CHUIHBIX CJIOCB JJIsA 00enx MOACJIBHBIX peaKL[HfI. HpOBe)IGH CpaBHI/ITCHLHHﬁ aHaJIN3 SKCIICPHUMCHTAJIBHBIX
KaTaJ13aToOpOB C MUPOBLIMHU aHAJIOTaMU.
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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 MOJAEJINPOBAHUME BbIXO/AHbIX
CUI'HAJIOB YYBCTBUTEJIBHBIX 9JIEMEHTOB CPEJACTB
KOHTPOJIA U PEI'YJIMPOBAHUSA KAK METO/I UX
COBEPHIEHCTBOBAHUA

B crarbe paccMOTpeHBI BOIIPOCHI MAaTEMAaTUYECKOTO MOJETMPOBAaHNS BBIXOJHBIX CUTHAJIOB KOHTPOJIBHO-
W3MEpUTENbHBIX TPUOOPOB Il MX COoBeplIeHCTBOBaHMs. [IpennokeHHbI MeTo ] ABISETCS YHUBEpCab-
HBIM, IMEET MHOXKECTBO TOJIOKUTENBHBIX 0COOEHHOCTEN. [IpiMeHenrne JaHHOro MeToa MO3BOIIsAET -
(EeKTHBHO pa3BHMBaTh TBOPUYECKOE BOOOPa)KEHHE CTYACHTOB Onaromapsi JIETKOCTH YCBAaHMBAEMOCTH M HC-
MIOJIb30BAHUS TOJIBKO anredpandeckux Mmpeodpa3soBaHU MCXOMHBIX (HOPMYI Pa3IMYHBIX METOJIOB U3Me-
peHusL.

KxamoueBble cioBa: MOACIIMPOBAHUEC, HLCBOMCTpH‘lCCKHﬁ, ITOILTABKOBEIH. pa,[[PIOPBOTOHHLIﬁ, YpOB-
HEMEP, MCTOJ, IJIOTHOCTL, YYBCTBUTCIIbHOCTb.

N3BecTHO, 4TO paboyMM OpraHoM Jt0OOW CHUCTEMBI aBTOMATHYECKOTO KOH-
TPpOJIA, CUTHAJIN3allK KW PCTYJIUMPOBAHUA ABJIISCTCA tI}’BCTBI/ITeJ'H)HBII\/'I QJICMCHT, B
OCHOBE KOTOPOTO JIC)KUT KOHKPETHBIM 3aKOH. YKa3aHHbIA 3aKOH BBIPAKAET B Ma-
TEMaTHYECKON (opme u3Mepsiemyto (peryjiupyeMyro) BEIHYUHY Yepe3 COBOKYII-

©|B.I/I. TOIHI/IHCKI/IfIl, A.H. Jly6osen, W.U. JlutBunenko, M.A. [lomycros, T.I1. KauomaHoga, 2013
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HOCTh JPYTMX BEJIWYWH, KOTOPBIE WM MOCTOSIHHBI WM TMOMJIEKAT HU3MEPEHHIO.
[Ipu >TOM NaHHBII 3aKOH OJHO3HAYHO OMPEAEIseT (3a1aeT) BU/ YyBCTBUTECIHLHOTO
AJIEMEHTA, €r0 KOHCTPYKTUBHBIE OCOOEHHOCTH.

Hanpumep, npu u3mepeHnn ypoBHS MbE30OMETPUUECKUM YPOBHEMEPOM UYB-
CTBUTENBHBIN 3JEMEHT «peanu3yer» Gopmyay

P = Hpg (1)

rae P — naBieHUE Ha TIIyOWHE TOTPYXCHHsI H3MEpUTENbHOU (Mbe3oMeTpudec-
KOH) TpyOKM B KOHTPOJHPYEMYIO >KHIKOCTh, p — IUIOTHOCTH KHJIKOW CPEIbI,
g — yCKOpeHue CBOOOAHOTO MaCHUS.

U3 (1) cnenyert, uto H = P/pg u 4TO HA pe3yabTaT u3MepeHus H BIuseT co-
MyTCTBYIONIAsl BEJIWYWHA — p W JOTMOJHHUTEIbHAs (METOIMYecKast) IMOrPEIIHOCTh
npu u3mMepeHun H He BO3HHMKAET TOJIBKO B TOM ciiydae, eciiu p = const. Takum 006-
pasom, dopmyna (1) sBiIsEeTCSs MATEMAaTHYECKON MOJCIIBIO BBIXOJHOTO CHTHAJIA
YyBCTBUTEJIBHOTO 3JIEMEHTA, KOTOpas OJHOBPEMEHHO YKAa3bIBAET HA 3aBUCHUMOCTD
YKa3aHHOTO CUTHaa (M pe3ysibTaTa U3MEPEHHS YPOBHSI) OT IUIOTHOCTH KOHTPOJIH-
PYEMOM KUJIKOW CPEJbl, YTO IPU U3MEHEHUH p MOKET NPUBOAUTH K HEIOMYCTH-
MBIM JTOTIOJTHUTEIBHBIM (METOAMYSCKHUM) TOTPEITHOCTSIM U3MEPEHUSI.

