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CAMIJIA A. I1.,, CA®POHOB I. C., T'PECbH O. B.

YepHiBeLbkuii HallioHaNbHUI YHiBepcuTeT iMeHi I0pis denpkoBnya

AEAKI OCOBJUBOCTI PEXUMIB POBOTH ABTOAMHHOI'O CEHCOPA
AAEPHOI'O KBAZIPYIIOJIBHOI'O PE3OHAHCY 3 IIIAIBUINEHOIO JIHIMHICTIO
IIEPETBOPEHHSA B YMOBAX YACTOTHOI TA MAT'HITHOI MOAYJIAAIIN

[IpoBegeHo aHasli3 poboTH aBTOAUHHOIO CEHCOPA SAEPHOr0 KBaApyriosibHOrO Pe30HaHCy (FKP) 3 rigBULLIEHOKO JTIHIVIHICTIO
IEPETBOPEHHS B PEXUMI YaCTOTHOI MOAY/1Llli. BCTAHOB/IEHO, 1O /1S OTPUMAHHS OfTUMA/IbHNX PE3YJIbTATIB @YHKLIS YaCTOTHOI
MOZY AUl MOBMHHA 6YTH KBAAPATHO-MPSMOKYTHOI (POpMU 3 ITEDEMIHHMM 3HAKOM BIJHOCHO HYJIbOBOrO PiBHS. BCTaHoB/ieHo, Lo
KpaLyl yMoBM PeeCTpauii pe30HaHCHOr0 CUrHasTy AOCAraroTbCs 3 BUKOPUCTAHHAM IMITY/TIbCHOMO MarHiTHOro riosis Takox OiflosIspHOI
@opmu. [poseseHo SPICE MOAEOBaHHS HYacoBUX 3alIEXHOCTEH HAMPYXEHOCTEN MArHITHUX 10/1iB KBaApaTHO-MPSIMOKYTHOI Ta
6irlo/nISpHOI @OpM B 30HI PO3TaLLYBaHHS JOCKYBAHOIO 3Pa3Ka B KOTYLUL aBTOAMHHONO SKP-CeHcopa riif Yac rpoXoKEHHS yMOB
PE30HAHCY, @ TAKOX aPMOHIYHWI aHA/I3 MOLYIIHOIOYNX CUrHAIIB. EKCIEPUMEHTAIBHO TIATBEPAKEHO EPEKTUBHICTL 38CTOCYBAHHS
METOANK MOAYIALIT 36EMaHa Ta 6E3MOAY/IALIVIHOrO MPOXOAXXEHHS YEPE3 PESOHAHC B HEMEPEPBHIVI CrIEKTPOCKOMIT AKP Ta rpoBeseHo
CIIIBCTaB/IEHHS OTPUMAHNX CIEKTDIB.

Kimo4oBi  C10Ba:  SAEPHMA  KBAAPYITONIbHW  PE3OHAHC, aBTOAMHHMA CEHCOP, MOJY/Iauis, CrEKTD, HENEPEPBHa
CIIEKTPOCKOITISA.

SAMILA A., SAFRONOV I., HRES O.
Yuriy Fedkovych Chernivtsi National University

SOME FEATURES OF THE OPERATION MODES OF A CONTINUOUS WAVE
NUCLEAR QUADRUPOLE RESONANCE SENSOR WITH INCREASED LINEARITY
OF CONVERSION UNDER CONDITIONS OF FREQUENCY AND MAGNETIC
MODULATIONS

Despite the fact that in modern radiostectroscopy of nuclear quadrupole resonance (NQR), a mainly pulse method of
registration of resonant signals Is used, a continuous wave method, the basis of which is the method of marginal oscillator detection
of spin resonances, is still quite relevant, In particular, the ability to reconfigure the frequency of the resonance while maintaining
high sensitivity in a wide frequency range allows you to successfully use marginal oscillator sensors both when registering the NQR
spectra and dimensional resonances and in the development of sensitive sensors of physical quantities.

