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CIIOCOBb NCCIIEJOBAHUA TUDPDPY3INUU ATOMOB T'AJOJIMHUA
B BOJAE C NIOMOIBIO AMP-TOMOI'PADA

[pennoxen meron onpeneneHust Kodpduirenta Tuddy3un aToMoB rajoauHus B coctaBe komruiekca Gd-DTPA B
BoJie ¢ nomolnsio IMP-Tomorpada. Meros ocHOBaH Ha BIMSHHM HECIIAPEHHBIX JIEKTPOHOB Ia/I0JIMHUS HA MHTEH-
cuBHOCTh SIMP-curnanoB ot npotoHoB Boabl. Jduddy3us Habnronanace 0MHOBpEMEHHO B ABYX 4acTsix U-oOpa3zHoi
TpyOKH C MOMOUIBIO perucTpauuu nHTeHcuBHOCTH SIMP-curnanos B 3aBucumocTs ot Bpemenu. s koadduumenra
maddysun Gd-DTPA nonyuena onenka: D(Gd-DTPA) = (2.4 +0.3)x10° cm’/c mpu Temneparype (22 * 2) rpamyca

Llenbcus.

BBEJEHHE

Croco6 Bu3yanm3allid MSTKUX TKaHEH >XHUBOTO
opranm3ma ¢ momomblo MP-tomorpadun mmpoko
MPUMEHSETCS B KIMHUYECKON MPAKTUKE JJIS JUarHO-
CTHKH CaMBbIX Pa3HBIX MATOJOTHMYECKUX OTKIOHEHUH
M3-32 HEMHBA3WBHOCTU JAHHOTO METOoja u 0oJiee BBI-
COKOTO KOHTPAaCTHOTO OTIMYHS COCEICTBYIOIIUX TKa-
Hell. B To ke Bpems Jalieko He BCE IMarHOCTHYECKUE
3aa4d  MOTYT OBITh pEIIeHB ¢ TMoMoIbio MP-
ToMOTrpaduu B YCIOBUSIX €CTECTBEHHOH KOHTPACTHO-
CTH.

B mactosmee BpeMs HamOollee MIMPOKO pacipo-
CTpaHCHHBIM BEILISCTBOM ]ISl TIOBBIIICHUS KOHTPACT-
HOCTH MP-TOMOTpaduu sBisercss mpemapar MarHe-
BUCT ¢upMmsbl "LLlepuHr". AKTUBHBIM LEHTPOM Iperna-
paTa MarHeBHCT SIBIISIETCSI aTOM Ta/IOJIMHUS B COCTaBE
ragonenrerara aemermomuna (Gd-DTPA), pactBo-
peHHOTO B Boje. bnaromaps Hamu4Yuio cemMu Hemap-
HBIX DJIEKTPOHOB aTOM TaJOJHHHSA IPOSBISET SPKO
BBIPQKCHHBIC IMapaMarHUTHBIC CBOMCTBA, B JECATKH
pa3 cHuxkasg Bpems penakcanuu T1 MpoTOHOB BOBI.
[Ipu ynoOHOM nans MPAKTUYECKOTO HCIIOJIB30BAHUS
YCKOPEHHOM DPEXHUMe HaKOIUICHUS TOMOTrpaduaecko-
ro W300pakKeHUs KOPOTKOE Bpems penakcamuu T1
IIPUBOJUT K YBEIMYECHHMIO HHTEHCHBHOCTH SIMP-
CUTHaJa OT TeX OPraHOB W TKaHEW, B KOTOPBIC IOCTa-
TOYHO ObICTpO MOKeT mpoHukats Gd-DTPA.

Illupokoe mpumeHeHHne mpenapara MarHeBUCT B
KJIIMHUYECKOM MPAKTHKE 00YCIOBIUBACT BHICOKUN HH-
Tepec K ero pa3IMyHbIM CBOMCTBAaM, OJHUM M3 KOTO-
peix sBisietca kod¢p¢uumeHt aupdysmm Gd-DTPA
MpU HU3KUX KOHIGHTparusax B Boae. OueHke Kodg-
¢ummenta muddysuu Gd-DTPA B Bome u mocBsiieHa
JIaHHas padoTa.

