

5. BcTaHOBMIOETBCSI MOMEHT 3aKiHYEHHS INEpiofgy, B SIKOMY 3HAaXOIUTHCS
OCTaHHS Kparka AMHaMI4HOTO PSAY.
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6. BuKOpHCTOBYIOUM [1aHi MPOTHO3YIOTHCS TEPMIiHHW HACTYIHUX TEPiOJiB,
MOMEHTH IX TIOYaTKy Ta 3aKiHYCHHS, & TaKOXX IIOYaTKOBI Ta KiHIEBI
PO3pPaxyHKOBI XapaKTEPUCTUKHU JIJISI KOXKHOTO MEPiofy.

7. Po03paxoBYHOTBbCS WMOBIPHOCTI TEpPEXONIy Bil MOYATKOBOI JIO KIHIIEBOI
PO3paxyHKOBOT XapaKTEPUCTUKU TPAHCIIOPTHOTO MOTOKY JJIsi KOXKHOTO MEePiony,
[0 TIPOTHO3YETHCS, 3aMKHEHOTO cTany cuctemu JIACP mo dopmymi

Py = MoCoe™ + C1"[M;cosPt - Mysinpt]+ C,e"[M,cospt + Mysinpt]-
-MoCoe™™ - C1e™[M;cosPt, - Mysinpt,]- Ce™*[Macospt, + Mysinpt,] + 1, (1)

ne i, - Tpenn crany,
P, — IMOBIpHICTb.
VY mpomeci po3paxyHKy HMOBIPHOCTEH BHMKOPHCTOBYIOTHCS TNapaMeTpu
Mozeni po3BuTKy cucremu JIACP.
8. Po3paxoByrOTECSl 3HAYEHHS PO3PAaXyHKOBHX XapaKTEPUCTHK TPAHCIIOPTHOTO
MOTOKY JIJIsl KOYKHOTO TEepiojly, IO IPOTHO3YETHCS, 3aMKHEHOTO CTaHy CHCTEMH
JIACP no ¢opmymi

Vx(t) = VKO(l_PCX) + VK3 P(x > (2)

e Vo - IOYaTKOBA MIBUKICTh MEPioay 3aMKHEHOTO CTaHy;
V,; - KiHIIeBa MBUAKICTH MEPioAy 3aMKHEHOTO CTaHy.
9. Po3paxoByrOThCSl 3HAUEHHS IWIBUIKOCTEH PYyXy IS KOXKHOTO
nepiofy po3iMKHEHOTO CTaHy, IO MPOrHo3yeThes, cuctemu JIACP mo

dhopmyoi:
VK(t) = VKl‘l + (kaf VKﬂ )t/Tp s (3)
ne Vi, - MOYaTKOBa MIBHIKICTH MEPiOAy PO3IMKHEHOTO CTaHY;
V« - KIHIICBA NIBUKICTh MEPi0y PO3IMKHEHOTO CTaHY;
T, - TepMmiH nepiofy po3iMKHEHOro CTaHy (TPEH[ CTaHy);

t - yac (pik B JaHOMY TIEpioi).

10. Vmosipricts P, pospaxoByeTbes no popmyii [4]
P, = NoCoe™™ + C1e™[-NycosPt - NsinBt]+ Ce'[-N,cosPt + NisinBt]-

-NoCoe™'™ - C1e"[N;cosPt, + Nosinpt,]- Coe™[-N,cosBt, + Nisinft,] + 1, (4)

e t,- TPEHJI CTaHY;

P — #imoBipHicTh nii hakTopy;
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No - cepenHpo1000Ba iIHTEHCHBHICTD PYXY 32 PiK, sSIka BU3HAYAETHCS 110

JIaHUX JUTSTHKU PYXY;

11. IIporHo3 (haKTHYHMX MIBUAKOCTEH PyXy PO3PaXxyHKOBOTO aBTOMOOLIS MOXe

OyTH BUKOHaHUH 32 HopMyIIor0

V= Vrm(l'PJI) + Vnan 5

)

e P, — #MOBIpHICTD 3HAXOIKEHHS KOXHOTO 3 O0’€KTIB TIOJS

CIIPUIHATTS BOJIs B HEOE3MEeYHOMY JUTs pyXy CTaHi [5].

