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In article the modern technologies of formation the catalytic systems, which contain cerium, are
presented. In conditions of behavior the flameless oxidation of benzol and the oxidation CO to CO; reac-
tions, tests of the samples were provided. The catalytic activity of the oxide layers, which contain cerium,
for both model reactions is fixed. A comparative analysis of the experimental catalysts with the world
analogs is accomplished.

Keywords: cerium, catalytic reactivity, oxidation, morphology, capability, titanium, benzol, con-
version level, elimination, environmentally friendly technology.
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MATEMATHYECKOE MOJAEJINPOBAHUE BbIXO/AHbIX
CUI'HAJIOB YYBCTBUTEJIBHBIX 9JIEMEHTOB CPEJACTB
KOHTPOJIA U PEI'YJIMPOBAHUSA KAK METO/I UX
COBEPHIEHCTBOBAHUA

B crarbe paccMOTpeHBI BOIIPOCHI MaTEMAaTUYECKOTO MOJETMPOBAHNS BBIXOJHBIX CUTHAJIOB KOHTPOJIBHO-
WU3MEPUTEIBHBIX MPUOOPOB I UX COBepIIeHCTBOBaHMs. [IpenanokeHHbI MeTOo ] ABISETCS YHUBEPCAIb-
HBIM, UMEET MHOXKECTBO TOJIOKUTENBHBIX 0COOEHHOCTEN. [IpiMeHenrne JaHHOro MeToia MO3BOISET 3¢-
(EeKTHBHO pa3BHBaTh TBOPUYECKOE BOOOPa)KEHHWE CTYACHTOB Onarogapst JIETKOCTH YCBAaHMBAEMOCTH M HC-
MOJIb30BAHUS TOJIBKO aireOpandeckux mpeoOpa3oBaHU MCXOIHBIX (OpMyYNT pa3nUyHBIX METOJIOB M3MeE-
peHusL.

KiroueBble cjioBa: MOJENNPOBaHKE, MTHE30METPUUYECKUH, MOMIABKOBBIM. paglOM30TONHBIN, YpOB-
HEMep, METOJ, MIIOTHOCTh, YyBCTBUTEIIBHOCTb.

N3BecTHO, 4TO pabounM OpraHoM Jr0OOM CHCTEMBl aBTOMAaTHUYECKOT'O0 KOHT-
pOJIsA, CUTHAJIW3AIMU U PETYJIMPOBAHUS SBJISICTCS YyBCTBUTEIbHBIN 3JIEMEHT, B OC-
HOBE KOTOPOI'O JIEKUT KOHKPETHBIN 3aKOH. YKa3aHHBIA 3aKOH BBIpAKaeT B MaTe-

MaTHYeCKOH (opMme m3MepseMylo (peryimpyeMyro) BEIIMYMHY 4Yepe3 COBOKYII-
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HOCTh JIPYTMX BEJIWYHH, KOTOPBICE WJIM MOCTOSIHHBI WJIW TOJJIEKAT U3MEPECHUIO.
[Ipu >TOM NaHHBIN 3aKOH OJJHO3HAYHO OMpeAeisieT (3a1aeT) BUl YyBCTBUTEILHOTO
AJIIEMEHTA, €r0 KOHCTPYKTUBHBIE OCOOEHHOCTH.

Hanpumep, npu uzmepeHnn ypoBHS MbE30OMETPUUYECKUM YPOBHEMEPOM UYB-
CTBUTENBHBIN 3JEMEHT «peanu3yer» Gopmyay

P = Hpg (1)

rae P — naBieHUE Ha TIIYOWHE TOTPYXKEHHS H3MEpPUTENbHOU (TIbe3oMeTpudec-
KOH) TpyOKH B KOHTPOJHPYEMYIO J>XKHIKOCTh, p — IUIOTHOCTH KHJIKOW CPEIbI;
g — yCKOpeHue CBOOOAHOTO M CHUS.

U3 (1) cnenyer, uto H = P/pg u 4TO0 Ha pe3yabTaT u3MepeHus H BIuseT co-
MyTCTBYIONIAsl BEJIWYMHA — p M JOTOJHHUTENbHAs (METOIUYecKas) MOrpenrHOCThb
npu u3mMepeHun H He BO3HHMKAET TOJIBKO B TOM ciiydae, eciu p = const. Takum 00-
pasom, dopmyna (1) sBIseTCS MaTEMAaTHYECKOH MOJCIIBIO BBIXOJHOTO CHTHAJIA
YyBCTBUTEJIBHOTO 3JIEMEHTA, KOTOpas OJHOBPEMEHHO YKa3bIBAET HA 3aBUCUMOCTD
YKa3aHHOTO CHTHaA (M pe3ysibTaTa U3MEPCHHs YPOBHSI) OT IUIOTHOCTH KOHTPOJIH-
PYEMOM KHUJIKOW CpEJbl, YTO IPU U3MEHEHUH p MOKET NPUBOAUTH K HEIOMYCTH-
MBIM JTOTIOJTHUTEIBHBIM (METOAMYSCKHUM) OTPEITHOCTSM U3MEPEHUSI.

