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4>H3HKa TH:>KeJibIX HOHOB, laHHMaromaHCB: HCCJie,IJ,OBaHHeM 

pa3JIHqHbJX npoueccoB, npoHCXO,!J,HIUHX npH CTOJIKHOBeHHB:X 

ycKopeHHbIX HOHOB c aTOMaMH MHWeHH, H HlyqeHHeM CBOHCTB 

HOBbIX B:,IJ,ep, o6pa3yIDIUHXCH, KOr,IJ,a 60JibWHe KyCKH B:,IJ,epHoro 

semecTsa "sroHHIOTCH" O.IJ.HH s ,IJ,pyroB:, npe,IJ,cTaBJIHeT co6oB: 

cosepweHHO HOBYIO o6naCTb H,IJ,epHOH <l>HlHKH, KOTopaH nony

qana pa3BHTHe y:>Ke B nocnesoeHHble ro,IJ,hl. Ilepshlii ycKopa

TeJib TB::>KeJibIX HOHOB - H,IJ,ep a30Ta - 6bIJI nocTpoeH B ClliA 

B Haqane nHTH,IJ,eCB:TbIX ro,IJ,os; B 1960 ro.IJ.Y 6LIJI JanymeH 

yCKOPHTeJib TH:>KeJibIX HOHOB B )J;y6He, Il03BOJIHBWHH nonyqHTb 

HHTeHCHBHbie nyq1rn ycKopeHHblX HOHOB BilJIOTb ,!J,0 aproHa 

/ Z = 18/ H ,IJ,o HacToHwero speMeHH ocTaiomaB:cB: HaH6onee 

MOI.UHLIM ycKOpHTeneM 3Toro THna. Col,IJ,aHHaH ro,IJ, Hala.IJ. 

B )J;y6He' B Jia6opa TOpHH H,IJ,epHbIX peaKUHH, TaH,IJ,eMHaH 

CHCTeMa Hl .IJ.BYX YCKOpHTeneB: ,IJ,aeT nyqKH eme 6onee 

TH:>KeJibIX HOHOB, snnoTb ,IJ,O KceHoHa / Z = 54/ c 3HeprHeB: 

oKono O,IJ,Horo MHJIJIHap,IJ,a 3JieKTpoH-BOJihT. B ClliA JaKaH

qHaaeTcH cTpoHTeJibCTBO ycKopHTeJIB: "CYITE PXAHJIAK", 

KOTOpblii TaK:>Ke CMO:>KeT ycKOpB:Tb BbICOK03HepreTHqecKHe 

HOHbl KCeHOHa. )];Ba ewe 6onee MOIUHbIX ycKOpHTeJIB:, KOTO

pbie II03BOJIB:T ycKopB:Tb see B:,IJ,pa nepHO,IJ,HqecKOH Ta6JIHUbl 

MeH,IJ,eneeaa, B TOM qHcne H H,IJ,pa ypaHa, co3,IJ,aroTcH 

ce:Hqac B 3arra.nHOH repMaHHH. 

qeM :>Ke o6yCJIOBJieH CTOJib 60JibWOH HHTepec, npOB:B

m1eMblH yqeHbIMH pa3JIHqHbIX CTpaH K rryqKaM TH:>KeJibIX 

HOHOB? 

Ilpe)l(.ne Bcero - 3TO YHHKaJihHaB: B03MO)l(HOCTb npo

HHKHYTb c IlOMOl.UblO TB:)l(eJibIX HOHOB B coaepweHHO eme 

HeH3Be,n;aHHbie H, no-BH,!J,HMOMY' He JJ:OCTH:>KHMbie ,IJ,pyrHM 

rryTeM o6JiaCTH H.nepHOH $H3HKH, CBB:3aHHbie c HCCJie.nosa-
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HHeM CBOHCTB CBepxTH>KenhlX TpaHcypaHOBhlX 3neMeHTOB 

H KOPOTKO>KHBYW:HX H,nepHblX CHCTeM, COCTOHlll;HX H3 300-

500 HyKnOHOB. 06pa30BaBWHCb B pe3ynbTaTe B3aHMo,neH

CTBHH TH>Kenoro HaneTarow;ero HOHa c TH>KenhIM H.D;poM

MHWeHbIO, TaKHe "cryCTKH HyKnOHOB" MoryT o6na,naTb 

6onhWHM yrnOBhlM MOMeHTOM H npHHHMaTb BeCbMa He

npHBhl'iHbie ,nnH Hae <l>opMbI /HanpHMep, <l>opMy raHTenu, 

B KOTopoH o.D;HH wap KaK 6hl "cKonh3HT" no noBepxHOCTH 

.npyroro, HnH ,na>Ke <l>OPMY "ny3blpH" c BHyTpeHHeH no

nOCTbIO/. J.fay1-1aH no.no6Hbie crycTKH H,nepHoro Bew;ecTBa, 

Mhl .no HeKOTOpOH CTeneHH MO>KeM nony'.fHTb TaK>Ke npe.n

CTaBneHHe 0 TOM, KaK Be,neT ce6H Bew;e,CTBO B HeHTp,OHHblX 

3Be3,nax H ,npyrux acTpo<l>H3H1.feCKHX o6oeKTax, nopa>Karow;ux 

Hawe Boo6pameHHe. 0.nHaKo ueHTpanbHOH npo6neMOH 3,necb, 

HeCOMHeHHO, HBnHeTCH ceii1-1ac .D;OCTH>KeHHe npe,ncKa3bIBae

MOH TeopeTHKaMH o6nacTH OTHOCHTenbHO .nonro>KHBYW:HX 

H.D;ep c 3apH,naMH z = 114,126 H T . .D;./TaKHa3bIBaeMblX "ocT

POBOB CTa6HnbHOCTH"/. PeaKUHH c TH>KenbIMH HOHaMH HB" 

nHIOTCH B HaCTOHw;ee epeMH e,nHHCTBeHHOH B03MO>KHOCTblO 

npaKTH'.feCKH IlO.D;OHTH K Hccne.noeaHHIO TaKHX H,nep. IloHHTHO, 

1.fTO OTKphlTHe .nonrO>KHBYW:HX CBepXTH>KeJihlX 3neMeHTOB 

6y,neT HMeTb HaCTOnbKO .naneKO H,nyw;ue Hay'.fHbie, a, B03" 

MO>KHO, H npaKTH'.feCKH nocne,nCTBHH, 1-ITO HX 3Ha1.feHHe 

cei1-1ac Tpy.nHo .na>Ke oueHHTb. 