In this article the analysis of the operation of the marginal oscillator NQR sensor with an increased linearity of the
conversion in frequency modulation mode is carried out. It has been established that to obtain optimal results, the frequency
modulation function must be squarely rectangular shape with a variable sign relative to the zero level. It has been established that
the preferred conditions for registering the resonant signal are achieved using a bipolar form of the pulsed magnetic field. The
SPICE modeling of the time dependences of the tensions of magnetic fields of square-rectangular and bjpolar forms in the location
zone of the studied sample in the coil of the marginal oscillator NQR during the resonance conditions, as well as the harmonic
analysis of the modulating signals is carried out. The effectiveness of the application of Zeeman modulation and non-modulation
resonance transmission techniques in continuous wave NQR spectroscopy has been experimentally confirmed and the obtained
spectra have been compared.

The analysis of the operation of the continuous wave NQR sensor with increased linearity of conversion allowed us to
conclude that the considered scheme provided sufficient sensitivity and the S/N ratio in the operating frequency range for NQR
studlies. The possibility of using the unmodulated passage of the resonance line in continuous NQR by fast scanning by a magnetic
field is confirmed, which enables express search of spectra of unknown substances and allows to significantly reduce the
experiment time.

Keywords: nuclear quadrupole resonance, marginal oscillator, modulation, spectrum, continuous wave spectroscopy.

IMocTaHoBKa NpodJieMH y 3arajlbHOMY BHIVIsIAI Ta 1T 3B’5130K i3 BaXKJIMBUMH HAYKOBHMH YH MPAKTHYHUMH
3aBJaHHSIMH

IcHyloTb HemepepBHi Ta IMIYJbCHI METOAM CIOCTEPEKEHHS CHTHAJIB SASPHOrO KBAAPYMOIBHOTO
pe3onancy (JKP) B miamasoni wacror Bim ~2 MI'm mo 1000 MI'm [1-5]. He muBnsdmce Ha Te, IO B CydacHiid
paniocneKTpoCKoImil 3aCTOCOBYEThCSA, TOJIOBHUM YMHOM, IMIYJbCHUH METOA peecTpallii pe30HAaHCHUX CUTHAIIB,
HenepepBHUit Meton SIKP, OCHOBOIO SKOTO € METOJWKa aBTOAWHHOTO JIETEKTYBAaHHS CIIHOBUX PE30HAHCIB, e
JOCUTb aKTyallbHUii [6,7]. 30KkpeMa, MOXKJIMBICTb IepeHaNallTyBaHH] YAaCTOTU PE30HAHCY NpH 30epexeHHi BUCOKOT
YyTJINBOCTI B LIMPOKOMY Jiana3oHi 4acTOT AO3BOJIAE YCIIIIHO BHKOPHCTOBYBATHM aBTOAWMHHI CEHCOpPH, K TpH
peectpanii cniektpiB AKP [8] i posmipHux pe3onanciB [9], Tak i mpu po3poOieHH] YyTIHBUX CEHCOPIB (i3MIHMX
BeauyuH [10].

Buknan ocHoBHOro MaTtepiany

[Mpuammn pobotn aBToamHHOTO ceHcopa SIKP rpyHTyeThcs Ha AeTeKTyBaHHI HaaCnabKOro MOTJIMHAHHS

