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CKBAKWHHBII MPUEOP J1JIs1 U3MEPEHUS
AUIJIEKTPUYECKUX XAPAKTEPUCTHUK
IVIACTOBOI'O ®JIIOUJIA

[peacraBnen npuboOp, NpeaHa3HAUYESHHBIN TS U3MEPEHHS JAUDJICKTPHYECKUX XapaKTepHCTHK IUIACTOBOro (uironaa,
HEOOXOAWMBIX UIS OTpeNeNeHus (PUIbTPAMOHHO-eMKOCTHBIX CBOMCTB IUTacTa M IwiactoBoro ¢umonma. Ilpomecc
M3MEPEHHUS 3aKIIF0YaeTCsl B PETHCTPAlU aMILTUTYAHBIX U (Pa30BBIX XapaKTEPUCTHK BHICOKOYACTOTHBIX KOJCOaHMIA,
MIPOXOISIIINX Yepe3 JIBE N3MEPHUTENbHBIC KOHJICHCATOPHBIC SYCHKH, 3aMI0OTHEHHBIE HCCIICTyEMBIM (DIIFOHIOM.

Kn. cn.: JUDJICKTPUYCCKAaA IPOHUIAEMOCTbD, E€MKOCTHOM JaT4YuK, HI/IJlI/IH[[pI/IquKI/Iﬁ KOHJACHCATOp, UBMEPCHUEC

€MKOCTH, BJIaroMcp, JU3JIbKOMETP

BBEJEHUE

Wzyuenwne miacToBbIX (IIIOUAOB HETIOCPEACTBEHHO
B CKB2)XMHE MMEET CYIECTBEHHOE 3HAUCHHUE IPHU HO-
TOTOBKE JIOOOTO TPOEKTa MOOBIYM YITIEBOAOPOJIOB.
OTuUM OOBSICHSAETCS aKTYalbHOCTh CO3JaHUs ammapa-
TypBbl, AAOLIEH JOCTOBEPHBIE CBEJIEHUS O CBOMCTBaX
TUTACTOBBIX (DITFOMIOB MPH MPOXOKIECHUH CKBAKHWHBI
CymiecTByeT MHOXECTBO METOJIOB  OIpPEEJICHUS
BIQKHOCTH HE(PTH, HMEIOINUX CBOM JOCTOMHCTBA
U HenocTaTku. M3MepeHne BIaKHOCTH HE(TH MOXKET
OBITP OCHOBAaHO Ha pa3nuuuu B moriomennn CBY-
SHEpruu BoAod u HedTh0. IIpn yBennyeHun BiaxxHO-
ctu Hedtm mpoucxomut ocnabnenne CBY-curnana
Mo MomHOCTH. [Ipu 3TOM TPOMCXOIUT H3MEHEHHE
HaMpsKEHUs Ha BBIXOJIE CUTHAJIBHOTO JETEKTOpa, KO-
TOpOE€ CpaBHHMBAeTCAd C HANpPSHKEHHEM Ha BBIXOJE
OMOPHOI'0 AETEKTOpa, HE 3aBHUCAIIMM OT BIIAXXHOCTU
HEQTH W CIy>KallUM JJisi KOMIICHCAIlUd BPEMEHHOW
u TeMmmeparypHoil HecrabunpHOocTH CBY-Tpakra,
a TaKxke HeCTaOMIbHOCTH HamnpspkeHus nutanus CBY-
redeparopa [1].