PeaKUHH c THmenhlMH HOHaMH no3eonHIOT nony1-1HTb 

~nbwoe qucno HOBhlX H30TOilOB, .naneKHX OT nHHHH f3 -CTa-

6HnbHOCTH, B qacTHOCTH - CHnbHO neperpy>KeHHbie HeHTpo

HaMH nerKHe H,npa. ff 3yqeHHe TaKHX H.D;ep npe,ncTaBnHeT 

6onLwoii HHTepec, T.K. cornacHo TeopeTH1-1ecKHM npe.ncKa-

3aHHHM B o6nacTH H.D;ep c 01.feHb 6onbWHM 1.fHCnOM HeHTpo

HOB TaK>Ke B03MO>KHO cyw;ecTBOBaHHe OTHOCHTenbHO CTa-

6HnbHbIX 3neMeHTOB /"HeHTPOHHbIX Kanenb "/. 

B HacToHw;ee epeMH MbI ew;e 01-1eHb nnoxo 3HaeM 

"reorpa$HIO" aTOMHblX H,nep. IlpH 06nyi.1eHHH ypaHOBOH 

MHWeHH BblCOK03HepreTH1.feCKHMH HOHaMH ypaHa HnH TOPHH 

o6pa3yeTCH CBbIWe 6000 pa3nHqHbIX H30TOilOB, 1.fTO B 

HeCKOnbKO pa3 npeBOCXO.D;HT qucno Bcex CTa6HnbHblX H 

pa,nHOaKTHBHbIX H30TOnOB, Boo6w;e H3y1.feHHbIX .no CHX nop 

B H,nepHOH <l>H3HKe. KaK 01.feHb o6pa3HO OTMeTHn He,naBHO 

A.EpoMnH, o,nHH H3 ee,nyw;ux aMepHKaHCKHX cneuuanucToB 

no <l>H3HKe T H>KenhlX HOHOB, 3KCTpanonHUHH HaKonneHHblX 
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HaMH 3HaHHH ,nnH npe,ncKa3aHHH CBOHCTB ecex B03MO>KHbIX 

aTOMHblX H.nep HaTIOMHHaeT nOilbITKY OilHCaHHH naH.nwa<fna 

uenoH CTpaHbl Ha OCHOBe H3y1.feHHH .D;Ha H 6nu3ne>Kalll;HX 

CKnOHOB O.D;HOrO H3 npHHa.nne>Kalll;HX eii yw;enHH. 

qpe3BbI1.faHHO 6onbWOH HHTepec npe,ncTaBnHeT B03MO>K" 

HOCTb npoeepKH 3aKOHOB KBaHTOBOH 3neKTPO.D;HHaMHKH H 

u3y1-1eHJ1e npoueccoe, npoTeKarow;ux B 3neKTpoMarHHTHbIX 

nonHX cTanKHBaIOll(HXCH H,nep, KOTOPbie HBnHIOTCH HaH6onee 

CHnbHblMH cpe.D;H Bcex 3neKTPOMarHHTHbIX noneii, H3BeCT" 

HbIX HaM ceiqac BO BceneHHOH. QqeHb HHTepeCHbl TaK>Ke 

uccne.noeaHHH H,nep c npe.nenbHO 6onLWHMH 3apH.naMH z . 
OueHHBaH nepcneKTHBbI pa3BHTHH H,nepHoii <l>H3HKH, H3" 

aecTHbIH TeopeTHK Ore Eop BbICKa3an MHeHHe, 1.fTO H,nepHaH 

<l>H3HKa 6nH>Kaiwero .necHTHneTHH - 3TO, B OCHOBHOM, 

<l>H3HKa TH>KenbIX HOHOB. c 3THM MHeHHeM TPY.D;HO He 

cornacHTbCH. 
TeM He MeHee 6onLWaH Hay1-1HaH 3Ha1.fHMOCTb a uccne-

.noeaHHH HOBhlX H <l>yH,naMeHTanbHhlX HBneHHH - 3TO TOnbKO 

O.D;HH acneKT <l>H3HKH TH>KenbIX HOHOB. ,r(pyroH, He MeHee 

aa>KHblH ee acneKT CBH3aH c B03MO>KHOCTblO WHpOKoro 

npaKTH'.feCKOro npHMeHeHHH ny1-1KOB TH>KenbIX HOHOB B caMblX 

pa3nH1.fHbIX o6nacTHX HayKH H TeXHHKH. Mo>KHO 6e3 npeyBe

nH1-1eHHH cKa3aTb, 1.fTO B OTHOWeHHH nepcneKTHB HX npaKTH" 

qeCKOrO npHMeHeHHH ny'.fKH TH>KenhlX HOHOB ceii1-1ac Haxo

.D;HTCH npHMepHO B TaKOM >Ke nono>KeHHH, B KaKOM 10-15 

neT TOMY Ha3a.n 6bma TeXHHKa CBeTOBblX nyqKOB - na3epoB. 

EcnH na3epHbIH ny1-10K B03,neiicTayeT Ha aew;ecTBO B oc -

HOBHOM nocpe,D;CTBOM cHnbHOrO noKanbHOrO HarpeBa, TO 

ny1-10K T H>KenbIX HO HOB MO>KeT oKa3bIBa Tb He TOnbKO 3Ha

qHTenbHOe TepMH'.feCKOe .neiiCTBHe, HO TaK>Ke MexaHH'.feCKH 

nocpe,ncTBOM CTOnKHOBeHHH HOHOB H H.n;ep OT,D;a'.fH c H,D;paMH 

ao3.n;eiicTayeT Ha KpHcTannu1-1ecKyIO peweTKY 06ny1-1aeMoro 

eeruecTBa H, 1.fTO oco6eHHO ea>KHO, MO>KeT H3MeHHTb ero XH" 

MH"<J:eCKHH cocTaB no 3apaHee 3a.n;aHHOH nporpaMMe. Hc

nonL30BaHHe 3THX 3aMe1.faTenbHbIX CBOHCTB ny1-1KOB TH>KenbIX 

HOHOB ew;e TOnbKO Ha'iHHaeTCH, no MHOrHM ea>KHbIM HanpaB

neHHHM npOH3BO.D;HTCH nHWb nepBaH pa3Be.n;Ka, a .n;pyrHe -

6bITb MO>KeT' HaH6onee HHTepeCHble HanpaeneHHH - npe,D;CTO" 

HT erue OTKpbITb. 0.n;HaKO y>Ke Toro, 1.fTO HaM H3BeCTHO 

ceii1-1ac, '.nocTaT04HO, 4T06bI yTBep>K,D;aTb, 1-ITO npHMeHeHHe 
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HHTeHCHBHblX ny"II<OB T.R.>KeJILIX HOHOB, no.no6HO TOMY' I<aI< 

3TO y:>Ke npOH30WJIO c Jia3epaMH, Bb130BeT peBOJIIOUHIO 

B TeXHOJIOrHH H B MeTo.nax, HCnOJIL3yeMblX caMblMH pa3-

JIH"IHblMH OTpaCJI.flMH cospeMeHHOii HayI<H H TeXHHI<H. 