Ho Torma MoxHO NpEAnoJIOxKUTh, YTO UMEETCS BO3MOKHOCTh MpeoOpa3oBa-
HUSI UCXOJHOW MaTeMaTHueckod monenu (popmyina 1) 10 MOdydeHHUS TaKOTo ee
BHJIa, KOT/JA TUIOTHOCTh KOHTPOJIMPYEMOM CpPEIbl p HE OKA3bIBACT HE BIUSHUS Ha
pe3yibTaT u3MepeHus: ypoBHs . JlaHHBIM METOJ MPUBJIEKATENIEH TE€M, YTO HC-
XOJIHYI0 (pOpMYJy CpeICTBA U3MEPEHUSI MOXKHO NPEoOpPa30BbIBATh Ha OCHOBE BbI-
JBUHYTOW MJIEU U MPABWJI MATEMATHKHU JI0 TE€X MOP, MOKa OHAa He OyJeT COOTBETCT-
BOBAaTh 1I€JICBOMY Ha3Ha4eHUI0. Takoi Moaxo/ Mo3BOISET HE pa3pabaTbiBaTh UyB-
CTBHUTEJIBHBIN 3JIEMEHT CPEACTBA MU3MEPEHUA J0 TEX IOp, MMOKa HE CO3/JaHa maTe-
MaTH4YeCKas MOJIeNIb €r0 BBIXOJAHOTO CUTHAJIA, OTBEUAIOUIETO 1IEJIEBBIM TPEOOBaHMU-
SIM.

Hampumep, Heobxoaumo pa3padoTaTh UyBCTBUTEIbHBIA 3JIEMEHT MOILIABKO-
BOT'O PETYJATOPA YPOBHA KHUJAKUX CPEM, PE3YIbTATHI PETYIUPOBAHUS KOTOPOTO HE
OyAyT 3aBHCETh OT MX IUIOTHOCTH (B TOM YHCJIC HEMPEPHIBHO U3MCHSIOMICICS) TPU
MOOBIX €€ 3HauYCHMSIX. BBIXOJHON CHUTHAM YyBCTBUTEIBHOTO 3JIEMEHTA MOIIaBKO-
BOTO PEryJIsTOpa YpOoBHS (C IJIaBAIONIUM TOIIJIAaBKOM) OMTUCKIBaeTCs (HOpMyIToi

Hy, =P,/S,p9 )

136 ISSN 2079-0821. Bicunk HTY «XIII». 2013. Ne 47 (1020)



rie H,— rnyOMHa NOrpyKeHHs IUIABAIOUIErO IOIUIaBKA B KUAKYIO Cpeny;
P ,,— BbITankuBaromas cujia, AMCTBYIONIas Ha MOIUIABOK; S, — IJIOUIaAb MONepey-

HOT'0 CCUCHHUA NUIHMHAPHUYICCKOI'O IIOIIJIaBKa.

OpnHa U3 Maen MCKIIIOYEHHs 3aBUCHMOCTH BBIXOJHOIO CUTHANA IOIUIABKAa OT
IUIOTHOCTH KOHTPOJUPYEMOM Cpelbl «Ipeljaraer» UCKIOUYEHHE p U3 (PopMylibl
(2), 9TO0 MOKHO 00ECTIEYNTh TTOCPEICTBOM €TO BBIPAKEHHS B YKa3aHHOU QopMyIie
yepe3 Apyrue BeauduHsl. Torga Oyaem uMeTh

p=p,/h,;s.g (3)

IrJie p ,— BBITAJKHUBAOIAS CHJIA, JCHCTBYIONIAs HA MOILUTABOK; h — riyOuHa morpy-
YKEHHS MOIUIABKA B XKUAKYIO Cpedy; S, — IUIONIa[b MOMEPEYHOr0 CEYEHHUS MOILIaB-

Ka.

[Moncrarnss (3) B (2), momyunm:

H,=P,h s [/S,p, 4

U3 (4) crienyet, 9TO YyBCTBHTENBHBIA 3JEMEHT, B MATEMAaTUYECKONH MOJEIN
KOTOPOT'O OTCYTCTBYET p JOJKEH COCTOSATH U3 JBYX MOIUIaBKoB. [Ipeamonarast, uto
P, = p, (3T0 0MH M3 BapHaHTOB MpeaaraeMeix uaei), noayunm H,/S,=h, s ,

YTO BO3MOKHO, €CJIM, HAIIPUMED,

H,<h,,S,>s, Q)

Ycnosue (5) ocylecTBUMO, €CIIH TUTABAIOIIKE MOTUIABKY ITPH BBIOPAHHBIX S |,
W S TOTPYXXEHbI B JKUIAKYIO CpeAy Ha pasHble rryouusl H ,,u h
PH = pn -

[pocTeiimas peanu3aius KOHCTPYKIMH YyBCTBUTEIIBHOIO dJIEMEHTA PEryIIs-

MPU KOTOPBIX

n!

TOpa IpuBejaAcHa Ha puc. 1.
OueBunHO, YTO €CU NpH H

P,=H,S,p9)=(p,=h,s,pg), (6)

TO BBIXOJHOU cUrHaI npeodpas3osareins 5 pasen 0 (E = 0).
Ecin B 00BbeKTe WM3MEHHTCS IUIOTHOCTH XUJIKOW Cpelbl, TO ypaBHeHuUe (6)
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OyJeT UMETh BUJT
[P,=H,S,(ptAp)9] =[p,=h,s,(ptAp)d] (7)

N3 (7) ciaenyeT, 4To mpu 1000 TUIOTHOCTH H JIFOOOM €€ M3MEHEHUHU BBIXO/I-
HOW CHTHAJ YYyBCTBHUTEIBHOTO 3JeMeHTa peryisatopa (UDP) ocraercs mocTosH-
HBIM, T.€. 3HaUY€HUE BBIXOJHOrO curHaia YDP He 3aBUCHUT OT IJIOTHOCTU KOHTPO-
JIMPYEeMOi KUAKOU cpensl, a popmyna (6) mmeer mo cymecrBy Bua H ,S,=h,s,

(mpu P ,=p,).

