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AHOTAIIA

3abonomnuuit  Onexcandp Bimanitiosuu PO3BUTOK Teopil 1€IbKOMETPUYHOI
BOJIOTOMETPIi Ta AJTOPUTMIYHUX METOAIB MIABUIICHHS TOYHOCTI BHUMIPIOBAHHS BMICTY
BOJIOTH peuoBuH. — KBamidikaiiiiHa HayKoBa Mparls Ha paBaxX PyKOIUCY .

Huceprariss Ha 3100yTTS HAyKOBOTO CTYIEHS JOKTOpa TEXHIYHMX HayK 3a
cnemianpHicTIO 05.11.13 "llpumagm 1 MeTomM KOHTPOIIO Ta BHU3HAYEHHS CKIIAITy
pedoBuH". — HarionanpHuili aepokocMiunmii yHiBepcuteT iM. M. €. XKykoBchkoro
"XapkiBcekuit aBiamiitauit  iHCTHTYT' MOH Vkpainu, HarmionansHuii TeXHIYHUN
yHIBEpCcHUTET «XapKiBCbKUi momiTexHiuauit iHcTUTY™ MOH VYkpainu, Xapkis, 2018.

Jlucepraliiiro NpUCBSIYEHO MNPOOJIeMI MIJBUILEHHS TOYHOCTI BUMIPIOBAaHHS BMICTY
BOJIOTM PI3HUX MaTepialliB LUIIXOM PO3pOOJEHHS HOBUX METO[IB BU3HAYEHHS BMICTY
BOJIOTH, CHUHTE3Y HOBHUX TECTOBUX QJITOPUTMIB JUIsi OOYHUCIEHHS BMICTY BOJIOTH 1
nepeBIpKkd OOYMOBIJIEHOCTI pillIeHb, OTPUMAHUX 3aBJSIKM BUKOPUCTAHHIO LIMX aJITOPUTMIB,
noOy/10BM MaTEeMaTUYHUX MOJEJIed CTaTUYHUX XapaKTEPUCTUK MEPETBOPEHHS, 3AaTHUX
BpaxoByBaTH BIUIUB 3MIHH COPTY, TEMIIEpaTypu 1 TpaHyJIOMETPHUYHOTO CKIIATy
JOCIIKYBaHOT PEYOBMHHU, a TaKOX pO3pOOKM HOBUX TMEPBUHHUX 1 BTOPUHHUX
NIEPETBOPIOBAYIB BMICTY BOJIOTH.

OO’€eKT HOCHIKEHHS! JTOCTaTHHO TIOBHO ONMCAHMM y HAyKoBIHA sitepaTypi. B
Cy4aCHHUX [1€JIbKOMETPUYHUX BOJIOTOMIpax BIUIMB TEMIEpPaTypud BpaxoBaHO ILISIXOM
BUKOPUCTAHHS TMONPABOYHUX KOE(QIIIEHTIB, KI aBTOMAaTUYHO ab0 BPYYHY BBOJSITHCS Y
KIHIICBUH pe3ysIbTaT BUMIpIOBaHHs. BiAMiHHI rpaHyIOMETpUYHI XapaKTEPUCTUKH CUTTKUX
PEUYOBUH TAaKOX 3HMUKYIOTh TOUHICTh PE3YyJIbTaTy BUMIPIOBAaHHS. 3MIHHUN XIMIYHHUM CKJIa]
JOCIIKYBAaHUX PEUOBUH € MPUYMHOIO MOSIBU TaK 3BAHOI «COPTOBOI HEBU3HAYEHOCTI» Y
3B’SI3Ky 3 THM, IO pPE3yJbTaT BHUMIPIOBAHHS BMICTY BOJIOTH ICTOTHO 3aJIe)KHUTh BiJ
[IOYATKOBOI JIEJIEKTPUYHOI TMPOHMKHOCTI (COpPTY) pPEYOBUHHU, SKa MOXKE CYTTEBO
BIJIPI3HATHUCH HE TUIBKU JIJISl PI3HUX PEUOBHH, ajie i IJisl Pi3HUX MapOK OAHOI PEYOBHHH.