Ho torma MoxHO MpeANoJIOKUTh, YTO UMEETCS BO3MOXKHOCTh MpeoOpa3oBa-
HUSI UCXOJHOW MaTeMaTHueckod monenu (popmyina 1) 110 MOTydeHHUS TaKOro ee
BHJIa, KOT/A TUIOTHOCTh KOHTPOJIMPYEMOM CPEbl p HE OKA3bIBAECT HE BIUSHUS HAa
pe3yibTaT u3MepeHus ypoBHs H. JlaHHBIM MeTOJ NPHUBJIEKATENIEH TE€M, YTO HC-
XOJIHYI0 (GOpMYIly CPEeACTBA MU3MEPEHUS MOKHO MPeoOpa3oBhIBATh HA OCHOBE BBI-
JBUHYTOW UJIEU U MPABUJI MATEMATHUKHU JI0 TE€X IOP, MOKa OHa HE OyJET COOTBETCT-
BOBAaTh 1I€JICBOMY Ha3Ha4YeHUIO. Takoil MoAX0/ ] MO3BOJISIET HE pa3padaThiBaTh UyB-
CTBHUTEJBHBIN 3JIEMEHT CPEACTBA MU3MEPEHUA JO0 TEX IMOp, MOKAa HE CO3JaHa MaTe-
MaTH4YeCKas MOJIETb €r0 BHIXOJHOTO CUTHAJa, OTBEUYAIOIIETO 11eJIEBbIM TPeOOBaHU-
SIM.

Hamnpumep, HeoOxoaumMo pa3paboTaTh 4yBCTBUTEIbHBIA 3JIEMEHT IMOIJIABKO-
BOT'O PETYJSATOPA YPOBHA XKUJKUX CPEJ, PE3yAbTaThl PETYIUPOBAHUS KOTOPOTO HE
OyAyT 3aBHCETh OT MX IUIOTHOCTH (B TOM YHUCJIC HENIPEPHIBHO NU3MEHSIOIICHCS) TTPH
MOOBIX €€ 3HauYCHUSIX. BBIXOJHON CUTHAT YyBCTBUTEIBHOTO 3JIEMEHTA MOIJIaBKO-

BOTO PEryJIsTOpa YpoBHS (C IUIaBAIONIUM TOIIJIAaBKOM) OMTUCKIBaeTCs (HOpMYITOi

Hy =P,/S,p9 )
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rie H,— rnyOMHa NOrpyKeHHs IUIaBAlOUIEro IOIUIaBKa B KUAKYIO Cpeny;
P ,,— BpITankuBaromas cuia, AMCTBYIONIas Ha MOIUIABOK; S, — IJIOUIaAb MONepey-

HOT'0 CCUCHHUA NUIHMHAPHUYICCKOI'O IIOIIJIaBKa.

OnHa w3 uaen UCKIIFOYEHHS 3aBUCMMOCTH BBIXOJHOTO CHUTHAJIA IMOIUJIABKA OT
IJIOTHOCTH KOHTPOJIMPYEMOM CpeIbl «IpeasiaraeT» UCKIIOYeHUue p U3 (HopMyIibl
(2), 9TO MOKHO 00ECIEYHTh OCPEACTBOM €0 BBIPAKEHHUS B YKA3aHHOU (hopMyIie
4yepes3 Jpyrue BeIMUuHbl. Torjaa OyaemM UMeTh

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

IrJie p ,— BBITAJKHUBAOIIAS CHJIA, JCHCTBYIONAs HA MOILUTABOK; h — riyOuHa morpy-
KEHHS MOIUIABKA B XKUAKYIO Cpedy; S, — IUIONIa[b MOMEPEYHOr0 CEYEHHS MOILIaB-

Ka.

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

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

N3 (4) crenyet, 9TO YyBCTBHTENBHBIA 3JIEMEHT, B MAaTEMAaTUYECKONH MOJEIN
KOTOPOT'O OTCYTCTBYET p JOJKEH COCTOSATh U3 JBYX MOIUIaBKOB. [Ipeamonarast, uto
P, = p, (3T0 OMH M3 BapHaHTOB MpeaiaraeMeix uaei), nonyunm H,/S,=h, s ,

YTO BO3MOKHO, €CJIM, HAIPUMED,

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

Ycnosue (5) ocyliecTBUMO, €ClIM IUIABAIOIIUE IMOIIABKH IPH BBIOPAHHBIX

S, W S, MOTPYXEHBI B XHUJIKYIO Cpelly Ha pa3Hble nryounsl H ,u h , mpu xoto-

ppix P,= p, .

[IpocTeiimas peanu3anusi KOHCTPYKIIMK YyBCTBUTEIBHOIO 3JIEMEHTA PEryisi-
TOpa IpuBejacHa Ha puc. 1.