CymiecTByeT CrneKTpo(QOTOMETPUYSCKUI METO
n3MepeHns BiIaKHOCTH. OH OCHOBaH Ha 3aBUCUMOCTH
MEXJly COJEpKaHHEM BOJBI B SMYJIbCHUM U CHEK-
TpaJbHBIMH CBOMCTBaMM 3MyJbcHU. MeToj u3Mepe-
HHUSI COCTOMT B clieayromeM. M3mepsemyio npoOy
He(TH 3JIMBAIOT B NPO3PAYHYIO KIOBETY W uepe3 Hee
npomnyckaroT ceetoBod ayu MK-nuanazona, nomydae-
MBI TIpM TOMOULIM Y3KOMOJOCHOTO ONTHYECKOTO
¢unpTpa. THTEHCHBHOCTD CBETOBOTO CHTHAJa, IMPO-
LIEJIIETO Yepe3 KIOBETY, U3MEPSIOT (POTOIIEMEHTOM.
3Hass KOA(QGUIMEHTHI TOTJOUICHUS BOABI W He(TH
B M3MEPSIEMOM CIEKTPAJIBLHOM IHAIla30HE C Y4YETOM
TOJIIMHBI CJIOSI He()TH B KIOBETE, MOXXKHO CYIWTbH
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0 COJIep>KaHuU BOJIbI B HE(TH [2].

OnHuM W3 METONOB MOJIydeHHs HH(POpMaLud O
coJiep>KaHUM BJIard B HE(PTH SBISIETCS U3MEPEHHE TH-
ANEKTPUYECKOI IPOHUIIAEMOCTH € TUIACTOBOTO (PITFON-
Jla IyTEM U3MEpPEHHsI EMKOCTH KOHJEHCaTopa, 3amod-
HeHHOTO QuronoM. J[mst m3MepeHns audIeKTpude-
CKOM IMPOHMLIAEMOCTH Ha 4YacToTax OT coTeH ['1 mo
50 MI'n mnpumensroTca KosebaTenbHble KOHTYPBI
C COCpPEellOTOYCHHBIMU MapaMeTpamu. lIpu Takux us-
MEpPEHHUAX HCCIeayeMas )KUIKOCTh 3aJIUBAeTCSd B U3-
MEPUTENIBHYIO SYEHKY, T.€. U3MEPUTEIbHbINM KOHIEH-
catop. B kauecTBe HM3MeEpHUTENBHBIX KOHJEHCATOPOB
WCTIOTB3YIOTCS TUIOCKHE, TUCKOBBIC, IMIMHIPHIECKIE
u cdepuueckue KoHAeHcaTopbl. Hambonee mupoxo
pacripocTpaHeHbl IMJIMHAPHYECKHE KOHJEHCATOPHI.
OHHM MOTYT COCTOSITH M3 OJHOTO IMJIMHIPA U BHYT-
PEHHEr0, KOAKCHAJIbHO PACIIONI0KEHHOIO 3JIEKTPOJa,
b0 M3 Tpex KOaKCHAIbHBIX NWIHHIAPOB. [Ipu sTOM
HapyXHbII M BHYTPEHHMH LWIMHIAPHI COEIUHEHBI
MeXITy co00¥ M MpH MOAKIIOYEHUH K N3MEPHUTEIHHO-
My mpubopy 3azemisitorcs. CpemHUH LTUIUHIP UIs
YMCEHBIICHUSI KpaeBbIX AP PEKTOB Aenaercst Ha 4—6 MM
KOpOY€ HapyKHOTO U BHYTPEHHETO LIMJIUHIPOB [3].

PE3YJIbTATBI PABPABOTKH

[Tpubop cocTouT M3 IBYX W3MEPUTENBHBIX SYEEK,
JNETEKTUPYIOIET0 MOJIYJs, KOHTpOJLIepa, MOJIYJIs
cBs3u W Onoka mutanusa (puc. 1). Pabora mpubopa
COCTOUT B ()OPMHUPOBAaHHH BBICOKOYACTOTHOTO CHT-
HaJsia (C MOMOILBIO CHHTE3aTopa YacToT) B JUAIlla30HE
ot 1 mo 100 MI'ni, ycunenuu ero u mojaye Ha BE U3-
MEpUTEIbHBIC SYCHKH, 3alOJHEHHBIC HCCIIEeTyEeMbIM
¢rongom.
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Puc. 1. biok-cxema CKBaXKMHHOTO an/I6opa JJI1 UBMEPCHUA JUIJICKTPUUCCKUX XapaKTCPUCTHUK IJIaCTOBOTO (bJ'IIOI/IZ[a