[IpenMeToM IOCHIIPKEHHS € METOAM, MaTeMaTHYHI MOJENi, a TaKOX TEeXHIYHI
3aco0M MIJBUINECHHS TOYHOCTI BUMIPIOBAaHb BMICTY BOJIOTHM CUNKHMX 1 PIIUHHUX PEUYOBUH
J1EbKOMETPUYHUMHU  BOJIOTOMipaMu. byno 31iiCHEHO aHali3 Cy4acHUX MPHUHIIMIIIB

BHUMIPIOBAHHSA BMICTY BOJIOTM CHIIKMX MarepialiB, B HACHIOK 4YOro OyJ0 NpUHHATE
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pilllecHHs  B3ATH Ha  O30pPOEHHS  JICIBKOMETPUYHUN  TpHHOMUIL. B Mexax
JT1eTbKOMETPUYHOTO TIPUHIUIY OyJa0 3HAHACHO KUIbKa TEPCHEKTUBHUX CIOCOOIB
BUMIPIOBaHHS BMICTY BOJIOTH, ajieé BCl BOHU MOTPEOYIOTh YAOCKOHAJIeHHs. BiamoBiaHO,
noTpeOyIOTh YJOCKOHAJIGHHS 1 Cy4YacHI KOHCTPYKIi TIEPBUHHMX 1 BTOPHUHHHUX
NEePETBOPIOBAYIB BMICTY BOJIOTH, III0 MIATBEP/HKEHO aHATI30M CyYacHUX 3aco0iB
BHUMIPIOBaHHS BMICTY BOJIOTH MaTepialliB.

Ha TouHicTh pe3ynbTaTy BUMIpPIOBaHHS BMICTY BOJIOTH MAa€ BILUIMB 3Ha4YHA KUJIBKICTh
dakTopiB: Temneparypa, XiMiYHUNA CKaj (THUI a00 COPT), TPAaHYJIOMETPUYHHMN CKIaf (A7
CUIIKMX MaTepiaiiB) Tomlo. byyno 0 1ikaBo 3a0€3MeUUTH MOKJIUBICTh KOMIEHCAIlll YCiX
IIUX CTOPOHHIX BIUIMBIB BXKE y MEPBUHHOMY BUMIPIOBAJILHOMY MEPETBOPIOBAYI, IO MOXKE
OyTu O1bII €()EKTUBHUM, HIXK ITpOrpaMHa KOMITEHCallisd, pO3paxoBaHa Ha KOHKPETHI TUIU
Marepianis.

B nucepramiitHiii po6OTI 3A1MICHEHO MOPIBHSUIBHUN aHalli3 BIJOMHX CIOCOOIB
BUMIPIOBaHHSA BMICTY BOJIOTM, IIO IepeAdavaroTh TECTOBI BIUIMBU HAa pe4yoBHHY. B
pe3yabTaTi TaKOTO aHaji3y BJaJOCh BCTAaHOBUTH HacTymHe. [l OUIBIIOCTI BiIOMHX
METO/MIB, BUKOPHUCTAHWUX IS BHU3HAYEHHS BMICTY BOJIOTH, BIUIMB  «COPTOBOI
HEBH3HAYCHOCTI» Ha pe3yjbTaT BUMIPIOBAHHS € Jy)K€ CYTTEBUM. byllo BHUSBIICHO TpHu
METOJIM BUMIPIOBAHHS, SIK1 Mepea0avaroTh JBa TECTOBUX BIUIMBU HA MOYATKOBHUH 3Pa30K 1

JTIACHO € 1HBAaplaHTHUMHU TIO0 BIAHOIICHHIO J0 3MIHHM JICJICKTPUYHOI MPOHUKHOCTI
peyoBuHU €&, . Ane, SK BHUSBHIOCH, IIi METOAM € JOCUTh CKJIAQTHUMH IJIs TEXHIYHOI

peanizaiii, a 0O4YMCIIEHI 3 X JOMOMOIrOI0 3HAYEHHS BMICTY BOJIOTM MAalOTh ICTOTHI
PO301>KHOCTI 3 HOMIHAJIBHUMH.

3 METOI0 YIOCKOHAJICHHSI HasIBHUX METO/IIB Oyia rpadiuHo BU3HAUYeHA (PyHKIIis, sSKa
OIHCY€E BIAXWJICHHSA CIIPOLICHOIO TECTY BiJl OpuriHayibHOI popmynu Binepa, 1 3aiiicHeHo ii
anmpoKCUMAIli0 METOJIOM JIIHIMHOI perpecii 3arajibHoro BUAy. B pe3yibTaTi anpokcumariii
BJAJIOCS OTpUMAaTH (YHKIIIO TOIMpPaBKU, B pe3ylbTaTi YBEJACHHS $KOi y CHpPOIICHY
dbopmyny Binepa Bpangocs 3a0e3neunTH MPAKTUYHO TIOBHUM 301  CHOPOIIEHOT 1
opuriHansHOi (opmyn. Bbymo chopMoBaHO HOBUN TECTOBHM aNrOpUTM, SKHA MaB

3a0e3MeYNTH 3MEHIICHHS PO301KHOCTI PO3PaXyHKOBUX 1 HOMIHAJIBHUX 3HAYEHb BMICTY
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BoJsioru. JlificHO, piBeHb 30iry pe3yJIbTaTiB CTaB JIENIO BUIINM, ajie¢ 3HUKJIA iHBapI1aHTHICTh

710 3MIHM COPTY MaTepiainy, TOMY 110 ClIpoOy HE MOXHA BBa)KaTH BJIAJIOILO.

