[OPVI3OHTBI HAYKW

4YBCTBUTEJIbHbIN

CrnieBa — HoBble MoLLHble AMP-
CnekTpoMeTpbl B MexayHapogHoM
TOMOrpagu4ecKom LeHTpe

CO PAH (HoBocmbupck), oguH

13 KOTOpPbIX (C paboyer YacToTon
700 MI'y) NpMo6peTeH Ha cpepcTaa
MerarpaHTa;

cnesa Beepxy — MPT-nsobpaxeHne
haHTOMa, HanoNIHEHHOrO
rMnNeprnonsipn3oBaHHbIM NPOMNaHoM,
1 wapa ¢ Boom

- chuvstvitelnyy-yamr/  HAYKA 13 nepBbiX pyk

A0epHbIA MarHUTHBIN
pe30oHaHC, MarHUTope3oHaHCHas
ToMorpacdwms, cnMHoBas
rynepnonsapusauus sgep, CBo6oaHbIe
paavkarnbl, napaBogopof, NepeHoc
nonspusaumu, penapaumusa OHK,
KaTapakta.

nuclear magnetic
resonance, magnetic resonance
imaging, spin hyper-polarization, para-
hydrogen, polarization transfer, DNA
repair, cataract

HAYKA u3 nepsbix pyk  http://scth.ru/papers/takoy-chuvstvitelnyy-yamr/

CoTpyaHvKM naéopatopuv NMPUMEHEHN MarHUTHOrO pe3oHaHca

HoBocnbMpcKoro rocyfapCTBEHHOro yH1BepcuTeTa:

cneBa Hanpaso BEPXHWV psg — K..-M. H. 1. C.LLUEPUH, k.x.H. O.5. MOPO30BA,
K.X.H. K.B. KOBTYHOB, a.x.H. N.B. KOMNTIOI n A. d.-m. H. K.J1. UBAHOB
(MexpyHapogHbIi Tomorpadmyeckun LeHtp CO PAH, Hosocnbupck),

K.X.H. H.A. KYBHELIOB (MHCTUTYT XMn4ecKon 6nonornv n yHaameHTanbHowm
meguumHbl CO PAH, Hoeocn6upcek), . A. BAPCKU (MTLL CO PAH);

HWKHWY psig — K. X.H. E.C. OAbAKOHOBA (MXB®M CO PAH), k. x. H. J1.B. AHbLLOJIE,
A.%.-M.H. A.B. IOPKOBCKASA (MTLI CO PAH), g.x.H. O.C. ®E[JOPOBA

(MXBDOM CO PAH)

B 2011 r. B HoBocnbupckom rocynapcTBeHHOM yHuBepeuteTe Ha [ paHT
lpaButenbcTBa P® 6binia co3haHa siabopatopusi MPUMEHEHUS MarHUTHOro
pe3oHaHca rog pykoBogcTeom rpoh. P. KanteviHa (YHuBepcuTeT YTpexTta,
Hugepnargbl). B pamkax nabopatopum 6biin paspaboTaHbl HOBbIE NOAX0A4b!
LJ151 BHAYUTESIbHOrO MOBbILLEHUS YyBCTBUTEILHOCTU SIMP-criekTpockonum

n TOMorpaguu, KOTopble OTKPLIBAKOT HOBbIE BO3MOXHOCTY AJ151 UCCIIEA0BAaHUS
ObICTPOMPOTEKAIOLNX XUMUHECKUX PEaKLMK B GUOSIOrMHECKNX CUCTEMAX,
6esIK0BO-HYK/IeMHOBbIX B3auMOAENCTBIN, a Takxe fasibHeyiLLIero pa3sutus
MELNLIMHCKUX MPUITOXEHNM, TaKNX KaK TOMOrpaghun4eckoe nuccrefoBaHme
JIErKNX, KOTOPOE MPaKTUHECKN HEBO3MOXHO MPOBECTY C MOMOLLbIO
TpaguUMoHHOro MetToaa

IMH 13 HanboJsee a(h(HEKTUBHBIX COBPEMEHHBIX METO/IOB aHAIN3a

CTPYKTYPBI COETMHEHUH HA MOJIEKYIIPHOM YPOBHE OCHOBBIBAETCS

Ha SIBJIEHUM S0epHo20 maznumnozo pesonanca (IMP), koropoe

BO3HUKAET MPU B3AUMOJICHICTBUY MATHUTHBIX SIZIEP C BHEIITHUM
MarHuTHBIM nosieM. Camo siBJieHne OBLIO O(UIMATBHO OTKPBITO aMEPUKAHC-
kumu yuerbivu D. biroxom u . M. ITapcennom B 1946 1., X0Ts TeopeTHyecKn
OHO OBLIO MIPECKA3aHO PAHEE; IS HJIEKTPOHOB Ke SIBIEHHEe MAarHUTHOTO Pe30-
HaHCa BIIEPBBIE HKCIIEPUMEHTAIBHO HAOJIIOMANIOCH PYCCKUM HCCIe0BATEIeM
E. 3aBoiickum ere B 1944 .
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[OPVI3OHTBI HAYKW

B nepsoix IMP-criekTpomerpax Ha obpaser, mome-
MIEHHBIH B TIOCTOSSHHOE MarHUTHOE I10JIe, HEeIPePHIBHO
M0/IaBaJIOCh TIEPEMEHHOE PAN0YacTOTHOE U3JIyUYeHUe.
Ceropus s MOMYyYeHUS OTKINKA CIIMHOBOW CHCTEMBI
WCIOJIB3YIOT KOPOTKHE PAM0YaCTOTHBIE MMITYJIbCHI; TIO-
JIYYUJTH U POKOE PA3BUTHE U MHOTOMMITYJTbCHBIE METOIBI
SIMP. TakuMm 06pa3oM CTaJI0 BO3MOXKHBIM MOJIyY€HUE HE
TOJIBKO OJTHOMEPHBIX (T.€. Ha OHOHN YacTOTe) CIIEKTPOB
AMP, HO U IByMepHBIX, TPEXMEPHBIX U /AK€ MHOTOMEP-
HBIX. AHAJIN3 TAKUX CIIEKTPOB [TO3BOJIAIOT OJIYIUTD CAMYIO

Mpn nomeLleHnn B CUbHOE NMOCTOSAH

Pa3HOOOPA3HYIO U OYEHb JETAIbHYIO HH(DOPMAIIUIO O MO-
JIeKyJIaX, BKJIIOYasl NX OPUEHTAINIO, IPOCTPAHCTBEHHYIO
CTPYKTYPY, MEKMOJIEKYISIPHbIE B3aUMOEHCTBHS 1 T.1I.
B pesynbrare coBpemennas AMP-criekTpockonus crana
MOIITHBIM HCCJIeI0BATEIBCKIM NHCTPYMEHTOM HE TOJBKO
B HEOPTaHUYECKON XUMUH, HO U B UCCJIE0BAHUN OGUOJIOTH-
YECKUX MAKPOMOJIEKYJI, TAKUX KaK OEJIKY U HYKJIEHHOBBIE
KHICTO0THL. CII0KHO MePeoIieHNTh 1 BaAXKHOCTH NCIIOIb30Ba-
HUSI B MEIMITMHE TAKOTO HEMHBAa3UBHOTO IMATHOCTIYECKOTO
MeTo/1a, KaK MazHumHo-pesonancras momoezpagusa (MPT).