B6HBaHHe, HJIH, I<aI< ceuqac rosop.RT, HMnJiaHTa~H.fl, 
ycI<opeHHLIX HOHOB Toro HJIH HHoro XHMH"lec1<oro 3JieMeHTa 

B COCTaB o6JiyqaeMOH MHWeHH y:>Ke ceilqac no3BOJI.ReT 

B03.D;eHCTBOBaTL npaI<TH"leCI<H Ha JII06L1e CBOHCTBa MaTepH

ana, I<OTOpble 3aBHC.flT OT CTPYI<TYPbI H XHMH"leCI<Oro co

CTaBa ero nosepXHOCTH HJIH CJIOeB, pacnOJIO:>KeHHblX B6JIH3H 

nosepxHOCTH. IIo cpasHeHHIO c .n;pyrHMH MeTo.n;aMH nerHpo

BaHH.R HMnJiaHTaI.J;H.fl HOHOB npe.n;cTaBJI.ReT co6ou BeCLMa 

YHHBepcaJILHblH MeTOJJ;: OHa n03BOJI.ReT BBOJJ;HTL aTOMbl 

JII06oro 3JieMeHTa B Jll060H 3a.n;aHHLIH Ma TepHaJI H .n;aeT 

nono:>KHTeJILHble pe3ynLTaTLI .n;a:>Ke B Tex cnyqa.Rx, I<or.na 

.n;pyrHe cnoco6LI neruposaHH.fl OI<a3blBalOTC.fl HeB03MO:>KHLIMH. 

IlpH 3TOM nponecc MO:>KeT npoH3BO.D;HTLC.fl npH cpaBHHTeJILHO 

HeBLICOI<HX TeMnepa Typax' a no60"IHLie pa.n;uan;HOHHLie no -

spe:>K.n;eHH.R CTPYI<Typbl o6nyqaeMoro 06pa3n;a ycTpaH.RTC.R 

nocne.n;ylOD.lHM HarpeBOM TaI<:>Ke JJ;O OTHOCHTeJILHO He6oJILWHX 

TeMnepaTyp; Bee 3TO n03BOJI.ReT coxpaHHTL npaI<TH"leCI<H 

HeH3MeHHblMH 3JieI<TPOcl>H3H"leCI<He napaMeTpbl HCXOJJ;Horo 

MaTepHaJia. c TO"II<H 3peHH.fl npoMLIWJieHHOro OCBOeHH.fl 

MeTo.n;a O"leHL Ba:>KHO, "ITO npouecc HMnJiaHTaUHH HOHOB 

J:Ulnyc1<aeT npaI<TH"leCI<H noJIHYIO aBTOMaTH3aI.J;HIO H 6JIH3I<YIO 

I< lOOo/o-HOii BOcnpoH3BOJJ;HMOCTh CBOHCTB C03JJ;asaeMblX 

HOBLIX Ma TepuaJIOB. 

TaI<HM nyTeM, c noMOD.lLIO o6ny"leHH.R HoHaMH 6opa, 

cl>occl>opa, TaHTana H 6onee T.R:>KeJI1>1x 3JieMeHTOB, y.n;aeTc.R, 

B qacTHOCTH, cyllleCTBeHHO yny"llllHTL 1<aqecTBa nonynpo

BOJJ;HHI<OB1>1x I<peMeHHeBblX H repMaHHeBLIX JJ;eTeI<TOpOB /CM. 

pHC. 1/, WHpOI<O HCnOJIL3yeMLIX ceuqac B B:JJ;epHOH cl>H3HI<e, 

JJ;Jl.fl aI<THBaUHOHHOrO aHaJIH3a B ropHopy.n;HOH npoMLIWJieHHO

CTH H reonoropa3se.n;1<e, JJ;JI.R 3I<CnpeccHoro aHaJIH3a 3a

rp.R3HeHHOCTH OI<py:>KalOD.leH cpe.n;1>1 H T . .n;. 

IlpH HOHHOM nerHpOBaHH.fl HMeeTC.fl B03MO:>KHOCTh O"leHL 

TO"IHO ynpaBJI.RTh npocl>HJieM BBOJJ;HMOH npHMeCH, 6naro.n;ap.R 

"leMy BHYTPH o6nyqaeMoro I<pHCTaJIJia MO:>KHO C03.D;aTL Bec1>

Ma CJIO:>KHLie no csoeii apxHTe1<Type CTPYI<Typbl c 1<0MnJie1<c -

HLIMH 3JieI<Tpocl>H3H"leCI<HMH CBOHCTBaMH. 3TO OTI<pLIBaeT 
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PHC. 1. 11MnJiaHTan;Heii HOHOB B KpHCTaJIJI KpeMHHB: BHOCB:TCB: 
cnoH 6opa B 1 H B 2 H cl>occl>opa P. 3TH cnoH HMelOT cTporo 
3a,naHHYIO dJopMy c qeTKHMH rpaHHI.(aMH, "ITO no3BOJIB:eT 
no H3MeHeHHIO uanpB::>KeHHB: Me)K.D;Y CJIOB:MH 8i H p TO"IHO 
H3MepB:TL HOHH3an;HOHHLie noTepH AE Ii\ x H TeM caMLIM 
onpe.nenHTh THn nonamneii e ·.neTeKTop qacTHU:hI, a no 
H3MeHeHHIO HaIIpB:)KeHHB: Me)K.D;Y CJIOB:MH p H B2 - ycTaHo

BHTL 3HeprHIO 3TOH 'laCTHU:hl E. 

nyTH K C03.D;aHHIO CJIO:>KHhlX H B TO )Ke BpeMB: B BhlCWeH 

CTeneHH KOMIIaKTHhlX H y.no6HLIX B o6paD.leHHH 3JieKTpOHHhlX 

ycTpOHCTB. 
rny6HHa npOHHKHOBeHHB: HOHOB B BeD.leCTBO MHWeHH 

3aBHCHT OT HX 3HeprHH, IlOBhIIllaB: 3HeprHIO, MO:>KHO 803 -

.neiiCTBOBaTh ua CBOHCTBa He TOJlhKO nosepXHOCTHhIX, HO 

H rny6oKHX BHyTpeHHIIX cnoee o6nyqaeMblX o6pa3U:OB. 3TO 

OTKPLIBaeT .D;aJILHeHillHe HHTepeCHbie B03M0)KHOCTH. 
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06ny11eHue 11y11KaMH T 1DKeJI.bIX HO HOB TOHKHX OIITH'leCKH • 