OueBunHO, YTO €CIH NpH H

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

TO BBIXOJHOU cUrHaN npeodpa3opareis 5 pasen 0 (E = 0).
Ecin B 00BbEeKTe WM3MEHHUTCS IUIOTHOCTH XKUJIKOW Cpelbl, TO ypaBHeHue (6)
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OyJeT UMETh BUJT
[P,=H,S,(ptAp)9] =[p,=h,s,(ptAp)d] (7)

W3 (7) ciaenyet, 4To Mpu 1000 TUIOTHOCTH M JIFOOOM €€ M3MEHCHUH BBIXOJI-
HOW CHTHAJ YyBCTBHUTEIBHOTO 3JeMeHTa peryistopa (UDP) ocraercs mocTosH-
HBIM, T.€. 3HaUY€HUE BBIXOJHOrO curHaia YDP He 3aBUCHUT OT IJIOTHOCTU KOHTPO-

JUPYEMOU KUAKOH cpenbl, a popmyna (6) mmeer mo cymectBy Bun H ,S,=h s
(HpH PH: pn)'

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

n?

peraar 3 TMOBEPHETCS HA OCH 4 0 YaCOBOW CTpEJKE, UTO MPHUBEAET K BOSHUKHOBE-
HUIO B U3MEPUTEIBLHOM MpeoOdpa3oBaresie S BHIXOJHOTO CUTHAlla HA YMEHBIICHUE
PEryJATOPOM pacxojia >KUAKOCTH, MOCTyNawMell B 00bEKT WX OTKJIIOYEHUE MO-
Ja4¥ KUIKOCTU B OOBEKT.

B cucremy
peryiaupoBaHus

A
A 4
=

34

A
\4

Puc. 1 — KOHCTpYKIIMS 4yBCTBUTEILHOTO DIIEMEHTA peryasropa: H ,; — 3aJaHHbli peryJis-

TOPY YPOBEHB KHJKOCTH B TEXHOJIOTHYECKOM 00BeKTe; 1 — MUIMHIpUYECKUi TOTIIaBOK C 0OJIb-
e MIOMAAbI0 MOTIEPEYHOr0 CEUCHUs; 2 — UIHHIPUYECKUN TOTIABOK C MEHBIIEH II0MIaIb0
nonepeyHoro ceueHus; 3 — I1-oO0pa3Hblii paBHOIUICUHBINA pbIyar; 4 — oCh, Ha KOTOPOH YCTaHOB-
JIeH phiuar; 5 — mpeoOpa3oBarens yria MOBOPOTa pblyara B yHU(DUIIMPOBAHHBINA BBIXOJIHOM CHT-
HaJl YyBCTBUTEIBHOIO 3JIEMEHTA.

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

peraar 3 TOBEPHETCSA HAa OCH 4 MPOTUB YACOBOW CTPETKH, YTO MPHUBEACT K BOSHUK-
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HOBEHHH B U3MEPUTEIHLHOM MpeoOpa3oBaTesie S BHIXOJAHOTO CUTHAJIA HA YBEJIHYE-
HUE PETYJSATOPOM pacxojia XXKUJIKOCTH, MOCTYNAOIIEH B TEXHOJOTHUYECKUUA 00b-
eKT.

CreoBaTenbHO, CIIPOEKTUPOBAHHBIM HA OCHOBE MAaTEMATHYECKOIO MOJIEIH-
POBaHUSI YyBCTBUTEIBHBIN AJIEMEHT PEryJsiTopa, COCTOSIINN M3 JABYX IOIJIABKOB,
o0ecrneurBaeT HE3aBUCUMOCTh PE3YJbTATOB PEryIUPOBAHUSI OT IJIOTHOCTU KU -
KOM Cpelbl.

Ho »T0 BO3MO’KHO, BO-MEPBBIX, MPU HATUYUU JIBYX MOIJIABKOB «BKJIIOYEH-
HBIX» BCTPEYHO M, BO-BTOPBIX, IpHU oO0s3aTenbHOM ycnoBuu H,S,= H,S, mnpu
S,>S,, H<H,uwP=P,.

CrpaBeimuBoCTh 3()(PEKTUBHOCTH MeTojaa npeodpa3oBanus Gopmyna (mate-
MaTHYECKHX MOJICJICH), BBIXOJAHOTO CUTHAJIAa YYBCTBHTEILHBIX JICMEHTOB PeryJisi-
TOPOB YPOBHS MOATBEPKIACTCS BO3MOKHOCTBIO MOJYYEHHS BBIIICYKAa3aHHOTO pe-
3yJbTaTa UCMOJIb30BAHUEM JPYTOM «HUJICOJOTHU» MPeoOpa3oBaHUsl UCXOAHBIX Ma-
TEMATUYECKON MOJICIIH.