eHeprii BucokoyactotTHoro (BYU) enekTpoMarHiTHOTO TOJIsi AOCIiKYBaHOK pedOBHHOI, BHacHinok edekty SAKP.
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UyTnuMBUM JaTYMKOM TaKOro C€HCopa € aBTOAUH — reHeparop ciabkux BY konuBaHb, amMIIliTyaa SKUX 3aJ1KUTh
BiJ BHECEHHS BTpaT B KonmBajbHUII KOHTYp. Ha uactori SIKP sinepHa cniHoBa cuctema 10CHiIKyBaHOTO 3paska,
PO3MILLEHOro B KOTYLILi KOJMBAJIbHOIO KOHTYPY aBTOIMHY, MOTJMHA€E €HEpril0 eNeKTPOMAarHiTHOro mMmois, Lo
MPU3BOANTD A0 3MEHLIEHHS JOOPOTHOCTI KOHTYPY Ta BUKIMKAE 3MiHy ammiiTyau BYU konnBanbs Ha HeoMy. CyvacHi
METOIN IM(PPOBOrO OOPOOJICHHS CIIA0KMX CUTHANIB (BY3BKOCMYroBa CHHXpOHHa (inbTpais, OaraTokaHaJbHE
HaKOMMWYEHHS, YCepelHEHHs, Ta IHINi) yMOMJIMBIIOOTH MiIBUINEHHS chiBBigHowmeHHs curHan/mym (C/L) Ha
BHXO/li aBTOAMHHOT'O CEHCOpa, 110 CBOEI0 YEPTrolo, A03BOJISE CYTTEBO PO3MHUPHUTH MOKIMBOCTI HOT0 MPUKIAAHOTO
3aCTOCYBaHHS.

OcHoBHI (hyHKUiOHaNBHI 6y10KkM MpocToro aBToauHHOTo SIKP-ceHcopa pereHepaTMBHOrO THITy MOKa3aHi Ha
cxemi, puc. 1 [7,8,10]. HocmimKyBaHuii 3pa3oK po3MIlLyIOTh B KOTYIILi iHIYKTUBHOCTI KOJMMBaIbHOTO LC-KOHTYpY
(1) aBromuHy (2). HacToTa reHepoBaHMX KOJIMBaHb B KOHTYpi MOe IUIaBHO 3MiHIOBAaTUCh NpH 3MiHi emHocTi C.
Ilpn BukoHaHHI yMOB pe3oHaHcy AE =hv (AE — pi3HMIA eHepriii KBaApyMONbHUX piBHIB) BinOyBaeTbcs
MOTJIMHAHHA PalliouacTOTHOT eHepril 3pa3koM, 110 BUKIMKAE 3MiHY aKTUBHOI CKJIafoBOi NMpoBigHOCTI LC-KOHTYpY Ta
fioro no6potHocti . B HemepepBHMX MeTomax mis crioctepexkeHHs curHaiiB SIKP 3acTocoByioTh yacToTHy abo
MarHiTHy MoAyJsuilo (MOmyJisiLilo 3eeMaHa) YMOB PE30HAHCY 3 HACTYIIHUM [ETeKTYBAaHHAM Ta MiACUJIEHHAM
orunarouoi 3MiHn BY Hanpyru Ha LC-koHTypi aBToauHy [10]. Takuii perenepatuBHuii ceHcop AKP craGinbHO

MpaLoe B IIMPOKOMY Jiana3oHi yactot no 800 MI'w.
L C

]% g+ 2 3 4 ]

6 7

Puc. 1. Cnpouena ¢pyHkuioHajbHa cxema pereHepatuBHoro cencopa SIKP: kosmBabhuii koutyp (1), aBTOANH (2), HU3LKOYACTOTHHIH
nixcnmoBay (3), pazouyTmBuii nerexrop (4), peecTpyrounii npuctpiii (5), moay.astop (6), pazonoepray onopuoi Hanpyru (7)

Amnani3 po6orn aBrogunaHoro SIKP-ceHcopa B pexxuMax gacToTHOT Ta 3eeMaH MOIyJsLiid. Po3rnsHyTa Ha
puc. 1 cxema 3abe3neuyBana JOCTaTHIO 4YyTIWBicTh Ta BigHomenHs C/III B poOouomy miama3oHi 4acToT uist
nposeneHHs nocnaimkenb SKP, npore, Oyno BUSBIEHO psifi HEOJMIKIB MPU pPoOOTI B PEKUMIi 4aCTOTHOT MOIYJISILIiT
YMOB PE30HaHCy.

