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AHHOTaUMH
nocraHOBKa npo6/ieMbi. flepcnexTMBHbiM HAPOM AAH MynbTMBAepHbix MPT-MCCAeAOBaHMM HBneeTca M30Ton Haipua 23Na, KOTO-
pbm nrpaeT Ba>XHyx) po/ib B opraHM3Me MenoBexa. Tax xax 23Na AaeT BTOPOM no MHTeHCMBHocTM (nocAe lH) AMP cnma/1, TO 23Na
MPT, BKAfonaa xAMHMnecxMe npMMeHeHMe, pa3BMBaeTce 6oAee 3 XTMBHO no cpaBHeHMX) c ApyrMMM MynbTMeAepHbiMM npMno>xeHMeMM.
Llesib. Pa3pa6oTaTb Hecxonbxo TMnoB npneMonepeAaioiAMx xaTymex AAe pemcrpauMM OTAenbHbix opraHOB neAOBexa MOTOAOM 23Na
MPT B none 0,5 T/i n npoBecm oueHxy npocrpaHCTBeHHOM nyBCTBMTeAbHOCTM STMX ABTHMXOB no MPT M3o6pa>xeHMeM OT cfiaHTOMa.
Pe3y/ibTaTbi. kteyneHa B03M0>KH0CTb perMcrpaunn CMmanoB OT eAep HaTpne-23 (23Na) Ha HM3xononbHOM MP-TOMorpacjDe AAe Me-
AHKO-AMarHOCTMHecKMX npn/io>KeHHM. 3xcnepMMeHTbi npoBeAeHbi Ha xAMHMnecxoM 0,5 TA TOMorpacJ)e, B cocraB KOTOporo BBeAeHbi
AonoAHMTeAbHbie xaTymxM, HacrpoeHHbie Ha nacroTy £MP 23Na. 3a ocHOBy B3eTbi cfwpMeHHbie npneMHbie KaTyujKH, npeAHa3HaneH-
Hbie AAe pemcTpauMM npoTOHHbix CMnnaAOB Ha nacroTe 21,1 Ml~u, MOAMcJ)MUMpoBaHHbie Ha pemcrpauMK) CMrHaAOB HaTpMe 23Na
(5,6 MTu) 3a cneT nepecrpoMXM no nacTOTe nyTeM M3MeHeHMe MX MHAyxTMBHocreM M eMxocreM. M3MeHeHne MHAyxTMBHocreM ocy-
iMecTBAeHo yAaAeHkieM Me>xBMTxoBbix eMxocreM. K TOMy >xe xaTymxM, OTHocemMece K pa3HbiM KBaApaTypHbiM xaHaAaM, coeAMHe-
AMCb nocAeAOBaTeAbHO, B pe3yAbTaTe Hero KBaApaTypHbie (AByxxaHaAbHbie) xaTymxM TpaHc4)opMMpoBaAMCb B oAHOxaHaAbHbie.
KpoMe 3Toro, xaTymxM M3 HMCTO npneMHbix 6biAM npeo6pa30BaHbi B npneMHO-nepeAaK)Li4Me. 3Toro M3 3AexTpoHHbix y3AOB xa-
TyLuex 6WAM yAaAeHbi HM3X0B0AbTHbie M CAa6oTOHHbie 3AeMeHTbi - BapMxanbi M AP-, npeAHa3HaneHHbie AAe SACXTPOHHOM HacrpoMXM
npneMHoro xoHTypa. OHM OWAM 3aMeHeHbi MHorooOopoTHbiMM BbicoxoBOAbTHbiMM xoHAeHcaTopaMM. MoAncjwxauMM noABeprAMCb xa-
TyujxM pa3Hbix TMnoB - coAeHOMAaAbHan, noBepxHocmae, a Tax>xe ABa BapnaHTa o6beMHbix. KpoMe Toro, 6bma M3roTOBAeHa pa-
MOHHae neTbipexBMTxoBap npeMoyroAbHae xaTymxa pa3MepaMM 20 x20 CM.
CpaBHeHMe nyBCTBMTeAbHOCTM xaTymex npoM3BOAHAOCb nocpeACTBOM M3MepeHMe napaMeTpoB c^aHTOMOB B BMAE eMxocreM, 3anoA-
HeHHbix 12%-HbiM coAeBbiM pacTBopoM. TpM xaTyiiixM anpoOMpOBaHbi B pe>xMMe in vivo npMMeHMTeAbHO x cxaHMpOBaHMK) opraHOB
Tpex 3AopoBbix Ao6poBOAbueB. MeTOAOM 2D-rpaAneHTHoro axo c napaMeTpaMM TR/TE = 44,7/12 MC, A^nTeAbHOCTM PH MMnyAbca
6 MC, npn BpeMeHM cxaHMpoBaHMe 30 MMH 6biAM noAyneHbi M3o6pa>xeHMe roAOBbi, neneHM M cronbi c pa3peLueHneM 6,6 MM3. AA«
noBbiujeHMfl SNR nepeA 2D c()ypbe-npeo6pa30BaHMeM npoBOAMAacb axcnoHeHUMaAbHae anoAM3auMe - o6pa6oTxa napaMeTpoB K-
npocrpaHCTBa, Aaiomae AAe noAyneHHbix M3o6pa>xeHMM 3HaneHMe SNR, paBHoe 17.
npaKTMHecKan 3HaHMMOCTb. MccAeAOBaHMe noxa3aAO, HTO AAH CAaOonoAbHoro 23Na MPT npMMeHeHMe xaTymex SoAbUJoro pa3-
Mepa MaAonpoAyxTMBHO. B HaweM CAynae x TaxoBbiM OTHOCHTCH o6beMHbie xaTymxM CCAAOBMAHOTO TMna. BoAee nepcnexTMBHo
npMMeHeHMe xaTyuuex, BMTXM xoTopbix MO>XHO pa3MecTMTb 6AM3XO X 30He MHTepeca, a Tax>xe xaTymex Manoro pa3Mepa. AAanTMpo-
BaHHbie x opraHaM xaTymxM o6ecneHMBaK)T 6oAee BHCOXMM 4)axTop 3anoAHeHM« 3a cneT pa3MeiueHM5i opraHOB BHyTpM xaTymex. K
3TMM TMnaM oTHoc^TCfl coAeHOMAaAbHap, noBepxHOCTHafl M paMOMHafl xaTymxM. ripeAnonaraeTCfl npoAyxTMBHocTb npMMeHeHMe 23Na
flMP cnexTpocxonMM AA« oueHXM coAepwaHMH HaTpMe B pa3AMHHbix opraHax.
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3jieKtnpoMa2Humnoe 30HdupoeaHue OuouoeuvecKux cped