CurHan AMP

[TornowieHne aHepruu

YactoTta

i€ none (B,) obpasLia, UMetoLLero MarHUTHbIE Aapa, NPOUCXoaANT

pacLLensieHne ux CrMHOBbLIX YPOBHEW SHEPIUM: SApa CO CriHaMu, HanpasfieHHbIMW BOOSIb NONs (cocTosiHme B),
NUMEIOT MEHbLLYIO (Ha BENWYMHY E) SHEPIUIO, YeM € HanpasieHHbIMY MPOTUB MoNs (COCTosHNE a). [Mpunoxenve
PaaMo4acTOTHOr0 MarHUTHOrO Moss B, B HanpasieHnm, NeprieHavKynsapHOM B, BbISOBET Nepexobl Mexay
CMVHOBbLIMW COCTOSHUSAMMW, eCn ByAEeT BbINOSIHEHO YCroBUe pe3oHaHca: hy = E. Npu atom B cnektpe AMP (cripasa)
Ha YacToTe V MNOSABUTCA JINHWSA PE3OHAHCHOrO MOrJIOLLEHUSA SHEPTN

MeTop s1iepHOr0 MarHMTHOMO Pe30HaHCa 0CHOBAH Ha adhdpexTe
PE30HAHCHOr0 MOFMOLLEHIS 3IEKTPOMArHUTHbIX BOJTH BELLIECT-
Bamu, UMEILLMMIA 4pa C He PaBHbIM HYJTH0 COOCTBEHHBIM MO-
MEHTOM UMMYNbCa — CAvHOM. bnarofaps KBaHTOBOI NPUPOAe
CMWNH MOXET MPMHUMATb UL AUCKPETHbIE, CTPOrO ONpeae-
NEHHbIE 3HAYeHMs, NPeACTaBNALNE COBOI NPOU3BEAEHNE
Lienoro 6o NonyLenoro Yncna u NoCTosHHOM lMnaHka.
HeHyneBbIM CIMHOM 06/1a1aK0T MHOTME 3lIEMEHTapHbIE YacTu-
Lbl (Hanpumep, CNKNH 3NEKTPOHA 1 NPOTOHA paBeH 1/2), a cnuH
sapa nentepus pased 1. [ng AMP-akcnepumeHToB Hanbonee
yI06HbIMI SBNAIOTCA AP €O cnuHoM 1/2, Hanpumep, 'H, *°C,
5N. «Hy>kHble» N30TOMbI HEKOTOPbIX 37IEMEHTOB BCTPEYAOTCS
B MPUPO/AE B A0CTATO4HOI KOHLEHTPALIMK, ANS APYTUX TPEOy-
eTCS M30TOMHOE 060ratlleHne ob6pasua.

[ns peructpauuu cnektpoB AMP 06pasel, NOMELLAIOT B CUb-
HOEe MarHWTHOE MOJe: YeM CuNbHee GYAeT none, TeM Bbille
YyBCTBUTENIbHOCTb 11 CMEKTPanbHOe pa3peLueHue. Mpu atom,
B COOTBETCTBUM C 3aKOHAMI KBAHTOBOI MEXaHWKM, MarHUTHOE
SAP0 €O cnuHom 1/2 6yaeT HaxoAauTbCA B OAHOM W3 ABYX

COCTOSIHWIA: CO CMMHOM, HanpaBneHHbIM BAOJIb JIM60 NPOTMB
HanpaeneHns nons.

Pacluennenne aHepreTMyecknx CrUHOBbIX YPOBHENA B Mar-
HUTHOM Nofe 6yaeT NPAMO NPOMOPLUOHANBHO ero BENNYIHE.
YacTo, ucnonb3ys CBA3b 3HEPruK £ 1 HacTOTbI v, 3a1aBaeMyH0
3HameHuTON ghopmysod lnaxka (E = hv), pacctosiHue Mexay
9HEPreTMYeCKUMN YPOBHAMU N3MEPSIOT HE B 3HEPTETUHECKMX,
a B YaCTOTHbIX eAnHULax. Hanpumep, B MarHUTHOM Mofe C UH-
JyKUWen 7 Tn pacLuennexne dHepreTYeckmx ypoBHe NpoTo-
HOB cooTBeTcTBYET YyacToTe 300 MIw, a aaep °C — npumepHoO
75 MT'u. Takum 06pa3om, XapakTepHble YacTOThbl MOrMOLLEHNS
nonajatT B paguoananasoH 31eKTPOMarHUTHbIX BOJTH.

[ins HabnoaeHus adpdekra AMP TpebyeTcs, NOMMMO NpuIo-
)KEHUS CUIbHOIO NOCTOSHHOrO MAarHUTHOMO NOAS, eLLe W nepe-
MEHHOE Pafin04acToTHOE NoJie C YacToTow, paBHoM E£/h. Torpa
CMUHbI 06pa3lia Ha4yMHaKT PEe30HUPOBATb, «4YBCTBOBATb>
BO3/EMCTBIE 3NIEKTPOMArHUTHOrO U3NYYeHNS, 1 OH HAYNHAET
nornowate aHepruto. B uHom cnyyae obpaseL, ocTtaHeTcs
«NPO3PaYHbIM>» ANS 3NEKTPOMArHUTHO BOMHbI

[Toaromy Tak BOCTPeGOBAHBI U 3HAYH-
MBI Pa3pabOTKU, CBS3aHHBIE C TTOBBI-
HIeHreM 4yBCTBUTesbHOCTU SIMP.

K HepaBHOBecHOM
NOASPU3aLNM

HecmoTpss Ha MHOTOYMCJIEHHBIE
nocrounctBa, AIMP criekTpockomnus
obstafiaeT OHUM CYIIECTBEHHBIM He-
JIOCTATKOM — OTHOCHUTEJbHO HU3KOH
YyBCTBUTEIBHOCTHIO. ITO CBSI3AHO,
BO-TIEPBBIX, C TPYAHOCTHIO PETHUCT-
paluu KBaHTOB 3JEKTPOMATrHUTHOM
BOJIHBI C HU3KOH dHEpruel, KoTopbie
MOTJIOMIAIOTCA NGO U3JIYUaTOTCS
CIIMHOBOW CUCTEMOM, a BO-BTOPBIX,
co csaboil «mossipusanueiis CruHo-
BOIl CUCTeMBI, Ha YeM OCTAaHOBUMCS
noapobHee.

JleJio B TOM, 4TO JIaKe B CAMBIX MOII[-
HBIX TOCTYTTHBIX MaTHUTHBIX MOJISX
dHeprusi Ppe30HAHCHOTO IMOTJIOMEHUS
CYIIIECTBEHHO MEHbIIIE SHEPTHH TEILIO-
BOTO JIBVUZKEHUS YacTHIL. B pesynbrare
B PABHOBECHBIX YCJIOBUSIX BCJIE/ICTBUE
6OJIBIIMAHOBCKOTO PACIIPEIEEHUS 110
HEPTUSIM HACETEHHOCTb COCTOSHUN
«CTIIUH BJOJIb TIOJISI»> W «CIUH TPO-
TUB TOJIsl» MPAKTUYECKU COBIIAJIAET:
Pa3HOCTh MEXIY HUMH COCTABJISIET
He 6osee 0,01 % or obuieil cyMMbl
HaceJIeHHOCTEN.

JlpyriuMu cJIoBaMH, B OOBIYHBIX yC-
JIOBUSIX TP B3AUMO/ICHCTBUH C 3JICK-
TPOMAarHUTHON BOJIHOW CIIMHOBAS
CUCTeMA U3JTyJaeT U MOTJIOIAET MPaK-
TUYECKY OZIMHAKOBOE YHICJIO KBAHTOB:
axruuecku siumib 0,01% Beex ciuHOB
B 06pasle JaloT BKJIaA B Habmogae-
MbIit curnan IMP! B To e Bpewmsi,
eCJIu KaKiM J1160 00pa3oM ITOBBICUTD
CTeNeHb MOJISPU3AINU CITUHOBOM
cucrteMbl, To curHas AMP mpornopiu-
OHAJIBHO BO3pacTeT. MakcuMaibHOe
BO3MOSKHOE yCUJIEHNe curHana Gyer
COOTBETCTBOBATH CUTYAIIVH, KOT/IA BCE
CIIMHBI OYAyT HAXOAUTHCS B OJHOM
U TOM K€ COCTOSTHU.

Jlaske OTHOCUTEJBHO HeOOIbIION
C/IBUT B COCTOSTHMY PABHOBECHOM I10-
JISPU3AINH TTO3BOJISIET 3HAYUTETTHHO
pacmuputh Bo3MoskHOCTH AMP-Mme-
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POBEPT KANTEH - OAAWH U3 OCHOBATEJIEA CNUHOBOM XMMMUM

113BeCTHbII rofnaHackmin yyeHbln, npod. P. KanteitH B 1969 r., 6yay4m eLe acnm-
PaHTOM, NPeAN0Xun 06bACHeHUe aDMEKTA XUMUIECKOV Moapu3aLmm 54ep — BO3-
MOXXHO, Haubosiee APKOro NPOSABAEHUS BIIMAHUSA CMUHOBbLIX CTENEHeNn CBOOOAbI
Ha peakUMOHHYI CNOCOOGHOCTb MOJIEKY, CTaB OJHUM M3 OCHOBaTesneil HOBOro
HanpaBsneHus B XUMUN.