[Ticns mporo Oys0 3ampONOHOBAHO METOJ BUMIPIOBaHHS BMICTY BOJIOTH 3
BUKOPUCTAHHSAM METOAY HaWMEHIIMX KBAJpaTiB, SKUM TOBUHEH 3[1MCHIOBATU
KOMIIEHCAIllI0 BIUIUBY «COPTOBOI HEBU3HAUEHOCTI» HA PE3yJbTAaT BUMIPIOBAHHS BMICTY
BoJioru. Takuil MeTo] 3a0e3MeunB 3aJ0BUIbHY KOMIIEHCAI[II0 «COPTOBOI HEBU3HAYEHOCTI»
Tineku B giana3oHi Bix 0 % g0 20 %. Jlns pemrTu qociipKyBaHOTO Jiana3oHy OTpUMaHi
PO3paxyHKOBI 3HAYEHHS HE MOKHA BBa)KATH aJIcKBaTHUMHU. Jlaji OyJio 3ampoIrioHOBaHO JBa
METO/JM BHU3HAYEHHS BMICTY BOJIOTM 3 BHMKOPUCTAHHAM I1HTEPHOJSLIMHHUX TOJIHOMIB
Jlarpanxa. Lle n03BONIMIIO PO3MIMPUTH Alana3oH MNPale3AaTHOCTI YTBOPEHUX TECTOBUX
anroputmiB 10 30 %, aje MakcuMaibHa PO301KHICTH PO3PAXYHKOBUX 1 HOMIHAIBHHMX
3Ha4Y€Hb BMICTy Bojoru cknana 7,4 % 1 eQpeKTUBHOI KOMIEHcalli «COpPTOBOL
HEBU3HAYEHOCT1» Ha BChOMY J1ana3oH1 HEe BIOYII0CS.

Hactynauii meton BumiptoBaHHs Oysio cOpMOBAHO 3 BHUKOPHCTAHHSIM OJHOTO
aAUTUBHOTO 1 OJHOIO MYJIbTHIUIIKATUBHOIO TECTIB. 3a pE3yJbTaTaMH TMOPIBHSIHHS 3

TPphOMa HAWKpAIIMMU aHAJOraMd BHUSABHWIOCH, 10 pPIBEHb BIUIMBY COPTY (3MIHU

JENeKTPUYHOI MPOHUKHOCTI &, MaTepiayliB y 3HEBOAHEHOMY CTaH1) Ha PO3PaxyHKOBI

3HAQ4YEHHS BMICTY BOJIOTU € JIeII0 OUTBIIMM, aje PiBeHb OJM3BKOCTI 3alpONOHOBAHOTO
TECTOBOI'O JIrOPUTMY JI0 JIIHIKHOT (YHKIIT 1 JO HOMIHAJIBHUX 3HAYEHb BMICTY BOJIOTU €
BHUIIIUM, HIK Y BCIX 3raJlaHuX aHaJIoriB (MakcHMMallbHa po30iKHICTh ckianae 1,5 % BMicTy
BOJIOTH Y TIOpiBHSHHI 3 3,6 % 7151 Kpalioro 3 aHaJoTiB).

3 MeTor 3MEHIIEHHS PO301KHOCTI MK HOMIHAJIBHUMHU 1 PO3PaXyHKOBUMHU
3HAYCHHSIMH BMICTY BOJIOTH OYJIO 3alpOIIOHOBAHO METO BUMIPIOBaHHS 3 BUKOPHUCTAHHSIM
aIUTHUBHOTO, MYJBTUILUTIKATUBHOTO 1 JOJAATKOBOTO TeCTiB. PiBeHb BIUIMBY COPTY Ha
PO3paxyHKOBI 3HAYCHHS BMICTY BOJIOTY 3MEHIIIMBCS MOPIBHSIHO 3 METOJaMH BUMipIOBaHb,
pPO3pOOJICHUMH paHillle, aje JUIIUMBCSI OUIbII ICTOTHUM Yy TIOPIBHSHHI 3 KpalluMH
aHasioraMud. B Toil ke yac cTymiHb OJM3BKOCTI 3HA4YE€Hb BMICTY BOJIOTHM IO JIIHIAHOI
byHKIIT 1 10 HOMIHAIBHUX 3HAYEHb BMICTY BOJIOTU € HAWBHIIOIO, HIXK Yy BCIX 3rajjaHuX