Hexail niHist NoOrMMHAHHA XapakTepusyeTbcs (yHkuielo g(v), ne v=v'—vy, a vy — 4acrora, IO

BiJMOBinae excTpeMalbHOMY 3Ha4deHHI ¢(v). OCKiIbKM 4acTOTHa MOAYJsiLis y BUMaaky cnocrepexenHs SKP i

Mar"iTHa MOIYJIAIISI Y BWIAOKy CIIOCTEPEKCHHS SAEPHOTO MArHiTHOTO pPe30HAHCYy eKBiBaJIeHTHI, To 0e3
JOIaTKOBOTO aHajli3y MO)KHa HamicaTu (opmyiy, aHajoridny ¢opmyni Exzapro [11], sika BpaxoBye CIIOTBOPEHHS
JIiHIT 33 paXyHOK CKiHY€HHOT aMIUTITYIX YaCTOTHOT MOTYJISIIIT:

2
S5 =S§+VTM, (1)

* T . . . o -
ae S, — ApyTruii MOMEHT JIiHiT MOTJIMHAHHS, 110 CTIOCTEPIraeThesi B eKCIIEPUMEHTI, S 8 — ICTUHHMI APYTHif MOMEHT,

v,, — aMILIiTyJa 4acToTHOI Moxymauii. ®opmyna (1) oTpuMaHa B NpuUITyIleHHi, o nepen Ga3oBuM AeTeKTopoM (4
Ha puc. 1) min’egHaHO CENEeKTUBHUIN MiACHIIOBAY, HAJALITOBAHMI HA MEpIly TapMOHIKY CUTHaly, a amIuliTyAa
MOIyJAALil 3HAYHO MEHIIA LIMPUHU pe30HaHcHOI JiHil. [1ix ApyruM MOMEHTOM JiHiT MOTNMIMHAHHA NMPUHAMAETHCS
HaCTyTIHa iHTerpajibHa XapaKTepUCTHKA KOHTYPY JiHiT:

J._OOOO V(v

S, =
? J_O;q(v)dv

2

SIKIIO KOHTYp JiHIT crocTepiraeTbcsi eKCIepUMEeHTalbHO, TO ii ApYruii MOMEHT MOXHA po3paxyBaTH
METOJIOM YHCIIOBOTO iHTETrpyBaHHSI.

[pu BuaineHHi npyroi rapMOHiKM CUTHay Oy 3amucyBaTHCh pyTa MOXiqHa JdiHii norjauHaHHs. B upomy
BUTIJKy 3 JOMOMOTro0 (inbTpa, HANalITOBAHOTO Ha MEpIly TapMOHiKy, MOXXKHA CHJIBHO OCNAbUTH MapasuTHY
amMIITiTy IHY MomyJsimito. [Tpyu 1iboMy HeoOXifHO TIOABOITH HAcTOTY OMOPHOI HANpPYTH, SKa MONAEThes Ha (a3oBHi
netektop. PosknaBuiu dpopm-taktop B psn Teiinopa i BUAUMBILM KoediLlieHT 3a IPYror rapMOHIKO0, OEpKUMO
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ngsgﬂg . 3)

OTxe, NpU peecTpalii APYroi MOXiTHOI CIIOTBOPEHHS 3a paXyHOK KiHLEBOi aMIUTiTyIn MOAYJALIi CTalOTh
HaBiTh MEHIINMH, Hi’K MPH 3anuci Mepioi moXiaHoi. SKIo BAMIISATH TPETIO TapMOHIKY, TO BiAmagae HeOOXiqHICTh
y BMKOPMCTaHHI MOJBOIOBaYa 4acTOTH OMOpHOI Hanpyru. DyHKLiA CHOTBOPEHHA B JAHOMY BHMMaaKy HalOyne
BUTJISIY
*_ o0 vl%l
S2 = S2 + ? . (4)

3acTOCOBYIOUM YacTOTHY MOAYJIALIIO YMOB PE30OHAHCY, CHHXPOHHE NEeTeKTYBAaHHSA PE30HAHCHHUX CHEKTPiB
3MICHIOIOTD, SIK MPABWIIO, HA APYTili TapMOHiLli MomynsmiiHoi yactoTu. [Ipy ckaHyBaHHI OUTBII MIMPOKMX JiHIH
3’ABISE€TbCA CUHXPOHHA 3aBaja, ska MPU3BOAMTH 1O Haxwuily Oa30BOi JiHil i CHOTBOpeHHA cHekTpy. Bmius
anapatypHuX (akTopiB Ha BiATBOpPIOBaHHS (popMU pe30HAHCHOT JiHIT IeTanbHO PO3MIIAHYTO B podoTax [12].