AJNTOpUTM pO3paxyHKy HMOBIPHOCTEH Nepexoay KOMIOHEHTIB CHCTEMHU

“JIronmuHa - ABTOMOOITE - Cepena pyxy” 3 GakTHYHOTO CTaHy IO 3aaHOTO.
AuropuT™ po3paxyHKy imoBipHocTell P(t) Bkirouae HacTymHi onepaiii:

1. BBoasTecs BXiaHI 1aHi, IKI BKJIIOYAIOTh:

- Koe(iIieHTH Bard KOMIOHEHTIB CHCTEMHU
K.? =0,6666; K, =0,16666;K." = 0,16666;
K,® =0,16666; K,® = 0,6666; K. =0,16666;
K, =0,6666; K,” =0,16666; K. = 0,16666;

- JIar¥ 3aMKHEHOTO CTaHy t,;

- MOYATKOBI 3HAYCHHS WMOBIpHOCTI P g, Py, Po.

2. Po3paxoByrOThCs KOe(DIli€HTH MOIEITI PO3BUTKY CUCTEMHU 3a (pOpMyIaMHu:

me=1+ Ka(l) KH(Z) + Kﬂ(l) KH(3);
my = 2K, O — K,® K,©:

my= 2K, — K@ K,O:

No= Mo+ myK,® + mK,®:

Ny = mo K9+ my - mK,©:

N, = mo K, - mK,@ + m,.

3. PoszpaxoByroTbcsi KOe(DiliEHTH HEMOBHOTO KyOIYHOTO  PIiBHSHHSI
¢bopmynamMu

p = -1/3[(n:K,P - K, ) /(K,BPm, — K,Pmy)J?

-(nlmz' nlmz)/ (Ka(l)mz — Kﬂ(l)ml);
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q-= 2['1(n1Ku(1) " nzKa(l))/ 3(Ka(l)m2 - I§n(1)ml)]3 L
'(ana( - n2|1<a( )) (namo- TlmZ)IB(Ka( )m% - Ku( )m%)
-[(na(m.- Kn( )mo)"‘ nZ(Ka( ‘mo - ml)/(Ka( ‘m, - Ku( )ml)'no]-

4. Po3paxoBy€TbCSl AWCKPUMIHAHT HEMNOBHOTO KyOI4HOrO pIiBHSHHS 3a
(bopmyoro

D = (p/3)® + (0/2)°.
5. Po3paxoByeThcst JiiCHUH KOPiHb KyOIYHOTO PIBHSHHSA 32 (POPMYJIOI0
A= (A+B) + (anA(l) -nok, M) /3 (K, m, - KA(l)ml),
re A= [9/2+ ()",
B = [-g/2 - (D)3,

6. Po3paxoByeTbcs [ilicHa dYacTWHAa KOMIUICKCHO-TIOB’SI3aHMX KOPCHIB 3a
(bopmymoro
o =-(A+B)2+ (K, - nK,)3(K,Pm, — K, Pmy).

7. Po3paxoByeThCs KPYroBa 4acTOTa KOJIMBAHb 33 (POPMYJIIOI0

B=(A-B)2*(3)"

8. Po3paxoByroThCs KoedillieHTH MOJIelTi PO3BUTKY 3a (hopMysamMu
M, = [1/(K, Wm, - Kp,(l)m1)][KA(1)7\v12 +mahy + (my— Kg(l)mo)]}

M = [1/(K, Pm, = Ky Pma)1[K, P (o’ =B?) + mya + (my = K, Pm)];
M, = [1/(K, Pm, — K, Wmy) 112K, Mo + moB;
No = [1/(Ka (l)mz - K,q(l)ml)][(Ka(l)mO - ml) -mik - Ka(l)xlz];

Ny = [1/(K, Pmy = K, Oma) (K.Y me - my) - myo - K,P(o-B2)];
N, = [1/(K, my = K, Umy)1[2K,YaB + m,B].

9. Po3paxoByIOTHCSl BASHAYHUKK MOJIENI 38 (DOPMYJIOKO:

Ao= - (1-€M%)[M,(1-e"cosBt,)+Me*CsinBt,] [N;(1-
e cosPt,)+N.e* sinft,]

