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@ EpeeaHCKUU t/JU3U'4ecKuu UHCTUTyr, 1984 

·I 

BBe.n;eHl'Ie 

H3Y~e:im:e pacmeIIJieHRH CJIOlKHl:lX .R,IJ;ep ~aCTznaM]ii BHCORHX 3H6P­

rllH npe,u;rrOJiaraeT BcecTopoHIIee HCCJie.n;o:sa.HHe aToro npouecca c 

npHMeHeHHeM pa3JIH~HX MeTO,Il;HK. 

K ~CJIY HaH60Aee ,Il;OCTYJIHHX H .n:ocTaTO~O HHqiopMaTHBHHX cno~ 

co60B HCCAe.n;o:sa.HHSI OTHOCJITCH H3Mepe.HHSI pacnpe.n;eAemlll: R;IJ;ep OT­

.n:a~ c noMOlllbD YJiaBJIHll8.Kl!IHX il>oADr. TaKaJI MeTo.n;HKa lllHPOKO npK­

MeHHeTCH B aRcnepm11eHTax no K3Y~e:im:m pacmenAe.HHSI gn;ep npoToHa­

MH H YCKOpeHIWMH HOHaMH B lllHPQKOtt o6AacTH 3Hepr:ID!: [I-7] 
AHB.JIK3 .n;a.HHIDC, IlOJIY~eHHWC B H3MepeHHHX TaKoro THUa, ~03BO­

AHeT H3Y~Tb M6X8.HliI3M BsaHMO.n;efiCTBKJI na.n;aUllIDC ~c~ c JI;Iij)aMK, 

rrpouecc nepe.n:a~ aHeprHH H B036YJmeHHH H.JUla Ha oT.n;eAbHHX cTa­

.D:IDIX pe~. oueIDITb npHMeHl'IMOCTD pa3AH~X MO,Il;6AbHHX npe.n:­

CTaBAeHIDi H T • .n;. B o6JJaCTH il>oTO.R,IJ;epHHx pea.KLUrlt yKa3aHHaH MeTO­

.n;HKa HCITOAb30Ba.JiaCb B aKcnepHMeHTax no HSy~eHHro pacnpe.n;eJieHIDI 

OCKOAKOB .n;eAeHHH [8-IO] . 
UeAbro HaCTOHmefi pa6oTH ~eTCH HccAe.n;o:sa.HHe xapaKTepHCTHK 

H.n;ep, o6pa3ylllUHXCH npH B3aHMO.n;eficTB'IW c Me.n;Hofi MIDDeHbro qJQTOHOB 
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BblCOKIDC 3Heprmi, BRJIIO'frul RaK IIpOJzyKTH pearuum THIIa ( t, n) .(~,2n). 
TaK H ocTaTotUllie H,lij)a, o6pasoBaBllJHecH B rrpouecce rJ1y60Koro pac-

111eIIJiemrn: • .Ii.JIR: sax:BaTa H,D;ep, IIO~aBJIIHX B rrpouecce peaKUKH Ml'I­

rueHH, Hcrro;r:r,so:saJIHcl> pacrroJIOllteHIIHe crrepe,n;H ( F) H csa.n;H ( B) 

Ma:ltnapoBble .IIJiemm • .IJ.nH 06.nyqeHRH HcrronsoBa.JJ.ac:r, cTorm.a, co,n;ep­

lltalllM IIHT:b,n;eCHT CJIOeB Me,n;Ho:lt q>o.nor:l:I (TOJIIll:l:IHOii 13,395 Mr/ct!-), 

IIpOCJIOeHHl:lx MaliJiapoBhlM:l:I IIJieHKaMH (TOJIIItllliO:lt "'7 MI'/ctl-); ,IVI.ll 

yqeTa ~OHa BCTaBJ'lHJIIiC:b IIpOMeJKYTO'Illl:le MaitlrapOBble IIJieHIGI. 06Jry­

qeirne IIpoBO~OC:b B Ba:KyyMHOit Ka.Mepe Ha K0.1LlmMl!pOBaHHOM nyqKe 

Emax 
EpeBaHcKoro cmocpoTpoHa rrpH ~ = 4,5 rsB. 