IIPOBO,I{HW:HX IIJieHOK 1103BOJIHeT B COOTBeTCTBHH c 3apaHee 

COCTaBJieHHOH rrporpaMMOH TaK H3MeHHT.b HX K03~~HUHeHT 
rrpeJIOMJieHHH, 'ITO o6pa3ylOTCH CBeTOIIpOBO,I{bl >KenaeMOH 

~OPM.bl' KOTOp.ble MOryT HCIIOJI.b30Ba T.bCH B 6.bICTpo.neucTBYIO· 

W:HX Bbl'IHCJIHTeJI.bH.blX MaWHHax ,I{JIH rrepe,na'IH O'leH.b 6oJI.bWHX 

IIOTOKOB HH~OpMaUHH. BBe,neHHe B TaKHe IIJieHKH cneuuaJI.bH.bIX 

.no6aBOK c MarHHTH.bIMH CBOHCTBaMH II03BOJIHT C03,I{aT.b 

3neMeHT.bI c 6onLWHM 06'.beMoM rraM.HTH. Hen.b3H He corna

CHT.bCH c MHeHHeM aMepHKaHCKHX y'leH.bIX 0 TOM, 'ITO 3TO 

HarrpaBJieHHe OKa)l(eT rny6oKoe BJIHHHHe Ha pa3BHTHe cqeTHO· 

pewa10w:eu TeXHHKH u B caMOM 6nu>KauweM 6y.nyw:eM o6ew:a

eT B.bipaCTH B KPYIIHYIO HHAYCTpHIO. 

3aMe'laTeJI.bH.bie B03MO>KHOCTH HMIIJiaHTaUHH HOHOB OT· 

KpblBaeT ,I{JIH H3rOTOBJieHHH HOB.blX CIIJiaBOB, KOTOp.ble TPYAHO 

HJIH B006w:e rrpaKTH'leCKH HeB03M0)1(H0 IIOJIY'IHT.b .npyrHMH 

H3BeCTH.blMH CeH'laC CIIOC06aMH, HanpHMep, H3 • 3a XHMH'leC • 

KOH HeCOBMeCTHMOCTH KOMIIOHeHT' npeIIHTCTBYIOW:eii HX 

B3aHMHOMY IIPOHHKHOBeHHIO. 06pa60TKa CJIOeB KOMIIOHeHT 

11y11KaMH T.H>KeJI.blX HOHOB 1103BOJI.HeT "110,naBHT.b" HX He COB· 

MeCTHMOCT.b H IIOJIY'IHT.b CIIJiaB.bl c COBepweHHO He06.bI'IH.bIMH 

CBOHCTBaMH npO'IHOCTH, TepMOCTOHKOCTH, aHTHKOpp03HH· 

HOC TH H T. ,I{. Ilpu 3TOM BO MHOrHx cnyqasx ).l;JIH IIOJiy'leHHH. 

Tpe6yeM.bIX CBOHCTB .nocTaTO'IH.bl JIHW.b O'leHJ> He6oJI.bWHe 

;w6aBKH COOTBeTCTBYIOW:HM o6pa30M no.no6paHH.bIX rrpHMe -

ceiL 
0,nHOH H3 Ba>KHeHWHX npo6neM COBpeMeHHOH 3HepreTHKH, 

cpaBHHMOH 110 CBOeMy 3Ha'leHHIO pa3Be JIHW.b c rrpo6neMOH 

C03,I{aHHH TepMos,nepH.bIX peaKTOpOB, HBJI.HeTCH pa3pa60TKa 

B.blCOKOTeMnepa TypH.blX CBepxnpOBO;J;HHKOB, coxpaHHIOW:HX 

CBOHCTBO CBepxrrpoBO,I{HMOCTH IIPH 60JI.bWHX TOKax, 60JI.bWHX 

MarHHTH.blX non.RX H ,I{OCTaTO'IHO BbICOKHX TeMnepaTypax, 

>KenaTen.bHO - npH "KOMHaTHblX"' Hy a B Ka'leCTBe "CKPOM· 

Horo" rrepBoro wara - XOTH 6&1 BblWe TO'IKH KHIIeHHH 

>KH,I{KOro BO,nopo,na. Co3,naHHe TaKHX CBepxrrpOBOAHW:HX Ma· 

TepuanoB .nano 6&1 B03MO)l(HOCTb HCIIOn.b30BaT.b cyw:ecTBeH· 

HO 6onee rrpocTylO H .neweBylO KpHoreHHYIO TeXHHKY /a, 

MO)l(eT 6.blT.b, H B006w:e o6ouTHCb 6e3 Hee/ H II03BOnHno 

6&1 rrepeiiTH K WHPOKOMY npOMblWneHHOMY IIPHMeHeHHIO 

CBepxnpoBO;J;HHKOB. 11ccne.noBaHHe pa3nH'IH.bIX cnnaBOB no

Ka3ano, 'ITO y>Ke ceu11ac MO)l(HO C03;J;aTb MaTepuan&I, 
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TepHIOW:He CBepxrrpoBO,I{HMOCT.b rrpH TeMrrepa Typax' Bcero 

nHW.b Ha HeCKOn.bKO .noneu rpa,nyca MeH.bWHX TeMrrepaTyp.bl 

KHIIeHHH >KH,I{Koro Bo.nopo,na.11crron.b30BaHHe IIY'IKOB TH>Kenblx 

HOHOB 1103BOJIHT npaKTH'leCKH HeorpaHH'leHHO pacwupHT.b 

.nuarra30H H HarrpaBneHHO H3MeHHT.b COCTaB 6HHapHblX H, 'ITO 

oco6eHHO Ba)l(HO, MHOrOKOMIIOHeHTHbIX CBepxrrpOBO,I{HW:HX 

crrnaBOB .nns IIOHCKa B.blCOKOTeMIIepaTypHblX CBepxrrpoBo.n

HHI<OB. 