Tak kak nMpu HAJIMYUU JIBYX MOIJIABKOB, HA KOTOpHIE JAEHCTBYIOT COOTBETCT-
BEHHO BbITAJIKMBaromue cuisl P, = H S, pgu P, H,pg, Tonpu S,> S, u H,< H,u
P,= P, ortHomenue P,/ P,= 1. Ho Torma peryiasaTop YpOBHS JOJKCH COJEPIKATh
KpOM€ JBYX TMOIUIaBKOB JIBa HM3MEPUTENIbHBIX MpeoOpa3oBaTess, HU3MEPSIOMINX
3HayeHust P.u P,, OJNOK JuIsi u3MepeHus: cooTHomenus P,/ P,c yHupumpoBaH-
HBIM BBIXOJIHOM Ha peryiupoBaHue (puc. 2).

UyBCTBUTENbHBIA 3JEMEHT PEryisTopa pearupyeT Ha H3MEHEHHE YpPOBHS
KMJKOW CpelIbl OTHOCHUTEIBHO 3aJaHHOTO YpOBHA FH ;; TOJZOOHO KOHCTPYKIIMH,

IPEICTaBICHHON Ha puC. 1, ero oTiMyue B TOM, YTO HANPABIEHHOCTh PEAKLUU pe-
rynstopa (YBeIMYCHHE WM YMEHBIICHUE) pacXola B JAHHOM CIy4ae 3aBHCUT OT
ycinoBuid P,/P,> 1 nm P,/P,<l.

Ha ocHoBe aHann3a NpUBEAECHHBIX BBIIIE YyBCTBUTENIBHBIX 3JIEMEHTOB PETY-
JSITOPOB YPOBHS KHJIKMX CPEJl, TOJIYYEHHBIX TOCPEICTBOM LIEJIEBOIO MaTeMaTH4e-
CKOTO MOJEJIMPOBAHUS, MOXKHO YTBEPXAAaTh, YTO AAHHBIM METOJ  ABISETCS 3(-
(PEKTUBHBIM CPEJICTBOM, MO3BOJISIOLIUM €IIe 10 pa3pabOTKU KOHCTPYKTHUBHOIO
pELICHHUs] KOHKPETHOI'O PETyJSITOpa IOJIYYUTh B BUAE MATEMATHUYECKOW MOJEIU
KOHCTPYKIIMIO €r0 YyBCTBUTEJIBHOI'O 3JIEMEHTA C 3aJlaHHBIMU  (DYHKIIMOHAJIbHBIMHU
IPU3HAKAMH.

EcTecTBEHHO, BO3HUKAET BONPOC O BO3MOXKHOCTU IOJYYEHHUS MaTreMaruye-

CKOM MOJENIM YyBCTBUTEIBHOTO AJIEMEHTA, MpUuOopa JUisi U3MEPEHUST YPOBHS KU/ -
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KUX Cpel, KOHCTPYKIHS KOTOPOr0 HCKIIOYAET 3aBUCHUMOCTH OT IUIOTHOCTH yKa-
3aHHBIX CPEJ.

3 ’—>B CHUCTEMY YIIPABJIECHUSA
Py/P;
/ i

A

g

d

Puc. 2 — Perynsrop ypoBHs: 1 — IOIIaBOK ¢ MEHbBIIEH BBICOTOM M OOJbIIEH INIOTHOCTHIO

HOINEPEYHOro ceyeHus S, = KDl2 . 2 — IOIUIABOK C OOJIBIIEN BBICOTOM W MEHBIIEH ILIOIAIBI0

nonepeyHoro ceuenus S, = xd;; 3 — 6ok cooTHomenust P,/ P, ¢ yHUUIUPOBAHHBIM BBIXOI-

HBIM CUTHAJIOM.

OueBUIHO, YTO B JAHHOM CIIy4a€ UYBCTBHUTEIBHBIA 3JIEMEHT YpPOBHEMEPA
(UDY) momkeH coaepikaTh ABa IOIUIABKA, COBOKYIHBINH BBIXOAHOW CHUTHAJI KOTO-
pPBIX TPEACTaBICHHBIN (OpMYJION — MaTEMaTHUYE€CKON MOJEIbI0, BO-NIEPBHIX, HE
JIOJKEH 3aBUCETh OT IUIOTHOCTU KOHTPOJUPYEMOW Cpelbl M, BO-BTOPHIX, OBITH
MPONOPLUHUOHAIILHBIM TEKYILEMY 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)

Jlist monydeHus ILEeJIEeBOro pe3yibTaTa BO3MOXHBI (Kak ciaeayer u3 8) cie-
JYIOIIAE BApUAHTHI:

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

OuyeBUIHO, YTO MEPBBIM BapUAHT HEMPUEMJIEM, T.K. MPUBOJUT K 1 mpu mr00bIX
KOHCTPYKTHBHBIX NTapaMeTpax MOIJIABKOB.

Bropou Bapuanr npu H,> H, 1.x. H,= H,- AH NIpUBOAUT K YPaBHEHHUIO:
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R_H__H 5o w0

P H, H,-AH

B cootBerctBum ¢ (9) momiaBku MOTYT OBITH YCTAHOBJICHBI B 00BEKTE TOJIBKO
TaK, 4YTOObI UX BEpPXHUE KOHIIbl HAXOJIUIUCh HA OJJHOM YPOBHE, B IPOTUBHOM CIY-
Jyae MpH yPOBHE XUJAKOW cpensl H . B 00bekTe B npenenax (H,— AH) nmokazaHus
ypoBHeMepa OyyT paBHbI 1.

