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.H XOTen 6bI nOCB51TllTb CBOH )lOKnan o6aopy Hay•rno
npuKna)lHbIX ll P51Jla qiyH)laMeHTanhHbiX aaJ:(aq, CTO51mllX 
ceiiqac n:epen 51)lepHOH cpll3UKOH 1 II HaMeTUTb_ 'HeKOTOpbie 
BO3MO)KHbie nyTu ux pemeHU51. TipaBna, 51 He ycnen uaMe
HllTh_ paHee o6'b51BneHHOe Ha3BaHire, HO nocne Bb!CTynneH1!51 
A.M.Eaa51 51 cquTaro ce651 npocTo ae BnpaBe nenaTb noKnan 
Ha cTonb yaKyro TeMy, KaK sTo paHee npennonaranocb. 
flpoqi. Baab noBen Hae scex, TaK CK838Tb,_ 38 KynUCbl 
Toro, qTo nenaeTc51 B HacTo51mee BpeM51 B TeopeTuqecKoii 
qlll3UKe. Cneny51 ero np1IMepy, 51 IlOIlb!T810Cb npoiiTU 
BMeCTe c BaMU aa KynucbI Toro, qro aenaeTCSI cefiqac 
B 8KCnepuMeHTanbHOH 51)lepHOH qJII3llKe II aanee paCCMOT
peTb P51Jl aanaq, Ha)l KOTOpb!Mll pa6oTaeT CoBeT no 
npuMeHeHlllO SI)lepHOH q>ll3UKU B CMe)KHb!X o6naCT51X H'ayKU 
II TeXHllKll, C03)laHHb!H ll BOT y)Ke 3 roaa )leHCTByromnfi 
B AKaaeMUII HayK. 

llasail:Te BM9CTe IlOilbITaeMCSI IlOCMOTp9Th 1 KaKUM o6-
pa3OM MO)KHO 6hmo 6b! Ha1I6onee 8q>q>eKTllBHO .IICilOnh3OB8Th 
Te 3aMeqaTenhHbie HayqHO-8KCnepuMeHTanhHbie II Teope
TuqecKue )lOCTII)KeHU51, KOTOpbie UMeIOTCSI B Hameii SIJl9pHOH 
q>ll3UKe. 

flpu 8TO~ aenh3SI He yquTbIBaTh peaynhTaToB HenaBHO 
3aKOHqlIBlllerocSI Me)K)lyHapO)lHOro KoHrpecca no MepHOH 
cpll3UKe B MroaxeHe ll Hamnx m1eqaTJ1eHIIH OT 3HaKOM
CTBa c qiuanqecKUMII uHcTuTyTaMu <PPL B qacTHOCTn, 
51 B03hMY Ha ce651 CMenoCTb nonbITaThCSI OTBeTUTb Ha 
Bonpoc, KaKOBa )lOn)KHa 6bITh Halla CTpaTernSI B SI)lepHOH 
qiuanKe npu ycnosuSix, Koraa qepea 2 roaa scTynnT 
B crpoil: nuHeil:HbIH ycKopuTenh T51)KenbIX noHOB B UapM
mTa)lTe, .aHaquTenhHO npeBocxoa51mnii no CBOUM napaMeT
P.aM BCe apyrue ycKopnTeJ1Jf TSI)KenbIX llOHOB, B TOM qncne 
ll Hallll{: 
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Cos.naHHe TaKOI'O YCKOPHTenH rrpe,ncTaBnHeTCH oco-

6eHHO Ba)l{Hh!M, ecmr BCITOMHHTb He.naBHee BhICKa3hIB8HHe 

A.Eopa, C KOTOph!M cornaCHhl MHOI'He y'IeHhie, 0 TOM, 

'ITO sr.nepHaH ¢H3HKa 6nu)l{aHlliHX 10 neT - 9TO rrpe)l{,!le 

Bcero ¢H3HKa TH)l{enhIX HOHOB. 

I1MeHHO STO coo6pa)l{eHHe, a TaK)l{e HCKnIO'IHTenhHO 

6onblliaH rrpaKTH'IeCKaH BB)i{HOCTb HCCne,nOBaHHH c THX<e

nhIMH HOHaMH ( 0 'IeM non,neT pe'Ib HHX<e) IT HBHnHCb 

npH'IHHOH TOI'O, no'!eMy nocne .nonrux .!lllCKYCCHH H aHanHsa 

pasnH'IHh!X B03MOX<HOCTeli TH)l{enh1e· HOIJ:hl 6hinH nocTaBneHhl 

B <llPr BO rnaBy. yrna HCcnei:losaH~H no H.!lepHOH ¢H3HKe. 

KpoMe nHHeHHOI'O yCKOpHTensr T51X<enbiX HOHOB B napM

lliTa,nTe, KOTOph!H nosBoniIT' C HHTeHCHBHOCTb!O -10 13 'Iac

THU/ceK IIME!Th ny'IKH ·_ ROHOB; npaKTff4eCKH I1cex· alieMeHToa 

nepHo~H'IecKon Ta'6nHUhI 'MeH.neneErna; I1nn0Th .no ypaHa, : 

¢H3lfKH cl>Pf 6y.nyT o6na.naTb B' 19'74_75 r.r. T8K)l{e .!lBYMH. 

