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Heasn: [TonyuuTs HaAECKHBIE U TOCTYIHBIC JUISI MPOSKTHBIX OPTaHU3alNi 3HAYEHUS WHTCHCUBHOCTHU
MaJIbIX IOXKIeH Ha TeppuTopun PD, McHoap3yeMBIX MIPH pacdeTe CHCTEM JIMBHEBOHM KaHAIWU3auu Oe3
CIIOXHOW W TPyJOeMKOH 00pabOTKH MHOTOJIETHUX JTaHHBIX METEOCTAaHIIMH M 00OCHOBAHHOTO OIIpe-
JeJeHus: 00BEMOB JIOXKIEBOIO CTOKA, HAMIPABISAEMOT0 Ha OUUCTKY. MeToabl: Mcrons3ytoTcst MeToabl
IKCTPANOIAIMOHHON anMmpOKCHUMAall{ UMEIOIINXCA JAHHBIX IO JOXK/ISM CpEeAHEH M OOJBIION MHTEH-
CHUBHOCTHU B JIMANa30HE U3MEHEHUSI MEPUOJA OAHOKPATHOTO MPEBBIILICHHS PACUETHON UHTEHCUBHOCTH
noxas 0,5-5 jer ¥ MaTeMaTHUECKOTO MOJICIUPOBAHMS IIPOIECCca BBINAACHUS TOKACH ¢ rpaduuecKoit
HHTEpIIpeTalei Moly4YeHHbIX pe3yIbTaToB B BUJIe KapT n3onuHuil. Pe3yabrarsi: Briepsrie cocTanie-
HBI allMTPOKCUMHUPYIOIINE 3aBUCUMOCTH IO PACUETHBIM JOXKIIIM MaJIOi HHTEHCUBHOCTH 0oJjiee 4yeM IS
70 ropomoB P®. Ha ocHOBaHWU aHaM3a UMEIONIUXCS TAHHBIX U3 MATA BO3MOXHBIX TPEHAOB, Mpeia-
raembIx cuctemoir Microsoft Excel, BEIOpanb HarboJree TOUHO OIMMCHIBAIOIINE XapaKTep pacIpeeIICHUs
SKCTPANONIUPYEMbIX 3HAUEHUNH NHTEHCUBHOCTHU CPEIHUX AMKIEH, CTEIIEHHAs U MOJIMHOMUAJIbHAS JINHUU
TpeHAa. BeIMOoTHEHBI pacueThl U MPOBeIeHa OIIEHKA JOCTOBEPHOCTH anmnpokcuManuu. OTKIOHEHUS He
npeBsImaoT 1 %. Paccuntansl ocpefHEHHBIE 3HAYEHUSI HHTEHCUBHOCTH MalIbIX nHoxkaen mipu p = 0,05 u
0,1 roma, peKOMeHTyeMbIX CTPOUTEIHHBIMHA TIPABIIAMH IS ONPEIEIeHIs] 00bEMOB JIOXKIIEBOTO CTOKA, Ha-
IIPABJIAEMOr0 Ha O4UCTKY. [0 pacyeTHBIM JAHHBIM COCTABJIEHBI KAPThI U30JMHUN AJ1s1 EBponeiickoil yactu
tepputopur PO. IlpakTHyeckasi 3HAYUMOCTh: Y TOYHSIOTCS 00BEMBI JOXKIIEBOTO CTOKA, HATIPABIIIEMOTO
Ha OYHUCTKY, C yY4ETOM reorparuecKoro MOJIOKEeH!sT 00BhEeKTa IMPOSKTUPOBaHU. AHAJIH3 MOJTYYeHHBIX pe-
3yJIbTaTOB IIOKA3bIBACT, YTO JJIs TeppuToprun EBponelickoit yacth PO MHTEHCUBHOCTD PACUETHBIX JOXKACH
COCTaBJISIET OT 2,5 10 31 MM B 3aBUCHMOCTH OT MECTOIIOJIOKEHUS O0BEKTA, & B CIIOKUBIIICHCS TIPAKTHKE
NPUHUMAETCS TPOU3BOIBHO B 1uana3zone 5—10 MM, YTO IPUBOAUT K 3HAYUTENBHBIM NOrpemHoctsM. Co-
CTaBJICHHBIC KAPThI U30JUHUI MO3BOJISIOT C MUHUMAILHBIMU 3aTPaTaMyi BPEMEHU U CPENICTB MONTYIUTh
HaJIe)KHBIE TaHHBIC TI0 MHTCHCUBHOCTH PACUYETHBIX NOXKJIEH 1 000CHOBAHHO OMPENCITUTh PacueTHHIC
pacxombl 1 00bEMBI IOKIECBOTO CTOKA TPH MPOEKTHPOBAHIH JIMBHEBOU KaHAIM3AIUN HACEICHHBIX MECT,
MIPOMBINUICHHBIX TPEANPUATUI U TpaHCIopTa 0e3 00pabOTKK JaHHBIX MeTeocTaHIui. bonee TouHoe
ompeneneHne 00beMa JOKIEBOTO CTOKA, ITOJISIKAITETO OYHCTKE, NaeT NCTUHHYIO KAPTUHY COOTHOIICHUS
ITPOM3BOJICTBEHHBIX M JIMBHEBBIX CTOKOB MPENMPHUATHAN, YTO MOXKET CYIIECTBEHHO MOBIHUATH Ha BHIOOD
METOJIa U CXEMBI OYMCTKH CTOYHBIX BOJ, a TAKXKE MO3BOJUT O0Jiee palliOHATBHO UCIOIB30BaTh UMEIO-
ntrecs: GUHAHCOBEIE PECYPCHI, 00€CTICUnBast TapaHTUPOBAHHOE BHITIONTHEHUE SKOJIOTTICCKUX TPEOOBAHMIA.

