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M3MEPEHUS KaK I10 JUTHHE UCCIIEAYEMBIX TPYyO, TaK 1 10
a3UMYTY, TIPH 3TOM 00€CIIEUNBACTCS MTOBBIIIICHUE TOU-
HOCTH J1e(peKTOCKOIIHY.
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YCTPOMUCTBO JJIs1 OCYH.IECTBJIEHPI)I MYJILTUCEHCOPHOM
3JIEKTPOMATHUTHOM JE®EKTOCKOITMUA OBCATHBIX KOJIOHH CKBAXWHbBI 1
KOHTPOJIS TEXHUYECKOI'O COCTOSAHNA

O6nacme mexHuxu

V306peTeHre OTHOCHTCA K TFeO(H3MKE M MOXET ObITh HCHONB30BAHO VI KOHTPOJLA
TeXHHIeCKOT0 COCTOSHHS 06CAIHBIX KOJIOHH, HACOCHO-KOMIIPECCOPHBIX TPYO U JPYTHX KOJOHH
He()TAHBIX ¥ Ta30BBIX CKBAXHH.

Vpoeenv mexnuxu

WspecteH snexTpomarauTHeid Moxyns (MTT) ¢upmsr Sondex W.L.E. miia BeIABICHHSA
HedeKToB B HACOCHO-KOMIIpeccopHBIX Tpybax (Magnetic thickness tools-MTT. Leding Oilfield
technology. Sondex, p.10, http:/www.sondex.com). 3onax MTT cocronT u3 OXHOM
reHepaToOpHOH KaTyIﬁKH ¥ JBEHAILATH MHHHATIOPHBIX MarHUTHBIX JAaTYMKOB, YCTAHOBJICHHBIX
Ha BHYTpeHHeil cTOpoHe peccop. I'eHepaTop paboTaeT Ha TPeX YacToTaX. AMIUIATYJA dasa
CHrHATa Ha H3MEPHUTENLHOMN KaTyIIKe 3aBHCAT OT KOJMYECTBA METallla, OKpYKaloIero faTiuK.
OnucanHbli 30HI TO3BONSET ompeneats medextst Ha omHod komonne HKT (macocHo-
KOMIPECCOPHOH TpyOBI) MO0 MHTEpBaI OOCAJHOH KOJOHHBI IOCIE BBIXOAA H3 HKT u He
I103BOJIAET Pa3feiATh JedeKTsl Ha BHyTPEHHEH U BHEIIHEH KOMTOHHAX.

W3 ypoBHS TEXHHKH H3BECTE€H MATEHT Pd Ne2215143, omyb6aukoBauubii 27.10.2003,
«INEKTPOMArHMTHBIA CKBOKHHHBIH J€(EKTOCKOm», B KOTOPOM PacCKphITO YCTPOHCTBO,
T103BOJISIOMIEE BHABIATH AeheKTHI KOMOHH M NepGOPAIMOHHEIX OTBEPCTHH. DIIeKTPOMArHUTHBIH
CKBaXXMHHBIA 1e(EKTOCKON COIEPXHT KOpIYC, TEHEpaTOPHYI0 KAaTyIIKy, MarHMTHas OCh
KOTOpOHl OpHEHTHpOBaHA BAONb OCH, a MarHMTHas OCb H3MEPHTE/NBHOH KaTyLIKH
OPHEHTHpOBaHA TEPIEHIUKYIIpHO ocH nedextockoma. B ycTpoicTe 10 reHepaTOpHOM
KaTyllKe MPOIYCKAETCS MePEMEHHBIA TOK, BO30YXIAIOMMi B OKpYXalOme# CTalbHOH TpyGe
KPYTOBBIE BHXPeBble TOKH, KoTophle HaBomaT JJIC B H3MEPHTENBHBIX KaTyIIKax. ITpu
IIPOXOX/ICHHH HM3MEPUTCIBHBIX KaTylieK MHMO J€(eKTOB B CTCHKE KOJIOHHBI OTMEJAlOTCH
XapaKTepHbIe M3MEHEHNs MATHUTHOTO ITOJIA.

HauGonee 6IM3KAM K 3asBISEMOMY PEIICHHIO sBISETCH AS(PEKTOCKOI, ONMHMCAHHBIA B
natente P® na uzobperenne Ne2372478, my6nuxosanHoM B 10.11.2009, «IneKTpOMarHUTHEIH
CKBKHHHEIM JedeKTocKom». B [OKyMEHTe ONKMCAaHO YCTPOMCTBO C HCHOJB30BaHHCM
HECKOJBKHMX (6ONBINE TpeX) U3MEPUTENBHBIX KATYIIEK HHAYKTHBHOCTH, PAacloJiOXEHHBIX IO
IIEpHMETPy 30HZA, C MArHUTHBIMH OCSAMH, HAlPABICHHBIMHM MEPHEHAMKYIAPHO €ro OCH. ITpn
3TOM, YCTPOHCTBO paGoTaeT Ha KapOTAXKHOM Kalene W COIEPKHT MPOJONbHYIO F€HEPaTOPHYIO
KaTyIIKy HHIyKTUBHOCTH, OCh KOTOPOH COBIIA/IaeT C OCBIO 30H/1a, H3MEPHUTEIBHBIC KaTyIIKH (ue

