Peakunu conbBaTUpPOBaHHbIX
3NEeKTPOHOB U UOH-pagUuKarnoB
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ConbBaTUPOBaAHHbLIU 3NMEKTPOH KaK XMMUY€CKUN
peareHT

Li
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[MapaTUpoBaHHbIN ANEKTPOH — YHUKATbHLIN « YUCMbIU» OOHO3NIEKMPOHHbIU
goccmaHosumersib (bonee apdekTnBHbIN, Yem atom H, He gaet
«NOBOYHBIX» MPOAYKTOB)

«supmyarbHbIU Wes104HOoU Memarisny



O yeMm noupert peub...

ConbBaTUPOBAHHbLIN 3MNEKTPOH Kak XMMUYECKUN peareHT

KnHeTtuka peakuunim cornbBaTUPOBAHHOIO 3N1EKTPOHA:
ObICTpble, CBEPXOLICTPbIE N MeASIEHHbIE peaKumn

[lpegcTaBneHnsa o MexaHu3ame peakymu

COﬂbBaTMpOBaHHbIVI AJIEKTPOH B XMMNHYECKUX U
TEXHOJ10IMNMYECKNX NMPUNJITIOKEHUAX

NoH-pagukansl: obwme npeacrtaBneHus

BrninsaHmne BHELLHNX W NOKanbHbIX MOMEN Ha peakuum NOoH-
paguKanoB; NPUHLWUMbI YyNIPpaBNeHNa NOH-paanKanbHbIMM
peakunsaMu




OcHoOBHbIe TUMbI Peakuuu e,

BoccTtaHoBneHMe KATMUOHOB MeTanoB
: e_aq + M+ > ML (k 2 kdiff)
€ 4q T Ni#* > Ni*
€4t AQT D AQ°
€4+ CU* > CU°
Peakuun ¢ HeopraHM4YeCKUMMU aHMOHaMMU
€aq + NOz > NOz*
€4+ MNO, > MNO,#
Peakuun npucoeanHEeHUs K HeUTpanbHbIM MOJIeKyiam
€aqt 0,2 0Oy,
€ 4q + CH3COCH; = CH;COCH;~
€ 4q T CsHg 2 CgHg™
Peakuun ouccoumaTMBHOIo NPUCoeaUHEHUA:
€aqt N O 2> N, + O
€,q+t RBr 2> R +Br




Knaccudbukauma peakuummn:

KnuHeTuka peakuum e,

N3amepeHo > 1500 KOHCTaHT

CKOPOCTU pasiuyHbIX

GUMOreKynsapHbIX peakuun e, (¢

MOHaMK, MOSEeKynamm,
MaKpOMOJIEKyamu,
buomonekynamu...)

- BoicTpble (Anddy3noHHo-

KOHTPONMpyeMble)
- «CBEPXOLICTPbIEY
- MeaneHHble

Monekyna unu uoH | k, M-ict
cd(ll) 5.1:1010
Ag (I 3.9:10%0
Cu(ll) 3.51010
MnO, 3.310%0
Xnopodopm 31010

O, 1.9-10%
N,O 9.110°
CO, 7.7-10°
AueToH 6.6-10°
BeH3on 1.210’(pH=11- 13)
MeTtaHon <10°

*pPH = 7, ecnun He oroBopeHO 0cob0o




Andpy3MoHHO-KOHTPONMpyeMbie peakuum e,

Onddy3noHHO-KOHTponunpyemblie) peakuunun A + B: k = k;;
(peakyusi npoucxooum npu KaxxooM cmMOJIKHO8EHUU)

47rDN,
kdif —
1000
r=R,+Rg; D=D, + Dg
(Ons peakyul ¢ HeumparbHbIMU MOJIeKyriamu)
Aar . DN cexp(U /KT
kdif _ eff A reff — J. Xp( > )dX
1000 )X

(051 peakyul ¢ 3apsiXXeHHbIMU YacmuuamMu, ¢ y4emom rnomeHuyuara e3aumodelicmeusi)

B cnyyae peakyuti 2udpamuposaHHo2o anekmpoHa Ky ~ 1019 M-1ct

bonbwuHcmeo peakyuu e, JuMumupyromcesi duggpysueu
«KuHemu4eckuii» paduyc e, (13 yp-Husa CmonyxoBckoro-[le6as)
R, ~ 0.25 H™m



KnHeTuka peakuun e-,,: apyrue cnydyau

MeganeHHble peakumm : K << K

€ aq + CoHg > CoHy™ (k =1.2 10" M-ict)
€ g+ CoHy > CoH,o (k=2-10"Mict)

€ ,q+ CH; OH> CH, O +H-  (k<10°M"c?)