PacueTHass ”HTEHCUBHOCTH JIOXKIIs, 00BEM JIOKJEBOTO CTOKA, MaTeMaTHYEeCKas SKCTPAIOSIUOHHASL
MOJIENb, KAPThI U30JIUHUM.

*Victor G. Ivanov, D. Eng., professor, department chairman; Anastasiya A. Kalachko, graduate
(Petersburg State Transport University) MATHEMATICAL SIMULATION OF LOW-INTENSITY RAINS
FOR DRAIN SYSTEM CALCULATION

Objective: To obtain reliable and accessible for design organisations values of intensity of lesser
rains in the territory of the Russian Federation, which can be used to calculate the drain systems
without complicated and labour-intensive processing of many years of weather station data, and proved
determination of volumes of stormwater drainage that is forwarded for sewage treatment. Methods:
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Extrapolational approximation method is used for the existing data on mid- and higher-intensity
rains in variation range of period of non-recurrent excessing of predicted rain intensity of between six
months and five years, as is mathematical simulation of process of rainfall with graphical interpretation
of obtained results as isoline maps. Results: Approximating dependencies for predicted low-intensity
rain rates were compiled for the first time for over 70 cities in the Russian Federation. After analysis of
available data, out of five possible trends proposed by Microsoft Excel system the ones that describe
distribution character of extrapolated values of mid-intensity rain most precisely are chosen, as well as
power and polynomial lines of trend. Calculations are conducted, and approximation dependability is
evaluated. Deviations do not exceed 1 per cent. Averaged values of intensity of lesser rains at
p = 0.05 and 0.1 of year, recommended by construction rules for estimation of volumes of stormwater
drainage that is forwarded for sewage treatment, are calculated. Calculation data is used to compile isoline
maps for European part of Russian Federation’s territory. Practical importance: Volumes of stormwater
drainage that is forwarded for sewage treatment are estimated more precisely depending on geographical
location of a design object. Analysis of obtained results shows that intensity of predicted rains in the
territory of European part of the Russian Federation is between 2.5 and 31 mm depending on the location,
whereas in common practice it is set randomly at between 5 and 10 mm, which leads to significant errors.
Compiled isoline maps allow to obtain reliable data on intensity of predicted rains with minimum time
and monetary expenditure, and to reasonably estimate design consumption and volumes of stormwater
drainage in designing drain systems in populated locations, factories and transport without processing
weather stations’ data. More precise estimation of the volume of stormwater drainage that is to be sewage
treated provides a true picture of balance between enterprises’ industrial and stormwater drainage, which can
have significant influence on the choice of a method and a scheme for sewage treatment, and allow to use
available financial resources more rationally, permitting guaranteed fulfillment of environmental demands.