Cne.nyeT O)l(H,I{aTL, 'ITO CBOHCTBa CBepxrrpoBOAHMOCTH, 

orrpe.nenHeMo:ii crren:H~H'leCKHMH B3aHMO,I{eHCTBHHMH 3neKT • 

POHHblX nap H KOJie6aHHH KPHCTaJIJIH'leCKOH peweTKH, .noIDK

Hbl 6.blT.b 'IYBCTBHTeJI.bH.blMH ,na>Ke K He6on.bWOMY 'IHCJiy 

BBO,I{HMblX B peweTI<Y HHOpO,I{HblX aTOMOB, a TaK)l(e K C03· 

.naBaeMblM B aeii pa,nuauuoHHblM .ne~eKTaM. Orrpe,neneHH.blM 

rro.n6opoM KOMIIOHeHT H pa,nHaUHOHHblX IIOBpe)l(,I{eHHH MO)l(HO 

Bocrrperr.HTCTBOBaT.b B03Bpaw;eHHIO CBepxrrpoBO;J;HHKa B Hop

Man.bHOe COCTOHHHe IIpH H3MeHeHHH BHeWHHX ycnoBHH. KaK 

IIOKa3aJIH He,naBHHe pa60T.bl neHHHrpa,ncKoro ~H3HKa 

C.11.QblIIKHHa H ero coaBTOPOB /"<l>H3HKa TB. Tena", ll, 
3088, 1971 / H coaceM He,naBHHe H3MepeHHH 3ana,nHo· 

repMaHCKHX ~H3HKOB (Zs, fur Phys., 256, 176, 1972 ), rrocne 

o6ny'leHHH TH)l(en.blMH HOHaMH xapaKTepHCTHKH cBepxrrpo

BO,I{HHKOB B ps.ne cnyqaeB, .neiiCTBHTen.bHO, 3Ha'IHTen.bHO 

ynyqwalOTCH. XOTH 3TO HanpaBneHHe ew:e TOnbKO Ha'IHHaeT 

pa3BHBaTLCH, .nanLHeiiwue ero nepcrreKTHB.bl rrpe.ncTaBnH· 

IOTCH qpe3Bbl'laHHO HHTepeCHblMH H MHoroo6ew:a10w;HMH. 

l11iTeHCHBH.b1e IIY'IKH T.H)l(en.blX HOHOB MoryT c B.blCOKOH 

3~~eKTHBHOCT.blO 6.blT.b HCIIOn.b30BaH.bl ,nnH o6pa60TKH IIOBepx

HOCTH MaTepuanoa c uen.blO IIOBblWeHHH ee TBep,nOCTH, 

naccuaan:uu H, Hao6opoT, .nnH Toro, 'IT06&1 c.nenaT.b no

BepxHOCT.b 6onee aKTHBHOH, ecnH 3TO Heo6XO,I{HMO, K B3a

HMo.neiicTBHHM c orrpe.neneHH.blMH Bew:ecTBaMH. c IIOMOW:.blO 

HOHH.blX IIY'IKOB MO)l(HO npOH3BO,I{HTb nonHpOBKY H CBepx

TOHKYIO ,I{OBOAKY IIOBepXHOCTeii OIITH'leCKHX nHH3 H T .,I{. -

3,nec.b HMeeTcH 6ecKpaiiHee none ,neHTenLHOCTH ,nnH H306pe

TaTen1>Horo yMa. 

Eme o.nHoii qpe 3Bbl'laiiHo Ba)l(Hoii o6nacTLIO npuMeHeHHH 

IIY'IKOB TH)l(en&IX HOHOB HBnHeTCH HCIIOn.b30BaHHe HX ,nnH 

MO,nenupoaaHHH pa,nHal.(HOHHblX rroepe)l(;J;eHHH, Bbl3bIBaeM.bIX 

HeHTPOHaMH B TennoBbl,nenHIOW:HX 3neMeHTax H KOHCTpyK

THBHbIX MaTepuanax aTOMHblX peaKTopoa. CTanKHBaHCb 
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c a TOMHblMH fl,ll,paMH, 6blCTpble HeiiTpOHbl Bb16aaa10T fl,D,pa 

H3 3aHHMaeMblX HMH IIOJIO)l(eHHH H coo6ma10T HM 3Ha•rnTeJib

HOe KOJIJt4eCTBO 3HeprHH, 6naro,D,apfl qeMy 3TH fl,D,pa,a CBOIO 

oqepe,D,b, MoryT B~3blBaTb ,D,aJibHeumHe pa,D,HAUHOHHble no

ape)l(,D,eHHfl, H3MeHflfl CTPYKTYPY o6nyqaeMoro BeIQeCTBa. 

Eme 6onhmHe pa,D,HaUHOHHbie pa3pymeHHfl npoH3BO,D,flT o6na· 

,D,aIOlQHe 60JiblliOH 3HeprHeif OCKOJIKH ,D,eJieHHfl, KOTOpble' 

KpOMe Toro, H3MeHfllOT H XHMH4eCKHH COCTaB OKPY)l(a10mero 

aemecTBa. l13MeHeHHe XH~,rnqecKoro cocTaaa aemecTaa 

rrpOHCXO,ll,HT TaK)l(e IIO,ll, ,D,eHCTBHeM ,D,pyrHx }l,D,epHbIX peaKUHH, 

Bbl3bIBaeMbIX HeiiTpoHaMH, oco6eHHO peaKUHH (n, a),B KOTO

pbIX B pe3y[lbTaTe norJIO[QeHH}I H€HTPOHOB fl,D,paMH o6pa-

3YIOTC}I aTOMbl reJIHfl,cymecTBeHHO BJIHfllO[QHe Ha 3apQ)l(,D,e

HHe H pOCT aaKaHCHOHHblX nop.B 6pH,D,CpHblX CHCTeMax ~a 
6bICTpbIX HeHTPOHaX ,KOTOpbie ,no- BH,ll,HMOMY, nonyqa T lliHpo