MCHEC Tpex), pacnooKECHHBIE IO NEPHMETPY 30HJa, ¢ MarHUTHBIMH OCSIMHM, HalpaBJICHHBIMH
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EpIEHIUKYISPHO OCH T€HEPATOPHOH KATYIIKH. TledexTockon paGoTaeT CIeAyOmKUM 00pa3oM.
[To reHepaTOpHO# KaTyIIKe MHIYKTHBHOCTH IIPOITyCKaeTCs OHOTOJISIPHEI MMITYJIBCHBIA TOK
HAMATHMYMBAHUS ¢ PUKCHPOBAHHOM aMILIATYOH ¥ YaCTOTOH U C OJIMHAKOBOMH JUTMTENBHOCTHIO,
KOTODEI BO30Y)X/aeT B OKpYXKarommeH CTATBHOM Tpy6e BUXpeBbIe TOKH. B MPHEMHBIX KaTylIkax
peructpupyercs JIC mepexofHbIX MPOLECCOB KaK Q)YHKHM BpeMeHH. BIIOK M3MepHUTENbHbI
10l yIpaBIeHUEM KOHTPOJUIEpA pasfenseT BO BPEMEHH CHIHAIBI OT H3MEPHTEIBHBIX KaTymeK
MH/[yKTHBHOCTH, YCHIMBAET MX M OLM(POBHIBACT W IO JMHUAM CBA3H IEPE/AcT JaHHBIE Ha
IOBEPXHOCTH. HeoCTaTKOM M3BECTHOTO YCTPOHCTBA ABIACTCA HEBO3MOXHOCTR n30aBUTHCS OT
MeIAIOMEro B3aUMHOTO BIMSAHHS M3MEPHTENbHBIX KaTyIIeK WHAYKTUBHOCTH, PacioOIOXKCHHBIX
110 TepHMETpYy 30HAa, 0COOEeHHO B IpHOOpax Maioro Juamerpa (menbmre 50 mm). IIpu sToM
M3MEpHTEIbHbIE KATYIIKH HHIYKTHBHOCTH, OCH KOTOPBIX MEPICHHKYJISPHBI HCCIICAYEMOH
IIOBEPXHOCTH, MMEIOT TOJBKO OMHMH pabodHii IOIIOC. IIpu 3TOM BTOpO# MONIOC OTAANEH OT
ACCIIElyeMOl TIOBEPXHOCTH HA JUTMHY KAaTYHIKH, YTO CHIXACT YyBCTBUTEILHOCTH KaTyIIKH K
M3MEHEHHS MArHMTHOTO MO HA HcciexyeMoli moBepxHOCTH. IIpH TakoH KOHCTPYKIHH
A3MEPUTENBHBIX KaTyIIeK HWHIYKTHBHOCTH nedext peructpupyercs B Goiiee  MHMPOKOM
paguanbHOM ceKrope. PakTHYECKH, B U3BECTHOM YCTpOMCTBE JOKAIBHBIH TOYCYHBIH nedext
duxcupyercs B cexktope 180°. Taioke, B H3BECTHOM YCTpOMCTBE MEPICHAUKYIPHOE
PacIoIOKEHHE CYUMTHIBAIOMMX KaTymIEK K MArHUTHOH OCH TE€HEPUPYIOLIEH KaTyIIKH
06yCaBIMBaeT X TyBCTBHTEIBHOCTH TOJNBKO K OTKJIOHCHHAM PaBHOMEPHOTO MarfuTHOTO MOJIS
BHXPEBBIX TOKOB, BO30YKIaEMBIX H3MEHEHHEM 0TI FeHEpaTOPHON KaTyIIKH, IIOCKOJIBbKY IIOJIC
BHXDEBEIX TOKOB B OTCYTCTBHE Je(EeKTOB M OJIEKTPOMArHHTHBIX aHOMaIHi B 30HAX
CYMTHIBAIOIMX KATYIIEK MNapaUleNbHO MarHWTHOH OCH IeHEPaTOPHOM KATYIIKH. 1aKuM
06pa3oM, CUMTHIBAIOIIHKE KATYIIKH H3BECTHOTO YCTpOHCTBA HE CIIOCOOHE! (PUKCHPOBATH IIABHOE
A3MEHeHHe TONIIMHEBI MccleayeMod TpyObl Ha NPOTSDKCHHBIX YyJacTKaX, T.e. KOPpO3HH
o6mmpHbIX 30H. Taroke, TOT (axr, Yo CHTHAN Ha KaTylKax HE 3aBUCUT OT TOJIIIHHBI
BcclIeyeMoi TpyOBl, AeaeT HEBO3MOXHBIM BBITNIOJIHUTE HCICHHYIO OLCHKY 9TOM TOJIIUHEL

Packpvimue uzobpemenus

3amauelt w300peTEHHs SBISETCS CO3JaHHMe NpHOOpa  IUIA MarHMTOUHIYKIIHOHHOM
nedekTocKonun TpyO B KOJIOHHAX CKBAXKHH, ITO oOecreunBacT NOBLIIEHNEe HHPOPMATHBHOCTH
M3MepeHHs, KaK [0 JUIHHE HCCIIEAYEMBIX TPYO, TaK H IO asHMyTy.