- (1-€"®) [N, (1-ecosBt,)-N,e“CsinBt,] [M,(1-e“ cosBt,)-Mie“ sinBt.]
+ (1-e®°cosPt,) [M,(1-e*°cosPt,)-M:e“CsinBt,] No(1-€*'®)
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+ (1-e®°cosPt,)[N(1-e*CcosPt,)+N.e* sinBt,] Mo(1-e*')
- e*%sinBt,Mo(1-e %) [No(1-e*>cosBt,)-N,e “*sinft,]
- €*%sinBt,No(1-e %) [My(1-e“PcosBts)+M,e*CsinBt,];
A, = (1- Pro) [My(1-e*cosPt,)+M,e* sinBt,] [N,(1-e*“cosPt.)+N e sinft,]
+ (1- P,o)[N1(1-€*cosPt,)-N,e*"sinBt,] [M,(1-e**cosPt,)-M,e* sinpt,]
- (1- Poo) [IM4(1-e*“cosPt,)-Me*“sinBt,] (1-e*“cospt,)
- (1-e*"cosPt,)(1- Pyo) [Na(1-e*cosPt.)+N e sinft.]
+ €*sinBt,(1-P,o) [N1(1-e*“cosPt,)-N,e*“sinPt.]
- €*%5inPt,(1- Pyo) [My(1-e* cospt,)+M,e*“sinpt,];
Ay = (1-€M%)(1-P,0) [N5(1-e“cosPt,)+N.e“PsinBt,]
+ (1-e%)(1-P ) [M,(1-*“cospt,)-Mye“ sinpt,]
- (1-Pyo) [M(1-e* cosPt,)-M,e“sinBt,] No(1-e*)
- (1-P,o)[Na(1-e*cospt,)+N.e*CsinBt.,] Mo(1-e™')
+e™sinBt,Mo(1-e %)(1-P ) -€“®sinBt,No(1-e™")(1-P,o);
As= - (1-€""%)[My(1-e*%cosPt,)+M,e* sinBt.] (1-P,o)
- (1-e™%)[Ny(1-e* cosPt.)-N,esinft,] (1-Pyo)
- (1-e™cosPt,) (1-Pso) No(1-e™®)+ (1-e*cospts) (1-Pao) Mo(1-e*'®)
- (1-Prg)Mo(1-€ *1%) [Ny (1-e“®cosPt,)-Noe“sinpt;]
+ (1-P,o)No(1-€ M%) [Mo(1-e“CcosPt,)+M,e*sinBt,].

10. Po3paxoByrOThCS OBUIBHI TIOCTIiHI MOIENi
G= A/ Ao,

Ci= A2/ Ao,
Cz = Ag/ Ao.

11. Po3paxoByrOTECS IMOBIPHOCTI MEpEeX0Ay KOMIIOHEHTIB CHCTEMU 3
(hakTHYHOTO CTaHy B 3aJIlaHUH 3a (HOPMYJIOIO

P,= P+ Co(e"™ - €"®) + e™[CicosPt + Cysinft]
- e**[C,cosPt + CosinPt] + (1 - Py);

Py= Py + MoCo eMt + Cleat[M1COSBt - MzsinBt]
+ C,e™ [M,cosPt + M;sinBt] - MoCo '
- C,e"*[MycosPt, - MsinBt,]- Ce**[M,cosPt, + MysinBt.] + (1 — PLo);
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Pa= Pao + NoCoe™™* + Cie™[NycosBt + NysinBt]
+ C,™[-N,cosPt + NysinBt] - NoCo €™
- C1e*®[N;cosPt, + N,sinBt,]- C,e**[-N,cosPBt, + NysinBt,] + (1 — Py).

Lleit anropuTM MOXe 3acCTOCOBYBAaTHCS [UIi BCIX PpO3paxyHKOBHX
XapaKTEepPUCTUK TPAHCIOPTHOTO IOTOKY KOMIIOHEHTIB cucremu ‘JliopnmHa -
aBTOMOOLIb - cepeloBHIIE PYXY’, TAaKUX SK HAaBaHTa)XCHHsS, IHTEHCHBHICTH Ta
LIBUAKICTh PyXy. 3a pe3yjibTaTaM¥ JIOCHI/PKEHb IOBEIEHO, L0 AJITOPUTM IO
JOBFOCTPOKOBOMY MPOTHO3YBaHHIO PO3paxyHKOBUX XapaKTepUCTUK
TPAHCIOPTHOTO MOTOKY MOXE 3aCTOCOBYBATHCS M PO3POOKH TEXHIKO -
eKOHOMIUYHUX pO3PaxyHKIB IIpH TIPOEKTYBaHHI aBTOMOOUIRPHHX IOpir Ta
TPAHCHOPTHUX KOPUIOPIB YKpaiHH.
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