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MATHEMATICAL MODELING OF ENVIRONMENTAL POLLUTION
FROM MOTOR TRANSPORT

Shubina Kristina Yurievna
National Research Tomsk Polytechnic University, Tomsk

AHHOTAUMA: B padOTe MpeACTaBieHa MaTeMaTH4YeCKas MOZeJb, OMMCBIBAIOIIAS MEPEHOC
3arpsI3HSIOMIMX BELIECTB B BO3[yX€ OT aBTOTPAHCIOPTA C YUETOM METEOPOJOTHYECKUX YCIIOBHUH,
UHTEHCUBHOCTH [BW)KEHHs M TPAHCIOPTHOrO cocTaBa. Ilporecc mnepeHoca 3arpss3HSIOLIEro
BEIIECTBA C TEUCHUEM BpPEMEHU OMNUCHIBACTCS C TMOMOLIBIO YpaBHEHHI PeliHonbaa s
TypOyJeHTHOro TeueHus. [laHHas cucTeMa ypaBHEHHH pelnanach 4ducieHHo. Jist mosyueHwus
IMCKPETHOrO aHajora HMCIOJb30BAJICS METOJ KOHTPOJBHOrO oObeMa. B pesyibrare peanuzanuu
NPOTrPAaMMHOTO KOJa PacCUUTAHBbl paCMpefesieHHss KOHLEHTPALMHU 3arps3HSIOLIerO BELIeCTBA,
BBIIENISAIONIErocss OT aBToTpaHcrmopra (Ha mpumepe (C(J)) B pa3nu4HbIE MOMEHTHI BPEMEHU B
OKPECTHOCTH aBTOOPOTH.

Abstract: the research presents a mathematical model describing the transport of pollutants in
the air from vehicles, taking into account meteorological conditions, traffic intensity and transport
composition. The process of transport of a contaminant over time is described using the Reynolds
equations for turbulent flow. This system of equations was solved numerically. To obtain a discrete
analog, the control volume method was used. As a result of the implementation of the program
code, the distributions of the concentration of the pollutant released from motor vehicles (e.g., CO)
at various points in time in the vicinity of the highway are calculated.

KawueBbie cioBa: MareMaTHueckoe MOJCTUPOBAHHUE, 3arps3HAIOLINE  BEIIECTBa,
ABTOTPAHCIIOPT; KOHLIEHTPALHSI, METO/I KOHTPOJIBHOTO 00bEMa;, YUCISHHBINH METO/I.

Keywords: mathematical model; pollutants; motor transport; concentration; control volume
method; numerical method.
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C pas3BuTMEM MPOMbILLIEHHOCTM W TPaHCMOPTHBLIX CPeACTB aHTPOMOreHHoe 3arps3HeHue
6uoctepbl BCMeACTBME AeATENIbHOCTM 4YefioBeKa MOCTOSHHO YBE/IMYMBAETCH, YTO HeraTtuBHO
CKa3blBaeTCA He TOMIbKO Ha OKpYXKatoLlei cpede, HO M Ha 3[40pOoBbe YenoBeka. B Poccun Ha fonto
TPaHCNOPTHBIX CPeACTB NpuxoanTcs okKono 40% oT o6Leil Aonu 3arpss3HeHns Bo3ayxa. B cBasu ¢
3TUM BO3pacTaeT Po/ib Hay4HbIX WCCMeA0BaHW, HanpaBfeHHbIX Ha MaTemaTU4ecKuUi aHann3
3arpssHeHMst Bo3dyxa. Mcnonb3ysi MatemaTMyeckue MOAenn, Mbl MOXEM MNPOrHO3MpoBaTb
pe3ynbTaTbl pas/IMyHbIX MPUPOAOOXPAHHBLIX MEpPONpUATUA U ONTUMU3MPOBATL MCMO/b30BaHMe
CpeacTB, BblAeNseMbIX Ha OXpaHy OKpYXXatoLlel cpespl.

