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1 • BBelleHHe 

HcCnellOBaHKR Ha ny~tax THzen~ HOHOB B WHPDKOM llHana30He NaCC 

H 3HeprHR npellCTaBJISIIlT 60llbWHe Ba3NClKHOCTH nnH pemeHKR talC 

~YHllaMeHTanbH~ HaY~H~ nPQ6neW,Tat H aalla4 npHlCnallHoro xapalCTepa. 

C THKen~ HOHaMH CBHaaH 3Ha~HTenbHYA nporpecc B a6nacTH CHHTe3a 

HOB~ 3ne~HTOB. lleneHKR Hllep. B H3y~eHHH cBOAcTB Slllep B6m13H 

rpaHHU~ YCToR~HBOCTH. HccnellOBaHHH MeXaHH3Na B3aHMOneAcTBHSI cnOZH~ 

Slllep H T.ll./1 -4/ . nporpecc B a6naCTH c 0311a HKR H HcnOllb3OBaHHH 

YCICQpHTeneR IoIHOrcx3aPHllH~ HOHOB c-ran ocoseaao aaMeTHblM B nocneaaae 

rall~. ICDrlla C nY4WHMH YClCopHTenbH~ YCTaHOBlCaMH B OOCP H CWA CTanH 

ICOHICYPHPQBaTb YCICQPHTenH HccnellOBaTcnbCtHX ueHTpoB B ~pr H ~paHUHH . 

B 3TO Ke BpeNSl Ha6nVAaeTCSI 3Ha4HTenbHYA poo-r HHTepeca t ny'uaw 

TSlzen~ HOHOB lCalC IC YHHlCanbHOMY HHCTPYMeHTY llnSi npea6pa30BaHKR 

MHICPOCTPYICTYP~ TBepll~ Ten. B~OK03HepreTH~H~ NHoraoaPHllHYA HOH. 

npox~ 4epes Be~TBO. BCT y n a CT B lCynOHoBCIC08 B3aHNOQeRcTBHe ~ era 

~ neIC T POHHoR nQllCHCTewoR. 4TO CDn poBDKlla eTCSI HHTeHCHBHoR nepelja4eR 

:I He p r HH . 3HeprKR Coo6IllilL>TCH cpeae noe ansuo BllOllb TpaetTQPHH 

'mCTHU~. npHBOllH IC DC.06Y](J]BHHKl H HC»fH aiJllHH iJTOMOD . llarnPH 3HeprHH 

HCHi) ~~ H,l nYTH enHHH'UloR nnHH~ NOT"YT C5ln'b pacc4HTaH~ no 4IOPwyne 

rmn-Bnnxa: 
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YcnoB~ 06ny~eH~ H ~a~ecTBO HnepH~ MeM5paH 

===== ====== =================================• 

npHMeHHe~ HCfiHUX ny~ICOB. ~ n01ly~eH~ ~anH6PDBaHH~ 

UHnHHnPH~eclCoo <klPMbI He06xonHMO. ~T06b1 CICOPOCTb TpaaneH~ Bn01lb 

TpelCOB 60M6apnHPYlC~X ~acTHU. V ' 6b1na Ha HeclC01IblCO nDPHnlCOB BbIIIIet 

C~OPOCTH TpaaneH~ HenOBpe~eHHoro n01lHMepa . Vb " Or HaDeHHe Vt/Vb 
HBnHeTCH Me~ H36HpaTenbHCCTH TpaaneHHH Tpe~OB. KaIC npaaano, BeJ1H

~HHa Vt/Vb nOl\YHHHeTCH cnenYOWBMY COOTHaDeHH~: 
b

Vt/Vb = 1+ax , (3) 

3necb B lCayecTBe X MClIIeT 6b1Tb Il3SITa BenH~HHa (l3/~) 
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HnH nOnH 
nOTepb 3HeprHH HCfia L 
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3a C~eT COYnapeHHH C nepena~eA 3 HeprHH He 

