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CKOpOCTh SIICPHOI CIIMH-PEIIeTOYHOM peslakcaluu orpenensieTcss 3((GeKTUBHOCTbIO B3aUMOICUCTBUS
TETJIOBBIX (POHOHOB C SIIEpHBIMU CITMHAMMU. [IpeacTaBiaeHbl pe3yabTaThl 10 CHUXXKEHUIO 3D eKTUBHOCTH
CNTMH-(OHOHHOM CBSI3M ITyTeM ITOJaBJIeHUs BKJIaaa TapaMarHUTHBIX IIEHTPOB B pelaKCalnio KBAIPYITOIb-
HbIX siaep. [TomaBieHUe TOCTUTANTOCh CTallMOHAPHBIM MAarHUTHBIM BO3IEMCTBUEM JIAPMOPOBCKOI YaCTOTHI.
IToka3aHo, 4TO, KaK U B CJIydae TIPUCYTCTBUS aKyCTUIECKOTO IO, CKOPOCTh CIIMH-PEIIeTOYHOM perak-
canuy simep >Na B KkpricTaiuie (pTopyIa HATPHst IPY MATHUTHOM HacChIIIeHUU curHaia SIMP He MeHsieTcst
B 00JIaCTH OTPUIIATEIBLHOM CpemHeil CTUHOBOM TeMITepaTyphl. B 061aCcTH MOIOKUTETbHOM CITUHOBOI TeM-
nepaTyphl peakcaius CluHoB 2’ Na cyllecTBEHHO 3aMeIsieTCsl, TIPU 3TOM BOCCTAHOBJIEHHE SIIePHOI Ha-
MarHMYeHHOCTH CO BpEMEHEM OTIMCHIBAETCSI CYMMOI IByX 9KCITOHEHT. [To Mepe yBeTnueHUsI ”HTEHCUBHO-
CTH HACBHIIIAOIIETO MOJISI PACTET BKJIAJ SAEPHBIX CHIUHOB C MeHbIIEeH 3(p(heKTUBHOCTHIO CITMH-(DOHOHHOI
CBSI31, COOTBETCTBYIOIINX SKCIIOHEHTE ¢ OOJIBIIMM BpeMeHeM pesakcaiuu. [TponeMoHCTpUpoBaHoO, YTO
115 simep °F, He MMeIoINX KBaAPYIIOIbHOTO MOMEHTa, 3((hEeKTUBHOCTD CTUH-(OHOHHOTO B3aNMOIEHi-
CTBUSI HE U3MEHSIETCS B YCIIOBUM HachIieHUsI. [1oydeHHbIe pe3ybTaThl MOTYT OBITh MCITOJTb30BAHBI JJIST
KUCCIEN0BAHMSI CTPYKTYPHI peabHbIX KPUCTAJLJIOB.

Karouesbie cnoéa: MarHUTHasI KBAaHTOBAS aKyCTHukKa, aa€pHO¢€ CHI/IH—(I)OHOHHOG B3aHMOHCﬁCTBHC, aKyCTH4€C-
CKO€ U MAaroHuTHOC€ HaCbIIICHUEC JIMHUN HMP, CIIMH-peI€TOYHasd peJ1akcalus, mapaMariHuTHbIC HCHTPHI
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BBEJEHUWE

DPPeKTUBHOCTh CITMH-(POHOHHOIO B3aUMOIEii-
CTBUSI OTpeaelisieT CKOPOCTh CITUH-PEIIETOYHOM pe-
nakcauuu (CPP) anep, xapakTtepusyeMyro U3Mepsie-
MbIM METOIAMU SIAECPHOIO0 MATHUTHOIO pe30HaHCAa

(AIMP) BpemeHeM le [1]. s ssmep B pealbHBIX T~
QJICKTPUYECKUX KpUCTalllaX CyMMapHasd CKOPOCTb
CPP paBHa:

T =@+ @™y (1)

lat\—1
rae cnaraemoe (7;")" ompenensercss CrMH-GOHOH-
HOI CBSI3bIO B KpUCTaJJIax C UAcalbHON pEelIeTKOM, a

99

“IIpUMeCHBIN” BKJIad (Tlimp)_1 0OYyCJIOBJIEH y4acTUEM
napaMarHuTHBIX dedekToB u npuMmeceii. s smep,
00J1aJa0IINX JICKTPUISCKUM KBaIpyMOJIbHBIM MO-
MEHTOM, “pelIeTOYHbIN” BKJIad BO3HMKAET 3a CUYET
JTUHAMUWYECKUX TPAAUEHTOB 3JIEKTPUUYECKUX TIOJIEH,
WHIYLIMPOBAaHHBIX TEIIOBbIMU (DoHOHamu [2]. Pe-
IIETOYHBIM MEeXaHWU3M peJlaKCalliM KBaJapyMNOJbHbIX
saaep JOMUHUPYET B TOCTATOYHO YMCTBIX 0Opasliax,

HO POJIb IPUMECHOM peJlakCalluy BO3pacTaeT B JIETH-
POBaHHBIX KpUCTaIaX, OCOOCHHO MpU TeMIepaTy-
pax HiKe KoMHaTHoIA [3, 4]. B To Xe Bpewmsl, pelak-
caums siiep co CIUHOM % MPaKTUYeCKU TOJTHOCTbIO
oIpeesieTcsl BTOPbIM cllaraéMbIM B ypaBHeHUM (1).
D P PeKTUBHOCTD IIPUMECHOTIO MEeXaHM3Ma SIIepPHOI

CPP u ero 3HauuTeNbHBIA BKJIAJ B BEJIUYUHY le na-
JKe TIPY MaJloi KOHILIEHTpalMY TTapaMarHUTHBIX [IeH-
TPOB B 0ObeMe KpHucTasia, HallpuMep, B cilydyae Ha-
JINYMSI HEKOHTPOJUPYEMBIX TpUMeceii B cielMaIbHO
OUMIIIEHHBIX 00pa31ax, 00yCIOBIECHbI CUJIbHOI CBSI-
3bl0 TTapaMarHUTHBIX LIEHTPOB C KOJIEOAHUSIMU PEeILIeT-
KA Y C ONMXKalllIMMU SAEPHBIMU CIIMHAMU, a TaKXKe
yyacTveM CIUHOBOW auddy3un, BbIpaBHUBAIOIICH
SIIEPHYIO HAMarHMIeHHOCTh B 00beMe oopasia [3].