B fanbHeiLwem Hay4Hble MHTepeckl KanTeiHa CMECTUANCH B CTOPOHY 6UOSIOMMYECKMX
NPUNOXEHNA ANEPHON MAarHUTHOW PE30HAHCHOM CEKTPOocKonuu, 1 B 1975 r. OH BO3-
rNaBun HaLMoHanbHbIA LeHTp AMP-nccneaoBaHuin 6uoMonekyn npu YHMBepcuTeTe
IpoHuHreHa (Hugepnangpl), Kotopblii npuobpen AMP-cnekTpomeTp, paboTasLunii
Ha camoW BbICOKO B TO BpeMs 4actoTe (360 MIL). 3atem yyeHblin cTan paboTtarb
B YHWBepcUTeTe YTpexTa, rae B pacnopsXXeHuu rpynnbl KanteinHa 0kasanoch Jiyyilee
Hay4Hoe o6opynoBaHue. Geityac Tam umeetcsa aeBATb AMP-cnekTpOMETPOB, 0XBa-
ThIBAKOLLMX ANaNa30H 3NeKTpOMarHUTHbIX YactoT oT 360 Ao 900 M. Kpome Toro,
Tam 6blN CO3[aH MOLLHbIV BbIYUCANTENbHBIA KNACTEP W XMMUYecKas nabopaTopus
ANs CUHTe3a 6e/KOB, B TOM YUCIE U30TOMHO-3aMELLEHHBIX.

Ve B 1990-€ rr. rpynna KanTeiiHa cTana He TONbKO HaLWOHaNbHbLIM UCCREA0BaTeSb-
CKWUM LIEHTPOM, HO 1 0fiHOW 13 Beaylux 6no-AMP nabopatopun B MUpe, a Takxe
oAHon n3 Tpex AMP-nabopatopuit, uHaHcupyembix EC. Y4eHble 4OCTUAN 3HAYU-
TeIbHOr0 Mporpecca B U3y4yeHU GENKOB, YHACTBYIOLUMX B PErynsTOPHbIX FEHHbIX
npoveccax, B TOM Yucre 6biiu yCTaHOBEHbI CTPYKTYPbI FeHHO-PEryNATOPHbIX OESKOB,
rIOKOKOPTUKOUAHBIX PELIENTOPOB U T. 4., @ TaKXKe UCCeA0BaHa CUCTEMA KOHTPOSIS
CUHTE3a U cneuuduyHOCTb AeNCTBUS 6enKa-penpeccopa akTosbl.

OCHOBOW OpraHu3aLy HoBOCUBMPCKOA TabopaTopun B paMKax NpaBnTenbCTBEHHON
nporpamMmmbl «MerarpaHToB» CTaau AaBHUe NpoYHble cBA3N KanTerHa ¢ HoBocubup-
CKUM Hay4HbIM LIEHTPOM, B YaCTHOCTH, C HbIHELLIHAM AMPeKTopomM MexxayHapoaHoro
Tomorpaduyeckoro LeHtpa (MTLL) CO PAH akagemmkom P. 3. CargeeBbiM, KOTOPbIN
Ha MOMEHT 3HaKkoMcTBa ¢ KanTeiiHom B 1970-X r. 6bin 3aBefytoLLyM nabopaTopuen
B VIHCTUTYTE XmMmn4eckoii KuHeTuku 1 ropeHns GO PAH. C momeHTa ocHoBaHus MTLL
B UHCTUTYTE CCPOPMUPOBANCS CUITbHbIA HAY4HbI KOSIIEKTUB, aKTUBHO PaboTatoLLnil
B 06/1aCTM CNEKTPOCKOMMUM M TOMOrpaciuyi MarHMTHOrO Pe30HaHCa, CUHOBOM XUMWUK
U XUMNYECKON KMHETUKN. COBMECTHO C COTPYAHMUKAMMU 1a60paToOpun UCCReA0BaHNUs
monucnKaLmm 6MononMmepoB VIHCTUTYTa XUMUYECKON 61ON0riM n oyHaaMeHTasb-
HOW MeANLMHBI OHW U COCTABUAW KOCTSK JTa60paTopum No NPUMEHEHUI0 MarHUTHOTO
pe3oHaHca noj pykoBoAcTBOM P. KanTeiHa
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MarHutHble aapa

B paBHOBECHbLIX YCNOBUAX
YMCIO CMMHOB MarHUTHbIX SAEp,
HaxXOOSLUMXCS B o- U B-COCTOSIHUN,

CnuH

D - i

OTNIMYAETCA O4eHb HE3HAYUTENBHO.
Ons cnnbHO NONAPU30BaHHON
CUCTEMBI Pa3HOCTb HAaCeNeHHOCTEN
COCTOSIHWI 3Ha4YMTENbHA: B JAHHOM
npymMepe NoYTK BCE CMUHbI
HaxoAsTCsl B OOHOM COCTOSIHUM.

B pesynbrare npu nposegeHum
AMP nccnegosaHus aToro obpasua
OTHOLLIEHME CUTHas/LIyM B CNEKTpe
6ypeT 3HauMTeNbHO 60nbLLe,

YTO O3HAYaeT 3HaAYUTEeNbHOE
yBENNYEHNE HYyBCTBUTENBHOCTU

g g

CocTosiHMe TepMNYECKOro PaBHOBECKS

Curnan IMP

TOJIOB, HE TIPHOErast KO MHOKECTBY MOBTOPEHUH OOBIYHBIX
JKCIIEPUMEHTOB, IOCTATOUHO ME/IJIEHHBIX.

XoTs B HacTosiIee BpeMsl UMeeTCs IIeJIBIH sl MeTo-
JIOB CO3/IaHWS CITMHOBOM TUIIEPIIOISPU3AIIH, YIIOMSHEM
TOJIBKO IBE M3 HUX, KOTOPBIE UCIIOJIb3YIOT XUMUYECKUE
PEAKITUH JIJIST CO3/IAHIST <TUIIEPITIOJISI PU30BAHHBIX» CITUHOB!
xumuneckas noaspusauus soep (XIIA) n undyuupyemasn
napasodopodom noaspusavus soep (NIITIT).

Metoa MOAAPU3ALNN AAEP

B metone XIIA nonsgpusanus sijepHbIX CIIMHOB CO-
3JIAETCST B PE3YJIbTaTe PeaKIUy ap PajuKagoB (YacTUi
C HECTIAPEHHBIM JIEKTPOHOM) B TIOCTOSTHHOM MAarHUTHOM
moJie. JTa peakiiusl UeT YCIENIHO B TOM CJIydae, Korjaa
AJIEKTPOHHBIE CIIMHBI HAXO/SITCSI B CTPOTO OMPEIETIEHHOM
MOJTOKEHNH, a IMEHHO — aHTUTIAPAJITENTbHO. B MHOM cirydae
MEPBBIM HTATIOM PEaKIUK Gy/IeT 3IeKTPOHHAST CITHHOBAST
KOHBEPCHSI, CKOPOCTb KOTOPOH OYZET ONpenensThCsl Tak
Ha3bBIBAEMBIM CEEPXMOHKUM 83AUMOOCUCMEUEM DITEKT-
POHHBIX U SIZIEPHBIX CIIUHOB. [TosyuunBInuecst B KOHEYHOM
HTOTE MPOAYKTHI PEAKIIMU OKa3hIBAIOTCSA 0OOTAIEHHBIMU
OTIPE/IETEHHBIMU CITMHOBBIMU COCTOSTHUSIMUA MATHUTHBIX
sjep, T.e. HepaBHOBecHO mosigpusoBantbiMu (Salikhov,
Molin, Sagdeev, et al., 1984).