Ecmn H ,, Bospacter Ha AH, 10 (H,+ AH)S ,>(h,+ AH)S,, Tx. S,> S, u

peraar 3 TMOBEPHETCS HA OCH 4 0 YaCOBOW CTpEJKe, UTO MPHUBEAET K BOSHUKHOBE-
HUIO B U3MEPUTEIHLHOM MpeoOdpa3oBaresie S BHIXOJHOTO CUTHANla HA YMEHBIIECHUE
PEryJATOPOM pacxojia >KUAKOCTH, MOCTYMAMIe B 00bEKT WX OTKJIIOYEHUE MO-
Ja4M KUIKOCTU B OOBEKT.

5
4 B cucremy
3 peryiaupoBaHus
1
/ i
7'y /Y
v —H .
< . ~~h
D
H,, I

Puc. 1 — KOHCTpYKIMS 4yBCTBUTEILHOTO DIIEMEHTA peryasropa: H ,; — 3aJaHHblid peryJis-

TOPY YPOBEHB KHJIKOCTH B TEXHOJIOTHYECKOM 00bekTe; 1 — MUIMHAPUYECKU TTOTIAaBOK C 0OJIb-
[IeH MIOMAABI0 MOTIEPEYHOr0 CEUCHUS; 2 — UIHHIPUYECKUN TOTUIABOK C MEHBIIEH II0MIaIbI0
nonepeyHoro ceueHus; 3 — I1-oO0pa3Hblii paBHOIUICUHBINA pbIyar; 4 — oCh, Ha KOTOPOH YCTaHOB-
JIeH peiuar; 5 — mpeoOpa3oBarens yriia MOBOPOTa pblyara B yHU(DUIIMPOBAHHBINA BBIXOJIHOM CHT-
HaJl YyBCTBUTEIBHOIO 3JIEMEHTA.

Ecmu H ;;, ymensiures Ha AH, 1o (H ;- AH)S ,< (h,- AH)s,, T.x. §,>S,, TO

peruar 3 TIOBEPHETCS HAa OCH 4 TIPOTUB YACOBOW CTPEIKH, YTO MPHUBEACT K BOSHUK-
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HOBEHUHU B U3MEPUTEIBLHOM NpeoOpa3zoBaresie S BHIXOJHOIO CUTHAJIA HA yBEJIHYe-
HUE€ PETYJSATOPOM pacxojia XKUJIKOCTH, MOCTYNAOIIEH B TEXHOJOTHUYECKUUA 00b-
eKT.

CreoBaTenbHO, CIIPOEKTUPOBAHHBIM HA OCHOBE MAaTEMATHUYECKOIO MOJIEIH-
POBaHUSI YyBCTBUTEIbHBINA AJIEMEHT PEryJsITOpa, COCTOSIINN M3 JABYX IOIJIABKOB,
o0OecrnieurBaeT HE3aBUCUMOCTh PE3YJIbTATOB PEryIUPOBAHUSI OT IUIOTHOCTU KUJI-
KOM Cpelbl.

Ho »T0 BO3MO’KHO, BO-MEPBBIX, MPU HAJTUYUU JBYX MOIJIABKOB «BKJIIOYEH-
HBIX» BCTPEUYHO M, BO-BTOPBIX, IpHU oOs3aTenbHOM ycnoBuu H,S,= H,S, mnpu
S,>S,, H<H,uP,=P,.

CrpaBemuBoCcTh 3(QPeKTUBHOCTH MeToaa mpeoOpa3oBaHus Gopmyn (Mate-
MaTHYECKHX MOJICJICH), BBIXOJAHOTO CUTHAJIa YYBCTBUTEILHBIX JJIEMEHTOB PeryJis-
TOPOB YPOBHS MOATBEPKIAECTCS BO3MOKHOCTBIO MOJYYECHHS BBIIICYKA3aHHOTO pe-
3yJlbTaTa UCIOJIb30BAHUEM JIPYTOM «HJI€OJOTUN» MPeoOpa3oBaHUs UCXOJHBIX Ma-
TEMATUYECKON MOJICIIH.

Tak kak nMpu HAJIMYUU JIBYX MOIJIABKOB, Ha KOTOPBIE ACHCTBYIOT COOTBETCT-
BEHHO BBITAIIKMBaromue cuibsl P, = H,S,pgu P, H,pg, Tonpu $,> S, u H,< H,u
P,= P, ortnomenue P,/ P,= 1. Ho Torma peryyisarop ypoBHsI JOJIKCH COJIEPIKATh
KpOM€ JBYX TIIOIUIABKOB JIBa HM3MEPUTENIbHBIX MpeoOpa3oBaTens, HU3MEPSIOMIMNX
3HayeHust P.u P,, OJOK JuIs u3MepeHusi cooTHomienus P,/ P,c yHupumpoBaH-
HBIM BBIXOJIHOM Ha peryiupoBaHue (puc. 2).