B MarHuTHOI1 KBAaHTOBOM aKyCTUKeE 11 HAO I00e-
HUSI aKyCTHMYECKOIO sIIepHOTro pe3oHaHca (AP),
IPY KOTOPOM TEPEXOAbl MEXIY SIMepHBIMHM 3eeMa-
HOBCKVMH YPOBHSIMU MHAYLIMPYIOTCS JIMOO Oeryleit
aKyCTMYeCKOil BONHOM, MO0 muddy3HO paccesH-
HBIM aKyCTUYECKHUM TIOJIEM PEe30HAHCHOM YacCTOTHI,
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Puc. 1. TemneparypHasi 3aBUCUMOCTb yIeAbHOM Hamar-
HUYEHHOCTH G KpucTauia (GTopuaa HaTpus B pexXuMe
oXJIaXACHUS] B MarHUTHOM 1osie 100 D.

MIPUMEHSTIOTCS aBa MeTona |5, 6]. B “npsmom” metome
ASIP HenmocpenCTBEHHO pErucTpUpyeTCsl pe30HaHC-
HOE TIOIJIONICHNE aKyCTUUECKOM SHEPIUK CIIMHOBOM
cucTeMoii saep. B MeTone akycTrieckoro Hachille-
Hus curHaiga AMP uccrnenyercss yMeHbIIEHUE pa3-
HOCTH HaceJICHHOCTEI CIIMHOBLIX YPOBHEM 1O M3Me-
HEHMIO UHTeHCUBHOCTHU curHana AMP, kotopoe MoxX-
HO TPaKTOBaThb KaK CJIEACTBUE ITOBBIIICHUS CpemHei
CITIMHOBOM TeMIiepaTyphl B aHcaMoire simep [7]. Meton,
HachllleHUsl curHajga SIMP mojy4us cyliecTBEeHHO
OoJiblllee pacIpOCTpaHEHUE B CHMJIy BBICOKOM 4yB-
CTBUTEJIBHOCTU 1 YHUBEPCAJILHOCTU. M ccemoBaHus
aKyCTHYeCKOro HachwiieHus curHaia IMP kBanpy-
MOJBHBIX SIIEP MOKa3au, YTO IIPOLECC HACHIIIIEHUS
nmogodeH oOpatHoMy mnpoueccy saepHoit CPP.
B naeanbHBIX KpHUcTa/ulax HACBIIIEHUE ITPOUCXOIUT
3a CYeT aKyCTMYCCKOM MOMYJISLUMN 3JISKTPUUECKUX
Kpuctajummyeckux moneit. [IpucyrcrBme mapamar-
HUTHBIX [IEHTPOB PA3JIMYHON IIPUPOILI IPUBOIUT K
TOSIBJICHUIO JIOTIOJIHUTEJIbHOTO KaHajla aKyCcTuye-
CKOTO HACHIIIeHs OJarogapsi JIOKaJIbHOMY IIeperpeBy
CIIMH-CHUCTEMBI OJIVKAMIINX K 3TUM LIEHTpaM siiep 1
crnmHoBo nuddy3un [8§—10]. JlokanpHOE ITOBBIIIIE-
HUE CIIMHOBOI TEMIIEpaTyphl Saep BOJIM3U OIpee-
JIEHHOTO ITapaMarHUTHOTO LIeHTpa MOoAaBisIeT BKJIA]
3TOrO LIEHTpa B IPUMECHYIO pelaKcalulo, YTO CHU-

XaeT cKopocTh cymmapHoit CPP (le)_l. HUcnonp3o-
BaHME aKyCTMUYECKOIro HachwlleHus curHaia SAMP
MO3BOJINJIO, TAKUM 00pa3oM, peajn3oBaTh METOIUKY
pasneneHus Mmexann3dMoB CPP kBagpynoiabHBIX s1ep

lat\~1
U U3MEPUTH B psaAe mMarepuanoB BpeMeHa (7, at) u

(T;™)™' myTem HaGIIOCHNUST BOCCTAHOBIICHUS SIEP-
HOIi HaMarHWMYEHHOCTU K CBOEMY PaBHOBECHOMY
3HAYEHUIO B YCIOBUSX HackieHus [ 11—13]. Cnenyer
MOMYEePKHYTh, YTO N3yUYeHUE MEXaHU3MOB CIIUH-(O-
HOHHOTO B3aUMOIEUCTBUS B pa3IMUHbIX MaTepruaiax

MUKVYIIEB u ap.

SBIISIETCS TPUHIOINIIAAIHLHO BasXHBIM BOIIPOCOM JIJIST
MHOTHX MpPaKTUYECKNX MpUMeHeHuit [6, 14]. 3ama-
yeil HacTrosileil pabOoThl SBISIETCS HCCIeIOBaHUE
BO3MOXXHOCTH pa3aciIeHUsT PEIIeTOYHOTO 1 IIpUMeC-
HOTO BKJIQJOB B CITUH-(POHOHHOE B3aUMOICIHCTBHE B
YCJIOBUSIX MAaTHUTHOTO HaChIILeHUs TuHur SIMP niist
KBaIpyHoOJIbHBIX saep HaTtpusa B Kpuctaiuie NaF m
CpaBHEHHE CO ciiydaeM siiep propa, HE MMEIOIIMX
KBaJApyHOJIbHOTO MOMEHTA.