Predicted rain intensity, rainfall volume, mathematical extrapolational simulation, isoline maps.

OnHa U3 BaKHEUIINX DKOJIOTHYECKHUX 34134
JUISL IPEANPUATHI KETE3HOMOPOKHOTO TPaHC-
MOpPTa — OYMCTKA 3arPS3HEHHOTO TIOBEPXHOCTHOTO
CTOKA (ZOXKJIEBOTO, TAJIOTO M MOJIUBOMOCYHOTO)
¢ ux Teppuropun. Ero 00beMbl B HECKOIIBKO pa3
IMPCBLIMIAOT O6B€MBI IMpOU3BOACTBCHHLIX CTOY-
HBIX BOJI. 3aITAHMPOBAHHOE MOBBIIICHHE YKOJIO-
THYECKUX TUIATEXEH 32 cOPOC B OKPYIKAIOIIYIO
Cpeay HECOYUIICHHBIX WX HEAOCTATOYHO OYU-
IICHHBIX ITOBCPXHOCTHBIX CTOKOB U CBA3aHHAA
C 3TUM HEOOXOJIMMOCTh CTPOUTEIBCTBA HOBBIX
WA PEKOHCTPYKLUU CYLIECTBYIOIIUX OUUCTHBIX
COOPY>KEeHHI TpeOyroT 0COO0T0 BHUMAaHHUS K 000-
CHOBAHHOMY OTIPEJICIICHUIO PACYCTHBIX PACXOIOB
JO’KIEBOTO CTOKA, HATIPABISIEMOTO HA OYHCTKY.

MaremaTnueckasi MoJeJIb U Pe3yJabTaThl
pacdera

B cooTtBeTcTBHU C HOpMAaTHBHBIMHA Tpe6013a-
HUAMHM [2] HA OUMCTHBIE COOPYKEHUS JTOKHA

OTBOAUTHCS HauboJjee 3arps3HeHHas 4acThb I10-
BEPXHOCTHOT'O CTOKa, KOTOpasi o0pasyeTcs B Iie-
PHOJIbI BHITIAICHUS AOKICH, TasTHUSI CHETa U OT
MOWKH JJOPOKHBIX IIOKPBITUH, B KOJIMYECTBE HE
menee 70 % rogoBoro o0bema ctoka. s reppu-
topuu Poccuiickont deneparuy 3T0 yCIOBUE BbI-
HOJIHSIETCS IPU PacyeTe OYUCTHBIX COOPYKEHUM
Ha MPUEM CTOKAa OT MaJIOMHTEHCUBHBIX, YaCTO
HIOBTOPSIIOIMXCS J0XK/EH C TIEPUOIOM OTHOKpaT-
HOT'O TPEBBIIIEHUS PACYETHOW UHTEHCUBHOCTH
noxast p = 0,05-0,1 rona [3].

OO0beM 10K IeBOTO CTOKA OT PACUETHOTO J10-
xaa W, M?, OTBOJIMMOTO Ha OYKMCTHBIEC COOPY-
KEHUsI C CeTUTEOHBIX TEPPUTOPHIA U TIOIIAI0K
HpenpusTUii, onpenensercs no Gopmyne

Wo =10h, 04 F, (1)

rie F — miomaik CToKa, ra; /1, — MaKCMMaJIbHbINA
CIIOW 0CAJIKOB 3a JOXb, CTOK OT KOTOPOTO TO/I-
BEPraeTCs OUUCTKE B MOJHOM O0BEME, MM; @ —
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cpenHuil KOdPPUIUEHT CTOKA ISl PACUETHOTO
noxs [2].