CBepxObicTpble («cBepXxand@y3noHHbIe» peakumnn): k > K ;

€q+ CCl, > CCly +Cl (k=26 1010 M-1c-1)
e_aq + C6H5N02 9 C6H5N02 -. (k — 34 _1010 M_lc_l)
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Puc. 6.7. 3aBucumocts 1] OT O-QyHKUHH XaMmMmerTa
[24, 225]:

n=lg [k (CGH,—,X—i—ea_q ),’k (c.,Hﬁ-q-ea—q )]

C apomamu4deckKkumu COEOUHEHUSIM

Benu4yuHa k Koppenupyem ¢ 2azogha3HbIM cpoO0CmeoM aKyerimopa K
3/IEKMPOHY U 351IeKmpogbusibHbIMU ceolucmeamu 3amecmumeris
(«coomHoweHue c80b00HbIX 3HepPaUl»)

(3. Xapm, M.AH6ap. 'udpamuposaHHbIl ariekmpoH, M: Amomu3dam, 1973)



OT KMHETUKM K MeXaHN3MY: NnpeaBapuUTerbHbIN
aHanus

OO0HakKo... usmepeHHble 3HadYeHus E, npakmuyecku oOuHaKosbl Oris
ceepxbbicmpsbix, bbiIcmpbIX U MeONIeHHbIX peakuyuu :

E_ = (15 % 5) kx/monb
« E,<<-AGY (157 k[x/ morb)
*  BennuuHbl E, 6113kn ansa peakumnin ¢ KaTMOHaMN 1 aHUOHaMU

* KoHCTaHTbl CKOPOCTU NMOYTW OAMHAKOBbI ANS peakumnii e, 1 €°4B cnupTax
* HeT Koppensaummn ¢ aHepruen peopraHnsaumnm
« E_Henb3da npunucatb CMbICI 3HepreTnyeckoro bapbepa peakumm
» CornbamupoB8aHHbIl 311eKMPOH eedem cebs ... KaK 351eKmpoH
« E_— «3Hepausa akmusauyuu ougpgy3uux» ?
* [lpupoda pasnuyut 8esiu4yuH K ?



MexaHuam peakuum e ,,: ponb TYHHeNpoBaHus
3NEeKTPOHa

Ob6wana mogenb: HeaanabaTUYeCKUN MyHHesIbHbIU NEePEHOC INEKTPOoHa U3
«JIOBYLUKW» Ha MOJIEKYIy aKuenTtopa (npoaykT obpasyeTcsi B BO30YXAEeHHOM
COCTOSIHUM)

CBepXxObiCTpble peakuuun
dopmanbHbIN pagnyc peakunn r > R, + R,
(0o 1 — 1.5 Hm)

R, — Kpucmarnnozpaguyeckul paduyc
akKuyerimopa

CxemaTunyeckoe nsobpaxeHue
npodpuns N3 ans € ,q B Pamkax
«Mofenv nosioctm» (1) n
KOOpAWHATLI peakuun ons
BbICTPbIX (2) U CBEPXDBLICTPBLIX
peakumn (3)
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[loKka3zaTenbCTBO TYHHENUPOBaHUA 3JIEKTPOHA B
peakuusix e, B CTeKN006pa3HbIX MmaTpuLax

Hu3komemnepamypHbIi keaHmMos8bIlU npedes B peakumnsax e, E,=0npu T <50-70 K

BepositTHocTb TyHHenuposarus:  W(R)=(R/a,)"v, exp(—2R/a,)

a, — ‘napamMeTp 3aTyxaHus’, v, -adPEKTUBHbIN YaCTOTHbLIN ddaKTop
Paguyc TyHHennpoBaHu4: a,
R =—=Inv.t

Cny4aliHoe pacnpefneneHue peareHToB npwu ycnosvm N >>n (N — KOHLEeHTpaLus akuenTopa,

