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C.10. MaprbiHOB

Hayuonanouwiii ynueepcumem 6001020 x0351icmea u npupoo0ononsbsosanus, 2. Poeno

MATEMATHYECKOE MOAEJIUPOBAHUE KOHTAKTHOI'O
OBE3/KEJIE3UBAHUSA BO/bI

Paspaéomal—ta Mamemamuieckas Mooeib KOHMAKMHO20 00e30icefe3u8atus 600bl Ha 3€PHUCNIBIX gbuﬂbmpax.

Hpuee()eHbl ocHogHble ONIOKU 00e30iceNe3UBaHUs 800bl NOJLOJICECHHbIE 8 OCHOBY Modeﬂupoeanu}l KOHMAaKmHozo

obesoicenesusanus 600bl.

Ilpeocmasnen ancopumm pearusayuu MamemMamuiecko MoOeau, KOmopbli Mojcem Obimb pearu3o6an Ha
JI000M A3bIKE NPOSPAMMUP OBAHUA ULU 8 CREYUATUIUPOBAHHBIX NPO2PAMMHBIX Npooykmax, nanpumep Math CAD.

Knwueesvle cnosa: obesdicenesusanue 60()bl, zudpaeﬂuuecmtﬁ YKIOH, NeHONnoaucmupoJjibHvlie (])uﬂbmpbl,

2PAHYIOMEMPUYECKUTl COCMA8 3d2py3Ku, napamempusl padomsl 3epHUCMbIX QUILMPOE, KOHYEeHmpayus dcenesd,

60000uUCTHOE 000PYI0BAHUE.

ITocTanoBka npodJieMbI

KauectBo BOmpl, 3abupaemoil u3

ropm3oHTOB Ha miybmue 100-150 M wamie Bcero He

IOA3CMHBIX

COOTBETCTBYeT TPEOOBAHUSAM, NPEABIBILIEMBIM K
MIUTHEBOH BOJIE, IIOCKOJBKY COJEP)KaT B CBOEM COCTaBE
MOBBIIIEHHY 0 KOHLEHTPALUIO XKele3a.

B nocnemHee BpeMsi MpHU OYMCTKE BOJABI XOPOIIO
GbunbTpHI c
B cpaBHeHuu c
mpome B

TpeOyIoT
UMEIOT

cebst
NEHOMOJIUCTUPOJILHOU
IpYyTUMHE  QUIBTpaMHu
SKCIUTyaTallAW W CTPOUTCIBCTBE, HE
NPOMBIBHBIX ~ €MKOCTeH U
MUHHMMaJIbHOE KOJMYECTBO PACIpE/CINTEIbHBIX CHCTEM
[1, 2].

3apeKOM €H/I0BaJIn
3aCBINTKOM.
OHM JICIICBIIC,

HACOCOB,

AHAJIN3 MOCJaeJHUX HUCCIeA0BaHMIi 1
myO0JIMKAIUii

Ha ceromnsimiauii neHb CyIIecTByeT 3HAUYHUTEIHLHOE
KOJIMYECTBO METOJIOB  OOEe3KeNe3uBaHUs  BOJPI,
KOHCTPYKIMHA (QUIBTPOB M 3aCHITIOK IS HUX, OJTHAKO HE
CyILIECTBYET SKOHOMHUYECKU
BBITOJIHOTO crocoba o0e3kene3uBaHusi BOABI, KOTOPHIH

YHUBEPCAJIbHOTO,

MOJKHO HCIIOJIb30BATh BO
Haob6opot, B ciydae I
o0e3KeIe3UBaHUs BOJBI HEOOXOAMMO HCIOJIb30BATh
KOHKPETHBIE METOJbl M BOJOOYUCTHOS 000pYIOBaHHE

[3].

BCEX CllydasX IKU3HU.