UyBCTBUTENBbHBIA 3JEMEHT PEryisTopa pearupyeT Ha H3MEHEHHE YpPOBHS
KHJKON Cpelbl OTHOCHUTEIBHO 3aJaHHOTO YpOBHA FH ;; TOZOOHO KOHCTPYKIIMH,

IPEICTaBIEHHON Ha puC. 1, ero oTiMyue B TOM, YTO HANPABIEHHOCTh PEAKLIUU pe-
rynstopa (yBeIMYCHHE WIM YMEHBIICHHE) pacxXola B JAHHOM CIy4ae 3aBHCHT OT
ycinoBuid P,/P,> 1 nm P,/P,<l.

Ha ocHoBe aHann3a NpUBEACHHBIX BBILIE YYBCTBUTEJIBHBIX 3JIEMEHTOB PETY-
JSITOPOB YPOBHS KMJIKMX CPE[l, TOJIYYEHHBIX TOCPEICTBOM LIEJIEBOIO MaTeMaTH4e-
CKOTO MOJEJIMPOBAHUS, MOXKHO YTBEpPXAAaTh, YTO AAHHBIM METOJ  ABISETCS 3(-
(EKTUBHBIM CpPEJICTBOM, MO3BOJISIOLIUMM €IIe 10 pa3pabOTKU KOHCTPYKTUBHOIO
pELICHHUs] KOHKPETHOI'O PETYJSITOpa IOJIYYUTh B BUAE MATEMaTHUYECKOW MOJEIU
KOHCTPYKIIMIO €r0 YyBCTBUTEJIBHOI'O 3JIEMEHTA C 3aJlaHHBIMU  (DYHKIIMOHAJIBbHBIMU
IPU3HAKAMH.

EcTecTBEHHO, BO3HUKAET BONPOC O BO3MOXKHOCTU IOJYYEHUS MaTeMaTHye-

CKOM MOJEJIM YyBCTBUTEIBHOTO AJIEMEHTA, PUOOpa JUisl U3MEPEHUS] YPOBHS KU/ -
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KUX Cpel, KOHCTPYKIHS KOTOPOrO HCKIIOYAET 3aBUCHUMOCTH OT IUIOTHOCTH yKa-
3aHHBIX CPEJ.

3 — B cucreMy ynpasieHus

\ P./P,
2
/

E\
\

d

Puc. 2 — Perynsrop ypoBHs: 1 — NOIIaBOK ¢ MEHbIIEH BBICOTOI M OOJIbIIEH IIOTHOCTHIO
nonepeynoro ceuenuss S,= kD?; 2 — momnaBok ¢ GONbUIEH BHICOTONH M MEHBIIEH TLIOUIAIBIO
nonepeyHoro ceuenus S, = xd;; 3 — 6ok cooTHomenust P,/ P, ¢ yHNUIUPOBAHHBIM BBIXOI-

HBIM CUT'HAJIOM.

OueBUIHO, YTO B JAHHOM CIIy4ya€ YYBCTBUTEIBHBIA 3JIEMEHT ypOBHEMEPA
(UDY) nmomkeH couepikarh JBa IMOILUIABKAa, COBOKYITHBIN BBIXOJHOW CHUTHAJ KOTO-
pPBIX TPEACTAaBICHHBIN (OpMYJION — MaTEeMaTHUUYE€CKON MOJEIbI0, BO-NIEPBHIX, HE
JIOJKEH 3aBUCETh OT IJIOTHOCTU KOHTPOJHPYEMOM CpeAbl W, BO-BTOPBIX, OBITh
MPOMOPLUHUOHATILHBIM TEKYILIEMY 3HAYCHUIO €€ YPOBHS B TEXHOJIOTHYECKOM OOBEK-
T€.

Ecnu UDY copepxuT ABa IIaBarOMMX MOIJIABKA, TO CIPABEIJIUBO, YTO

P, =H,Sp9; P,=H,S,p9 u P./P,=H,S, |H,S, (8)

JIist monydeHus IEeJIEBOro pe3yibTaTa BO3MOXHBI (Kak ciaeayer u3 8) cie-
JYIOIAE BApUAHTHI:

WH=H,, S,=8,; 2H,=H,,S,=S8,; 3)H,=H,;S,=S,. 9

O4eBUAHO, YTO MEPBII BapUaHT HEMPUEMJIEM, T.K. IPUBOAMT K 1 mpu r00bIX
KOHCTPYKTHUBHBIX ITapaMeTpax IOIJIaBKOB.
Bropou Bapuant npu H,> H, 1.x. H,= H,- AH NIpUBOAUT K YPaBHEHHUIO:
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R_H__H 5o o

P H, H,-AH

B cootBercTBHU ¢ (9) MOMmIaBKK MOTYT OBITh YCTAHOBJICHBI B 00BEKTE TOJIBKO
TaK, 4YTOObI UX BEPXHUE KOHIbI HAXOJUIUCh HA OJJHOM YPOBHE, B IPOTUBHOM CIY-
Jyae MpH YPOBHE XHUIKOW cpensl H . B 00bekTe B npenenax (H,— AH) nokazaHus
ypoBHeMepa OyyT paBHbI 1.

OuyeBUIHO, UTO MaKcUMallbHOE 3HaHue H = H,, T.e.Npu 3aMOJHEHUH 00BEK-
Ta XHIKOU cpenoi, H . m3mensercs B npenenax (0 — H,), mosToMy dem 0oJIbIIe
H, tem menbiie npu AH = consnt otromenne H,/ (H,— AH), uto obecrieunBaer,
BO-TIEPBBIX, HE3aBUCUMOCTh PE3YIBTATOB U3MEPEHUS YPOBHS JKHUJKOM Cpebl OT €€
IJIOTHOCTH M, BO-BTOPBIX, COOTBETCTBUE KAXKJOMY KOHKPETHOMY YPOBHIO H . KOH-
KpeTHoe 3HadeHue otHomenus H,/ (H,— AH).