N — KOHUEHTpauus €7, ): n(t)/n(0) = exp(——

C y4eTOM BO3MOXHOIO 3axBaTa 3N1IeKTPOHOB aKLLeNnTOpOM 40 CTa6|/|n|/|3au,vw|:
3

n(t)/ ' (0) = exp(—aN —gﬂRfN) — (-t

Pnc. 5.18. Kunernra ruGesm [88] €r
PeaKL{UOHHaFI crnocobHocmb

mo peakmmm ¢ Cu (en) B 3aMopo-

JREHHbIX BOJAHBIX pactBopax 10 M -

NaOH (77 K) npn pganmxpnonuempa- € aq ()KUOKOCmb) 110 OMHOWECHUIO
naax Cu (911) . K pa3/iu4HbIM aKuerimopam

1—10"2M, 2251072, 351072, 4~ Koppernupyem ¢ peakyuoHHoU

107IM. ¢ < 10? ¢ — uMnyabcHBIE pann-

oyu3, $>10% ¢ — y-paguoaus (BpemMa obay- Cnoco6Hocmbl_o e-tr (CmeKna)

yeHna 3-102 ¢, pmosza 6-10'® 3B/cm®). Tou-

T e KU — arccnepumemamno HabaronaemMble

=6 1072 102 106 3HAYEHUA, JIMHUU — PacueT 110 YPABHCHHAM
Bpems, c (4.7) ¢ sHadYeHMAMH rrapame'.rpoa

! Ve=1015:2¢—1, g, = 1,83 A u a=—1,5 M—1.

K.UN. 3amapaes, P®. XatupymouHos, B.l1. }KO0aHos. « TyHHernuposaHue arekmpoHa 8 XumMuu.
Xumuyeckue peakuyuu Ha bonbwux paccmosiHusix», Hoeocubupck, Hayka, 1985.



MexaHU3M MeAneHHbIX peakuum e,

« OOwan TpakToBKa: MeArieHHble peakuun — ToXXe TYHHeSIbHble
(MHBapuaHTHOCTL Habnogaemon E,)

 @opmanbHo: k, <<1

Koagpopuyuenm npoxoxxdeHusi npu Haubosibwem cbnuxeHuu
onpedesisiemcsi ebicomou, WupuHou u ¢popmol bapbepa (MoyHasn
¢opma Onsa peakyuu e ,, HeusgecmHa)

 CoomHoweHusi ce0bOOHbIX 3Hepaul Orisi «criabbiXx aKkUuernmopos»
(Koppensayus ¢ «8bicomouy)

»  Marnbie KoHcmaHmMbI 01 KOMIMJIEKCO08 C 0bbEeMHbIMU nu2aHoamu
(Koppensauus ¢ «WupuHou»)

« «CeepxmeldrieHHbIE peaKuuuy
€4+ CH; OH-> CH; O + H: (k< 103M-1c?)

€ g+ H,0> OH + H- (k~ 16 Mc?)
MHozaokpamHbIl 0bmeH ¢ «0eghopmayuel rnosiocmuy ?



[pobnembl onucaHus peakuum e,

Ob6uwas npobrema: HeadekeamHOCMb «MOOesIU rnosiocmu»
MD simulations: «yacmu4HO npoHuUyaemasi» NoJI0OCMb

M'mapaTMpoBaHHbLIW 3N1IEKTPOH-
aHWUOH C «HEXeCTKUMMU CTeHKaMun» ?

s(r) [arbitrary units]
g [arbitrary units]

Radial density of the excess electron averaged over the angular

variables (green) and radial distribution function of water oxygen (red)

and hydrogen (black) atoms relative to the center of the

excess electron from equilibrium configurations at T = 300 K.
(Marasalek et al., Acc. Chem. Res., 2012)



ConbBaTUPOBaHHbLIN 3NIEKTPOH: NPUSIOXKEHUA B

HeopraHN4YeCKou XMmMmmmu

3yyeHne mexaHn3amoB HeEOpPraHM4YeCcKux peakuum,
NpOoTEeKaKLLMX C NEPEHOCOM 3JIEKTPOHA