[Ipu npoeKTUpOBaHUM OUUCTHBIX COOPYKEHUIA
HEOOXO0IMMO 3HaTh BeNUM4uHy /i mipu p = 0,05
0,1 roga. OgHAKO [JIs1 YACTO TTOBTOPSIOIIUXCS
noxzeit manoit uareHcuBHocTH (p < 0,1) Takue
CBEJICHHUS1, KaK MPaBUJIO, OTCYTCTBYIOT, I03TOMY
MIPU IPOEKTUPOBAHUH JIOTTYCKAETCS TPUHUMATD
h, B muanasone 5—10 MM Ge3 IPUBS3KHM STUX JaH-
HBIX K KOHKPETHOM pacyeTHOW MHTEHCUBHOCTH
JIOKJIS p ¥ MECTOTIONIOKEHNIO 00BEKTa KaHAIM3H-
POBaHHUs, YTO BHOCUT 3HAYUTEIILHBIE IOIPELIHO-
CTU U HEOTIPEAETICHHOCTh B pacyeTax MOITHOCTH
MIPOEKTUPYEMBIX OYHCTHBIX COOPYKEHUH B CTO-
POHY Kak 3aBBIIICHUS, TAK U 3aHHKECHUS.

Jlns pemieHys: NOCTaBICHHON 3a1auu (T10JTy-
YEHME PACYETHBIX 3Ha4eHud 2 npu p = 0,05 u
p = 0,1) npeanoxxeHsl METO YKCTPAMOIAUH
U COOTBETCTBYIOIIAsE METOIMKA, TOTYUYEHBI all-
MIPOKCUMHUPYIOIINE 3aBUCUMOCTH. M crosp30Ba-
Hbl UMeroecs i repputopud PO nanxeie no
JDOXIsM Tipu p > 0,2 [1]. YeTaHoBneHo, 4To Hau-
OoJiee TOUHO UMEIOTIIUECS TaHHBIE arPOKCUMHU-
PYIOTCS CTENIEHHOW 3aBUCUMOCTBIO U TIOJIMHOMOM
TPEThEU CTEIICHMU:

)
3)

b
y=ax’,

2 3
y=cyte x+c, X" +cyx7,

IJIe X — TIEPUOJT OJTHOKPATHOTO MPEBBIICHUS pac-
YETHOM MHTEHCUBHOCTH JOX/ISl p, TO; V — KOJIHU-
YECTBO CYTOYHBIX OCA/IKOB, /I = Hcy o MM; a, b—
KOS PHUITUCHTBI, SBISIONIHECS KOHCTAaHTaHAMH,
OMpeIeNAIOUIMMUCS B XOJIe TIOCTPOCHUS 3aBHCH-
MocTH 1o popmye (2); ¢, ¢,, ¢,, ¢, — Kodhdum-
SHTBI, SBJISIONINECS KOHCTAHTAHAMHU, 3HAUYCHHS
KOTOPBIX OMPEAEISAIOTCS B X0[€ HOCTPOCHUS 3a-
BUCHMOCTH 110 hopmyre (3).

s 71 Touku teppuropun PO no ypaBHeHu-
sM (2) 1 (3) moy4eHsl anmpOKCUMUPYIOIIUE 3a-
BUCHUMOCTH U METOJIOM SKCTPATIOJISIUK OTpee-
JIEHBI 3HAYCHHSA ) = HcyT JUISL TOXKIIEHN C IEPUOAOM
ofHoKkparHoro npesbieHus p = 0,05 u p = 0,1.
[TorpeurHocTs anmpoKcUMaIi He MpPEeBbIIIa-
et 1 %.

Ha ocHOBaHMUM MOJTYyYEHHBIX 3HAYECHHI IO
OCPEIHEHHBIM JIAHHBIM COCTABIICHBI KapPThI H30-
JIMHUH PACYETHBIX BEJMYMH /1 = HCyT st p=0,05
u p = 0,1 nnsa reppuropun PO (puc. 1-6).

Kaptbl uzonunmii nis reppuropun PO

W3 puc. 1 BUIHO, YTO M30JUHUU MTPOBEIEHBI
c uaTepBaioM 1 mm. Haumensiiee 3HaueHUE Be-
JUYUHBI CYTOYHBIX OCAJKOB JJIsl €BPONEHCKOM
yacTu Poccun nipu p = 0,1 Haxonutcs B I. Open-
6ypre (7,1 Mm), HanGombee — B I. Mommkap-Oute
(16,7 mm).

W3 puc. 2 BUIHO, YTO U30JMHUY IPOBEIEHBI C
uHTepBasioM | MM. HaumeHsliee 3HaueHNe BeJu-
YUHBI CYyTOYHBIX OCAJIKOB JJIs €BPONEUCKOM Yya-
ctu Poccun nipu p = 0,05 Haxogures B I. Open-
6ypre (5,7 Mm), HanGonbee — B I. Hommkap-Oire
(15,5 mm).