BeeneHHe
MarHHTH0-pe30HaHCHa« TOMorpac|)HH (MPT) HBJIHCTCH OHHHM H3 HanOojiee 3c|)(|)eKTHBHb!x HenHBa3HBHbix Me-
TOHOB Me^HUMHCKOH HHaTHOCTHKH OjiarOHapH BbICOKOH HH (j)OpMaTMBHOCTH H 6e30naCH0CTH HCCJieHOBaHHH f 1 ].
B MPT o6biMHO perHCTpnpyioTCH cnmajibi OT npoTOHOB ( * H), TaK Kax conepwaHne aTOMOB Bonopona B 6HOJIO-
THMeCKMX TK3HHX HOCTaTOMHO BbICOKOe. ^OnOJlHHTeJlbHyK) HHCj)OpMaUHK> HaiOT MyJlbTHHHepHbie HCCJieHOBaHHHc ueabK) perncTpauHH cnrHajiOB AMP OT nnep, OTJIHHHWX OT npoTOHOB - l 9F, 2''Na, 3 IP, 13C H T.H. [2],

riepcneKTHBHblM mpOM HJIH MyjlbTHHHepHblX HCCJieHOBaHHH HBJIHeTCH M 30T0n H3TpHH 23Na [2]. HaTpHM
nrpaeT Ba>KHYK> pojib B opraHH3Me nejiOBeKa. B ero (|)yHKunn BXOHHT peryjinuHH OCMOTH neeKOTO naBJieHHH H
KMCJIOTHO-mcjiOHHoro 6a;iaHca. PloHbi HaTpnn BMecTe c HOHaMH Kajinn M Kajibunn npnHHMaioT ynacTne B CO-
3AaHHH MeM6paHHoro noTeHunajia KJICTKH. HaTpnn ncnojib3yeTCH npn nepenane HepBHbix mvmyjibcoB. KOH-
UeHTpaUHH HaTpHM OHeHb 4y BCTBHTejlbHa K H3MeHeHHHM MeTa60JlHMeCK0 r0 COCTOHHHH TKaHeH H HapyLUeHHflM
UeJIOCTHOCTM KJieTOHHbIX MeM6paH. OTKJlOHeHMe COAep>KaHHa HaTpHH B OpraHM3Me OT OnTHMaJlbHOrO HBJIHeTCH
npHMHHOM TaKHX naTOJiornn, Kax rnnepTOHnn, nnaOeT, noneHHafl HenocTaT04 HocTb H npyrnx counajibHo 3Ha-
MHMbix 6ojie3Hen. IloaTOMy H3MepeHHe KOHLieHTpaunn HaTpnn B opraHH3Me MO>KCT naTb ueHHy to HH(|)opMa-
U.HK) O COCTOHHHH >KHBblX TKaHeH H OpraHOB. Oco6eHHO Ba>KHO OCyineCTBJIHTb TaKHe H3MepeHHfl B CKpHHHHTO-
BOM pe>KMMe HenHBa3HBHO, 6e3 npoBeneHHH 6noxHMH4ecKnx npouenyp c 3a6opoM o6pa3uoB TKaHeH HJIH 6HO-cjxnioHUOB. Taxyio B03M0>KH0CTb npenocTaBjineT MeTOAHKa MPT.

PhoTon 2 ~'Na HMeeT cnnH / = 3/2. Ero ecTecTBeHHoe conepwaHne paBHO 100%, a rnpoMarHHTHoe OTHO-7 3lueHHe y = 7,08- 10 pan/Tjrc. MojinpHan HyBCTBHTe/ibHOCTb, xapaKTepn3yeMan BCJIHMHHOM y‘ /(/ + 1 ), HJIH
HATPNN cocTaBjineT 9,3% OT npoTOHHon, a KOHueHTpaunn HaTpHM in vivo Ha 3 nopnnKa MeHbiue KOHueHTpaunn
npoTOHOB BO^bi [3]. Ilo3TOMy 'Na MPT naeT OTHoiiieHHe cnmajia K rnyMy (SNR) Ha 3-4 nopnnKa MeHbiiiee,
neM ‘ H MPT. TeM He MeHee, 3Ta BejiH4HHa npneMjieMa HJIH perncTpaunn coBpeMeHHbiMH MeTonaMH AMP. rio-
CKOJibKy HaTpnn name Bcero npencTaBJieH B BHHC HOHOB, KOTopbie He o6pa3yioT ycTonnnBbix coennHeHnn, TO
ero cneKTp AMP o6bi4 HO npencTaBJieH OHHHOHHOH jiHHnen npn He6ojibmoM nnana30He XHMnnecKnx CHBHTOB
(no 72 M .H.)- noaTOMy HJIH 'Na MPT HeT npo6aeivi c apTecj)aKTaMH XHMH nee KOTO cnBnra. 3TO no3BOJiaeT npn
perncTpauHH cnrHajia F1 MP npenejibHO cy3HTb noaocy nponycKaHH^ npneMHHKa (BW) H 3a cneT 3Toro
yMeHbUJHTb BKjiaii TenjiOBoro inyMa, KOTopbin nponopunoHaneH BW 12.

FInpo HaTpnn oO^aziaeT KBanpynojibHbiM MOMCHTOM, HTO xapaKTepHO HUH nziep co cnwHOM / > 1 /2. 3TO, B
CBOK) onepeHb, oOycjiOBjiHBaeT He TOJibKO HonojiHHTejibHbin MexaHH3M penaKcaunn, HO H cneuH([) HMHOCTb
cnana nonepenHOH HaMarHHMeHHOCTH, xapaKTepn3yeMoro HByMH nocTOHHHbiMH T2 : KOPOTKOH^2short = 0,5. ..5 MC H HJIHHHOH T2|ong = 10...50 MC. 3TOT OC^C^eKT MO>KHO HHTepnpeTHpOBaTb KaK peJiaKCaUHK)

HByxKOMnoHeHTHOH cncTeMbi, rne Ka>Knan KOMnoHeHTa (HHHHHan H KopoTKan) xapaKTepn3yeTcn CBOHM BKjia-
HOM H BpeMeHeM T2. IlocKOJibKy T\ ~ r2|0ng, TO HHH pyTHHHbix npHjio>KeHHH ue/iecoo6pa3HO orpaHHMHTbcn pe-
rHCTpauneH JIHLUb HHHHHOH KOMnOHeHTbl. peilieHHH Bonpoca 06 3(j)(j)eKTHBHOCTH perHCTpaUHH KOpOTKOH
KOMnoHeHTbi (Kax npaBHJio, B nonojiHeHne K perHCTpaunn HJIHHHOH) HCOGXOHHMO ynecTb (|)aKTopbi, BJIHHIO-mne Ha SNR: yBejiHMeHHe BK/iana KOPOTKOH KOMnoHeHTbi B perHCTpnpyeMbiH cnrHaji c OHHOH CTOPOHM H yBe-
JlHHeHHe IliyMa H3-3a Heo6xOHHMOCTM paCLUHpHTb BW C HpyrOH. OObIMHO BKJiaHbl KOPOTKOH H HJ1HHHOH KOM-
noHeHT npHMepHO paBHbi, w nocKOJibKy BW ~ 1 /73, TO perncTpaunn BTopon KOMnoHeHTbi ziacT BbmrpbiLH B
SNR, ecjin pa3HHua Me>KH,y Be/iHMHHaMH T2shon H r2|0ng He oneHb Be/iHKa, a HMCHHO: 4r2sllort > T2 iong. IlocKoabKy
T2 long > 1 0 MC, TO r2short > 2,5 MC.

CpeHH MarHHTHbix H30TonoB, npencTaBJieHHbix B OnojiorHMecKnx TKBHHX,
2 'Na HaeT BTopon no HHTCH-

CHBHOCTH ( nocjie ‘ H ) F1MP CMmaii . Ilo3TOMy 2 'Na MPT, BKjnoHan K/iHHHiiecKHe npnMeHeHHH, paaBHBaeTCH
Gojiee aKTHBHO no cpaBHeHHK) c npyrnMn MyjibTHHHepHbiMH npnjio>KeHHHMH. MeTOHbi “’’Na MPT naioT no;ie3-
HyK) HH(j)opMau,HK) 06 OT/io>KeHHHx cojien B opraHH3Me, 6one3HHx AjiburenMepa H XaHTHHTTOHa, paccenHHOM
CKjiepo3e, HHcyjibTe, MHC^apicre MHOKapna, npn aHajiH3e onyxoaen [3].