[Tony4eHune n nccrnegoBaHMe MOHOB MeTarnsoB B
HeobbI4YHbIX cTeneHax okncneHus: Cd(l), Zn(l), Hg(l), In
(1D, Eu (1), Yb (1I), Sm (1), Am (II) n gpyrue

iccnepgoBaHme cnekTparibHbIX XapakTepUCTUK
HEeNTparbHbIX aTOMOB B paCTBOpax: OXapaKTepun3oBaHbl
PO, Ag°®

iccnepgoBaHme CTPOEHUS U CBOUCTB HECTAOUITbHbIX
HEOpPraHM4YeCcKnUx paaukarnos



BoccTtaHOBneHne NOHOB MeTannoB n copopmmpoBaHue
KnacTepoB M HaHO4YacCTUL B pe3ynkTaTe peakuum e,

€ ,q = YUCTbIN U oYeHb 3hdPeKTUBHLIN BoccTaHOoBUTENDb (E° = -2.87 3B)
€ aq t MM > MO-D* (k 2 Kyg)

€4 T CU?*,, 2 Cu*y, (k =3.5-101° Mic)

€aq T CUy, 2 CUYy,

Pagukan OH — cunbHbLIU OKUCIIUTEN b

OH: + ML+ > M+ (k ~ K i¢)

[peBpalleHne OKUCnUTenss B BOCCTaHOBUTE b

OH + C,H.OH-> CH;CHOH + H,O (k = 1.6 10° M-tc?)

« Cu#,, + CHyCHOH = CH;CHO + H*,, + Cu~,,

€,q + M D> MODF 5 (M, (r<k) ... HaHOYacTULbI

(J. Belloni et. al., b.I. Epwos ¢ coasm.)

R + Mt = M(M-1)+ + R+

Vicnonb3oBaHue e, B Ka4eCTBE BOCCTAHOBUTENS NO3BOMNSET peanun3osatb
20MO2eHHOe e0ccmaHo8J1IeHUe UOHO08 G0 HelimpasibHbIX amoMoe 8
pacmeope (bonbwue ompuyamesribHe rnomeHyuarsisl), Hanpumep:

€.+ CU*,, 2 CuY, (oueHka: E° = - 2.73B)
YuncToTa: HET NPOAYKTOB NpeBpaLleHNs BOCCTaHOBUTESS
[Mpobriema: HeobxoanMMOCTb CTabunusaumm HaHo4YacTUL, (KOHTPOSIb)




PaguauMoOHHO-XMMNYECKUN CUHTE3 HAHOYaCTUL,
MeTarifioB B NMJIeHKaxX MeTann-nofiMmMmepHbIX
KOMMNJIEKCOB B BOOHO CMUPTOBOU cpene

TPOWHBLIE NHTEPMOJK- p\g \'V_\H’ \'V_\/
SJIEKTPOJIMTHBIE KOMTIEKCHI: N2 2 H,

Cu Cu

*  MOryT cogepXaTb OTHOCUTENbHO
OonblUXe Konn4yecTBa MOHOB
meTtannos (go 20% Ni?*, oo
27%Cu?*)

*  KOHLEHTpaLUO MOHOB NErko
BapbMpOBaTh

« 00pasyloT HepaCcTBOPUMBIE,
orpaHn4YeHHo Habyxatolwine B Boae
N BOOHO-OPraHn4yeckmx cpegax
NNEHKN

[Mpumep: e, 3hbeKmMusHoO
goccmaraenueaem 00 UOHb Cu(ll

0o memarina, 8 mo 8peMsi Kak
mpaduuUOHHble xumuyeckue .
goccmaHosumersiu darom 3aKuch HaHouacTuubl Meam B nneHkax

meou MHTEPNOSNANEKTPONUTHBIX KOMMIEKCOB,
00ny4yeHHbIX B BOgHOW cpeae (aaHHblie [OM)




ConbBaTUPOBaAHHbIN 3JIEKTPOH: NMPUSIOXKEHUA B
OpraHNM4YecKou n bMoopraHNYeCcKon XMmMmmmn

13y4yeHne mexaHn3mMoB OpraHnU4ecKknx peakumnm c
NnepeHOCOM 3J1IeKTPOHa

[TonyyeHne n npsiMmoe uccriegoBaHue CTPYKTYpPbI U
peakUMOHHOW CNOCOBHOCTM OpraHn4YecKkux pagunkaros,
aHNOH-pagukanos N kKapbaHMoHOB (B BO4E N OpraHUYeCcKnx
pacTBOPUTENAX)