TexHUUECKHIA pe3yNbTaT 3aK/IK09AeTCs B IOBBIICHUA TOYHOCTH Je(EKTOCKOIIHH.

Jinsa penieHus MOCTABICHHOW 3afayd IpeJyaracTcs YCTPOUCTBO Il JAEHEKTOCKONHH
06CAIHBIX KOJOHH CKB@KWHEL, BKIIOYatomee 610K reHepauny d1eKTPOMarHuTHOTO MO, 6ok
IIPHEMHEIX CEHCOPOB H OIIOK yNpaBlIeHHs, PETHCTPallyl M aHANN3a JAHHBIX, 3aKpeIUICHHBIE B

KOpIIyce, IPH 3TOM,



"  GJIOK FeHEPALMH JIEKTPOMArHUTHOTO IOJIs UL CO3aHHs BO30Y)KAAIONMX HMITYIbCOB
3a/[aHHOM AMILIATYIB M JTHTENSHOCTH IPECTABISET COOOH reHEpaTOPHYIO KaTyIIKy
C CepleYHHKOM B3 MaTepHaa C BRICOKOH MAarHUTHOH IIPOHHMIIAEMOCTHIO,

* GIOK IPHEMHBIX CEHCOPOB BKIIOYAET MHTETPANbHYIO U3MEPHTEIBHYIO KATyIIKy H N
panMaTbHEIX M3MEPHTENBHBIX ~ KaTyIIEeK, pAacmoNOXCHHBIX — BOKPYT 0OMOTKH
reHepaTOPHOM KaTYIIKH, IPHYEM KaK/as H3MEPHTEIbHAs KaTyllIKa HMEET CEpACTHHK
I1-o6pasHoif (OpMBI, IOMIOCA KOTOPOr0 —HANPABICHBI ~NEPHCHAMKYIAPHO K
TIOBEPXHOCTH HCCIIElyeMO# KOJIOHHBI, & OCh CHMMETPHH 0oOMOTKHM MapajielibHa OCH
CHMMETpUH OOMOTKH F€HEPATOPHOH KaTYIIKH,

» GIOK yIpaBJeHHs, PETHCTpAlld¥ W aHANH3a JAHHBIX BKIIOYACT N omnepaliOHHBIX
ycuuTenedl ¢ M3MEHAEMBIMH KOdGQHUIMCHTAMH YCHICHHA H aHaJIOrO-IHUPOBEIX
npeo6pasosareneii (ALT), KOTOpBIe NEPEAAIOT CHTHANBI OT H3MEPHTENIBHEIX KaTyIICK
MHKPOKOHTpOJUIEDY, =~ HONKTIOYEHHOMY K  KOMIBIOTEpY € NPOTPaMMHBIM
obecriedeHHeM Ui aHaIu3a Ae(eKTOB KOJIOHHBI, MPH 3TOM MHMKPOKOHTPOJUICP
yIIpaBiseT 0JI0KOM TeHepalliy dIEKTPOMATHUTHOTO MO, a TaKkKe K03 dUIHEHTaMHI
ycwinenns u AIIIL

YCTpORCTBO MOXKET GBITH BIIONHEHO TaKMM 00pa3’oM, UTO pajualbHBIC H3MEPHTEIBHBIC
KATYIIKH PACTIONIONEHB! PaTHATbHO-CHMMETPHYHO 110 OTHOIIEHHIO K OCH CHMMETPHH 0OMOTKH
rEHEpaTOPHOH KaTYIIKH.

Y CTpOKCTBO MOXET GHITh BHIOJTHEHO TAKAM 00pPa30M, 4TO HHTCTpaibHAd H3MEPUTEIIbHAI
KATYIIKa, HAMOTaHa Ha TOT )K€ CEPAECYHHK, YTO U TEHEpAaTOpHas KaTyIlKa.

VCTpOHCTBO MOXKET OBITH BHIOIHEHO TaKUM 06pa3oM, 9TO dIEKTPOHHAs 9acTh BKIIOYACT
610K TMTaHHs, KOTOPbI COAEPXHUT CTAOHIM3AaTOPHl M 00eCHeYnBACT HecniepeboitHy0 paboTy
3JIEKTPOHHUKH.

YCTpOHCTBO MOXET ObITh BBINOJNHEHO TakuM 00pasoM, Hro OJIOK yTIpaBICHHS,
perMCTpallid W aHalh3a NaHHBIX HMEeT MOAYJb TEHEpalid HMITyJIbCOB BO30YX/IeHHH,
IpeACTaBIsIoOmui co0o# ynpapisieMbli HHBEPTOP HANPKCHUA €O crabunu3anmeii Toxka Ui
[IOTyueHHs] OMIIONAPHOTO BO3OYKICHHS MarHMTHOTO MOJA reHEpaTOPHOH KaTyImKOH, YTO
[103BOJISET HCK/IIOYHTH BIMAHAE JOKANbHBIX HAMArHUYEHHOCTEH HcclieTyeMoi TpyOsL.