OBPA3LbI U METOAUKA DKCITEPUMEHTA

OO0pa3upl OBUIM BBIpE3aHbl U3 MOHOKpHCTAajla
dTopuna Hatpusg NaF Bmoib ocu cUMMETpUM YeT-
BepToro mnopsiaka. CocTaB HUCClIeAyeMOro Kpucrajia
OBUI M3y4YeH Ha HaJlu4due B oObeMe IpuMeceii, BO-
IIeAIINX B PELIeTKYy B IIpolecce pocrta. Komuue-
CTBEHHBIN 3JIEMEHTHBIN aHAJIWU3 MPOObI, B3SITON U3
o0beMa KpHUCTala, MPOBOIWJICS Ha ONTHUYECKOM
SMUCCUOHHOM CIIEKTPOMETPE C UHAYKTUBHO CBSI3aH-
Hoit tasmoit ICPE-9000 (Shimadzu). AHanus mo-
Kazajl comepxkaHue B uccienyemMoM Kpucrtamie NaF
NPUMECHBIX aTOMOB B CJIEIYIOIINX KOHIICHTPAIIUSIX:
Ca —310 mr/kr, Mg — 10.5 mr/kr, Fe — 7.9 mr/kr,
Zn — 6.1 mr/kr u Sr — 3.1 MI/KT.

MccnenoBanue o6pasua NaF Ha marHuTtomerpe
MPMS SQUID VSM (Quantum Design) BbISIBUIO
CJIaOBIIA TTapaMarHeTU3M, OOYCIIOBJIICHHBIA HEKOH-
TPOJIMPYEMBIMU IMapaMarHUTHbIMM LEHTpaMM, Ha
(oHe TMamMarHuTHOM HaMarHWIeHHOCTH (puc. 1).

AMP uzMmepeHusI TpOBOAUINCH HA UMITYJIbCHOM
cnektpomeTrpe Bruker Avance 111 400, onTumMusupo-
BaHHOM JUJIS1 pabOThl C TBEPAbIMU OOpas3liaMu, Mpu
temreparypax 296 u 155 K. Ha6moganock Boccra-
HOBJIEHWME HaMarHUYEHHOCTU snep 2°Na rocie UH-
Bepcuur 180° UMITyJIbCOM TPU MPUTOKEHUU AOIOJ-
HUTEJLHOTO PE30HAHCHOTO MAarHUTHOTO HacChIIal0-
LLIETO BO3AEUCTBUS.

SAnepHast HAMarHUYEHHOCTD IIPU CTALMOHAPHOM
HACBILIEHNM XapaKTepu3oBajiach (paKTOpOM HAaChI-

mwenust Z* = A”/ Ay, tie A” u A, — vHTerpajbHble
uHTeHcuBHOCTU JInHKUI AMP *Na B nipucyTcTBum n
B OTCYTCTBUE OOIOJHUTEIBLHOIO Bo3neiicTBus [15—17].
st usMepeHust CKOPOCTHU peJlakcallii B YCIOBUSIX
HAaCBIIIeHUSI OblIa pa3paboTaHa UMITYIbCHAsI TTOCTIeIO-
BaTeJIbHOCTh, CXeMa KOTOpOIi M300pakeHa Ha puc. 2a.
IMepen 180° UMITy/IbCOM BKJIIOYAETCH PagMOMMIIYJIbC
P, c nTapMoOpoBCKOIi YaCTOTO! 3aMOJHEHUS, IJIUTEb-

HOCTb Af KOTOPOTO HE MEHBbIIIE lOle. HNHuTencus-
HOCTbh UMINyJibca P; B pa3HbIX U3MEPEHUSIX U3MEHSI -
€TCsI 11 CO3JaHUsI CTAllMOHAPHOTO HACKIIICHUS pa3-
JInyHo#t creneHu. B mpomexxyTtke mexay 180° u 90°
UMITyJIbCAaMU TOMAETCS PATUOUMITYJIbC P, TaKOi Xe
MOIIIHOCTH, KaK 1 P;. JInTeIbHOCTh UMITyJibca P, 3a-
BUCUT OT BpeMeHU 3aAepkku Mexay 180° u 90° um-
myJabcaMU, 3aJaBaeMbIM IJISI U3MEPEHUsI CKOPOCTHU
BOCCTAaHOBJIEHUSI SIAEPHON HaMarHu4eHHocTu. [lo-
AKYCTUYECKHNH KYPHAJ Ne 6
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Puc. 2. (a) — UmmyibcHast TTocie10BaTeIbHOCTD TSI HAOTIOIEHNSI BOCCTAHOBJICHUS SIIEPHOM HAMAarHUYEHHOCTH B YCIIOBUSIX
MarHUTHOTO HacblilieHust JMHUKM IMP. JlononHuTeNbHbIE PE30OHAHCHBIE PAIMOMMITYJILCH P 1 Py co31aloT cTallMoOHapHOe

t . t
MAarHUTHOE HachllieHue ¢ paktopoM Z* . (6) — BoccTaHOBIEHME SIIEPHOI HAMAarHUYeHHOCTH rtocie 180° umnynbcak Z% . 1 —

BpeMsI BOCCTaHOBJICHMS, fy — BPEMsl, IPY KOTOPOM siiepHasi HAMarHM4eHHOCThb paBHa 0. <0c ,) — cpeaHee 1o oobeMy obpasia

3HaYeHUe 0OpaTHOI CITMHOBOI TeMIlepaTyphbl.

cie 90° uMnyabca perucTpUpyeTcst CUTHAI CBOOO/I -
Hoii mipetieccuun, @ypbe-npeodpa3zoBaHUE KOTOPOTO
nmaet auHuo SIMP. 3aBucuMOCTh MHTErpaIbHOM MH-
TeHcuBHOCTU JIuHUU SIMP A oT BpemeHu 3anepXKu ¢
MEK1y MTHBEPTUPYIOIIM U 30HAUPYIOLINM UMITYJIbCa-
MU TIO3BOJISIET TTOCTPOUTH KPUBYIO BOCCTaHOBJIEHMSI
SIIEPHON HAMarHWYEHHOCTH Z (f) = A(Y) / A, K cTauuo-
HapHOMY 3Haue€HMIO, KaK ToKa3aHo Ha puc. 20, u
paccuuTaTh BpEMSI BOCCTAHOBJIEHUS T.