YHlfKanhHhIMlf TaH.neMB.Mlf c aHep'ruen 28. MaB/HyKnoH. 

K aTo~y cne.nyeT .no6aBn'i:'h T8K)Ke ocHameHHe · ¢H3H'!eCKHX 

na6opaTOpHH HCKlIIO'IHTenhHh!MH no CBOliM napaMeTpaM 

MaI'HHTHb!MH aHai:rnaaTopaMn, Bhl'IHClIH~enhHOH TeXHHKOH, 

nepBoKnaccHon XHMHen, · ycTa.HOaKaM:xr' .nnsr 'aKcnp~ccHoro 

aHanusa Bcex TanoB, H eTpy,nHo B·H.neTb, 'ITO a.neci, no.nro

TaBnHBaIOTCH ycnoBii'B .nnsr HOBOI'O MOIUHOI'O npophIBa '' 
B H,nepHoii ¢u3HKe. . , .. 

HaM npe.ncTaBnHeTCH, H 3,!leCb Mhl He pacxo.nHMCH C He

MeriKHMH KOlIJieraMH, 'ITO OCHOBHh!M H caMhIM ¢YH.!laMeH

TanbHh!M BonpocoM; sr.nepaofi ¢Hamdi 'cero.!lHH HBnHeTCH' 

Hanu•rae HnH OTCyTCTBlfe o6JiaCTH cFiepxrHX<enwc H,!lep. 

nnsr aToro Heo6XO.!llfM' llillPOKHH Kpyr 9KCnepHMeHTOB, KO

TOph!e n03BOnHT H3y'IaTh CBOHCTBa 9THX sr.nep, B SaBHCH

MOCTlf o't Toro, HaCKOnhKo· oHn OTXO.!lHT or BTopofi o6nacTH 

CTa6HJlbHOCTH, Ecnlf 6onee llilipOKO IIOCMOTpeTb Ha pa3BHTHe 

g,nepHOH ¢H3lfKH; TO Hau6orihmero·ycrrexa MOX<HO OX<H,!laTb 

Ha nyTH H3y'IeHlfH H,nepHOH MaTepHlf B pa3nHtjHh!X He06hI'I_:. 

Hh!X SKCTpeManhHhIX COCTOHHHHX, T.e. OTKph!Tlfe H aHanus 

CBOHCTB HOBhlX aneMeHTOB lf H30TonoB, HOBhIX BH.!lOB 

pa.nlfoaKTllBH:oro pacna.na u 1,.n. Ha pHc. 1 npe,ncTaBneHa 

KapTa H30TOnOB, Ha KOTopott MOX<HO Bll.!leTb 3 o6naCTH: 

o6nac Th. 'c Ta 6 HllhHOC TH; o6nac TH HeHTp OHOH3 6h!TO'!Hh!X 

._ .... 

';. ~ 

~-
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TOph!H npHBOAHT K Ha6nIO,naeMoii: ceii:qac KBPTHHe pacnpo

CTpaHeHHOCTH aneMeHTOB. YX<e ceii:qac, H3Y'lBH CBOHCTBa 

CH1IbHO HeilTpOH005oI'ameHHI,IX H30TOnOB neI'KHX g,nep, 

·nonyqaeMhIX c 6onhllIHMH Ce'!eHHHMH a peaKUHHX c TH)l{enhIMH 

HOHaMH, H3Y'IBH rrpoTOHHbIH pacna.n sr.nep, CHllbHO o6e,nHeH

HbIX Heii:TpOHBMH, BeAH noHCKH sana3AbIBBIOlllHX HeHTpOHOB, 

·sana3,!lbIBBIOlllHX a -'laCTHU H sana3,!lbIBBIOllleI'O aeneHlfH, 

H~yqasr MexaHH3MbI aTHX npoueeeoa, MhI aenaeM onpe

aeneHHhie ll BfflKHhle llIBI'H B 3TOM HanpaaneHHH, 

Hau6onee ueHHBH HH<popMaUHH nonyqaeTCH, Ha MOH 

B3I'JlHJl, TOI'Jl8, KOI'AB Mhl usyqaeM HApa, nu6o O'IeHb y.na

neHHbie OT o6naCTH CTB6lfnbHOeTH, nu6o - npu 6onbIIIJIX 

yI'JIOBhIX MOMeHTax H Bb!COKHX 3HeprHHX B036yX<JleHHR, 

KOI'Jl8 MOI'YT rrpORBlIHTbCH HOBhie acp¢eKTbI, TBKHe, HanpH

Mep, K8K HC'l83HOBeHHe cnapHBBHHR,H3MeHeHHe aecpopMaUHH 

H T • .n. Halli no.nXOJl K 3TOMY uanpaaneHHIO OCHOBbIBaeTCH 

u_a TOM, '!To, eenu MbI nonyqunu g,npo, eymecTaenHo oTJIH'I

Hoe OT ll3BeeTHblX RJlep, TO nofiMeM eaofieTBa H3BeeTHO

ro sr.npa; ecnu 6yaeM HSy'laTb g,npa rrpH oqeHh 6onbIIIHX 

enHnax ( upaeTOBble eoCTORHHH), TO nerqe 6yaeT noHHTb 

npHpOJlY HH3KOJie:lKBlllH~ eoeTOHHHfi. 