[lpenapaTnBHOE BOCCTAHOBMEHWNE OpraHNYeCcKnx
coeMHEeHUN (CeneKkTUBHO)

MopgenupoBaHne 6MONOrM4ecKknx nNPoLeccoB C NePeHOCoM
9NeKTpPOHa, peakuun nepeHoca 3feKkTpoHa B
OpraHn3oBaHHbIX cucTemMax (MuLennbl), pepMeHTaTUBHbIX
peakunn, 0encTBnua pagmonpoTeKTOpPOB



Ucnonb3oBaHue peakumu ruapaTtmpoBaHHOro
3JIeKTpOHa AJ1A OMUCTKU BOAbI

BONbLUNMHCTBO TPAAULIMOHHBIX COCOO0OB OYMCTKN OCHOBAaHbI Ha
OKUCNUTENbHbIX peakuusax (NpobnemMsbl: XNoOpupoBaHHbIE COeaUHEHNS,
TPYOQHOOKMCIIieMas apoMaTuka, NOHbI TSKENbIX MeTannos)

PagnaunoHHo-XxumMmnyeckas («3rekTpoHHO-Ny4YeBasi» ) O4MUCTKa:
okucnutens (pagukan OH) + BoccTaHoBUTENb (€7, )
YnpouweHHas cxema soccmaHosumesibHoU Yacmu ripouecca (rpumep)
€qt RCI 2> R +CI

R +R 2 R-R
(obpa3sosaHue rrioxopacmeopuMbiX U MEHEE MOKCUYHbBIX MSXKESIbIX
yar1e8000p0008)
€, + M > MO-D* 5 M ™ (r<k) - meTannbl n okcuabl
(ocaxxOeHue)

[Mpouecc peanus3osaH 8 NPoMbILLIeHHOM Macwmabe 8 pssde cmpaH



ConbBaTUPOBAaHHbIN 3NIEKTPOH: NPOONeMbl
N NepCcrneKkTnBbLI

[OunHamunka conbBatauum B CyONMKOCEKYHOHOM
auanasoHe (Boga, 3l)

MwuKpoconbBaTauug (opraHM3oBaHHbIE CUCTEMBI,
NOpUCTble MaTepmanbl)

Pa3Bntne metogoB MOSIEKYNIAPHOU ANHAMUKN
MexaHn3mbl «CBEPXOBLICTPLIX» U « MEOSIEHHbLIX» peakLum
HoBble «4YnCTble» TeXHOMNOIrmu

Ponb ruapaTtnpoBaHHOro a5ieKTpoHa B G1Monornyeckmnx
npoLeccax



OTKyna 6epyTca MOH-paauKanbl ?

dencrteue usnyyvyeHmn
M>M" +e
M+e > M~
PaguaunmoHHo-xumMmndeckme n oToxXxmmMmnyeckme rnpoLecceol
OBOJTOLNSA BELECTBA B OKONTO3EMHOM N MEX3Be34HOM NPOCTPaHCTBE

Peakuuu ogHO3NEeKTPOHHOro nepeHoca
X+Y>X"+Y"™
OkncnutenbHO-BOCCTaHOBUTENbHbIE peakunmn
KaTtanutuyeckne npeBpalleHns
PeaKLI,I/II/I B XNBbIX CUCTeMax

NoH-paaukanel Bcerga poxgarTcs U rmbHyT napamu (MpuHUMNGI
COXpaHeHus 3apsiga n CnuHa)



WoH-paaukanbl: o6Las xapakTepmucTmka

Z=+1,S =", (KaTMOH-paguKanbl)

Z=-1,S =" (aHUOH-pagukKanbil)

PusnyeckKme XxapakTepuCTUKM:

UyBCTBUTENBHOCTb K 3NIEKTPUYECKUM U MarHUTHbIM nonsm, JMP);

(4acTo) 65IM3Ko pacnosioXXeHHble YPOBHW (MorrfoweHne B BUAUMON obrnacTu)

« OOwme xXMMHUYECKUe CBOMUCTBA:

BbICOKas peakLMoHHas cnocobHOCTb (CTabunmsauns ToNbKO B UHEPTHbIX
MaTpuuax Npu HU3KUX TemrnepaTypax — KpoOMe apoMaTUHECKNX N COMPAXKEHHbIX);
* OCHOBHbLIE TUNbI peakunn:

