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BBe.ne:mrn 

Ilpouecc o6paaoBa.HPl'.R ~erKHX a.nep rrpxr B9aHMo.nettcTBJm: qacTHU 

BHCORHX aHepI'll!tt c H,!(pa.Ml'I HCC~e.uyeTCH y'J!e MHoro ~eT. O,nmmo He­

CMOTpa Ha o6HJll'Ie axcrrepHMeHTa;u,Horo MaTepxra.Jia., rrpe.ncT~eHHoro 

B OCHOBHOM ,wlllHHMH a,npoH-a.nepHHx Pea.K~ Cp-:a.npo, rt -H.IU>O, 

a.npo-a.npo (I,2]), e.I(HHoro rro.nxo.na B orrHcaHHH aToro rrpouecca rro­
xa He cymecTByeT. 

B PJJ,IJ;e pa6oT o6cy~toTCJi paaJlH'IH!ie MexaHH3Ml:l aToro HBJleHHH: 

pa3B8JI npoMellfYTO'!Horo II;IU)a, o6paaoBaBmeroca B nepBxrqHoM coy.na­

peHHH [3] • pollt,Il;eHHe !]?parMeHTOB B BH.I(e qiJttJKTya,ud H,I(epHott Ma.Te­

PID'I B HeCTa6HJll>HOM COCTOHHHH lltH,I(ROCTb-raa [4] • c~e HyRJIO­

ROB B qiparMeHTH [5] K T • .I(. CymecTByDT HeROTOpHe BapHaHTii ormca­

film rrpouecca ilJparMeHTa.J.nUI B pa.MRaX paaJllPIHl:ix MO.ItHcfimtaIUil't xrcna­

pHTeJll>Horo npouecca [6] • Pa.n aBTopoB rrpHXO.ItHT R orrpe.ne~eHHHM . 

Bl:lBO,I(aM Ha OCHOBe cfJeHOMeHO~OI'H'leCRoro ~aa aRcrrepm~eHTS.JU,HO­

ro Ma.Tep.za.Jia (7] • B neROTOPHX pa6oTax ycnemHo npHMerun:JT rrpxr 

ormca.mm 0TlI0.11l>HHX 38ItOHOMepHOCTett npor~ecca pa3Ba.JIB. H.I(pa H3BeC'!­

mie B a,zu>OH-BJU>OHllliX p~x rnnoTe3li rrpe.neJ11>Hott cfiparMeHTaJUm 
ll tlnRTOpH3BlUIB (b,9] • 
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IIermaR r.1m0Tesa B np.aJioJKe.Hlrn: K R.n;epHHM peaKUHHM ipoprw JIHPY­

eTc.!I cJie.n;y10uiaM o6pa SOM: norrepe,nm e ce'Ie.Hlm a sHepreTH'!eCK.11'.e 

crreKT.PH qip:trMeHTOB B C06CTBeHHofi C.11'.CTeMe OTC'I8TOB (M.mneiru H.J1H 

rrpo.nyKTa) rrp.11: .noc•raTO'IHO Bl:lCOKHX SHeprMx CT8HOMTC.fI He38B.11'.C.fI­

l!UIM.11'. OT SBeprIDI Ha.JieTaKlU;.11'.x 'Ia.CTlill(. BTopofr IIOCTYJiaT YKa3!i!BaeT 

Ha B03MOlKHOCT}, rrpe,l(CTaBJieIIB.II He:KOTOpux xapa.KTepUCT.11'.K rrpouecca 

q1pa.rMeB.Tar.mPI B BH.n;e IIpOH3Be.n;eHPI.fI .nBYX qia.KTOPOB, 3aB.11'.C.fIU1.11'.X OT 

MIID18H.11'. H IIpO.JJ;.YKTa. B 1I8CTHOCTli, pacrrpe.n;eJieHJite qiparMeH'rOB M.11'.­

meH.11'. )J;OJDltHO 38BliCeTn OT rrp.11:po.n;u ITY'Ilta TOJll>KO 'Iepes HeKOTOpl:lfi 

IIOCTO.fIP.Bl:lH 'IJieH, xapa.KTepH3Y!Ouiafr rra.naranHe 1I8CTPI~ H Hao6opoT. 

To JKe CaMoe OTHOCHTC.fI K pacnpe.n;eJieH.11'.!0 lf)pa.rMeHTOB HaJieTaKll1Ji!X 

'IaCTPIU. 