BeeMH 3THMH BOnpOCBMH 38HHMaTbeH, 6esyc:JIOBHO, 

HYX<HO, 0JlH8~0 B uaeTOHlll88 Bp8MSI OIIpeaenHIOlllHMH ]lnR 

Hae HBlIHIOTeH euHT83 H ITOHeKH CBepXTH:lK8JlbIX HJlep. 

EenH Bee pa60TbI, KOTOpble BeJlyTeH y Hae, a B aaiib

HefillleM - B napMllITBJlT8 H B llPYI'HX ll8HTpax, He npHBeJlyT 

K rrony'leHHIO eaepXTH:lKellbIX HJlep, TO 3TO 6yJleT 03H8'l8Th, 

'ITO oeTpOBa eTa6H1IbHOeTH HeT, a 3TOT ¢aKT yX<e CaM ueeeT 

ueHHyIO HH<pOpM8llHIO JlllH noHHMBHHH Toro, 'ITO npoHeXO.!lHT 

c RJlpaMH no Mepe yaenHtJ:8HHR Z H A .TTpH.!leTeR rrepeeMoT

peTb PM <pyHJl8M8HT81IbHbIX npe.nnonoX<eHHfi, KOTOph18 JlO 

CHX nap OAH03H8'lHO npHBO.!lHlIH K cymeeTBOB8HHIO caepx

TH:lKellbIX R.!lep, K8KHMH 6bI MOJl8llRMH H MeTOJl8MH Mb! Hff 

nonbsoaanHcb B_ pae'leTax. B HBCTOHlllee :ll<e apeMR TeopHH 

HaeTOH'IHBO YK83bIBB8T Ha TO, 'ITO eaepXTH)K8Jlbie CT86H1Ib

Hbl8 · RAPS JlOJI:lKHbI cymecTBOBaTh. 

0,nHaKO H3 pije 0 2 MO:lKHO ITOHHTb, 'ITO Ha rryTH K oerpo

By CTa6HllbHOeTH «liH3HKOB nOJl:lKH.!l8IOT eme cepbe3HbI8 

rpyAHOCTH H HCIIbITBHHR. 
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Eeaycnoaao, Heo6XOJlIIMO paClllilpHTb HCil01Ib30BaHHe 

TR>KellbIX HOHOB. BMeCTe C TeM cymeCTBYIOT onpeneneHHbie 

CBOHCTBa 8THX qacTHU, KOTOpbie HJlepHOii q>Il3HKe MelllaIOT, 

a HMeHHo: CHllbHbie ynenbHbie HOHH3aUHH npHBOJlHT K TOMY, 

qTo caMH aKcnepHMeHTbl oqeHb cnomHbI. HanpHMep, IlOHH

THe TOlIKOii MHllleHH JlllH ypaHa COCTOHT B TOM, qTo 8TO 

JlOllmHbl 6bITb JlOllH MIIKporpaMM8 1 qT06bI MOmHO fibJnO 

nenaTb npeunanoHHhiii onbIT. B peaynbTaTe name npn noTo

Ke 10 14 qacTHU B ceKyHny o6umii BbIXOJl H30TOllOB 3Ha

qnTenbHO MeHbllle, qeM B cnyqae npOTOHOB, II, 3Ha~HT, Hym

HO nonyqaTb C llOMOIIlbIO TSimenbIX HJlep TOllbKO Te HOBbie 

H30TOilhI, KOTOpbie He nonyqaIOTCH C llOMOIIlbIO npOTOHOB, 

noToMy qTo a cnyqae ncnolibaoaaHIIH npoToHoa npo6ern 

JlOCTHraIOT Jl8CHTKOB caHTHMeTpoa, qTo noaaonSieT nenaTb 

MaCCHBHbie MHIIIeHH. 

OnHaKO HMeHHO TO, qTo 3aTpyJlHH8T npoaeneHHe OilbITOB 

C TSimenbIMH H
0

0HaMH llpII <pyHJlaMeHTanbHbIX nccnenoaaH.HHX, 

OKa3bIBaeTCH HCKnIOqHTenbHO aamHbIM JlllH HayqHo-npnKnan

HbIX aanaq. · 

TTpaana, llOHHTHe <pyHJlaMeHTallbHb_IX H He<pyHnaMeHTanb

HbIX HCCnenoaaHHH BeCbMa OTHOCIITellbHO. Korna-To B AKa

neMHH HayK 6hmo menaHHe paa6HTb HayKH Ha <pyHJlaMeH

TanbHhie H He<pyHJlaMeHTanbHbie. Torna B 3aBHCHMOCTH OT 

Toro, HacKonbKO <pyHJlaMeHTanhHOii HBnSieTCH Ta nnn HHaH 

aanaqa, MomHo 6hmo 6h1 nerKo pacnpenenSITb . BKnanh1aae

Mhie a HayKy cpencTaa. OnHEtKO onhIT npoumoro H · aHam1a . 