PunsmyecKaa NocTaHOBKa 3aaun

PacCMOTPUM  HeCTalUMOHapHYH) ABYMEPHYKO 3afady MepeHoca BbIJENEHNS rasoB OT
aBTOTpaHcnopTa nof AeWcTBMeM BeTpa. B paccmaTpmBaemoil 06/1acTv B HauaslbHbIA MOMEHT
BpeMeHu t=0 3aaaHO0 pacnpeaeneHue KoHueHTpaumm Ce=0. Ha neBoit rpaHuLe pacyeTHOW 06nacTw,
Ha (PMKCMPOBaHHOM BbICOTE 3afaHa CKOPOCTb BeTpa. HeobxoaMMo HailTu pacnpefeneHvie
KOHLEHTPaLmMKN razoobpasHbiX NPOAYyKTOB, BbIAENAOLIMXCA OT aBTOTPaHCMOpTa No Bcel 061acTu B
pas/iniHble MOMEHTbl BpeMeHW NS  Pa3/IMYHbIX 3HAa4YeHWn MapameTpoB. Ha pucyHke 1
NpeLCTaB/IeHO NOMepeYHoe ceyeHne aBToOAoPOrv LWNMPUHON a-b, KoTopas NpMNoAHsATa Ha BbiCOTy H.
3afiaHa MHTEHCUBHOCTb ABVMXKEHWSA U NMPOLEHTHbIN COCTaB TPAHCMOPTHbIX CPeACTB.

PucyHok 1- CxeMapacuyeTHoIN obnacTu

MaTemaTnyeckasn noctaHoBKa 3agaym

MatemaTmMyeckn nNpoLecC nepeHoca 3arpA3HAOLLEro BeLLeCTBa C TeYeHVWEM BPEMEHWU B
[AaHHOM 061acTV ONMUCBIBAETCS C NOMOLLbIO CNefyHoLLen cucTeMbl AuddepeHunanbHbIX YpaBHEHNI
(YpaBHeHWUIA Hepas3pbIBHOCTK, [ABWKEHUS W AWUG(Y3mMn) C COOTBETCTBYHOLLMMU Hava/bHbIMA 1
rPaHUYHbIMKN YCOBUAMM:

D

o, m, v\ P, ~Can, N o )
fdv dv dv\ ap ~fodv\ A fodw

P )

4)

Pe - PRT, )

roe t- Bpems, U, V - MPOeKLMX BEKTOpPa CKOPOCTM Ha ocu X, Y, P - maeneHue, C - KOHUEHTpauus
3arpsAsHAOLLEN MpUMECKH, P - MNAOTHOCTh, Y, D - KO3pUUMEHTbI TYpOYNeTHOM BSI3KOCTU U
anddyamn. S - KonmyecTso 3arpssHatoLlero Belectsa (CO), BblaenstoLerocs 0T aBToOTpaHCMnopTa
B eAuHULLEe 06beMa B eIMHNLY BPeMEHN, 3aaaeTcsa Mo opmye:

c_fROa<x<b,0<y<H,
Nal 0
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7D+ 2
0~ (360051 ' n

rge | - VMHTEeHCMBHOCTb ABMXKeHUA (aBT/yac), Dis, R, L - NPOLEHTHbIN cOCTaB TPaHCMOPTHOro
noToka (Au3efbHble, OEH3MHOBLIE W JErkoBble aBTOMAlUWMHBI), paBHble 20, 30 u 50%
COOTBETCTBEHHO; Sr - LUMpMHA aBTodoporu Sr =b-a. D=0.4y, u=0.4y, yo.=0.1, tj =3 ¢, a=4 ™, b=8wm,
H=2 m, 1=40 m, h=20 m.

CKopocTb BeTpa Ha N1eBOi rpaHuLe obnactu onpegensetca no dopmyne: n(0,y) = MO(W"-",

roe I'b - CKOpOCTb BETpa Ha BbiCOTEY 0 =1 M.

B AaHHOM uvccrefoBaHUM pacCMaTpUBaOTCA BapyaHTbl U3MEHEHWs CKOpoCTY BeTpa: uo=l, 4,
7 mlc, a TakKe MHTEHCMBHOCTL AkeHNsa: 2000 aBT/yac, 3000 aBT/vac.