Jna oTpuUMaHHs ONTUMAIbHUX pe3yJbTaTiB (yHKLiA yacTOTHOI MonyJauii MoBUHHA OYTH KBaapaTHO-
MPAMOKYTHOT (opMU 3 TIEpeMiHHUM 3HAKOM BiIHOCHO HyJIbOBOTO piBHA. Taka ocobnnBa (hopMa Kepyrodoi Harnpyru
J03BOJISiE 3HAYHO TOCNAOMTH piBeHb 2-i TapMOHIKM CWTHaNly, Ha SKiii 3a3Buuail BinOyBaeTbcs CHHXPOHHE
IeTeKTyBaHHs. AJle Kpallli yMOBH PeeCTpaLlil pe30HaHCHOTO CUTHAJTy JOCATAOTHCS 3 BUKOPUCTAHHAM IMITYJICHOTO
MarHiTHOTO TONA Takox OirmonsipHOi ¢opmu. Lleit mertom mae 3Mory MOIyNIOBAaTH pPE30HAHCHI YMOBH B
CIIEKTPOMETPi 3a PaxyHOK MoAyJALil 3eemaHa, ToOTO mepioaMuyHOro posuiersieHHs curHamy SKP marnitHum
mojsieM. BHacnigok Toro, mo npu MoxyJsinii 3eeMaHa BiCyTHI CIIOTBOPEHHS, BU3HavyBaHi (opmynamu (1) ado (3) i
(4), ua MeTooMKa CIOCTEPEKEHHs fABMIIA NPUNHHATHIIIA 3 TOYKU 30pYy BiATBOpeHHS ()OPMM, HDK BUKOPUCTAHHS
4acTOTHOI MomysAuii. HeoOXigHO BiAMITUTH, 10 BUHMKAKO4a acCUMETPis JiHii MPUBOAWTH IO 3MILIEHHS MOYATKY
BiIUTIKY.

Ha puc. 2 306paxeno pesynsratn SPICE MomemoBaHHS 9acOBUX 3AJIKHOCTEH HAPYKEHOCTEH MarHiTHUX
TOJTiB KBaAPaTHO-NMPSAMOKYTHOT Ta GinonspHoi ¢popM B pobouiit 30Hi (30HI po3TaLTyBaHHS AOCITIKYBaHOTO 3pa3ka B
KoTywili) aBToauHHOro AKP-ceHcopa mig 4Yac MPOXOIKEHHS YMOB pE30HAHCY, a TaKOXX TFapMOHIYHMN aHami3
MoxyJtorounx curHaiiB. [Ipu nii maraitaoro monst +H i -H (iHTepBanu f — t1, t» — t3) curaan SJKP npurHidyetbcs
YHACJiJOK pO3LIETUIEHHs KBaApPYyMOJbHUX PIBHIB €HEpril i BUHUKAE 3a Oro BiICYTHOCTI (11 — f, 13 — t4) (puc. 2). 3a
nepioa UMKy 3MiHWM MarHiTHoro nona 7 curHan SIKP npurniuyerbcs nBiui. [lnsi MopentoBaHHS BHKOPHCTaHO
n&orpaMHnﬁ makeT NI Multisim.