Curnanel ¢ sf4eeK MOAAIOTCS Ha ABAa M3MEPHUTEIS.
Hanee curHanbl, MPONOPLHUOHAIBLHBIE OTHOIICHHIO
aMIUTUTY U Pa3HOCTH (a3, MOABOAUMBIX K SUeHKaM
Y TPOIIEIINX Yepe3 HUX KOoJeOaHui yepe3 MyJbTHII-
nexcop noctynaor Ha ALl OmudpoBanHsie 3Have-
HUsI OTHOLICHUH aMIUTUTYJA M pa3HOCTH (a3 mocTymna-
I0T B MHUKPOKOHTPOJIIEP JUIsl TIPEIBAPUTEIILHON 00pa-
00TKH, U nanee oOpaboTaHHBIE JaHHBIE MEPEHAIOTCS
B paboO4yI0 CTaHIIHUIO.

[Tpubop npenHasHavyeH it padOTHI KaK CaMOCTOS-
TEJIbHO, TaK U B COCTaBE CKBKUHHOW Jaboparopuut
B HE(TAHBIX CKBOXWHAX Ha IIyOMHAX 1O 5 KM,
U JOJDKEeH paboTaTh B YCIOBHUSX MOBBIILICHHBIX JaBiie-
HUI ¥ TeMIlepaTyp. OTO HAKJIaJIbIBACT JKECTKHE YCIIO-
BUSI HA KOHCTPYKIHIO, MaTepUalIbl U 3JIEMEHTHYIO Oa-
3y U3MEpUTEIBHOro OJI0Ka, KOTOPBIA AOMKEH pabo-
Tath npu Temmeparypax Ao 120 °C u naBneHuu
o 100 MITa. ITooToMy B KOHCTPYKIIMH HCIIOJIB30Ba-
HBl BBICOKONIPOYHBIE CIUIaBbl Kak Ui HapY>KHOTO
KOpIyca, Tak U Ul U3MEPUTEIbHON SYEHKU U Iaccu
npudopa ¢ xkaHaimoM s dionaa. biok smexTpoHNKH
BBIIIOJTHEH M3 paauojeTanell B COOTBETCTBYIOLIEM
UCTIOJTHCHHH.

Ocnognble xapaKkmepucmuKku npuoopa
U yCo6ull IKCHIyamayuu

[uametp uccienyembix ckBakud, MM —  170+300
Temneparypa B ckBaxune, °C— ot +10 go +120
I'mppocrarnueckoe naBiieHUE

JKMIKOCTH B CKBakuHe, MIla — o100
Jnuna npubopa, M — He Oonee 2
Bec npubopa, xr — He 6omree 100
[Juamazon pabouux yacror, MI'm — 1+100
Hanpsoxenne nmutanms, B — 150+300
[HoTrpebnsemsrit TOk, A— He Ooutee 1

W3MEPUTEJBHAS TUEUKA

Kak ormeuanoch BbllIe, pa3paOoTaHHBIA MPHOOP
OCHOBaH Ha u3MepeHuu napamerpoB BY-moss, mpo-
XOIAILIEro 4epe3 KOHACHCATOPHBIE HU3MEPHUTENIbHbIE
stueiiku. OCOOCHHOCTBIO JTAaHHOTO MpHOOpa SBISICTCS
WCIIOJIb30BaHNE KOHICHCATOPHOTO OJIOKa, COCTOSIIIEe-
ro u3 JAByX KoHaeHcaTopoB. Kak ormeuanoch B [4],
YyBCTBUTEJIHLHOCTh KOHJIEHCATOPHOMN SIMEMKH CYILECT-
BEHHO 3aBHCHUT OT COOTHOIICHHS HE()TH U BOJBI B UC-
cienyeMoMm (Ironse, a Takke OT JJTMHBI IIEHTPAITbHO-
ro ajekrpozaa. [Ipu npeobiaganum BOIBI B HCCIIEAye-
MOM (rrousie 4yBCTBHUTEILHOCTh KOHJCHCATOPHOM
SIMEUKH YBEJIMYMBACTCS MPU YMEHBUICHUHM JIMHBI
LEHTPAIBHOTO 3JEKTPO/a, B TO BpeMs Kak IpH Mpe-
obnmagannu HehTH B HccieayeMoM Qurronae HaOio-
naetcsi oOpaTHasi 3aKOHOMEPHOCTb.