B HacTonmee BpeMH nporpecc B 23Na MPT CBH3biBaeTCH c npnMeHeHneM CHjibHbix MarHHTHbix nojien B(),
cocTaBjiHiomHX 3 TJI n Bbirne [2], nocKOJibKy HyBCTBHTejibHOCTb 51MP pacTeT ~ Z?03/2[ l ]. OnHaKo CHHbHono/ib-
Hbie MarHMTbi CJIO>KHO npncnoco6HTb H/IH HHTpaonepaunoHHoro MPT, rne OOUMHO npHMeHHioTCH nocTOHHHbie
MarHHTbi OTKpbiToro THna HJIH KOMnaKTHbie nepeHOCHbie MarHHTHbie cncTeMbi, y KOTopbix MarHHTHbie HOJIH He
npeBbiinaioT 1 TJI [4, 5]. Ilo3TOMy aKTyanbHOH 3aHaneH HBJIHCTCH BbiHBjieHHe noTeHunajibHbix BO3MO>KHOCTCH23Na MPT HJIH cjiaObix nojien. OnHaKO Ha OojibLUHHCTBe KJIHHHHCCKHX TOMorpac])OB, opneHTHpoBaHHbix Ha pe-
rHCTpauHK) TOJibKO npoTOHHoro >1MP, npHMeHeHHe MyjibTHHHepHbix MCTOHOB 3aTpynHeHO H3-3a aHMHHHCTpa-

3/ieKTpoMarHHTHbie eo/iHbi M 3/ieKTpoHHbie CMCTeMbi, T. 25 , N9 4, 2020 r., c. 28-36 29



3j\eKmpoM (ienumHoe iondupouanue ftuonozunecKux cped

THBHbix H/HJIH TexHHHecxnx orpaHHneHHH. TeM He MeHee aaa HexoTopbix Moaeaen 3TH orpaHHHeHna MoryT
GbiTb npeoaoaeHbi, H B03M0)KHa HX axtanTauna .naa perncTpauHH 2 lNa MPT.

PaHee aBTopbi HMean ycneiuHbin onbiT auanTaunn xaHHUHecxoro 0,5 Ta TOMorpacj)a aaa MyabTwaaepHbix
npnao>KeHHH [6, 7]. B nacTHOCTH, yaaaocb npoBecTH nocerMeHTHoe Na MP-cxaHHpoBaHne Teaa neaoBexa
aaa noayneHHa o6pa3a, OTo6pa>KaK)mero pacnpeaeaeHHe HaTpna BAoab Bcero Teaa OT roaoBbi no naTOK -
Whole Body MRI [8]. 3TH 3xcnepHMeHTbi npoBozmancb aaa oueHKH noTeHunaabHbix BO3MO >KHOCTCH

23Na
MPT B noae 0,5 Ta H conocTaBaeHna c pe3yabTaTaMH, noayneHHbiMH B paOoTe [9] ztaa noaa 3 Ta. HecMOTpa
Ha cpaBHHTeabHO npocTbie rexHunecKHe M nporpaMMHbie cpeaciBa - B xanecTBe aaTmixa cnrHaaoB AMP nc-
noab30Baaacb paMOHHaa xaTyuixa - aaa noaa 0,5 Ta yaaaocb noaynnTb nocTaTOHHO HH (|)opMaTHBHbie H 3o6-
pa>xeHHa pa3anHHbix opraHOB : BHyTpnHepenHbix CTpyKTyp, nonex, neneHH, >xeaHHoro H MoneBoro ny3bipen H
apyrnx. Ozmaxo aaa KaHHHuecKHX npnaoweHHH BpeMa cxaHHpoBaHHa OKa3aaocb canuiKOM Beanxo - cxaHH-
poBaHHe aHLUb ouHoro H3 9 cerMeHTOB 3aHHMaao 30 MHH . Flpn 3TOM aocTnraeMoe SNR oxa3aaocb He oaeHb
GoabiiJHM - MeHee 30, a aeTaaH3auna H3o6pa>xeHHH HeaocTaTOMHa - npn OTcyTCTBHH cpe30BOH ceaexunn pa3-
pemeHHe B naocxocTH cxaHHpOBaHHa cocTaBHao 6,6 >< 6,6 MM . 3TO CBB33HO, B HeMaaon CTeneHH , c HH 3KOH 3cj3-
(J)eKTHBHOCTbK) paMOMHOH KaTyuiKH - ee ayBCTBHTeabHOCTb CHM >KaeTca no Mepe yaaaeHna HCToaHHKa cnrHaaa
OT BHTKOBOH naocxocTH. riooTOMy AUH noayaeHHH 6oaee nouHon HH (j)opMauHH 06 opraHax npniiiaocb npoBO-
anTb CKaHHpoBaHna aaa J\BYX noao>xeHHH ncnbiTyeMoro - ae>Ka Ha >KHBOTC H Ha cnnHe, HTO yBeaminao o6mee
BpeMa nccaeaoBaHHa .

HanOoaee Bbicoxaa 3c|)(|)eKTHBHOCTb MPT aocTnraeTca, ecaH aaa HCcaeaoBaHHH OTaeabHbix opraHOB HC-
noab3yK)Tca cneunaaH3HpoBaHHbie KaTyuiKH, npocTpaHCTBeHHaa ayBCTBHTeabHOCTb KOTopbix cooTBeTCTByeT
aoKaaH3ai|HH KOHKpeTHbix opraHOB. ripn HX pa3pa6oTKe B KaaecTBe 3aeMeHTHOH 6a3bi MO>KHO B3aTb KOMno-
HeHTbi OT (j)HpMeHHbix KaTyuieK, HMeiouiHxca B THnoBOH KOMnaeKTauHH TOMorpa(j)a. 3TO H36aBuaeT OT pacae-
TOB npocTpaHCTBeHHOH ayBCTBHTeabHocTH, npoeKTHpoBaHHa aH3aHHa, noHCKa MaTepnaaoB H HHCTpyMeHTOB,
npHBaeaeHHa TexHHaecKHx paOoTHHKOB, H B KOHeaHOM HTore - 3aTpaT BpeMeHH Ha H3roTOBaeHHe. Ho no-
CKoabKy c|)HpMeHHbie KaTyuiKH HacTpoeHbi Ha aacTOTy >1MP npoTOHOB (21, 1 MTu), TO HX Heo6xoaHMO nepe-
CTpoHTb Ha aacTOTy AMP 23Na (5,6 MTu) H, no BO3MO>KHOCTH, npncnoco6HTb He ToabKO aaa npneMa cnrHaaa
aaepHOH HHAyxuHH, HO H nepeaaan PM-MOLUHOCTH naa B036y>KzieHHa cnnHOB.

Uea b p a O o T b i - pa3pa6oTaTb necxoabKO TnnoB npneMonepeaaiouiHx KaTyuieK aaa perHCTpaunu
OTaeabHbix opraHOB aeaoBeKa MCTOAOM 2 'Na MPT B noae 0,5 Ta H npoBecTH oueHKy npocTpaHCTBeHHOH ayB-
CTBHTeabHOCTH 3THX U,aTHHKOB HO MPT H 306pa>KeHHaM OT c|)aHTOMa .