PesyJ1:r,TaTH H3Mepeffirll: 

B sKcrrepHMeHTax c Hcrro~soBa:HHeM yJia~BJIIHX ~OJll>r H3Me­

PHeTCH aKTHBHOCT:b HCCJle,n;yeMoro H30Torra B caMott MID1Jerrn NT H 

B ~o~rax, paCIIOJIOllteHHblx crrepe,n;H H C3a,n;H MIDUeHH (COOTBeTCTBeH­

HO NF H Na ) • Pesy~TaTH, rrpe,n;cTaBJiemrne B Ta6J1. 1 , BKJllOtJa.IOT 

"aHHble 06 OTHOCHTeJll>HOM KOJIHqecTBe H,D;ep OT,I(aqH, BblJleTaDillIDC H3 

F _ NF Na 
MIDUeHH BIIepe,n; - N + N + N ' Ha.3a,IJ; 8 = N N H 

F B T f: + Na + T 

OTHomeHHe F / B • IIpn H3BeCTHOH TOJI!11IDie MHmeHH W (Mr I c~) 
rrpoHsBe,n;eHHH F W H B W orrpe,n;e~T ajxlleKTHBHHe rrpo6erH ocTa­

TOqHblX R,n;ep COOTBeTCTBeHHO Brrepe,n; H Hasa,n;. KoM6HHa,:uHH 3THX 

BMH"lllli 2 W ( F + B) rrpoIIop~oHanHa cpe,n;HeMY sqxpeKTHBHOMY rrpo-

6ery H,D;ep B MaTepHaJ!e MmlleHH [l,2,5-7] • 8TH xapaKTepHCT:maI 

o6Hqtt0 HCII0~3YIOT IIPH a:Ha:Jlli3e BhlXO,I(OB R,n;ep OT,I(a~ H3 TOJICTOH 

MHmeHH [11] • HccJle,n;oBa.HHH KHHeMaTHqecKHX CBOiiCTB rrpo.nyKTOB 

B a,n;poH-H,D;epHblx pac111eIIJ1eHHHX [2,6,7] rroKasa;rn, qTo Ha6J1IO,n;aeT­

CH rrpeHM.YllleCTBeHHoe HaIIpa~eHHe BHJieTa Brrepen , H sTa TeH,D;eH-
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11,RfI rrpoRBJIHeTC>I C~Hee B peaKUIDIX,COIIpOBOlit,I(allll\IDCCH BblJleTOM 

MaJloro q:1:ICJ1a HYKJIOHOB, c pocTOM EOJ!HqeCTBa BHJleTaBJIIHX qacTHU 

a:HH30TpOIIHH yMeHbmaeTC.li H yBeJIHqHBalOTCH 3HaqeHHH cpe.l(HHX rrpo-

6eroB ocTaToqHHX R,n;ep B MaTepHaJ1e MHWeHllI [11] • 

B Ta6J1.l rrpe,n;cTaBJieHH pesynTaTH o6pa60TKH sKcrrepHMeHT~­

HHX ,n;a:HHHX, IIOJiy'leHHHX B HaCTO.Rllle:lt pa6oTe, H3 KOTOPHX CJle,n;yeT, 

'ITO rrpo,n;yKTH iI>oTopac111eIIJ1eHHH Ta:Kllte rrpeHMYI11eCTBeHHO JleTHT Brrepe,n;, 

xoTH BeJ!HqHHa F/B HaMHoro MeHl>me, qeM B a,n;poH-R,n;epHhlx B3aH­

Mo,n;ettcTBHHX [2,6,7] • H3 ,n;aHHhlX Ta6JIHUbl BH,n;HO Ta:Kllte, qTO BeJ1H-

1001a F/8 , xapaKTepH3YIOmaH aHH30TpOIIHD pacrrpe,n;eJ1emm ocTaTO'l­

HHX R,n;ep, 3aBHCHT OT THI!a peaKUKH H MaCCOBOrO qHCJia 06pasyI0111e­

roc.li H,lij)a. EoJ1ee rro.u;po6Hoe paCCMOTpeHHe 3TO:lt 3aBHCHMOCTH rrpo-

BO,n;HTCH HIDKe. 
64 Cu o6pasyeTcH B pesyJl:r,TaTe rrpHMoit peaKUKH 

65
Cu(rn/

4
Cu.. 

~yHKIJ,RR: B036ylK,ll;eHHH STOH peaK~ xapaKTepHsyeTCH pe3KO BH:paJKeH­

HHM Ma.KCHMYMOM B µUioHe rHraHTCKoro pesoHa:Hca ( Epe3~ 20 MsB). 

