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[Ipepnaraercs TeOPHs JHHAMHYECKOR NOJAPU3ALNIL siep, Oc-
HopaHuas Ha HCNOJB30BAHHH TEOPHH napaMartHiTHOro peaolal-
ca u pejaxcallii OJHOrO 13 aBTOPOB [1, 2] Bosce oGuieir, uem
reopust Buoxa 131, —

. Kax wu3BecrHO, JMHaAMHUeCcKas [OJApH3aLMst  ajlep
(IIT51) — 510 OAHO H3 HA3BaUMil ABJCHHSA, 3aKJIOUAIONLETOCH B
TOM, UTO €CJM B SACPHLI mapaMarHeTHK BHECTH NpHMecsk, 06Ja-
JLAI0IIYIO 3JIEKTPOHHBIM CIHHOBLIM MAPAMArHETH3MOM, 1 NOMec-
THTL ero B maruutnoe mnose (/) coswf, Hisinwf, Hpy), T0 npu
HajaexkameM Bbifope napaMerpoB, OMpefessiolHx TAKyl Ci-
Tyauu, 6Jaarojaps B3aHMOAeHCTBHIO MEKAY fJIEPHON H 3JCKT-
POHHOH CHHMHOBLIMH CHCTEMAaMH NPOACJbHAR sjepHas HaMarmi-
YeHHOCThL MOYKET yBEJHYHUThCH, CNYCTs] HEKOTOpOe Bpems, HAa He-
CKOJIBKO TIOPSIAKOB 110 CPaBHEHHIO ¢ TeM ee 3HaueHHeMm, KoTopoe
MorJio 6Bl yeranosutbes 5 nose (0, 0, Hy).

2. Teoperuueckuy H 3KCHEPUMEHTANBHBIM HCCIEL0BANMIM 11
pasanuubiM npuMenerusiv JTTH nocBawena obmupHas JguTepa-
typa (cm. monorpaduu [4—71). Cpenn nepsnix TEOPETHYECKHX
pabor Obwin npuHajde:kane CKPOIKOMY W ero coTpyLHHKaM
patorel no QexnoMenosoruyecxkoii reopun AITH. 3tu padorn oc-
HOBAHBl Ha Henmoab3oBanui rteopun baoxa [3] B npumenennn x
CIIHHOBOI CHCTEMEe C 36eMAaHOBCKOM IOJACHCTeMOH, cOCToseld 13
ABYX uacteil: gueprofi uw saexrponnoil. Hiske paerca xparkoe
ussoxkenne reopun JIITSl, B koTopoil uenoanayercs (peioMenodo-
rudeckas: reopus [I, 21 Gosee oGuias, uem teopns buoxa.

?. Hnst yaro6erea wajoxenysr crnauyajia HPHBeLeM OCHOBaH-
HLIH Ha teopnn Baoxa noaxon CKpouKoro, JJisi 4ero BOCIOJb-
syemest paboroii [8], dgopmysnt koTopoit 6yjicv ofoznadats ABOI-
HBIMIE cKOGKaMi ¢ coxpaneteM HyMepamny opHrHHANA,
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B paGore [8] ncunoasayeres neppoe nz crerep JABYX pesak-
CAUHOMHBIX ypaBHeHHI st a1epoit My 'n snexrponnoit M. npo-
AOJMbHBIX HaMariHYeHHOCTEeH sAePHOTO napaMarierika ¢ sieKi-
POHHOI IPHMECEIO, HAXOASILCIOCH B NOCTOSNHOM MATHHTIOM 10-
ae (0, 0, Hyp):
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M, - 7 (M —Mg,) | von Toe (M, — M) =0, ((1))

3.10Ch 3HAYKH 1 U e OTHOCATCS K sapam u NCKTPOHAM COOTROT-
[‘.'[‘JS(:‘I-]I-{'O, Hon I Y¥oe— PaABHOBECHDLIC BOCOPHHMYHBOCTH np cuir-
TACeMOH  1TOCTOSHHOH TemnepaType PeltreTKn napaMarmerixa

)