VCeTpoicTBO MOXET OBITH  BBINONHEHO TaKMM obpazoM, YTO I YIy4IICHHA
4yBCTBHTENLHOCTH  NpHOOpa  HCIONB3YETCA  SNEKTPOHHAs  CXEMa, obecneunBaromas
IepeKioyaeMblii K0I(GQHUIMHEHT YCHIEHHs, YTO MO3BOJET PErMCTPHPOBATH OMMH H TOT KE
OTKIMK B [Ba JTama, OPH 3TOM, Ha BTOpPOM, Gojee MO3JHEM BO BPEMEHH ITallC OTKIHMK

perucTpupyercs ¢ GOIbIIIM K03 GHIHEHTOM YCHIICHH.



B ONMCAaHMH TPEJCTABRIEH TNPHAMED pEAIH3alMH C HCIONB30BaHMEM 8 pagHalbHBIX
H3MepHTENBHBIX KaTyIeK. TeM He MeHee, 3agBIIieMblil TEXHHIECKHHA pe3yabTaT MOXKHO OCTHYb
C MHEIM YHUCJIOM PaJUaIbHBIX KaTyIIEK.

Kopmyc mpuGopa MOXKET OBITh H3TOTOBJIEH M3 MPOBOIIET0 HEMarHATHOTO METAILIA.

B ycTpOMCTBE JIOMONHATEIEHO MOXKET CONEPXKAThCS H3MEPHTENb YTIIa IOBOPOTa JUIA yieTa
BpalIeHHs IprOOpa 1o Mepe IPOTHKKH Mpubopa.

Onucanue yepmedicei

H306peTeHne NOACHIETCA YEPTEKAMH.

Ha ¢ur. 1-3 u3o6paxeHa TpeXMepHAs MOJENb ¥ CEYCHHUS CEHCOPHOH JacTH YCTpOWCTBa.
Beenensi creayomue 0603HaYEeHU:

no3. 1 - reseparopHas KaTyIIKa Ha CEpACYHUKE C BEICOKHM W,

1103. 2 — paJMaibHble U3MEPHTEIbHBIE KaTyIIKku Ha [1-00pa3sHbIX cepIeYHHKaX,

03. 3 — HHTErpaibHas H3MEPUTEIbHAA KaTYIIKa Ha CEPACYHUKE C BHICOKUM U,

103. 4 — 3aIMTHBIA KOXXYX W3 HEMarHUTHOIO CIUIaBa.

Ha ¢ur. 4 wusobpaxeHo nenenrpuposanue HKT B KomOHHE H COOTBETCTBYIOLIHC
TOKA3aHKS HA PaHaTbHO-U3MEPATENBHBIX KaTylIKaX. BBeleHE! criefyromye 0603Ha eHHS:

o3. 5 — KoJIoHHa,

no3. 6 — HKT,

1103. 7 — npudop.

Ha ¢ur. 5 uzoOpaxkeHs! ciaydad OOHApYKCHHS pPasTHYHBIX JIOKATbHBIX nedexkToB Ha
pa3HBIX TpyOax.

Ha ¢ur. 6 u306paxeHa cTpyKTypHas CXeMa JJEKTPOHHOH 9JacTh yCTpOHCTBa. BBeneHb!
creayromue 0003HaYCHHU:

no3. 8 — aHanoro-nudpossie npeodpazopatenu (ALIII),

103. 9 — Moy /1L MEKpOKOHTpoLIepa ¢ [13Y,

103. 10 — MOZIyJIb F€HEepaliK MMITYJILCOB BO30OYXKICHHS

103. 11 — uaTepdeiicHbIil MOaYIIB,

mo3. 12 — 610K MUTaHuA,

103. 13 — onepanOHHBIE YCUITUTEIIH

Ocywecmenenue usobpemenus

[MoBbinmieHUE TOYHOCTH AeEKTOCKONMUH JOCTHIAETCA 3@ CYET MPHMEHECHHS B KOHCTPYKIIHH
3asBIIIEMOT0 NMpHGOpa He MeHee 3-X HACHTHYHEIX, PAIUANbHO-CHMMETPHYHO PACIIONIOXEHHBIX
ABYXIIOMIOCHEIX 11-06pa3HEIX NPHEMHBIX CEHCOPOB, OOMOTKH KOTOPBIX HMEIOT COOCHOE C
06GMOTKO} TeHepaTOpHOH KaTylIKH DaclojoKeHHe, a ceprneunuku I1-o6pasHoit GopMEI U3

MaTepuala C BBHICOKOH MArHHTHOM IPOHHIIAEMOCTBIO  (OPMHpYIOT — MaKCHMATBHO
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MIPHOJIMKEHHBIE K HCCIIeyeMOM IMOBEPXHOCTH TTOIIoca ceHCopoB. [IpH 3TOM ceHCOphl HaXOAATCs
Ha pPaBHOM OT YAICHHH OT HCCleayeMoi moBepxHOcTH. Takum o6pa3oMm, AOCTHraeTcs
MakCHMMaTbHas (OKyCHpOBKa CEHCOPOB IO OTHOIIEHUIO K HCCIIEXyeMON IOBEPXHOCTH.