BbIIIIE! HelCOToporo nopor-caor-o 3Ha~eH~ h. xoropoe 06b1'iHO BbI5HpaeTCH B 

nHana30He OT 250 no 1000 3 8 /10-13/. ~YH~U~ LA(E) no <klPMe 

cxoaea C 4>YHlCUHeA I10TePb 3HeprHH dE/d)«E ), oaaaxo 61£Tpee y6blBCleT C 
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POCTOM 3HeprHH ~aCTHU E (CM. PHC.1). K03~UHeHT b B (3) 06~HO 

npHHHMaeT 3Ha~eH~ 2-3; 3TO 03Ha~aeT, ~TO H36HpaTenbHocTb TpaBneH~ 

TpelCOB 61£TPO pacrer C nOBblllleHHeM LA H. CnenOBaTenbHO, C POCTOM 

aTC»oIHoro HOMepa HCfia Z. 3'1'0 HnnllCTpHPYeTCH PHCYHICOM 2 " I-t3 

BbIIIIeC~a3aHHoro HCHO. ~TO. BCrnepB~. UHnHHnpH~eclCaH 40PMa nap 

n01ly~aeTCH TeM ne~e. ~eM BbIIIIe l, H, BCrBTap~. cYIIleCTByeT 

onTHManbHaH 06naCTb 3HeprHA C MaICCHMYMOM 01(0110 1 l,bBlHYlCnCfi. rne 

06ecne~HBaVTCH HaHBl£mHe 3Ha~eH~ Vt/Vb· 
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L",(E) 11 cxaaaaaoa BbllDO 0 3aICOHCNePHOCTSlX TpaBJIeHHSl TpeICOB. cnellYeT 

nQAyeplCHYTb. YTO MHorocnoAHoe 06nyyeHl1e nepcnelCTI1BHO nl1Wh B cnyyae . 

ecnl1 MaCCa yaCTI1U nOCTaTCMHO B~OICa. He06xQAI1NO TalCze ynOMHHYTb 06 

QAHa.4 06cTOSlTenbCTBe. OrpaHI1YI1BaUOOIol BCONOmiOCTI1 MHorocnoAHDrO 

06nyyeHHSl. Korlla 3 Heprl1Sl 60N5aplll1PYDIlKx yaCTI1U npeBbllllaeT 

lCynOHOBCICI1A 6apbep pealCUl111 Slnpa I10Ha C Slnpaloll1 aTONOB nonl1Nepa. B 

MaCCI1Be TpeJ:OB nOSlBJISlKTrCSl TpelCl1 nPQAYICTOB SlnepHbIX peaICUI1A. B Ta.4 

YI1Cne pealCUI1A cnHSlHHSl (YTO 3ICBI1BaneHTHO CNeIQeHI1Kl BBePX no lDICane l 11 

BHI13 no lDICane E) . 'l'alCl1e TpelCl1 xapaICTepI13YKTrCSl sonee B~OICoA 
2 5-2

CIC OPOC T b Kl TpaBJIeHHSl , a nnOTHOCTb I1X MDzeT COCTaBJlSlTb 10 - 10 CN 

/14/. npl1 OOpenoneHHbIX y cnoBHSlX 3TO OTpHuaTenbHO ClCazeTCSl Ha 

QAHOPQAHOCTI1 nop lolelol6paHbI. 

llHaNeTP nop SlnepHbIX NeM6paH npH ~&:Cl1pasaHHbIX YCnOBHSlx 

06nyyeHHSl 3anaeTcSl peIl1M01ol H nPQAonXl1TenbHOCTbKl XHlolI1yecl:oA 

C6pa6OTI:I1. Bonpoc 0 nHaloleTpe nop He06Xonl1 NO paCCNOTpeTb B 

c OB OICy n HOCT I1 C BOOPQCa.4 0 nHcnepel1H nl1aweTpcm nop. B peanbHa.4 

nonHNepe ecer-aa HNeKTrCSl IolHI:PO- H MaI:POHeQAHOPQAHocTH. ICOTOP~ 

npHBQASlT IC paospocv senHYHH V H Vb ' nonI1NePH~ nneHICH TalCze HNeKTrt 
OOpeneneHH~ paaspoc TClIlIlll1HbI . OcHOBbIBaSlCb aa npocTeAIllE!A lolQQenH 

TpaBneHHSl TP8ICOB B H3OTpOnHa.4 MaTepHane. NOmiO 3anHcaTb cnenYlnae 

8b1'Pam~Hl1e nJlSl nHcnePCHI1 nl1aNeTpcm nop SlllOPHoA NeM6paHbI /15/ : 