B npexncraBieHHON B HacTOsIEN cTaThe U3MEpH-
TEJIbHOM sYelike MpUMEHEHBl [Ba KOHJEHcaTopa
C JNEKTPOJaMH Pa3NUYHON JUIMHBI, YTO MO3BOJSET
M3MEPATH coJiepkaHue HEPTH B HCCIeTyeMOM (ITIOH-
Jie C BBICOKOM TOYHOCTBHIO JJISl Pa3lU4YHBIX KOHIIEH-
Tpanuii HeTH B IIACTOBOM (Qurronjie. DCKHU3 N3MEpH-
TEJIbHON A4YEHKHU IpencTaBieH Ha puc. 2. KoHCTpyk-
THBHO WM3MepHUTeNbHas sYelKa MpeICTaBiIsIeT COOOU
JIBA HM3MEPUTENBHBIX KOHAEHCATOpa, COCTOSIIMX
m3 Kopmyca 1 (Hapy>XHBIH 3JEKTPOM) W JABYX BHYT-
PEHHHX 3JIEKTPOJIOB Pa3IMYHON ATUHBI 4 U 7, 3auK-
CHPOBAHHBIX OT paJHaIbHBIX MEpEMEIIEeHUIl ¢ MOMO-
LIBI0 JUAJIEKTPUUECKUX BCTABOK 5 C OTBEPCTUSAMHU IS
NpOTEeKaHUsI CKBaKMHHOro Qmionna. C IBYyX CTOPOH
K Kopirycy 1 ¢ moMoImipio pe3s0bl M yINIOTHEHUH TpH-
coearHeHbl (iaHIbpl 2 U 3, KOTOPBHIMH OJIOK sUeeK
KpEIUTCA K IIacCH ¢ JJIEKTpOHWKOW. Bo duranmax
TaKk)Ke UMEIOTCS OTBEPCTHSI U CKBAKUHHOTO (hITFOU-
na. Dnektpoj 4 yepe3 oTBepcTHs Bo (uaHIie 2 ¢ mo-

HAVYYHOE ITPUBOPOCTPOEHMUE, 2019, Tom 29, Ne 1



CKBAYXUHHBIN TTPUBOP 63

MOII[BI0 METAJUIMYECKUX MMNuiIeK 6 u 7 (mmunbka 7
OJTHOBPEMEHHO BBITMONHACT (YHKIUIO KOPOTKOTO
BHYTPEHHETO 3JICKTPOJa), Pa3MELICHHBIX B MPOXO-
HOM H30JISTOpE, MOAKIYEHBI K JETEKTOPHOMY MO-
JIyJII0, pa3MELIEHHOMY Ha IIACCH € AIEKTPOHUKOM.