[Ipennaraemplii MeToNl U3MEpeHUsT KO3 PHUIIHEHTa
muddysun Gd-DTPA B Bome ¢ momompio SMP-
ToMorpacda OCHOBBIBAETCSI Ha BIMSHUU aTOMOB Taj0-
nuHUS Ha uHTeHcuBHOCTh SAMP-curnana. Ilpouecc
mahdysmm  Habmromaercss ¢ momomipio  SIMP-

ToMorpada B oOpasie u3BecTHOH Gopmel. [Ipu 3ToM
perucTpupoBaics rpaguk 3aBUCUMOCTH WHTCHCHUBHO-
ctu SIMP-curnana B 1Byx dactax U-o0pasHoii TpyOku
B 3aBUCHMOCTH OT BpeMeHM. HabGmomenus 3aBepiua-
IOTCS, KOTJla CUTHAJ B Pa3IMYHbIX YacTsaX OyAeT onu-
HaKoBBIM, T. €. Moiekyibsl Gd-DTPA Oymyt pacmpe-
JIeTICHbI B PaCTBOPE PaBHOMEPHO.

3areM TIpolecC XaoTHYECKOTo TepeMEelIeHUs] He-
KOTOPOTO YKMCJIAa YaCTHUIl B TAKOM e 00beMe MOJeIH-
pyercs Ha OBM, mpu 3ToM cocTaBisieTcss rpaduk
YHCciIa YacTHUIl B Pa3HBIX YaCTSIX NPOOMPKH B 3aBUCH-
MOCTH OT yHcia urepanuid. Homep urepanmu B nas-
HOM cllyyae aHajorudeH BpemeHu. HaOmronenue 3a-
BEpIIAETCs, KOrJa YHCIO YacTHL[ B Pa3HBIX HacTAX
BUPTYaJlbHOM TMPOOMPKU OKAa3bIBACTCS OJMHAKOBBIM.
U3 comocTaBieHus pe3yabTaToOB SKCIIEPUMEHTA U MO-
JETTUPOBAHUS MOXHO OIICHUTH Kod(hdurment auddy-
3MU.

OIINCAHME 3KCIHHEPUMEHTA

[pouecc nquddy3un HAOIHOAAICS C MOMOIIBIO MH-
Hu-SIMP-toMorpada, co3manHoro Ha kKadempe m3Me-
PUTEIBHBIX TEXHOJOTHUH M KOMITBIOTEPHOH TOMOTpa-
¢un CaskT-IleTepOyprckoro rocy1apcTBEHHOTO YHHU-
BepcuTeTa HHPOPMAIIMOHHBIX TEXHOJIOTUH, MEXaHUKU
1 onTHKH [1], ¢ TOMOIIBIO KOTOPOTO MOCTYIIHBI ISt
WCCIIeIOBaHUsT 00pa3Ilbl C TMHEHHBIMU pa3MepaMu 0
20 mm. Jlns skcmepuMeHTa Obina u3roromieHa U-
oOpa3Hast TpyOKa, mpeicTaBiIeHHas Ha puc. 1.

B nmanHoM cimyuae He TpeOOBaIOCh HAKOIUICHUS
JIBYXMEPHOTO M300pakeHMsI TUIOCKOCTH, a ObLTa J0C-
TaTOYHA OJHOMEpHasi peructpamus. [lpu 3TOM WHC-
MMOJIb30BaJIUCh OJWH TPaAvC€HT MArHuTHOTO IIOJA U
oIHOMepHoe mpeoOpa3zoBaHne Dypbe, YTO yBETUYH-
BaJIO Ha MOPSAJIOK CKOPOCTh PETUCTPALIUH JTaHHBIX.

JluHelHpId TpaJlueHT MArHUTHOTO MOJIA MpHUKJIa-
IBIBAJICSL BIOJbL JBYX KojeH U-o0pa3Hoil TpyOKw.
[Ipuyem BenmmumHa rpaaWeHTa ObLIa MojgoOpaHa Tak,
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Puc. 1. U-o6pa3nas tpybka B SAMP-
aHanm3e (a) U pacmperesicHHe WHTCHCHB-
Hocth SIMP-curmana 10 BBEICHHS KOH-
tpactHoro BemiectBa Gd-DTPA (6)

yTo0bl 1Ba SIMP-curnama ot pasHeix koneHn U-
00pa3Hol TpyOKH HE TEePEeKPHIBAINCE.