UucneHHoe peLleHmne

PelleHne 3afja4yn OCHOBAHO Ha MeTOAe KOHTPO/bHOro obvema [1]. YUucneHHbIn MeTOf
PEeLUeHNs CBOAMUTCA K MOSTYYEHUIO AMCKPETHOro aHasiora Afs cuctembl ypaBHeHuid (1)-(5). Ons
peLLeHns AUCKPETHOro aHasiora npumeHseTcs metog TDMA [1].

AHann3 nonyyeHHbIX pesynLTaToB

B pe3synbtate pacyeta nonyyunn none pacnpocTtpaHeHWa KoHueHTpauum CO ot
aBTOTPaHCMNOPTa C TEYEHNEM BPEMEHN.

Ha pucyHkax 2-3 npeacTaBfieHbl pacnpefenieHns KoHueHTpaumii CO and  pasnuyHbIX
CKOpOCTel BeTpa, 3ajaHHOro Ha /IeBOW rpaHuLe pacyeTHOM 061aCTU U MHTEHCUBHOCTU [BUXEHNS
TpaHcnopTHbIX cpeacTs 2000 aBT/yac.

PucyHok 2 - PacnpegeneHve koHueHTpauum CO. CkopocTb BeTpa 1m/c, rae 1- 0.0039 mr/m3
2- 0.016mr/m3 3- 0.029 mr/m3

PucyHok 3 - PacnpegeneHvie koHueHTpauum CO. CkopocTb BeTpa 7Mm/c, rae 1- 0.0038 mr/m3
2- 0.024 mr/m3 3- 0.025 mr/m3

Takum  06pa3oM, MpU  YBE/IMYEHWM  CKOPOCTM  BETpa  3arpsisHsaollas  NpUMeCh
pacrnpocTpaHsieTcs Ha G0o/blLee PacCTOsHUE.
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Ha pucyHkax 4-5 npefcraBneHbl pacnpefesieHns KoHUeHTpaumin CO an1st pasHbIX 3HaYeHWi
WHTEHCUBHOCTU ABWXEHUA NMPU CKOPOCTU BeTpa 4 m/C.

PucyHok 4 - Pacnpegenenne KoHueHTpauuy CO. MIHTEHCUBHOCTb ABUXKEHNA TPAHCNOPTHbIX

cpeacTs 2000 aBT/yac, rge 1- 0.0036 mr/m3 2 - 0.023 mr/m3 3- 0.038 mr/m3

PucyHok 5 - Pacnpegenenune koHueHTpauuy CO. MIHTEHCUBHOCTb ABUXKEHNA TPAHCNOPTHbIX

cpeacTs 3000 aBT/uac, rge 1- 1.2mr/m3 2 - 3mr/m3 3- 6mr/m3

AHanm3npysa pUCYHKM 4-5, MOXXHO CAeNaTb BbIBO4 O TOM, YTO 3arpsasHANLLAs MPUMECH C
yBe/IMYeHEM NHTEHCUBHOCTU [BVKEHUS PacnpOoCTPaHSeTcs Ha 60/bLuee paccTosiHve [2-7].

3aK/toyeHne: Ha 0CHOBE MOJTyYEHHbIX YMC/IEHHbIX Pe3y/ibTaToB Obl1 CAefaH BbIBOA O TOM,
YTO KOHLIEHTpaUWsl YrapHOro rasa, BblAesiiemMoro B rnpouecce ropeHns aBToMoOuIbHOro Tor/mea
NPU WHTEHCMBHOCTM [ABVMXeHMSA paBHoi 2000 aBT/4yac, He npeBbicWIa NPeaesibHO [A0MyCTUMOe
3Ha4yeHVe, HO C yBeNIMYEeHMEM CKOPOCTW BeTpa OT 140 7 M/C M MHTEHCMBHOCTY ABWKeHUA o 3000
aBT/4ac NPOUCXOANT MHTEHCUBHBIA NEPEHOC 3ar PA3HAIOLLMX BELLECTB Ha 00/bLLIEe PacCTOSIHIE.
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ANALYSIS AND IMPROVEMENT OF THE QUALITY OF SERVICES IN THE FITNESS
INDUSTRY ORGANIZATIONS