YDV B ganHoM ciydae (puc. 3) JOKEH COCTOATh U3 JIBYX IMOIUTaBKOB 1 U 2
OJIMHAKOBOI'O IMAMETPA, OJIUH U3 KOTOPbIX Ha AH MeHbIlIe IPyroro, AByX U3MEpHU-
TENBHBIX MpeoOpazoBareicii 3, 4, U3MEPSIONIMX BhITAJKUBAIOIINAE CHIBI (P, u P.)
JCHCTBYIONIUE HA TOIIaBKKU U OJyioka jgencHus (P,/ P,) 5, BBIXOJHOW CUTHAI KO-

TOPOr0 MPOMOPIMOHATEH YPOBHIO KOHTPOJIUPYEMOW KUJIKOU Cpellbl B OOBEKTE..
YHuduuupoBaHHbIN BbIXOJ OJI0KA ACICHUS MOXET MepPeaBaThCs MO JIUHUU CBS3U
6 Ha BXOJ BTOPUYHOTO MpUOOpa 7 CO MIKAJIOW, MPOTPaaynpOBAaHHOW B €IUHUIIAX
V3MEPEHHS YPOBHH.

|’— PP, ] 6 ]

T
T
/.,

Puc. 3 — Yposaemep
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Od4eBuIAHO, YTO CIEMYET U3 PHC. 3, pa3paOOTaHHBIN YPOBHEMED UMEET CYIIe-
CTBEHHBIM HENOCTATOK — HAJIWYHUE «MEPTBOW 30HBI» - AH, B IpaHUIlaX KOTOPOM
W3MEPEHUE YPOBHS HE OCYIIECTBISIETCS M KOTOPYK) HEBO3MOYKHO OCYIIECTBUTH
IIPH OJIMHAKOBHIX JHaMETpaXx MoIUIaBKkoB 1 u 2.

Ho eciu BBICOTHI TOIUIaBKOB paBHBI (H,= H,), TO U3MepeHUE YPOBHS JKH/I-
KO cpensl mpu S, =S, BooOIEe HeBO3MOkHO. CienoBaTenbHo, B IpoLEecce MaTe-

MaTHYECKOT0 TpeoOpa3oBaHus BeIpakeHus (8) HEOOXOIUMO HAWTH TaKOH ee BU,
KOTOpBI oOecnieunBan Obl pyHKIMOHANBHYIO 3aBucuMmocts P,/ P,= f (H.) BO

BCEM Jana3oHe U3MEHEeHus f ..

JIJIs1 TTOJTyYeHUsT YKa3aHHON 3aBHCHMOCTH JIOJDKHO BBITIOTHSTHCS JIBA YCIOBHSI
H=H, unP,/P,=f(H.)Bnpenenax H.= H,,. OT0 BO3MOXHO, €CJIU HPH JIIO-
O0OM KOHKpPETHOM H . €ro 3HA4YCHHIO Oy/IeT COOTBETCTBOBATh KOHKPETHOE (M ¢IMH-

CTBEHHOE) 3HaueHue oTHomeHus P,/ P,. JlaHHYIO 3aBHCUMOCTh MOXHO 3aIHCaTh

P S, =const

B BHUJC Fz - Sz — 81 +AS IIpu yCJIOBUH, YTO

AS=f(H.) (11)

Ycnosus (11) peanmuszyemo eciu, HalpuMep, MPU PaBHON BBICOTE MOIUIABKOB
1, oaWH W3 HUX BBHINOJIHEH B BUJE IUJIUHJpPA, @ BTOPOU - B BUJIE YCEUYEHHOIO KO-

nyca (puc. 4).
: T G§
\ 6 7
3 | Pl/Pz 1
T~ P, P, 4
I ]
A A
] 1/ 2/
HC H1 H2
A \4

Puc. 4 — IloniaBKoBBIM YyBCTBUTENbHBIN 1€EMEHT 1
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OuyeBUIHO, YTO MPU YKA3aHHOM BBIOOPE MOIMIIABKOB JIFOOOMY KOHKPETHOMY
3HaueHuto H . OyJleT COOTBETCTBOBATh KOHKPETHOE U €IMHCTBEHHOE 3HAYECHHE OT-

HOIIICHUS BBITAIKMBAIONINX CHJI, IEHCTBYIOMUX Ha moriaBku — P,/ P, . [lpu aToM

OYEBHUIHO, YTO YYBCTBUTEIHHOCTh KOHCTPYKIIMU ypoBHeMepa (puc. 4) Oyaer 3aBu-
CEeTh OT yIjla KOHYCHOCTH MOIUIaBKa, BHINOJHEHHOIO B BUJIE YCEUEHHOTO KOHYCa U
JUISL YBEJIMYEHUS] YYBCTBUTEJIBHOCTH YKA3aHHBIM Yroyl CIeQyeT YBEIUYHUTh, YTO
MPUBEJIET K YBEJIMUECHHUIO Ta0apuTOB IAHHOTO MOIUIaBKa. B ¢Bs3U ¢ 3TUM BO3HUKA-
€T BOIIPOC, KaK 00ECIEeUYUTh IOCTATOYHYIO YyBCTBUTEILHOCTh YPOBHEMEpA MPHU OT-
paHUYEHHBIX rabapuTax MOIJIaBKOB.