O4eBuAHO, UTO MaKCUMalbHOE 3HaHue H .= H,, T.e.Ipu 3all0JHEHUU O0BEK-

Ta XUAKOU cpeno, H . m3mensercs B npenenax (0 — H,), moatomy uem Ooubliie
H, tem menbiie npu AH = consnt otaomienue H,/ (H,— AH), 4to obecnieunBaer,
BO-TICPBBIX, HE3aBUCUMOCTh PE3YJIbTATOB H3MEPEHHSI YPOBHS KHIIKOM CpEIbl OT ee
IUIOTHOCTH Y, BO-BTOPBIX, COOTBETCTBHE KAXKJJOMY KOHKPETHOMY YPOBHIO H . KOH-
KpeTHoe 3HaueHue otHomenus H,/ (H,— AH).

YDV B ganHoMm ciydae (puc. 3) JOHKEH COCTOSATH U3 JIBYX IMOIUTaBKOB 1 U 2

OJIMHAKOBOI'O IMAMETPA, OJIUH U3 KOTOPbIX HAa AH MeHbIlIe IPyroro, AByX U3MEpH-
TEJNBHBIX MpeoOpazoBateicit 3, 4, U3MEPSIONIMX BhITAJKWBAIOIINAE CHIbI (P,u P.)
JCHCTBYIONIUE HA TOIIaBKKU U OJioka jgencHus (P,/ P,) 5, BBIXOJHOW CUTHAI KO-
TOPOr0 MPOMOPIMOHATEH YPOBHIO KOHTPOJIUPYEMOW KUJIKOU Cpellbl B OOBEKTE..
YHuduuupoBaHHbINA BbIXO] OJI0KA ACICHUS MOXET MepPeaBaThCs MO JIUHUU CBS3U
6 Ha BXOJ BTOPUYHOTO MpuOOpa 7 CO NIKAJOW, MPOTrpaayupOBAaHHON B €IWHUIIAX
U3MEPEHUS YPOBHSL.

5 >
SN | sl
P./P, 6
3\ ,F’J ‘_-—I 4 7
P P, L
1
' |
A
HZ
He /1 2/ /
v
A
H; NN
v

Puc. 3 — YpoBHemep
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Od4eBUIAHO, YTO CIEMYET U3 PHC. 3, pa3paOOTaHHBIN YPOBHEMED UMEET CYIIe-
CTBEHHBI HENOCTATOK — HAJIMYUE «MEPTBOW 30HBI» - AH, B IpaHuIlaX KOTOPOM
W3MEPEHUE YPOBHS HE OCYLIECTBISIETCS M KOTOPYIO HEBO3MOYKHO OCYIIECTBUTH
P OJMHAKOBBIX IHAMETpaXx MOIIaBKoB 1 1 2.

Ho eciu BBICOTHI TOIUIaBKOB paBHBI (H,= H,), TO U3MepeHUE yPOBHS JKH/I-

KoM cpenbl ipu S, =S, BooOIIe HEBO3MOXHO. Cle1oBaTeabHO, B MPOLECCE MaTe-

MaTHYECKOT0 TpeoOpa3oBaHus BeIpakeHHs (8) HEOOXOIMMO HAWTH TaKOH ee BU,
KOTOpBI oOecrieunBan Obl pyHKIMOHANBHYIO 3aBucumocts P,/ P,= f (H.) BO

BCEM Jana3oHe U3MEHEHus f ..

JIJIs TTOJTyYeHUsT YKa3aHHON 3aBHCHMOCTH JIOJDKHO BBITIOTHSTHCS JIBA YCIOBHSI
H=H, nP,/P,=f(H.)Bnpenenax H.= H, ,. OT0 BO3MOXXHO, €CIIH TIPH JIIO-
OOM KOHKpPETHOM H . €ro 3HA4YCeHHIO OyIeT COOTBETCTBOBATh KOHKPETHOE (M €IMH-

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

P S, =const

B BHJC ;2 - 82 — 81 + AS HpI/I YCJ'IOBI/II/I, qTo
AS=f(H.) (11)

Ycnosus (11) peanmuszyemMo eciu, HallpuMep, MPU PaBHON BBICOTE MOIUIABKOB

1, OJIMH M3 HHUX BBIIIOJHCH B BUAC HNUWJIMHApPA, a BTOpOﬁ - B BUAC YCCUYHCHHOI'O KO-

nyca (puc. 4).
5 \ @
\ 6 7
3 —1 PP ——=
T~ P, P, —4
I
A A
H. H, H,
A \4

Puc. 4 — IloniaBKOBBII YyBCTBUTEIbHBIN 3M1eMeHT 1
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OuyeBUJIHO, YTO MPHU YKA3aHHOM BBIOOPE MOIUIABKOB JIFOOOMY KOHKPETHOMY
3HaueHuto H . OylleT COOTBETCTBOBATh KOHKPETHOE U €IMHCTBEHHOE 3HAYECHUE OT-