Toro, qTo npencToHT cnenaTb, noKaaan, qTo K noHSITHIO 

<pyHnaMeHTanhHOCTH cnenyeT nonxonHTb c 6onbllloii ocTopom

HOCTbIO, HHaqe 8TO MomeT npHBeCTH K 60nbIIIHM OIIIH6KaM. 

HayKH Henb3H JlenHTb Ha <pyHJlaMeHTanbHh1e H He<pyHJlaMeH

TanbHhie, HCXOJlH TOnbKO H3 o6IIIHX coo6pameHHii, CBH3aH

HbIX C HOBH3,HOH H3yqaeMbIX HaneHHii. B Kamnoii HayKe 

MoryT B03HHKHYTb ycnoBHH, Korna OHa naeT HCKnIOq.HTenbHO 

aamHyIO HHq>OpMaUHIO Hll.H ll03BOnSieT coaepIIIHTb peaon10-

UHOHHblll CKaqoK B Hau6onee BamHbIX OTpacnSIX TeXHHKH 

( a, MomeT 6b!Tb, cenbCKoro X03Hfi:CTBa HllH 6I1onor1m). 

Kam]lblll H3 Hae MOmeT npuaeCTH COOTBeTCTBYIOIII.He np.HMe

pbI. 
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I1Horna MOMeHTbl apeMeHH, KOrita onpeneneHHaSI B0TBb 

HayKII naeT HCKn10qI1T8llbHO ueHHbie peaynbTaTbI, paaneneHbl 

npoMemyTKaMH, B TeqeHHe KOTOpbIX B JlaHHOH o6naCTII HeT 

HUKaKIIX cymeCTBeHHbIX peaynoTaTOB. Pa3BIITil0 HJl0T KaK 

6bI no c1rnycoHJle, UHKllaMH. HanpI1Mep, B OllTIIKe MOmHO 

OTMeTIITb HeCKOllbKO TaKIIX UIIKllOB, TO me CaMoe MOmHO 

BIIJl0Tb B acTpO<pH3HK0 II pHJle npyrIIX o6nacTeii q>Il3IIKII. 

TTono6HOe UI1KnuqecK08 pa3BHTHe HBYKH o6ycnoaneHO o6~eK

THBHbIMII 38KOHaMII, I! oqeHb Ba)KHO npoaH8llI13Ilp0B8Tb 

I! qeTKO OTJl8B8Tb ce6e OTqeT, B K8KOA CT8JlHH H8XOJlHTCH 

JlaHH8H OTpacnb HayKH, JlllH Toro qT06bI npaBHllbHO pacnpe

Jl0llHTb ycunHSI llIOJleA U MaTepH8llbHbie cpencTaa, KOTOpbI0 

BKll8JlhIB8IOTC~ B pa3BHTHe HayKH. 

PacCMOTpHM Tenepb C aTOH TOqKn apeHHH Te Hayqao

npHKll8JlHbl0 38Jlaqu, KOTOpbie T8SIT B ce6e B03MOmHOCTb 

CKaqKa B aamaeiilllHX o6naCTSIX coapeMeHHOH TeXHHKH 

H B03BpameHile HnepHOH q>H3IIKe TOI'O aBTOpIITeTa, KOT0pb!I1 

6hm y Hee a KOHUe copoKOBbIX rOJlOB. 

TTpemJle acero SI xoTen 6b1 OTMeTHTh, qTo caMa no 

ce6e IIJleSI HCllOllb30B8HHH HnepHQfi: <pl13HKII B CMe)KHbIX 

o6naCTHX HayKII II TeXHIIKH acer]la BbI3bIB8eT 6onbIIIOH 

aHTyauaaM, HO 8TO He acerna 6blaaeT none3HbIM, IlOCKOllb

KY OK83bIB~TCH, qTo KOHKpeTHbie Hayqao-npnKnanHbie 38Jl8-

qn HMeIOT oqead cnomHyIO cneuH<pHKY, H _nonbITKH aenocpeJl

CTBeHHoro IICllOnb30B8HHH JlllH IIX perneHHH ycTaHOBOK 

II MeTOJlOB, C03Jl8HHbIX B npHMeHeHIIII K 'IIICTO HayqHbIM 

38Jl8'I8M, npHBOJlHT HHorna K nnOXHM peaynhTaTaM. noa

TOMY a .lly6He Mbl Ha'Ianu c Toro, 'ITO llOCTapanIICb nyTeM 

aHannaa H3B0CTHhIX H8M Jl8HHbIX, C llOMOIIlbIO 6eceJl H o6-

cymJl0HHH co cneuI1allHCT8MH BbIJl0llUTb Te npaKTil'IeCKHe 

3a]laqu, p0III0HI10 KOTOpb!X M~T0Jl8MII HJlepHoA q>H3HKII Jl8CT 

Han6onbIIIIIH aKOHOMll'I8CKIIH aqiqieKT. 