B IIOHID:laBlll'I rrp.11:po.n;u o6pa30BaHPI.fI JierIDix H.n;ep HeMaJloBaJKHa.!I 

PO.JI}, OTBO.n;HTC.fI .11'.CC.ile)J;OBaHli!O WOTO- H SJie:KTpajiparMeHTa.rurn:, cpaBHE:­

lfllie C .n;aHHl:lMK IIO wpa.rMeHTB.UIDI H.n;ep B a,JJ;pOHHHX npoueccax H xapa.K­

Tep:ZCTID<B.MH pe~ ,IWyroro THIIa II03BOJl.!IeT, _R3YtmTI> RaJC 061!lKe 

38KOHOMepHOCT!iI QiparMeHTBUl'll'f, TaK H BJIMIDrn SJieKTPOMar):rn:THOro 

xapa.KTepa rrepBHi:rHoro aRTa BSaHMo.newcTBPI.fI. B EpeBaHCKOM qmsH'!ec­

KOM .11'.HCT.11'.TyTe rrpoBO.n;HTC.!I HCCJie.n;oBaHHe .11'.HKJII03HBiillX ce'Ie!U!l! 8.JleK­

TpooopasoBa.HH.ff Jl8rKIDC <lJparMeHTOB B 38.B.11'.C.11'.MOCT.11'.. OT 3api1.n;a ,yrJia 

BUJieTa tDparMeHTa, CEOfiCTB MIDlleHH JiI SHepr.11:.11: SJie:E<TpOHOB [IO, IIJ. 

B 06.JiaCTH cI:ioTajJparMeHTar.urn orry6JIHKOBaHHHe .namrue 1Ipe3Bl:l'!at1Ho 

MaJJO'lllCJIE:HB.lil; pa3p03HeHHl:le CBe.n;eHM OTHOC.FITM K orpaHHtreHHOMy 

'IHCJIY KaHaJlOB H, rJiaBHUM o6pa SOM, K 06.JiacTH HeB!lCOKIDC sHeprlifi 

( "' I rsB) [12-16] , KOTopa.!I, corJiacHo cyll(eC'l'BYRl!lllM rrpe.n;cTaBJie­

:n.:m-rM o 1"[Jparr.1eHTm.ura KaK o rrpou;ecce, rrpoTeKaKX11eM B Bl:lCOKOBos6yJK­

.neHHOM COCTO.fIHHH .FI,Iij)a, He .fIBJlffeTC.!I HaH60Jiee 6.JiarorrpmITHOH )J;Jl.fI 

ee l'JCGJie.n;oPaHPI.fI. 
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TiocTaBOBKa 8KCIIepID11eHTa 

B HacT0Hu1efi pa6oTe np:imo,WITC4 sKcnepHMeHTaJIMme .namrue nc 

cpoToo6pa s o:aaHMIO JierKHX R;nep B r.mmeHlf.!Ix Cu , N 8 , .A~ , Ta rr 1 :1 

MaKCHM8Jl},HOfi 8HeprHH TOPM03Horo H3.JIY'!eHM .no 5 rsB. B T.fIJKe '!b!X 

MIDII8H.fIX cymeCTBeHHOe pa 3Jlli1IHe B MaCCOBl:lX tmCJiax HCXO.n;HOro ,1,Iij)a 

H npo.nyKTa nosBoJI.!IeT npo:aecTH Ha.n;eJKHoe paa.neJieIIBe pa3.ill'l'!Jloro TH· 

na pea.KUHR: pa cmenJieH.11'.e, .ne.neIIBe, qiparMeHTa.I(M. 06.JIY'!e-me npoBo-

;n.11'.JIOCn Ha IIy'!Ke TOpM03Horo H3JIY'l8Hl'JH 8Jl8KTpOHHOro CKffJl"')OTpOH.a 

Ep<.DJ!l. AKTHBHOCTJ,' HaBe.nemr.a.P.: B MHII18H:IX, H3Mep.fIJ18CI:: c rror:JOll{},1!) 

noJiynpoBo.nmmOBoro Ge ( J... i ) .neTeKTOpa. H.neHTmiim<a~1 rr rrpo.nyRTOB 

pea.KUl'll'f IIPOBO.n;HJiaC}, no xapaKTepHUM 3Hepr.11'.RM 't -rrer 'XO.I(OE M no 
24 

nep.l'IO,D;aM IIO.JIYpa
7
cna.na T 1; 2 : Na - sHeprM rrepe' J.n:a 2753, 9 KaB, 

T;2= 15,02 'I, Be - aHeprH.fI rrepexo.na 477,6 Ka-, T1; 2= 53,3 q, 

MIDDeH.11'. HCII0Jl},30BaJlHC}, HaTypaJil>HOro .11'.30TOII;rt18Cl' JrO COCTaBa 99, 9 % 
'IHCTOTl:l. 