C

{5 [t afr -l

36,5 1095 1825 219 2555 3285 F, T

]
=]
1
B
1
¥ ~

Y~

T o T=0,0137¢ T=0,027¢

a
Puc. 2. Pe3y/ibTaTH MOAETIOBAHHS 32J1€KHOCTI CHrHaIy Biaryky Uc Bia ¢gopmu iMny.ibeiB (a) Ta cieKTpH 6ino/sipHOro MarHiTHOIo NoJist
NPHUKJIAJEHOr0 10 3pa3ka (0) s aproaunHoro AKP-cencopa

Jdna ampoGauii MeTomy LUIAXOM  eKCepUMeHTanbHUX  JociimkeHs SAKP y  mapyBaTomy
HaMiBNPOBIAHMKOBOMY KpHcTalli InSe BUKOpUCTOBYBaBCS MOJEPHi30BaHMi cumeTpruuHuit aBToanHHuit SIKP-cencop
i3 3acTOCyBaHH;IM MarHitHol GimonsipHOi MomyJIsILii cuctemoro kotymok I'enbmronbua [13]. Ha puc. 3 300paxkeno
BIUTMB BUY MOIYJIALIT YMOB Pe30HAHCY (@ — 4acTOTHAa MOIYJIALIS, 6 — MOIYJIAIis 3eeMaHa) Ha Haxui 0a30Boi JiHii
Ha TPHMKIAL CIIOCTEPEKEHHS OHI€T i3 KOMIOHEHT MynbTurieTHoro crektpy SIKP '"“In B InSe. Ammiityna
iMITyJIbCHOTO MarHiTHOTO MOJA B KOTyLIKaxX ['elbMroiblia BCTaHOBIIOBAJIACh €KCIIEPUMEHTANBHO i gocsrana 100 e,
gacToTa MOIyJALil craHoBmiIa 73 ' Yac peectparii CeKTpy CKJIaB 5 XBWIIMH.
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yacmoma

Puc. 3. llpuxiaa peecrpauii pparmenty myabTuiiieTHoro cnekrpy SIKP 115In B InSe MoaepHi30BaHUM CHMETPUYHHUM aABTOAMHHUM
CEHCOPOM: CHEKTP i3 HAXUJICHOIO 0a30BOIO0 JIIHI€I0 (YACTOTHA MOAYJIsLis) (2), cieKTp Oe3 HaXHJTy 6a30BOi JiHiT (Moaysiuis 3eemana) (0)

BeamonynsuiiiHe npoxomkeHHs pe3oHaHcHol Jinii B SKP. 3acrocyBaHHs MeTony HenepepBHOTrO
ycepenHeHHs s nokpaieHHs criBingHomennsa C/11 y paniocnekrpockomnii AKP no3Bonsie cyTTeBo 3MEHIINTH Yac
peectpauii criekTpiB. Burpaiu y yaci TuM Oinbinuii, YuM Oinblie CieKTpaTbHUN PO3MOALT UIyMY BiIpi3HAETHCS Bil
"6inoro" i onucyetbes 3akoHOM 1/f. Biblie Toro, BUrpall TakoXk CIOCTEPIiraeThCs MpH CKaHyBaHHI IUPOKKX JTiHiT,
TOOTO SKIIO 3a0€3MEeUYNTH IIMPOKOCMYTOBICTh KaHANTy MiICWIeHHS i 30epexxeHHs iHpopmalii nmpo ocobiamBocTi
¢opmu criextpy. Ll ocobnuBicTe Oyna moeneHa y po6Goti [14]. [lpu mupokuii cMy3i NMpomycKaHHs KaHaty
TMACUIICHHS CKOPOUYEThCS Yac CKaHyBaHHS CIEKTPY i 3a TEBHUI BIAPi30K 4acy MOXHA 3poOWTH siIkomora Oiibiie
peanizaiii Ta, BiMOBiTHO, HU(PPOBUX HAKOMUYEHb PE3OHAHCHUX JIiHiM.