HOIIICHUS BBITAIKMBAIONIMX CHJI, JCHCTBYIOMUX Ha noriaBku — P,/ P, . Ilpu aTom

OYEBHUIHO, YTO YYBCTBHUTEIHHOCTh KOHCTPYKIIMK ypoBHeMepa (puc. 4) Oyzaer 3aBu-
CETh OT yIja KOHYCHOCTH MOIUIaBKa, BHIMOJHEHHOIO B BUJIE YCEUEHHOTO KOHYCa U
JUISL YBEJIMYEHUS YYBCTBUTEJIBHOCTH YKA3aHHBIM Yroyl CIeayeT YBEIUYHUTh, YTO
MPUBEJIET K YBEJIMUECHHUIO Ta0apuTOB TAHHOTO MOIUIaBKa. B ¢Bs3U ¢ 3TUM BO3HUKA-
€T BOIPOC, KaK 00ECIEeYuTh IOCTATOYHYIO YyBCTBUTEILHOCTh YPOBHEMEpA MPHU OT-
paHUYEHHBIX radapuTax MOIJIaBKOB.

Ananmmsupys popmyiy (11) MOKHO clienaTh BBIBOJ, UYTO YBEIHMUCHUE TYBCT-
BUTEJIBHOCTH YPOBHEMEpPA BO3MOXKHO TOJBKO B TOM Clydae, KOTJia MpHUpalieHue
AS ee uucnuTens U 3HaMeHaTenss OyAyT UMETh IPU U3MEHEHUU YPOBHS IMPOTHUBO-
MOJIOKHBIE 3HAKU. DTO BO3MOKHO TOJIbKO B OJIHOM Cly4dae, KOTJa BBIMOJIHSIETCS
yCIIOBUE

P S;—AS

—_ = AS = f(H 12
S, +AS npu (He) (12)

[TpocTeitimmM BapuaHToM peaiu3anuu yciaoBus (12) sBisercss BBITOTHCHHE
PaBHBIX 10 BBICOTE TMOIUIABKOB B BHUJIC YCEUYCHHBIX KOHYCOB OOJIbIIHE (MEHBIIIHE)
OCHOBaHMSI KOTOPBIX HAIIPABJICHBI B IPOTHBOIIOJIOKHBIC CTOPOHHI.

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

— K Bropuunomy npubopy

5
Ii\ Py /P ]

P2 | —

~r

i

Puc. 5 — IloniaBKOBbI YyBCTBUTEIbHBIN JIEMEHT 2
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[TormaBku 1 1 2 UMEIOT paBHBIE BBICOTHI, BCIEJCTBHE YETO TMOTPYKCHBI B
KUJKYIO Cpely Ha oauHakoByio rinyouny H, = H, npu m1r000oM ypoBHE XUAKOU
cpeasl H. B Texnonornyeckom oonekte. [Ipu munumansHoMm ypoBHe H . B 00bek-
T€ OTHOIICHHE BhITAJIKHUBAOMUX cwi P,/ P, nMeer MakcuMalibHOE 3HAYCHHE, TIPH
MaKCMMaJIbHOM YpOBHE >KHUJIKOM cpellbl ykazaHHoe oTHomieHue paBHo 1. Ilpu
3TOM OYEBUHO, UTO HA PE3YJIbTAThl U3MEPEHUS HE OKA3BIBAECT BIUAHUE IIJIOTHOCTH

KOHTPOJIMPYEMOM KUJKOU CpeJibl — €€ U3BMEHEHUE B JTIOOBIX Mpeieliax.

BeiBOABI.

1. leneBoe npeoOpazoBaHUE UCXOIHBIX (POPMYI-MOJENEH BBIXOJHBIX CUTHA-
JIOB YyBCTBUTEIBHBIX 3JIEMEHTOB CYLIECTBYIOIIMX IMOIUIABKOBBIX YPOBHEMEPOB U
PEryasTOPOB MO3BOJISIET ONpPENEauTh (OpMyIly MaTeMaTuueckoi Moienu, obecrne-
YUBAIOLIEH YCTPAHEHUE UX METOJINYECKUX MOTPEIIHOCTEM.

2. Tlporecc MomenmupoBaHUs BBIXOAHOTO CHTHAJA YYBCTBUTEIBHBIX AJIEMCH-
TOB YPOBHEMEPOB U PETYISATOPOB YPOBHS TOJKEH MPEABOCXUIIATE WX KOHCTPYK-
THUBHYIO PEAIU3alNI0 JI0 MOTYyYEHUS MATEMATUYECKOW MOJIENIA, B COOTBETCTBHUH C
KOTOpOW pa3pabaThiBaeMblii ypoBHeMep (peryssTop) MOKET pealn3oBaTh 3aJlaH-
HbIE () YHKIIUH.