B npucytcTBUM TapaMarHUTHBIX LIEHTPOB, MPU-
BOASIIIMX K HEOMHOPOMHOCTH SIIEPHOM HAMarHu4eH-
HOCTH, BBOAUTCSI CPEMHSIS TTI0 00beMy obpasiia Cru-
HOBasg TeMIieparypa (T,) [7]. BenuunHy Z B 3TOM
cllydae MOXKHO BbIPa3UTh Yepe3 OTHOIIIeHE 0OpaTHOI

CITMHOBOM TeMIlepaTyphl <oc ,) = _n K oOpaTHO
TemIepaType peweTku o, = —— (7, — Temmeparypa
B/
o
pelieTkn): Z = M Takum o6pa3zoM, BOCCTaHOBIIE-
oy

HHUEe HﬂepHOﬁ HaMarHm4€HHOCTH Ha Ha4YaJIbHOM OTaric

BIUIOTbH JO MOMEHTA BPEMEHU #, (pUC. 20) MPOUCXOIUT
B 00J1aCTH OTPULATEIBHBIX CIIMHOBLIX TEMIIEpaTyp, a
3aTeM Ui ¢ > f, — B 0OJaCTH MOJIOXKUTENBHBIX CITHA-
HOBBIX TeMItepaTyp. B oTcyrcTBHe 3ddekTa mogas-
JneHns mpuMecHoro Bkiama B CPP mng kaxmgoro 3Ha-

t
yeHUs (HaKTopa HACBILEHUS Z~ CyMMapHO€E BpeMs

>
penakcauuu 7;” cBS3aHO C BpEMEHEM BOCCTaHOBJIE-
HUS IAepHON HAMAarHMYEHHOCTU B YCJIOBUSIX CTallU-
OHaApHOTO HachlllleHUs T (pUc. 206) COOTHOIIIEHUEM:

TiX — T/ZSt. (2)
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CoortHonieHue (2) SIBASIETCS CAACTBUEM U3BECTHOTO
ypaBHEHMs [JIsi U3MEHEHUsI OOpaTHOU CIMHOBOIA
TeMITepaTyphl MON HeiiCTBMEM pPE30HAHCHOTO BO3-
oyxneuust u CPP [7]:

d{a) _ oy — (o) _ W (o) = %

o
o1 s i ©
1

TiZ ZsrTiZ ’

roe W— BE€POATHOCTb MHAYIIMPOBAHHBIX ITIEPEXOI0B

nZz" = 1/ 1+ WTIZ). Peurenne ypaBHeHus (3) moka-
3bIBaeT AKCMOHEHIIMAJIbHOE BOCCTAHOBJIEHUE 0OpaT-
HOIT CITMHOBOIT TeMITepaTyphl K paBHOBECHOMY 3Ha-
YEeHUIO CO BPEMEHEM T, TOTUYMHSIONIMMCS COOTHO-
meHuto (2).

PE3VJIBTATBI 1 OBCYXIEHHWE

M3MepeHUsT BOCCTAaHOBJICHUS SIIEPHOM HAMArHu-
yeHHocTH ZNa nocie uHBepcuu 180° MMIyJIbCOM
MPOBOAMIVICH IIPU TeMIlepaTypax 296 u 155 K B nua-
nazoHax ¢akTopa MarHUTHOTO HACHIIIeHUs OT 1 o
0.07 m ot 1 mo 0.06 cooTBeTcTBEHHO. [1oNydyeHHBIE B

t
oTCyTCTBUE HachieHus (Z = 1) BpeMeHa pelakca-

unn 7;” paBHsuch 12.4 u 54.6 ¢ ipu 296 u 155 K co-
OTBETCTBEHHO. bbLIO TMOKa3aHO, UTO XOI KPUBBIX
BOCCTAHOBJICHUS Z(f) TpA 00EUX TeMrepaTypax Ha
HavyaJlbHOM 3Tarie B 00J1acTH OTPULIATENbHBIX CTUHO-
BBIX TeMIIepaTyp ObLI SKCITOHEHIIUAIBHBIM U Xapak-

TEPU30BAJICI BpEMEHAMU T, = TIZZ * B COOTBETCTBUM
¢ BeIpaxkeHueM (2) mpu Bcex 3HaYeHUIX paKkTopa Ha-
coiueHus. C y4eToM HEMOJTHOM MHBEPCUM SIICPHOM
HaMarHMYeHHOCTH TIOCJIE WHBEPTUPYIOIIETO WM-
MmyJibca KpuBbIe Z(f) OMUCHIBAIIMCH BbIPAXKEHUEM:
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Zst
0.09
006 L Z/Zst: 1 —b[p eXp(-t/Tl)
+ (1 — p)exp(—1/1,)]
NO0O3ES 1o (>0
O '/ 1 1 1 1
- 5 10 15 20 1, ¢
003 M (o) >0
i Z/Z5" = 1 — bexp(—t/t)
(1—b)Z%

Puc. 3. BoccraHoBieHue siIepHONl HaMarHUYEHHOCTH
nociie 180° mMITysibca Mpu CTallMOHAPHOM HaCHIIIEHUU

Z%=0.11 mna T =296 K. LItpuxoBast u crionIHAs JIU-
HMU IOCTpOeHbI 1o opmyie (S)cp =1up <lnoputz > g
COOTBETCTBEHHO.

Z(1)=Z"[1-bexp(—t/1))], (4)

rae b — uynciieHHbI KoadounueHT, 1 < b < 2. Takum
o0pa3oM, TOMOTHUTEIbHOE MAarHUTHOE HACBIIICHNE
He cKa3bIBajloch Ha 3(h(HEKTUBHOCTU CIIMH-(POHOH-
HOTO B3aMMOMACHCTBUS siAep HATPUSI B 00JIAaCTU OTPU-
aTeJIbHBIX CPEIHUX CIIMHOBBIX TEMIIEPATYP IIPH JIIO-
OOM ypOBHE HACHIIIICHUS.