IIpH 06.JIY'lemm: MHmeHe:tt Cu , fl9 H Ta .no 10JIHuTeJI1>Ho npm~eH.!I­

Jiacn MeTO.n;HKa y JiaBJIHB8KX!1HX qJOJI},r, II03BOJlff!f'·"\aR orrpe.n:eJll!Tl> HMrry m­

CHUe xapa.KTep.l'ICTHIIB o6pa3YRlllHXC.fI B peDKI.I!.! rrpo.n;yKTOB. c 8TOtt 

UBJI},IO .l'ICI10Jl},30BaJlaC}, CTOIIKa., COCTO.fI!I18.!I :3 '.~OJinr MIDlleHHoro !.laTe­

pHaJia, npocJioemrux ~MPOBl:lMH IIJlaCTHPa .. m )J;Jl.fI YJiaBJlliffiaBH.fI R,I(ep 

oT.n;a'I.l'I . PasMepl:l q>oJI1>r 6!lJlll CJie.ny!Oil{He · cepe6po - ToJiuiaHa :floJinru 

0,432 r/cM
2 , KOJIH'!e CTBO - 50 !JlT., T'JHTaJI - TOJIIIUIBa I , 743 r/c··2 

KOJIH'IeC TBO - 20 mT. , Me,n1> - TOJIIUVHa 0 ' 267 r/cM2 ' KOJIJ'f'IeCTEO -

- 50 IDT. K.aJK.n:rui: WO.'lnra I!pOK.JJ.a.;IUiR·'1Jli3 Cb C ,ll;llyX CTOpOH 1.181.JiapoB!lr,!H 

ITJIBFG<a.MH TOJlUUIHOtl 50 MHRPOH, )J;O .IOJIHHT8Jl"bHO BKJ!a,IUlBa.Jll1C}, rrpo:.ie­

lKYTO'IHl:l e cpo.Jl},I'H .n.lJ!! rrpone.neHHP )OHO:Sl:lX H3Mep eruti1. 
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PeayJll>TaTH, rroJzy'IeHHHe rrplll lll3Mepemrn: HaBe.n;eHHott axTHBHOCTH 

c YJiaBJIHllalrnn'!MJII rpoJI:oraMH. o6pa.6aTHB8JlliC:b ITO H3BeCTHO!ifj B JIHTe­

paTYpe MeTO~ (I7-I9] 

PesyJI:DT8Tl:l llI oocym,neHHe 

7 24 
B Ta.OJI. l rrpe.n;cTaBJieHH B!:lXO,ll;ll H.n;ep Be JI! Na , H3MepeHIDie 

B HaCTOHUIStt paOOTe, a Tarotte pa.Hee orryOJIKKOBaHHHe ;n:8.HH!ie[l5-20]. 

c pOCTOM MaCCOBoro 'U'!C.718. MIDileHH HaOJI!O,IJ;aeTCH orrpe.l(eJielJ1illtt pocT 

BllXO,n:a @paI'MeHTOB. AHa.JiorPI'!HM Ka.pTHHa OTMff'l8Jiac;, B rrpOTOH-Ji;n:ep­

HllX [22] llI aJieKTpOH;n:epH!lX npoueccax [10,lI] • IlpoBepKa Ko~e­

CTBemmx COOTHOmeH~. IlOJIY'!eHIDlX 8BTopaMH [Il,2I]npH orrpe.n;eJieH­

·mx aHeprHHx HaJieTa~x '!aCTHU, ~ uaI11Hx llISMepemrn aaTpy_wteHB. 