B merone UIIIIA nna mossgprsanyuy AAepHBIX CIIITHOB
UCTIOJIb3YIOT MOJIEKYJIBI TIapaBoOopoia. Jleio B ToM, 4To
napa sjiep MoJieKyJibl Bogopoga H, Moxer HaxonuTbes
B IBYX PA3HBIX CIIMHOBBIX COCTOSTHUSIX: B TPUILIETHOM,
KOT/Ia CITHHBI SIIEp COHATPaBJIeHbI (0pmosodopod), i B cui-
27emHOM, €CJIU CHIUHBI HATIPABJIEHbBI POTHUBOTIOJIOKHO
ApyT apyry (napasodopod). B paBHOBECHBIX YCJIOBUSX
IPYU KOMHATHOU TeMIIepaType OpTO- U MapaBo0PO/L IPH-
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mMeTona

[mnepnonspusosaHHas cuctema

CYTCTBYIOT B ra30Boii (pase B cooTHONIeHNH 3:1, OTHAKO 3TO
COOTHOIIIEHIE OTHOCUTEIHHO HECTIOKHO U3MEHUTD B TTOJTb-
3y MapaBoopojia U TaKuM 0O6pasoM MOJISIPU30BATh CIIN-
HOBYTO cuctemy. OIHAKO 3/1eCh €CTh OMH HIOAHC: 3aKOHBI
KBaHTOBOI MeXaHUKH (npasuia aanpema) He TTO3BOISIIOT
BO3/IEIICTBOBATh HA CHHIJIETHOE COCTOSTHUE JIBYX CITUHOB
IIPY MOMOIIKM PE3OHAHCHOTO M3JIydeHus], MOITOMY 0bora-
TIeHNe MOJIEKYJISIPHOTO BOZOPO/IA TTAPABOPOIOM ITPUBE/IET
JIMIIb K TIAJICHUIO0 CUTHAJIA OT MoJleKy bl H.,.

3arper MOXHO 00OUTH, €CJIM ¢ MOMOIIBIO KATaJUTH-
YEeCKOTO THPUPOBAHS TIPUCOEANHUTD /[BA BOJIOPOIHBIX
aToMa K MOJIEKYJIe-CyOCTpaTy TakKuM 00pasoM, uTOObI y HUX
MOSBUIIOCDH PA3HOE XUMIUECKOe OKPYKeHHe. ITO IIO3BOJIUT
MOJTIYYUTD OT TMPOAYKTa peakiyy curaaasl AMP Becbma
Bbicokoi nntencuBHocTu (Natterer, Bargon, 1997).

UTax, co3naTh HepaBHOBECHYTO MOJSIPU3AIUIO CTITHOB
MOKHO B XOZle XMMUUeCKUX peakimid. Ho Ha ato o6cTost-
TEJIBCTBO MOXKHO IMOCMOTPETH U C JAPYTOU CTOPOHBL: CIU-
HOBAsI TUTIEPTIOJISIPUBAITHS HeceT MH(MOPMAIIAIO O XUMUYe-
CKHUX ITpoIieccaX, KOTOPbIe IPUBEJH K ee (pOPMIPOBAHMUIO.
BricTpble ke peakiuu ¢ yyacTUeM PaJUuKaIbHBIX YACTHII
UTPAIOT BAKHYIO POJIb BO MHOTHX XUMUYECKUX 1 OUOJIOTH-
YeCcKUX Ipolieccax, 1 ToT ke MeToz X114 asasercsa kpaiine
MOJIE3HBIM, & B HEKOTOPBIX CJIYYasiX U €IUHCTBEHHBIM
WHCTPYMEHTOM JIJIST X U3YUEHUS.

Kak mpaBwio, Xummdeckas HOJISPU3aIis SIep COXPaHs-
€TCsI B IPOLYKTaX PEAKITNH B TeYEHIE HECKOJIbKIX CEKYH/T
1 HeceT NH(OPMAITUIO O YaCTUTAX, PEATUPYIOTNX B UHTEP-
BaJie OT HaHO- /10 MUKpoceKyH/I. [Ipu aTom B criektpe AMP
MOKHO BBIJIEJTUTH CUTHAJIBI OT/IETBHBIX ATOMOB B MOJIEKYJIE
1 aHAJTU3UPOBATH TOJISIPUIATTIIO KAXKIOTO U3 HUX, UTO JIaeT
BO3MOKHOCTD YCTaHABIWBATH TOHKWE JETATH CTPOECHUS
KOPOTKOKMBYIIUX PATUKATIOB U ONPENESATh CKOPOCTH
U TIYTU PAIUKATHHBIX PEAKITHIM.
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06nacTb aHTUNEpeceyeHns
9HEPreTNYecKuX ypoBHe

3a nocnegHue JecaTb J1eT B 0651acT CMUHOBOW rANepnos-
pu3auum 6b11M JOCTUrHYTI 6OMbLUNE YCTEXW, HO MPUMEHE-
HWEe HepaBHOBECHO MOJIAPU30BAHHBIX CMUHOB MO-NPEXHEMY
CTaJIKUBAETCA C PALOM TPYLHOCTEN. AKTyasibHOW Npo6semoi
IBNAETCA NePeHOC NoNSpU3aLmMm o CNUHOB, NONSPU30BAHHBIX
HenoCPeLCTBEHHO B NPOLLECCE NPUrOTOBEHIS HEPABHOBECHOIA
CMWHOBOW CUCTEMbI, Ha Apyrue s4pa, 6osee yaobHble Ans
peructpauun AMP-curnanos. Hanpumep, B cnyyae WIMM4A
(MHAYuMpyemMoNn NapaBojopoLoOM NonspusaLmm aaep) nons-
pu3aLus co3naercs ToJIbKO MeXAy NpoToHamu 'H, B To Bpems
KaK ans HabnofeHns 4acTo npeanoyTuTensbHee aapa *C.

B pamkax paboT no merarpanTy Obif1 JOCTUIHYT 3HAYUTESIbHbIN
NPOrpecc B pa3BuTUN METOAOB NEPEHOCA HePaBHOBECHON Cu-
HOBOW MOMAPM3aLMM HA OCHOBE KOHLENUWUU TaK Ha3blBaeMblX
aHTUNEePece eHui ypoBHeN crnHoBoi cuctembl. 0. Burnep
n K. poH HeidtmaH ewwe B 1929 r. ycTaHoBUAK, 4TO NOJ06HOE
IBNIEHNE B KBAHTOBOMEXAHWNYECKOI CMCTEME BO3HWKAET, Korga
9HepreTU4ecKne YPOBHM ee 3J1eMEHTOB B MEPBOM NPUGIVXe-

ITpumepom cayxkut nposenerHoe B HoBocubupcke mc-
cJIefloBaHne BHYTPUMOJIEKYJ/IIPHOTO IIepeHoca 37IeKTPOHA
B OKHCJICHHBIX IUTENTHAX, COJIEPIKAIINX AMITHOKUCJIOTBI
TUPO3UH, TpUuntodad u rauuH. [[1a nu3ydyeHus peaxui
paIuKaIoB TUPO3UHA M TPUNITO(DAHA M3-32 UX KOPOTKOTO
BPEMEHHU JKU3HU TPAJAUIMOHHbIE MeTO/bl (Hampumep,
perucTpanys CUTHAJIOB MAarHUTHOTO PE30HAHCA UX HeCIa-
PEHHBIX 2JIEKTPOHOB), KaK IIPAaBUJIO, HEPUTOAHEBL. MeTozb!
JKe OITHYECKOIT CIEKTPOCKOHH, 06J1a/1asi XOPOIITHM Bpe-
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CnuH

KorepeHTHOe
CMeLUNBaHNe
CMUHOBBIX
COCTOSIHWIA
B 06/1aCTK
aHTUMNepeceyeHns
9 ; SHepFETMHEPKMX
YPOBHeN

B enuHoBon cucteme a-CH 1 f-CH, npoToHoB pana
PUPOAHBIX aMUHOKUCIIOT MPOUCXOONT NepPeHoc
WHOBOW nonspusaumm 3a CHeT CMELLMBAHUSA COCTOSIHUA
0611acTu aHTUnNepece4yeHus yposHen. CmelumsaHme
OUCXOANT AN1si COCTOSIHWM oo U Boa, B pesynbraTte
€ro ChHbl 1 1 2 CMHXPOHHO NepeBopaYMBaroTCA
06MeHVBaloTCs nonsapusaumen

HUW COBMAfAtOT («nepecekaroTcs»). OgHAKo B NPUCYTCTBUM
BO3MYyLLEHMS (B HALLUEM Crly4ae — B3aMMOJENCTBUS MEXAy
CMMHaMK), KOTOPOE CMELLIMBAET MCXOAHbIE COCTOSIHUS, YCIOBNE
nepeceYeHuns YPpoBHEN BbINOMHUTL HEBO3MOXHO: MPOUCXOANT
X CBOE0OPAa3HOe «pacTankusaHue» (aHTUnepeceyeHne). Bax-
HO, Y4TO B 06N1ACTAX aHTUNEPECEYEHUS YPOBHEA NPOUCXOANT
3(PEKTUBHOE CMELLIMBAHME UCXOAHbIX COCTOSHUA CUCTEMDBI,
No3TOMY NocnefHne MOXHO OnpeeneHHbIM 06pa30M MEHSAT,
T.€. NePeHOCUTb CMHOBYIO NONAPU3ALMIO.

