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1. Inceprariist npucCBsYeHa AOCHIIKEHHIO IMHAMIKN TPaHCIIOPTHOIO TIOTOKY SIK BikpuToi (isn4HOi cuctemu 3
6araTbMa B3a€EMOJIiIOUMMU eJIeMeHTaMU, L0 BUSIBJISIE BJIACTUBOCTI CKJIaHUX HEJIiHIHHUX cepeloBUIll, 30Kpema
(da3oBi nepexoay, 6idpypkatiii, HecTilKicTb i camonofioHicTb. OCHOBHA yBara 3ocepeKeHa Ha Qi3uko-
MaTeMaTUYHOMY MOZEJIIOBaHHI MEXaHI3MIB yTBOPEHHS 3aTOPIB, YMOB BTPATH CTIMKOCTI Ta [IEPEXOLiB MK
PE>KMMaMMU BUJIBHOTO PyXY I HAKOIIMYEHH4, a TAKOXK Ha pOJIi IETEPMIHOBAHUX i CTOXaCTUYHUX YMHHUKIB y ITOBEIiHI
cructemu. Po3IyIsiHyTO TP B3aeMOJI0NIOBHIOOUI Ninxonu: (1) nerepmiHoBaHy cuctemy Tuny JlopeHua, (2)
CTOXAaCTUYHY MOZEJIb Ha OCHOBI piBHsIHHS Qokkepa-IlnaHka Ta (3) HesiHiliHy cucTeMy 3i 3MiHHMMHU, IO OIUCYIOTh
($a3oBy CTPYKTYpy NOTOKY. Lli MOes1i CTPYKTYPHO NOB’$13aHi Ta BiloO6paXkaloTh Pi3Hi aCNeKTU UHaMIiK1 B yMOBax
HEOJHOPIHOCTI, 3aTPUMOK peakliii Ta 30BHilIHiX 36ypeHs. Hesninilina moness Tuny JlopeHiia onucye B3aeMOJiio
MIiX rajlbMyBaHHSM, IPUCKOPEHHSIM 1 yacoMm peakuii. [uHamika cuctemu (popmMaisyeTbCsl TPbOMA OB SI3aHUMU
3MIHHMMU: BiIXWJIEHHSIM Bifl ONTUMAaJIbHOI JUCTaHLii 0, MBUAKICTIO V Ta YacoM peaklii 0. [IpoBeneHo mobyioBy

($a30BUX NIOPTPETIB, aHAJIi3 PIBHOBR)XKHUX TOYOK i BUBHAYEHO YMOBU (a30BUX IepexomiB. IneHTndikoBaHo KpUTHUYHI



3Ha4YEeHH 00, 0 Ta 0O, 0 [T0Ka3yI0Th, AK JIOKaJIbHI IapaMeTpy, 30KpeMa CEpPEIHIN Yyac peakiiii, MOXKYTb 3yMOBJIIOBATU
MaKpOCKOIIiYHi 3pymeHHs Ta 6aratocTiiikicTs. KapTu ¢pa3oBux TpaeKToOpiil IeMOHCTPYIOTh CTIilKi 1 HECTilKi
PEKMMU, Pi3Ki [IEPEXOAM 10 3aTOPIB i y3roIKEHICTh 13 eMIipyuYHUMU JaHUMU. CTOXaCTUYHA MOZEJIb HA OCHOBI
piBasiHHS QoKKepa-TlnaHKa BpaxoBye GiyKTyalii 0o, e OCHOBHUMHU 3MiHHUMU € NTapaMeTp MOPSAKY I (IiIbHICTb) Ta
¢dazoBa 3MiHHA O (3MiHa mBUAKOCTI). [TokazaHo, 0 BUIAIKOBI 30ypeHHs iHTeHCcHBHOCTI Do 31aTHi iHgyKyBaTu
nepexony MK pekuMaMU HaBiTh 6€3 30BHILIHIX YMHHUKIB. UncesbHi cuMysLii BUSIBIISIIOTh aBTOKOJIMBAJIbHI CTaHU,
3POCTaHHS €HTPOMINHOI CKIaAHOCTI Ta KJIaCTEPU3allilo, 0Ai6HY A0 IPOLECiB y (Pi3nlli KOHAEHCOBAHUX CEPEAOBUII
a60 HecTabinbHOI I1asmu. Tun myMmy BASBUBCS BU3HAYAJIbHUM: HEKOPEJIbOBaHi 30ypEeHHsI CIIPUYMHSIOTh PO3Ma],
IIOTOKY, TOJIi SIK KOPEJIbOBaHi — PETyJIsIPHi KOJIMBaHHSA. PE30HAHCHE MiICUJIEHHS IIyMOM CUTHAJIi3y€e PO
HaOJIMKEHHSI KPUTUYHUX CcTaHiB. CIIeKTPU CaMOoIIOfiOHOCTI Ta OLliHKa eHTPOIiNHOI CKJIaHOCTI HiITBEPIKYIOTb
($a3oBi nepexoay, inAyKoBaHi QuyKTyalissMu. Y3arajbHeHa Mojiesb JIJopeHIa 3 ypaxyBaHHSIM PO3CTPOMKU 4YaCTOTU
A Ta CUMETPIHOTO aHaJIi3y OnMcye NPpoCTOPOBO-YaCOBY AMHAMIKy MIBUIKOCTI Ta (pa3u. BusiBieHO 6e3nepepBHY
cumetpito obepranb Tuiy U(1) i nuckpetHy A-cumertpio. Cucrema Moxxe popMyBaTH iHBapiaHTHU TOP —