Ananmsupys popmyiy (11) MOKHO clienaTh BBIBOJ, UYTO YBEIHUCHUE TYBCT-
BUTEJIBHOCTH YPOBHEMEpPA BO3MOXKHO TOJBKO B TOM CIlydae, KOTJla MpUpalieHue
AS ee uucnuTens U 3HaMeHaTens OyAyT UMETh IPU U3MEHEHUU YPOBHS MPOTHUBO-
MOJIOKHBIE 3HAKU. DTO BO3MOXKHO TOJIbKO B OJIHOM Clydae, KOTJa BBIMOJIHSIETCS
yCIIOBUE

P, S;—AS

—_ = AS = f(H 12
TS, +AS npu (He) (12)

[TpocTeitimmM BapuaHToM peaiu3anuu yciaoBus (12) sSBISCTCS BBIOJHEHHUE
PaBHBIX 10 BBICOTE TMOILIABKOB B BUJIEC YCEUYCHHBIX KOHYCOB OOJIbIIHE (MEHBIIIHE)
OCHOBaHMSI KOTOPBIX HAIIPABJICHBI B POTHBOIOJIOKHBIC CTOPOHHI.

KoHCTpyKITHs 9yBCTBUTEIBHOTO 3JIEMEHTa TOIIABKOBOTO ypOBHEMEpa, pea-
nu3yromas yciosue (12) npencrarieHa Ha puc. 5

— K Bropuunomy npubopy

5
\
|7P1/P2 ]

PZ L —

S\P

i

Puc. 5 — IlomiaBKOBBI YyBCTBUTEIbHBIN JIEMEHT 2
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[TormaBku 1 1 2 UMEIOT paBHBIE BBICOTHI, BCIEJACTBUE YETO TMOTPYKEHBI B
KUJKYIO Cpeay Ha oauHakoByio rinyouny H, = H, npu mo0oM ypoBHE KUAKOU
cpeasl H. B Texnonornyeckom oonbekte. [Ipu munumansHoMm ypoBHe H . B 00bek-
T€ OTHOIICHHE BhITAJIKHUBAOMUX cwi P,/ P, uMeer MakcuMalibHOE 3HAYCHHE, TIPH
MaKCMMaJIbHOM YpOBHE >KHUJIKOM cpellbl ykazaHHoe oTHomieHue paBHo 1. Ilpu
3TOM OYEBHUHO, YTO HA PE3YJIbTAThl U3MEPEHUS HE OKA3bIBAECT BIUAHUE NIJIOTHOCTh

KOHTPOJIMPYEMOM XKUJKOU CpeJibl — €€ U3BMEHEHUE B JTIOOBIX Mpeieiax.

BoiBOABI.

1. lleneBoe npeoOpazoBaHUE UCXOIHBIX (POPMYI-MOJENEH BBIXOJHBIX CUTHA-
JIOB UyBCTBUTEIBHBIX 3JIEMEHTOB CYIIECTBYIOIIUX IMOIJIABKOBBIX YPOBHEMEPOB U
PEryasTOPOB MO3BOJISIET ONPENEauTh (OpMyIly MaTeMaTHUeCKON Mojienu, obecre-
YUBAIONIEH YCTPAHEHUE UX METOAMUYECKUX MOTPEIIHOCTEH.

2. Tlporecc MomenupoBaHus BHIXOAHOTO CHTHAJA YYBCTBHTEIBHBIX AJIEMCH-
TOB YPOBHEMEPOB U PETYISATOPOB YPOBHS JIOJKEH MPEABOCXUIIATE HUX KOHCTPYK-
TUBHYIO peajii3aliio J0 MOJYUYEHUS] MaTeMaTUYECKOW MOJICNIH, B COOTBETCTBHUHU C
KOTOPOW pa3pabaThiBaeMblii ypoBHeMep (peryssTop) MOKET pealn3oBaTh 3aJlaH-
HbIE () YHKIIUH.

3. llemeBoe MomeMMpPOBaHUE BHIXOJHBIX CUTHAJIOB UyBCTBUTEIBHBIX JIEMEH-
TOB TMOIUIABKOBBIX YPOBHEMEPOB  MO3BOJIIET PACHIMPUTH UX (PYHKIIMOHAIbHBIC
BO3MOXKHOCTH — 00€CHEUYUTh, HAIPUMEP, OJHOBPEMEHHOE M3MEPEHUE YPOBHS U
MJIOTHOCTH KOHTPOJMPYEMOU >KUAKON CpeJibl MPU UCKIIOUYEHUHM 3aBUCUMOCTU pe-
3yJIbTATOB U3MEPEHUSI OT 3HAUCHUN U MEPEMEHHOCTH KaXKJ0W W3 U3MEPSEMbIX Be-
JTUYUH.

4. JlaHHBIA METOJ SIBJISIETCS. YHUBEPCAIbHBIM, UTO MOJTBEPKIACTCA PE3Yb-
TaTaMl MOJEPHU3AIMU MEMOPaHHBIX, €EMKOCTHBIX, PaJUOU30TOIHBIX YPOBHEME-
POB, pa3pabOTKON YpOBHEMEPOB-03aTOPOB, BHIXOIHBIE CUTHAJIBI YYBCTBUTEIbHBIX
AJIEMEHTOB KOTOPBIX OBLIM OMpEIeNIeHbl MOCPECTBOM MATEMATHYECKOI'0 MO/IEIIN-
POBaHUS - OPraHU3AIMU TOUCKA MOJEIU C 33JaHHBIMU (DYHKIIMOHAIBHBIMU MPHU-
3HaKaMH.