ff3-3a HCilOJI:b30Ba.HllH TOpMOSHOro H3JIY'IeIIB.F. B Ka'!eCTBe llICTOqH.mca 

cDoTOHOB rrplll o6Jiy'IeHllll: MHII1eHJ1I. HeKoToplltt pocT B!:lxo.n:a tIJparMeHTOB 
lit Na. O!lJI rroJIY'IeH HaMH B .R9 z Ta rrpH llISMepemrn: MaKCHMa.J11>Hott 

aHeprHH TOpM03HOro llI3JIY'!eIU!ii OT 2, 9 ;n:o 4, 0 raB. B pea.ru:zyrn 
2.lt 

r •. - Na. TaKoro pocTa He HB.OJuo;n:aeTCH. IlpllI cpaBHeHHH c )•a.H-

~llI B OOJiaCTllI 6oJiee HllI3Kll!X SHep~ [2I1 ' B!:lXO;n: yBeJlllI'IllIBa.6T-

6oJiee '!eM Ha rropH.l(OK. TaKoro po;n:a cpaBHeHHe rrpaBoMepHo, 

Ta.K KaK aH8JlllI3 HWllHX H3Mepemrtl, COBMSCTHO c .n;aHH!:lMlll aBTOpOB 
24 

[I6, 23] W!H peaKUHH cpoToo6pa aoBarum: Nm B MmneR.<rx .Af 
v , Mn ,Cu rroKaaa.n y;n:oBJieTBOPllITeJI:oHoe corJ1acJ1Ie. 06- xo.n; RPlll· 

· M M 
BOH @>HRWill noa6yl!'.,neffi'IH B peaxwmx A~ ...... Na,, Ta - Na. 

<l 

COI'JiacyeTCH H c ,n:a.HH!:lMl! paOOT!l [121 ITO cIJoToi;Ilpanr.eHTaJ.UiH Ta. 

JliraJIHS .n:ammx, rroJiy'IeHHHX rrpH 1~cc.ne;n:0Bamm mmeMaTH'!ecRMx 

CBOHCTB rr,n:ep OT,na1u,.. IT03BOJJ.He'r cy,nHT:b 0 MexamrnMe B~ )JJ;ei!CT-

BH.li rra.,n:aIOOY,:X '!8CTH1' c rr,u,pall:ii MIBIJeirn. 

h 

B HSMepeHRf!x c YJlaBJlllIBaBJIIlllIMH woJ1:oraMH orrpe;n:emreTCH OTH9cJ1I­

TeJU,Hoe KO~eCTBO H;n:ep, BHJleTa!OIIlHX IIO HaIIpaBJleIDm rry'IK8 H 00-
NF Na 

pa.THO: F = NF+ N8 + NT 8 = NF+ N8 + Nr 

AHa.nHs .n;B.HHHx, IIOJIY~x MeTo.nm<ott YJI.allJlHBaDitHX <lJoJU,r, 

06ll'IHO rrpOBO,wIT B pa.MKa~ .ItBYXCTYileH'IaTott BeKTOpHott MO.n;eJIH, KO­

TOpaH rrpe.n;rroJloraeT .I(B& CTa,n:PIH pe~ H llOSBOJ!HeT llOJJY'IHT:b o~eH­

rey napaMeTpOB, xapaxTepHSYD!lHX .fI~O Ha KSJ!,IJ;Oit CTSJO!H B88HMo.n;efi. 

•}TEW! [17-19] • BnepBHe aToT aHaJIHa rrpoBO.n;HJICH B pa6o'l'e [I7] 

H no.ny'IHJI .n;a.JlbHettmee paSBHTHe B pa6oTe [19] • B nocJie.ltHJlle ro,ll;ll 

orry6JIHKOBaH pH.D; paOOT, r.n;e aTOT MeTO.Jt npHMeHHeTC.fI K aHBJIHSy 

,wunIHX, IlOJIY'ISHIDlX B CTOJ!KHOBSHHHX ycRopeHH!lx HOHOB c .fI~~s] 