Jlns nepeBipKy BUKOHAHHS 3aKOHYy 7 OyJIH MpoOBeJeHi eKCIepUMEHTATbHI Ta TEOPETHYUHI HOCIiIKEHHs
criBBigHomenas C/LL mpwm pi3HMX 3HaueHHAX x. [loyaTkoBe 3HAa4YeHHS BiIHOIIEHHS 3amaBaioch Ha piBHI S/N =1
npu n=1. [lpu BuzHaueHi cmiBBigHomeHnHs C/IlI BukopucroByBaBcs rpadiunuii mMeron. CepenHe 3HAYECHHS
KOPHCHOTO CHUTHaTy S 3HaXOOWJIOCh TpadivHUM METOJOM 3a JIeKiJbKoMa ToukamMH Ha rpadiky, Ha skomy OyB
300pakeHUii 3alIyMIIeHUI CUTHAIT TIPY 3aJaHiil KinbkocTi itepauiii. [Torim po3paxoByBanoch BigHoteHHs C/IL nmpu
JaHili KiTbKOCTI pO3roOpTOK #. 3HaUSHHS S Ta N BU3HAYAIUCS Y BiTHOCHUX OJWHUIIIX.

B pesynbTarti ycepeqHeHHs 3a JIiHiHUM allrOpuTMOM OyJIM OTpUMaHi HacTYIHI JaHi.

=%=3 npun =10, Vn =316

= % =7,78 npun =50, vn =7,07

>

=¥=7,5 npun =100, Vi =10

45 ®
=?=9 npun =150, Jn =12.25

= 65—0 =12 mpun =200, vn =1414

zlu z|lv zlun Z|u Z[u z|n

=%=14,5 npun =250, Jn =1581.

Ha puc. 4 300pakeHo rpadik 3anexxHocti C/I Bix KiTbKOCTI po3ropTOK n MpH JiHIMHOMY ycepeaHeHHi
CUTHATy. BimxuieHHs eKCIeprMEHTATbHOI 3alIeKHOCTI Bifl TEOPETHYHOI MOXIIMBO TIOSICHUMHU BiJMiHHICTIO
CHEKTPAITBHOTO PO3MOALTY TYCTHHH PeaNbHOTo IIyMy Bix "6ijoro" yHacmigoK HasBHOCTI mrymiB tumy 1/f.

IIBuaxe ckanyBaHHs yacToTu B SIKP, 0co0niBO Mpu BUKOPHCTaHHI aBTOIMHHMUX NAaTYHMKiB BUKIMKAE MEBHI
TpyaHowti. Lle 00yMOBIIEHO CHIIBHOIO aMIUIITyAHOI MOIYJISLIIE€I0 CUTHATY, 10 BUHUKA€E TIPH CKaHyBaHHI YacTOTH.
[Tapa3uTHa 3aBafa npu clabKUX CUTHAIAX YTPYAHIOE CIIPOOM 3aCTOCYBATH YacTOTHE CKaHYBaHHS Ul yCepeaHEHHS
SKP crekTpiB 3a 1ONOMOIOI0 IBUAKOTO MPoXomKeHHA. OnHaK, mpu 1o0pe MpoayMaHiii KOHCTPYKIUii aBTOJMHHOTO
JaTyuKa, MarHiTHe [oJjie He CTBOPIOE MOMITHMX MEPEeLIKOJ Ha BUXIAHMH CHUTHAJ, IO MiATBEPIKYEThCA
3aCTOCYBaHHAM MOIYJIALii 3eeMaHa.
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Yucno po3roproxk, #
Puc. 4. I'padik 3anexknocti Biznomenus C/II Bix KibKkocTi po3ropTok cHrHaJy n NpH JiHiIiHOMY ycepeIHeHHi CHTHATY