KaXXaI0M  KOHKPETHOM

Ha nanHoe Bpemsi BO MHOTMX pErMOHaX YKpauHbI
BOJIBI
KOHICHTPALMIO  JKele3a  JIo

IIOA3EMHBIC coJepKar TIOBBIIIIECHHY IO
Bompoc

IOArOTOBKHM TaKHX BOJ 0 KadyeCTBa ITHTHCBBIX MOXXHO

2 MF/IL'MS.

3arpyKeHHBIX IJ1aBaromen
3arpy3Kou.
Ceromasi pa3paboTaHO OOJBIIE CTa KOHCTPYKLUS

¢bwbTpoB  C

KpYIHO3EpPHUCTO M

IUIaBaroIeh NIEHOIOJIUCTUP OJIbHOU
3aCBINKOM, KOTOPBIM OTIMYAIOTCA TEXHOJOTHMYECKUMHU
BO3MOJXKHOCTSIMH, yCJIOBHSIMH pa3MelleHus ee B
KOpIycaX, KOHCTPYKTUBHBIMH 3JIEMEHTAMH, CIIOCOOaMu
MPOMBIBKH. BEIOOP KOHCTPYKIMH (MIBTpa 3aBHCHT OT
(ha30BO-MUCTIEPCHOTO COCTOSIHUSI OYHUIACM O HCXOAHON
BOJIBI. CkopocTtb ¢GbwIbTpOBaHUS BOIU u
MPOJIOJDKUTEILHOCT,  (PMIIBTPOLMKIA  YTOYHSETCS B
nporecce KcruyaTauu Gpuistpa [4].

Oneitnukom A S, u Kucenessim CK. nosyuena
MO/JIENb s
pacnpesesieHlss KOHIEHTPaLUK JKeje3a Fe?* B pactBOpe
mo Beicote puibpa co Bpemenem Ci(X, t) [5]. Moaensb

HUMCEET JiBa B3aMMOCBsA3aHHBIX 6J0Ka:

MaTeMaTHU4YCCKasa OIIpCaCJICHUA

THAPOAMHAMUYECKUH ((UIBTPAIIMOHHBIN) U AMHAMUKA
00pa3oBaHUS COCMHEHHH XKele3a B IMIOPHUCTOH cpene.
OpHako MOCHEeIHSAS HE MOXET ObITh HCIIOJIb30BaHa
Ha TIPAaKTHKe, T.K. 3aTPYIHSCTCS OIpEJcsicHHE MOTSPHU
Hamopa GWIBTPYIOMIEH 3arpy3kd, TPYAHO MOA00paTh
nmapaMeTpbl (UIBTPOBaHHUS ML BOOBI C Pa3IHYHBIM
coJiepKaHUEeM Keje3a. MoJeslb He pacKphIBaeT MHOTUX
COCTaBIMIIONINX TMporecca QuibTpoBaHus. [lodToMy

HE00X0MMO OBLII0 MpOBEJICHHE  CHEIMaJbHBIX
HCCIIEIOBAaHUM, KOTOPbHIE MO3BOJIMIM C JOCTATOYHOU
CMOJICTUPOBATh  HPOIIECC
obe3Kene3nBaHus BOJ c UCIIOJIb30BaHHEM

MOJIMCTHPOJILHOM 3arpy3ku [6].

TOYHOCTBIO KOHTAaKTHOTI'O

@®opMyJIMPOBKA LEJH CTAThU

elib a0oTBl  3aKMOYacTcs B a3paboTke
pPeUINTh TOJBKO MyTeM KOHTAKTHOTO 00e3KeIe3MBaHUs I p pasp
MaTeMaTHYECKOM MO ICTTH KOHTaKTHOTO
C TPUMCHEHHEM TMEHOMOJUCTUPOJBHBIX (UIBTPOB, A
00e3KeIe3NBaAHMS BOJIbI c HCIO0JIb30BAHHEM
NIEHOIOJUCTUPOJILHOU 3arpy3KHU.
© MapTemaos C.1O. 19
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HN3noxkeHne 0CHOBHOIO mMarTtepuJjia

Ilpu oOe3xkene3nBaHUU

3€PHUCTBIX

[IOJ3EMHBIX BOJ Ha
bunptpax, Kak H
MTOBEPXHOCTHBIX BO/I,

MapauieNbHBIX  [poIecca:
BOJIBI
SBISIETCSI OCHOBHBIM, a BTOPOH — COIYTCTBYIOIIUM.
IMosToMy, MaTemaTH4ecKass MOJENb OOe3KeIe3uBAHMS
BOJBI JIOJDKHA ©a3MpoBaThCs HA JIBYX OCHOBHBIX OJIOKax