IMaTepnaabi H MeTOAbi

3KcnepHMeHTbi npoBOAuaucb Ha 0,5 Ta MP TOMorpacj)e Tomikon S50 (Bruker, Ettlingen, Germany). B cocTaB
3Toro TOMorpacj)a BXOAHT cBepxnpoBOuamHH MarHHT (Magnex, Oxford, UK) c auaMeTpoM OTBepcTua 60 CM,
PM-nepeaaTHHK LPPA 2120 Ha 2 KBT (Dressier, Stolberg, Germany) H rpauneHTHaa cucTeMa S630 c Maxcn-
MaabHOH MOiuHocTbio 16,7 MT/M npu BpeMeHH HapacTaHHa 0,5 MC. YnpaBaeHne TOMorpac|)OM H nepBHHHaa
o6pa6oTKa aaHHbix npoH3BOAHuncb c noMombio nporpaMM XWinNMR v. l H ParaVision v. l . nocaeayiomaa
o6pa6oTKa uaHHbix - pacaeT KapT, OTo6pa>i<aioiJUHx npocTpaHCTBeHHoe pacnpeaeaeHne SNR, npoH3BOAnaacb c
noMombio OTKpbiToro nporpaMMHoro naxeTa ImageJ [10]. flaa Boxceaa c KOopanHaTaMH ( i j ) 3HaaeHHe SNR
paccaHTbiBaaocb no c()opMyae

SNR( i j ) = ( S(i j ) - S N )/ a N9

rue 5(7,/) - cnrHaa, H3MepeHHbiH Ha MP-H3o6pa>KeHHH OT nnKceaa c KOopaHHaTaMH (/,/'); SN. aN - cpeaHee 3Ha-
neHHe cnrHaaa H ero CTaHaapTHoe OTKaoHeHne, H3MepeHHbie BHe 30Hbi o6beKTa, TO ecTb Ha nepH (|)epHH MP-
H 3o6pa >xeHHH [7, 8].

/fnana30H nepecTpoHKH nepeuaromen KaTyuiKH, BCTpoeHHon B 3a3op ManiHTa, orpaHnneH anana30HOM
20. . .22 MTu. TaxHM >xe aBaaeTCB H aexaapHpyeMbm c|)HpMOH-H 3roTOBHTeaeM pa6oiiHH anana30H nepeaaTHH-
xa, XOTB peaabHO OH innpe - 10...100 MTu. IIOMHMO 3Toro, nacTOTHbie HacTpoHKH nepexaionaTeaH npneM-
nepeaana (T/R Switch) onTHMH3npoBaHbi aaa anana30Ha 12...32 MTu. TaxHM o6pa30M, nacTOTa pe30HaHca
HaTpna 5,6 MTu ae>KHT Ha nepHc])epHH uacTOTHOH xapaxTepncTHKH nepeaaioiuero TpaxTa. no 3THM npHMHHaM
noayMHTb npneMaeMyio PH-MouiHocTb aaa B036y>xaeHHa aaep 2 'Na, ncnoab3ya (|)HpMeHHyio KOH (j)HrypauHio,
BecbMa npoOaeMaTHHHO.

WM ' ' ! -- -'i' ' !
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OjiHaKO npaKTHKa noKa3ajia, HTO MO>KHO o6ecneMHTb npneMjieMbiH yro.n OTK/IOHCHHA HaMarHH4eHH0CTH
FA (Flip Angle) npn HJiHTeJibHOCTH PH-HMnyjibca ~5 MC, eczin B KanecTBe nepenaiomen ncnojib30BaTb He
(jpHpMeHHyto uHJiHHApnnecKyK) KaTymKy ztnaMeTpoM 60 CM, a paM04Hyn), conepwamyK) 4 BHTKa, HeGojibmoro
pa3Mepa 20x 20 CM. FIocKOJibKy npHMepHO TaKHe >Ke pa3Mepbi HMeioT pa3pa6aTbiBaeMbie aBTopaMH KATYLUKH,
Gbijio npeziycMOTpeHo HX Hcnojib30BaHHe B KanecTBe npneMO-nepeziaiomHx.

fljia perHCTpauHM cnrHa/ioB 23Na MPT 6biJia MOzmcjmuHpoBaHa paM04Hafl KaTyniKa H H3roTOBjieHO eme
HecKOjibKo THnoB KaTymeK: co/ieHOH/i,a.nbHafl, noBepxHOCTHaa H zma BapwaHTa o6i>eMHbix Ha ocHOBe KOM6nHa-
UHH ceAJiOBH^Hbix KaTyiiieK. Bee OHH c^enaHbi Ha 6a3e (JmpMeHHbix npneMHbix KaTymeK, KOTopbie 6biJiH npe-
o6pa30BaHbi B npneMO-nepeziaKuuHe. 3TO 6 bi.no ztocTHrmyTO 3a cneT y/iajieHHn HH3KOBOJibTHbix H c\na6oT04Hbix
BapHKanOB, IipHMeHfleMblX ZtJlfl 3JieKTpOHHOH HaCTpOHKH PM-KOHTypa, H yCTaHOBKH BMeCTO HHX BblCOKOBOJlbT-
Hbix MHorooGopoTHbix KOHneHcaTopoB (|)HpMbi Voltronics (Salisbury, Maryland, USA) c zwana30H0M nepe-
CTpoMKH 8. . .68 nO.

fl/ia yBejiHHeHHJi HH/IYKTHBHOCTOH KaTymeK ( B CBH3H C nepecrpoHKOH KaTymeK c nacTOTbi AMP npoTOHOB
21,08 MTu. Ha Go/iee HH3KYK) nacTOTy 2“'Na 5,58 MTu) HHZIYKTHBHOCTH KaTymeK Gbuin yBejimieHbi. 3TO ocy-
mecTBjiajiocb 3aKopauHBaHHeM MOKBHTKOBMX pa3,ae/iHTe;ibHbix eMKOCTen . IIOMHMO 3Toro, zmn KBanpaTypHbix
KaTymeK npoBO.aH.nocb coeaHHeHne HX BHyTpeHHnx KaTymeK, OTHOCfliunxcH K pa3HbiM KaHa/iaM, B noc/ieaoBa-
TejibHyio uenb, H noaK/noneHne cyMMapHOH HH/IYKTHBHOCTH mnbKO K oanoMy H3 KaHaaoB. HaKOHeu, c uejibK)

yBe/iHHeHHfl HHziy KTHBHOCTH noBepxHOCTHOH KaTymKH K ee OAHOBHTKOBBIM KBaapaTypHbiM KOMnoHeHTaM 6bi-
/IH ziOMOTaHbi no aBa BHTKa MeaHoro npoBoaa c unaMeTpoM ceneHHa 1 MM.

KoMMyTauHa KaTymeK OT nepeaaT4HKa K npneMHHKy H oGpaTHO ocyiuecTB/nuiacb cjmpMeHHbiMH epea-
CTB3MH - nepe3 naccHBHbiH nepeKjiK)HaTejib npneM-nepeaana.

/(aziHM onncaHHe MoancjmuHpoBaHHbix KaTymeK c npHBeaeHneM KaTaJio>KHbix HOMepoB ( P/N ) JXJIFL HX
4> HpMeHHbIX npOTOTHnOB.

