ISSN 2523-4455. MicrosystElectronAcoust, 2021, vol. 26, no. 2

237413-1

YK 621.316.72

[IokpallleHHsI CIIEKTPaIbHOIO CKJIaTy
30HYBaJIbHOI'O CUTHAJTY MPUCTPOIO SACPHOIO
MAar"HiTHOT'O KapOTaxy

Mamxeniit A. 10., ORCID 0000-0002-3885-6336

3arpannunnit® A. B., ORCID 0000-0003-2373-1896

HamioHaneHUN TeXHIYHUH YHIBEpCUTET Y KpaiHu

«KwuiBcpkmii nonitexHigauii iHCTHTYT iM. Irops Cikopcbkoro», ROR 00syn5v21

Kuis, Ykpaina

Anomauyia—Y CTATTi ONHCAHO METO/ MOKPALIEHHS CHEKTPAJILHOI0 CKJIAAY 30H1yBaJIbHOI Hanpyru. PosrasnyTo 6ara-
TopiBHeBHii iHBepTOp, AKHKIi PopMye BHCOKOYACTOTHI iMmyJibcu. IloGynoBaHo BipTyaJabHy Moje/lb epeTBOPIOBaYa pa3oM
31 3r1aGKYI0YHM Ta Pe30HAHCHUM QinbTpaMH, KOTPi YTBOPIOKTHL 30HAYBAJIbLHY HANPYTY y NPHCTPOSIX SePHOr0 MarHiT-
HOro pe3oHaHncy. [IpoBeaeHo anaji3 rapMoHiuHoro ckJjany uiei Hanpyru. HaBeneHni po3paxyHku koedinieHTiB iHTepMoay-
JANIAHAX CIOTBOPEHB /LISl OCHOBHOI Ta IBOX 0i4YHUX rapMOHIK, 1110 Ja€ YABJICHHS PO ¢()eKTHBHICThL METOAY NOKPALECHHS
TapMOHIYHOI0 CKJIAJy HANPYrH LLISIXOM BBEJICHHSIM J0JATKOBHX IeHepaTopiB 0OKOBHUX rapMOHIK, KOTpi HpaniolTh

3 (ha30BUM 3CyBOM.

Knrouogi cnoea — knrouoguil pexcum nepemeaopirosaua, kapomaic, nocaioosnicmo Kappa-Ilapcenna-Meioym-I'inna, 30n-
dyeanvna nanpyza, ingepmop, 4acmomna XapaKmepucmuxad, A0epHuil Mazuimnuil pe3onanc.

L Bctvn

Kaporax, 3acHOBaHUI Ha METOJI SICPHOTO MATHIT-
HOTO pE30HaHCy, abo sOepHUH MAarHiTHAH KapoTax
(AIMK) npoOyauB Benukuii inTepec y reodizukis. Meron
SMK 1o3BoJIsIE JOCTATHRO JIETKO BHAUTUTH iHTEPBAJIH,
B SIKMX MPHUCYTHI BYTJICBOHI, 1 CPOTHO3YBATH IX BHUJIO-
OyBanHs [10]. ZIo TOTO * WPHUHIMIIN BHUMIPIOBAHHS
JAHUM METOJOM JOCTaTHBO MPOCTi IS PO3YMIHHS, HE
JIUBIISTYHMCH Ha BCIO CKIAAHICTH mpotiecis [3].

SIk BiTOMO, B IPUCTPOSIX SIIEPHOTO MAarHiTHOTO Pe30-
HaHcy (SIMP) BUKOPHCTOBYEThCS 30HAYBAIBHUIN CUTHAI
Xamna [1]. B po0ori [6] moka3zaHo, 1110 TIPX BETHKHUX ITOTY-
KHOCTSIX 30HAYBAIBHUX CTPYMIB Ta HAaIpyT AOMIUIBHO
BUKOPHCTOBYBAaTH KIIIOUOBHH PEXUM POOOTH IEpeTBO-
pIoBaya 3 MOJANBIIO (iIbTPAIli€l0 BUXIAHOTO CUTHAIY
JUIS TIOKPAIIEHHS CTIEKTPAILHOTO CKIIAY.

Henonikom merony SIMK e Te, mo obxacts pe3oHa-
HCYy oXoIUToe yci miactoBi ¢umioigu [3]. Tomy momryk
CHoco0y /1J1s1 3MEHILIEHHSI YaCTOTHOTO CIIEKTPY Ta PO3ILIH-
PEHHSI Tiala30Hy IMiUIAITOBY BaHHS IPUCTPOIO SAEPHOTO
MAarHiTHOTO PE30HaHCY € JOCUThH aKTyaJIbHOI 3a1a4elo.