OpU  OCBETICHHH
paccMaTpUBAKOTCS JBa
9} GEeKTHBHOCTE OYUCTKU

u poct mnotepb Hamopa. IlepBbrii mporuecc

[7. 8]
e  OCBCTUTECNBHBIH  (meOpMamMOHHBIA) OJNOK —
YUIUTBIBACT MaTepHalbHBI  OamaHc W KHHETHKY

MIPOTEKAHHS IIPOIIECcCa;
®  TrUAPOJMHAMHYCCKHH ((PUIBTPAIIMOHHBINA) OJOK —
OMHUCHIBAET NMHAMHKY IOTeph Hamopa B 3EpHHUCTOM

3arpyske.

C JIOCTATOYHOH TOYHOCTBIO YpaBHEHUs
MaTepHalbHOro  OamaHca  MOXHO  MPEICTABHThH
crenyonyM udepeHIMaIbHbBIM YPaBHCHUEM

v Aclxt)  Aplxt) -0
dzx de , Q)
rae V — ckopocTh QUIBTPOBAHUS, M/4;
C(x, t) — KOHUeHTpamus KeJe3a, r/MS,

M3MEHSIOIIASICS 110 BRICOTE 3arPY3KH U BPEMEHH;

X — KOOpJMHATA IO BBICOTE 3arpy3KH, M;

p(X, t)— IIOTHOCTH OCAJKa B CIOE 3arpysKH, I/M°,
HU3MCHAIOMAACA IO BBICOTC 3arpy3KU U BPECMCHHU;,

t — BpeMs GuibTpOBaHUS, .

Ilpn oOe3xene3MBaHUM BOIBI C
BO3QyXOOTACIMTEIIIM U )4

OTACJILHBIM U
MOCTOSIHHOM ~ pacxofe,
CKOPOCTh (WIBTPOBAHUA Ha KaXAOM U3 (UIBTPOB
OymeT mocTosHHOW, TO ecth V=const. Ilpu o6mem
BO3/yXOOTACIHTETIC Ut
TIEHOTIOJIMCTAPOJIBHBIX (HIBTPOB, OHU OYIyT paboTaTh
¢ pasHOW ckopoctelo. Kpome Toro, mpu mnpoOMBIBKE

OJIHOTO JPYTUX

HCCKOJIbKHUX

¢bunptpa, Ha CKOpOCTb  Oygner
MOBBIIIATLCS [0 3HAYCHU !

Vie =V -N/(N —-1) @)
rie N — xomuectBo TIEHOTIOJIMCTUPOJILHBIX (PUIIBTPOB
¢ OOIIMM BO3IyXOOTICIHUTEIICM .

CkopocTh (QHUIBTPOBAHUSA U3MEHSAETCS W TPH
pacxona BOJIBI, oJaBaeMoii Ha

obesxenesuBanue, 0 ectb V=f(Q), uto xapakrepHO

HU3MCHCHHUU

IpH MHOTO30HHOM Tapude Ha 3JIeKTpo3Hepruio. B
HMepHoAsl MHHUMAJIBFHOH CTOMMOCTH 3JIEKTPOIHEPTHH
¢umeTpel  paboTaoT ¢
MPOU3BOUTENILHOCTBIO, @ B HEPHOABl MAaKCHMalbHOMN
CTOMMOCTH — pPabOTal0T ¢ MUHHUMAJIBFHO HEOOXO0IMMBIM
pacxoJoM Wi BooOIIe He paboTaloOT.

MaKCHMajJbHO BO3MOXKHOM

Hna OIHACAHUSA KWUHETUKH npounecca
o0e3keNe3snBaHU B CJIO€  MCHOMOJMCTHPOJIBHOM
3arpy3Kd  MOXET ObITh  NPUMEHEHO  JIMHEHHOe
ypaBHEHHE BUja:

B (xt)

—. = alx) plx, 1) —blx) - Clx, 1) o

rre  a(x), b(x) -
XapaKTepu3y Io1He
MPWIKIIAHNS COCIMHEHHUH JKeje3a B 3arpy3Kke W MOTYT
OBITH OTIpeIeNICHbI TT0 GOpMYyJIaM:

a=a-Ve*-d(x)?