Jlns yBenmdeHus paspemaronieii cnocoOHOCTH O a3UMYTY YHCIIO CEHCOPOB MOXET OBITh
YBEJIHYEHO B MpejesiaX OrpaHHYeHHUi TpeOOBaHMH MaKCHMalIbHOro auaMerpa mnpubopa. s
obecrieyeHHs TEPEKPHITHS 30H YYBCTBUTEIHHOCTH IO PAJUYCy MaKCHMAIBHOE PACCTOSHHE
MEXAY ABYMsl COCEIHHMH CEHCOpaMHM II0 XOpA€ AOJDKHO OBITh MEHBIIE MM PAaBHO [UIMHE
CeHcopa.

[IpumeHeHHe cepIeYHHKOB F€HEPATOPHOM KAaTYIIKH M IPUEMHBIX CEHCOPOB M3 MaTepuaia
C BBICOKOM MAarHUTHOH MPOHHIIAEMOCTHIO TOBHIMIAET JHEPrHIO TIEHEPUPYEMOIO MNONA H
YyBCTBHUTEJILHOCTH CEHCOPOB H JleflaeT BO3MOXKHEIM IIPUMECHEHHE B KadecTBe KopIyca npubopa
HIPOBOAALINX HEMAarHUTHBIX METAJUIOB BMECTO JOPOTOCTOSAMIMX PAHOIPO3PauyHBIX MATEPHATIOB.

JIONMOTHUTENIFHO 3asABsAEMBIA HMpHOOP OCHAIEH HHTErpaibHONH IPHEMHON KAaTyIUKOH,
HAMOTAHHOW HAa OJHOM CEpIEYHHKE C NeHepaTOpHON KaTYIIKOH. DTO MO3BOJIAET BBIYHCIIHTDH
HMHTETpaJIbHYIO TOJIIHHY HCCIIEAYEMOMH KOJOHHBI KaK JOMOJTHUTEIbHBIH IapaMeTp, ONpeIe/IuTh
KOHCTPYKIIMH BTOpOU KOJIOHHBI, B IIEPBYIO OuYepenb HaIM4YMe My(PTOBBIX COCIWHEHHUH H, T. O.
MOBBICHTH TOYHOCTh HHTEPIIPETALIMH 3a CYET YUeTa BIMAHHUS KOHCTPYKIIMH BTOPO# KOJIOHHBI Ha
perucTpUpyeMbIi CUTHAI. |

B 3asBi1sieMOM H300pPETEHUH COOCHOE C 0OMOTKO# reHepaTOpHO# KaTyIIKH PacloIoXEHHE
06MOTOK MPHEMHBIX CEHCOPOB OOYCIIABIMBAET MX YyBCTBHTEIBHOCTH HE TONBKO K AedeKTaM U
3JIEKTPOMAarHUTHBIM AaHOMAIHAM HCCIENYeMOi TpyObl, HO M K €€ TOJIIHHE, 9TO AeTaeT
BO3MOJKHBIM OIIEHKY ITOTEPH METalIa B YYBCTBUTEIHHON 30HE CEHCOpA.

Taxxe Ha YpOBEeHb CHTHaJIa ceHcopa OyIeT BIIHATH IPHCYTCTBHE BHEITHUX [0 OTHOIIECHHIO
K ucciaenyemoii TpyO (0OcamHBIX KOJIOHH M KOHIYKTOPOB). JTO CBA3aHO C TEM, 4YTO INpH
JIOCTATOYHOM JJIMHE ¥ MOIIHOCTH F€HEPaTOPHOM KaTyIIKH BUXPEBbIE TOKH OYAYT BO30YXKAAaThCs
TaKXXe U BO BHEIIHHX II0 OTHOIICHHIO K HCCIexyeMo# TpyOaxX. DKCIEpUMEHTAIBHO J0Ka3aHO,
YTO BHXPEBbiE TOKA BO BHENMIHUX TpyOax OyxyT 3¢(deKTHBHO IeHEpHpOBAaThCS INPH IUIMHE
Karymke 4/3 oT nuamerpa HHTepecytomed TpyObl. Takum oOpa3soM, mHpH 3asdBIIEMOM
paanabHO-CHMMETPHIHOM DACIOJNIOXEHHH CEHCOPOB IIPH LEHTPHPOBAHHOM IOJNOXEHHH
npubopa BHYTPH HCCIEXyeMO# TpyOBl YpOBEHb CHTHAJIIOB Ha pPa3IM4HBIX CEHcopax Oyzmer
3aBHCETh OT IIOJIOXKEHHMS HCCIeqyeMoif TpyObl 1O OTHODIEHHIO K BHEHIHEH KOJIOHHE WIIH
KOHAYKTOPY, YTO JaeT BO3MOXKHOCTh pealu3anud cnocoba OLEHKH [eICHTPUPOBAHHUS
HcclieyeMoil TpyOsl BHYTpH KOJOHHBL. [IpH 3TOM B cilydac [EHTPHPOBAaHHOH KOHCTPYKIMH
CKB)KHHBI PACCTOSHHS MEXAY HCCIIEAyeMO TpyOoii U BHEIIHEH 110 OTHOINEHHIO K HEH KOJIOHHE