EeaycnoaHO, 'ITO OCHOBOfi: pa3BHTHH TeXHIIKII SIBllSieTCH 

aHepreTHKa. XoTH aonpoc aHepreTil'IeCKIIX pecypcoa a, aa

CTOHIIIee apeMH pelllaeTCH, a uenoM, 6onee mm MeHee 

ycneIIIHO, TeM He MeHee, H0Jl8ll0KO apeMSI, KOrJla npo6neMa 

HCTO'IHIIKOB aHeprIIH c'taHeT 'Ipe3Bbl'I8HHO OCTpoii. ,llng pe

III0HHH 8TOH npo6neMbl ceiiqac HaMeqaIOTCSI JlB8 rnaBHbIX 

HanpaaneHIISI: aTo peaKTOpbl Ha 6bICTpbIX HeiiTpOHax, T8K 
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Ha3bIBaeMbie 6pnnepbI, rne npoHCXOJlHT pacnmpeHHOe BOC

npOH3BOllCTBO, H ynpaansieMbie TepMOSIJlepHbie npouecCbI. 

Ecnn nocnenHHe H8XOJlSITCSI eme B CT8llHH TeopeTnqecKOI'O 

H3yqeHHSI, TO C03]l8HHe peaKTOPOB H8 6bICTpb!X Heil:Tp0H8X 

CTano y>Ke qHCTO npaKTHqeCKHM BonpocoM. Tipn 9TOM 

B03HHK8IOT cnO>KHbJe npo6neMbI pannaUHOHHOil: ycToil:qHBOCTH 

TennOBbu:tenSIIOillHX aneMeHTOB H K0HCTpyKTHBHbIX MaTepna

noB B noTOK8X 6bICTpb!X Heil:Tp0HOB, KOTOpbie B COTHH Tb!CSiq 

pa3 npeBOCXOJlSIT nOTOKH, xapaKTepHbie nnsi o6brqHbIX 

"TennOBb!X peaKTOpoa" • l1MeHHO P8llH8UHOHH8SI ycToil:qn

B0CTb MaTepnanoa onpenensieT ceil:qac nponon>KnTenbHOCTb 

pa60TbI peaKTOpOB Ha 6bICTPblX Heil:TpOHaX. Ecnn paccqn

TbIBaTb Ha nanbHeil:IIIee p83BHTH8 T8KHX peaKTOpOB ( a TeM 

6onee TepMOSI]lepHbIX peaKTOpoB)' He06XOJlHMO C03Jl8Tb 

T8X.f!HKY' KOTopaSI CMorna 6b! ycToil:qnao_ pa6oTaTb B HH

TeHCHBHbIX noTOKaX 6bICTpb!X Heil:TpOHOB a TeqeHHe JlOCTa

Toqao nonroro BpeMeHH. B qacTHOCTH, HM8IOTCSI 6onbIIIHe 

-TPYllHOCTH co caapKoil: MeTannoa. KaK coo6manocb Ha 

nocnenaeil: )KeaeacKoil: KoH¢epeHUHH no MHpHoMy ncnonb3o

BaHnro aToMuoil: aaeprnn, na>Ke Te IIIBbI,, KOTOpbre nonyqa

IOTCSI caMbIMH nyqIIIHMH, COBpeMeHHbIMH M8TOJlaMH CBapKH, 

He BbIJlep>KHBaIOT noTOKOB 6bICTpb!X Heil:TpOHOB, 3HaqnTenbHO 

MeHbllIHX no HHT8HCHBHOCTH, qeM, B peaKTopax. 

IlnSI C03Jl8HHSI pallH8UHOHHO CTOllKHX MaTepnanOB Tpe-

6yIOTCSI HCilb!T8HHSI B He1'iTpOHHblX noTOK8X llOCTaToqao 

6onbIIIOil: HHTeHCHBHOCTH. BbIXOll 3]leCb MO>KHO 6bmO 6hr 

H~llTH B C03]l8HHH oqeffb MOillHOI'O HCTOqHHK8 Heil:TpOHOB, 

K1i!K aTo, cnenaao B noc-AnaMoce. l1cnonb3YSI peaKuHro 

neil:TOH nnroc TpHTHil:, MO>KHO nonyqaTb noTOKH 10 14 - . 
10 IS cecl. OnHaKo aT,o - oqeab cno>KHaSI 3anaqa, a KpoMe 

Toro, osa 3aaenoMo npnaeneT K oqeHb 6onbIIIoil: BKTHaaunn, 

qTo cymeCTBeHHO 3aTpynHHT 9KCnepHMeHTbI. 

, BTopoil: nyTb CBSI38H C ncnonb30BaHHeM nyqKOB TSI>KenbIX 

HOHOB. T SI>Kenhre HOHbl B OTHOIIIeHHH pannaUHOHHbIX noape>K

neHHil:, rpy6o I'OBOpSI, B CTO- TbICSiq nnn ll8>Ke MHnnnoH pa3 

6onee a¢¢eKTHBHbI, qeM Heil:TpOHbI, noaTOMY pannaUHOHHbIH 

a¢¢eKT, KOTOpbIH B 8T0MHb!X peiaKTOpax llOCTHraeTCSI B Te

qeHHe HeCKOnbKHX neT, C nOM0illblO nyqKa TSI>KenbIX HOHOB 

C HHTeHCHBHOCTblO 1 MKA MO>KeT 6bITb BOCilpOH3BeJleH acero 
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nHIIIb 3a HecKonbKO qacoa. Tipn aTOM nccnenyeMbie o6-