Tak kak au¢¢ys3ust — IIMTETBHBIA HpoLecc, 3a-
HHUMAIOIUA HECKOJBKO JHEW, TO MapaMeTpbl TOMO-
rpada (Hanpumep, K03OOUIUEHT YCUICHHUS, YCIOBHS
pe30HaHCca) MOTYT U3MEHSTHCS 32 BPEMsI IKCTIIEpUMEH-
ta. s yuera BAWSIHMS BO3MOXKHBIX M3MEHEHUH Ima-
pamMeTpoB ToMorpada psagaoM ¢ UCCIeTyEeMOU PoOup-
KOH OBLIT IMOMEIEH TePMETHYHO 3aKPBITHIA KaIMILISp,
3aIlOJTHEHHBINA BOAOI ¢ HEOONBLIMM KOJMYECTBOM Ia-
pamarauTHoU coymm CuSOy 71 yMEHBIIICHUS BPEMECHH
penakcaluuu NMpOTOHOB Bojabl. CHUTrHam OT 3TOTO Ka-
MAJUTSIpa MCIIONIB30BAJICS KaK KOHTPOJIBHBIA ISl KOP-
pEeKIMU U o0ecrieueHnss OJIMHAKOBOI'O MacimiTaba am-
ity SIMP-curHajioB mpu JUIMTEIBHON perucrpa-
umu nudy3nun ragonuHuMs.

Munu-SIMP-Tomorpag paboTan B pesKiMe: 3aITycK
90-TpamyCcHOTO HUMITYJIbCa; OMH(PPOBKA CyMMapHBIX
SAMP-curnanoB (0T Tpex NPOOHMPOK); BHIMOTHEHUE
(dhypbe-ipeoOpa3oBaHus W MPEIACTABICHUE Ha DKpaHE
MOHHTOpPA PACIpe/IeICHUs] MHTEHCUBHOCTH CHUTHAJIOB
mo ocu X. Ilpmuem uepes xaxapie 0.2 CeKyHIBI 3a-
myck 90-TpagyCHBIX MMITYJIBCOB MOBTOPSUICS C TPEJ-
CTaBJIEHUEM JIaHHBIX Ha IKpaHEe MOHUTOPA.
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Puc. 2. Pacnipenenenre UHTEHCUBHO-
ctu SAMP-curnanoB: a — B Havajie u
0 — B KOHILIE perucrpauuu aupdy3uu
aTOMOB T'a/IOJTUHUS

IIpu uacrote 3amycka 90-rpagyCHBIX HMITYJIbCOB
gepe3 0.2 cekyHasl SIMP-curHambl OT 4HMCTON BOMABI
B U-00pa3Hoil TpyOKe OB YMEHBIIEHBI IPUMEPHO
Ha TMOPAJOK M3-3a YaCTUYHOTO HACHIIMIEHUS MPOTOH-
HOH cimHOBOM crcTeMbl. Ha puc. 1, 6 mpezacraBieHo
pacnpezeneHle MTHTEHCUBHOCTH CUTHAJIOB BJIOJIb OCH
X no BBenenus Gd-DTPA.

Hns crapra auddy3uoHHOTO mporecca B JIEBYIO
4acTh HCCIIEAYEeMOM MPOOUPKH C MOMOIIBIO IIMPHIIA
C TOHKOH WITION OMyCKaJd HEOONBLIOE KOIUYECTBO
npenapara ¢upmel "llepunr" ¢ Gd-DTPA (karuto
o6beMoM  0.2-0.3 mm’). IIpHdeM MbI HCIOIB30BAIH
MUHUMAaJIbHOE KOJMYECTBO aTOMOB TaJlOJIMHUS C Ta-
KHM DPacdeToM, 4ToObl 3aBHCHMOCTb MHTEHCHUBHOCTH
SAMP-curnana ot konuuectBa Gd-DTPA Opuia 61m3ka
K JIMHEHHOM.