CIDITHe B036ylK,Jl;eHKll rryTeM HCrryCKaHHH o,n;Horo HYKJIOHa HOCHT 'lliCTO 

cTaTHCTHqecKH:lt xapaKTep, 'ITO, oqeBH,n;HO, o6yCJlaBJIHBaeT rrpaKTH­

qecKH H30TpOIIHOe pacrrpe,n;eJ1eHHe rrpo,n;yKTOB pea:KUKH. Ma.naa BeJIH­

'll!Ha rrpo6era CBH3a:Ha c HH3KID/I B036ylK,ll;eHHeM H,lij)a, xapaKTepH3YIO­

IllRM STy pea~. B a:HaJIOrH'IHHX peaKI.l;KlDC IIO,I( ,n;ettCTBHeM a,I(poHOB 

B~a F/B HaMHoro 60J1:r,me, 'ITO yKa3HBaeT Ha coBepmeHHO HHOH 

MexaHH3M rrepe,n;aqH sHeprmi: H Bos6ylK,ll;eHHH a.u;pa [12] • 

B BHxo.n H30TOrra 61 Cu HaH60Jl:bmIDI: BKJla,IJ; BHOCHT pea.KI.UIB (~ 2n) 
Ha a.u;pe 63 Cu. TaK Ka.K peaKUHH (~ 4 n) Ha :rr.PYrOM H30TOIDI'leCKOM 

cocTOHHHH H,1ij)a MHmeHH 65 Cu rrpoTeKaeT c cymecTBeHHo MeH:btlllIM 

BHXO,I(OM [13] • Ma.KCHMYM ceqeHHH STO:lt pea:KUKH rrpHXO,n;HTCH Ha 
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06.JraCT:b HH3KHX SHepI'HH, HO He 3aJCBaTHBaeT pa.:itoH ruraHTCKOro 

pC30HaHCU. l13y'leHlie MeXaHll3Ma nor.JIO~IDIB rpoTOHOB Ha J'I)ijlax no­

J:S.3HB'.l.eT, 'ITO B 3TOH 06.JiaCTll 3HeprHH B036yJK.IJ;etm:e ~ o6yCJIOB-

•3i!0, B OCHOBHOM, paccemrneM 1-0TOHOB Ha HYKJIOHHI£< acCOUlffil.UffiX 

;1 0'1".llJ!bHHX HyJLJIOHaX ~. Bo3MOJKHO, JKa3aHHHH MeXaHli3M nepe­

:·;p.;:i oneprim r.10EeT o6MCHHTh Ha6Jiro.n;aeMYIO aHH30Tponmo B pacnpe-

~e.18H1'.'< OCTaTO"IHHX R,nep peaKUID'!. 

l':;,r;nna MC) 52 Mn , 
44 m.3.Sc , 24Na rrpe.n;cTaBJIReT npo-

.It'{l,TH r .rry6oKoro pacmeruieHH.fl. KaK B¥I,WIO li3 .II;aHHHX TaOJr. I' Be.Jlli-

cmrra OTHOll!eHJL'I FI 8 ,UJI.fl 3TllX R,nep OCTaeTCH B rrpe.n;e.Jiax "' 2' 

a oU:X:[leKTHBHHe rrpo6ern paCTYT no Mepe yBeJIH'leHM "lliCJia HYKJIOHOB, 

rroKH,UaIOm;L>:: ucxo.n;Hoe H.n;po B rrpouecce peaKu;rn. 