pa3UbI npaKTHqeCKH .HeaKTHBHbI, . qTo 3HaqnTenbHO ynpo

maeT pa6oTy C HHMH. l1cnonb3YSI HOHbI pa3nHqffbIX THnOB, 

MO>KHO MO]lennpOB8Tb a¢¢eKTbI, o6ycnoaneHHbI8 B03HHKHOBe

HH8M XHMHqecKHX HeonHopOJlHOCTeil: B MaTepHanax, a C npy

roil: CTOpOHbI - H3yqaTb p8JlH8UHOHHbI8 ne¢eKTbI 1 He BBOJlSI 

B MaTepnan K8KHx-nn6o HHOPOllHbIX aTOMOB. TaKHM nyTeM 

B aacTosimee apeMSI y>Ke nccnenyeTcSI pa3pymnTenbHoe 

neil:CTBH8 p8JlH8UHH B rpa¢nTe, Hep>K8B810lll9ll CTanH, UHP

KOHH9BbIX H anIOMHHH8BbIX cnnaaax, KOTOpbre B ciqeHb 

6onbIIIHX K0nHqeCTB8X npnMeHSIIOTCSI B peaKTOpocTpoeHHH. 

OnHaKO npn 9TOM noKa orpaunqHB8IOTCSI nHIIIb, paCCMOTpe

HH8M C noMOillblO aneKTpOHHOI'O MHKp0CKona· oqeHb TOHKHX 

o6pa3U0B MaTepnanoB. TipHMeHeHHe nyqKOB BbICOK09Hepre

THqecKHX H0HOB C 60nblliHMH npo6eraMH B BeIIteCTBe MH

IIIeHeil: Il03BOnHT npnaneqb nnsi aaann3a TOnCTb!X o6pa3UOB 

3HaqnTenbHO 6onee mnpoKHil: apceaan cpencTe coapeMeHHO

ro MaTepnanoaeneHHSI, qTo coeepmeHHO aeo6xonnMo nnsi 
noHHM8HHSI cno>KHOI'O KOMnneKC8 ¢H3HKO-XHMHqeCKHX SIB

nemiil:, npoTeKaromnx B o6nyqeaHOM aemecTBe. 

npyroil: B8>KHOll npo6neMOH 1 CTOSIIIteil: nepen C0Bp8M8HHOH 

HayKoil:, cpaBHHMOil: no CB09MY 3HaqeHHIO pa3Be nHIIIb 

C npo6neMOH. C03]l8HHSI TepMOSill8PHbIX peaKT0poB, SIBrneTCSI 

pa3pa6oTKa BbICOKOTeM)1epaTypHbIX CBepxnp0B0llHHKOB, 

coxpaHSIIOillHX CBOHCTB0 CBepxnpOBO]lHM0CTH npn 60nblliHX 

T0KaX, 6onbIIIHX M8I'HHTHbIX nonsix H Jl0CTaToqao Bb!C0KHX 

TeMnepaTypax, >KenaTenbHO - npH KOMH8THbIX '· HY, 

a a KaqeCTBe CKp0MHOI'O nepaoro IIIara - XOTSI 6bI BbIIIIe 

TOqKH KHneHHSI >KH]lKOI'0 B0Jl0pona. Co3Jl8HH8 TaKHX caepx

npOB0]lSIIllHX M8TepnanoB nano 6hr B03M0>KHOCTb ncnonb...; 

30B8Tb cymecTBeHHO 6onee npocTyro H nemeayro KpnoreHHyro 

TeXHHKY (a, M0>KeT 6bITb, H B006IIte o6oiiTHCb 6es aee) 

H no3aonnno 6bI nepeHTH K WHp0K0MY np0MbillineHH0MY npn

MeHeHHIO caepxnpoBOllHHKOB. l1ccnenoaaane pt:t3nHqHbIX cnna

aoe noKa3ano, qTo y>Ke ceiiqac M0>KHO co3JlaTb MaTepna-. 

nhr, TepSIIOIItHe CBepxnpOBOJlHMOCTb npH TeMnepaTypax, 

acero nHIIIb aa aecKonbK0 noneii rpanyca MeHbiliHX TeM

nepaTypb1 KnneHHSI >KHllKoro aonopona. Mcnonb30B8HHe nyq

KOB TSI>KenbIX H0H0B Il03B0nHT npaKTHqecKH aeorpaanqeHHO 
. ~~ . 
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pacmupHTb .uuanasoH H HanpaBneHHO H3MeHHTb COCTaB 

6uHapHbIX H, 'ITO oco6eHHO Ba>KHO, MHOI'OKOMnOHeHTHbIX 

CBepxnpOBO.UHIIlHX crrnaBOB .unH IlOHCKa BbICOKOTeMnepaTyp

HbIX CBepxnpOBO.UHHKOB. 