3. llemeBoe MomenMMpOBaHUE BHIXOAHBIX CUTHAJIOB UyBCTBUTEIBHBIX DJIEMEH-
TOB TMOIUJIABKOBBIX YPOBHEMEPOB  MO3BOJIIET PACHIMPUTH UX (PYHKIHOHAIbHBIC
BO3MOXKHOCTH — 00€CHEUYUTh, HAIPUMEP, OJHOBPEMEHHOE M3MEPEHUE YPOBHS U
IJIOTHOCTA KOHTPOJUPYEMOU KUIAKOM Cpellbl MPHU UCKIOUYECHUN 3aBUCUMOCTH pe-
3yJbTATOB U3MEPEHHS OT 3HAYCHUN U NMEPEMEHHOCTH KaXJO0M U3 U3MEPSIEMBIX BE-
JINYUH.

4. JlaHHBIA METOJ SIBJISIETCSI YHUBEPCAIbHBIM, UTO MOJTBEPKIAACTCS PE3YIib-
TaTaMl MOJIEPHU3AIMU MEMOpPaHHBIX, €EMKOCTHBIX, PaJUOU30TOIHBIX YpPOBHEME-
POB, pa3pabOTKON ypOBHEMEPOB-03aTOPOB, BHIXOIHBIE CUTHAJIBI YYBCTBUTEIbHBIX
AJIEMEHTOB KOTOPBIX OBUIM OMPEIeNICHbI MOCPEACTBOM MAaTEMATHUYECKOTO MO -
POBaHUS - OPTaHU3AlMU MOUCKA MOJENIU C 33JaHHBIMU (DYHKIIMOHAIBHBIMU MpPHU-
3HAKaMU.

5. Ucnonb3oBaHue JaHHOTO METOJIa MPHU MPOEKTUPOBAHUHN UYBCTBUTEIBHBIX
9JIEMEHTOB OECKOHTAKTHBIX CPEICTB W3MepeHUus (Hampumep, paaroU30TOIHBIX)
MO3BOJISIET UCKJIIOYNATH 3aBUCUMOCTBH PE3yJIbTATOB M3MEPEHUS OT U3MEHEHUS BO
BPEMEHHM TOJIIMHBI CTEHOK TPyOOIpoOBOAa, B KOTOPOM JIBHXKETCSI KOHTPOJIUpYyeMast
cpena.

6. [Ipeqymaraembrii  MeToa TO3BOJISIET 00€CTIEUWTh 3aJaHHBIC (YHKIIUW
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CPEICTB M3MEPEHUS U PETYJIUPOBAHUS >KUJKUX CPeJ TOJIBKO 3a CYET BbIOOpA Ha
OCHOBE MAaTEMaTHYE€CKOTO MOJCIUPOBAHUS pAlMOHAIBHBIX (HOPM UYBCTBUTEIb-
HBIX 3JIEMEHTOB U OMPEACIUTH MPU ATOM HX ONTUMAILHOE B3aUMOPACIIOIO0KEHUE
OTHOCHUTEJIBHO JIPYT JIpyTa.

/. IlpumeHeHrne MeToJa MaTEMAaTHYECKOTO MOJICIMPOBAHUS BBIXOIHBIX CHUT-
HaJIOB YyBCTBUTEIBHBIX JIEMEHTOB CPEJICTB U3MEPEHUSI U PETYJIUPOBAHUSL T103BO-
nsieT 3QPEeKTUBHO pa3BUBATh TBOPUYECKOE BOOOpaX)KEHUE CTYACHTOB, TaK KakK OH,
BO-TIEPBBIX, JIETKO YCBAaWBAETCSl CTYJEHTAMH U, BO-BTOPBIX, B MPOLIECCE MOJCIIH-
pOBaHHUSI HCHOJIB3YIOTCS TOJIBKO airedpandeckue MnpeoOpa3oBaHUsi HCXOAHBIX
(dhopMyI1 pa3IUuHbIX METOJIOB U3MEPEHHUSI.
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V]IK 66.02

MaremaTnyeckoe MOEJIMPOBAHME BBIXOAHBIX CHTHAJIOB YYBCTBUTEJIbLHBIX 3J1€MEHTOB
CPeICTB KOHTPOJISI U MeryJIHPOBAaHUS KAK METO] MX COBEpIIEHCTBOBaHMA / |B.H. T OHII/IHCI(Hﬁl
A.H. IYBOBELl, H.H. ITHTBUHEHKO, M.A. II0AYCTOB, T.1. KAYOMAHOBA /| Bicaux HTY
«XII». — 2013. — Ne 47 (1020). — (Cepist: Ximis, xiMiuHa TexHosorist Ta ekosorisi). — C. 135 — 146. Bio6-
miorp.: 5 Ha3B.