B xome mpenBapuTenbHBIX HCCICIOBAHUM OBUIO
YCTaHOBJIEHO, YTO 32 CYET KOHBEKIIMOHHOT'O Maccorie-
peHoca, BO3HUKAIOIIETOo Tmocie najaeHus kamm ¢ Gd-
DTPA, B neBoii yacTu MpOOHMPKH aTOMBI TAAOJIUHUS
pacrpenensoTcss IPpUMEPHO PAaBHOMEPHO B 001acTu
pEerucTpaluy 3a KOpPOTKOE BpeMs (HECKOJIBKO ce-
kyHn). OO0nacTe perucTpany HaXOAWIACh BHYTPHU
pazmovyacTOTHOH WMHAYKTUBHOCTH M OTMEuY€Ha Ha
puc. 1 kak PY-xarymxka. Ilostomy ¢ yuetom amu-
TEJILHOTO BpeMeHH HaluoaeHus mpouecca auddysun
B JAHHOM DSKCIEPUMEHTE MBI Aomyckamu, uro Gd-
DTPA pnoctaTodyHO paBHOMEPHO paclpenensercss B
JIeBOI yacTh MPOOHPKU B Tpeaenax 00JacTH PerucT-
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pamuu mocne BBeneHus. Ha puc. 2, a mpeacraBieHO
pactnipenenenue uHTeHCUBHOCTH SIMP-curnana BaoJib
ocu X B TEUYEHHE MEPBOM MHUHYTHI MOCIE BBEICHUS
Gd-DTPA. J[lanee wunteHcuBHOCTh SIMP curnana
B JIEBOH YacTH NPOOHWPKH MEIJICHHO yOBIBajia, a B
MpaBoOil YaCTH WHTEHCUBHOCTH COOTBETCTBEHHO BO3-
pactana u3z-3a nuddysuu Gd-DTPA.

DKCnepuMeHT npoBoAuiics B TeueHue =~ 200 yacos
MIpH KOMHATHBIX Temrieparypax: (22 * 2)°C. Ilpu
3TOM TPUOOpP OCTaBayCs BKIIOUYEHHBIM. KOHTpOib 3a
NOKa3aHUSIMH TIPHOOpa JKCIEPUMEHTATOPHI obecre-
YUBAJIA C TIOMOIIBIO yIAJIEHHOTO KOMITBIOTEPA, KOTO-
phIii uepe3 TeneoHHYIO CBA3b OBUI COSAUHEH C KOM-
MBIOTEpOM TOMOTpada.

I'padmueckuii pexum yIoaleHHOTO KOMIIbIOTEpa
MO3BOJISUT  KOHTPOJIMPOBAaTh M U3MEHATh HACTPOHKY
anmapaTa W TpPOCMaTpUBaTh WHTEHCHBHOCTH TpPEX
SIMP-curnaioB. B koHIle 3KCIEpUMEHTa WUHTEHCHB-
HOCTH B O0EMX 4YacTsIX MPOOUPKH CpaBHsUIHCH. Ha
puc. 2, 6 IpeACTaBICHO pacipeeieHne HHTCHCUBHO-
ctu SAMP-curnana Baoiabp ocu X B KOHIIE 3KCIIEpPH-
MeHTa. [lo pesympTaraM S3KCIEPUMEHTa OBLIM TIO-
CTpOeHbI Tpaduku (pUc. 3) 3aBUCUMOCTH OTHOILIECHHUS
IUIOMIa/Iell CUTHAJIOB OT JIEBOW 4YacTw mpooupku [(f)
(cmamaromnas KpuBasi) U paBoil yactu npooupku L(7)
K IUIOM[AJM CUTHAJla OT KOHTPOJIBHOH amimynbl. Kak
BHIUM, H3MEHEHNE WHTEHCUBHOCTH CHUTHANOB Al ams
nByx 4acreid U-o0pa3Hoil TpyOKH IOCTaTOUYHO XOpO-
10 COOTBETCTBYET SKCIIOHEHLIUANBHOHN 3aBUCIMOCTH:

A[l(t) = [1 GXp(—t/ Td), (1)
AL(7) = L [1 — exp(-/ Ty)],
Tac Td — XapaKTE€pHasd IOCTOAHHAA BPEMCHU, 3aBU-

cslIasi OT CKOPOCTH mpoiiecca AUPQPy3un U OT mnapa-
MeTpoB U-00pa3Hoii TpyOKH.
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Puc. 3. V3MeHenne MHTeHCHMBHOCTH SIMP-curnaior
I/I, B OTHOCUTENLHBEIX E€IUHHUIAX B 3aBUCHMOCTH OT
BpeMEHHU HJIs JIeBOW M mpaBoi uacteir U-oOpa3Hoit