II. ®OPMYBAHHIA 30HYBAJILHOI'O CUTHAJTY

ITpn 30HIYBaHHI BUKOPHCTOBYETHCS MOCHIIOBHICTH
Kappa-ITapcenna-Meti6ym-I'ina (KIIMI'). Oxkpim Toro,
B iJ€albHOMY BHIABIKY CaM 30HIYBaJIbHUI CHUTHAI
CKJIQJIAETHCS 3 TPHOX TapMOHIK [6]:

s(t) = Ay(1+ mcos Q) cos wyt

s(1) = Ag[cos wyt +%cos(w0 + Q) +%cos(w0 — Q)]

J€ W, — 4acToTa Hecydyoi, piBHa 4acTOTI MarHiTHOIo
pe3oHaHCy, ) — yactoTra MOAYJSLii, m — Koe(ilieHT
MOyl (A7 MOJYJbOBaHOI MOCHIZOBHOCTI XaHa
m=1), Ay —ammiiTyja CUrHaIy.

VY pobori [5] onmcaHo, WO NMpH MPOBEICHHI TOCIIi-
JDKeHb HEOOX1THI 30HyBaJIbHI CUTHAJN BEITUKOT TIOTYX-
HOCTI. Y TakOMy BHUINa/IKy JOLJIbHIIIIE BAKOPUCTOBYBAaTH
KITFOYOBHH PEXXUM POOOTH CHIIOBHX TIEpETBOPpIOBadiB [4].
Ha 0a3i mux mnepeTBoproBadiB MOMIJIMBO IOOYAyBaTh
CHUCTEMy — TpPHUPIBHEBHH IHBEPTOpP, SKUIl 0O3BOJISIE
JIOCHUTH TIPOCTO OTPHMATH CUTHANT s(f) .

Ha npakTuni 5k y crieKkTpi IpUCyTHI BHII TAPMOHIKH,
0, 3BUYAHHO, CIHOTBOPIOIOTH (OPMY 30HIYBAIBHOI
Harpyru.
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Puc. 1. TpupiBHeBHIl iHBEepTOp I CHCTEMH >KHBJICHHS IPHCTPOIO
SIMK
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237413-2 EnexTpoHH1 cuctemMu Ta CUTHAIU
[ — FFT analysis AMIHTY Aa-y-Yo—PasoBHii 3eys
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Puc. 2. Pe3ynpTaTi MOJIETIIOBaHHS CHCTEMH XKuBIIeHHs IpHCTporo SIMK 6e3 moxudikanii: A) Buxinauii curaan npuctporo SIMK; b) Cnexrpansuuit
cknaj BuxigHoro curnany npuctporo SIMK y Burmsani ricrorpamu; B) BincotkoBuit ckian 60KoBHX KOMOiIHALIHNX rapMOHIK BiTHOCHO 06a30BOi
yactoty; ') BifcoTkoBuit ckitaa TpeTh0i OCHOBHOT TapMOHIKH BiTHOCHO 0a30BOT YaCTOTH.

TakuM YMHOM, BUKOPHUCTABITN MOJU(IKOBAHY ITOCITi-
nosHicTe Kappa-Ilapcenna-MeliOym-I ina npu moaenro-
BaHHI nepeTBoproBada (puc. 1) [8, 9] orpumaemo mmpo-
Ku# cuektp (puc. 2) 3 00KOBUMH KOMOiHALIHHUMU Tap-
MOHIKaMH, KOTpPi MalOTh JOCHTh BarOMHH BIUIMB Y BHXi-
JTHOMY CHTHaJIi BITHOCHO 6a30Boi 4acToTH (pHC. 2, B), Ha
SKy HajamToBaHo npuctpiit AMP [7].

Sk BuaHO 3 puc. 2. B) npyri 6iuHi komOiHaniitHi rap-
MOHIKH CKJIaJatoTh 1o 22,57% BiICOTKU BiJl aMILIITY 1!
OCHOBHOI TapMOHIKH, KOTpa AopiBHIoe 450 kI'1, B Toi
4ac SK CIEKTp iJealbHOr0 30HIYBalbHOTO CHTHATY
MOBUHEH MICTHTH TpH TapMOHIKM 3 4YacTOTaMHu
wy =450kl y, wy +Q = 457,22kl y, wy —Q = 442,8xly .
IIpuy  wpomy, ammuiTymu  OOKOBHX — TapMOHIK
wy +Q,wy —Q cknanarotk 50% Bif aMILTITyIM OCHOB-
HO1 TapMmoHiku [2]. OxpiM TOTO B CHUTHANi TPHCYTHS
TpeTsl TapMOHIKa 10 OCHOBHIH YacTOTi, aMIUTITYAa SKOT
ckiaaae 01u3bK0 5% BiJ aMIUTITY I TAPMOHIKH OCHOBHOT