IVIATA JIEKTPOHUKHA

®opmupoBanne BU-curnana, mnpuemM cursHaia
C HM3MEpHTeNIbHOTO OJIoKa, MpeaBapUTenbHas obOpa-
0oTKa cHrHaJa W Iepefaya MHOJTYYEHHBIX JaHHBIX
JUISL JTAJIbHEHIEero WCIOJIb30BaHUSA OCYIIECTBISETCS
B OJIOKE 3JeKTPOHUKH. OCHOBOH IJIATHI 3JEKTPOHUKH
aBisercss Mukponporneccop STM32F373 [5]. Mukpo-
KOHTpoJUIep (QOpPMHPYET CHTHAIBI AJIS YIpaBIICHUS
CHHTE3aTOPOM B 33laHHOM JAMana3oHe 4acToT. B mpu-
0ope MpHUMEHEH CHHTE3aTOp MPSIMOTo UH(POBOTO
cunte3a AD9851, ynpasisemsrit mo SPI untepdeiicy
[6]. Ycunennsnii BU-curnan yepe3 xkoMMmyTaTrop mo-
CTyTIaeT Ha OJIMH W3 JBYX €MKOCTHBIX JETHUTENeH, co-
CTOAIINX U3 MOCTOSTHHON €MKOCTH M U3MEPUTEIBHOTO
KoHJieHcaTopa. BU-curHanel ¢ U3MEpUTENbHBIX KOH-
JIEHCATOPOB TMOCTYMAOT Ha JIBa U3MEPUTENsI OTHOIIIE-
HUS aMIUITYX W pasHOCTH (a3, BBIIOIHEHHBIX
Ha Mmukpocxemax ADS8302 [7]. Hdanee HU3KOYACTOT-
HBI€ CUTHAJBI, IPOMOPIMOHAIBHBIE OTHOIICHUIO aM-
IUINTYJ ¥ pa3HocTH (a3, ¢ U3MepuTeNeil nocTynamoT
Ha 4 BX0/a MUKPOKOHTpPOJIJIEPA U C MOMOIIBIO BHYT-
peHHero KommyTaropa mnoakiarodaroTcs K ALl muk-
pokonTtposiepa. Jlanee oundpoBaHHbIE AaHHBIE 00-
pabaTbIBarOTCS B MUKPOKOHTpOJUIEpe. 3aTeM IMpe/Ba-
putenbHO 00paOoTaHHBIE NaHHbBIE yepe3 mpeolpaso-
Batenb RS232-RS485 na mukpocxeme MAX485 me-
penarorcs B pabouyro ctaHImo [8].

s ynpaBieHus: mpuOopoM pa3paboTaHo crenua-
mu3upoBaHHoe mnporpammHoe obecreuenne (CIIO),
npeAHa3HaueHHOe Ul peain3aiuuu QYHKUUH ynpas-
neHust ¥ nudpoBoi 0OpabOTKM NaHHBIX B OJIOKE W3-
MEpEeHHs JUIJIEKTPUYECKHX CBOICTB  IUIACTOBOTO
¢rounna.

CIIO obecneunBaer:

empreM W 00pabOTKy YTPaBIAIONUX CHTHAJIOB-
JUPEKTHB M0 KapOTaKHOMY Kabeo;

® BLITIOJTHEHUE MPOTPAMMBI yIpaBIICHUSI
MU3MEPUTEILHBIMH KaHATIAMH;
® [IPEIBAPUTEIHHYIO M poBYyIO 00paboTKy

JAaHHBIX, TOCTYHNAaroIUX OT USMECPUTCIIbHBIX KaHAJIOB,
e popMHpOBaHHE MAcCHBA JaHHBIX IS MEpeladn
B pabOUyO CTAHIIHIO;
® riepeiavy TAaHHBIX B pabOUyI0 CTAHIHIO.

K mnporpamMmupyeMbeIM yCTpoiicTBaM OTHOCHUTCS
mukpokoHTpoiiep STM32F373. CIIO peammsyercs
KaK MpOLIMBKa IJs1 MUKpoKoHTposiepa STM32F373.
Hcxomublit TekeT nporpamMmel Ha sizbike C pa3paboTan
B cpene IDEpVision V5.24.2.0.

HAVYYHOE [NPUBOPOCTPOEHMUE, 2019, Tom 29, Ne 1
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Puc. 2. YepTex U3MepUTEIbHON SUCHKI.

1 — xopmyc, 2 — d¢manen, 3 — dumaner,
4 — BHYTPEHHHH JJIEKTPOA, 5 — IUIIEK-
TPUUYECKUE BCTAaBKH, 6 — MeTaIM4yecKas
HIMWIbKa, 7 — KOPOTKHUI BHYTPEHHUHN dJIeK-
TPOJ / NIMAIbKA