06cy)'{,!lemre 3KCrrepm~eHTa.Jl1HHX pe3yJI1TaTOB 

,s0.!\:':b3. ;mep OT.n;a'll:! MOryT 6HTh paCC'!HTaHbl B paMKaX KaC-

- f,-}. G!1<1:'.hl';8iJhHOH MO.II;e.Jili MeTO.II;OM MOHTe-l\ap.Jio. CpaBHeHHe c 

"'~Te:;M::e'1TMhHl-IMll .n;aHH!:lM1'1 rrpoBO.n;HJIOCh MR peaKI.J;l<IB o6paao:sarum 

;)30'1.'0l!OB Ra.l1IDI H Ha TPRH ll3 Me.n;H rrpli 3Heprmr rrpoTOHOB 29 raB [ l J . 
ABTOPH rr0Ra0am1, '!TO y.n;oBJieTBop11Te~1Hoe cor.Jiac11e .n:ocTHraeTCH 

J(clH. 0,pe;rrnx 3Ha'!eIDrn ajxpeKTlfB!illx rrpo6eroB R.nep oT,natm, o.n;HaKo 

~ •. ,i;iev"',!BHNe rrpo6ern Brrepe.n: rrpeBHllla.JIH pe3y.JihTaTH R3MepeHID1:, a 

··po er:; H.'.l3a.II; B aRcnepnMeHTe OI<a.3a.JIHCh 60.Jihme pac'!eTHHX. Yt<a­

.. Hr!Oe pa3.JIH"!He ' no MHCHHIO 8.BTOpoB, MOr.Jio 61:lTb CJie.n;cTBHeM KaK 

.ecoc·ro.qTe.JihHOCTH caMoi'i MO.II;e.JIB, TaK H pe3y.JibTaTOM y'laCTH.fl .IJ:BYX-

\!UCTU'!Hl:lX rrpoueccoB, B <raCTHOCTll, npH o6pa30B8.HRR H30TOllOB HaT-

p1rn . 

AHa.mrn 11Mny.JihcHHx xapaKTeIJHCTID< R,nep oT.n;a'lli '!UCTO npoBO.n;HT­

C.fl B paMK8.X BeKTOpHott MO.II;e.Jili [2,4,5,I0,14,15] ' KOTOpa.fl TaKJKe 
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rrpe.n;noJiaraeT .n;Be cTa.n;HH peal\.UID'I :11 rroaBo.JI.fleT oueHHTh rrapaMeTpH , 

xapaKTepI'l3Jl!lUl'le J'I)ij)O Ha KaJK.IJ;Oi-i CTyneHH B3am.10.n:efiCTBH.fl . C.:orJiaC­

HO yKa3aHHOH Mo.n;e.Jlli, rrocJie KaCKa.n;Horo rrpouecca oc TaercH rrpor.·e­

;cyTO'!HOe R,npo' o d.Jia.naIOIUee CKOpOCTbIO tT i B rrpc . tecce CHHT1lH 

B036yJK,IJ;emm OCTaTO'!HOe MPO noJiy'!aeT .II;OIIOJIHl1TeJihl!J!O CKOpOCTb 

v B CHCTeMe B036y~eHHoro H.n:pa ' KOH8'!Ha.fl CKOpOCTb H,II:pa-ocTaT­

Ka orrpe.n:e.JIHeTCH BCKTOpHoi' cyr.'MOX ~';'!!'< Be.JIH'i'JIH. Ilp11 B!:ilBO.n:e ypaB­

II8HHH .II;JIH odpac50TKl1 8KCrrep:1?.1P'-l~"t'lhfl1J': naHHHX BBO.UHTCH HCKO?O­

p1rn .n;orro.JIH11Te.JI:&Hble ripe.uno:ro:;·eHYJI, ynpoll.laroum.e aHaJIH3: 

A. ).,,JI.fl COOTllOW8K!!H npoCJe::" - CFc,')OC'i'b UCl10Jlb3YCTCH 113BeCTH08 

3Ml1Hpli"leCKOe cooTHoweH11e R = K v N K !! N - 110CTO.f!HHl:Je' rrp11.:.. 