TpyOKH
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MOJEJIMPOBAHUE XAOTUYECKHUX
HNEPEMEIEHUU

Jis  ydera reoMmeTpuyeckux mapamerpoB U-
00pa3Hol TPpyOKH OBUT BHITIOMHEH PAaCcUCTHBIA dKCITe-
PUMEHT C XaOTHYECKHM JBM)XKCHHUEM YaCTHII B TIperie-
nmax gocTtymHoro obwema. Ilpuuem MopenmupoBaHue
Xa0TUYECKOIo JABIKEHMsI mpoBomwiock ansa 10 000
YaCTHI], U3HAYATEHO PAaBHOMEPHO pacIpelleICHHBIX B
JIEBOK YacTH MPOOWpPKH, W cuuTaioch, uro 3000 u3
HUX HaXOATCS B 30HE PETUCTPAIIUY.

B xozne oxHOM uTepanuy Kakaas 4acTHULA CMeLlla-
nack Ha r = 0.005 cM B ciayyallHOM HampaBICHUH B
npenenax U-obpasHoit TpyOku. Eciu BekTop ciydaii-
HOTO i-TO TepEeMEeNIeHUs YaCTHUIlbl IIePEceKall CTeHKY
U-obpasnoii TpyOku, To HOBOE (i + 1)-e¢ momoxkeHue
YaCTHUIBl HAXOJWIOCH C YUETOM OTPAXEHHS OT CTEH-
ku. BennunHa eMUHUYHOrO cMelleHus Obliia BhIOpaHa
MIPOHM3BOJIBHO C TEM pacyeToM, YTOOBI OHa OBIIa MU-
HUMaJIbHA TIPU COXPaHCHUH MPHEMJIEMOTO BPEMEHU
MOJICIIUPOBAHUS C HCIIOJIL30BAaHUEM COBPEMEHHOTO
MIEPCOHALHOTO KOMITBIOTEPA (OKOJIO CYTOK).

B mpormecce MoaenupoBaHUS TOICYUTHIBAIOCH
YHCIIO YaCTHIl B Pa3HBIX YacCTAX MpoOupku. Momenn-
poBaHME OBUIO MPEKPAIICHO, KOT/Ia YKWCIO YACTHI[ B
Pa3HBIX YacTAX MPOOUPKH CTAN0 oMuHAKOBBIM. 110 pe-
3yJbTaTaM MOJICIIMPOBAaHUS OBUIM MMOCTPOCHBI rpadu-
ku (puc. 4) 3aBUCUMOCTEH 4Hcia YacTHULl OT BPEeMEHHU
IUIA TBYX YYacTKOB MPOOHPKU, KOTOPBIE COOTBETCT-
BYIOT TIOJIOKEHHIO PaJAMOYacTOTHOM Karymiku. Kax
BUIUM (puc. 4), 3TH 3aBUCHUMOCTH TaKXe XOPOIIO
OIMKCHIBAOTCSI SKCIIOHCHIIUAIBHBIME (DYHKIIUSAMU TH-
ma (1), B KOTOPBEIX mapaMeTpy "BpeMs' COOTBETCTBYET
YHUCIIO UTEPALUH.

ONPEAEJEHUE KOO®OUIMEHTA JTUDDY3NUN

Koadpdummment muddy3un (D) ompenensercs co-
OTHOIIICHHEM DHHINTEHHA:
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Puc. 4. V3menenue uncna yactuil N B 3aBUCUMO-
CTH OT YHMCIIa NIaroB k CIIyYailHbIX CMELICHUH /IS
neBoit W mpaBoi yacteit U-oOpa3Hoit TpyOku B
MOZEJIBHOM 3KCIIEPUMEHTE
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rje > — CpeHeKBaAPATHUHbIN IPOGEr YACTHLL, { —
BpeMs, B T€UEHHE KOTOPOI'0 YaCTHIA COBEPIIMIIA ITOT
npooer.