KHHEeTHYIecKne K03 GuumeHTs!,
WHTCHCUBHOCTH  OTpBIBA W

: @
u
b=p(p)- -V d(x) ©)
rie o(p) - KO3(Q(UIMEHT,  yYHUTHIBAIOIIUH
KaTATUTHYECKOE BIMSHHE OCAJKa;
a, f. &1 &, &3, &, — oMmHpuuccKHe

K03 () PUIHUECHTHI;

d(X) — SKBMBANEHTHBIN JAHAMETP 3€PEH 3arpy3KH,
MM.

I'mppomuamuyeckuil 610K OIHUCBIBACTCS
YPaBHCHUSMH HM3MEHEHUS] THAPABIMYECKOTO YKIOHA,
MOPUCTOCTH 3arpy3kd W OOLIMX MHOTEPh HAmopa B
00e3KeNe3nBaroIIell yCTaHOBKE.

IMockoNIbKy ~ TEHOMOJUCTHPOJbHBIE  (PUIBTPBI
MOTYT 9]¢ eKTuBHO BOJy 4 B
HEeJIAMHUHAPHOM pPEXHUME, TO THAPABIMYECKUIl YKIOH

3arpy3Kd yJI0OHO OnpeiesisiTh 1o GopMyde:
(1-m(x,t)f -v(t)-V
m(x,t)* -d(x)?
(1-m(x,t))-V?
m(x,t)* - d(x)

00€e3KeNne3nBaTh

| =4.23-10°-

1.37-107°-
6)
rae m(x,t) — IIOPUCTOCTD CJIOS 3arPy3KH;

v(t) — xunematnuecknii ko> PUIMENT BA3KOCTH
BOIBL, M2/c;

V' — ckopocts GpuabTpOBaHMS, M/4;

d(X) — mMameTp 4acTUIbI, MM.

JlaHHast MOJiellb MOKET ObITh PEIICHA YHCICHHBIM

(KOHEYHO-Pa3HOCTHBIM) CIIOCOOOM, HCIONB3YSI METOX
poaoJbHO -onepevHoit nporoxku [9, 10].

Hpe}.'U'IO)KCHHaH MaTCeMaTH4YCCKasa MOJIECb
pemacTcsa YUCJICHHBIM MECTOIOM. HJ’I?[ 9TOTO
H€O6XOI[I/IMO 3a/1aTb nim OKCIICPUMCHTAJIbHO

YCTaHOBUTH CJICAYIOMNE BCJIUYUHBL: JUAMETPhl 3€PEH
MO BBICOTE 3arpy3KH d(X); HOPHUCTOCTE  YUCTOM

3arpy3kd MgX; TemIeparypy BoJIbl tz; sMmImpuueckue
ko3pbummenTsl o, B, ¢, €, &, €3, &, MacCOBYIO
KOHIOCHTpAUl0 TBEPJAbIX YaCTUI] y, KOHIOCHTp Ao
3arpsisHeHuit nocie npomeiBku p(x, 0); motepu Hamopa
B KOMMYHHUKAIMAX U yJepkuBatolei pemerke Hp.

B 3aBucumoctm ot
MOTYT

IOCTaBJICHHON  3aJauu

JOIIOJIHUTCIIBHO 3a1aBaThCsa cleayromue
MOoKa3aTeiii: CKOPOCTb (bPIHBTpOBaHI/If{ V , BXoagHasa
KOHICHTpalus XeJc3a Co , KOHIEHTpauus >Kejie3a B

¢umpate C,; NPOJOIKHTETHHOCT (DHIBTPOBAHMS

t; o6mas Beicora 3arpysku L ; makcumamsubie motepn
Haropa B o0e3kese3uBamei yctaHoBke hy,,.
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Ha puc. 1 ToukamMu mOKa3aHbl pPeE3yJbTATHI
HCCIIEI0BaHUI rpaHyJIOMETPUIECKOTO coCTaBa
HNEHOMOIUCTUPOTILHON 3arpysKH, KOTOpas