BO.Ul!Th1Ne B Tad.Jllinax) • 

E. 0Hatiemrn 1Y 11 V rrpmrnt1aIOTC.fl e.n;HHCTBeHHHMR H coBira­

.n;aIOIUl!MH ITO BCJIH'lIDie CO cpe.II;HHMH 3Ha'leHH.ID.m B pacrrpe.n;eJieHHH fa­

ycca, KOTopoe y.n:oBJieTBOpHTeJibHO Ol111Cb1Ba8T 3KCriepHMeHTa.JlbHHC 

.n;aHHHe ITO HMIIYJibCHOMY l'I yrJIOBOMY pacrrpe.n:eJieHH!O R,nep OT.II;a'!H B 

TOHKm: lfill1J8H.fl..\ 11 TOIIBJH rrorJ10THT8Jl.fl'·'. [·1, 15 J *) 

B . .fr.JioBoe pacrrpe.n:eJiemre BeK'ropa V rrpe.n:rro.Jiarae•rcH 1130-

TponHHM **) [11] . 
. YpaBHeHIDI' KOTOpb!C o6H"IHO HCITOJih3YIOTC.fl MR o6pa60TKH 3I<CIIe­

pHMeHTa.JihHHX .n:aHHl:lX, dH.Jlli npe.n;JioJKeHbl CyrepMaHOM [l] H pa3Bl!TH 

1') Ilpn 113MepeHIDI R,nep OT.Ua'!H, BHJieTaIOIUHX Brrepe.n H Ha3a.n; OTHO­
CHTe.II:&HO HarrpaBJICHIDI na.n:aKlIJ;HX '!aCTUU' 1'!3 .IJ:BYX COCTaM.FIIO!UIF 
C!WpOCTH rrocJieKaCKa,IXHOI'O R,npa ( lli1 ' tf~ ) paccMaTpl1Ba8TCH 
TOJibKO rrpo.n:oJibHM KOMIIOHCHTa' Ta K KaK rronepe'!Haf! CO CTaB.11.fl!O:­
IUM rrp11:1 aHa.JIH3e 3KCl1ep11MeHTOB 'l'UKOrO Tmra He y'!aCTByeT [I .1] . 

**) Tio ,naHHm1 pa6oTH [14] y'!eT vrJioBoro pacrrpe.n;eJiemm B mi.n:e 
cpyHKUID'I a+ gcos2 e rum a+ gsLn 2 El rrpirno)Il1T K He3Ha'!HTe.JI.bHO~i 
rrorrpaBKe B OlWH'!aTeJ!hHhl K pe3yJILTUTa'C 
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BTIOCJie,IJ;CTBlm aBTOpaMH .n;pyrl'l'.X pa6oT [2,4,15] : 

F= tw {1-r j ~(N+2)+72 (~+f)], 

B= 4RW { 1- j ri_(N+2)+7 2 (~+f)
2

}' 
r,IJ;e Be.mr<mHa ry_ = '!j' , R - npo6er H,IJ;pa.-ocTaTRa B MaTepRa.Jle 

MRI118HH. 

Ilo.n;po6HHe pa.cqeTH I!pOBO,ll;H.llliCb .HaMH B CJiy'Iae pea.KI:J;HH o6pa.-

24N ao:aa.HIDI a Ra Me~. TaK K8.K 3Ta peaKURli RCCJie,IJ;OBa..Ha ,IJ;OCTa-

TO"UiO IlOJIHO B ~poH-H,IJ;epHHx BaaKMO,IJ;ettCTBRIIX R orry6JIRKOBa.HHHe 

,nam-rne MOryT 6HTb RCilOJ!baOBa.HH ,IlJ1H CpaBHeHR!l [I,2,5,7,I6] 

3HaqeHHe N rrpRHRMaJIOCb pa.BHHM I, 5 [I] Ha peayJ!bTaToB, 

rrpHBe,IJ;eHHHx B Ta6JI.2, BR,IJ;HO, qTo rrpo6e!'H R ,cKopocTb v , a, 

CJie,IJ;oBaTeJibHO, R KRHeTwrecKHe aHepr:r.IJ.I H,IJ;ep -OT,IJ;a~ 24
Na xopomo 

corJJ:acyIOTCH c ,IJ;aHHHMH, rroJIYqeHHHMH B pa.6oTax [2,6,7]. B paMRax 

,IJ;BYXCTYile~aTOH MO,IJ;eJIR 3TR xapaKTepHCTRKH orrpe,IJ;eJUilOTCa ·HcrrapH­

Te~bHOtt CTa,IJ;Rett,H rrpHBe,IJ;eHHHe ,IJ;runrne rroaBOJialOT YTBeplK,Il;aTn, qTo 