Cl. PaM04Ha« KaTymKa - npaMoyrojibHaa paMKa pa3MepoM 20 x20 CM H3 4 BHTKOB MeaHoro npoBoaa
zinaMeTpoM 1 MM. OHa npncoeziHHeHa THGKHMH npoBonHHKaMH K nacTOTHO 3aaaK) mHM KOHaeHcaTopaM, pac-nono>KeHHbiM B cneunajibHO H3roTOBjieHHOM zuia 3Toro axiioMHHHeBOM Kopnyce. IlocKOJibKy 3TOT Kopnyc jier-
KHH H KOMnaKTHbiH, TO pa3MemeHHe paMKH OTHOCHTexibHO odTCKTa HccuenoBaHHa He npencTaBjineT npoGneM.
EJIH3KHM ^upMeHHbiM aHaaoroM HBnaeTCH KO/ibueBaa KaTymKa c BHyTpeHHHM anaMeTpoM 16 CM (PN 5973)

nccjieaoBaHHfl naeneBoro cycTaBa. B 0T;iH 4 He OT Hee y paMOHHOH KaTymKH c()opMa BHTKa >KCCTKO He (|)HK-
CHpOBaHa - rnGKOCTb HaMOTOMHoro npoBoaa no3BOJiaeT TpaHC(|)opMHpoBaTb c|)opMy BHTKa H3 npaMoyro/ibHon
B oKpynnyK), OBajibHyio H /iroGyio apyryto, yHHTbiBatomyio aHaTOMHMecKyto cneuH(j) HKy ncc/ieayeMoro opraHa.
npH 3TOM aaHHaa KaTymKa MO>KCT npHMeH^Tbca H KaK noBepxHOCTHa^, H KaK paMOMHa^i.

CII. rioBepxHOCTHaa KaTymKa (P/N 5974) /yifl HCCJieziOBaHHH rpyjxuoro H noncHHHHoro OTnejiOB no3BO-
HOMHHKa. Ee KBazipaTypHbie KOMnoHeHTbi o6pa30BaHbi coocHbiMH KaTyniKaMH - OBa^ bHOH (AJiHHbi ocen — 11 H
28 CM ) H co-o6pa3HOH (butterfly) c BHemHHMH pa3MepaMH 20x30 CM. no cpaBHeHHK) c paMOHHOH TaKaa KOHC|)H-
rypauHH no3BOJi«eT HecKoabKO pacmnpHTb 30Hy uyBCTBHTejibHOCTH B HanpaBJieHHH, nepneHAHKyjiflpHOM
n^ocKOCTH BHTKOB, H noBbiCHTb SNR B 1 ,4 pa3a [ 1 ].

CIII. CojieHOHitajibHafl KaTymKa (P/N 5970) AJIH HCCJieziOBaHH5i >KCHCKOH rpyun. KaTymKa coziep>KHT 5 BHT-
KOB OBajibHOH cj)opMbi c ztJiHHaMH ocen 12 H 35 CM, pa3HeceHHbix OTHOCHTejibHozipyrztpyra no BbicoTe Ha 2 CM.

CIV. Majiaa oG'beMHaa KaTymKa (P/N 5973) zuia HccueziOBaHHH KOHeHHocTen - KOJICHHOTO cycTaBa, ro-
;ieHH, cTonbi, KHCTH. Ka>KAbiH KBa/ipaTypHbiH KaHaji o6pa30BaH napon ^ByxBHTKOBbix ce^JiOBHziHbix KaTymeK,
pa3HeceHHbix Ha paccT05iHHe 18 CM. Ejiaroziapfl He3Ha4 HTejibHOH MO/iHc|)HKauHH — ycTaHOBKH pacumpHTejib-
Hbix njiacTHH, ee oG^eM Gbui yBe;iH4eH TaK, 4ToGbi 3Ty KaTymKy MO>KHO Gbmo ncno^b30BaTb H zirifl ncc^e/iOBa-
HHH ro/iOBbi [8], TO ecTb Hcnojib30BaTb ee KaK aHajior cĵ npMeHHOH KaTymKH P/N 5976.

CV. OG'beMHaa KaTymKa ( P/N 5968) ncc/ieziOBaHHa GptomHOH noxiocTH H Majioro Ta3a. Ka >KAbiH
KBaztpaTypHbiH KaHaji o6pa30BaH napon ziByxBHTKOBbix cezuioBH^Hbix KaTymeK, pa3HeceHHbix na paccTOHHne
25,5 CM (c 3KCTeHnepaMH -^o 31,5 CM ) zuia nepBoro KaHa^a H 41 ,5 CM BToporo KaHajia.

B HTore, BMecTO onHOKaHajibHbix (Cl , CIII ) H ztByxKaHanbHbix (CII , CIV, CV) npneMHbix KaTymeK,
HacTpoeHHbix Ha nacTOTy npoTOHHoro pe30HaHca, Gbi^ n H3roTOBjieHbi OAHOKaHa^ bHbie npHeMonepeziaiomne
KaTymKH, HacTpoeHHbie Ha nacTOTy pe30HaHca 2:,Na. Ba>KHO, HTO HX npocTpaHCTBeHHbie xapaKTepncTHKH
OCTajlHCb HZieHTH 4 HbIMH (|) HpMeHHbIM npOTOTHnaM.
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IlpoBepKa xapaKTepHCTHK KaTynieK - npocTpaHCTBeHHoe pacnpeneneHne ny BCTBHTejibHOCTH n HX cpaB-
HeHwe no MaKcnMajibHbiM 3HaHeHHflM SNR - npoBonnnacb nyTeM aHa;w3a H3o6pa>KeHHH, noxiyMeHHbix OT
cf)aHTOMOB. B KanecTBe (|)aHTOMOB ncno;ib30BajiHCb nnacTHKOBbie un.nHHApHHecKHe CMKOCTH H3-non nnTbeBon
BOUbi, 3anojiHeHHbie 12% pacTBopoM noBapeHHon conn NaCl. fljia KaTyuieK Cl, CII, Cl11 n CV npnMeHfljiCfl
4-anTpoBbin 6ajuiOH. Pa3MecTHTb TaKon c|)aHTOM B ManooSbeMHon KaTyoiKe CIV 6biJio HeB03M0>KH0, Tax HTO
ZUIH nccjienoBaHHH OTOH KaTyuiKn Hcnojib30Bajiacb 2-jinTpoBaji eMKOCTb. PhMepfljincb Tax>Ke Harpy >KeHHbie
Ao6poTHOCTn KaTyuieK B npncyTCTBHH cJ)aHTOMOB n napaivieTpbi 90° nMnyjibca MeTonoM HMP cneKTpocKonnn.
3TH 3HaMeHH5i yHHTbiBajincb npn 3anaHnn napaMeTpoB cKaHnpyiomen HMnyjibCHon noc/ienoBaTeiibHOCTH Ha
ocHOBe 3D-rpanneHTHoro 3xo. Ee ocHOBHbie napaMeTpbi HMe/in cjienyromne 3HaneHM^: TR/TE = 70/9 MC,
FOV = 30 >< 30x30 CM, MaTpnua = 32 x32 x32. BpeMfl CKaHnpoBaHHfl npn UByx HaKonjieHHflx cnmajia cocTaBHjio

13 MHH 39 c.
fl/ia KawAOH KaTy HI KH 6buw nojiyneHbi H3o6pa>KeHHfl cjiaHTOMa B opToroHajibHbix npoeKunax. 3aTeM zina

Ka>KAOH npoeKunn paccMHTbiBa/ic î o6pa3, no/iynaeMbin nonnKcenbHbiM cyMMnpoBaHneM HHTCHCMBHOCTCH U/IH
n3o6pa>KeHHH, npencTaBaeHHbix OT BCCX cpe30B. fljia Bcex noayneHHbix o6pa30B 6bian paccnnTaHbi KapTbi
SNR [7, 8].