B HoBocnbupcke 6bino pa3paboTaHO HECKONbKO CXEM 3K-
CMEepPUMEHTOB MO NEPEHOCY CMMHOBOM FUMepnonspusaLmuu.
[ns BbINOHEHWUS YCIIOBUI NEPeceveHns YpoBHEN b0 nepe-
KMK04anoch BHELLHee MarHMTHOe none (Ans Yero 6bina co3aaHa
yHUKanbHas yctaHoska AMP ¢ nepeknioyennem nons), nu6o
BK/KOYaNMCb PafM04acToTHbIE MO CO CTPOro onpeneneH-
HbIMM mapameTpamu. Bce 910 No3BoNMMO chopMynmMpoBaTb
BECbMa NpOCTbIe NpaBuia Hanbonee AP PEKTUBHOIO NepeHoca
nongpusauuu n onpegenuts ero nytu (lvanov, Pravdivisev,
Yurkovskaya et al., 2014).

MEHHBIM Pa3pelieHueM, He MO3BOJISIOT PA3JINIUTh (POPMbI
PAIMKAIBHBIX YACTHIL.

C nmomomrsio XIIA yaanock BBISICHUTB, YTO CKOPOCTD
MepeHoca 9JeKTPOHA ¢ OCTATKA TUPO3UHA HA PaUKaI
TpunTodaHa U3MeHIeTCs Ha Ba TOPS/IKA B 3aBUCUMOCTH
OT 3apsi/ia ¥ MOJIOKEHUST KOHIIeBOI aMITHOTPYIIIBL. B TO ke
Bpemsi /i pH-3aBuCHMOIT CKOPOCTH TIEPEHOCA AJIEKTPOHA
B 0OpaTHOM HaINpaBJIeHWN Pa3HUIA HE CTOJIb CYIIECTBEH-
Ha: MaKCUMaJIbHAs 1 MUHUMAaJIbHAsI KOHCTAHTBI CKOPOCTH
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[MepeHoc
371eKTPoHa

[Junentung TpunToaH-Tupo3uH

lMepeHoc
3NeKTpoHa

Ounentng TMPoO3uH-TpUNTO(aH

C NOMOLLbI0O METOAA XMMNYECKOWN MONsApu3aumm saep yCTaHoBMEHbI OCOOEHHOCTH
BHYTPUMOJIEKYNIAPHOIO NMEPEHOCa 3NEKTPOHA B NENTMAAX, COAEPXaLLNX BaXKHENLINE
aMMVHOKMCINOTbI TPUNTOMaH 1 TMPO3KWH, B KUCMOTHBIX BOAHLIX pacTBopax. Okasanock, YTO NepeHoc
He onpepenseTca OKUCUTENbHO-BOCCTAHOBUTENbHBIMU NOTEHLMaNnaMmm aMMHOKUCIIOTHBIX
OCTaTKOB, a BCErAa NpPoMCXoauT B HanpasieHUN NONOXUTENBHO 3apsXXKEHHON aMUHOIPyMMbl

1pu hUKCUPOBaHHOM 3HaYeHnn pH pasindaioTcs ToJbKO
B 4 pasa. [lomydyennsre pesysbratel 00BSCHSIIOTCS GoJlee
CYIIIECTBEHHBIM IECTAOMIN3UPYIONMM BIUSTHUEM ITOJI0KHU-
TEJIBHOTO 3aPsI/la aMUHOTPYTIIIBI Ha PAUKAJ TpUntodana,
YeM Ha pajiiKai ThposuHa. Kpome Toro, Gpu10 06HapyKeHo,
YTO HaJINYMeE TJIUIIMHOBOTO PA3ZIe/INTENsT yMEHbIaeT pas-
HOCTb OKHCJIUTEIbHO-BOCCTAHOBUTEIbHBIX MOTECHITNATIOB
tpurntodana u TuposuHa. CirezoBaTebHO, Be 9TH PakTo-
PbI MOTYT BIIUSITH Ha BBIOOD ITy TH IIPU MUTPAIINH DJIEKTPOHA
B GEJIKOBBIX MOJIEKYJIAX, HAXOSIIUXCS B OIPEIEICHHbIX
(QYHKIIMOHATBHBIX COCTOSTHUAX, T.€., IPYTHIMH CJIOBAMH,
BJISITH Ha paboTy dhepmenTa.

MPT Ha nponaHe

Cy1iecTBEeHHbBIM IPOPBIBOM HOBOCUOUPCKUX UCCIIEN0BA-
TeJell CTalo Pa3BUTHE MOIXO0/1a, TO3BOJISIONIETO UCIIOJb-
3oBaTh Meton WIIIIA ais nmosmyyeHus: nossipu3oBaHHBIX
«HebIATOPOIHBIX» Ta30B U UX puMenenust B MPT.

Tosops o MegunuHCcKoit MPT, He06X0JUMO YIOMSIHY T,
YTO MAarHUTHO PE30HAHCHAsI TOMOrpaduyecKasl TUarHoc-
THKA TPAAUIMOHHO OPHEHTHPOBAHA HA HCIOIb30BAHUE
curHasa SIMP mpoTonoB, B cocTaBe BOJBI U KHPOB ITHPOKO
MPUCYTCTBYIOIIUX B TKAHSIX KMBOTO opraHuaMa. OHaKo
JIeTKYe, HATIPIMep, IMEIOT HU3KYI0 KOHIIEHTPAIIUIO aTOMOB
BOJIOPOJIa, TOCKOJIbKY GOJIBIINAsT YaCTh X 0ObeMa 3aHATA
BO3/IyXOM, U, COOTBETCTBEHHO, B 3TOM CJIyYae YyBCTBUTEJIb-
HOCTD TpaautmonHoro MPT Gyner ouenb HU3KOiL.

B aroMm ciydae miast yeusenus curdana MPT o6baHo
UCIIOJIb3YIOT KOHTPACTHBIE areHThl — GJIArOPOIHBIE Ta3bl
129X e u 3He. OnHako nX 1epeBojl B TUIIEPIIOJISIPU30BAH-
HOE COCTOSTHUE OCYIIECTBJISETCS MyTeM OPOTOCTOSIIEH
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MPOIEyPBI ONTUYECKON HAKAYKU, IIPUYEM YHCJIO TT03BO-
JISIOINX 9TO C/IeJIATh YCTAaHOBOK B MUPE MEHBIIIE COTHHU.
BaxHo u TO, 4TO 6OABIIMHCTBO KanHudyeckux MPT-
ToMorpadoB B IIPUHIIKUIE HE CHOCOOHBI A€TEKTUPOBATh
CUTHAJIBI SIIEp TeJIns U KceHoHa. [[oaToMy McToib30Banme
JIPYTUX TUTIEPIIOJIIPU30BAHHBIX TA30B, TAKUX KaK MTPOMAH,
He TOJIbKO OTKPHIBAET MyTh K Pa3paboTKe HOBBIX MPUJIO-
JKeHWH, HO U [leJlaeT TaKue MPUKJIATHbIe NCCTeT0OBAHUS
CYIIECTBEHHO JIeTIeBIIC.