5. Ucnonb3oBaHue JaHHOTO METOJIa MPHU MPOEKTUPOBAHUHN UYBCTBUTEIBHBIX
9JIEMEHTOB OECKOHTAKTHBIX CPEICTB W3MepeHus (Hampumep, paaruoru30TOITHBIX)
MO3BOJIIET UCKIIIOYUTH 3aBUCUMOCThH PE3YyJIbTaTOB U3MEPEHUS OT U3MEHEHUs BO
BPEMEHH TOJIIMHBI CTEHOK TPYOOIPOBO/a, B KOTOPOM JIBHXKETCSI KOHTPOJIUpYyeMast
cpena.

6. [Ipemymaraembrii  MeToa TO3BOJISIET 00€CTIEUnTh 3aJaHHBIC (YHKIIAW
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CPEICTB M3MEPEHUS U PEryJIUPOBaHUS >KUJKUX CPEJ TOJIBKO 3a CYET BbIOOpA Ha
OCHOBE MAaTEMaTHYE€CKOTO MOJCIUPOBAHUS pAlMOHAIBHBIX (DOPM UYBCTBUTEIb-
HBIX 3JIEMEHTOB U OMPEACTUTH MPU ATOM HX ONTUMAILHOE B3aUMOPACIIOI0KEHUE
OTHOCHUTEJIBHO JIPYT JIpyTa.

/. IlpumeHeHne MeToJa MaTEMAaTHYECKOTO MOJICIIMPOBAHUS BBIXOIHBIX CHUT-
HaJIOB YyBCTBUTEIBHBIX JIEMEHTOB CPEJICTB U3MEPEHUSI U PETYIUPOBAHUS T103BO-
nsieT 3QPEeKTUBHO pa3BUBATh TBOPUYECKOE BOOOpaXKEHUE CTYACHTOB, TaK KakK OH,
BO-TIEPBBIX, JIETKO YCBAaWBAETCSl CTYJEHTAMH U, BO-BTOPBIX, B MPOLIECCE MOJCIIH-
pPOBaHUSI MCHOJIB3YIOTCS TOJIBKO airedpanveckue MnpeoOpa3oBaHUs HCXOAHBIX
(dhopMyI1 pa3IUYHBIX METO/IOB U3MEPEHHUS.
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V]IK 66.02

MartemaTn4eckoe MOACJIUPOBAaHME BbIXOJHBIX CHTHAJOB YYBCTBHUTECJBbHBIX 3JE€MECHTOB

CPeCTB KOHTPOJISI U MeryJIHPOBaHUS KAK METO] MX COBepIIEHCTBOBaHMA / |B.H. T OHII/IHCI(Hﬁl
A.H. IYBOBELl, H.H. THTBUHEHKO, M.A. II0AYCTOB, T.11. KAYOMAHOBA /| Bicaux HTY
«XII». — 2013. — Ne 47 (1020). — (Cepist: Ximis, xiMiuHa TexHosorist Ta ekosorisi). — C. 135 — 146. bio6-
miorp.: 5 Ha3B.

VY crarTi pO3IJSAHYTI MUTAaHHA MAaTEMAaTHYHOIO MOJAETIOBAHHS BHXIIHUX CHTHAJIIB KOHTPOJIBHO-
BUMIpPIOBaJIbHUX MPHUJIAIIB s iX BIOCKOHAJICHHS. 3alpOIIOHOBAHNUI METOJ € YHIBEPCAIBHUM, Ma€ 0e3iiu
MO3UTUBHUX OCOOIMBOCTEH. 3aCTOCYBaHHS IaHOTO METOIY A03BOJISIE €DEKTUBHO PO3BUBATH TBOPUY YSIBY
CTYACHTIB 3aBJASKHU JIETKOCT] 3aCBOIOBAHOCTI 1 BUKOPUCTAHHS TUIBKH anredpalyHUX MepeTBOPEHb BUXIiI-
HUX (HOPMYJ Pi3HUX METOJIIB BUMIpIOBaHHS.

KarouoBi cjioBa: MoJienfoBaHHs, IT'€30METPUYHUH, MTOTIABKOBUH. pajlioi30TONHUI, piBHEMIp, Me-
TOI, IUTBHICTH, YYTJIUBICTb.

The paper deals with mathematical modeling of the output signals of instrumentation for their
improvement. The proposed method is versatile and has many positive features. Application of this
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method allows to efficiently develop the creative imagination of the students because of the ease digestion
and using only algebraic manipulations initial formulas of different methods of measurement.

Keywords: modeling, piezometric, the float. radioisotope, the transmitter, the method, the density
sensitivity.