1~ ( i fS ( Vbi) 1 ( Vb)L 2Sd = Zt - V ) Vb -t- ~ ..)w · v-- "'=" Sl 
c ZVt t ' (4) 
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4>113111C0- XI1Iol11Yec&:as1 06pa6OTlCa OI5nyyeHHbIX 1100laloll1 nonl1NepHbIX 

nneHOIC B npoaecce npa.l3BQQCTBa smepHbIX NeM6paH 
== ==== ==::=== ====== ==== ====== == === == ===== ===== 

CTPYICTYPH~ napaNeTpbI SlnepHbIX Nelol6paH 3aBI1CSlT He Tonb&:O OT 

napaNeTpoB 60N5aplll1PYDIlKx YaCTI1U. HO 11 B 3HaYHTenbHoA Nepe OT 

ycnOBI1A 06pa6OTICI1 06nyyeHHoA nneHlC11 Ha CTanHSlX ceHcl16l1nH3aUI1I1 H 

TpaBJIeHHSl Tpe&:OB. PaCCM:n'PHIol OC HOBH~ ~3HlCo-XI1M11YeclCl1e 

3aICOHCNePHOCTI1 3THX npoaeccoa Ha npl1Nepe TexHonorl111 113rOTOB.IJeHHSl 

nonl13Tl1neHTepe«>TanaTHbIX (1131'1» S111epHbIX welol6paH , 

GeHcI16I1nH3aUHSl. Ha CTaQHH ceHCH611nl13aUHI1 06nyYeHH~ MaTepl1an 

noaaepr-aor aconeAcTBHSl101. B pe3ynbTaTe ICOTOPbIX ne«eICTHOCTb nonl1Nepa 

B Tpel:aX YCl1nI1BaeTCSI. YTO noasonaer nooonHHTenbHO nOB~HTb CICQPOCTb 

TpaBJIeHHSl TpelCOB B 3-10 11 60nee paa. CeHCHOHflH3aUlHI TpelCOB 

noaeonaer ynYYWI1Tb «oPIolY nop, YNeHbWHTb nHcnepeHKl nl1aNeTpcm, 

nOB~HTb 1C03«+!Ul1eHT nPQHl1uaeNOCTH NeM6paH. 

lb nocnenaer-o BpeNeHH ellHHCTBeHHb/Iol NeTQAa.4 c e HC H6 Hn H3aU HI1 OhlnO 

06nyyeHHe ynbTpa~oneTOBb/Iol (Y4» H3nyyeHHeN B ICHcnOPQAcanep~IQeA 

aTIolOC4€pe /17/, B cnyyae 1131'1> NeTQA oc06eHHO H3SlIQeH. T .I: . npH 

B03neAcTBHH H3nyyeHHSl C nnl1HoA DOI1HbI eonee 310 HIol npoaecc 

4O'r00lCI1CneHI1Sl I1neT TOOblCO B TP8l:ax. lie 3aTParI1BaSl nonHNeP Iil 

CX PY~Dil8N c:6'be1olE! /9/. (;YIQeCTBYeT OOTI1ManbHOO BPSIolSl Y4>-OI5nyyeHI1II. 

no nOCTI1KE1HI1H lCoraporo n pa&:TI1YGlCI:I1 lie np()Hcxo,aHT .nam,lleA1IICr'O 
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YTO KaCaeTCR Hcnonb30BaHKR eme 60nee nerKHX HOHOB (Z = 10). TO B 

3TOM cny~ae KaK OOHH) TaK H npynoA MeTQn CeHCH6HnH3aUHH MDrYT 

06ecne'iHTb He06xunHICle Ka'iecTBO RnepHtiX Melol5paH nHlIIb npH nHaMl3TpaX 

nap OKonO 1 MJ(M H 6onee. 