OJHHAKOBHI IO pagnyCy U, COOTBETCTBCHHO, H CUTHAJIbl IPUEMHBIX TaTIHKOB GYIIYT OJHNHAKOBBI
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0 YpOBHIO. B cilydae e€LEHTPHPOBAHHS MCCIENYeMOH TPyObl BHYTPH KONOHHEI YPOBHH
CHTHaJIOB Oy[AyT pasIMYHbIMH, NPHYEM YPOBEHb CHIHajla KOHKPETHOTO IIPHEMHOrO CEHCOpa
GyzeT Tem GobIIe, ueM Gike ucceayeMas TpyOa B 30He ero [eHCTBHS K BHCITHEH KOJIOHHE H
nao6opor (¢wur.5). Ha ¢ur. 5 mnpexacraBieH pe3ynbTaT pPerHCTpaluy npubopom (7) ¢
HCKYCCTBEHHO co3naHHeM jeuentpuposanneM HKT (6) B KkomoHHe (5). Curnansi,
PerHCTpHpyeMBble PaJMaTbHBIMU W3MEPHTENbHBIME KaTymkamu R4 u R8, He maMensoTcs B
TIpollecce IIPOJBIDKEHHS IpHOOpa IO MOJENH, & CHIHAJIEI, PErHCTPUPYEMbIC paaHalbHBIMU
M3MEPHUTENLHBIMA KaTymkaMd R2 u R6 HMeEOT MakCHMalbHBIH B3aHMHO MPOTHBOIIOJIOKHBIH
HaKIOH. TaxuM 06pa3’oM, pajuaibHas W3MEpUTENbHA KaTymka R2 MakcuManbHO npubmnKeHa
K KOJIOHHE B BepXHell JaCTH MOJIENH, W, HANPOTHB, paiuanbHad M3MEpHTE/bHas KaTymika R6
MAKCHMATGHO INpPHOIIKEHA K KONOHHE B HIDKHel dactu Monenu. IlpuGop Quxcupyer
neuentpupoanue HKT B xonoHHe.

JIIsi OLEHKH JELEeHTPUPOBAHUS M ydeTa BpalleHHs Npubopa BO BPEMEHH IO MEPE €ro
npogsmwxkenus Baoias HKT Baxma vHbopMmanus O B3aHMHOM DaclOJIOKECHHH HCCIIeAyeMOH
TpyOsl ¥ TPHEMHBIX CEHCOPOB. OTy HMH(POPMALMIO MOXHO NOJYYHTh NPU HCIONB30BAHMH
YCTpOiiCTBA H3MepeHHs yIia II0BOPOTa IpuGopa BO BPEeMEHH (HANpUMED, CTaHIAPTHOTO
HHKJIMHOMETpa WM rupockoma). Ha ocHoBe yKazaﬂﬂbﬁ HHpOpMAaWH MOXET OBITh
OCYIIECTBIIEHA KOPPEKTHPOBKA MOJIOXKEHHS CEHCOPOB. YCTPOMCTBO M3MEPEHHs yIiia MOXET
GBITH BHIIOMHEHO KaK B BHAE OTAEIHHOTO MOy, BXOASAIIEro B COCTaB Mpubopa, Tak U B BH/C
OTJENBLHOTO pHbopa.

Kpome TOro, moBHILIEHHE TOYHOCTH AEHEKTOCKONMMHM JOCTHIaeTCA M 3a CUET NPHUMCHCHUA
GUIIOIAPHOTO BO3OYIKIEHHS SIEKTPOMArHHTHOTO TI0JIsi TEHEPATOPHOR KATYIIKOH — 9€pEI0OBaHue
BO30YXJAIOMMX HMMIYJIBCOB Pa3HOM IOJNSAPHOCTH, 9YTO MO3BOJAET HCKIIOYATH BIMAHHC
JIOKQIbHBIX HAMAarHMYEHHOCTEN UccexyeMoi TpyOb.

CTpyKTypHas cXeMa OJeKTpoHHO#H dacTH npuOopa (Qur. 6) oTpakaer CIEIYIOIIHE
OCHOBHBIE (D)YHKIIMH: F€HEPALMIO HMITYJIbCOB BO30OYXACHUS, IPHEM M PETHCTPAlMIO NAHHBIX H
aHATM3 JAHHBIX C COXPaHEHMeM MX B maMsTé mpuGopa. Momyns renepauuu (10) mossomser
CO31aBaTh BO30YXK/IAMOIIME UMITYJIBCHI 33JaHHOM 4ACTOTHL, A TAlOKE H3MEHATh NOJIIPHOCTE ITHX
MMITYTbCOB, UTO JAET BO3MOXHOCTb HCIIOJB30BaTh OMMONSPHBIA pexHM. JIaHHBIH MOTYIb
yIpaBiseTcs MUKPOKOHTPOILIEPOM (9) H GH3MYeCKH HAXOMUTCA B HENOCPEACTBCHHOMN Onu30CcTH
oT Hero. [IpueM u periucTpanys JaHHBIX 00€CIIEYMBACTCS ONCPALMOHHBIMH yCHITATEIISIMA (13) c
M3MEHSEMBIM KO3((HIEHTOM ycuneHus (yIpaBiseTcss MHKPOKOHTPOILIEpoM 9) H AIIIT (8).
Du3HyecKH onepamMoHHbIX yermmuTeneit (13) moxer 6biTh N mITYK, YTO ONPEACTIACTCA TUCIOM
npueMHbix karymek. B AIIII (8) perucTpupyeTcst OMMH U TOT K€ OTKIIMK B /IBa 3Talla - CHadala