HCIIOJIb30BaJlaCb IIPHU  HUCCJIICAJOBAHHMKW HAIIOPHOTO0 H
6C3HaH0pHOFO PEXKUMOB o0e3xKeIe3uBaHus BO/JIbI.
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Puc. 1. 3aBucumocts d.,=f(4x)

VYcraHOBNIEHA 3aBUCHMOCTb ISl IEHOIOJIMCTAPOIIA
c HACBIITHOHI IJIOTHOCTBIO 15.110 /m®.  Tlo
pe3yJbTaTaM HCCIe0BaHMI MOCTPOeH rpadux (puc. 2).
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JHaMeTp, MM |,

Puc. 2. 3aBUCHUMOCTh TOPUCTOCTH «UUCTOM
[IEHOTIOJUCTUPOJILHON 3arpy3KH OT AMaMeTpa YacTHIL

Hrax, 1o JKCIIEPUM EHTAJIbHBIX
HCClEN0BaHUM HNOPHUCTOCTb  3arpy3KH
HE3HA4YUTEIIbHO BO3pAcTacT MPU YBEJIMYECHUU TPaHyl U

pe3yibTaTam
BUJHO, 4TO

MOXKET 6]:1”[17 OIIMCaHa 3aBUCHUMOCTBIO:
My = 1,559 -dp + 38193, )

rae dep — CpeHuii [MaMeTp 3epeH 3arpy3Ku, MM.

Cpemssis HOPUCTOCTB 3arpy3Ku
coctaBiiia  44,2%, coryacyerca ¢
JAHHBIMU JPYTUX HCClenoBateneii: o AaHHeIM OpJoBa
B.O. — 45%, Xyp6sr M.I". — 46%.

Baxxueim

uccienyemMon

9T0  XOPOIIO

moKaszaTesieM 0Opd  MOJEIMPOBAHUA
KOHTAKTHOTO  OOe3kKene3uBaHusi  BOJABI  SIBISIETCS
3aBUCUMOCTh HAYaJbHOI KOHIEHTpPALMHM OCajKa MOCIe
MPOMBIBKH 10 BBICOTE CJIOst 3arpy3ku po=Ff(X).

HauvampHast koHIEHTpamusl ocaaka (Kenesa), TO
ecTh mepen GuiabTpanuei, 3aBUCUT OT 3¢ EeKTHBHOCTH
MPOMBIBKH

E = fligp, tne, p(x), ]’}, ®)

rae tp — HHTEHCUBHOCTD MTPOMBIBKHU 3arpy3KH;

£p — OPOJIOIDKUTENBHOCTD TIPOMBIBKH 3arpy3KH;

plx), ¥ - momocts ocamka n Maccosas
KOHICHTpalUs. TBEPIbIX YacTHI] B eauHHIE 00beMa
ocajika 0 MPOMBIBKH.

AjroputM peaymsalMd MaTeMaTUYeCKOH MOJen
CJIe Ty FOTITHIA:

1. 3amatorcs HeoOXomUMBIE KOI(PQUIMEHTH W
ATy cYeTa 110 BBICOTE 3arPy3KU U BPEMEHHU.

2. OmnpenensroTcs MacCHUBBI CPEIHUX IUAMETPOB,
HayaJlbHOE paclpeie]ieHne 0cajka 110 BBICOTE 3arpy3KH,
K03 (QHUITEHTOB OTPHIBA U IPUIUIIAHUS YaCTUI.

3. Opranms3yioTcs 1Ba BJIOKEHHBIX IUKJIA — IIO
BpeMeHH (GMIBTPOBAHMS U ITO0 BEICOTE 3aTrPy3KH.

4. OmnpenensieTcs 3¢ G eKTHBHOCTH
o0e3KeNne3nBaHus BOJBI 110 CJIOSIM 3arpy3KH, INIOTHOCTH
ocajika, IOPUCTOCTh, TUIPABINYECKHH YKIOH U NOTEpU
Hamopa InpH (GUKCUPOBAHHOM 3HAYCHUM BpPEMEHHU
(UIBTPOBAHMUS.