U3 puc. 3 BUIHO, YTO U30JIMHUH TIPOBEIEHBI
¢ uHTepBaioM 2 MM. HaumeHsblee 3HaueHue
BEJIMYMHBI CYyTOUHBIX 0caIkoB /st CeBepHOTo
KaBkasa u mpuOMIKeHHBIX K HEMY TEPPUTOPUit
npu p = 0,1 Haxoautcs B I. Actpaxanu (3,7 Mm),
HanOosnbiiee — B T. Coun (31,1 Mm).

W3 puc. 4 BUIHO, YTO U30JUHUU MTPOBEIEHBI
¢ uHTepBajoM 2 MM. HauMmeHbliee 3Ha4eHUE Be-
JIMYUHBI CYTOYHBIX 0caikoB i CeBepHoro Kas-
Ka3a ¥ MpUONMKEHHBIX K HEMY TEPPUTOPHUIL TTPH
p = 0,05 naxonurcs B r. AcTpaxanu (2,5 Mm),
HanOonbinee — B I. Kucnosozacke (27,8 Mm).

W3 puc. 5 BUTHO, 4TO U30JMHUY POBEIEHBI C
uHTepBasioM | MM. HanmeHsliee 3HaueHNe BeJu-
YHUHBI CYTOYHBIX 0CAJIKOB /1 Tepputopun Kpbi-
Ma ipu p = 0,1 Haxomutces B I. Asymire (6,5 Mm),
HaunOonbiee — B . Jxankoe (14,5 mm).

W3 puc. 6 BUIHO, YTO N30JUHHUU MPOBEACHBI C
uHTepBasioM | MMm. HanmeHsliee 3HaueHne Beu-
YUHBI CyTOYHBIX OCAJIKOB JUIs TeppuTOpun KpbI-
ma ripu p = 0,05 Haxomutes B . Amymire (4,7 MM),
HaubOonbiee — B ropoze [xankoe (12,4 mm).

Heo0xonuMo 0OTMETUTB, YTO B LIEJIOM BEJIH-
YUHA CYTOYHOTO CJ10s ocaakoB st p = 0,05—
0,1 rona naxonurca B nmpenenax 2,5-31,1 mm
JUISL Pa3JIMYHbIX PETUMOHOB €BPOIEHCKON YacTh
Poccun, CeBepHoro KaBkasza u Kpema. 13 310-
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Puc. 1. Kapra nzomuanii EBponeiickoit wactu Poccnu myis p = 0,1
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1 vactu Poccun i p =
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Puc. 2. Kapra nzonmuamnii EBponeiicko
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Puc. 3. Kapra m3onuanii CeBepHoro KaBkaza n mpubmimkeHHON K Hemy Tepputopun s p = 0,1
T g -, T 7
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Puc. 4. Kapra nzomuanii CeBeproro KaBkaza n npuOmmkeHHON K HeMy Tepputopun 1yt p = 0,05
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Puc. 6. Kapra nzomuawnii Kpeima s p

ISSN 1815-588X. M3sectusa MIryrc

2015/3



146

O6LL|,€T€XHI/IL-|€CKI/I€ 3agaqdn 1 nNytn nx pelueHnAa

O CIIE/IyET, YTO peasibHbIE 3HAYECHUS BEITUYUHBI
CJIOSI 0OCAJIKOB B HECKOJIBKO pa3 OTIUYAIOTCS OT
pexomenioBanubix CHull 2.04.03-85.

BriBOALI

[TonyuyeHHbIe KapThl U30JIMHUI MTO3BOJIAIOT
OIIPEAEIINTh BEINYMHY CJIOA 0CaJKOB B KOH-
KPETHOH MecTHOCTH 0e3 00pabOTKM JaHHBIX
METEOHAOIIOICHNH, YTO 3HAYUTEIBHO YIPOLIa-
€T ¥ YTOUYHSIET pacyeThl IPU MPOECKTUPOBAHUU
OYHUCTHBIX coopyxkeHui. KapTel MOryT OBITH
PEKOMEHIOBAaHBI K BHEJPEHUIO B IIPOEKTHYIO U
y4eOHYIO IPAKTHUKY.
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