Ha 3TOM 3Tarre peaxrum: HeT 3aBRCJ.IMOCTR OT copTa R aHep!'HH HaJie­

Ta10111ett ~cTIDUL B~RHH ri. u cooTBeTCTBeHHo tY (ft) aBTOPH 

pa6oT [5,6,16] CBa~HBa.IOT co CBOttCTBa.Mli rrocJieRaCR8,IUIOro a.n;pa, 

o6paao:aa.BmeroCH Ha rrepBOil 6HCTPOH CTa,Il;lili peaxrum:. Ha .n;a.HHHX 

Ta6JI.2 BH,lU{O, qTO 3TR xapaxTepHCTJlltJ.I cy111ecTBeHHO paa.mrqa10Tca B 

pea.KU,IDIX, BHaBaHHHX clJOTOHaMH, rrpOTOHaMH, d... - qacT>maMK H Ta­

~eJIHMH ROlliiMR. CJie,IJ;OBaTeJinHO, aTa CTa,Il;Ha peaK!U'J'.H rrpoTeKaeT 

rro-paaHOMY rro,IJ; ,IJ;erlCTBHeM qacTHU paaHoro copTa. 

Paa~e B paaBHTHH ~oToHJJ;epHoro H HYKJ!OHHoro KacR8,IUloro 

rrponecca MO~eT 6HTb o6yCJioBJieHO MHOI'liMH iflaKTOpa.MH: pa~eM 
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B B~He CB060,IJ;HOro rrpo6era HaJieTalOl!len ~CTHUJ:' R, CJie,IJ;OBa­

TeJibHO, B TO'!Ke, r,IJ;e paaHrpHBaeTca rrepB~Hoe B3a:HMO,IJ;eHCTBHe, 

KRHeMaT~eCIGIMR xapaKTepHCTRKaMR o6pa3y!OOlRXCH rrpO.IJYKTOB; cy­

mecTBeHHOe pa.aJIWIRe COCTOHT R B TOM, qTo ,Il;OMHID'!pyl!Jll{IDv"i rrpouec­

COM B woTorrorJiomeHRR rrpR aHeprIDDC, rrpeBHma10nnnc rropor Mea0Ho-

06paao:aa.HR1I, .fIBJ!aeTCH MeaoHHHn MexaHH3M, B TO BpelWi K8.K B 

a,IJ;pOH-a,IJ;epHHx B3a:HMO,IJ;ettCTBIDDC aTOT nponecc Ilpoa:BJlaeTCa rrpR 

60Jiee BHCOKIDC 3HeprIDix R He aBJIR:eTCa ,Il;OMHHRPYIOOIJdM· Ha ,Il;aHHHX 

Ta6JI.2 BR,IJ;HO, qTO xapaKTepRCTru<H ITOCJieKaCRa,Il;HHX a,IJ;ep CTaHO­

BaTCJI CXOJ!CID,fil rrpR oqeHb BHCOKIDC 3HepI'IDUC a,IJ;pOHO:e, H&moro 

rrpeBHIIJaKlllIDC MaKCHMa.JibHylO ~meprnD TOpM03Horo crreKTpa. 

Ta.KRM o6pa.aoM, peayJ!bTa.TH rrpoBe,IJ;eHHoro RCCJie,IJ;oBaHRa no­

Raaa.JIR: 

I. Pa.crrpe,IJ;eJieHRe rrpo.nyKTOB WOTOpacmeITJieHRII HOCHT 6oJJ:ee 

li30TporrHHn xa.paKTep, qeM B a,IJ;pOH-H,ll;epHHx pea.KUIDIX; rrpR 3TOM 

coxpawi:eTca o6maa TeH,IJ;eHURII rrpeJ.IMYmecTBeHHoro BHJieTa Brrepe.D;. 