M*+e > M™

M*+ M~ 2> 2M™

“(pekombuHauus)

RH* + RH = RH,*+ R (nepeHoc npoTtoHa Ansa KaTnoH-paanKkanos)

M+. 9 R+ + I

M* 2 R +r

(pacnag Ha MOH K paaukarn)

HCOOCH,CH,* = HC(OH*)OCH,CH," (n3omepusaumsa ans KatmoH-pagmkarnos)

Peakyuu uoH-padukasioe xapakmepu3yromcsi 8bICOKOU crieyuguqdeckol
ceJleKmueHoCcmbHo (3apsido8bIU U CrTUHOB8bIU KOHMPOJIb)




KaTMOH-pa,DMKaﬂbI FINHENHbIX ariIkaHOB:

KOHOpMaLMOHHAA CeNeKTUBHOCTb

KaTnoH-pagukanbi NIMHENHbIX arikaHOB UMEIOT o-0es10Kaslu308aHHY 0
CMpPyKmypy ¢ MaKkcumaJsibHoll 3apsi008oll U cnUuHoeoU NIOMHOCMbLIO Ha
npPomoHax, Haxo0ssWuxcsi 8 NJI0CKocmu uenu

ATU YacTUUbl - OMeHb CUNbHbIE «KUCINoTbI», NpeTtepneBakroLliume
AenpotToHnpoBaHne B HNCTbLIX TBepAbIX aryikaHax

RH* + RH > RH," +R.

CennekmueHocmb GerpomoHUpoeaHUsi KoppeJsiupyem c pacripedesieHUeM

CruHoO8OU MJIOMHOCMU, KOmopoe 4YyecmeumesibHO K KOHbopmauyuu

BbinpsimneHHble (TT) KOHghopMepbl cesieKmueHO 0ernpomoOHUPYHOMCS
Mo KOHUe8bIM MemuJibHbIM 2pyrnnam ¢ obpa3zoeaHuemM paduKkasioe muna

GT KoHghopmepbI OernpPoOMOHUPYOMCS U3 MOJIOXKEeHUSs
KOHghopmMaUyuoHHO20 deghekma




PekombuHauus UMOH-PaAuUKasnoB. BJINAHUNE
NMOKaJIbHbIX U BHELWHUX INEeKTPU4eCKUx noneu

« CKoppennpoBaHHble NOH-pPagUuKarnbHble Napbl: Napbl, BO3HUKLINE NpWU
WOHU3aLMKN OOHOMN MOJIEKYbI:

« M--N\-2 [M* +¢e]
(pacripedesieHuUe Mo paCCMOSHUAM: Ty, < Iy, )
*  KoOHKypeHuunsi reMmHarbHOW NOH-3NIEKTPOHHON pekoMbrHaunm n “Beixoga B 06bem”
[M*+e ] 2 M”
[M*+e’ ] > M*+e™

Pesc(f) — 8EPOSIMHOCMB «8bIXO0a 8 06bemy; I, — paduyc OH3azepa

eZ

rC: 472.5061(8"' pesc(r) = exp (' rc/r)

« T[lpun ucnonb3oBaHun € = £,: Boaa (¢ = 80) 2 r. = 0.7 HM
yrnesogopoabl (€= 2) 2 r, = 27.6 HM
 He yyumbigaemcsi: 1) € = ¢(t) (pekombuHauma npoTekaeT B AManasoHe BpemeH 10-

121079 c, € MeHsieTCs OT €., 0 £); 2) BO3MOXEH 3axBaT dMeKTPOHOB B rrybokue
NOBYLLKM

* BrnugHue BHELUHUX anekTpudeckmnx nonen: 1) M™“-> M + hv - BpemMsipa3peLUueHHbIN
AnekTpuyeckuun apceKkT B MHTEHCUBHOCTU dhriyopecueHuun; 2) BNMSHUE Ha
KOHKYpUpYyrLwme XuMmmieckmne peakumm (Npm BbICOKON HaNpPSXXeHHOCTU NorA)




BpemsipaspelueHHbIN 3fieKTpu4ieckum ahpeKkT B

pekoMOnHaumoHHoun chnyopecueHUNN NOH-
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KnHeTuKa cnaga pagvMauvMoHHO-MHAYLUMPOBaHHOW ¢hriyopecueHLUn pacTBOpPOB