C ncnojib30BaHMeM KaTyuieK CIV, Cl H C I I I 6biJio npoBeneHO CKaHnpoBaHne pana opraHOB nenoBeKa. J\sv\
3Toro 6bijin npnB/ieneHbi 3nopoBbie no6poBO/ibUbi - >KeHmHHbi 22 H 24 jieT, a Tao<e My >K 4 HHa 28 jieT. MeTO-
UOM rpanneHTHoro 3xa (GRE) 6biJin nonyHeHbi 23Na n ‘ H H3o6pa>i<eHHfl ronoBbi, neneHn n CTonbi zui^ 30Hbi
FOV = 26,5 x 26,5 CM 6e3 cpe30Bon ceneKunn. ‘ H MPT napaMeTpbi cKaHnpoBaHna 6buin cjienytomne:
TR/TE = 400/7 MC, FA = 90°, MaTpnua 80x80. BpeMH CKaHnpoBaHna npn UByx HaKonneHnax cnmajia cocTa-
BHJIO 1 MHH. napaMeTpbi CKaHnpoBaHHfl ixnn 23Na cocTaBH/in TR/TE = 44,7/12 MC, FA = 64° (npflMoyrojibHbin
HMnyjibc 5 MC), MaTpnua 40x 40. BpeMa CKaHnpoBaHHfl npn 512 HaKon/iennax cnmana cocTaBnuo 30 MHH 30 c.

nonaBJieHHfl uiyMa Ha H3o6pa>KeHnn npoBounnacb npenBapnTejibHaa o6pa6oTKa cnmana - ero crna>KHBa-
Hne B /C-npocTpaHCTBe nyTeM yMHOweHna Ha cnanaiomyio (oTHOCHTejibHO TOMKH MaKCHMyMa xma 3Toro npo-
CTpaHCTBa) BpeMeHHyio cjiyHKunio (anonn3auH5i) comacHO (jiopMy/ie [8]

K( iJ ) = S(/V>exp [—(|/ - /0|- 1/ -7o|)/(^A0],
rue S( iJ ) - ncxouHbie 3HaHeHH5i cnrHana; N - pa3Mep MaTpnubi; /0 = A74; ,/0 = N/ 2; & = 0, 1 .

Pe3yjibTaTbi

Ha pnc. 1 ,ci npencTaBJieHbi (JIOTO KopnycoB nnfl uaTHHKOB cnrHauoB 2 ,Na AMP. Ha pnc. 1 ,6 npnBeueHbi cxeMbi
O6MOTOK UJifl pa3Hbix KaTyuieK. KaTyuiKn Cl n CIII conep>KaT onHy o6MOTKy, a KaTyuiKn CII, CIV, CV, KOTO-
pbie B (JinpMeHHOM BapnaHTe BbinojiHeHbi KaK KBanpaTypHbie, UBe O6MOTKH. Ha pnc. l ,<? xyifl Kawnon KaTyuiKn
npeucTaB/ieHbi H3o6pa>KeHHfl c|)aHTOMa B Tpex opToroHajibHbix npoeKunax. Kawnbin Ha6op pacnonaraeTca non
cooTBeTCTByiomen KaTyuiKon n3 pnc. 1,6. M3o6pa>KeHHfl npencTaB/ieHbi B eunHon uiKaue HPKOCTH, KOTopa î
H3o6pa>KeHa Hau HHMH. BO n36e>KaHne cy6beKTnBHoro noxoua K BbiOopy ueMOHCTpaunoHHbix cpe30B Bee
npeucTaBJieHHbie Ha pnc. 1 n3o6pa>KeHna nojiyHeHbi cyMMnpoBaHneM o6pa30B OT Bcex cpe30B ixnt\ onpeueueH-
HOH npoeKUHH.

OopMa cjiaHTOMa 6un3Ka K ununHupnqecKon, no3TOMy UJIH OTo6pa>KeHHH ero o6pa3a uocTaTOHHO n usyx
npoeKunn. Heo6xouHMOCTb npeucTaBueHn^ ero B Tpex npoexunax oOycjiOBjieHa >KejiaHneM y6eunTbc« B TOM,
HTO HyBCTBHTe/ibHOCTb KaTyuieK cjia6o MeHaeTCfl B a3HMyTaubHOM HanpaBjieHnn (oTHoenTeubHO BepTHKanbHon
ocn ). 3TO npeunouo>KeHne nouTBepunnocb- KapTbi SNR B axcnaubHon n carmraubHon npoeKunnx BH3yajibHO
Mauo pa3JinHHMbi . HTO KacaeTca KopoHapHon npoeKunn, TO no Hen TpyuHO cpaBHHBaTb npocTpaHCTBeHHoe
pacnpeuejieHne qyBCTBHTeubHOCTn KaTyuieK - OT noBepxHOCTHon n oObeMHon KaTyuieK nojiynaioTca cxo>Kne
o6pa3bi . no3TOMy Ha pnc. npeucTaBueHbi H3o6pa>KeHH 5i cjiaHTOMa TOJibKO B carmrajibHon npoeKunn. npn
3TOM OHH npeucTaBjieHbi B 6o/iee KpynHOM MacuiTa6e, a uiKaua apKOCTn nouoOpaHa non Ka >KUbin o6pa3 HHUH-
BnuyajibHO - cy6opunHauna npKOCTHbix OTTCHKOB TaKan >Ke, KaK U/IH npeucTaBueHHon uiKaubi, HO ee BepxHflfl
rpaHnua cooTBeTCTByeT MaKCHMajibHon apKOCTn nnKce^OB uaHHoro H3o6pa>KeHn« . Ka >Kuoro H 3o6pa>KeHnji

3Ta BejinHHHa o6o3HaneHa B ero jieBOM BepxHeM yrny.
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Piic. 1. OOTO KopnycoB ^BTHHKOB 3.nn perHCTpauHH 2'Na MPT (a), cxeMbi HX OGMOTOK (6), KapTbi SNR, nonyMemibie OT 2 'Na MPT
(j)aHTOMa B opToroHajibHbix npoeKumix c ncnojibiOBaHHeM KaTyiueK CI-CV, ujKajia apKocTH cooTBCTCTByeT 3Ha4eHHflM SNR (a), Kap-
Tbi SNR B carHTTajibHbix npoeKmuix, Bepxmui rpamma LUKanbi JIPKOCTH j\j\n Ka >KHOH KapTbi ynajaHa B ueBOM BepxueM yrjiy (e )
Fig. 1. Photo of sensor bodies for 23Na MRI registration (first row), diagrams of their windings (second row), SNR maps obtained from
a 23Na MRI phantom in orthogonal projections using CI-CV coils, the brightness scale corresponds to the SNR values (third row), SNR
maps in sagittal projections, the upper limit of the gray scale for each map is indicated in the upper left corner ( fourth row )

Pe3yjibTaTbi H3MepeHHH no6poTHOCTen KaTyiueK CI-CV c npuMeHeHueM nporpaMMbi ParaVsion v. l co-
CTaBHjin 62, 66, 47, 59 H 20, COOTBCTCTBCHHO. fljiHTeubHOCTH nMnymcoB, oOecneMHBatoinHe MaKeHMajibHbiH