Jnst TecTHpOBaHMS W OTOOpPaKEHUsI BHU3YalIbHBIX
JaHHBIX C MpuOOpa HANMCaHO NPUKIATHOE IpPo-
rpammuoe obecneuenue (I1I10). Ilporpamma 3amyc-
KaeTcsi Ha pabodell CTaHINH, MOAKIIOUYEHHON K TIPH-
Oopy mo kaHanam cBsizu. [IporpaMMa cocTOUT U3 MO-
IyJieil HaCTpOWKHM armapaTypsl ¥ KaHaJIOB CBSI3HU, OJ10-
Ka TECTUPOBAHUS M OJIOKA MCCICAOBAHUS, B KOTOPOM
0TOOpaXKaIOTCS UCCIENOBATEILCKUE JaHHBIC. B O10Ke
HACTPOHKH MOXXHO YCTAaHOBUTb CKOPOCTH Ileperadu
JAHHBIX U TpoYHe mapaMeTpbl. biok TecTHpoBaHUs
MpOBepsIieT KOPPEKTHOCTH MOTyYaeMbIX JaHHBIX.
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Puc. 3. YacToTHbIC 3aBUCHMOCTH CUTHAJIOB IETEKTOPHBIX BBIXO/0B JICTEKTUPYOILIETO MOIYJIIS ISl TPEX
TECTOBBIX KUAKOCTEH 1 AT IBYX pasziIHYHBIX UTHH 3JeKTpooB — 50 MM (a 1 6), 150 MM (B T).
a, B— CHUTHAJI, IPOTIOPIIMOHATIBHEIN OTHOIICHHIO aMILTUTY; O, T — CHTHAJ, MPOITOPIIHOHAIBEHBIN pa3-

HOCTH (a3

bnok wuccnenoBaHusi MO3BOJSIET 3aIyCTHTh IPO-
[[eCC TOJyYeHUS] U OTOOPaKCHUS IaHHBIX B BUJIE Tpa-
(UKOB, YTO TO3BOJISIET OMNEpPaTOpy BHU3YaIBHO OIle-
HUTh KOPPEKTHOCTh M IIENOCTHOCTh. IIporpammHuoe
o0ecrieueHne TaK)Ke TIO3BOJSIET BECTH TMPOTOKOJ
omuOOK mepenayd JaHHbIX. [IporpamMma HamucaHa
Ha SI3BIKE BBICOKOTO YPOBHS C#NET
B cpene Visual Studio m BeImomHSAETCS TIOJ OTIeparnu-
oHHoIi cucteMoit MS Windows.

PE3YJIbTATHI UCTIBITAHUI

Ha puc. 3 mnpencraBieHsl pe3ynbTaThl Ipo-
BEJICHHBIX MPEIBAPUTENBbHBIX HCHBITAaHUHM Mpudopa
Ui ABYX (PMKCHPOBAHHBIX JJIMH LEHTPAJIBHBIX 3JICK-
TPOJIOB. DKCHEPUMEHTHI MPOBOAUINCH ISl TPEX Tec-
TOBBIX JKMAKOCTEH: BOABI, 3TaHOJNa M OEH3WHA

C JMIIEKTPUICCKUMU TpoHUIaeMoctsMu 80, 24 u 2
OTHOCHUTECJIbHBIX COUHHMI] COOTBETCTBEHHO. VcCIBI-
TaHUS MPOBOIMINCH Ha yacToTax ot 1 jgo 38.5 MI1.

W3 mpuBeneHHBIX NaHHBIX BHIIHO, YTO JJIS OMpe-
JEJICHUSI TUAJICKTPUIECKON TTPOHUIIAEMOCTH HE00XO0-
JTMIMO YYUTBHIBATH CUTHAN OT 0OOUX BBIXOJOB JIETEKTO-
pa. [na »>Toro HEOOXOAMMO TONYYHTH KajH-
OpOBOYHYIO KpPUBYIO Ha BBIOpaHHOH dacToTe
13 pabodero nuara3oHa 4acToT. DKCIEPUMEHTATLHEIS
TOYKH aIPOKCUMUPOBAINCH AHAIUTUYECKON (YHK-
nuel, Kotopas 3areM Oblia 3amporpaMMHpPOBAHA
B [I13Y mukpoxoHTpoIIepa.