5. VBemmuuBaetrcst BpeMs ~ (QWIBTPOBaHHA U
pacdeTsl MapaMeTpoOB IO BBICOTE CJIOSI MOBTOPSIOTCH,
MpUYeM B KadyecTBE HCXOJHBIX JaHHBIX (TIOTHOCTB
ocajika) MPUHUMAIOTCS JaHHBIE PacyeTOB MPEIBIAYIEro
BpPEMEHHU.

6. Ilpum
OpTaHM30BaHA MpPOBEpKa BBHIMOJIHEHHUS OIpeeTIeHHBIX

HEOOXOMMOCTH, MOJKET OBITh
ycnoBuil (HampuMep, KadecTBO (QWIBTpaTa, IOTEPH
Haropa), ¢ TMOCIEAYIOMUM YTOUYHEHHEM HCXOIHBIX
JAHHBIX (HanmpUMep, KOPPEKTUPOBKU OOIIEH BBICOTHI
3arpy3KH, CKOPOCTH (GUIBTPOBAHUS).

7. BeiBog pe3yipTaToB B
rpauKOB.

JlaHHBIH alrOpUTM MOXET OBITh peann30BaH Ha

dbopme Tabmuu wu

mo6om NPOTrpaMMHpPOBAHUSA
CIICIMAIM3UPOBAHHEIX  TPOrPAMMHBIX
nanpumep, MathCAD [11, 12].

IlpoBepka aNeKBATHOCTH MOJENM TPOBOIMIACE

A3BIKC nim B

MPOJYKTAX,

MyTeM CPaBHCHHS 3HAYCHUI PACCYMUTAHHBIX IO MOMICIH
c 9KCIEPUM CHTAIbHBIM U HCCIIEIOBAHUSIMH,
MOJIyYCHHBIMH KaK B
NPOMW3BOJICTBEHHBIX ycaoBHsX. Jlis nmpuMepa, Ha puc. 3
JUHUSAMHM [IPUBEICHBI IIOTEPU HAMOPa B CJIOSMX 3aIPy3KH
30cMm, 70 cM 1 1 M mosyYeHHBIE IO MOJEIH, & TOUKAMHU

pesyabTaTe IMPOBEAEHHsS OKCIIEPUMEHTAIBHBIX

mabopaToOpHBIX, TaK U B

— B
HCCIEJ0BAaHUM.

Pe3ynpTaThl pacueToB 1O NPENIOKECHHOW MOJEIH
X0OpOIIo

CONIACYIOTCA C 9KCIICPpUM CHTAJIbHBIM 1

JaHHBIMH, OTHOCUTCJIbHAA MOTPCIIHOCTb HE IMPCBBIIIACT
4,8%.

BriBOABI

1.  PazpaboraHa  maTeMaTHYeCKas
KOHTAKTHOTO OOCKENC3NBAHUS  BOJIBI

TIEHOTIOJUCTUPOJILHOM 3arpys3Ku.

MOJIEJIb
Opy  TOMOIIN

2. IIpencraBnen
MaTeMaTHYECKOM MOJICIH,

aIrOPUTM peamzanuu
MOCHEHSIST MOYET OBITh
pellieHa YHCICHHBIM CHOCOOOM, UCHONB3YS METOM

NIPOI0JIbHO-TIONIEPEYHON IIPOTOHKHU.

21



Komynanone zocnooapcmeo micm, 2016, éunyck 130

ISSN 0869-1231

_ 16
]
g 12 -
5 = r-— — =
= L l-.--"-- .
= 8 T - —
E CTFT.L .. =
[2 - —
N
0
0 2 4 6 8 10
Bpewms ¢uasTpopanus, 4
[=-03m ---07m === T10m = okcm [,0M |

Puc. 3. Poct noteps Hamopa co BpeMeHEM
(GunbTpOBaHUSA TPH 00EIKETCIUBAHUH BOJIBI

3. Ilposepka
COTJIACYETCS C KCHEPUMEHTAIBHBIMHU HCCIIEI0BaHUSIMH,

AZICKBATHOCTH MOJCIIM XOpPOMLIO

YTO IMO3BOJKIET pCKOMCHIAOBATH pa3pa60TaHHy10 MOJEJIb
I MIPAKTAYCCKUX pacCyY€TOB.
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Cucmemu sxcummesade3neuenns micm

