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Peemsens:
K, 328, KapeAPOTi HEKTPONPHEOLA 1 S1EXTPOTENHHKH
@IBOY BO «KHHTY» B. T. Maxapon

Kz, Texi. HayK, an. Kadbe PO STEKTPOSHEPTETIECKIX CHCTeM h ceTeli
OIBOY BO «KI3Y> B. B. Makeion

TIpuGopocrpociie 1 ABTOMATHIMOBANILE 1eKTPONPHEOX B TomIn
HODNEPreTHIECKOM  KOMILIEKCE N AWIMINO-KOMMYNATLOM X03siicTie
warepuars VIl Haunowansuoii nayssio-npaxmiiecoii xondepentuan (Kasau,
8-9 zckaGpa 2022 1.) / peaxonzerna : . 0. AGayanaiion (taamii peiaxTop).
I T. Axsierosa, O. B. Kosensos, O. B. Ifsersosa. ~ Kasam, : KI9Y, 2023

bo-swepreTIeCkON
o IO KoY oM Xo3AcTIE» o CAEYIOUIN 13y L UIpARCIUIAN:
1. Tipuopoctpoe ol MEXSTPOMILLX U poSoTOTCXII
cxix cicrem  TIK 1 KX,
2. Dnexposueprema, SneKTpoTeNIIE T —
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T ——
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9. Tewtocnatiacrie u KKX.

Tipeaniasien 113 Hay X PABOTHNKOS, ACHMPAITOR }i CTEIATHCTOR, paGoTalc-

X B Gpepe JHCPITH, & TAKAE 1 03y YGIOUUNCH SHEPIETIECKOTO HPOGILIA.
Marepuanis toxiaion ny res i astopekoll peaaki
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KOHTPOJIb IOCTOBEPHOCTII H3MEPEHHIT METOIOM
IIMP-PETAKCOMETPIHH HCTIO,T530BAHHEM
CETE#

Anazonesa, Kamaes Pycrest Cysrramxasrronus’,
rer Bramsuposis’
3o, . Kasans,
Kashaev2007@yandex.ru

B CTaTiC HECIEAORANA BOIOAIOCT] HCTIOTLIORAIIS Y
Cereli LI KOMTPOA JOCTOBCPHOCTH  HATCAHOCTI MSNEpeHMii MOTOIOM HPOTOMNOI
saruTHofi peonaiicoli peakcoeTpii 1a penakcomerpe IIMP-NP2. Iloryenss kpirtepi
KONTpOIA AOCTOBEPHOCTI HiMepeiuii CBOCTS HeTsLX HCTIEpeX. c
METPOM NpH HCHOALA0RAIH HHPOHILEX CTefi 1A AN HEQTei

KClouente C10ma: HEHpOIILE, COTI, MATHHTHLAE, PErAXCOMETPIL.

TRUSTWORTHY CONTROL OF MEASUREMENTS
BY PMR-RELAXOMETRY USING ARTIFICIAL
NEURON NETWORKS

Ovseenko Galina Anatolievna', Kashaev Rustem Sultanhamitovich
Kozelkov Oleg Vladimirovich
12%Kazan State Power Engineering University, Kazan

" kashaev2007@yandex.ru
In the paper studied the opportunity of artificial neuron networks use for trustworthy
control and reliability of measurements by method of proton magnetic resonance relaxometry
on Relaxometer NMR-NP2. Received the trustworthy criteria for the measurements.
of the oil disperse systems properties by relaxometer using neuron networks for oils analysis.

Keywords: neuron, networks, magnetic, relaxometry.

Cosnanme miposoro mectopoxens (M) ¢ KoHTpOTEM W ynpasre-
HHeM He(hTEA0GHH H NOMTOTOBKH CHIPbH ¢ HKCTPECc-KORTPOEM ABTOMATH3H-

POBAHIbIM MHOTOMEPAMETPHYECKIIM  AINAPATHO-IPOTPAMMHBIM KOMILIEKCOM
(ATIK) [1] xapaxrepucrix CKIK, Heiri i BOAw, a Takie okpyRasomeii cpest
aKTyamHSMpYeTC pacniopmAeHHeM npasuTenscrsa Pocewiickoii (enepami
No 1632 0 «conaHI KOCHCTEMb HPOBOFE SKOHOMHKH Ha Ga30BHIX HATpaB-
AEHHAX: HOBHE MPOM3BOZCTBEHHbIE TEXHOTOTHIH W KOMIIOHEHTH POGOTOTEX-
mi. Llenbio paGOTH ABTACTCH MOBHINCHHE JIOCTOBEPHOCTH H3MEpeHHii
Komrekcom ATTK mHBPOBEINI METORaMM HEpes HCKYCCTBEHHbE Hefipomibie
cern (MHC), IIaBHbM NpEHMYIIECTBOM KOTOPHX FBTACTCH BOIMOKHOCTH
0GyeHHs, MPH KOTOPOM HCKTIOHAIOTCH NPOMAXID H «LIYMBD), ONPEAETAIOTCH
CBA3H H IETAIOTCA BB O Z0CTOBEPHOCTHL,
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Hasi BBOHTCH NIOHATHE HEZIOCTOBEPHOCTH H3MEPEHI XapaKTEpHCTHK
nedmamsx wenepensix cuctem (HJIC) — ckmakwmumoi makocTn, Hedti
1 cTouRbIX B0z o TTMP-MapaMETpas: BpeMEHaM CIIHH-CHMHOBOH penakcatit
Tani Tosi, Taci, HACEICHHOCTAM MPOTOHOB Pax, Pani, Paci,  aMmmTyzas cur-
HAT0B CTIHH-XO Ax, A, Aci, KaK BHIXOT 0Bl NOTPEMHOCTH WMEpEHIA i
30 JOMyCTHMEIE TpaRMIL. B KatecTBe Sy MOKET GHTh BIATO OZHO WIH Hec
KoMbKo coiicts HJIC — pacxos, BIaKHOCTS, II0THOCTS, BAIKOCTS, JWCTIEPCHOE
paCTIpeee A KaneTh BOTS  HeTH, MOTCKY/APHAS MACCa, KOHIEHTPAITHS
coteli 1 HedTH B MTACTOROI I CTOMHEIX Botax
npeterenite A0CTOBEpHOCTH W3MeperHii penakcomeTpos TIMP & cocrase