CnenyeT O)KH/laTb, 'ITO CBOHCTB8 CBepxnpoBO/lHMOCTH, 

onpenen51eMhie cneumpH'leCKHMH B3aHMO/l9HCTBHHMH aneKT

pOHHbIX nap u KOne6aHHH KpHCTannuqeCKOH pemeTKH, /lOn)KHbl 

6bITb qyacTBHTeJlbHhI na)Ke K He6om,moMY tJIIcny aaonxi-

MhIX B pemeTKY IIHOpO/lHbIX aTOMOB, a TaK)Ke K C03/laBaeMbIM 

B Heil: panuauHoHHhIM neqieKTaM. OnpeneneHHbIM non6opoM 

KOMnoHeHT H pa.LUiaUIIOHHbIX noape)KneHHH MO)KHO BOCnpe

nHTCTBOBaTb B03BpameHHIO caepxnpOBO/lHIIKa B HOpManhHOe 

COCTOHHHe npu II3MeHeHHH BH9IIIHHX ycnOBHH. 

Do)Kanyil:, HaII6onee npocTbIM no caoeil: unee II B TO 

)1{9 apeMH BeCbMa nepcneKTHBHbIM H Bne'laTn51IOIIlHM no 

CBOHM pesynbTaTaM HBnHeTCH npuMeHeHue ny'lKOB T5J)KenbIX 

HOHOB B Ka'leCTBe 11 MHKpOIII'n" AnH npOH3BO/lCTBa ynbTpa

MenKHX no pa3MepaM H YHHKanbHbIX no 8KcnnyaTaUHOHHbIM 

Ka'leCTBaM qiunhTpoa. TTpoxonH qepes nneHKY o6nyqaeMoro 

aemecTaa - cnrony, cTeKno unu cnoil: KaKoro-nu6o nnacTn

qecKoro MaTepuana - T5J)Kenb1il: HOH o6pasyeT KaHan CHnb

Horo panuaUHOHHOI'O noape)K)l9HHH. Dono6HO TOMY, KaK 8TO 

HMeeT MeCTO nng qJOTorrnaCTHHKH, o6nyqeHHOil: CBeTOM, 

noape)K)l9HHhie MeCTa OKa3bIB8IOTCH HaH6onee 'lYBCTBHTenb

Hbl K XHMH'leCKOil: o6pa6oTKe II, ,,,?YllY'lH ·nonBeprHyThl TpaB

neauro, /l8IOT CKB03Hbie OTBepcTmI, .unaMeTp KOTOpbIX 3aBHCHT 

OT Tuna H 8HepI'HH HOHOB, OT o6nyqaeMOI'O MaTepuana H 

OT cnoco6a nocnenyromero TpaaneHHH. 3 TO xopomo BH.UHO 

H3 PIIC. 3. Ha cneriyromeM puc. 4 .unH cpaBHeHHH IlOK838HbI 

COBpeMeHHblH BbICOKOKa'leCTBeHHbIH uennron03HblH q>HnhTp 

II "H.QepHbIH q>HnbTp", nony'leHHbie TpaBneHHeM o6ny'leHHOH 

H.UepHblMII 'l8CTHUaMH non1IKap60HaTOBOil: nneHKH, XoTH cpe.u

HHH pa3Mep nop B o6oux cnyqaHX no'lTH O.UHH8KOB, B uen

nrono3HOM q>HnhTpe IIMeeTCH 6onbmOe qucno KpynHbIX H He

npaBHnbHbIX no CBOeil: qiopMe OTBepCTHH, noaTOMY "Iepe3 Ta

KOH qiunhTp npOXO/lHT qaCTIIUbl C8MbIX pa3nH'lHbIX pa3Mepoa, 

H .UOCTaTO'lHO H8/l9)KHOe OTq>HnhTpOBBHHe 'laCTHU C sa.uaH

HblMH pa3MepaMH 3aTpy/lHHTenbHO: "cneKTp" nponymeHHbIX 

qiunbTpOM qaCTIIU OK83bIBaeTC51 aeCbMa .!lIJCnepcHbIM. Ha-
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o6opoT,H.!lepHbie qJHJlbTpbl (unH ",HyKneonopbI", KaK HX IIH~I'

.ua Ha3bIBaIOT) xapaKTepusyroTCH O'leHb TO'lHOil: reoMeTpH

'leCKOil: qiopMOH nop, 'lIICno II pa3Mepbl KOTOpbIX nerKO 

KOHTponIIpOBaTb. T aKHM nyTeM B _HaCT051IIlee BpeM51 MO)KHO 

nonyqaTb "MoneKynHpHO-BIIpyCHbie HyKneonopb!" C pa3Me

pOM npu6nH3IITenbHO OT 40 -~ .uo HeCKOnhKIIX . MKM. 