MATEMATHYHE MOJEITIOBAHHSA KOHTAKTHOI'O 3HE3AJIBHEHHS BOJIU

C. 10. MapTuHOoB
HanionanbHuit yHIBEpCHTET BOJHOTO TOCMOIAPCTBA Ta MPHUPOJIOKOPHUCTYBaHHS, M. PiBHE

Po3spobaena mamemamuuna mooens KOHMAKMHO20 3HE3ANI3HEHHA 600U HA 3ePHUCTIUX QilbMPaXx.
Ilpusedeni ocrno6Hi 610KU 3HE3ANI3HEHHSA 600U, WO NOKIAOEH] 6 OCHOBY MOOENIOBAHHA KOHMAKMHO20 3HE3AII3HEHHS
600U.

Ilpeocmasnenuii aneopumm peanizayii mamemamuunoi Mooeni, AKutl Modice oymu peanizosanuii Ha 6y0b -AKill
Mo8i npozpamyeanHs abo 8 cneyianizosanux npozpamuux npooykmax, Hanpuxiao MathCAD.

Knirouogi cnosa: 3nezanisnenms 600u, 2iopaguiunull yxXui, niHONOAICMUpPOabHi Qinempu, 2paHyioMempudHull

CKA0 3a8aHMAdICeNHs, napamempu pobomu sepuucmux Qitompis, KOHYeHmpayis 3a1i3a, 600004UCHE 00NAOHAHH.

MATHEMATICAL MODEL OF PIN DEFERRIZATION OF WATER

S. Martynov
National University of Water and Environmental Engineering, Rivne

There is a far of methods of deferrization of water to date, constructions of filters and filings up for them,
however there is an universal, economic advantageous method of deferrization of water. In every case for the
deferrization of water it is necessary to use concrete methods and waste-water treatment facility.

The mathematical model of deferrization of water is based on two basic blocks: lighting (deformation) block
which takes into account financial balance and kinetics of flowing of process and hydrodynamic (lauter), which
describes the dynamics of losses of pressure in a grainy load.

At the deferrization of water with separate vozdukhootdelitelyami and indirect cost, speed of filtration on each
of filters will be permanent. At general vozdukhootdelitele for a few penopolistirol'nykh filters, they will work with
different speed.

Speed of filtration changes at the change of rate-of-flow, given on a deferrization, that characteristically at a
multiarea tariff on electric power. In periods of minimum electricity charges filters work with the maximally
possible productivity, and in periods of maximal cost — work with a minimally necessary expense or does not work
in general.

Researches rotined that porosity of load insignificantly increased at the increase of granules.

It is set that an important index at the design of contact deferrization of water is dependence of initial
concentration of sediment after washing on a height sloya loads.

With the sufficient degree of exactness mathematical balance can be presented equalization, which takes into
account speed of filtration, washing of filter and rational expense of electric power.

The mathematical model of contact deferrization of water is developed on grainy filters.

The basic blocks of deferrization of water are resulted the designs of contact deferrization of water fixed in
basis.

The algorithm of realization of mathematical model is presented, which can be realized in any programming
language or in the specialized software products and which plugs in itself the followings principal items: necessary
coefficients and steps of account are set on the height of load and time, the arrays of middle diameters, initial
distributing of sediment, are determined on the height of load, coefficients of tearing away and adhesion of
particles, the two embedded loops get organized — at times filtrations and on the height of load, efficiency of
deferrization of water is determined on the layers of load, closeness of sediment, porosity, hydraulic slope and
losses of pressure at the fixed value of time of filtration, time of filtration and calculations of parameters is
increased on a height sloya, if necessary, verification of implementation of certain terms (for example, quality of
filtrate, losses of pressure) can be organized, with subsequent clarification of basic data (for example, adjustments
of general height of load, speeds of filtration). The results of researches can be presented as tables and charts.

Verification of model adequacy well comports with experimental researches, that allows to recommend the
developed model for practical calculations.

Keywords: deferrizations of water, hydraulic slope, polystyrene filters, grain-size distribution of loading,
parameters of work of grainy filters, concentration of iron, waste-water treatment facility.

23