XHMH'iecKoe TpaBnBHHe. PeXHMbI XHMH'iecKorCl TpaBneHKR nonHMePQB B 

n PQH3BOnCTBe SmepHtiX MHK po- H ynbTpaf/+1nbTpaUHOHHtiX MeIoI5paH '-{aCTO 

C YlI¥2CT BeHHO OTnH'iaIOTCSI OT peXHILlB. npenn0:K8HHbIX paHee MSI 3THX ze 

MaTepHanOB KaK neTeKTopoB TSizenbIX 3aPSlzeHHbIX 'iaCTHU. 3'1'0 CBSl3aHO C 

TeM , ~TO npH H3roTOBneHHH welol5paH rnaBHoA U8nbD SlBnSleTCR nony'-{eHHe 

nap 3anaHHoA KOH~HrypaUHH, a He BH3yanH3aUKR HnH HneHTHf/+1KaUKR 

TpeKUB ~aCTHU. MelmSi KOHueHTpaUHD peareHTOB H TeMnepaTYPY. MOKHO 

ynpaBJlSlTb (B H3BeCTHbIX npenenax) H36HpaTenbHOCTbD TpaBneHKR TpeKOB 

115,16 ,18/.~aKTH~ecKH,OT YCnOBHH CBHCH6HnH3aUHH H TpaBneHKR 3aBHCSlT 

3Ha'iBHKR K03NHUHeHTOB a H b B ypaBHBHHH (3) . PeXHMbI XHMH'iecKorCl 

'I' DaBnellHSI noooHpalOT non KOHKPeTH~ HOH. nOCl:onbl:Y 3NeKTHBHaSI 

3 t1e p l ' HR aKTHDaUHH H KOtlueHTpaUHOHHaSI 3aBHCHMOCTb H36HpaTBnbHOCTH 

TpaIJJl8t1HSI TpeKa 3allHCSlT or HOliH~UHOHHtiX noreps . a Tal:ze OT MeTOOB 

ceIlC H6 HnH ~lilUHH I HI • :'01 . 

YCK OPHTenH TRzentiX HOHOB 
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HTaK . KaK YEe 6uno OTMe~eHO. npHKnanHYe HccnenosaHKR Ha nY~EaX 

TSlEenbIX HOHOB (B TOM ~HCne H npa13BOl\CTBO SlnepHbIX otHJ!hTpcm) no 

HaCTORlQero BpeNeHI1 nPOBOn\lTCSl Ha 60nhIDHX YCKOPHTenSiX. 

npenHa3Ha'ieHHbIX nnSi pemeHHSl ,z,YHnaNeHTanbHbIX <llH3H~ecKHX nposneu. 

~H3H~ecKHe 3 K CnepI1MeHT~ Tpe6YDT Hcnanh30BaHKR TSlEenbIX HOHOB C 

3 He p r HSlMH II .IlCC R TI<H M3B / HYJ<JlOH . nnS! ~ero He06xonHIoIO CCX3naBaTb 

YCKOPHTenH cncmHbIX KOHCTPYKUHA (6anblDHe ra6apHT~. Macca. IoI:JIIIHOCTh 

nl1TaHHSl, B~OICaSl CTOI1Io1OCTb. ocncmHeHHaSl panHaUHCfiHaSl 06CTaHOBKa) . 

BNeCTe C TeM, nnS! MHorHX HaY~HcrnpHKnanHbIX 3ana~ nOCTaTo~Ho HNeTb 

TSlEenYe I1Cfi~ C 3Heprl1eA (1 - 2) M3EVHYKnCfi. HcXOnSl 113 BCX3MaEHOCTeA 

C YIQeCT B YU llH X I10HHbIX HCT~HHKOB, a TaKEe CIlbfl"a CCX3naHHSl UI1KnOTpOOOB 

TSlEenbIX I1OHOll B Jl5{P B T e~eHl1e 1984-1985 r-r-. 6un CCX3n a H H BueneH B 

3 Kc n n yaT a U I1U YCKopHTenb UHKnOTpOOHoro THna - UHKnl1~ecKHA 

I1MnnaHTaTop HU-IOO / 2 6/. 0.1 n03BOnHeT nony~aTb nY~KH YCI:QpeHHbIX 

TRIen~x HOHOB OT 60pa no apT'Cfia C 3HSprHSlMH (0 .5-1 , 2) M3EVHYKnOH . B 

OTnl1'lH(! OT ElblllleOllHGdlllibIX cxeM, B EOTOPbIX 4OPMHPOBaHHe nanaDllero Ha 

nnmlKY nY~Ki'l OC YIQeCT BnSleTGSI DHBWIlI1Io1I1 YCT~CTBaMH. Ha 11l.l-100 aaaa-ra 