2. CRJ!bHO OTJ[lft{a.DTca MexaHHaMHo6paaoBaHHa a,IJ;ep-ocTaTKOB 

B rrpoCTHX pea.KUH.RX. 

3. IlpH paCCMOTpeHRR pea.KU:Htt pa.c111eIIJieHRR B pa.MKa.X ,IJ;ByxCTY­

rreH~TOH MO,IJ;eJIH He06XO,Il;RMO OTMeTHTb He3a.BRCRMOCTb J.IcrrapRTe.Jin­

HOro rrpouecca OT copTa. H 3HeprRR rrepBRq:HHX ~CTHU R cymeCTBeH­

HOe pa.3.JIR~e B CBOllCT:sa.x IlOCJieKaCRa,Il;HHX a,IJ;ep. 

B aa.KJI10qeHJ1Ie aBTOpH BHP~lOT 6Jiaro,IJ;apHOCTnAe~anHH r.tt.3a 

rroMO!llb B HaMepeHRax H o6pa6oTKe arwrrepRMeHTaJibHHX ,IJ;a.mrux, a 

T~e KOJIJieKTRBY yCKOPHTeJia aa o6ecrreqemre HeOOXO.rr;RM!lX rra.pa­

MeTpOB rryq:&a. 

~ 



Ta6.mma 1 

~pa F (%) B (%) F/B FW(~ BW ( Mr j bT,na'IB '1 ~ 

64cu 1,3:t0,6 0,9:!;0,23 1,4:!;0,8 0,07:!;0,0I2 0,176 0 ,12 

61 Cu 0,3:t0,05 0,09:!;0,01 3,3:!;0,8 0,23:!;0,04 0 ,04 0 ,012 

52Mn 1,8:!;0,2 0,9:!;0,2 2,0:!;D,12 0 ,15:!;0 ,013 0 , 24 0 ,12 

44.Sc 4:!;0,6 1,75:!;0,2 2,3±0,4 0' 16±0' 036 0 ,53 0 , 23 

44msc 3,4:!:0,2 1,7:!;0,08 2,0±0,16 0, 1'1:t0, OI6 0,45 0,27 

24Na 6,&:!;D,3 3,6:!;0,15 1,9:!;D,67 0,16:!:0,02 0,9 0,48 

Ta6mm.a ::; 

Tu:rr na,rr;aronmx (Ml') ~ MaB ) Yz 1J ~ lfaB r tiacT1¥, aHep- R~ ~ V a.M.e E (i,IaB ) ,r;C!:lJU\11 rIDI ( aB) a.M.e. 

O - KBaHT!:l 
4,5 2,3:!:0, I G,16±0 , 02 1 , C$!O , 05 13 ,8:!:0,6 G, B!0,02 HaCT.pa6. 

ilpOTOHb! 
0,7 2 ,& 0 , 25 1,05 13 ,5 G, 26 [2] 

3 2,6 L, 22 1,0 12,6 G, 22 [2] 
2,b 2,7 0,15 0,95 II,3 0 , I5 [IG] 

cl - tiaCTJ.:ll.ib! 

0,bb 2,99 U,42 1,1 14,4 C, 46 [2 J 
l1oHb! 12c 

28 2,77 O, I9 G, 96 II,5 0, 2 [16] 
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3e.Kas 467 

Pe~aKTop ~.Il.MyKBJIH 

Tex.pe,IJ.aKTOP A.C.A6p:iMJDI 

~-06I33 'lilPaJ!t 299 

Ilpenpl11HT Bl?H 

IlO.n;Ill!CaJiO K ne'iaTK 7/Il-84 

~OpMaT R3~aHHli 60x84/I6 

I,O Y'L-R3~.JI. u. I5 K. 

Hs~o OT~eJIOM HaY'iHO-Te:icHR~ecxo~ RH4.i0pMa.D;W1 

EpeBB.Hcxoro @lisz~ecKoro l11HCTRTYTa, Ej>e:sa.H 36, MapKapm!a 2 