B STOtt MO.D;eJIH rrpe.n;rroJIB.raeTC.fI, 'ITO CKOPOCTZ, H~, BHJleTeBme­

ro H3 Mml!e:im:, B JiaOOpaTOpHott CHCTeMe KOOp,Itmia.T JIBJUl8'l'CH CYMMOtt 

.ItBYX B0KTO~OB ~ :: u= + " , r.n;e BeKTOp . v: - CKOp<>CT:D rrpo­

MSll!YTO'lHOro H.n;pa, 00pa30Ba1Ill:Oro npz BSB.HMO,JteftC'l'BllH IIB.,n8DI!ett 

'IB.CTHUH c H~OM Mml!eHH Ha rrepBoA CTyne:im: PeaRIUDI (COCTO.fI!Ileg B 

OOII{eM cnyirae HB .ItBYX KOMilOHeHT: v;, - napaJIJleJII.HOtt H ~ - nep­

rreH,IOmyJIHpHOtt B!arrpaBJie:im:10 rry'!Ka). Be1tTop V- CRopocu, rrpHo6-

peTeHHa.li Ha BTOpott CTa,n:PIH pearunm. .llOilOJ!HHTSJll>HHe yrrpomaD!lHe 

rrpe.n;rroJIO&eHH.fI, KOTOp!le BBO,nllTC.fI B paOOTO [19J , ll08BOJ1.IIl)T BH.n;e­

JIHT:b OCHOBHHe JCapaKTepHCTHXR PlJYX 8TaTIOB .fI.n;epHott peamum; K HX 
N 

'!HCJJY OTHOCHTCH npooer Si3ll>8- B BemecTBe MIDI1e:im: R = K • V ( r.n;e K 

H N - nocTO.fIHHHe) :e: OTHome:im:e fl,: 1J jV . XapaKTep :e:sueHe­

HH.F. 9TllIX BSJIH'IHH OT neJioro pH,Ita \Im<TOPOB, a HM8HHO, MaCCOBOro 

'IHCJIB. Mml!SHH H OOpaSyDJtll{XCH npO.JtYRTOB, MaCCOBOrO 'll!CJIB. H COpTa 

HaJie'l'anqeft 118.CTHl.gl, lf.B.ll'l' onpe.tteJieHHY!l mupopMatnn> o MeXBHHaMe 

pe~. 

? 



.ll.nH o6pa6oTIGI sKcnepHMeHTaJ1bHHX .n:aHHHx, IIOJ!Y'leHHHX rrpz TOJ1-

11t11He MBIDeHHYx IIJ18CTKH w Nrr/cM
2 

c IlOMOmI>ll y~.mraa.mtHX ilioJll>I', 

061>P'lHO IlOAbSyurc~ CJle.n:YDitl!MH COOTHOmeHKJIMH: 

WFF= I/4 R0 ( I+ 2,333'1 + I,562'1 2 ) 

W(FF+ F6 ) = I,I66 

WF8 = I/4 R
0

(I+O,I56'l 2) 

H3 KOTO.:pHX onpe.n;eJl.ff!OT BeJI.Il:'Ulliy npooera R H OTHOIDeJme 1l = vjv. 
Jlo,n:o6HHM oopa 30M HaMH OH~ oopaOoTaHH 3KCnepHMeHTaJlbHHe pe3y Jlb-