ATIK [2] ocymECTBISETCS HCTIOMb3YS METOR KOHTPOMS (yHKUMOHHpOBANHS
HIMEPHTENBHOH CHCTEMB 110 TeXHOMOTMH KinenT-cepsep [3]. Kmentckas
“acTh pacrionaraetes Ha ecte Haxoknenns ATTK. Ceppepas 4acTs cHCTeMB!
PACHOTAraETCA Ha NIEPCOHATEHOM KOMITBIOTEpE OepaTopa.

AnropHTM paGoTE CHCTEMH KOHTPOTA (YHKIHORHPOBAHHS KOMIUIEKCa
uawepens [IMP-napaseTpos, ncnonsayiomero HHC, coctonT  ceyiome:

1B HpOpMALHOHHY0 CETh MOCHUIGETCH KOMAIA JAMOMHNTE BEKTOA
TeKYIIX IKCTIEPHMEHTATHHEIX HKHIX 110 WMeperiam [IMP-niapaveTpos:

Toni, Toni, T
te j= A, B, C— monexynspusie azst HJIC, cooTBeTCTBYiouIIE NapaveTpay.

2. JlasHsie MHOTOMAPAMETPIECKOTO BeKTOpa H3Meperii N, 0GpadaTsi-
BAIOTCA 110 IOPMYAM Pa3AC/EHH OrHGAIOIEH CHIHATOB CIHH-IXO Ha KOMITO-

SAoexp(- Ty), taej = 4, B, C

In(A/Ay) = 4/T5 + InA,

PasocTi skeniepivenTanbibx snasernit [TMP-napaverpos N onperte-
AEHHHIX W3 OKCICPHMEHTATOHX awmmiTyn cmam-oxo (C3)  m3 yp.(2
W MOETHHBINI (HICATHHEIMH) TCOPETHHECKUMI 3HASEHMAMH Njr, OICH-
BaeMBIMH  pacipeienenien Bpesen penakcamnt  P(Tar,Tr.Tacr), mony-
saesbivi pemermen ypassenns Fredholm nepsoro pona (c. Hanpwsep pago-
1y [4]), popmmpyior Texymutii sexrop N

Asarbans - AsatllTons - Toa |-
5= Tactle [Pass- Postl P aso- Past [P o= Past ] (4)
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3.Bexrop Ny obpabarsisaetcs HMHC e ompefefieis cooTBercTais
pesuy paGoTst penakcometpa IMP 1 BEIBOT 3aKTioNeHHS 0 paGoTe peaKco-
Metpa B Bite Bextopa New= [«Hopway, «Henpasusio» 1 «Heonpenener-
nocTio]
4. PesyTbTaTH! KOHTPOTH BHBOZATCH Ha MOHHTOP OTIEPATOPa, @ TAKKE
XpaHSIOTCH B Gase JAHHBIX /UTA MPHHATIA ATsHETIIIX petmenii
OTKIOHEHHE MAPAMETPOB MPE/ICTABTAETCA B BITE:

ax = (N -Nyr)-100%

Ouemmso, o mpawTsHoe pynKIHORNpoBAHHE penakcowetpa TTMP
COOTBETCTBYET IHAYEHHIO Gy OMNHIKOE K Hy ax | < 30,
Tl G — CpeHEKBAIPATIECK O OTKIOHEHHE.

J1% DHMEHEHHA TIOTYNCHHbX SABHCHMOCTEI ¢ UETIO ONPENCTCHNA
noctoneprocTi TIMP-TIapaseTpoB HaZlo ONPEXETHTS (BYHKINNO 3ABUCHMOCTH
1A KoHTpORS pekMMOB penakcomeTpa ATIK, HanGonee moXoAIIyI0 115 Aas-
HOTO cysas. MaTeMaTIeCkylo MOAETs JUIS HOPMAHOTO CTAHIGPTHOTO
OTICIOHEHIA Gpup PELICHO HCKAT B BIIE VHHBEPCATbHOF CTETIEHHOli aBHCH-
MocTH, omicsBaexoil B padore [5]. Merozon Kpaviepa, nonysesto:

= 065N .

JUn% pemienis 5701 BEPHHKAII TEKYIIIETO MHOTONApAETPHIECKOTO

HIMEpEHIS HCTION5I0BaH MaTeMATHYECKI MaKeT Statistica 10, nosBonsrouii
DOpMHPOBATS HCKyCCTBEHHHE HEFiPOHBIE CeTH pasHoii KoHGHTypatH.
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