VY crarti pO3IJSAHYTI NMUTAaHHA MAaTEMAaTHYHOIO MOJAETIOBAHHS BHXIIHUX CHUTHAIIB KOHTPOJIBHO-
BHUMIpPIOBAaJIbHUX MPHUJIAIIB IS iX BIOCKOHAJICHHS. 3alpONIOHOBAHNUI METOJ € YHIBEpCAIbHUM, Ma€ Oe3Iiu
MO3UTUBHHUX OCOOIMBOCTEH. 3aCTOCYBAaHHS IaHOTO METOAY A03BOJISiE €)EKTUBHO PO3BUBATH TBOPUY YSIBY
CTYZACHTIB 3aBJASKU JIETKOCT] 3aCBOIOBAHOCTI 1 BUKOPUCTAHHS TUIBKH anredpalyHUX MepeTBOPEHb BUXIiI-
HUX (HOPMYJ Pi3HUX METOJIIB BUMIpIOBaHHS.

KarouoBi cjioBa: MojienmoBaHHs, IT'€30METPUYHUH, MTOTUIABKOBUH. 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'AXT, Xapekos

UCCJIEJJOBAHUA SJEKTPOIIOBEPXHOCTHBIX CBOMCTB
I'NIMHOCOJAEPKAIIUX I'PYHTOBBIX CUCTEM

B crathe mpuBemeHBI pe3yNbTaThl M3MEPEHHH 3JIEKTPOKMHETHYECKoro (-moTeHIuana 4YacTull B IHC-
MEPCHBIX CUCTEMAX, K KOTOPBIM OTHOCSTCA rpyHTHI. [lokazaHo, 4To 3HaYeHne C-MOTeHIHaNIa Pa3InyHbIX
TJIMHUCTBIX O0pa3LliOB U pacyeTHhIC BEIMYMHBI OYEHB XOPOLIO KOPPEIHPYIOT MEXAy coOoH, 4TOo MoA-
TBEP)KJAeT KOPPEKTHOCTh U MPaBUIBHOCTh MPEICTaBICHUN O BEIMYMHAX U METOIUKE PACUETa 3JIEKTPO-
MOBEPXHOCTHBIX MOTeHIHaIoB. [Ipeanoxeno omucanune (U3NKO-XMMHUYECKUX MPOLIECCOB, MPOHCXOs-
KX NpU QUIBTPALMU BOABI MO CKIOHAM, OTKOCAM HACHIIEH WJIM BBIEMOK, IPUBOISIIINX K MOSBICHUIO
PacTArMBaOIMX HAPSHKCHUH U pa3pyLIEHHIO, TAKUM 00pa3oM, TPYHTOBBIX MaCCHBOB.

KurodeBsble c10Ba: 3JIEKTPOKMHETUYECKUI MOTEHIIHAN, 3JIEKTPONOBEPXHOCTHBIA MOTEHIMA, TTO-
TEHLIHaJ TeUYCHHUS.

BBeaenue. DIEKTPONOBEPXHOCTHBIE CBOMCTBA TIMHOCOAEPKAIIMX MaTepHa-
JI0B 00YCJIOBJICHBI HAJIMYUEM JIBOMHOTO 3JIEKTPUUECKOTO CJIOSi HOHOB U CKayKa I0-
TEHIIMaa Ha TpaHulle pazzaena ga3. OObIYHO IPYHTOBBIE MACCUBBI SBIISIOTCS JIHUC-
MEPCHBIMU CUCTEMaMH W3 TJIMHUCTBIX M MECYAHBIX YACTHUI, MMEIOIINX OTpHULIA-
TEJIbHBIN MOBEPXHOCTHBIN 3apsia. [loTeHunanonpenensomme HOHbl 3TUX YaCTHUIL] —
OH™ u MOHBI METAJIJIOB BMECTE C KaTHOHAMM OJIMIKHUX K HUM CJIOEB BOJbI 00pa-
3YIOT JBOMHOM AIEKTPUYECKUM clIoW. BO Bpems BO3JIEMCTBHS HA TPYHTHI pas3jiny-
HBIX CpE€Jl MPOSBISAIOTCA MPAKTUYECKH BCE JIEKTPOIIOBEPXHOCTHBIE SIBJIICHUS, KO-
TOPBIE ONPEAEIISIIOT MOYTH BCE MPOLIECCHl Pa3pyILIEHHs] TPYHTOBBIX MaCCUBOB WIIH,
HAa00O0pOT, UX YCTONYMBOCTH MPOTUB PA3PYIIAIOUIUX BO3ACUCTBUN. DIEKTPOKUHE-
TUYECKUE SIBJICHUS Pa3BUThI TEM CHUJIbHEE, YeM OOJblle MOJBXKHBIM 3apsia aud-
(Gy3HOro Ciost ¥ 3JAEKTPOKMHETUYECKHUM C-MOTEHIMaN TPaHUIlbl CKOIbxkeHus. OT-
CIOJIa SICHO, YTO (-MOTEHIHAl — ME€pa UHTEHCUBHOCTU JJICKTPOKUHETHYECKUX SB-
JICHUH.
© J1.B.Tpuxos, 2013
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