CHTHaji OT c()aHTOMa jxnn 3THX KaTyiueK (aHajiorn 90° mviny/ibca) npn ocjiaOueHHH Ha 8 AE aMn/iHTyzibi PH-
Hanp^DKeHHM, nocTynaiomero OT nepeziaTHHKa, cocTaBHJiu cooTBeTCTBeHHO 6, 6,5, 9, 8,3 H 16 MC. COOTHOCHTB
HX c 90° HMnyjibcaMM MO>KHO Jiniub ycuoBHo, nocKOJibKy HX zuiHTejibnocTH coH3MepHMbi c BpeMeuaiviH peuaK-
cauHH HztepHbix CDHHOB, a PH-noue KaTyiueK BecbMa HeoztHoponHoe, ocoGeHHO ZUIH KaTy LLIKH CII . flpn 3aziaH-
Hbix napaMeTpax GRE CKBa>KHOCTb cjienoBaHHH nozto6Hbix HMnyjibcoB BecbMa HH3Kafl ( nop^Ka 14), H3-3a He-
ro B03M0>KeH HarpeB ojieivieHTOB nepe^aiomero TpaKTa, B nacTHOCTH, nepeK/HonaTejifl npHeM-nepeztana. 3TO, B

CBOK) onepe/ib, MO>KeT Bbi3BaTb HeKOHTpojinpyeMoe cHH>KeHHe nous B npouecce CKaHHpoBaHHfl. MTo6bi 3TH
c|)aKTopbi oifHHaKOBO B/iHfljiH Ha pe3yjibTaT CKaHHpoBaHHH zuia pa3Hbix KaTyiueK, 3aztaBa;iacb oixm H Ta >Ke ZUIH-
TeubHOCTb Hivinyjibca r = 6 MC. B OTOM cjiynae zma Bcex KaTymeK, KpoMe CV, 3HaneHHe FA 6biJio 6JIH3KO K 90°,
a ZUHI KaTyiuKH CV - npHMepHO 24°.

nojiyneHHbie KapTbi no3BOUBK)T cpaBHHBaTb 3HaneHHfl SNR B npeztejiax 30Hbi, eooTBeTCTBylomen jiOKa-
jiH3au,HH KOHKpeTHoro Hcc/ieziyeivioro opraHa. Flexor H3 3Toro, HanOo/iee o6ocHOBaHHO BbiGnpaTb HeoGxonn-
Myio KaTyiUKy. Tpn KaTy LLIKH 6bi/iH anpo6npoBaHbi J\J\% perncTpaunn opraHOB neziOBeKa.
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Piic. 2. KapTbi SNR, no/iyHeHHbie nocpencTBOM ~ ’Na (BepxHnn paa) M ' H (HHWHHH p*u) MPT OT opranoB ne/iOBeKa - ronoBbi (a. d).
nenenH (b, e ) H cTonbi (c,/), c Hcnojib30BaHneM KAXYHICK CIV. Cl n CIII, COOTBCTCTBCHHO (uiicajia apKocxH COOTBCTCTBVCT maueimaivi
SNR)
Fig. 2. SNR maps obtained by 23Na (top row) and * H ( bottom row) MRI from human organs - head (a, d), liver (/?, e ) and foot (c, /),
using coils CIV, Cl and CIII , respectively (the gray scale corresponds to the SNR values)

Ha pnc. 2 npencTaBJieHbi cjiparMeHTbi 23Na H ‘ H MP-H3o6pa>KeHHH opraHOB MejiOBeKa - ronoBbi, neneHH H
CTONBI, nonyHeHHbie MCTOHOM GRE npn Hcnojib30BaHHH KaTyuieK CIV, Cl H CIII. Pa3Mepbi cjiparMeHTOB co-
CTaBHJiM 20 x 20 CM ( a , d), 26,5 x20 CM (A e), 26,5x 26,5 CM (C,/).

OGcy>KzieHHe

npoBe/teHHbie HCC/ienoBaHHA nonTBepnHjiH npe,ano.no>KeHHe, MTO npocTpaHCTBeHHoe pacnpeneneHne nyBCTBH-
TejibHOCTH KaTyuieK 3aBMCHT OT reoMeTpuu BHTKOB, a cy6opztHHauHH MaKCHMajibHbix 3HaneHHH SNR epextn
HHX 33BHCHT OT pa3Mepa KaTyuiKH H ee GJTOOCTH K CKaHMpyeMOMy oG-beKTy. I"Io3TOMy zuia KaTyineK Cl M CII
nojiyHeHbi BbicoKue 3HaneHHfl SNR, HO OHH oxBaTbiBaioT He BCK> 30Hy CKaHHpoBaHHfl, HTO OCOGCHHO KacaeTca
KaTyuiKH CII.

Y KaTyuieK CIV H CV pacnpeneneHne SNR Gonee ozmopoziHO, HO ero 3HaneHHe MeHbuie, neM y Bbuuene-
peHHC/ieHHbix. 3TO CBH3aHO c HX GoubuiHMH pa3MepaMH, HTO ooycuoBjiHBaeT MeHbuiHH (j)aKTop 3anoaHeHH« H
Gonee cnaGoe none Bi, KOTopoe OHH reHepnpyioT B pe>KHMe nepenann PH-MOIUHOCTH B03Gy >KneHHH enn-
HOB. nocneAHee oGcTOHTenbCTBO OCOGCHHO aKTyanbHO nna KaTyuiKH CV. Ilpn ee Hcnojib30BaHHH npHiunocb
orpaHHHHTbca FA = 24°, HTO CHH >KaeT enman HHXty KU,HH Ha 57%. ^na 3anaHHn FA = 90° noTpeGoBanncb Gbi
HMnynbCbi zuiHTejibHOCTbio T = 16 MC, HTO conocTaBHMO c BpeMeHaMH penaKcauHH anep 23Na. npn yBeziHHeHHH
r cno>KHee onTHMH3npoBaTb napaMeTpbi TR H TE, nocKonbKy HX yBennneHHe CHH >KaeT cxopocTb CKaHHpOBa-
HHM. KpoMe Toro, c yBe/iHHeHHeM nnnTenbHOCTH P4-HMnynbC0B yMeHbuiaeTcn CKBa>KHOCTb HX cnextOBaHHn,
H3-3a nero B03pacTaeT pa3orpeB (c PHCKOM neperpeBa) 3neMeHTOB nepexiatomero TpaKTa. Ilo3TOMy Gonee npo-
nyKTHBHbiM npeztCTaBJiHeTcn noBbiuieHne FA He 3a cneT yBejinneHnn r, a 3a cneT yBeunneHnn aMnnnTynbi ne-
peMeHHoro nonn B\ . 3TO OKa3biBaeTca B03M0>KHbiM 3a cneT HacTpoHKH 3JieMeHTOB nepenaiomero TpaKTa (ne-
penaTHHKa H nepeKmonaTenn npHeM/nepenana) Ha nacTOTy 23Na >IMP- 5,6 MTu, XOTA B HbiHeuiHen ((])npMeH-
HOH) KOH(|)Hrypau,HH OHH onTHMH3HpoBaHbi ana nacTOTbi ' H JIMP- 21, 1 MTu. TaKon nonxon BecbMa nponyK-
THBeH - neM Gonbuje Bi, TeM Kopone PH-HMnynbCbi, KOTopbie MO>KHO ncnonb30BaTb B HMnyiibCHbix nocneno-
BaTe/ibHOCTnx, H, KaK cnencTBHe, Bbiuie 3c|)c|)eKTHBHocTb CKaHnpoBaHHa, npnneM nnfl JIIOGOH KaTyuiKH.