gactoTtH (puc. 3, I'). BpaxoBytouw, 1m0 BUXiJHa HaIpyra
HECHHYCOIIaTbHOT (JOPMH Ta MICTHTH TPU HECYdi rapMo-
HIKH , TO JJIsI TIOBHOI OI[IHKH TaKOi HAIPYTH BUKOPUCTA-
€MO KOeQIIIEHT IHTEPMOAYJALIHHIX CHOTBOPEHD IS
OCHOBHOI Ta ABOX OI4HMX TapMOHIK:

KF3 - 2 2 2 ’
\/U(u0 + U(<00+Q) + U((uo -Q)
ne U; — Bci rapMOHIKH CIIEKTPY, OKpiM Hepiioi ta 60Ko-

BHX, UWO’ U(W0+Q)’ U(WO*Q) — 3HA4YEHHA aMIUITYA

nepioi Ta GOKOBHUX TaPMOHIK BiATIOBITHO.

Jis po3paxyHKy CyMH YCiX TapMOHIK BuOepeMo
JIMIIIE Ti, BIACOTKOBE CINIBBigHOIIECHHS Olabiie 3a 1% Bix
OCHOBHOi TapMOHIKM Ta TPETI0O OCHOBHY T'apMOHIKY
(puc. 2. B, puc. 2. T):

13246387 4+2.22,57% 46,352 +1,312 +5,002 (%) _ 33,603

KF}] -

OtpumManuii pesynsrar ckiamae 27,21%, mo cBig-
YUTh PO HASBHICTH JIOCTaTHHO BEIMKHX CIIOTBOPEHB
y BUXIIHIA Hampy3i, 0 HETATUBHO BIUTUBAE HA POOOTY
npuctpoto SIMK, a came Ha TOYHICTH BU3HAUCHHS HEOO-
XimHUX QIIIOiNiB y HMOBIPHOMY POJOBHIIL.

III. TIOKPAILIEHHS CIIEKTPAJIBHOI'O CKJIAZTY
BUXIJTHOI'O CUTHAJIY 3A PAXYHOK BBEJIEHHS 'EHEPA-
TOPA B ITPOTU®A3I

JI71s1 3MEeHIIIeHHS BIUTUBY OOKOBUX TapMOHIK Y BUXI1JI-
HOMY CHTHAJII Ha SKICTh BUMIPIOBAHHS OpucTposiMu SIMP

V51,222 412 £ 51,29% (%)

~ ~0,2721=27,21%.
123,508

BBEJICMO JOJATKOBO TCHEPATOPH, Pi3HHI (a3 SKUX MK

OOKOBOIO TApMOHIKOIO Ta II09aTKOBOIO (hazoro Oyae 180°
(puc. 3). Takoxk, wacToTa IIMX T'CHEPATOPIB IMOBHHHA
TOYHO BiJIITOBIATH 9YaCTOTi OOKOBHX FapMOHIK, sIKi HE00-
XiTHO 3armymuTH. B SKOCTI iHIYKTHBHOCTEH BUKOPUCTA-
€MO TpaHcHOpMATOpH, KOTPi MalOTh CITiBBiTHOIIECHHS
MEPBUHHOI Ta BTOPHMHHOI 00MOTOK 1:1 Ta BTOpWHHA
00MOTKa Ma€ Ty K caMy BEJIMYWHY 1HAYKTUBHOCTI, IIIO
1 3aMiHEHA KOTYIIKA.
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Puc. 3. Cxema npuctporo SIMP 3 3aMiHeHHIMH iHTyKTHBHOCTSIMU Ha TpaHC(HOPMATOPH pa3oM i3 reHepaTopaMu y npoTudasi

Selected signal: 100 cycles. FFT window (in red): 63 cycles
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Puc. 4. Pe3ynpTaTu MOJEIIOBaHHSA CHCTeMH >kKuBIeHHS npuctpoio SIMK 3 BBeneHumu renepatopamu: A) Buximamit curnan npuctporo SIMK;
b) CrekrpasnpHuii ckian BuxigHoro curnainy npuctporo SIMK y Burmsai ricrorpamu; B) BincotkoBuii ckiiag 00KOBUX KOMOIHAIIIMHX TapMOHIK
BiTHOCHO 0a30B01 yacToty; [') BincoTkoBMii CkIa TpeThO1 OCHOBHOT TApMOHIKHU BiTHOCHO 0a30BOT 4YaCTOTH.