1l0JIY'IBHHH O,QHO pU,Qllor' o nY'IKa 60JlbDd nnOUlanH pemeHa npyrHIoI cnocosoa. 

l-\;nonb30BaHI1(! cx.:C!6 UHHrx) T I1 pacc aaaacr-o MarHHTHoro nanSl UHEnOTpOOa C 

IlI>IC OICI1M l'panHl'!IITOM ( - ~(J Tn/ 101) • BbI3~BaUllHM CHJlbHYIJ 

IIL"ICC Yf :HPOIlKY UTK n~" "1 111 I nt 'O nY~Ka B panHanbtlOM 1I1lnp",sneHHH , 

n 03IlOJIIHlT nOJlY 'tiITI, lid MHl1lC!tIH. (JTCTIlIlIQeA Ha n ,5 M 171" BbIBOlIHoro 

oWIil1lUd , nY~oK IUHP~III c»I .'00 MM 11 Ilt.::OTc»I 10"15 MM; HIITflHCI1BIIO( :Tb 

uunonuuuoro nY~Kil npH :JT ( )lo4 C ('l( ~ TilMIiOT '" 50 °/0 171' HllTAHCHlllIOGTH 

IIIIYTr.M~IIIIl!I "O IIY'IKrl ( , ;M , Pl1c . t ,) , ()tiny~a T t!J1blmli YCT illlOlIE a n \,H C TI,j I<O n nll n 
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2;'	 4 1 11 12 - I 

Nl~ C HIITI'III:HIII In CTllMH ( !I. 10 - !l . I O ) C H :JIIU Il f' HIl IolH 

(I .I -I, :?)M:IIVIIYIC JIOII. t l T ll leKll HCltinNH .5!iCI 4t C 3 HU P I ' Hl l il 0, 

M:IIVttl/ICJIC»' 11 HII TI !I Il~I1 I11IC' ~ 1' b ll " . I ll ) :> c - I 
Cl/ loIIoI:ll l lln ll II r.7l' IlIil<lJIIlU ... 11l 

I«:Q/tl C T I, co~ 'rillU IlI U1' UCOJIO I !·,Il KIlT . 
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II (JI1EJ I~I II III ~X HCC JllI/ lOllill l t l l 1 1Ir1 II Y' IIClI X T il IIlI JII . X m.... IO II . Oil I ·JTJIH' l n WTl)11 

IC ONll tlKTIICW:T I.II . I IlI / IIl.llr . 1T I.11 II 1 ~' IC'ScJT lJ, II JlU llTCTr n!l II YlI l lIlIlJlQl lHH H 

1111'.111<: 111. 101 II 1 rr llUlllllIIHH 1Ii'I/lHllIIHH . Io1IoIrlnllllT l1T OP 

HIl- IO() "':BUT IIlXJ/ l y m l 'rIo u c ttulh ~\ II pH Jl/1t1 l lt1 t1r JTIC W Ltlln c»l C tlJlI111 1I0Iln r;III.X 
;> 

Iol.,.UHII . 1111I1 p tIl l ....JU~ JII H I I EI rrl'I Il / X T I~YLM' t) 1I 1111 t10 JlIJCI I !>() III II/1CXIU/1H II", ;! 

III ~H)JIIII1'r I JJII,1Il ill IIHU lII lI ·H ' H/ C IC I .JR I3l1Ult11' 1/ . 

III 

3aKnlO'-ieHHe 

====== ==== 
AHanH3 COBpeNeHHOT'O COCTORHHSl HaY~HO-TexHH~ecKoro 

HanpaBneHHSl .CBSl3aHHoro C pa3pa6OTKoA H npHMeHeHl1elol SlnepHux MeM6paH . 

noe aaaaaer , ~TO B 3ToA 06naCTH Ha6nIJ,QaeTCSl 6~TPWl nJ)OT'P8CC KaK B 

KonH~ecTBeHHOM, TaK H Ka~ecTueHHOIoI OTHomeHHH . ceA~ac CIlpenenHnCH PSln 

orpacnaa. rne Hcnonh30BaHHe SlnepHbIX NeM6paH oc06eHHO 3«4eETHBHO. 