I BOBMMIpPHY IIOBEPXHIO ¥ (Pa30BOMY [IPOCTOPI, 110 BiATIOBifae peXXUMY NOBIMHOI nepioguyHocTi. Takuil pexxum
BiZITBOPIOE XBUJIL «CTOI-€HJ-TOY» SIK KOT€PEHTHI HEJIiHiiHI cTpyKTypu. [Ipu 3pocranHi A KBasinepioguyHi pexxumu
3MIHIOIOTBCSI XAOTUYHUMU 00EpTaHHSIMU 3 NTOPYIIEeHHIM cuMeTpii. Bidypkauniitnuii ananis Xomnda Ta kKaptu
CTIMKOCTi BUSIBJISIIOTH JIOKAJII30BaHi KOJIMBAHHY ¥ KBa3iCTalliOHAPHI XBUJIi YIIOBiJIbHEHHS. TaKUM 4YMHOM, ¥
Iycepralii po3po6yieHO 6araTopiBHEBY MOJI€JIb, 110 NIOEAHY€E HEJIiHilHI, CTOXaCTU4HI Ta cCUMeTpiliHi edexTu. Bona
MOSICHIOE MeXaHi3MU1 (POPMYyBaHHS 3aTOPiB, yMOBY BTPATH CTIKOCTI Ta I€PEXOLIB Y IePEBAaHTAKEHNX MEPEXKAX 3
HEOJIHOPIiJHOIO IiJIbHICTIO, 3aTPUMKAMU Ta IIyMaMU. [IpakTu4He 3Ha4YE€HHS [OJIrae y 3aCTOCyBaHHi 1J1s1
aJallTUBHOTO KEPYBAaHHS PYXOM — BUSBJIEHHS 30H PU3UKY, ONITUMI3alil curHasisauii, oprasisatii peBepCMBHOTO
pPyxy — Ta iHTerpauii y ribpuaHi cumyJsLiiiHi cepeoBUILA 3 BUKOPMCTAHHSIM METO/iB MAIMHHOTO HaBYaHHSL.
3arnporoHOBaHM MifXiJ, Ma€e TaKOKX MDKAVMCUUIUTIHAPHUN [TOTEHIial: 3aBISAKN YHIBEepCaJIbHUM 3aKOHOMIPHOCTSIM
HeJIiHIHO] JUHaMiKU MOJieJib MOKe OYTU afjaliToBaHa /1Jis aHasli3y MoAi6HUX sSIBUL y 6i0JIOTYHMX, TEXHIYHUX Ta
iHpopMaLifiHUX cUCTEMAX, WO BiIKPUBA€ NEPCIIEKTUBY CTBOPEHHS €JMHOTO CUHEPreTUYHOrO MiX0Ly 4O OIUCY

CKJIaIHUX IPOLECIB.

2. The dissertation investigates traffic flow dynamics as an open physical system with many interacting elements,
showing properties of complex nonlinear media such as phase transitions, bifurcations, instability, and self-
similarity. The focus is on physico-mathematical modeling of traffic jam formation, conditions of stability loss, and
transitions between free flow and congestion, as well as the role of deterministic and stochastic factors. Three
complementary approaches are used: (1) a deterministic Lorenz-type system, (2) a stochastic Fokker-Planck model,
and (3) a nonlinear system with variables describing the phase structure of the flow. These models are
interconnected and represent different aspects of traffic dynamics under heterogeneity, delayed reactions, and
external perturbations. A Lorenz-type nonlinear model describes interactions between braking, acceleration, and
reaction time. It formalizes system dynamics with three coupled variables: headway deviation o, velocity v, and
reaction time o. Phase portraits, equilibrium analysis, and conditions for phase transitions are obtained. Critical
values of oo, o, and o are identified, showing how changes in local parameters like average reaction time cause
macroscopic shifts and multistability. Maps of trajectories reveal stable and unstable regimes, abrupt transitions to
congestion, and consistency with empirical traffic data. The stochastic model based on the Fokker-Planck
equation examines fluctuations o, with order parameter r (density) and phase o (velocity change). Random
perturbations of intensity Do can induce transitions between regimes without external triggers. Simulations show
self-oscillatory states, entropy growth, and clustering similar to condensed matter or plasma. Noise type matters:
uncorrelated fluctuations cause decay, while correlated ones produce regular oscillations. Resonant amplification
by noise signals critical states. Self-similarity spectra and entropy analysis confirm phase transitions driven by
fluctuations. A generalized Lorenz model with frequency detuning A and symmetry analysis describes
spatiotemporal velocity-phase dynamics. Continuous U(1) and discrete A symmetries are identified. The system
can form an invariant torus, modeling stop-and-go waves as coherent nonlinear structures. With larger A, quasi-
periodic regimes shift to chaotic rotations and broken symmetries. Hopf bifurcations and stability maps reveal



localized oscillations and quasi-stationary deceleration waves. The dissertation thus develops a multi-level
framework combining nonlinear, stochastic, and symmetry effects. It explains jam formation mechanisms,
conditions of stability loss, and transitions in overloaded networks with heterogeneous densities, delays, and noise.
Practical value lies in adaptive traffic control—risk detection, signal optimization, reversible lane
management—and integration into hybrid simulations with machine learning. The approach also has
interdisciplinary potential, applicable to biological, technical, and information systems, opening perspectives for a
unified synergetic framework for complex processes.
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