Ha GoJlee paHHHX BpeMeHaX C MEHBIAM KO GHIMEHTOM yCHIIEHHS, a IIOCie Ha Gojiee MO3IHHX
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BpeMeHax ¢ GONBIAM KO3 GHUIIHEHTOM YCHIICHHS, YTO ITO3BOJISET YIyUIINTh JyBCTBHTENBHOCTD
npubopa. IlpueMHas KaTymka HMeeT OCOOEHHOCTh - BMECTO OOBIYHOH 3€MIIM HCIIOJNB3YETCS
BHpPTYaJIbHAd 3€MJIs, IOTEHIOWAT KOTOpOHW paBeH TIIOJIOBUHE YPOBHSA, KOTOPBIH MOXET
obpabGarsiBate ALl (8). [anHass ocoOeHHOCTH MO3BONIET H30ABUTHCS OT AOMNOTHUTEIBHOM
cxeMbl (POPMHPOBAHUA OTPHLATEIBHOTO NMTAHHSA, YTO YMEHBIIAET IIyMBI. OTO YYTEHO IIpH
o6paboTke naHHbIX. [Ipu aHanH3e JaHHBIX MPOUCXOMUT CIELyIOIIee — JaHHbIE, IOCTYAIOMNE C
AIIIl, pacupenensiorcs B HaMsTh IpubOopa, co3gaBas KaJphl, KOTOPHIE 3aTEM CYMTBHIBAIOTCS
nporpammamu oOpaGotku. B3aumopeitcteue ¢ 1K mpoucxoaut depe3 uHTEpEHCHBI MOTYIb
(11). Brox muTtanus mpubopa (12) COCTOUT U3 HECKOJIBKHX CTabMIH3aTOpOB, 00€CIIEUNBAIOIINX
HeoOXOAUMBble YPOBHH HaNpsODKSHHN MUTAHUS 3JIEKTPOHHBIX Y37I0B Ipubopa.

BcTpoeHHOE IporpaMMHOe oOecrieueHHe MHKpPOKOHTpO/UIEpa pealu3yeT JBa pPEXHMa
paGoTsl MpHOOpa: aBTOHOMHBIA M PEXHM H3MEpPEHHI B pealbHOM BpeMeHH. B aBTOHOMHOM
pexume npubop mporpammupyercs oT IIK u 3amyckaercs Ha TpeOyeMylo MporpamMmy
UCCIIEOBaHUM — IHMKIOrpaMMy - Ha MOBEPXHOCTH M Jajee, NPHOOPOM IPOH3BOAMTCS
HCCIIeI0OBaHAE, TP 3TOM IUTaHUE NpUOopa 00ecreYnBaeTCsl OTAEIBHBIM OaTapeHbBIM GI0KOM.
ITo OKOHYaHHMH MCCIIEAOBaHHS NPHOOP BHOBb moaiimodaetrcs K I1K s BeIrpy3kd M aHamusa
JaHHBIX. B pexuMe H3MepeHHi B peajlbHOM BPEMEHH NIPOrpaMMHUPOBAHUE U NMOIYYEHHE JaHHBIX
BO BpeMs HCCJIEIOBaHHU# BBIIOTHIETCS HHTEPAKTHBHO, C MOCTOSHHOH cBA3bIO ¢ IIK. IIutanue u

nepeiada JaHHEIX IIPOU3BOJUTCS O TeohpU3nIECKOMY Kabemo.




®OPMVJIA U3OBPETEHUA

1. VYcrpoiictBo ans nedexrockonun oGCamHBIX KOJOHH CKB&KHHBI, BKIFOYAIOIIEe
670K TeHepalluy 3JEKTPOMArHUTHOTO MOJA, OJOK NPHEMHBIX CEHCOPOB M OJIOK
yIpaBJI€HHs, PETHCTpallMM W aHAIHW3a JAHHBIX, 3aKPEIUICHHBIE B KOpIyce, IpH
3TOM,

"  GIOK IeHepaldM JIEKTPOMArHATHOTO NOJIS JUIA CO3JaHMs BO30YXKIaromux
MMITYJIbCOB 3aIaHHOM AMIUTHTYIbl W JUTHTEIbHOCTH IpENCTaBIAET coboi
TEHEPaTOPHYIO KaTymKy C CEpACYHHKOM M3 MaTrepHaga C BBICOKOM
MarHMTHOH MPOHUIIAEMOCTBIO,