Jlo mepBHHHUX OOMOTOK ITiJI'€MHAEMO TEHEPATOPH
OOKOBMX r'apMOHIK y npotudasi. Takum yuHOM IOAAT-
KOBO OTPUMAa€EMO TallbBaHIYHY PO3B’s3KYy MiX T€HepaTo-
pOM Ta OCHOBHMUM CHUrHajioM. B pesymbraTi Mopemro-
BaHHS TAKOTO MEPETBOPIOBaYa MAEMO 1HAKIIIKIT CIIeKTpa-
JBHUH CKJIaJ| BUXiqHOTo curHaiy (puc. 4. b).

Take BBeIeHHSI TeHEpaTOpa 3YMOBIIIOE T€, 110 aMILTi-
TyJ1a 30HAYIOYOTO CUTHAITY, TIPOTATOM POOOTH IPUCTPOIO
SAMK, HiKOIW HE CHajae 10 HyJs 1 HaBiTh B YMOBHHX

«TepepBax» MiXK IMITyJIbCaMH aMILTITY/Ia CKIIajae mpuo-
mi3HOo 50 B (puc. 5. A), mo He nepeBuIye JOMYCTUMHUHA
mopir 80 B, ane 3po3ymisio, IO BHOCUTH MOXHUOKH
B poboty cuctemu. ToOTO MOXHA onpa3y MOMITHTH
HEMIOJIIK TaKoro croco0y MOKpAamleHHsS CIEeKTPaTbHOIo
CKJIaJly CUTHAIY.

Sk 1 B momepenHBOMY ITyHKTi, IPOBEIEMO OIIHKY
BUXIJTHOTO CHTHAITy, BUKOPHUCTABIIN KOCQIIIEHT iHTEp-
MOJYJISIIHUX CIIOTBOPEHB!

~ V1,342 46,212 +3,97 14,022 + 6,512 +1,36% + 6,292 (%) 12,4709

KF32 -

{50,872 +12 + 51,892 (%)

= ~ 0,1009 =10,09%.
123,6136
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EnexTpoHHi cucTeMu Ta CUTHAIU

[Ticns mpoBeeHHS PO3paxyHKiB Ta TOPiBHSIHHS OTPH-
MaHHX KOe(]ili€HTIB, MOKHA CKa3aTH, IO 3alpOMOHOBA-
HUKE Metonl MIMCHO TOKpAIlye CIEKTPATbHHUHA CKIIaT
BHXIJTHOTO CUTHAITY. Po3paxyemMo BiTHOCHE MOKPANICHHS
HaTpyTH y BUMAJKy 3 HaBaHTaXeHHAM y 30 Om:

_ KF31 _27,01%

Kr 10009 2%
Iyy 757770

TakuM YHMHOM IOCATHYTO IOKPAIICHHS CICKTPallb-
HOTO CKIaay 30HIyBaJIbHOI Hampyra y ~2,68 pasm.
3aBISKH NTaHOMY CIIOCOOY MOKHA TacHTH HeOaxaHi
OOKOBI rapMOHIKH, HaJAIITOBYIOYH BiJMOBITHI 4aCTOTH
Ta MOYATKOBI (pa3w Tak, MO0 TeHepaTOp 3aBXKIU MPAITIO-
BaB y mpoTudasi.

BUCHOBKH

Cucrema enextpoxkuBieHHs: npuctporw MK, kotpa
0a3yeThcs UIIe Ha OaraTopiBHEBOMY MEPETBOPIOBaYi 3i
3MIQJDKYIOUYMM Ta PE30HAHCHUM (UIBTpax Mae JIOCUTh
ITUPOKUN CHEKTP CUTHAIY, KOTPUHA BHOCHUTH ITOXHOKY
Y BUMIpIOBaHHS Ta NMOTpedy€e JOAATKOBUX OIepaltii, Juis
BHKJTIOUEHHS 11 3 KIHIIEBHX Pe3yJIbTaTiB BUMipIOBaHHS.