HoBocubupcknm nceienoBaTessiM yaaaoch ¢ TOMOIIbIO
yxe ynmoMmsgaytoro metoga UIITIA (maaymmpyemoti mapa-
BOJIOPOJIOM TOJISPU3AIIHH SIEP ) TOJTYYUTD TAKKE TUTIEPIIO-
JISPU30BAaHHbIE KOHTPACTHDIE TA30BbIE ATEHTBI, C TTOMOIIIHIO
KOTOPBIX ObLiIa ycIelnHo nposegeia MPT-susyaiusarust
PasaMYHBIX 00beKTOB. JI71s1 cpaBHeHMst GbIjIa TPOBE/IEHA BU-
3yanusalus TeX ke 00beKTOB, HO 3aTI0JTHEHHBIX He Ta30M,
a Bozioit. Hy:XKHO OTMETHUTH, YTO CUTHAJT TPOTIAHA OKA3AJICS
Becero Juib B 1,5—2,0 pasa HIKe, YeM CUTHAJ BOZBI, XOTSI
KOHIIEHTPAIIMST MOJIEKYJI TPOTIAHA IPY HTOM ObLJIa B THICSUK
pa3 MeHbIIre!

[Ipu aToM B KIMHUYECKOM TOMOTpade C CUIBHBIM
(4,7 T) MAaTHUTHBIM TOJIEM OBbLIH MTOJTyYEHbI TPEXMEPHbIE
MPT-uso6paxennst 0GbEKTOB, 3alIOJTHEHHBIX MOJISPU30-
BaHHBIM IIPOTIAHOM, C 0YEHb BBICOKUM IIPOCTPAHCTBEHHBIM
paspeliieHreM. ITO JOCTHKEHNE, He MEIOIee aHAJIOTOB B
MUPOBOI TTPAKTUKE, CBUJIETEbCTBYET, UTO TIOJTyUEeHHbIH B
pesyJbTaTe THAPUPOBAHUS TAPABOIOPOIOM ITPOTIAH MOKET
OBITH YCIIEITHO UCIIOJIb30BaH st TpexmepHoil MPT-Bu-
3yaJIM3aliy 4eJI0BEYECKOTO JIETKOT0, YTO HaMHOTO OoJiee
MHGOPMaTHUBHO, 4YeM (rooporpadust.

BpLn tak:ke poBeieHbl 9KCIIEPUMEHTHI ¢ TOMOTpadu-
el Ta30B B HU3KUX MAarHUTHBIX MOJAX. VI B aTOM cirydae
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B Bbicokom (4,7 Tecna)
MarHWTHOM MOJIEe KIIMHNYECKOro
ToMorpacda 6k Briepsble

B MUPE MONy4eHbl TPEXMEPHbIE
MPT-n3o6paxeHusi 06LEKTOB,
3anosIHEHHbIX NONAPU30BaHHbLIM
NPONaHoM, C O4EHb BbICOKUM
NMPOCTPAHCTBEHHBIM pPaspeLLeHNEM.
Crniesa — MPT-n3obpaxeHuve
rasosoro gpaHtoma NSU

(HI'Y — HoBocumbupckui
rocyfapCTBEHHbIA YHUBEPCUTET

MMnepnonspu3oBaHHbIA NponaH
(KOHUeHTpaums < 20 mM)

http://scth.ru/papers/takoy-chuvstvitelnyy-yamr/

Ins npoeepku adhdpektnHocTn MPT ¢ ucnonb3oBaHvem
rMnNepnosispu3oBaHHbIX ra30B Ha KNMMHNYECKOM
ToMorpacpe 6binn NPoBEeAEHbI CPaBHUTENbHbIE
TOMOrpadmyeckmne nccrnenoBaHnsa pasnnyHbIX MNOIOCTEN-
(haHTOMOB (c/1eBa), HanoTHEHHbIX MONSPU3OBAHHBIM
nponaHom v Bogown. BHu3zy — MPT-nzobpa)xxeHuns Tpyoku,
CKpPY4Y€HHOW B cnuparb, Yepes KOTOopYo nponyckanu
NoNApM30BaHHbIA NPONaH UK XWUAKY0 BOAY

Bopa
(KOHUeHTpauua =~ 56 M)
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[TapaBogopog

H H Karanusartop

CUTHAJI TUTIEPIOJIIPU30BAHHOTO TIPOTIAHA OKa3aJICs Ja’ke BBIIIE, YeM CUTHAT
Bozibl! [IprunHa 3aKJII0YAETCS B TOM, YTO TUIIEPITIOJISIPU3AIINS Ta3a, MOJTydYeHHAST
METO/IOM KaTaJTUTIIECKOTO TH/IPUPOBAHMNS, He 3aBUCUT OT BEJTIYNHBI TPIJIOKCH-
HOTO MarHUTHOTO II0JIsI, CUTHAJ K€ BOJIBI 3aBUCHUT OT Hero JuHeitHo. [Toatomy
B ciiydae ucnoJb3oBanus 1yt MPT rureprosisipi3aupoBaHHbIX Fa30B BBITOIHO
UCIIOJIb30BATH CJIA0BIE MOJIsL, K TOMY K€ HU3KOIIOJIbHbIE TOMOTPadbl MOTYT ObITH
OYEHb JIENEBBIMH, TOCKOJIbKY He TPEGYIOT NCIOTb30BAHMUS CBEPXIIPOBOJISIIIX
MarHUTOB.

Pa3BuTrie HOBBIX METO/I0B TIOTy4YeHNS TUIIEPIIONIIPU30BAHHBIX Ia30B CTAJIO
BO3MOJKHBIM 6JTaroapst CO3MaHUi0 TIPUHITUITAATLHO HOBBIX KAaTATUTHUECKUX
CHUCTEM, MO3BOJISIONINX TIOJYyYaTh HEIIPEPBIBHBIN MTOTOK MOJISPU30BAHHBIX
daonnoB. 31ech HYy:KHO 0OTMeTUTh, uTO nMernHo B MTI[ CO PAH Bnepsbie
B MUPOBOI1 TIPaKTHKe OblIa MPOIEMOHCTPUPOBAHA BOSMOKHOCTD HABTIOEHYS
acddexros MIIIIA mpu ncnonb30BaHUY reTePOTEHHBIX KATAJIN3aTOPOB IIPU TH/I-
PUPOBAHNY HEHACHIIIEHHBIX YTJIEBOAOPOOB KaK B JKUAKOH, TaK M B Ta30BOH
(ase. B pamkax mpoekTa 6blJIa HCCIe0BaHA U HOBast KATATMTHYECKAsE CHCTEMA,
B KOTOPOI1 B KAYeCTBE HOCUTEJISI [IJIs1 HAHOYACTHUI] METAJLIA BBICTYIIAET IIPUPOJI-
HBIH MOJIMCaxXapul XUTO3aH.