24 
TaTH rro Bi>xo,n:y Na rrpH OOJIY'lemrn Me.nn [24J , cepeopa H 

TaHTilJIB.. Il0.71Y'leHHHe .n;a.HHHe rrpe,n:CTaBJleHH B TaOJI. 2 COBMeCTHO c 

pe3yJlbTaTaMH aBTOpOB [25] ' H3 H.D;epHHX peaKn;IDl rro.n: .n:eftCTBHeM 

II.POTOHOB, ol -'laCTIDl li ycKopeHHHx HOHOB 12c. Ha Cpa.BHHTeJlb­

Horo aRa.mrna rrpHBe,n:eHHHX .n:amrnx c.11e,n:yeT, 'ITO napaMeTpH, xapaK­

TepH3y10unrn BTOPYIO cTa,IJYIIO peaKUHH ( P , E, V , r.ne E onpe.n:e.rureT 
24 

KHHeTH"tJ:ecey!O sHeprHIO si:.n:pa OT,n:a'lH Na ) , OKa3HBa!O.TCR CJiaOO 

3aBHC.ffil1HMH OT copTa HaJ1eTa1001HX "laCTHU. 3TOT rPaKT IIO.IJ:TBepJK,IT,aeT 

npe.n;nOJIOllteHHe' 'ITO BTOpa;r CTYIIeHb peaRIJJlli rrpoTeKa.eT HeSaBHCHMO 

OT xapa.KTepa B036yllt.D;eHHR si:.n:pa. Ee~ rrpe.n;no.11ol!WTb, 'ITO pesy.JlbTa­

TOM nepBH'Il!Oro B3a.HMo,n:ettCTBHR RBJIReTC~ CKOpOCTb, rrepe,n:a.HHaH .ir.n:­

py, ?O xapaKTep rrpoTeKaHHR 9TOtt CTa.D;HH pea.KI.U'U'I B !l>oTOH.I(epHOM 

rrpouecce OKa.3HBaeTCR rro,n:OOHHM a.n;poH-R,n;epHOMY B 00.JlaCTH O'leHb 

BHCOKHX 9Heprrot. B paeioTe [9,25] CXO.IJ:CTBO napaMeTpoB, xapaKTe­

p~3YIOO(IIX rrpooer B OOJlaCTH BHCOKHX 9Heprmr, aBTOPH paccMaTplll!a.­

IOT KaK IIpORBJleHHe CKett.JlHHrOBHX CBOfiCTB rrpe,n:eJlbHOfi WparMeHTa[(lIH. 

B pe3yJlbTa.Te npoBe.n;eHHHX HCCJle,n:oBa.ID'Itt IIOJIY'leHH HOB!le .D;aH­

HHe no !l>oTOqJparMeHTauHH si:.n;ep B OCiJiaCTH BHCOKHX aHeprd, IIOSBO­

JIHBlllH9 ,ycTaHOBHTb HeKoTopHe xapaKTepHCTHKH yKasaHHoro rrpouecca. 

8 

B 3a.KJllO'leHHe aBTO.PH BH.PaJKa!OT r.71Y60Ky10 6.Jiaro,n:apHOCTb aKa,n:e­

MHKY AH ApM CCP r.A.BapTarreTRHY Sti rrpORBJieHHHtt HHTepec K paeio­

Te, a TaIDKe rrepcoHaJJ.Y ycKopHTe.rur sa ooecrre'!eHHe HOpl\18JlbHoro pe­

lKHMa paeioTH B nepHO.IJ: 00.71Y'leHHR. 

9 



Ta6JIBI.11i l 
Ta6JIB$ ;.; 

r 
E Byxo.xt, M6 Pac5oTa lvlmneru. 7Be 

. .. 
24Na . raB 

:u 0,6 - 0,0016 [2I] 

----Am- 1IacT~ IIpoc5er E 1'/c x ID8 P1c50. meHI:. ( raB) ( Mr/cM2) ( MaB) ·1•a 
0,78 - 0,004 (21] 
2,0 - 0,029 ± 0, 006 (20] 
3,0 - 0,037 ±·0,007 (20] 

4,0 0,16 !: 0,04 0,036 ± 0,007 (20] 
5,0 - 0,034 :!: 0,007 (20] 

N8 4,5 O,I2 :!: 0,03 0, 034 ± 0, CXJ7 Ha.CT. 
119 0,78 - 0,0013 [2I] 

I,O - O,OOI8 (2I] 
2,9 0,072 ± 0,02 0,0326 ± O,OI Ha.CT. 
4,5 O,II ± 0,03 0,045 ± 0,009 Ha.CT. 

Ta 2,9 - 0,049 :!: 0,0I HaCT. 

Cu r. 4,5 2,76 ± 0,8 I3,5 ± 4,05 4,5 ± 0,8 HaCT, 
p , 400 2,75 :!: 0,07 I2,6 :!: 0,5 5,8 ± 0,2 (25J 

I~ ,IS,5 2,8I :!: 0,07 I2,4 ± 0,07 7,9 :!: 0,4 [25] 

A9 ~I 4,5 6,16 ± 1,8 27,5 :!: I,2 3',9 :!: I,O HaCT. 
p • 400 4,09 :t 0,I6 IB,7 ± 0,9 3,4 ± 0,2 [25] 12c ,IS,5 4,86 ± O,I9 22,0 :!: I,O 6,7 ± 0,4 [25] 

Ta ~ • 4,5 I0,6 ± I,3 37,7 ± 4,5 2,6 ± 0,3 HaCT. 
p , 400 II,I ± 0,28 40,0 ± I,5 3,I ± 0,3 [25] 

12c ,I8,5 II,67 ± 0,29 4I,O ± I,_0' 8,I ± 0,3 [25] 

4,0 0,21 :!: 0,05 0, 00 ± 0,02 HaCT. 

IO 
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