* GIOK TpPUEMHBIX CEHCOPOB BKIIOYAET HHTETPAIbHYIO H3MEPHUTENbHYIO
KaTymky # N paTuanbHBIX H3MEPHTENBHBIX KaTylleK, PacIOJIOXKEHHBIX
BOKPYT OOMOTKY I'€HEpaTOPHON KATYIIKH, IPHYEM KaXasd HU3MEPUTECIIbHAA
Karymka wumeer cepaedHuk I[I-o6pasnHoii ¢opMbl, mOmOCa KOTOPOro
HAIpaBJieHbl MEPHeHAUKYIIPHO K IMTOBEPXHOCTH HCCIEAYEMOM KOJIOHHBI, a
OChb CHMMETpMH OOMOTKM NapajlelbHa OCH CHMMETPHH OOMOTKH
TeHEpaTOPHOM KaTyIIKH,

* OIOK YyOpaBjeHHs, pEeTHCTpaldM M aHaIW3a MJaHHBIX BKIoyaeT N
OTIEPALOHHBIX YCHINTENIEH ¢ H3MEHAEMbIMH KO3(QUIMEHTaMH yCHIICHUA
U asanoro-uudpossix mpeobpasosarencit (ALII), koTopele nepenaroT
CHTHAIBI oT H3MEPHTEIbHBIX KaTyniek MHKPOKOHTPOJUIEPY,
MOJKIIOYEHHOMY K KOMIIBIOTEPY C IIPOrpaMMHBIM OOeCIeYeHHeM M
aHanu3a AepeKTOB KOJIOHHBI, IPH 3TOM MHKPOKOHTPOJUIEP YIPaBISET
OJIOKOM T€HEpalMH JJIEKTPOMArHATHOTO IIOJIs, a Takxke Ko3GhduIueHTaMu
ycunenus u AL

2. Ycrpo#cTBo 1o 1. 1, oTIHYaromeecs TEM, PaAHalbHBIC U3MEPHTEIBHEIE KaTYIIKH
PACIIONIOKEHBl PAIUAIEHO-CHAMMETPHYHO II0 OTHOINCHHIO K OCH CHMMETPHH
0OMOTKH I'eHepaTOPHOM KAaTyIIIKH.

3. VYcrpoiictBo mno m. 2, OTIMYaAONIEeCs TEM, YTO HMEET HMHTETPAIbHYIO
H3MEPUTENBHYIO KAaTYIIKy, HAMOTaHHYI0 Ha TOT JK€ CEpICYHHK, YTO H
TeHepaTopHas KaTyIlKa.

4. YCTpO#CTBO IO II. 3, OTJIMYAOIIEECS TEM, 9TO 3IEKTPOHHAA YacTh BKIIOYAET OJIOK
IHTaHUA, KOTOPBIA COAEepXHT crabmim3atopsl M obecneduBaeT GecnepeboiHyIO
paboTy INEKTPOHUKH.

5. VYcrpoiicTBo 1o 1. 4, oTiIMYaromIeecs TEM, YTO OJIOK yIIPaBICHHSA, PETUCTPalHH H

aHamM3a JaHHBIX WMeeT MOAYJIb TIEHepallid HMIYJIbCOB BO30YXICHHI,
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NpeacTaBiIsomuil co00H ynpaBlisseMblii HHBEPTOP HAIIPSKEHHS CO crabumizanueit
TOKa [IS [IOJTy4eHNs GHIIOIAPHOTo BO3GY)KIAEHHS MarHATHOTO IOJIS TeHEPaTOPHOMH
KaTyIIKOM, YTO MO3BOJIAET HMCKIIOYATH BIMSAHHE JOKAIBHBIX HaMarHW4eHHOCTEN
UccieryeMoit TpyOBI.

VCTpo#CTBO MO M. 5, OTIHYAIONIEEC TEM, 9TO I YIyqIeHHs 1yBCTBUTEILHOCTH
npubopa HCHONB3YeTCs JNMEKTPOHHAS cXeMa, obecredrBaromas MEPEKITIOYacMBbli
K03} HUIMEHT yCUIEeHHS, YTO MO3BOJISET PETHCTPHPOBATh OMMH U TOT XKC OTKIMK B
ABa JTama, MpH 3TOM, Ha BTOpOM, Oollee IMO3JHEM BO BPEMEHH JTalle OTKIHK
perucTpupyercs ¢ GONMbIIMM KO3 OUIMEHTOM YCHTICHU.

VerpoiictBO mO 1. 7, OTJIMYAIOIIEECS TeM, YT0 HCHOJB3YeTCH 8 panuanbHBIX
H3MEPHTEIBHBIX KaTylIeK.

YCTpOHCTBO MO 1. 8, OTIMYAIONIEECs TEM, YTO KOPIYC MPHOOpa M3TOTOBIEH H3
IIPOBOJIAIIETO HEMArHUTHOTO METaJlIa.

VcTpoicTBO 1O 1. 9, OTIMYaoNIeecs TeM, 9T0 HOMOTHATENLHO MOXET CONepXKaTh
M3MepHTeNh YIiia MOBOpOTa Ui ydYeTa BpallleHHs IpHOOpa Mo Mepe MPOTHKKH

npubopa.
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