[IpoBeneHHpIE WCTBITAHUS TOKA3aJId, YTO TECTO-
BBIC BENIECTBA C Pa3IUYHBIMU 3HAYCHUSIMHU JHDJICK-
TPUYECKON  TPOHHUIIAEMOCTH  YBEpPEeHHO  Aud-
(EepeHIUPYIOTCS € TOMOIIBID JIAHHOTO CKBAXKHH-
Horo npubopa. Ha ocHOBaHMM aHaM3a TMONTYYEeHHBIX

HAVYYHOE ITPUBOPOCTPOEHMUE, 2019, Tom 29, Ne 1
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JAHHBIX MOXKHO CJIeNIaTh BBIBOJ, YTO ONTHMAJbHBIM
SIBJIICTCS JMana3oH pabouux vacror or 4 MI'm no
10 MI'm, B kOoTOpoM HaONIONaeTCs] MHUHUMAIIbHAS
JIMCTIEPCHsl CHUTHala W MakcuManbHas auddepen-
nuanus.

Jlyig IpoBEpKHM TOYHOCTH Mpudopa ObuIM MPOo-
BEJICHBl M3MEpPEHUs H3BECTHOM TEMIIEpaTypHOU
3aBHCHUMOCTH JTUJIEKTPUYECKOW MPOHULAEMOCTU
Boabl [9]. Kak BuaHo u3 puc. 4, sKcrnepUMeH-
TaJbHbIE TOYKU I TEMIEPATYPHOU 3aBUCUMO-
CTU JAUDJIEKTPUYECKOW IIPOHULIAEMOCTH JUCTHII-
JIMPOBAaHHOW BOJBI XOPOILIO COOTBETCTBYIOT TE€O-
pPETUYECKOM TEMIIEPaTypHON 3aBUCUMOCTH.

Paspabomka onvimnoco obpasya npubopa eenacv 6
koonepayuu ¢ OO0 "THI-Tpynn" u K@Y no ooecosopy
"Co30anue Komniexca mexHu4eckux cpeocme u npo-
2PAMMHBIX NPOOYKMO8 OJis IPpekmuenol papabomku
3anedicell Hemu 6 CLOINCHONOCMPOEHHBIX KAPOOHAMHbIX
KOJUIEKIMOPAX ¢ UCHONb308AHUEM 20PU3OHMATIbHbIX CK6A-
JHCUH U 2udpopaspelea niacma’ 6 pamKax pealu3ayuu Kom-
NIEKCHO20 NPOEKMA NO CO30AHUIO 8bICOKOMEXHONIOSUYHO20
npouzeoocmea (Ilocmanoerenue Ilpasumenscmea PD Ne
218, (6-5 ouepeon)).
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DOWNHOLE TOOL FOR MEASURING
THE DIELECTRIC CHARACTERISTICS OF RESERVOIR FLUID

D. A. Konovalovl’z, Ya. V. Fattakhovz, A. R. Fakhrutdinovz,
V. A. Shagalov’, R. Sh. Khabipov’, A. N. Anikin’

'Federal research center "Kazan scientific center of the Russian Academy of Sciences”, Kazan, Tatarstan, Russia
*The Kazan E. K. Zavoisky Physical-Technical Institute of the Kazan Scientific Center of the Russian Academy of
Sciences , Kazan, Tatarstan, Russia

In work the device for measurement of dielectric characteristics of a reservoir fluid is presented. This device
is designed to work in a well with a depth of up to 5 km. Measurements of dielectric characteristics are made by
the capacitive divider method, and both amplitude and phase changes of high frequency oscillations passing
through two measuring capacitor cells filled with the investigated fluid are taken into account. Measuring cells
differ in the length of the central electrode and are designed to work in different parts of the oil-water concentra-
tion range. Based on the results of the tests, the optimal range of operating frequencies of the device is deter-
mined, depending on the design of the cells used.

Keywords: dielectric constant, capacitive sensor, cylindrical capacitor, capacitance measurement, moisture meter
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