/w()n“—”XOHHO I MgezXUEHO—paBuoaeu—[bm HAMATHHICHHOCT I
Ty u Te—nponodbibie BpeMerna pesaxcauum, 7. xapamepnf
CTHKA 5LACPHO-3JIEKTPONNOTO  B3aumonefictsus. Cunraercs. uyro
OHPCICAIOUIHE BPEeMs peJaKkcailuit siepHoe B3amMotelicTBHe B
OTCYTCTBHE 3JIEKTPOHOB I TOJABLKO SACPHO-3ICKTPOIHOE B3aIIMO-
ACHCTBHE aJJINTHBHBL B CJAECTYIONEM CMLICJC:
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Ta = 7,0 7 ((10))

N T (0 T ~
rae 7' It T —vacrtu T, 00SI3AHHBIE YKAZAHHLIM BLILC JBYM
B3dUMOACHCTBHAM. Bpogsites pesanuuun:

!W”e - /ME = | ;;I-l— Ty 5
M—E;__. =2z, A/I(m T ‘/*UT- T_n-; EMUL‘ — /W“"""
an) = Tn

Tn((:)""iflf ((5)): ((7))= ((12))

U T /T = : ’
aD/The = p, npu nomomu KOoTOpbIX My* nepenncsiBaercs:

ENERINS
F - | Toe e 7
M= Mo (14 Y 1), ((13))
4 13 1CPBOTO ypaBHEHHST CHCTEM b ((4)) nomyuaerest sepaxene

By - (M — M,#) O, ((6))

HGTEOMEC’IIIM pa;cma'i'pnuac_.vm.f’l AJEPHO-3JIEKTPOHIIBI napamar-
L K B Ioje (i cos wt, H,sin wl, Hy). B caydae naxousmuic-
V[Jil?ilﬁ’)llllIaQK%M nose napavarmeruga c OAHHM  COPTOM  CIog
e :??M HMEET JLIst mpo1oabHoi cocTasasiome naviar-

(CLIOCTIL acnvnroriueckoe 1o Bpevernn CTRUIONAPHOL pelte-
e M*', yeranasansawmeces HMPAKTHUCCKIL CHYCTS BDPONS 10~
3 3 .

psiika BPEMCHH NPOJOABHON pesaxcalii nocie Hayasin ;l‘ei-’ur"a’u
RIS 0JS; B OJTAIIEM CAYUae 3T0 CHPaBeiNEo Kak s aicpuoil,
rak M IS SJAEKTPOHHOI gacTefl CNHIOBOfl CHCTeMbl mapaMarie-
THKA, HO TAK KaK sAECPHOE IIPOJIOJbHOE BpeMsi pejakcaiiil ro-
pasio Gosbllie IEKTPOHHOrO, TO M8t yerauapnnsaercs 3mauvi-
respiio panbure, yem My®', a 5 cuny ToOro, wro sjepHoe rupovar-
HUTHOE OTHONICHHE MHOTO  MEHBLIIe 3JCKTPOHHOr, Beaiulina
SULEPHOI HaMarnnueniocrn i :\'zu\'n,\w!’llﬁu HoJe ouclL Maja 1o
cpaBlieHHI0 ¢ BEIHYMHOM 3JEKTPOHHON HaMarmuueHlocTH B Ta-
koM ke modge. [To 3THM ABYM HpHUMHAM, NPAKTHYECKI MOKHNO
culTaTh, UTO, HAUYMHAS ¢ MOMEHTa ycramosjennsg MeS', usvenc-
une My npouncxoaur npu Me, paBrnom Mt v ¢ HyJaeBLM HavyaJib-
HBIM yCJIOBHEM — CJCJOBATENBLHO, ec/u B Bhipaxennn ((6)}) noso-
HKHTh Mo = Mc®t, TO 310 BBIpAMKEHHE CTANET yPABHCHUEM 1151
naxosxcaenns My () ¢ pewennem

¢
M) = M3l —e Ta). ((8))

IIpi HCNOJL30BAHHH ITOIO Pe3yjbTara OKasbiBaeTesl Len2co00-
pasHbiM Oparth YACTOTY TICPEMEeHHOro TOKA paBHOI 9JEKTPOHHOI

JIAPMOPOBOIl 4acTOTe e == — yelo; TOrma MeS'= Mee (1 +
+ @1e’T1eToe) ™, re Tie 1 Toe— 3/IEKTPOHHBIE GJIOXOBCKIE Bpe-
MEeHa pesakcalin H e = —yell;. Bxogsmue B ((13)) sesan-

UHHBL MOTYT ObITh nofoOpannl Tak, 4rofbl §nwio My* 3> Mo, B
[8] mpuBejena B xauecTse npuMepa KOHKPETHAs CHTYallls, KOI-
Jda jpaa nporoHo Mu* npesniinaer Mo, 8 660 pas.