BHUIIIE aHAJIOTiB. MakcumanbHa po30ikHICTh ckianae 1,16 % BMicTy BoJOru y OpIBHAHHI
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3 1,5 % nnst metony BHMIprOBaHHS, C(HOPMOBAHOTO 3 OJHOTO QJAWTHBHOTO 1 OJHOTO
MYJIbTUIUTIKATUBHOTO TeCTiB, 1 3,6 % s Kpamoro 3 aHajoriB Jyisl Jlana3oHy
BuMiptoBanHs Bil 0 % mo 40 %. SIkmio po3risHyTH [iara30H BUMIPIOBAHHS BMICTY
Bojoru Big 0 % mo 30 %, makcumanbHa po301KHICTH ckianae Bchoro 0,647 %, 1mio
HabaraTo Kpalle BiJl PeIITH aHaJIOT1B.

ExcriepuMeHTanbHl  3HAYEHHS  €JIEKTPUYHMX  €MHOCTEH €  BUIIAJKOBHUMH
pe3ynbTaTaMy CIIOCTEPEKEHD 3 IPUPOIHOIO Bapialliero. 30UIbIIICHHS Bapiamii TPU3BOIUTh
710 3HM)KEHHS O0YMOBIIEHOCTI TE€CTOBOTO QJITOPUTMY, @ B MEBHUM MOMEHT — JI0 BTpaTu
npanesgatHocti. Yepes 1me Oyio BIIEpIIE 3IHCHEHO TEOPETUYHY TNEPEBIPKY
0OyMOBJIEHOCTI 3Ha4€Hb BMICTY BOJIOTHM, OTPUMAaHMX B pe3yJdbTaTl 3aCTOCYBaHHS
3aMpONOHOBAHUX METOAIB. CUMeTpUYHa Bapiallisd YBOAWIACH B 3HAYCHHS JICICKTPUUHUX
MIPOHUKHOCTEM, a piBHI Bapiailii 0yJI0 MPU3HAYEHO B PE3yJIbTATi aHaji3y METPOJIOTTUHHUX
XapaKTEPUCTUK CYYaCHUX BUMIPIOBaHHs eNeKTpu4yHoi eMHOCTi, a came: 0,05 %, 0,1 %,
0,2 % 10,3 %. Jlyng Haiikpamx aHagoriB 00YMOBJIEHICTh PillIEHb 30€pIracThCsl HA BCHOMY
niarma3oHi BumiptoBaHHs Big 0 % mo 40 %. Meroau BuMipioBaHb, YTBOPEHI 3
BUKOPUCTAHHSM METOJY HaWMEHIIUX KBajpaTiB 1 moJiHOMIB Jlarpana BUSBWINCH
HETIPUJIATHUMH JISI BAKOPHUCTAHHS Yepe3 HU3bKY OOyYMOBIICHICTh 3HaUY€Hb BMICTY BOJIOTH
(MakcuManbHa PO30DKHICTE MK pe3yibTaTaMu Ckiafae Outbiie 5 %). 3ampornoHoBaHi
METOH, 110 OyJIM YTBOPEHI 3 OJHOTO aIUTUBHOTO 1 OAHOTO MYJIBTHUILIIKATUBHOTO TECTIB
Ta 3 QIWTHBHOTO, MYJBTHIUTIKATABHOTO 1 JOJAaTKOBOTO TECTIB  MalOTh HHU3BKY
00yMOBJIEHICTh B KOHTpOJbHHX Toukax 0 % 1 10 % Bmicty Bosmoru.  Tomy Oyno
CUHTE30BaHO HOBHUI METOJ] BU3HAYEHHS BMICTY BOJIOTH, B SIKOMY TECTOBHH aJroOpuUTM
YTBOPEHO 3 JBOX aIUTHUBHUX, ABOX MYJbTUIUIIKATUBHUX 1 OJHOTO JIOAATKOBOT'O TECTIB 1
BUKOPHUCTAHHS SIKOTO JIO3BOJIWJIO 3a0€3MEeUUTH 3aJ0BUIBHUNA PIBEHb OOYMOBJIEHOCTI
00YHMCIeHUX 3Ha4YeHb. byno 371HCHEHO MOPIBHSJIBHUN aHaN3 TECTOBUX QJITOPUTMIB IS
TPHOX HAWKpAIIMX aHAJIOTIB 1 OCTAHHBOTO 3 3alPOIIOHOBAHUX BApIAHTIB 3a JOMOMOTOIO
nBox Mip BiacTadi. [lokazano, 110 HOBHWI METOJ BH3HAYEHHS BMICTY BOJIOTH 3a0e3leuye
HaliMEHITy pO301KHICTh 13 HOMIHAJIBHUMH 3HAYEHHSMU BMICTY BOJIOTH 1 € HaAWOUIbII