npn MOztH(j)HKauHH cj) HpMeHHbix KBanpaTypHbix KaTyuieK He njiaHHpoBanocb HX npeo6pa30BaHHe B OAHO-
KaHanbHbie, nocKonbKy npn 3TOM BO3MO>KHO cHH >KeHHe SNR B 1 ,4 pa3a. Ho nocne HX TpaHcc|)opMauHH pa-
GoTbi Ha Gonee HH3KOH nacTOTe npoaBHnncb acjKfieKTbi B33HMHOH HHZTYKUHH KaTyuieK H3 pa3Hbix KaHanoB, cy-
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mecTBeHHO 3aTpy^H5iK)mHe HacTpoHKy Ka>KAoro H3 HHX. AHajiH3 TaKMX 3(|)c|)eKT0B H paGoTbi no nx npeoAO/ie-
HHK) npencTaBji îK)TC5i HenpocTbiMn, no3TOMy noKa orpaHHMH/iHCb oxtHOKaHajibHbiMH cxeMaMH, B KOTopbix HH-
ZIYKTHBHOCTH KBanpaTypHbix KaHajiOB coeziHHeHbi nocnezioBaTe/ibHO. 3TH cxeMbi ripome B HacrpoHKe, a 3(J)-
cj)eKTbi B3anMHon HHXiy KLIHH HHX He cmnb cymecTBeHHbi . npnHunnnajibHyK) BO3MO>KHOCTB npn\ieHeHn«
KBazipaTypHon cxeMbi MO>KHO pacciviaTpHBaTb KaK .aonojiHHTejibHbiH pe3epB noBbnneHHH SNR.

XOTA BejinHHHbi SNR, nojiyqeHHbie 3a cpaBHHTe/ibHO He6o/ibUJoe BpeMH npn OGTCMHOM pa3peujeHHH
1 CM3, Ka>KyTCH npneMjieMbiMn, OHM nojiyneHbi J\T\H BecbMa 6o^biiion KOHueHTpaunn HaTpna B pacTBope n B
ycnoBHflx, Kor^a pacneTa npHBjieKajiacb cyMMa cpe30B. MO>KHO xtonojiHHTejibHO noBbicnTb SNR 3a cneT
yBejinqeHHH qncjia HaKonjieHHH n onTHMH3aunH napaMeTpoB TR, TE, FA, HO npeACTaB/iaeTCfl, HTO pe3epBbi
zui« 3Toro He CTOJib BejiMKH. rio3TOMy B cjia6oM no/ie npHMeHeHne zina

2 vNa MPT KaTymeK Sojibinoro pa3Mepa
(ocoSeHHO CV) npe^CTaBjuieTc^ Majionpo/iyKTHBHbiM.

Ha ziaHHbin MOMeHT HaH6ojiee nozixoziHmHMH AJHI KjiHHuqecKHx npHjio>KeHHH npezurraBjiaioTai KaTyuiKM
He6ojibiiioro pa3Mepa, KOTopbie HMCIOT BMCOKHH cj)aKTop 3ano;iHeHHfl . HanpnMep, KaTyniKH Cl 11, KOTopbie MO-
ryT npnMeHHTbc^ He mnbKO j\nn MaMMorpacj)HH, HO H HCCJieziOBaHHH KOHeMHOCTen n cycTaBOB ( KHCTb, jiOKTe-
BOH cycTaB, CTona). MO>KHO o>KHnaTb npneMJieMbix pe3y/ibTaTOB CKaHHpoBaHHfl zuifl noBepxHOCTHOH Cl I n pa-
MOHHOH Cl KaTyineK . flocjie/iHioK) MO>KHO npncnoco6nTb j\j\n HccjienoBaHHH njieneBoro cycTaBa, a TaioKe OT-
AenbHbix cerMeHTOB KOHCHHOCTCH, nocKOJibKy ee (|)opMa H 3 npaMoyrojibHon MOweT aerKO TpaHccj)opMHpoBaTb-
ca B OBajibHyio n ^io6yK) npyryio, yHHTbiBaiomyK) aHaTOMnnecKne OCOGCHHOCTH ncc/ieziyeMoro opraHa.

noMHMO MPT BecbMa nepcneKTHBHbiM npe^CTaBjifleTCfl perncTpauna cneKTpOB HMP BbicoKoro pa3pe-
meHHfl JXJ\H oueHKH coziepwaHHfl cô en B opraHax, OCOGCHHO c ^OKajiH3aunen o6i»eMa.

3aKjiH)4eHHe

25rioKa3aHo, mo 'Na MPT H3o6pa>KeHHfl OT,aejibHbix opraHOB nejiOBeKa MO>KHO ycneiimo no/iynaTb c noMombio
cpaBHHTe/ibHO cna6onojibHoro TOMorpac|)a. HanGojiee NPOZTYKTHBHBIM npezicTaBjifleTCfl HX perncTpauna c HC-
nonb30BaHHeM cneuHajiH3HpoBaHHbix KaTyineK. BecbMa nepcneKTHBHbiM aBJineTca npHMeHeHne MemaoB flMP
H MPT j\nn nccjieziOBaHHH opraHOB, cnoco6Hbix pa3MemaTbc*i B KOMnaKTHbix KaTyniKax (HanpnMep, KOHEWHO-
CTen H cycTaBOB).
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Abstract
In the article, the question of the possibility of registering sodium (23Na) signals at low field MR scanner for medical diagnostic appli-cations was studied. The experiments were carried out on a clinical 0.5T scanner, which only included additional coils tuned to the23Na NMR frequency. Proprietary receive-only coils for registration of proton signals (21.1 MHz) were taken as a basis. They weremodified to record sodium signals (5.6 MHz). To do this, they were retuned in frequency by changing their inductances and capaci-tances. Inductances of coils were changed by removing inter-turn capacitances. In addition, coils belonging to different quadraturechannels were connected in series, due to it the quadrature (two-channel) coils were transformed into single-channel ones. In addi-tion, receive-only coils were transformed into transceivers. To do this, low-voltage and low-current elements, such as varicaps, etc.,intended for electronic tuning of the receiving circuit, were removed from the electronic nodes of the coils. They were replaced bymulti-turn high-voltage capacitors. For testing coils, scanning of human organs was carried out on the example of three healthy vol-unteers. It was noted that the scanning efficiency can be improved if the parameters of the elements of the transmitting channel(high-power amplifier, transmit/receive switch) are optimized on the NMR frequency of sodium, though in the proprietary versionthey were optimized on the NMR frequency of protons. The parameters of the receiving path can be improved (SNR increased by 1.4times) when restoring quadrature schemes of signal registration. It is concluded that the use of large-size coils for low-field 23Na MRIis inefficient. In our case, volume saddle-type coils belong to these. More promising is an use of coils, turns of which can be placedclose to the zone of interest, as well as coils of small size and adapted to organs, the placement of which in the coil ensures its highfilling factor. In our case, this applies to solenoidal, surface and frame coils. An assumption is made about the productivity of using23Na NMR spectroscopy to evaluate the sodium content in various organs.
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