BukopucToByrouM CHUCTEMY JKUBJICHHS HPUCTPOIO
SAMK 6e3 moguikamiit oTpuMaeMo MHUPOKUH YaCTOTHUI
CNIEKTp, 30KpeMa OOKOBi TFapMOHIKU Wy + 20, wy —2Q

cknanaTh ~20% Bill aMIUTITYAX OCHOBHOI TapMOHIKH.
Taxi pe3ynbTaTH MpH MPOBEACHI JOCIIKEHb TIACTOBUX
(bmroiniB BHOCATH HeOakaHy MOXUOKY y BU3HAUCHHI Has-
BHOCTI ByrieBofHiB. [Ipn Momudikamii CUCTEMHU KHB-
JICHHA BJAJIOCS MaiKe IIJIKOM IO030yTHCS TapMOHIK
3 49acToOTOK Wy +2Q,wy —2Q . Pesynpratn Mozemro-

BaHHSI 3aIIPOIIOHOBAHOTO CIIOCO0Y MOKPALIEHHs CIEKTPY
30HAYBAIBFHOTO CHTHAJY MOKA3ally, 0 aMILUITYaa Ipy-
rux OOKOBHMX KOMOIHAiHMX rapMOHIK OyJia 3MEHIIEeHA
Ha 82,46% . BTiM HEI0IIKOM CUCTEMH € Ti CKIaAHICTh Ta
HEOOXITHICT TOYHOI CHHXpOHi3anii poboTH reHeparo-
piB.

Hapiitnuia no pepakuii 16 aunns 2021 p.
HpuiiaaTa no apyky 07 cepnus 2021 p.
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Abstract—The method of nuclear magnetic logging (NML) allows to distinguish easily enough the intervals in which
there are hydrocarbons and to forecast their extraction. Moreover, the principles of measuring using this method are simple
enough, despite the difficulties of processes. There were described method of improving spectral composition of probing
voltage NML device in this article. The disadvantage of the method is that the resonance area covers all reservoir fluids.
Therefore, search for a way to reduce the frequency spectrum and extend the range of the device of nuclear magnetic reso-
nance is a rather urgent task. In the article is stated that within conducting researches is necessary probing signals of large
capacity. In this case, it is more appropriate to use switch mode of the power converters. The system of multilevel inverter
is created on the base of these converters that allows to get probing signal simply enough. A three-level inverter that gener-
ates high-frequency pulses is considered. A virtual model of the converter is constructed together with smoothing and reso-
nant filters, which generate the probing voltage in nuclear magnetic resonance (NMR) devices, using a modified Carr-Pur-
cell-Meiboom-Gill sequence. The result is a wide range of voltages with side harmonics, which have the significant influence
on the output signal relative to the base frequency which the NMR device is tuned. The analysis of the harmonic composition
of this voltage is conducted. Calculations of intermodulation distortion coefficients for the first and two side harmonics are
given. To reduce the influence of side harmonics in the output signal on the quality of measurement by NMR devices, it is
proposed to implement additional generators with the phase difference between the side harmonic and the initial phase will
be a half of period. The inductors used are transformers that have a ratio of primary and secondary windings of 1: 1 and
the secondary winding has the same value of inductance as the replaced coil that was in the model without modifications.
Anti-phase side harmonic generators are connected to the primary windings. In this way additionally implemented a gal-
vanic isolation between the generator and the main signal. As a result of simulation of such a converter is obtained an
alternative spectral composition of the output signal. After calculations and comparison of the obtained coefficients, it is
shown that the proposed method really improves the spectral composition of the output signal. The disadvantages of using
this method of spectrum improvement are considered as well. The relative voltage improvement in the case of a 30 ohms
load is calculated. The simulation results of the proposed method show an improvement in the spectral composition of
the probing voltage by ~ 2.68 times. With this method, it is possible to dampen unwanted side harmonics by adjusting
the appropriate frequencies and initial phases so that the generator is always running in antiphase.

Keywords — switch mode of the converter, logging, Carr-Purcell-Meiboom-Gill sequence, probing voltage, inverter, fre-
quency characteristic, nuclear magnetic resonance.

O]
@A Copyright (c) 2021 Mamxemniii A. 1O., 3arpannunuii A. B.

3a marepianamu koH¢pepenuii STEE-2021

Iy LECeW CCHy-¢T6T/SeS0C 01 - 10d


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20535/2523-4455.mea.237413
https://orcid.org/0000-0002-3885-6336
https://orcid.org/0000-0003-2373-1896
https://ror.org/00syn5v21

	Покращення спектрального складу  зондувального сигналу пристрою ядерного магнітного каротажу
	I. Вступ
	II. Формування зондувального сигналу
	III. Покращення спектрального складу  вихідного сигналу за рахунок введення генератора в протифазі
	Висновки
	Перелік посилань


	Improving of the Probing Signal’s Spectral Content for Devices Nuclear Magnetic Logging