Monekyna xuTo3aHa

1,3-6yTaguneH

-0

Monekyna H,

byteH

TMapMpoBaHue [MEHOB Karanusatop
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KoHTpacTHble ra3oBble areHThbl

ana MPT MOXHO Nony4nTb

metogom UIMNHA (Hgyumpyemon
napasogopPOAOM nonspusaumnn agep)
B pesyfkTate KatanmMTuyeckoro
rMopvpoBaHusi NapaBofopoOaoM
OOCTYMHbIX U AeLUeBbIX
HenpeaenbHbIX YrNeBOAOPOAOB,
Takux Kak nponeH (cnesa). MNMpn 3Tom
NPOUCXOANT NEePEHOC Nonaspu3aumm
C NPOTOHOB Ha aTtoMbl yrinepoaa

Katanusarop, npeacrasnsoLwmmn
co6on atombl pogusa Rh,
HaHECEeHHbIE Ha nonmcaxapug
XWUTO3aH, o6nagaroLLnn

BbICOKOW CENEKTUBHOCThLIO

npv rMapupoBaHnn TPOMHbIX 1
COMpPsKEHHbIX ABOVHbIX yrnepoa-
YyrnepoaHbIX CBA3EN (BHMU3Y), MOXHO
MCnosib30BaTh A5 NOSyYeHUs
rMneprnonsipnu3oBaHHbIX ra3oB
ona MPT

E ByTuH
o0

Monekyna H,

byTeH

[mapuposaHue anknHos
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Xpycranumk
C KarapakTon

[na3Hoe A610K0

O1 AHK A0 KkatapakTbl

Kak usaBecTHO, Ha KJIETKY KUBBIX OPTAHU3MOB OCTOSTH-
HO BO3/IeHiCTBYeT MOHU3UpYIolee 1 yAbTpadroseToBoe
U3JIyYEHUC U PA3JTUYHbIe XUMIYECKUE MyTareHbl; KpOMe
TOT0, B IPOIECCaX KIETOYHOrO MeTabomu3Ma 06pasyoTcs
aKTHUBHBIE (hopMBI KHicT0poa. Bee aTo, B IepByT0 ouepesp,
nerictByer Ha renomuyio [HK, BrI3bIBas ee moBpexie-
HUE ¥V MPUBOJSI K BOBHUKHOBEHUIO PAKOBBIX, CEPIEUHO-
COCYIIUCTHIX, HEMPOJETeHEPATUBHBIX U Ay TOMMMYHHBIX
3ab0/IeBaHMIA.

Jlnst 3ammThl reHeTHYecKoi WHMOpPMaIMK B KJIETKaxX
nMeloTcs cucTeMbl pemapanuu («pemonTas) /JHK. C
oMoIbio IMP-crekTpocKoy HOBOCUOUPCKUM UCCIe-
JoBaTesIsIM ynaanoch usayuutb ctpyktypsl JHK, coxep-
JKallel pa3JInyHble TTOBPEKACHUS, a TaKyKe KOMIIJIEKCOB
IIHK c pepmentamu penaparuu. TpaguiimoHHO Takue
HCCJIEIOBAHUST TPOBOISITCS METOIOM PEHTTEHOBCKOII CITeK-
tpockornmu Ha JIHK 1 6eTK0BO-HYKIEMHOBBIX KOMILTEKCAX,
HAXOJIATINXCS B KpUCTAIMYeckoit hopme. OmHaKO cTpoe-
Hue OMOJIOrMYeCKUX 0OBEKTOB B PACTBOPE U B KPUCTAJLIE
MOTYT 3HAYNTEJBHO OTJANYATHCS, TIOITOMY IIPOBEJCHIE
AMP uccnenoBanuil oueHb aKTyaJbHO /IS IOHUMAHUS
MIPUPO/IBI BEICOKOH crielinunyHoCTH /ielicTBUS (hepMEHTOB
penapanuu /ITHK.

BakHelmuM «OMOJIOrHYecKUM»> MpuioxenueMm SIMP
CTaJI0 yCTAaHOBJIEHNE W aHAIN3 (POTOXUMUYECKUX U OHO-
XUMHOYECKUX TIPOIECCOB, MPOTEKAIOINX B XPYCTaINKe
TJ1a3a, OTBETCTBEHHBIX 32 HOPMATbHOE CTApEHUE U PA3BUTHE
KaTapakThl.

B nacrosiee Bpemsa xatapakta (TTOMyTHEHHE XPyCTa-
JIKA TJIa3a) pa3BUBaeTCst GoJiee YeM y MOJIOBUHBI JTIo/el
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JInnuna Wistar
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3 mecsua 18 mecsues

AMP-Bn3yanusauus pacnpegeneHns Bogpl B Xpycranuke
na6opaTopHbIX KpbiC NuHui Wistar n npexxaespemMeHHo
cTaperoLwmx XunBoTHbIX NMHUM OXYS pasHoro BospacTta
rnokasana, 4To BO3pacTHble U3BMEHEHUS B XpyCTanukKe,
BKJTIOY4as KaTtapakTy, He CBA3aHbl C BUAUMbIM
N3MEHEHNEM cofep>XaHus 1 anddy3nm MoeKyn Boabl
M Opyrnx Manbix Monekyn

crapiie 65 et u sBisieTcst HanboJiee pacpoCcTPaHeHHOM
TIPUYUHON CHYKEHUS U IOTEPU 3PEHMS Y JTI0/Iei cTapiiero
Bo3pacra. boJsiee TOro, MOMyTHEHUE XPYCTAIUKA HEPEKO
paccMaTpHBaIOT Kak HeM3OeKHOE MPOSBICHUE CTAPEHUSI.
CeroHst 5T0 3a00JI€BaHE TMATHOCTUPYETCS, KaK MPABILIO,
Ha HeoOpaTuMOIii cTaguu 3a00JIeBaHusl, KOTAA TepaleB-
TUYECKOe BMeNaTeabCcTBO Manoaddektusnuo. [ToaTomy
€IMHCTBEHHBIM CPEJICTBOM BOCCTAHOBJIEHUS 3PEHUS MPHU
KaTapakTe Ha CETOMHSIITHUN JIeHb SBJISIETCS OTIePAaTUBHOE
yAajienye XpycTajanka U 3aMeHa ero Ha MCKYCCTBEHHBI.
HemonnoTa 3HaHUSA 0 MeXaHW3MaX Pa3BUTHS KaTapaKThI
3aTPY/HSET TIOUCK JIEKAPCTBEHHBIX TIPENapaToB, Cocob-
HBIX MPEOTBPAIIATh €€ Pa3BUTHE U BOCCTAHABINBATH
MIPO3PAYHOCTD XPYCTATHKA.

Pa6oTbl HOBOCMOUPCKUX MCCAEAOBATEIEH TOKa3an,
YTO C PA3BUTHEM KAaTapaKThl B XPYCTATUKe CYIECTBEHHO
YMEHBIIAeTCs COMePKaHNe MOJIEKYJI, BBITOJHSIOMIX
dyuknuio YD-buabrpos, KOTOPbIe MPEeIOTBPAIIAIOT
TTOBPE’K/eHNe CBETOUYBCTBUTENbHBIX KJIETOK CETUYATKU
(«KOJI6OUKM» W «MATOYKH» ). DTOT TIPOIECC COMPOBOK-
JIAeTCsI YBEJIMYEHNEM COJIEP/KAHUSI AMUHOKUCIIOTHI TPUII-
TohaHa — «CHIPBI» 71T PePMEHTATHBHOTO IIPOM3BO/ICTBA
MOJIeKYJISIPHBIX YD-huisrpos.
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OpawuH n3 nep.bix cnekTpomeTpos AMP (Ha 200 MITw)
nccnegoBarenbckoro apceHana MexayHapogHoro
Tomorpadpmyeckoro LeHTpa CO PAH (HoBocubupck)

Baxueiiwas 4actb AAMP-cnekTpomeTpa — 3/IEeKTPOMArHuT, Co3parowWwuii no-
CTOSAHHOE MarHuTHoe none 6naropaps 3NEKTPUYECKOMY TOKY B coneHompe.
Yem 6Gonblue TOK, TeM CusbHEE NoJse, OAHAKO NPU 0YeHb GONbLINX 3HAYEHUAX
TOKa NpoBOJ CONEHOMAA MOXEeT pacnnaButbca. Nlo3ToMy AN BbICOKONONbHBIX
AIMP-cnekTpoMeTpoB UCMONb3YHOTCA CBEPXNPOBOAALINE MArHUTbl, NOCKONbKY
3NeKTpu4YecKoe CONPOTMBIIEHWE CBEPNPOBORALLEro NPOBOAA PAaBHO HYNH.
CsepxnpoBoasuiee Xe COCTOAHUE MOXXHO NOMAYYUTb TONLKO NMPU 04€Hb HU3KUX
Temneparypax (temneparype Xuakoro renus). lipeumywecTBo TaKMX MarHuToB
3aKN0YaeTcsa U B TOM, YTO CaMU OHW He NOTPEe6NAT 3Hepruu: nocne 3anycka
MarHuTa ToK 6eraer no cBepxnpoBoAALWMM NPOBOAAM NPAKTUYECKN 663 KaKuXx-
nu6o notepb B Te4EHUE MHOIMX NerT.