O,[[HOSKCHOH@HL[I/I&JIBHLIﬁ IIpoecc BOCCTAHOB-
JICHUA HHCDHOI),I HaMarHm4€HHOCTN C BpEMCHaMMn

b3
1, = T;"Z" nabmonancs Takxe U B 00J1aCTH MOJIOXKU-
TENBHBIX CPEIHUX CIMHOBBIX TEMIIepaTyp, HO TIPU
OTPAaHMYECHHBIX 3HAYeHMSIX (akTopa HACHIIIEHUS

7" >0.4u Z" > 0.7 st temnepatyp 296 u 155 K co-
OTBETCTBEHHO. [Ipu OoJiee CUIIbHOM HAChIIIIEHUH 3a-
BUCHMOCTB Z(f) B oGmactu (at,) > 0 (f > f,) ONMChIBa-
JIaCh CyMMOIA IBYX SKCIIOHEHT C BpEMEHAMU BOCCTa-
HOBJICHUSI HAMAarHUYEHHOCTU T, U T, > T,

Z() =
= 7" {1 - b[pexp (/1) + (1 - pyexp(~t/,)]},

IIe p — BeCOBOI KO3(DOULUEHT, XapaKTepU3yOIINii
OTHOCUTENBHBIN BKJIAI PEIIETOYHOro MeXaHHU3Ma
penakcauuu. IlosiBaeHMEe BTOpPOIl SKCHOHEHTHI C
OOJIBIIMM BpEMEHEM BOCCTAaHOBJICHUS SIICPHOI Ha-
MarHM4eHHOCTH AEMOHCTPUPYET CHIKeHME 3 PeK-
TUBHOCTU CIIMH-(OHOHHOTO B3aUMOIEUCTBUS s
YaCTH SIAEP U COOTBETCTBYET 3aMEIJICHUIO CKOPOCTU
CPP 3Na. B kauecTBe npuMepa Ha pUc. 3 MoKa3aH
XOII BOCCTAaHOBJICHUS SIIEPHOM HaMarHUYeHHOCTU
npu 296 K mig craupoHapHOTO 3HaYeHUs (akTopa

(%)

Haceimenus Z* = 0.11. CreayeT MOTYepKHYTh, 4TO
BO3MOXHOCTh pacueTa KpPUBOM BOCCTAHOBJICHUS
SIIEpPHOM HAMarHMYEHHOCTH KaK CyMMBI IBYX 9KCITO-
HEHT TIPU JTOCTATOYHO OOJIBIIIOM HACHIIICHUMN O0Y-
CJIOBJIEHA BBICOKOII TOYHOCTBIO M3MEpPEHUI, HEI0-
CTUKUMOM B 60Jiee paHHUX paboTax I10 TTOJaBICHUIO
IMPUMECHOTO MeXaHM3Ma peJlaKCaluu.

Bripaxkenue (5) MOXHO pacpoCTpaHUTh Ha 00-
JIaCTb OTPULIATEIIbHBIX CIIMHOBBIX TEMITIEPATYp, I10JIa-
raap = 1lnput <.

Ha puc. 4 npencraBieHbl 3HaYE€HUS BECOBOTO KO-
sadpdunmenta p misa “owvictpoit” CPP ¢ BpemeHem
BOCCTaHOBJIEHUSI T;, PACCUUTAHHOTO C TTOMOIIBIO BBI-
paxkeHus (5) MO BKCIEPUMEHTAJILHBIM 3aBHCUMO-
CTSIM BOCCTAaHOBJICHMS SIIEPHOM HaMarHUYEHHOCTH
23N a 114 pa3IMuHbIX 3HaueHU1 (pakTopa cTalluoHap-

HOTO MAarHUTHOTO HAChIIIeHUsT Z* Tpy IBYX TeMITe-
parypax.

Ha pwuc. 5 moka3zaHsl 3aBUCUMOCTH BpeMeH BOC-
CTAHOBJIEHUS S1I€PHOM HAMAarHWUYEHHOCTU T, U T, OT

t o
(bakTopa cTaLMOHAPHOrO HackieHus Z° . JIuHeii-

t
HbIE 3aBUCHMOCTH MEXKIIy BpeMEHEM T, U (hakTopom Z*
IIpU ABYX TeMIlepaTypax COINIACYIOTCSI C ypaBHEHU-
eM (2) u ¢ BeIMYMHAMU U3MEPEHHBIX B OTCYTCTBHE

>
MarHMTHOI'O HAaCbIIICHHA BPEMCH Tl . HpI/I I10poro-
BbIX 3HAYCHUAX (baKTopa CTallMOHApHOT'O HaChIIIC-

HUS B O0OJIACTH BPEMEH ¢ > f,, TIOSIBJISIETCST BKIIAz Oojee
MEIJICHHOTO TIpoliecca peJlakcalii, KOTOPBI Xapak-
TepU3yeTcsl BpeMEHaMU BOCCTaHOBJIECHUS T, > T,.oms
3TOTO BKJIaja BO3pacTaeT ¢ YMEHbIIeHUeM (aKTopa
HACBIICHUS.

OIHO3KCITOHEHIIMAIbHASL peaKcanus B 00JlacTu
OTPUIIATEIILHBIX CITMHOBBIX TeMITEpaTyp IIPH JII000M
WHTEHCUBHOCTH HACHILIAIOLUIETO SIIEPHYIO CIIMHO-
BYIO CHICTEMY JOIOJHUTEILHOIO PE30HAHCHOTO II0JIS
O3HA4YaeT, YTO He MPONCXOONUT MOIaBICHUS ITpUMeC-
HOro mMexaHusMa. B pamMkax TepMOaMHAMUUYECKOIO
noaxona [7] K onmrMcaHuIo NOBeACHMS SIAE€PHOI CIIMH-
CHCTEeMBI HATpUS IIPUMECHBIN BKJIaA B CHUH-(POHOH-
HOE B3auMojeicTBue SIBasgeTcs 9HEeKTUBHBIM, €CIIU
JIOKaJlbHasi oOpaTHasi CIIMHOBAas TemIleparypa o,

Onmke K OOpaTHOM TemIiepaType peleTKy 0, YeM
cpenHsisl o oobeMy obOpaslia obpaTHas CIUHOBAs
TeMIiepaTypa ((x ,> [18]. B oGnactu oTpulLiaTEIbHBIX
CIIMHOBBIX TEMITEpATyp yCJIOBHE

|aloc - (X/| < |<(X'1> - (X'l| (6)

BBITTOJTHSIETCS BCETMa, TaXKe B ClIyyae JIOKAJIbHOTO Tie-
perpeBa sIIepHOI CWH-CUCTEMBbI BOJIM3U MapaMar-

HUTHBIX LEHTPOB 0 3HaYeHU O, = 0.