VJIK 541.18
JI.B. TPHKO3, xanp. texs. Hayk, noil., YKpI'AXKT, Xapekos

UCCJIEJJOBAHUA SJIEKTPOIIOBEPXHOCTHBIX CBOMCTB
I'NIMHOCOJAEPKAHNIUX I'PYHTOBBIX CUCTEM

B crathe mpuBemeHBI pe3yNbTaThl M3MEPEHHH 3JIEKTPOKMHETHYECKoro (-moTeHIuana 4YacTull B JHC-
MEPCHBIX CUCTEMAX, K KOTOPBIM OTHOCSTCS TpyHTHI. [loka3zaHo, 4To 3HavYeHne C-moTeHIrana pa3nuaHbIX
TJIMHUCTBIX O0pa3LiOB U pacyeTHbIC BEIMYMHBI OYEHb XOPOLIO KOPPEIHPYIOT MEXAY coOOH, 4TO MOoA-
TBEP)KJaeT KOPPEKTHOCTh U MPaBUIBHOCTh MPEICTaBICHUN O BEIMUYMHAX U METOIUKE PAcUETa 3JIEKTPO-
MOBEPXHOCTHBIX MOTeHIHaIoB. [Ipeanoxeno omucanue (QU3NKO-XMMUYECKUX MPOLIECCOB, MPOHCXOs-
KX NpU QUIBTPaLKH BOABI MO CKIOHAM, OTKOCaM HACHIIEH WM BBIEMOK, IPUBOISIIIMX K MOSBICHUIO
PacTArMBAIOIMX HAIPSHKEHUH U pa3pyLIEHHIO, TAKUM 00pa3oM, TPYHTOBBIX MaCCHBOB.

KurodeBsble c10Ba: 3IEKTPOKMHETUYECKUI MOTEHIIHAN, 3JEKTPONOBEPXHOCTHBIA MOTEHIIMA, O0-
TEHLIHaJ TeYCHHUS.

BBegenue. DIeKTPONOBEPXHOCTHBIE CBOMCTBA TIIMHOCOJEPKAIIUX MaTepUa-
JI0B 00YCIIOBJICHBI HAJIMYUEM JIBOMHOTO 3JIEKTPUUECKOTO CJIOSt HOHOB M CKayKa Io-
TEHIIMaJa Ha TpaHulle pazgena pa3. OObIYHO IPYHTOBBIE MACCHUBBI SBIISIIOTCS JIUC-
MEPCHBIMU CUCTEMaMH W3 TJIIMHUCTBIX M NECYAHBIX YaCTHL], UMEKIIUX OTpHUIla-
TEJIbHBIN MOBEPXHOCTHBIN 3apsia. [loTeHunanonpenensomme HOHbl 3TUX YaCTHUIL] —
OH™ u HOHBI METAJIJIOB BMECTE C KaTHOHAMM OJIM>KHUX K HUM CJIOEB BOJbI 00Opa-
3YIOT JBOMHOM AJEKTPUYECKUH clIoW. BO Bpemsl BO3/IEMCTBHS HA TPYHTHI pa3jiny-
HBIX CpE€Jl MPOSBISAIOTCA MPAKTUYECKH BCE JIEKTPOIIOBEPXHOCTHBIE SIBJIICHUS, KO-
TOPBIE ONPEAEIISIIOT MOYTH BCE MPOLIECCHI Pa3pyILIEHHs] TPYHTOBBIX MaCCUBOB WIIH,
Ha00O0pOT, UX YCTONYMBOCTH MPOTUB pa3pylIAOMIUX BO3JACUCTBUNA. DIEKTPOKUHE-
TUYECKHUE SIBJICHUS Pa3BUThI T€M CUJIbHEE, YeM OOJibllle TMOABUKHBIN 3apsa nud-
(Gy3HOro CJ0s U 3JIEKTPOKMHETUYECKUI C-MOTEHIMAI TPaHUIbl CKOJIbXeHus. OT-
CIOJIa SICHO, YTO (-MOTEHIMAI — ME€pa UHTEHCUBHOCTU JJIEKTPOKUHETUYECKUX SIB-

JICHU.
© J1.B.Tpuxkos, 2013
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	Повышение pH и температуры [11]. Скорость разложения H2O2 до кислорода и воды увеличивается в несколько раз при увеличении рН и температуры. Для обрабатываемых промышленных стоков, содержащих несколько сотен мг/дм3 H2O2, повышение pH до 10 – 11 и температуры до 40 – 50 °C позволяет существенно ускорить удаление пероксида водорода. Этот процесс может быть дополнительно ускорен прибавлением солей железа (III). Стоит заметить, что метод пригоден только для определения ХПК сточных вод, загрязненных органическими соединениями, устойчивыми к окислению пероксидом водорода в щелочной среде при температуре 40 – 50 °C. Поэтому его применение весьма ограничено, поскольку при этих условиях пероксид водорода проявляет максимальную окислительную активность, приводящую к дальнейшему окислению органических веществ в воде, таким образом обусловливая смещение результатов анализа.
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	Химическая нейтрализация [11]. Гидросульфит натрия способен при определенных условиях быстро реагировать с остаточным пероксидом водорода. Впрочем, прибавление избытка реагента оказывает влияние на результаты анализа, ввиду того, что избыточный гидросульфит количественно взаимодействует с бихромат-ионами в кислой среде. Наряду с этим для получения приемлемых результатов анализа необходимо знать точную концентрацию избыточного реагента в растворе и количество бихромата, взаимодействующего с ним в этих условиях. Следует учесть, что при добавлении подкисленного раствора бихромата калия параллельно протекает разложение сульфита натрия с выделением сернистого газа.
	Разложение на активированных углях [12]. Суть метода состоит в разложении H2O2 на гетерогенном катализаторе – активированном угле, тип которого значительно влияет на скорость процесса. Наиболее эффективным является активированный уголь, пропитанный солями каталитически активных металлов, таких как медь, хром или серебро. Следует заметить, что одновременно с разложением H2O2 будет также протекать гетерогенное каталитическое окисление органических веществ на поверхности активированного угля. Таким образом, применение этого метода ограничено для случаев с загрязнителями, устойчивыми к окислению пероксидом водорода в условиях эксперимента.