4. O6parumest x reopun JTIISI, ocHoBanmoil ma (penoMeH0JO-
riaeckoit reopun [1, 21,

B ofumux ueprax COXpaHHM pPaccMOTPEHHDIT B I 3 NOJXOJ
Cxpoukoro. Ho Bmecro ypasuenns Bioxa masi HaMarHHueHHO-
et M GyjieM Mosb30BATLCs CHCTEMON OCHOBHBIX ypPaBHEHHI Teo-
pun [1, 21 jos M u oBpartnoii TemnepaTypsl f CHCTEMBl BHYT-
PEHHHX MArHHTHBIX B3aumojeHcruil. Dty cicreMy ypasieniil
Juist io6oro H (1) MoxKHO 3anmucarh Tax:

M+ (vH X M) + (0 — v YH2H(H - M — yoH?) +
+ 127! (M —x0H) + ACH (B—Bo) =0,
B+ a(Bp—PBo) +Ab~! (H-M—yoH2) =0, (1
3JleChb y — HPOMATHHTHOE OTHOLLEHHE, Bo—oGparnas Temiepa-
Typd peImeTKH, CUHTAEMOll TePpMOCTAaTOM AJS CHHIOBOM CHCTEMB,

Ty M Tz—ﬁJlOXOBOKIl(—: BpeMeHna pejgaxKcally, KUHeTHUYeCKHe Ko-
3(1)(1)['1111*[01{'1"[)[ Ao XapaxKTepHu3yIoT pOJib CHCTEMDI BHYTPCHIIX
P
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MATHHTHLIX B3aHMOAcHeTBH{ & npoueccax peszonaiica i penak
caun, C-—nocrosunas Kiopn, b — nocrosinnas Baun CDJI‘GK'-T
%0 = CPBq¢-— paBuonecuasn BocnpuuMuuBocets. Teopug [1, 9] 61:1:
aa obobiiena na CAyYall 3ceMaHoBeKof CHCTEeMD, cocro‘ﬂmeﬁ H3
1> 1 pasanuppry gacrei; mHa YPABHEHHH oGo6uiennoi; TEeOPHI
ALt 1t = 2 (ona ony6iuxonana [91) noayuena cuerema )eﬂpar
CALHOUNDBIX ypaBHEUH[ s My, Me w B, mmmomaﬂcﬁ oéoﬁu o
Hiuew crerewnl ((4)) Teopun Cxpoukoro: =

; 1 >
Mt 7 (Ma— M)+ Yot gy o

Toe
+ Cn}‘llHﬂ ([3 = ﬁ(ﬁ) — OJ
. ) 1 e
Meb oMo M)+ Y I o,y 1 @

. + Cv}‘ef'fo (fj = ﬁ(}) =1,
Bt (B =Bo) + b~theldo (Mo— Moe) + 0=1RuHy (My—May) —0,

(cnerema ((4)) noayuaercy nas MEPBBIX ABYX ypaBHEHN[i cuere.
MBI (2) upu B = By). )
. _T CIICPb NOBTOPHM baccmoTpenne, nposenennoe g . 3, no ¢
IfiCl[f)JIbSOBEIHHEM MIEPBOTO ypaBHCHHS CHCTeML (2), a ne ((4))
r . 0 !

BB(?;LS‘HH?M, Kpome onpejnensemoi ((5)) Beamunmn 2, eme 1 ana-
n'o; 1;11{-10}.1 €H BeIHYHHLL § = (By— B) / Bo u BHeceHimem coorner-
]str[p} IOLIEr0 JIONOJMHEeHHs] B onperensiemyio ((7)) Beanuuny M, *
€3yabrare BeIpaxcenne ((6)) coxpammr - 1ecT 3))
A ((6)) [ ¢d, HO BmecTo ((13))