B oGmactu ¢ > f, ipu (0;) > 0 ZOCTATOYHO CHITb-
HOE JOTOJHUTENBHOE CTAIIMOHAPHOE HACHIIEHUE
MPUBOIUT K JIOKATLHOMY HEPErpeBy CIUH-CUCTEMbI
OKOJIO OMpe/eNeHHbIX MapaMarHUTHBIX LIEHTPOB
AKYCTUYECKHNH KYPHAJ Ne 6
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Puc. 4. Becosoii koadduiieHr p, pacchT?HHbH‘/'I coracHo (5) U3 3KCIepUMEHTATBHBIX KPUBBIX BOCCTAHOBIICHUS SIIEPHOM
HaMarHM4eHHocTH >>Na IUTsl pasimdHbeIX Z° mpu TeMmepatype (a) — 296 K u (6) — 155 K.
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Puc. 5. BpemeHa BoccTaHOBJIEHUS sIIEPHON HAMarHUYEHHOCTHU Na T| 4 Tp B 3aBUCUMOCTH OT (paKkTOpa CTALIMOHAPHOI'O Mar-

t
HUTHOI'O HACBIILIECHUA Zs .

(MOHMXXEHUIO JIOKAJIbHOII 00paTHOI CIIMHOBOI TeM-
neparypbel) 1 K MHBepcuUM HepaBeHcTBa (6). TakuMm
00pa3oM, MPOUCXOAUT MOAABJIEHUE TPUMECHOI pe-
Jnakcanuu. [TocKoabKy B cllydae IPUCYTCTBUSI B KpU-
CTajlJle HEKOHTPOJIMPYEMbIX TIPUMECEl U TOYEYHBIX
nedeKTOB TIpolecc TOJaBJEHUs OCYIIECTBIISIETCS
IIPU Pa3HBIX YPOBHAX CTALIMOHAPHOIO HACBILICHU
JUJIsI pa3HbIX TTapaMarHUTHBIX LIEHTPOB, CAEAYET OKM -
JIaTh TIOCTENEHHOTO YBEJIMUYEHUS BKJIaaa MelJIeHHOM

penakcauuy ¢ poctoM Z*, 4to M HabmomaeTcsl Ha

akcrniepumenTe. [1pu 3TOM BpemeHa T, COOTBETCTBY-
IOT BpEMEHU BOCCTAHOBJIEHMS SIIEPHOM HaMarHu-
YEHHOCTHU TOJIBKO 3a CYET PEIIeTOYHOI0 MEXaHU3Ma
cnuH-(GOHOHHOI cBsI3u. OTMETUM, UTO TeOpeTUYEC-
CKasi MoZeNb ITleperpeBa SIIEpPHON CHUH-CUCTEMBI

AKYCTUYECKMU XYPHAJI  Tom 69 Ne 6 2023

S7ep B YCJIOBAM CTALMOHAPHOTO MarHUTHOTO HACHI-
HieHus ObuUIa IIpemioxeHa B [19].

Ha puc. 5 BugHO, 4TO 3aBUCUMOCTb T, OT (hakTOpa
CTAaIlMOHAPHOTO HACHIIIEHUs OJM3Ka K JIMHEWHOM,

KaK 1 3aBUCUMOCTD T,. HOCT])OCHHBIC I10 paCCUMNTaH-
HbIM 3HAYE€HUAM T, IMPOXOAAIINE YEPE3 HAYaTIO KO-

1
OpIMHAT MpsIMbIE JOJKHBI Ipu Z* = 1 maBath 10
aHaJIoruu ¢ ypaBHeHueM (2) 3HayeHusi BpemeH CPP
3a CYET pelleTOYHOro MexaHn3Ma ChuH-GhOHOHHOM

csiam: 7™ =40 ¢ mpu 296 K u 7™ =140 ¢ npu 155 K.
INonydyeHHBbIE OLEHKU COIIACYIOTCS C TeMIlepaTyp-
HOI 3aBUCHUMOCTBIO BDEMEHU CITUH-PEILIETOYHOMI pe-
JIaKcallu¥ B MeaTbHBIX KPUCTAJLIaX, UAYIIEi 3a cueT
IBYX(OHOHHBIX paMaHOBCKHUX Mpolieccos [4, 20].
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Puc. 6. BpeMs BoccTtaHOBJIEHMSI T HaMarHMYeHHOCTHU
sanep 9F g saBucumoctu ot dakTopa crauMoHapHOTO

t
MarHUTHOTO HachlleHus1 Z° mpu Temmeparype 296 K.