MMpUAATHHUM JIsI BUKOPHUCTAHHA.
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Hamni Oyno 3amponoHOBaHO AU(EPEHIINHUN METOJ BUMIPIOBAHHS BMICTY BOJIOTH
CUIIKHX 1 PIAMHHUX MaTtepiaiiB, 0o nepeadadyae BUKOPUCTAHHS YOTHPbOX BUMIPIOBAIBHUX
KOHJICHCATOPIB, JIBa 3 AKUX 3allOBHIOIOTH MPOOOIO JTOCTIKYBAHOT PEYOBUHH, a 1HIII JIBA —

poOOI0 TaKoi X PEUOBHHHM, i€ MOMEPEIHHO 3HEBOJHECHOI, IKUM Ma€ MEHIILY YyTJIUBICTh

10 3MiHn copry pedonnn (Ay =072%) y nopiBHAHHI 3 KIACHYHO0 IH(EPEHIIHHO

cxemoro (Ay =116%). Bmepire oTpuMaHo MareMaTH4YHI ~ MOJENi  CTaTHYHHX

XapaKTepUCTHK  TEPETBOPEHHS  JUII ~ €MHICHUX  TMEPBUHHUX  BUMIPIOBAIBHUX
MEepEeTBOPIOBAYIB BMICTY BOJIOTH, $KI JIO3BOJIMJIM TIPOBECTH TOPIBHSJIBHUM aHai3
TEPMOKOMIICHCALIIMHUX  BJIACTUBOCTEH OJMHApPHOTO NEPBUHHOIO IEPETBOPIOBAYA,
KJIACUYHOTO JU(EPEHIIMHOr0 Ta TMEPBUHHOTO IEpeTBOpIOBada, C(HOPMOBAHOrO 3
YOTUPHOX BHUMIPIOBAIBHUX KOHAEHCATOpiB. TakoX 3a JOMNOMOIOI OTPUMAaHHUX
MaTeMaTUYHUX Mojened Oyno 3[A1HCHEHO NOPIBHSUIBHUI aHali3 CIPOMOKHOCTI TPbOX
KOHCTPYKI[IH MEPBUHHUX MEPETBOPIOBAUIB KOMIIEHCYBATH JOJATKOBY HEBU3HAYEHICTh BiJl
3MIHA TPaHyJOMETPUYHOTO CKIIamy 1 JIOBEJICHO  JOIIBHICT BUKOPUCTAHHS
3apONOHOBAHOIO JU(EepeHUIHHOr0 MeToAy, SKUU 3a0esneuye Ouibll e(EeKTUBHY
KOMIICHCAIIII0 «COPTOBOi HEBU3HAYEHOCT!» MPU BHUMIPIOBAHHI BMICTY BOJIOTH PI3HUX
pPEUOBUH 1 3a0e3meuye OUIbII SKICHY KOMIIEHCALII0 3M1HU TPaHyJIOMETPUYHOTO CKIIaIy.
Bbyno 3aiiicHeHO po3pOOKY €MHICHUX TEPBUHHUX MEPETBOPIOBAUIB, SIK1 JO3BOJISIOThH
KOHCTPYKTHBHO peali3yBaTH MOTPiOHY KiIBKICTh TECTOBUX BIUIMBIB Ha MaTepial y GopMi
no0aBok Boju. Ilepmmii nmepBUHHUN TMEpPETBOPIOBaY Iependayae BUKOPUCTAHHS TPbOX
IICHTUYHHUX CEKI1{, MPUYOMY B MIXKEJIEKTPOJAHHM MPOCTIP ABOX CEKIiH YBOASATH KarcyJu
3 BOJIOIO TIEBHOI ()OPMH 1 pO3MIpiB, IO JO3BOJISIE 3MINCHUTHA JBa TECTOBUX BIUIMBH HA
JOCHIKYBaHy pedoBHMHY. OOYHCIEHO €JIEKTPUYHI €MHOCTI TPbOX CEKI[IH MEePBUHHOTO
NepeTBoproBaya Juis TEMIEpaTypd CTaHIAPTHUX YMOB TI€PEBIPEHO Mpale3JaTHICTb
HOBOT'O METOJy BU3HAYEHHSI BMICTY BOJIOTH 3 TECTOBUM QJITOPUTMOM, YTBOPEHUM 3 JIBOX
aIUTUBHUX, JBOX MYJBTUIUTIKATUBHUX 1 OJHOrO JojaatkoBoro TecTiB. Iloka3aHo, 1o
pe3yibTaTH  OOYMCIEHb BMICTY BOJIOTHM 3HaxOJAThCA B  MEXax METOJUYHOL

HEBH3HAYCHOCTI TeCTOBOro aiaroputMy. Ilicis mporo Oyno 37i1HCHEHO OIIHKY BIUIUBY

sminn temneparypu Ha 20 °C ana Bmicty Bonoru marepiany W =209%. O6uncnene
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sgauenns gopiearoe W =19,707%, a makcumaneHe BimHOCHE 3HAYEHHS JOJATKOBOI

TemmepaTypHoi HeBm3HaueHocTi ckmamae Oy =L49%. Omxke, 3Miny Ttemmeparypu
HEOOX1/THO BpaxOBYBaTH y BUMIPIOBAIIbHIHN MPOIIETypI.