BukopucroByroun sBuie edexty 3eemMaHa — pO3LIETUIEHHS KBAAPYMOJBHUX pIBHIB YHACHiZOK mii
MarHiTHOro MoJjisi MO)KHa 3aCTOCYBATH Liel (hakT 1J1s CKaHyBaHHA YMOB pe30HaHCY. BigcyTHiCTh CMHXPOHHOT 3aBaiu
JIO3BOJISIE 3aCTOCYBATH BEJMKi IMIBUOKOCTI CKaHYBAaHHS i, BIAMOBimHO, 3MificHMTH Oarato peanizamliii CIekTpy 3a
MeBHUH KOPOTKWH TMPOMiXKOK dacy. HemomikoM MeTomy € HasBHICTb CHOTBOPEHb (OPMH pe30HAHCHOI JiHil
YHAcIiIOK BIUTMBY MarHiTHOTO MOJs, TOMY Takuii crnoci®é cnoctepexenHs SAKP 3pyunnit mns exkcnpec-morryky
CHEKTpiB HEBiOMMX pedoBWH. TyT Oinbm BaroMuM (akTOpOM € CyTT€BA €KOHOMif dYacy TpH 30epexeHHi
cnpuitHaTimBoro cmiBigHomenHss C/IL. CriBcTaBneHHs METONIB LMIOCTPYEThcs Ha puc. 5. dopMma CHUTHAIY Ha
puc. 5,6 BimoOpaxae nBa N3€pKAIbHO PO3TAILOBAHWX CHUTHAIM CHEKTPY, 300paKeHOro Ha puc. 5,a BHACHIIIOK
CUMETPUYHOIO PO3LLUEIUIeHHS KBaAPyNOJAbHUX PiBHIB MarHiTHUM MOJIEM.
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Puc. 5. IloBiibHe npoxomxkenns cnektpy AKP 3a nonomororo moxy sinii 3eemana Ha yactoti 73 I'n (a). Yac peectpanii 7 XBUIHH.
[IBuAKe cCKAHYBAHHS MATHITHHM TOJIEM TOTO K Jiana3zony 4yactot (6). Yac peectpanii 50 cexyna. Yactora pezonancy 19,312 MI'n
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BucHOBKM 3 1aHOr0 AOC/IiIXKEHHSI i MePCNeKTHBU MOJAJIBIINX PO3BiAOK Yy AaHOMY HanpsiMi

[lpoBenennit ananiz po6otu aBromuHHOro SKP-ceHcopa 3 mMiABHIIEHOIO JiHIHHICTIO HEpPETBOPEHHS
JI03BOJIMB 3pOOMTU BUCHOBOK, 1110 PO3IJIsIHYTa cxema 3a0e3neyyBaja AOCTATHIO YyTIMBICTh Ta BinHoweHHs C/II B
pobouoMy niana3zoHi 4acTOT IJisl TpoBeieHHs nociikeHb KP, npore, Oyyio BUSBIIEHO sl HENOMIKIB MpH pobOTi B
PEeKUMI 9aCTOTHOT MOIYJIALIT YMOB PEe30HAHCY, HAHOIBII CYTTEBUM i3 IKHX € BUHUKHEHHSI CHHXPOHHOI 3aBajivl TIPH
CKaHyBaHHI ITUPOKUX JiHIH, 110 TPU3BOAUTH 1O HAXWIy 0a30BOI JiHIT | CIOTBOPEHHS CHEKTPY. YHEMOXKIMBICHHS
TaKUX CIIOTBOPEHb MPU PeeCTpallii pe30HaHCHOTO CUTHAJY JOCATAETHCS 3 BUKOPHCTAHHIM iIMITyJIbCHOTO MarHiTHOTO
nons OimosspHoi ¢opmMu — Monynauii 3eemaHa, TOOTO HepioaMYHOro posiuerieHHs curhany SKP marditHum
nosnieM. EdexkTuBHicTh 3acTocyBaHHS Momyssuil 3eemaHa migTBepIKeHa, sk pesyinbraramu SPICE mopnemoBaHHs
YacOBHX 3aJIeXXHOCTEIl Hampy)XKeHOCTel MarHiTHMX TONIB, TaK i pe3ynbTaTaMy eKCTepUMEHTATbHUX HOCIiHKEHb
SKP "*In B InSe. TlinTBEpIKEHO MOKIMBICTh 3aCTOCYBAaHHS GE€3MOLYJIALIHHOTO NPOXOIKEHHS PE30OHAHCHOT NiHiT B
HeriepepBHOMY SIKP muIIXOoM WIBHIKOrO CKaHyBaHHS MAarHiTHHM TIOJIEM, IO YMOXJIMBIIOE €KCIpec-TOImyK
CMEKTPiB HEBIIOMMX PEUOBUH Ta JO3BOJISAE CYTTEBO 3MEHLIUTH Yac €KCIEPUMEHTY.
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