Shushpanova Alexandra Olegovna, Khudyakova Tatiana Stanislavovna
Ural State University of FEconomics, Yekaterinburg

AHHOTaHI/IH: CTaThd IMOCBAILICHA BBIABJICHUIK BAXXHBIX JIA HOCETUTENEN q)HTHeC-KHY6OB
nokasaTesieii kadectBa oOciykuBaHus. OOO3HA4YeHbI MOKA3aTeNUu KadyecTBa OOCIY)KUBAHUS M
METOAbI UX OLCHKH, KOTOPBIC MOMOTAIOT BBIABUTHL HA YTO B MEPBYHO OYCPEAL HYXKHO O6pa]l[aTb
BHUMAaHHE TIpU pa60Te C KIIMCHTAMMU. HpOBeHeHHbIﬁ AHAJINU3 MO3BOJUI NPCAJIOXKUTE HAITPABJIICHUSA
yIIYUIICHUs] KauecTBa 00CTy KMBaHUs TIoceTuTenell purHec-kiryOoB. ABTOPBI MPUXOAST K BBIBOAY,
4dTO Ka4€CTBO YCIYI' CEPBUCHBIX OpFaHI/ISaLII/Iﬁ nMeeT MHOFOFpaHHbeI XapakTep, AJid €TI0 aHalin3a
HeO6XOI[I/IMO H3ydaTb MHECHHA KJIMCHTOB Ha pPa3HbIX J3Talax O6CJ'Iy}KI/IBaHI/I$I. HOJ'IyLIeHHbIe
pe3yJIbTaTHI MPEACTABISIOT HHTEPEC KaK IS BIaAesbleB On3Heca B chepe GUTHEC-MHAYCTPUH, TaK
U 111 Oy AyIIMX HayYHBIX UCCIIETOBAHHMN.

Abstract: the article is devoted to identifying indicators of service quality that are important
for visitors to fitness clubs. The indicators of service quality and methods for their evaluation are
described. The analysis made it possible to suggest ways to improve the quality of service in fitness
clubs. The authors come to the conclusion that the quality in service-oriented organizations has a
multifaceted character, for its analysis it is necessary to study the opinions of customers at the
different stages of service. The results obtained are useful both for business owners in the fitness
industry and for future scientific research.

KioueBbie cjioBa: KauecTBO yCJIYT, aHAU3 KauecTBa; PUTHEC-UHIYCTPHSL.

Keywords: service quality; quality analysis; fitness industry.

B KkM3HM KaxXmoro uenoBeKa MOJDKHO OBITh MecTO (PM3M4YecKOoW axkTHBHOCTH. Ecim
npodeCCHOHATBHBIM CITIOPTOM HYKHO 3aHHMATBHCS C AETCTBA, TO MOAAEPKUBATH CBOE (PH3UUECKOE
coctosiHne B (opme MOXKHO B JroOOM Bospacte. CoBpeMeHHbIE (PUTHEC-KIyOBI MpenararT
MOCETUTENSIM IIHUPOKUH CHEKTpP HampaBleHWH (pu3ndeckoll aKTHBHOCTH, YTOOBI KaKABIA HaIlew
3aHATHE MO Ayme. HampaeineHus MoryT ObIThb Kak CHJIOBBIMH, TaK U KapIHO-TPEHHUPOBKAMHU,
YPOBEHb HATPY3KH U CIOXKHOCTb yYIPAKHEHUH MOAOMPAIOTCS WHAWBHUAYAJIbHO. YUHTBIBAS TAKYIO
WHIMBUAYAIN3ALUIO 3aMIPOCOB MOCETUTENEH, BOMPOCHI MPHUBJICYCHUSI U KadecTBa OOCITY>KUBAHHS
KJIMEHTOB (PUTHEC-KIyOOB CTAHOBSITCS AKTyajJbHBIMH. BaKHO MOHMMATh, MO KaKUM KPUTEPUSM
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