B npyriii koHCTpyKIii MEPBHUHHOTO MEPETBOPIOBaYa 3alpONOHOBAHO BBOJUTU Y
MDKEIEKTPOJHUN MPOCTIP IJIOCKI METal ivyHl IJIACTUHU 3aMICTh Karcyld 3 BOJIOIO.
VY nockoHalleHWid IEPBUHHMI NIEPETBOPIOBAY TAKOX JUIMTHCA HA TPU 30HU, B OJHIHN 3 SIKUX
HE BiAOYBA€ThCS TECTOBUX BIUIMBIB Ha PEUYOBHMHY, B JIPYTidl 3IIMCHIOETHCS IMiTaIlis
JIECATUBIJICOTKOBOT JJOOABKH BOJIM, JIJII YOI'0 HEOOX1THO 3a0€e3MeYNTH 301JIbIIICHHS €MHOCTI
1i€ei 30a1 HAa 27,64 %. B TpeTiii 30H1 IMITYIOTh J0OaBKY BOJU Y JBAAISATh BiJICOTKIB, JIJIs
YJOT0 eJICKTPUYHY EMHICTD 1€l 30HU He0OX11HO 30T Ha 59,74 %.

[Toka3aHo, 1110 pe3yJbTaTH OOYKCICHb BMICTY BOJIOTH TaKOX 3HAXOJSTHCS B MEXKax
METOJIMYHOT HEBU3HAYEHOCTI TECTOBOTO QJITOPUTMY HOBOTO METOAY BHU3HAYECHHS BMICTY

BOJIOTM. MakcuMalibHE BIJIHOCHE 3HAYE€HHS JOJIaTKOBOI TE€MIIEpaTypHOI HEBMU3HAYEHOCTI
CKJIaJae , , TOMY JUJISl 3MEHILIEHHSI TEMIIEPATYPHOI CKJIaJ0BOI HEBU3HAYEHOCTI

y 3HAYEHHS €JICKTPUUYHUX EMHOCTEN TaKOK HEOOX1THO BBOJUTH TEMIIEPATYPH1 MOMPABKHU.

[licns Toro, sik OyJ0 PO3POOJEHO 1 BUTOTOBJIEHO IOCHIHHMM 3pa30K 1 Maker
BTOPUHHOTO BUMIPIOBAJIILHOTO TEPETBOPIOBAaYa, MPOBEIECHO CEPit0 EKCIIEPUMEHTIB s
BU3HAUYEHHS PiBHS BIUIMBY COPTY PEYOBHUHHU HA PE3YJIbTAT BUMIPIOBAaHHS BMICTY BOJIOTH 3
BUKOPHUCTAHHAM JU(EPEHIIIITHOTO METOAY 1 METOIYy 3 TECTOBHM aJITOPUTMOM, YTBOPEHUM
3 IBOX aINTUBHUX, ABOX MYJIBTUILTIKATUBHUX 1 OJTHOTO TOJATKOBOTO TECTIB.

Pe3ynpTaT eKCIEpUMEHTIB TOKa3aJld HU3bKY YYTIUBICTH N0 3MIHH COPTY
PEUYOBUHHU.

Pesynprati TpOBEACHMX TEOPETHUYHUX 1 EKCIEPUMEHTAIbHHUX JIOCIHIIKCHb
BUKOPHWCTaHI y MPaKTUIl Takux mignpueMmctB 1 opranizaiiii: TOB «BO OBEH» (Xapkis,
Vkpaina); [III «€C - ABromatuka» (XapkiB, Ykpaina); YA TOB ®IPMA «KOIA»
(XapkiB, YkpaiHna); HaB4aJIbHHI TIporiec HamioHambHOTO aepOKOCMIYHOTO YHIBEPCHTETY
iM. M. €. XKykoBcbkoro «XapkiBCbKUN aBlallliHUN IHCTUTYTY.

Kitro4yoBi cioBa: KOHTpOJIb BMICTY BOJIOTH, Al€NIEKTPUYHA MPOHHUKHICTH, COPTOBA

HEBHU3HAYCHICTh, TECTOBUN aJITOPUTM, TECTOB1 METOM BUMIPIOBaHb, OOYMOBJICHICTb.
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ANNOTATION

Zabolotnyi Oleksandr. Theory of Dielcometer Moisture Metering and Algorithmic
Methods of Accuracy Increase Development for Different Substances Moisture
Metering. — Qualification scientific work at the manuscript rights.