KOe pacnpocTpaHeHHe B 6nmKaHllIHe 5- 10 JieT ,IIOTOKH Heih -

poHOB 6y,D,yT B CTO-Tblcfl.qy pa3 npeaOCXO,ll,HTb Te,c KOTOpbIMH 

MbI HMeeM ,D,eno B , coapeMeHHbIX peaKTopax. Ilpo6neMbI 

pa,D,HaU:HOHHOH CTOHKOCTH MaTepHaJIOB IIPH 3TOM npHo6peTyT 

pemaromee 3HaqeHHe. Henocpe,D,CTBeHHoe Hccne,D,oaaHHe 3THX 

Ba)l(HbIX BOIIPOCOB B a TOMHbIX peaKTopax BeChMa 3a Tpy,D,He -

HO TeM, qTo ,ll,Jl}I 3Toro Tpe6y10TC}I oqeHb 60JiblliHe BpeMeHa 

o6nyqeHHfl. B TO )Ke apeMfl Tfl)l(eJibie HOHbl B OTHOllieHHH 

pa,D,HaQHOHHblX rroape)l(,D,eHHH, rpy6o roaopn, B CTO TblC}lq 

•• HJIH ,D,a)l(e MHJIJIHOH pa3 6onee 3¢¢eKTHBHbl, qeM HeHTPOHbl 

/CM. pnc. 2/, II03TOMY pa,D,HaQHOHHhlH 3¢¢eKT, KOTOphlH 

B aTOMHbIX peaKTopax ,ll,OCTHraeTC}I B TeqeHHe HeCKOJibKHX 

JieT' c IIOMO[QblO IIY4Ka T fl.)l(CJibIX HOH OB c HHTeHCHBHOCTblO 

1 MKa MO)l(eT 6bITb BOCIIpOH3Be,D,eH acero JIHllib 3a HeCKOJlb -

KO qacoa. IlpH 3TOM HCCJie,D,yeMbie o6pa3Ubl He HMeIOT 

TaKoij BbICOKOH CTerreHH aKTHBaUHH, KaK 3TO HMeeT MeCTO 

IIOCJie o6nyqeHHfl. HX B aTOMHOM peaKTOpe, qTO 3Ha4H

TeJihHO ynpomaeT pa6oTy c HHMH. HcrroJih3Yfl HOHbl pa3-

JIH4HbIX THIIOB, MO)l(HO MO,D,eJIHPOBaTb 3¢¢eKTbl, o6ycnoa

JieHHbie B03HHKHOBeHHeM XHMHqecKHX HeO,D,HOpO,ll,HOCTeH 

B MaTepHanax, a c ,D,pyrou CTOpOHbl - H3yqaTb pa,D,HaUHOH

Hbie ,D,e¢eKTbl, He BBO,ll,}I B Ma TepHaJI KaKHX -nH6o HHOpO,ll,HbIX 

aTOMOB. TaKHM IIyTeM B HaCTOfllQee apeM}I y)l(e HCCJie,D,yeTCfl 

pa3pylliHTeJibHOe ,D,eHCTBHe pa,D,HaUHH B rpa¢HTe, Hep)l(aae10-

meu CTaJIH, U:HPKOHHeBbIX H aJIIOMHHHeBbIX CIIJiaBaX, KOTOpbie 

B oqeHb 6oJiblliHX KOJIHqecTaax IIPHMeHfllOTC}I B peaKTOpo-
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PHc. 2. 0THomeHHe Jcl>cl>eKTHBHOCTeii COJ,D,aHHfl pa,D,HaUHOH
HbIX ,D,ecl>eKTOB HOHaMH HH06Hfl c 3HeprHeH E H 14 - M3B
HblMH HeHTpOHaMH. 06nyqaeMLIH MaTepHaJI - IIJiaCTHHKa 
H3 HH06H.ll. 

CTpOeHHH. 0,D,HaKo npH 3TOM no.Ka orpaHHqHaa10Tc.11 JIHmL 

paCCMOTpeHHeM c nOMOIQblO 3JieKTPOHHOro MHKpOCKOna oqeHL 

TOHKHX o6pa3QOB MaTepHaJIOB. IlpHMeHeHHe nyqKQB BblCOKo-

3HepreTHqecKHX HOHOB c 60JiblliHMH npo6eraMH B BelQeCTBe 

MHlliette:H noJBOJIHT npHBJieqb ,ll,Jl.11 attaJIH3a TOJICTLIX o6pa3QOB 

3HaqHTeJILHO 6onee lliHpOKHH apcettaJI cpe,D,CTB COBpeMeHHo

ro Ma TepHaJioae.n;eHH}I, qTo COBepmeHHO Heo6XO,ll,HMO ,ll,Jl}I 

noHHMaHH.11 CJIO)l(HOro KOMnJieKca cl>HJHKO-XHMHqecKHX }IB

JieHHH, npoTeKalO[QHX a o6nyqeHHOM BelQeCTBe. 

Ilo)l(anyu, HaH6onee npocTLIM no cBoeii H.n;ee H a To )Ke 

BpeM.11 aeCLMa nepcneKTHBHbIM H aneqaTJI.lllOlQHM no CBOHM 

peJyJILTaTaM .llBJl.lleTC}I IIPHMeHeHHe nyqKOB Tfl)l(eJILIX HOHOB 

a KaqecTBe "MHKpoHrn" ,ll,Jifl npoHJBO.D:CTBa YJILTpaMeJIKHX 

no paJMepaM H YHHKaJILHbIX no 3KcnnyaTaQHOHHbIM Ka4eCT

BaM 4>HJILTpoa. Ilpoxo.n;.11 qepe3 nneHKy o6nyqaeMoro ae-
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mecTsa - cmo.ny, cTeKno HITH cnoii KaKoro-nH6o nnacTH
qecKoro MaTepHana, - nrncenhIH HOH o6pa3yeT KaHan cHnh
Horo pa.nHaUHOHHOro nospe:>K,neHHH. Ilo.no6HO TOMY' KaK 
3TO HMeeT MeCTO .nnx <t>o'ronnacTHHKH, o6nyqeHHOH CBeTOM, 
noape:>K,neHHbie MeCTa OKa3bIBalOTCH HaH6onee 'IYBCTBHTenb
HblMH K XHMH'leCKOH o6pa6oTKe H, 6y,ny'IH no.nseprHyTbIMH 
TpaaneHHIO, .naroT CKB03Hble OTBepcTHH, )l;HaMeTp KOTOpblX 
3aBHCHT OT THna H 3HeprHH HOHOB, OT o6nyqaeMoro MaTe
puana H OT cnoco6a nocne.nyromero TpaaneHHH. 3To xopowo 
aH,nHo H3 puc. 3. Ha cne.nyromeM pucyHKe .nnx cpaaHeHHH 

~.!'·· ~ •. ' . . , .. 
!ft • *· . . '·· '\; a.it " ._.,,,,, 

1;~ ~:.~ ·;:,~:~ 

'
·~ .•. .,, .. 

• k' • , :;\ . 