M3MepeHMs BOCCTAaHOBJIEHMS SIIE€PHO HAMATHMU-
YEHHOCTU B YCJIOBMSAX CTALIMOHAPHOTO MAarHUTHOIO
HACBILIEHU ObLIY TPOBEIEHBI HAMU TAKXKE JIJIA SNEP
YF B oM xe kpucramie NaF. dnpa °F umeror cniun
Y5 1 He 00JIANalT KBAIPYMOJbHBIM 3JEKTPUYECKUM
MOMEHTOM. JIJ1s1 TUTIOJIBHBIX SIIEP OCHOBHYIO POJib B
CPP urpaer penakcauusi 3a CYET IapaMarHUTHBIX
LEHTPOB U CNIMHOBOI muddy3nu, Torma Kak pere-
TOYHBIM BKJIATOM MOXHO TIpeHeopeys [3, 21]. Kpome
TOTrO, BO3MOXHO, 4TO [UIsl SIEP, HE UMEIOIIMX KBaJl-
PYIIOJILHOTO MOMEHTA, HACKILIEHUE Pean3yeTcs 0e3
y4acTHsl TapaMarHUTHBIX LeHTpoB. Ha puc. 6 nmoka-
3aHa 3aBUCUMOCTb BDEMEHU BOCCTAHOBJIEHUS SALIEP-
HOIl HAMAarHUYEHHOCTU T OT (paKTOpa HACHIILIEHUS
IIpyY KOMHAaTHOI Temrneparype. Kak BumHo us3 puc. 6,

t
IpU JIIOOBIX 3HAYEHUAX Z° IPOLECC BOCCTAHOBIIE-
HUS SAepHON HAMAarHWMYEHHOCTH K CTAIlMOHAPHOMY
3HAYEHUIO UMEET SKCIOHEHIIMAIbHBIN xapakTep (4)

C BpeMeHaMu T, cooTBercTBylommmu 1, = 7;™ =
= 131 c. IlonydyeHHBbI! pe3yabTaT MOATBEPXKIAET OT-
cyrcTBue 3¢ @eKTa monaBIeHUs IPUMECHON peJlak-
caunu mia agep F.

3AKJIIOYEHHME

B Hacrog1eit paboTe peaain3oBaH METOJ IMOIaB-
JICHUs BKJIaJia IapaMarHUTHBIX LIEHTPOB B CITMH-(O-
HOHHOE B3aumozeiicTBue saep Na, 06Jaai0IImnX
KBaJPYITOJIbLHBIM 3JICKTPUYSCKUM MOMEHTOM, B YCJIO-
BUSIX MATHUTHOTO HACHIIIIEHUS SIIEPHO CITMHOBOM CH-
crembl. IlomyyeHo, yTo 3pdheKTUBHOCTL CIMH-(O-
HOHHOTIO B3aUMOJICHCTBUS SIAep HEe U3MEHSIETCS TIpU
OTPULIATENILHBIX CPEOHUX IO 00beMy OOpaslia CIH-
HOBBIX TEMIIepaTypax s JI000r0 (phakTopa cTalno-

HAapHOTO MarHUTHOTO HACBIIIEHUS, KAK U B CIydae
aKyCTMYeCKOTO HachllleHus1. B obiactu moJioxu-
TeJIbHBIX cTUHOBBIX Temneparyp CPP snep *Na 3a-
MeJUISIETCS TIPU YBEJIMYEHUU CTALMOHAPHOTO HACHI-

LEHUSI 10 onpeneeHHbIX 3HaueHuit Z* . TIpu aTom
IIPOMCXOAUT IOJABJICHUE NPUMECHOI pejlaKcaluun
IUIST 4acCTH SIIEPHOM CIUH-cUcTeMBl. 1o 3aBucuMO-
CTU BPEMEHHM BOCCTAaHOBJICHUS SIIEPHOM HaMarHu-
YEeHHOCTU OT (paKTopa HACBIIIEHUS OIS 3TOI 4acTu
sIep OLleHEeHBI BpeMeHa peIIeTOYHOIO BKJIaaa B pe-
Jlakcaluo npu temnepatypax 296 u 155 K. INpenio-
KEHHas1 METONMKa pas3lieeHusI IIPUMECHOTO U pe-
IIETOYHOIO BKJIAJAOB B peJIaKCAllMI0 B YCIOBUSIX
MarHUTHOI'O HACBIIIEHUS OaeT MNPUHLMNHUAJIBHYIO
BO3MOXHOCTb HCCJIEAOBAaHUSI MPUMECHOTO COCTaBa
IUAJIEKTPUYESCKNX KPUCTAJUIOB C MCIIOJb30BAaHUEM
craHzapTHoro ooopynosanus AMP.

M3mepeHus: mpoBoauanchk Ha obopynoBaHuu Pe-
cypcHoro ueHTpa Hayuynoro mapka CIIoI'Y “Llentp
IWATHOCTUKNA (PYHKIMOHAIBHBIX MaTepHAJIOB IS
MEIULIUHBI, (papMaKOJOTUM U HAHO3JIEKTPOHUKU .
OmpeneneHne cocTaBa M KOHIEGHTpAUM ITapamar-
HUTHBIX IpUMeceit B o6pa3iiax mpoBeneHo B Pecypc-
HbIx LieHTpax HayuHoro mapka CIIOI'Y “Metonbl
aHajM3a cocTaBa BenlectBa” U “PDU3nMdecKuie METOIbI
WccIeToBaHMs ToBepXHOCTH . ZKMOKMIiT a30T Ipeno-
craBieH KpuoreHHbiM oTaenom HayyHoro mapka
CIIorly.

CITMCOK JIMTEPATYPbBI

1. Abpaeam A., Toneoman M. SlnepHbIid MAarHETU3M: IOPSI-
JIOK M Oecropsiiok: B 2-x ToMax. M.: Mup, 1984. 660 c.

2. Muxywes B.M., Yapuas E.B. SlmepHbIii MarHUTHBIN
pe3oHanc B TBepaoMm Ttejie. CII6: M3maTenbcTBO
Cankr-IlerepOyprckoro yHuBepcurera, 1995. 204 c.

3. Xyyuweuau I' P. CnunoBas nuddysus // Yenexu dus.
Hayk. 1965. T. 87. Ne 2. C. 211-250.

4. Baxpamos A., Cmonavinko A.JI., Yapuas E.B., Illymu-
106 B.A. CimH-pOHOHHOE B3aMMOIEIICTBHEC B KPHU-
crayutax NaCl u NaF, nerupoBanHbix meapio // OTT.
1986. T. 28. Ne 3. C. 844—849.

5. Kecceav A.P. SInepHblii aKycTUYeCKUii pe3oHaHc. M.:
Hayxka, 1969. 215 c.

6. Tonenuwes-Kymysoe B.A., Camapuyes B.B., Conosapos H.K.,
Xabubyaun b.M. MarHuTHass KBaHTOBasl aKyCTHKa.
M.: Hayka, 1977. 200 c.