Dissertation for Doctor Degree of Technical Science (Doctor of Science) in
specialty 05.11.13 “Devices and Methods of Control and Defining the Composition of
Materials”. — National Aerospace University “Kharkiv Aviation Institute” Ministry of
Education and Science of Ukraine, National Technical University “Kharkiv Polytechnical
Institute”, Ministry of Education and Science of Ukraine, Kharkiv, 2018.

The dissertation is dedicated to the problem of different materials moisture
measurement accuracy increase in a way of new methods of moisture measurement
development, synthesis of a new testing algorithms to calculate the quantity of moisture,
conditionality examination for the solutions, received with a help of new testing
algorithms, development of a new mathematical models of a static transformation
characteristics, able to consider the influence of material’s type, temperature and
granulometric composition of a material under research, and new initial and secondary
transducers of moisture measurement development.

The object of investigation has been widely documented, described and
implemented in the scientific literature. For modern dielcometer moisture meters
temperature influence can be considered by using adjusting coefficients, implemented
automatically or by hands to the result of measurement. Different granulometric structure
of dry materials decrease the accuracy of measurements. Variable chemical composition
of the materials under research is a reason for so-called “type uncertainty”, because the
result of measurement strongly depends from the dielectric permittivity (type) of a
material, and it can be significantly different not only for different materials, but for the
various types of the same material.

Subject of the research are methods, mathematical models and technical means of
capacitance moisture meters for dry and liquid materials accuracy increase. The analysis

of modern moisture measurement principles for dry and liquid materials with capacitance
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moisture meters had been carried out. As a result the dielcometer principle of
measurement had been taken for the research. Inside the dielcometer principle several
perspective methods of moisture measurement had been found, but all of them have to be
improved. Accordingly, modern initial and secondary transducers of moisture quantity
have to be improved too, and it was confirmed by the results of modern moisture meters
analysis.

Significant number of factors influence the accuracy of moisture measurement
result: temperature, chemical composition (type of a material), granulometric structure (for
dry materials), etc. It would be interesting to provide the possibility to compensate all that
negative effects directly inside the initial transducer, what can be more effective, than the
program compensation applied for certain list of materials.

In the dissertation we can find a comparative analysis of already developed methods
of moisture measurement, provided for testing influences on the material under research.
As a result, it was determined that for most of already developed testing algorithms used to
calculate the result of moisture measurement the influence of “type uncertainty” is
significant. Only three methods of measurment had been found with two testing
influences on the material, that are really invariant to the variation of material’s initial
dielectric permittivity. But these methods are complicated for technical implementation
and give the values of moisture, rather different from standard values for the taken control
points.

To synthesize more adequate methods the function, which describes deviation of a
simplified test from the universal Wiener equation, had been graphically defined with its
approximation by the instruments of general type linear regression. The function of
amendment had been received after approximation. Adding it to the simplified Wiener
equation allowed to provide complete overlap of simplified and original Wiener formulas.
The new testing algorithm, that should decrease variation between calculated and standard
moisture values had been created. Really, decrease of variation had been provided, but
invariance to the type of material disappeared. These attempt can not be called successful.

After that a new principle of moisture measurement using least squares method had

been suggested, able to compensate the “type uncertainty” influence on the result of
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moisture measurement. These method provided satisfactory “type uncertainty”
compensation only for the 0...20 % moisture range. For the rest of the moisture range,
taken under research, calculated moisture values are not adequate. Two more methods,
using different Lagrange polynomials, had been researched. It allowed to wide the
adequate range of moisture values up to 30 %, but maximal variation still has a value of
7,4 % and we don’t have effective “type uncertainty” compensation.

Next method of measurement had been synthesized from one additive and one
multiplicative test. Comparison with three best analogues show, that the material’s type
influence on the calculated moisture values is stronger, but the deviation from linear
function and standard moisture values is lower (maximal deviation has a value of 1,5 % in
comparison with 3,6 % for the best analogue).

To decrease variation between standard and calculated values of moisture new
method of measurement with one additive, one multiplicative and one complementary
tests was suggested. Level of “type uncertainty” decreased in comparison with previous
testing algorithms, but remained bigger than for the best analogues. At the same time level
of concurrence for that method to the linear function and standard moisture values is the
best among all the taken analogues. Maximal variation has a value of 1,16 % in
comparison with 1,5 % for the previous method and 3,6 % for the best of three mentioned
analogues taking the full range of moisture measurement from 0 % to 40 %. If we take a
range from 0 % to 30 %, maximal variation will take a value of 0,647 %, what is much
better than all the analogues have.