5lnePH!lI8 Nelo45paHIi C nopaMH nopsnea 0,5 - I IoIKM IDHPOCO nPHIolBHSlDTCSl 

nnSi aH anHTH~e CKHX ueneA B ~3I1KcrXHMH~ecKHx HccnenOBaHHSlx. 

6HOJlorH~ecKHx, Wenl1UI1HCKHX 3KCnepHNeHTax . Melol6paH~ C nHaweTpaMH 

OTue)lCTHA n , I - 0 >2 IoIKM HnYT Ha H3T'OTOBneHI1e <llHnbTPQB TOHKoA 

~HCTKH TeXHOJlOrH'lecKHx c pen B 11pa13 BOnCTBe nonynPOBOllHHKOBbIX 

I1pH60p0a. HaH60Jlee TOHKCIlOPI1CTYe CTPYKTYP~ ( <0 , I IoIKM) HaxonllT 

BaZliYe npl1NeHeHHSl D TeXHHKe rnY601Cc»I O'IHCTKH ra30B H B 

NHKP06HOJlOrl1~eCKO~ nJ)OMblIUJleHHocTH . floTpe6HOCTh B SlnepHbIX loIelol6paHax 

6yneT 6b1CTPO paCTH . B CBSl3H C 3THM npenCTaBnSlDTCSl BBCblola BaZlibIMH 

pa3pa6OTKa 11 C03n a HHe C l1 eUHan I13 I1 posaHH ~~ YCKOPI1TeneA . c nOC06H~x 

06ecne~HTb IoIaCC oaoe I1poH3BQOCTBO B~OKOKa~ecTBeHHOT'O 

~nbTPOBanhHOT'O IoIaTepHana. 
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4>nepoB r. H. H AP ,' P7-BB-696 
Hcnonb30BaHHe YCKopHTeneH TR~enbiX HOHOB AnR H3rOTOBneHHR 
RAepHblx MeM6paH 

HccneAOBaH Kpyr OCHOBHblX npo6neM, CBR3aHHblX C Hcnonb30BaHHeM yCKopHTe
neH TR~enbiX HOHOB AIlR H3rOTOBneHHR RAepHblX MeM6paH - HOBoro BHAa nonHMepHblX 
M~KPO- H ynbTpa4>HnbTpa4HoHHblX MaTepHanOB, 3a~a4a nonr4eHHR nopHCTblX CTpyK
TYP C 3aAaHH~MH napaMeTpaMH aHanH3HpyeTcR Ha OCHOBe pe3ynbTaToB, HaKonneHH~X 

B na6opaToPHH RAepHblx peaK4HH OHHH B np04ecce pa3pa6oTKH RAepH~x MeM6paH 
H3 nonH3THneHTepe$TanaTa . nOKa3aHa B3aHMOCBR3b Me~AY BKcnnyaTa4HoHHblMH Qapa
MeTpaMH RAepH~x MeM6paH /Ton~HHoH, AHaMeTpoM H nnOTHOCTb~ nop, HX $OpMOH, 
pa36pocoM AHaMeTpoB / H xapaKTepHcTHKaMH HOHHblX nY4KoB, npHMeHReMbi x AIlR ofiny
4eHHR nonHMepH~ x nneHOK. PaccMoTpeH~ Ba~He~wHe $H3HKO-xHMH4ecKHe 3aKOHOMep
HOCTH npo4e c coB ceHcH6HflH3a4HH H XHMH4eCKor o TpaBneHHR TpeKoB TR ~enbiX HOHOB 
B nonHMepe. AaH KpaTKHH 0630P pa60T no RAepHblM MeM6paHaM, npoBoAHMblX Ha yCKO
pHTenRx TR~en~x HOHOB B 3apy6e~H~x HaY4H~x 4eHTpax. PaccMoTpeHa npo6neMa 
c03AaHHR cne4Ha flH3HpoBaHH~x YCKopHTen eH MHoro3apRAHblx HOHOB AnR npHKnaAHblX 
HccneAoBaHHH. 

Pa60Ta B~nonHeHa B na6opaTopHH RAepHbl x peaK4HH OHRH, 

Ilpenpaur Ofisensureuaoro HHCTHTyTIl RJtepHhlX HccneAOBIlJlHA . .uy6HIl 1988 
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