7. lToavoman M. CrimHoBast TeMriepatypa u IMP B TBep-
nbIx Tenax. M.: Mup, 1972. 342 c.

8. Kyrewoe A.A., Muxywes B.M., Cmoavinko A.JI., Yap-
nas E.B., Illymunoe B.A. Ponb nedeKToB 1 CIIMHOBOI
IudGy3U B DJEKTPUYECKOM HACHIIIEHUU JIMHUU
AMP B kpuctamtax GaAs // @TT. 1986. T. 28. Ne 11.
C. 3262—3266.

9. Kyrewos A.A., Muxywes B.M., Cmoavinko A.JI., Yap-
Has E.B., lllymuaoe B.A. Ponb ToueyHbIX Ne(heKTOB B
SIIEPHOM KBaJIpPYIOJIbHOM CIIMH-(OHOHHOM B3aUMO-

NENCTBUM B AUBJICKTPUYECKUX KpUCTauiax // AKYCT.
KypH. 1986. T. 32. Ne 6. C. 836—838.

AKYCTUYECKMU XYPHAJI  Tom 69 Ne 6 2023



10.

11.

12.

13.

15.

OCJIABJIEHUE CITMH-®OHOHHOM CBA3U

Kynewoe A.A., Muxywes B.M., Cmoavinko A.JI., Yap-
Has E.B. AKyCTUYeCKU sIAepHBII pe30HaHC B YCJIOBU-
sIX Oeryiieil yapTpa3ByKOBOU BOJIHBI // AKYCT. XYypH.
1989. T. 35. Ne 3. C. 473—476.

Eguuyenko I1.10., Muxywese B.M., Yapnas E.B. Tlps-
MO€ U3MepEeHUe PEIIeTOYHOTO U TPUMECHOTO BKJIAZIOB
B CIIMH-PELICTOYHYIO pelaKcalluio KBaapYyMOJIbHBIX
saaep // llucema B KOTD. 1991. T. 54. Ne 10. C. 583—
585.

Eguuenko I1.10., Maenronazapos U.O., Mukywes B.M.,
Yapuas E.B. TlpsiMmoe u3aMepeHue pelieTouHoro u Jie-
(beKTHOTO BKJIAIOB B CITMH-PEIETOUHYIO peJlaKcaliio

KBaJpyIMoJIbHBIX siaep B kpuctauiax GaAs u Nal //
DTT. 1992. T. 34. Ne 6. C. 1753—1758.

Maenonazapoe U.0., Mukywee B.M. Vi3mepeHue Bpe-
MEHMU SJePHOM CIUH-PELIETOYHOI pelakcalu B MO~
HOKpHUCTa/UIaX XJIOPUCTOTO HATpUsl B MPUCYTCTBUU
yabTpasByka // @TT. 1992. T. 34. Ne 7. C. 2257—2260.

. Baacoe B.C., ITonoe A.B., Komoe JI.H., Illecioe B.U.,

Jlomonocoe A.M., Temnos B. B. CoBpeMeHHBIE IpoOJIe-
MBI CBEpXOBICTPOIT MATHUTOAKYCTUKM // AKYCT. KYpH.
2022. T.68. Ne 1. C. 22—56.

Maesnaonazapoe H.O., Mukywee B.M., Hapuas E.B.
IIpssMoe u3MepeHUe pPelIeTOYHOIO0 U IPUMECHOIO
BKJIQIOB B SIIEPHYIO CIIMH-PELIETOYHYIO pejlaKcalinio
B YCJIOBMM MarHuUTHOro HaceimeHus // Ilucbma B
KOTD. 1992. T. 56. Ne 1. C. 15—-17.

AKYCTUYECKMU XYPHAJI  Tom 69 Ne 6 2023

16.

17.

18.

19.

20.

21.

701

Mukywes B.M., Yapnas E.B. SlnepHasi ciuH-pelie-
TOYHasl pejakcaluMsi B YCJIOBUSIX aKyCTUYECKOTO,
3JIEKTPUYECKOTO I MATHUTHOTO HACKIIICHMS // AKYCT.
KypH. 1994. T. 40. Ne 1. C. 171—-173.

Chandul A., Charnaya E.V., Kuleshov A.A., Mikushev V.M.,
Ulyashev A.M. Impurity Nuclear Spin-Lattice Relax-
ation Suppression and Charge Exchange of Chromium
Ions in a y—Irradiated Ruby Crystal //J. Magn. Reson.
1998. V. 135. Ne 1. P. 113—117.

Mikushev V.M., Charnaya E.V., Lee M.K., Chang L.-J.
Suppression of the defect contribution to nuclear spin-
lattice relaxation by long rf magnetic pulses for the par-
ticular case of 2NaCl // Results Phys. 2019. V. 12.
C. 1202—1203.
https://doi.org/10.1016/j.rinp.2019.01.008

Charnaya E.V., Mikushev V.M., Shabanova E.S. Direct
measurements of impurity and lattice components of the
nuclear spin-lattice relaxation in Al,O; crystals // J.
Phys.: Condens. Matter. 1994. V. 6. Ne 37. P. 7581—7588.
https://doi.org/10.1088,/0953-8984,/6/37/012

Mukywee B.M., Yaswee A.A., Yapuas E.B., Chandoul A.
TemmnepaTypHasi 3aBUCUMOCTh BPEMEHU CIIUH-peIie-
TOYHOM pelaKcalliy KBaJAPYITOIbHBIX SIIEP B YCIOBU-
sax HackimeHust auaun AMP // OTT. 2002. T. 44.
Ne 6. C. 1001—2260.

Persyn G.A., Nolle A.W. Low- and High-Temperature
Magnetic Resonance and Relaxation of NaF: Mn?* //
Phys. Rev. 1965. V. 140. Ne 5A. A1610—A1619.
https://doi.org/10.1103/PhysRev.140.A1610




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        14.173230
        14.173230
        14.173230
        14.173230
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 14.173230
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