Experimental values of electrical capacitances are random results with natural
variation. Variation increase leads to the decrease of testing algorithm conditionality up to
the moment when it stops working. Because of that for the first time it was done
theoretical verification of the moisture values conditionality, obtained with a help of
developed testing algorithms application. Symmetric variation had been implemented to
the values of dielectric permittivity, and the lewels of variation were appointed after
modern capacitance meters metrological characteristics analysis: 0,05 %, 0,1 %, 0,2 % and
0,3 %. Best three analogues, mentioned before, have good conditionality of calculated

moisture values for the whole range of measurement from 0 % to 40 %. Methods, created
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with a help of least squares method and Lagrange polynomials happened to be unusable
because of low moisture values conditionality (maximal divergence between the results
overcomes 5 %). methods, created form one additive and one multiplicative test and from
additive, multiplicative and complementary tests, have low moisture values conditionality
in a points 0 % and 10 % of moisture control. That’s why the new method of moisture
measurement, where a testing algorithm had been constructed from two additive, two
multiplicative and two complementary tests had been developed. It’s application allowed
to provide conditionality of calculated moisture values at satisfactory level. A comparison
analysis had been fulfilled for three best analogues and the last testing algorithm with a
help of two measures of distance. It allowed to see that new method of moisture
measurement provides the smallest deviation with standard moisture values and is
preferable to use.

During further researches a new differential method of moisture measurement for
dry and liquid materials had been suggested. It provides the usage of four measuring
capacitors, where two of them are filled with a probe of the material under research and

the rest of capacitors shoul be filled with same material, but previously dehydrated. The

method provides low sensitivity to the type of researched material (Ay =0,72%) in

comparison with traditional differential method of measurement (Ay =116 %).

New mathematical models of a static transformation characteristics for the
capacitance initial measuring transducers have been received for the first time, that
allowed to fulfill the comparison analysis of thermal compensation properties for single
initial transducer, classic differential transducer and a transducer, created from four
measuring capacitors. Besides, new mathematical models helped to analyse the ability of
three initial transducers to compensate the variable granulometric structure complementary
error and to prove the expediency of the new differential method of moisture measurement
usage, because it provides more effective “type uncertainty” compensation for the process
of different materials moisture measurement and better compensation of granulometric

structure variation.
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New capacitance initial transducers had been developed that allow to implement
necessary number of testing influences on the materials in a form of water supplements.
First initial transducer foresees usage of three identical sections, where the capsules with
water of a certain form and dimensions are introduced into the space between electrodes of
two sections. It allows to create two testing influences on the material under research.
Electrical capacitances for the three sections of initial trasducer had been calculated for
the standard conditions temperature. The operability of a new method of moisture
measurement with a testing algorithm, created from two additive, two multiplicative and
one complementary tests had been tested. It has been shown that the results of moisture
calculation belong to the range testing algorithm’s methodical uncertainty. The
temperarure variation in a range of 20 °C influence for W = 20 % moisture value had been
estimated. Calculated moisture value happened to be equal W = 19,707 %, and maximal
relative value of a complmentary temperature eror has a value dy = 1,49 %. It means that
temperature variation has to be accounted during the process of measurement.

Another capacitance initial transducer’s design foresees introduction of flat metallic
plates into the space between electrodes instead of capsules with water. Modified initial
transducer still consists of three zones, where the first zone is free from testing influences
on the material. Second zone performs 10 % of water supplement simulation and the
capacitance of that zone should be increased on 27,64 %. In the third zone 20 % of water
supplement is being simulated and its capacitance should be increased in 59,74 %.

It was proved that calculated moisture values still belong to the range of testing
algorithm’s methodical uncertainty for the new method of moisture measurement.
Maximal value of relative complementary temperature error is ow = 5,09 %. To reduce
the temperature error it is necessary to implement temperature corrections to the values of
electric capacitances.

After the secondary transducer pilot sample had been developed, some number of
experiments had been carried out to define the level of material’s type influence on the
result of moisture measurement when using the new differential method and a method

with testing algorithm, synthesized from two additive, two multiplicative and one
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complementary tests. Results of these experiments showed low sensitivity to the material’s
type variation.

Results of fulfilled theoretical and experimental researches are implemented in
practice of such a firms and organizatios: limited company “VO OVEN” (Kharkiv,
Ukraine); industrial enterprise “ES — Automatica” (Kharkiv, Ukraine); limited company
“KODA” (Kharkiv, Ukraine); in the learning process of National Aerospace University
(Kharkiv, Ukraine).

Keywords: moisture control, dielectric permittivity, type uncertainty, testing

algorithm, testing methods of measurement, conditionality.
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