CsepxnpoBoAALWMA MAarHUT NOCTPOEH NO NPUHLMNY TepMoCa-maTpeluku. B ues-
Tpe, B BaKyyMHOl Kamepe HAXOAWUTCA CONEHOUA, OKPYXEHHbINi 060104KOIi,
coaepXawuii XuaKuii renuii. 3atem cneayer 060/104Ka, HanoONHEHHAA XUAKUM
asotom ¢ Temneparypoii —196 °C. YeTpoiicTBO U30NUPOBAHO OT BHELWHE cpefbl
elle ofHOIi BaKyyMHON 060104K0ii. Takasi cucTemMa cnoco6Ha COXPaHATb HU3KYH
Temneparypy cBepXnpoBoAALLEro MarHuTa 04eHb f10JIro, ORHAKO ee He TaK NPocTo
noaaepxuBarb. UMeHHO 3TUM 06ycnoBNEHbl 0CHOBHbIE TEXHUYECKNE TPYAHOCTH
npv NPOM3BOACTBE TAKUX MAarHUTOB M UX BbICOKas LEeHa
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JlpyruM Ba’KHBIM acIEKTOM Pas-
BUTHS KaTapaKThl SIBJIAIOTCS MHOTO-
JUCIEHHBIE MOAU(DUKAIINN GETKOB
XpyCTaJInKa, KOTOPBIE MOTYT IIPUBO-
JIUTH K TIOTepe PACTBOPUMOCTH 1, KaK
CJIe/ICTBYE, K BBIMTAJICHUIO B OCAIOK.
Wcmnonb3ys TUHUIIO TPeKAeBPEeMEHHO
craperontux kpbic OXYS, cozmannyio
B MHCTHUTYTE IIUTOJIOTUN U TEHETUKH
CO PAH (HoBocubupck), ynanoch
YCTAaHOBUTH THITHI U3MEHEHWST XUMU-
JeCKUX MOAU(UKAINUN GETKOB, YTO
BaKHO JIJIs TOHUMAHUS OOXUMUYEC-
KHUX PeakIuil, MPUBOISIIIX K TAKUM
MATOJIOTHYECKUM U3MEHEHUSIM.

MPT-uccaenoBanusi TpaHCIIOPTA
MaJIBIX MOJIEKYJI B XPYCTAJINKe KPBIC
naau HeOKUJaHHbIE PEe3yJbTATHI:
0Ka3aJI0Ch, UTO Pa3BUTHE KaTapaKTbl
He IPUBOANT K U3MEHEHHIO COo/leprKa-
HUS U CKOPOCTHU TUDPY3UN MOIEKYIT
BoibL. [To-BuMMOMY, U3MEHEHUE B CO-
JepKaHUH IPYTHX COeTNHEHUN, TAKIX
KaK aMIMHOKUCJIOTHI U MOJIEKYJISIPHBIE
YO-dusbrpsl, 06yCI0BIEHO CyIIeC-
TBOBaHMEM HEKOTOPOro «Hapbepar,
KOTOPBIN 3a/iepKUBaeT GOJIBIINE TIO
pasmepy MostekyJbl. Ha ceropnsiinmii
JIeHb TPUPO/Ia 3TOTO SIBJICHIS OCTaeT-
CsI HEU3BECTHOM.

[lanpHefinme uccaefoBaHus U3Me-
HEHWH B COCTaBax OGETKOB M MaJbIX
MOJIEKYJT B XPYCTAJIUKE TJ1a3 YeJoBeKa
[IPU HOPMAJIBHOM CTapEHUU U PAa3BU-
THW KaTapaKTHI TI03BOJIAT AATh PEKO-
MEH/IAINH 1711 PAaHHE! TUarHOCTHKY,
npodUJAKTUKYA U J€YEHUST ITOTO
PacpoCTPaHEHHOrO 3a00JIeBAHUS.

POEKT, OCYIIeCTBIEHHBIN

Ha cpe/cTBAa MeTarpanTa,

3aKOHUYUJICS, HO HE 3aKOH-

yujach paboTa MyJIbTU-
MUCITUTITNHAPHOTO HAyYHOTO KOJI-
JexTuBa. JIg MOANIEePKKNA CBOUX
ucciaenoanuit 8 2014—16 rr. ero
YYIaCTHUKY TOJTYININ (PUHAHCHPOBA-
Hue Poccuiickoro HayuyHoro GoHzia Ha
cymmy 60 mute py6. A MTIT CO PAH
nosryun rpaut PH® pis cosmanue
HOBOW JTabOPaTOPUU [IJIst HCCIIEN0BA-
Hus Mo3ra ¢ nomoinbio MPT, B ToMm
qucjie ¢ TIpuMEHEHNEM HOBBIX METO-
JIOB TUTIEPIIOJISI PU3AITIH.

http://scth.ru/papers/takoy-chuvstvitelnyy-yamr/  HAYKA u3 nepBbIx pyk

OTHET B UUDPAX

Ha cpeficTBa MerarpaHTa 6b1110 Npuo6peTEHO HECKONBKO JOPOroCTOALLMX UCCTe0Ba-
TeNbCKUX Np1M60POB, 1 B NEPBYIO 04epesb — CoBpeMeHHbIn AMP-cnekTpomeTp ¢ mar-
HUTHbIM noniem 16,4 Tecna (pa6oyas 4actota Ang NPOTOHHOMO pe3oHaHca — 700 MIw)
Ans NpoBeJeHus UCCnefoBaHNin 6UOMOIEKYN, C HAOOPOM LATYMKOB ANS USMEPEHUS
CWUTHAMOB OT PasfinyHbIX MarHUTHbIX agep. MNpu cogencteun P. KanteitHa pupma
Bruker BnepBble M3rotoBuia 414 LAHHOW 4acTOTbl KpUoZaTyuk Prodigy, YyBCTBU-
TeNIbHOCTb KOTOPOro B 3—4 pasa Bbllle 06bI4HOr0. MpuMeHeHne 3TOro faryuka
NO3BOSIUT B [ECATb Pa3 COKPaTUTb BPeMs, HEOOXOLMMOE L1 NOMYYeHUs MHOro-
MepHbIx cnekTpos AMP 6omakpomoniekys. Takxxe 66110 3aKynneHo 3Ha4UTeNIbHOe
KOJIMYECTBO PYroro nabopatopHOro 060pyA0BaHNs, BKOYAA YCTPOMNCTBO Ans npu-
rOTOBMEHUS TOHKUX CPe30B 06pa3LIOB NPW CBEPXHWU3KOW TemrnepaType 1 reHeparop
napasogopona.

[Tpn puHaHcoBO Noanepxke HemeLkoro poHaa AnekcaHgpa oH ym6onbAara
6blna nposefieHa KOHMepeHLMs No Npo6iemMam NPUMEHEHUS MarHUTHOIO Pe30HaHca.
HoBocmbupcKue uccnefoBaTesiv BOLLN B YUCIO Y4aCTHUKOB NpoekTa 7 PamoyHoi
nporpammbl EBpocoto3a COST (Cooperation in Science and Technology), Hanpas-
NIEHHOI Ha pa3BuUTUE W NPUMEHEHWe METO0B CMMHOBOI runepnonapusauuu saep
B8 SIMP cnektpockonum n Tomorpacuu.

3a Bpems paboTbl N0 NPOEKTY ero y4aCTHUKKM Ony6nukosanu 45 ctareil B BbICO-
KOPEWTUHTOBbIX Hay4HbIX XypHanax. bbiin paspaboTaHbl Kypebl iekuuin no AMP-
cnexkTpockonuu, B Tom Yucne AMP-cnekTpockonui 6uoMonexyn. 3alniLeHo ase fo-
KTOPCKMWE W [1Be KaHAWLATCKUX AMCCepTaLni, a MOMoAble COTPYAHNUKM nadopatopuu
(12 4enoBek) NoAy4UIM BO3MOXHOCTb CTAXXMPOBATHCA B BEAYLUMX WHOCTPAHHbBIX
1ccneaoBaTenbCKux LeHTpax B Huaepnangax, Fepmanum, ®padumm n CLUA

HAYKA u3 nepsbix pyk  http://scfh.ru/papers/takoy-chuvstvitelnyy-yamr/
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