[Ipu momenupoBaHMM HaMm OBUIO H3BECTHO 7 =
=0.005 cM, HO HE U3BECTHO f, T. K. OHO YYUTHIBAIOCH
B YCJIOBHBIX €MHMIIAX — HUTepauusax. [lpu coBmere-
HUM SKCIEPUMEHTAIBHBIX KPUBBIX U KPHUBBIX pacyeT-
HOTO 3KCIIEPUMEHTa MOXKHO OIpPEIENIUTh, KaKOMY
BpPEMEHH COOTBETCTBYyeT wurepauus. Hampumep, u3
9KCHEPUMEHTAILHOTO Tpaduka BHUAHO, YTO HWHTEH-
CHBHOCTHM CHUTHaja OT JIECBOM M MpaBoOd yacTed mpo-
oupku cpaBHsuHCh Yepe3 ~ 500 000 cexyH OT Hava-
Ja ’KcmepuMeHTa. M3 MopaenpHOro rpaduka BHIHO,
YTO YHCJIO YaCTHIl B JIGBOM M MPaBOM HacTAX Mpo-
OUpKM CpaBHSUTHCH yepe3 ~4x10° uTepanuii ot Haua-
na mojenuposanus. M3 coBMernenus rpaukoB u Tpe-
OOBaHMSI COBIAJCHHUS MTOKa3aTeleld SKCIOHEHT MOKHO
OIIpEIENUTh, YTO OJHOM UTEpaluu CO CMEIECHUEM Ha
7= 0.005 cm cootBetcTByeT mpumepno 0.18 ¢ peainb-
HOTO 3KCIIEPUMEHTA.

[Moxacrasmsist aTu manHbIe B hopMyy i kod3ddu-
nuenra muddysuu (2), moryuum

D(Gd-DTPA) = (2.4 £ 0.3)x10"° cm*/c.

Hdns Oomee TOYHOro ompezeneHus Kod(hHUIueHTa
b dy3un moTpedyeTcs TepMOoCTaTHpOBaHKe 00pasIa.

OTMeTrnM, yTO mosryueHHas BenuuuHa ans D(Gd-
DTPA) npumepHO CcOOTBEeTCTBYET Kod(hdummenty
camomudp¢ysun nporoHoB B Bome: D(H,0)=
~2.2x10° cm’/c npu 25 rpanycax Llemscus. Ha mep-
BBIH B3IJSI 3TO COOTBETCTBHE MOXKET Ka3aThCs
CTpPaHHBIM, IOCKOJBKY Macca wmoinekyn Gd-DTPA

D )
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3HAYUTEIFHO OOJBIIE MAaCChl OJJHOW MOJEKYJIIBI BOJIBL.
OnHako B BOJAC MOJEKYJBI BOABI CBSI3aHBI MEXKIY CO-
00l BOZOPOIHBIMH CBsI3IMH. KpoMme 3TOTO0, B TaHHOM
CJIyyae MbI HCIIOJIb30BANId MPEICIbHO HU3KOE COAEp-
xkauaue Gd-DTPA B pacTBope U CTpYKTypa BOJIBI TIPO-
SIBJIIET CBOM AaHOMAaJIbHBIE CBOWCTBA. B crnpaBouHOMU
nuTeparype [2] oTMedaeTcsi BBICOKAs IMOABUKHOCTH
HMEHHO ManblXx npumeceil B Boae. Hampumep, mns
HCI xoaddunment muddysun B Boge U3MEHIETCS OT
2.2x107° em*/c o 3.4x10° cm*/c B 3aBHCHMOCTH OT
YMEHBIICHUS KOHIICHTPAIIUH.
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A METHOD TO STUDY DIFFUSION OF GADOLINIUM ATOMS
IN WATER BY MEANS OF A NUCLEAR MAGNETIC
RESONANCE TOMOGRAPH

Yu. L. Neronov, V. K. Ivanov’

Saint-Petersburg State University of Information Technology, Mechanics and Optics
"Saint-Petersburg State Electrotechnical University

A method for defining the factor of diffusion of gadolinium atoms in the Gd-DTPA complex in water by
means of a nuclear magnetic resonance-tomograph, which is based on the influence of uncoupled gadolinium
electrons on the intensity of NMR signals from protons of water is offered. Diffusion was observed simultane-
ously in two parts of a U-shaped tube by measuring the intensity of NMR signals depending on time. An esti-
mate for the diffusion factor of Gd-DTPA is obtained: D (Gd-DTPA) = (2.4 + 0.3)x10° cm?/s at (22 + 2) degree

of Celsius.
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