. .· ,:..._ I•,~.:' .. ... ... "'· . .., -
·.PHC. 3. Cne.nhl HOHOB UHHKa 'H cepbl /6onee MenKHe/ B cH
ITHKaTHOM cTeKne /no .naHHbIM r .H.<l>nepoaa H B.Il.Ilepe-
ITbirHHa, A3, 11, 981, 1972/. 

noKa3aH cospeMeHHbIH BbICOKOKa'leCTBeHHbIH uennron03HblH 
<l>HITbTP H "x.nepHbIH <l>HITbTp"' nonyqeHHblH TpaaneHHeM 06-
nyqeHHOH x.nepHbIMH qaCTHUaMH nonHKap6oHaTOBOH nneHKH. 
XoTH cpe,nHHH pa3Mep nop a o6o~x cnyqaxx no'ITH o,nHHa
KOB, B uenmono3HOM <l>HITbTpe HMeeTCH 6onbWOe 'IHCITO 
KpynHblX H HenpaBHITbHhlX no csoeii <l:>opMe OTBepCTHH, 
no3TOMY qepe3 TaKOH <l>HITbTP npoxo,nHT qacTHUbl caMbIX 

pa3ITH'IHbIX pa3MepoB H .nocTaTO'IHO Ha.ne:>KHOe oT<i>HITbTpo
BbIBaHHe qacTHU c 3a,naHHbIMH pa3MepaMH 3aTpy,nHHTeITbHO: 
"cneKTp" nponymeHHblX <l>HITbTpOM qaCTHU oKa3bIBaeTCH 
aecbMa ,nHcnepcHbIM. Hao6opoT, x.nepHbie <l>HnbTpbI /HnH 
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PHC. 4. IlonyqeHHaH c nOMOU(bIO 3ITeKTPOHHOrO MHKpOCKO
na <t>oTorpa<l:>Hx A/ o6bl'rnoro uenmono3Horo <t>unbTpa co 
cpe,nHHM 3<l><l>eKTHBHbIM pa3MepoM nop 0,45 MK, B/ H.nep
Horo <l>HnbTpa c pa3MepaMH nop 0,4 MK ( R.L.Fluscher et. al., 
Science,178, 257, 1972) • 

"HyKneonopbI"' KaK HX HHor.na Ha3bIBalOT/ xapaKTepH3YIOTCH 
O'leHb TO'IHOH reoMeTpH'leCKOH <t>opMOH nop, 'IHCITO H pa3Me
pbl KOTOpbIX nerKO KOHTponHpoaa Tb. B HaCTOHI.Uee apeMH 
MO:>KHO nonyqa Tb "MoneKynHpHO-BHPYCHble HyKneonopbI" c 
pa3MepaMH npH6nH3HTenbHO OT 40 A H .no HeCKOITbKHX 
MHKpOH. 

06naCTb B03MO:>KHbIX npHMeHeHHH TaKHX <l>HnbTPOB qpe3-
BbI'laHHO WHPOKa: noCKOITbKY pa3Mepbl 6aKTepHH > 0,2 MH
KpOHa, TO H.nepHbie MoneKynHpHo-aupyCHble <l>HnbTpbl Il03BO
ITHIOT npOH3BOJ];HTb xono.nHYIO CTa6HnH3aUHIO nHBa, BHHa 
H .npyrHX :>KHJ];KHX IlHU(eBbIX npo,nyKTOB, 'ITO Il03BOnHeT 
.nnHTenbHO coxpaHHTb HX npH KOMHaTHblX TeMnepaTypax; 
HyKneonopbl MoryT HCnOITb30BaTbCH .nnx CTepHnH3aUHH 6uo
norH'leCKHX cpe.n a MHKpo6HonorHH, .nnH pa3.neneHHH pa3-
ITH'IHbIX THnOB KneTOK /a qacTHOCTH, .nnH BbI,neneHHH paKOBbIX 
KneTOK B KPOBH/ H H3MepeHHH HX .ne<l:>opMaUHH npH UHTO
norH'leCKHX HCCne.noaaHHHX H B uenxx KITHHH'leCKOH ,nHar-
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HOCTHKH, .nna ~HnbTpaUHH a3p030ne8, .n;na rronyqeHHH oqH

meHHOH OT 6aKTepHH IlHTbeBOH BO,!J;bl B rroneBblX ycnOBHHX 

H BO MHOrHX .n;pyrHX o6naCTHX TOHKOH TeXHOnorHH, CBJl3aH

HOH c oqHCTKOH H pa3.n;eneaHeM MHKpoo6'beKTOB. OqeHb 

ocTpoyMHblM aBnaeTcH MeTo.n; H3MepeHHH c rroMou:i;i.ro HYK

neorrop pa3MepoB OT.n;enbHblX MHKpoqacTHU, HarrpHMep, BH

pycoB. ,lJ;nH 3TOro rrneHKa c e.n;HHCTBeHHblM CICB03HblM OT

BepCTHeM IlOMeu:i;aeTCH B 3neKTponHT /pHC. 5/, a CHrHan 

c 3neKTpo.n;oB, pacrrono)KeHHblX no o6e cTopoHbl 3Toii rrneHKH, 

rro.n;aeTCH Ha ocuHnnorpa~. Kor.n;a qacTHUa rrpoxo.n;HT CKB03b 

OTBepCTHe, corrpOTHBneHHe B 3JieKTpHqecKOii uerrH B03 -

pacTaeT rrporropUHOHanbHO o6'beMy qacTHUbI, H 3TO oTqeT

nHBO BH,!1;HO Ha OCUHnnorpaMMe. 

qHcno B03MO)KHbIX rrpHMeHeHHH a.n;epHblX ~HilbTpOB MO)K

HO YMHO)KHTb. 

PHc. 5. CxeMa rrpH6opa, H3Mepuomero qHcno H pa3Mep 
qacTHU. BHH3Y rroK;paaa ocuHnnorpaMMa A/ BHpyca 12 
c pa3MepoM lOlOA H B/ rronHCTepHHOBoii qacTHUbI c 
pa3MepoM 910~ (R.W. Deblois, C.P.Bean, Rev.Sci./nstrum., 41,909, 
1970). 
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OrrHCblBaH rrepcrreKTHBbl rrpaKTHqecKHX npHMeHeHa:ii rryq-
1 

KOB TH)Kenblx HOHOB, Henb3H He CKa3aTb 0 B03M0)KHOCTHX 

HX Hcrrom.30BaHHH B Me,!J;HUHHe. B OTnHqHe OT a.n;epHblX 

H3nyqeHHB .n;pyrHx THROB, HCilOilb3YIOIUHXCJI B HaCTOHmee 

BpeMH B 6HonorHH H Me,D;HUHHe, BblCOK03HepreTHqecKHe 

TH)Kenble HOHbl 06na.n;a10T CBOBCTBOM rrepe.n;aBaTb OCHOBHYIO 

qacTb CBoeii 3HeprHH oqeHb He6onbWOMy y11aCTKy cpe.n;bI 

B KOHUe CBoero ITYTH. 3To Il03BOnHeT HCilOilb30BaTb rryqKH 

TH)Kenblx HOHOB .n;na pa.n;HoTeparrHH BeCbMa orpaHHqeHHbIX 

yqacTKOB qenoBeqecKoro Tena c MHHHMan&HbIM rroBpe)K

.n;eHHeM OKpy)KaIOIUHX TKaHeii. 3TOMy crroco6cTByeT TaK)Ke 

H TO 06CTOHTenbCTBO, qTo o6na.n;aromHe 6onbWHM 3neKTpH

qecICHM 3apJI,!J;OM HOH.bl MoryT 6bITb C~OI<YCHPOBaHbl B qpe3 -

BbJqaiiHO TOHI<HH H B TO )Ke BpeMH I<OHUeHTPHPOBaHHbIB rryqoI<. 