.qud:eHMnaueTvmeHa B U300KTaHe B 3aBUCMMOCTU OT BeJIMYuHbLI E
(no daHHbIM B.U. bopoekosa, ducc. dokm.h.-m. H., UXKul- CO PAH, Hosocubupck, 2008)

Apghekm moxxem b6bimpb UCoib308aH 0111 HErNnocpPeocmeeHHO020 oripederieHuUs
noods8UXHOCMU UOH-paduKasios



CNUHOBLIN KOHTPOJSIb B peakumsax pagmkanoB U MOH-
paguKanosB

« CnuHOBbLIE OrPAaHUYEHNA B XUMUNYECKNX pPeaKLMUAX: peKOMOUHaUus
pPpaauKasribHbIX Nnap

« 1R-1....R|] 2 R—R (pekombuHauyusi ¢ obpazosaHuem duamacHUMHbIX
rpooyKmMos)
« 3[R-'....R1] x> peakuus He udem (crnuHo8sIl 3arnpem)

« PeKOMOMHaUMA NOH-PaAuKanbHbIX Nap
« 1M*1..e]]2>M" > M+ hv (dbnyopecueHuus)
o 3[M*1....e"1] 2 3M™ = npoAayKThbI

« HayanbHOe cnMHOBOE COCTOSIHNE CKOPPENTMPOBAHHLIX padnKanbHbIX nap
(boTONM3) N ckoppennpoBaHHbIX MOH-paguKarnbHbIX Nap (paguonus) Bcerga
CUH2J/1IemHoe

« CnuHosas 3e8osrouusi: 1) cnuHoeas penakcauusi (r ~ 107c); 2) ympama
Koppensyuu ecredcmeaue ouggpysuu (1 ~ 107c 8 udkocmsix muna
e00kI, 3a8Uucum om esi3kocmu)




CnuHoBble 3¢ cheKTbl: BIIUSHNE NOKaNbHbIX U
BHELUHUX MarHUTHbIX noneun

Cxema 3BOMnoumnmn NOH
paanKkanbHOW napbl B cnabbix
N CUINbHBIX BHELUHUX S

a) b) T C) m——
+ y +

) ) ESR
hfi =T Si 3 hfi B 1T, S @ s T,

)
)

N4 N ESR

MarHUTHbIX NOSIAX C y4eTOM T T
Hann4na nokanbHOro

cnaboe nore CuUrbHOe none
MarHMTHOro nosng,
obycrnoBneHHoro
CBEPXTOHKUM Apyron mexaHu3m «cmewumBanusa» S n T —
B3anmopenctemem (CTB, HFI) pasHOCTb g-haKkTopoB (OCHOBA —

criuH-opbumarbHoe e3aumodelticmsue)



HekoTopble BO3MOXHOCTU U NPUNOXEHUSA
CNUHOBLIX 3hdeKToB

MarHuUTHbIN pe3oHaHC, AETEKTUPYEMBIN MO BbiIXxoay peakunu (Reaction
Yield Detected Magnetic Resonance, RYDMR)

OnTunyeckun getektmpyemblint MNP (KO.H. MonuH ¢ coast., XK CO PAH,
HoBocunbupck)

«llepeHoc uHopmayuu»

U3 HU3KO3Hepa2emu4yeckou

8 8bICOKOIHEP2EMUYECKYIO
rnoocucmemy > ygeriudeHue
yyecmeumesibHocmu Ha 7 -8
rnopsidkos

ZmTn

Puc.¥5.13. Cmexrp O] BHP MOH-Pa- .
murambHO# Mnapsl CyoHly /CmH 102 M
pacTsope mafraimEa B CKBAJ4HE

Puc. 5.14. Biok-cXxemMa YCTAHOBRKH I pPErHCTPANM CHEKTPOB Ol 3IIP mon-pa-
JUKAJNHHEIX Hap

CnuHoBas xmmus

CnUHTPOHMKA

BrnnsHne marHUTHbIX Nofen Ha CKOPOCTb peakunn (pagnaumnoHHo-
XUMUNYECKMX, POTOXUMUYECKNX, DEPMEHTATUBHDIX...)

AQHeprusa ynpaBnsaowmx (MarHuTHbix) B3aumogenctemm: 107 — 10° 3B
(0.001 - 0.1 Ox/monb) << KT (1)