Mnm:/]/{'nn(l + Vh;/‘nc ijz T ;’\“T")f) 1 (3)
) Lon
’.H‘HH HPEBpauleHns BoIipasens ((6)) B ypaenenne A HAXO0K -
‘{/};Iifm Mn(t) nyxua Tenepn samena B (3) me Tosbko Me B 2 11a
1_ >, Ho u B By Ha Bt rye Mt m Bst joumkmp BoITh Halien),
MYTCM pCLICHHS CHCTEMBI ypaBHeHui (1) nast snexrpounoi ey
HOBOH cHCTEeMBL B nojie (Hicoswl, Hsinwt, ) ¢ w = wq; npi
STOM B ypaBHenusx (1) yno6uo ppecry oGosnauenne p— By = 0,
TaK 4T0 y = — Bo~10. Bhunciens JLaIoT:
o ” _ .
Mo = — CHoMyr,—! [E+E¢1)Q + e~ lg~ ad 1] D1

00 = MoZ-tro~t (P + Tow,?) D (4)
3JeCh

== H/H,, q=Ho*/H.? H, = bh/C:

Q=1i— (1472~ (Tt —171) gl

Tl Ll e BTN F e

I

D= —CHo { [t + & (v + 1y02) ] Q -+ g lg—tur-1p 4
+LQP + §lry g ad ! (17 + 20, ) b

BCE BEJHUHIDI OTHOCATCSA K 3MCKTPOHHON CIHHOBOI cheteme (3na-

qOK € omyuien).

5. Teopus Ckpoikoro (cM. nm. 3) okasanace noaesuoll 5 of-
Jactn usydueHns u ucnonssosanus JITS. Mowxno aywars, uro
KPaTKo H3JIOKCHHAs BLILE B 1. 4 TEOPHs MNO3BOJHT HOIYUHTE
NPeACTaBIAIOUIHe HITEPEC HOBLIE Pe3yabTaThl B 3TOH obaactl,
TAK KaKk OHAa OCHOBAHA Ha TEOPHH MATHWTHOTO pe3oHaica i pe-
jgakcalnu Gojee obuled, yem Teopus Baoxa.
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A CONTRIBUTION TO THE PHENOMENOLOGICAL
THEORY OF THE DYNAMIC NUCLEAR POLARIZATION

I. G. Shaposhnikov, I. V. Kaganov
(Summary)

I. Among the first theoretical papers on the dynamic nuec-
lear polarization (DNP) there are some written by Skrotskii
and his collaborators wherein a phenomenological approach
lo the problem is used based on the Bloch's theory [3] of the

i



[ ——

paramagnetic resonance and relaxation; In the paper presen-
ted a theory of the DNP is brielly discussed based on the phe-
nomenological theory [I, 2] which is more general than the
Bloch’s one. . , .

2. To begin with, let us consider the main  points of {he
Skrotskii’s approach used in the paper [8]. In lhis paper the
first one of the two coupled relaxation equations ((4)) for the
nuclear M, and eleclron M. longitudinal magnetizations of
the nuclear — electron paramagnetic sample is used, this samp-
le being placed into the constant magnetic field (0, 0, Hy). By
means of the quantities ((8)), ((7M), ((12)) the first equation
of ((4)) is rewritten in the form ((6)) with M,* from ((13)).
Then the sample is placed into the Mmagnetic field (H, cos wf,
Hysin wt, Hy). For such a field and a sample containing identi-
cal spins there exists the stationary- solution to the Bloch’s
equation which gives, in particular, the stationary longitudinal
magnetization Mst setting up for amount of time =T, after
the beginning of the action of the field. In our case such a
situation will take place both for M, and M.. But due to the
fact that 7,, > 7. and Yn < |ye| one can accept as true that
alter sttting up of M5t the evolution of M, will 20 on accor-
ding to ((6)) with Me = Mt and be given by ((8)). It pro-
ves to be that the choice of the quantities entering ((13)) is
possible securing M,* > Moy, for example, My*/My, =~ 600 for
protons.

3. Now let us turn to the phenomenological theory of the
DNP based on the theory [1, 2]. The general scheme of the
fiew approach is the sameé as that of the Skrotskii’s one. But
instead of the Bloch’s equation for the magnetization M, the
equations (1) of the theory [1, 2] for M and the inverse tem-
perature B of the inner magnetic interactions is used. The
theory [1, 2] was generalized for the case of Zeeman system
consisting of n>"1 different parts (to be published). From
the equations of the generalized theory for 5 — 9 (see [9])
the relaxation equations (2) were obtained. Then the reasoning
performed in [8] were repeated using the first equation of (2)
instead of ((4)) which gave ((6)) but with (3) instead of
These are the nain features of the' DNP theory in question,



	Пустая страница