BapbHPOBaHHe 3HeprHH H THrra HOHOB Il03BOnHeT no1<anH30-

BaTb pa.n;HaUHOHH&Iii 3~~e1<T Ha pa3nHqHbIX rny6HHax. Bee 

:no C03.n;aeT HCI<nIOqHTenbHbie- B03M0)KHOCTH .n;na I<IlHHH

qec1<oro HCilOilb30BaHHH rryqICOB TH)KeilbIX HOHOB. 

Hccne.n;6BaHHe 6Honor&11ec1<oro .n;eiicTBHH TH)Ken&1x HOHOB 

oqeHb Ba)KHO TaK)Ke .n;nH 3aIUHTbl opraHH3Ma I<OCMOHaBTOB 

OT I<OCMHqecICHX nyqeii, B COCTaB I<OTOpbIX BXO,!J;HT TH)Kenble 

HOHbI. KaK IlOI<a3bIBalOT oueHICH Ha OCHOBe rroneTOB K JlyHe, 

ecnH He rrpHHHMaT& crreuHan&HbIX H oqeH& Tpy.n;Ho ocymecT

BHMblX B HaCToamee BpeMH Mep, B TeqeHHe .n;ByxneTHero 

I<OCMHqec1<oro rryTewecTBHH I< Mapcy rrpoHHI<aromeii I<OCMH

qec1<oii pa.n;HauHeii 6y.n;eT pa3pyweHo oKono 0, lo/o KneTOK 

M03ra I<OCMOHaBTa, a .n;nH HeI<OTOpbIX rHraHTCI<HX I<neTOK 

:na .n;ona cocTaBnHeT .n;a>I<e 6onee l ,So/o (G.M.Comstrock et al., 
Science,172,154, 1971). IlpH 3TOM OCHOBHOB BKna.n; B pa.n;HaUHOH -

HbIH 3~~eKT .n;aroT HMeHHO TH)Kenble HOHbI. 

EcTb eme oqeHb Ba)KHbIH acrre1<T Me.n;uuuHc1<oro npuMe

HeHHH nyqKOB TH)KenbIX HOHOB - 3TO C03,!J;aHHe HCKYCCTBeH

HbIX H30TOilOB. B HaCTOHmee BpeMH TaI<He H30TOilbl H3I'OTOB

IlHIOTCH npeHMymecTBeHHO B aTOMHhlX pea1<Topax, Il03TOMY 

OHH nonyqalOTCH HeiiTpOHOH36bITOqHhlMH H, KaK npaauno, 

pacna.n;aIOTCH nyTeM HCilYCKaHHH 3ne1<TpOHOB. Ilo.n; .n;eii

CTBHeM TH)Kenhlx HOHOB MoryT G&ITb coJ.n;aH&I .n;pyrue 

THilbl H30TOilOB, 06na.n;a10mHe H36bITI<OM npoTOHOB H pac

na.n;aromueca c HcnycKaHHeM Il03HTPOHa. IlOCKOJibKY aHHHrH

JlHUHH 3TOro Il03HTPOHa nopO)K,!J;aeT .nea y -I<BaHTa, KOTOpbie 

BbIJieTalOT noqTH TOqHo B npOTHBOilOJIO)KHbIX .n;pyr .n;pyry 
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HanpasneHBBx, 3TO noJBOnBeT seJbMa ToqHo onpe,D;enHTb 

o6nacTb, r,D;e ucnycKalOTCB noJBTPOHbI B r,D;e, cne,D;osa

TenbHO, CKOHU:eHTpBpqsancB npoTOHOB36bITOqHblH B30TOil. 

Ha 3TOH OCHOBe pa3pa6oTaHa ,D;BarHOCTBKa. B MeTO,!l;bl 

neqeHBB Ja6oneBaHBH M03ra u ,D;pyrux TPYAHO ,D;OCTYilHhlX 

o6nacTeii qenoBeqecKoro Tena. illupoKBH ,D;BanaJoH pa3-

nB'IHbIX H30TOilOB, KOTOphle MO)l(HO nonyqaTb B nyqKax 

TB)l(enhlx BO_HOB, Il03BOnBT B Ka)l(,!l;OM KOHKpeTHOM KnBHB

qecKOM cnyqae Bhl6paTb Hau6onee IlO,!l;XO,D;BIUBH B30TOil, 

pa,D;BaU:BOHHhlH 3c1>41eKT H BpeMB )l(H3HH KOToporo ,D;aBanH 

6hl )l(enaeMblH pe3ynbTaT c MHHHManbHblMH no60'IHblMB 

BBneHBBMB. 

Mhl nepequcnunu nu111b HeKOTOpble Hau6onee HHTepeCHhle 

H Ba)l(Hble, no HallleMy MHeHHIO, B03MO)l(HOCTH npaKTHqecKoro 

npHMeHeHHB ny'IKOB TB)l(enhlX HOHOB, 0,D;HaKO y)l(e OTCIO,D;a 

BH,D;Ha HCKnlO'IHTenbHaB nepcneKTHBHOCTb 3TOro HanpaB

neHHB "TOHKOH B,D;epHOH TeXHOnorHH"' Il03BOnBIOI.Uero y)l(e 

cero,D;HB 3<l><l>eKTHBHO pe111aTb MHOrHe HaCyIUHO Heo6XO,!l;HMble. 

,D;nB qenoBe'leCTBa Ja,D;a'IH H nocTaBHTb PBA HOBbIX qpe3BbI

qaiiHo Ba)l(HblX H aKTyanbHhlX npo6neM. qaCTb 3THX npo6neM 

MO)l(eT 6hlTb pe111eHa c noMOI.UblO y)l(e cyI.UeCTBYIOIUHX ycKo

PHTeneii TB)l(enhlx HOHOB, ,D;nB pe111eHHB ,D;pyrux Tpe6yIOTCB 

HOBble yCKOPHTenH, KOTOphle Il03BOnHnH 6hl HMeTb 6onee 

HHTeHCHBHble ny'IKH 6onee BhlCOK03HepreTHqecKHX HOHOB 

Bcex 3neMeHTOB BilnOTb AO caMblX TB)l(enbIX. 
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Py1<0nuc1> noc111ynuAa e u3c)a111eA1>c1<uu 0111oeA 
5 anpeAJI 1973 zooa. 