06nacTh B03MO)KHhIX npuMenenuit TaKIIX q>HnbTpOB qpes

BhI'laitHo IIIHpOKa: nOCKOnbKY pa3Mepbl 6aKTepuit > 0,2· MKM, 

TO H.QepHb10 MoneKynHpHO-BllPYCHbie· q>IInhTpbl n03BOnHIOT 

npoII3BO.UIITh xono.unyro cTa6nnnsauuro nuaa, anna u npyrux 

)Kll/lKHX nnmeBbIX npO/lYKTOB, 'ITO nosaonHeT .unnTenbHO 

coxpaHHTb HX npn KOMHaTHbIX TeMnepaTypax; HyKneonopbI 

MOI'YT ncnonb30BaTbCH .unH CTepnnnsaunn 6uonornqeCKHX 

cpe.u B MHKpo6nonornn, nnH pas.ueneHH51 pasnntJIIhIX TnnoB 

KneTOK ( B 'l8CTHOCTH, .UJIH BbI.UeneHll51 paKOBbIX KneTOK 

B KpOBH) H ll3MepeHH51 HX .ueqiopMaUHH npn UIITOnOI'H'leCKHX 

uccnenoBaHHHX H B uenHX KnHHH'leCKOit nnarHOCTHKH, .UJIH 

q>HnbTpaUHH aaposoneit, .ung nony'leHHH O'lHIIleHHOli OT 6aK

Tepnit nHTbeBoit BO/lbl B noneBbIX ycnOBHHX, H BO MHOI'HX 

.upyrnx o6naCTHX TOHKOH TeXHOnOI'HH, CBH3aHHOit C O'lHCTKOH 

n pasneneHHeM- MIIKpoo6'beKTOB. 

Tenepb H xoqy paCCK83aTb eme 06 0/lHOit sana'le, KOTO

pasr MO:lK8T pemaTbCSI C noMOIIlbIO ycKopeHHbIX HOHOB. B Ha

CTOSIIUee Bp_eMsr nepen MeTannyprueit cToHT npo6neMa 

OCB08HHSI cnnaa6B THTaHa C neI'KHMH aneMeHT8MH (6epun

nneM, 6opoM H T.ll.) I . o6nanaromnx 60JiblIIOit npO'lHOCTbIO 

H nerKOCTbIO, Ilnsr 8THX cnnaBOB O'leHb Ba)KHQ 3HaTb 

pacnpenenemrn KOMnoHeHT.· K CO)KaneHHIO, HH/lHKaUHSI ane
M9HTOB nerqe )Kenesa nyTeM B036y)K.Q9HH51 peHTI'eHOBCKOI'O 

usny'leHHSI ny'lKOM aneKTpOHOB OKasanacb O'l9Hb Mano'lyB

CTBHTenhHOit H3-3a H0B03MO)KHOCTH .UOCTH'lb nocTaTO'lHO 

xopomero paspemeansr .unsr HH3KoaaepreTH'leCKHX X -nyqeil:. 

Ha noMOIIlb 3J:t0Cb MO)KeT npHHTH H.QepHaSI qJH3HKa: yCKO

peHHbie anbqia-'laCTHUhI, B38HMOJ:teil:CTBYSI C HOHaMH 6epnn

n~HI, J:t8lOT Hefi:TpOHbI. TTy'lOK anbcpa-'laCTU:U" C ce'leHHeM 

- 10 MKM H Hy)KHOH 8HepI'HH MO)KHO cpaBHHTeJlbHO neI'KO 

nony'laTb C nOMOIIlbIO aneKTpOCTaTH'leCKOI'O reHepaTopa. 

Hcnonb3YSI nanee neTeKTOp HeHTpOHOB, MO)KHO nony'lHTb 

'l9TKYIO KapTHHy CTPYKTypbl cnnasoa, BHJ:t0Tb pacnpenene-
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HHe nnTnn H 6opa no noBepxnocTn; a ecnn MeHHTh aneprnro 

anb¢a-qaCTHU, TOH. no rny6HHe. PelUeHHe 9TOH Hayqno

TeXHHqecKOM 3anaqH Tpe6yeT nHlllb He60nhlll0f'O H3MeHeHHH 

cymeCTByIOIUHX ¢H3HqecKHX MeTOAHK. 

Mm1rno HB3BaTh eme pnn nanpasneHHM, nnn KOTOph1X 

nnepHan ¢H3HK8 MO)KeT ABTb oqeHb MHoroe. Eonhlll00 npn

MeHQHHe, B qacTHOCTH, B reonornH, npH noHC::KBX H no6b1-

qe TBKHX BB)KHeMlllHX 11.nn CTpaHhl none3HbIX HCKOnaeMbIX, 

KBK He¢Tb, ypaH H 30flOTO,- MOI'YT nonyqHTb MeT0/1.hI ane

MeHTHOI'O aHanH38 MBTepHanoa, pa3pa6oTaHHh!e B nnepHOH 

¢H3HKe. 

Llnn pellleHHH nepeqHcneHHhIX Bh!llle ¢H3HqecKHX H Hayq

HO-TexirnqecKHX 3anaq Heo6XOJJ.HM MO!llHhill ycKopnTenh, 

o6nanaromnii B03MO)KH0CTblO YCKOpHTb He TOflbKO cpaBHH

TenbHO nerKHe, HO H oqeHb TH)K8nb1e HOHhl no BhICOKHX 

aHeprnii. P accMoTpHM cymecTayromne B03MO)KHOCTH. 311.ecb 

MOI'yT 6b!Tb pa3Hhle nOJJ.XOJJ.hI. B HaCTOHIUee BpeMSI B co

UHalIHCTHqecKHX CTpanax pa60T810T TpH TBHJJ.eMa ycKOpH

Teneii:, HO OHR He naroT B03MO)KHOCTH nonyqaTb Bh!COKHe 

. 9Heprn11: MaKCHMallbHan 9Heprnn, KOTOpan MO)KeT 6hITb Ha 

nnx nonyqena, cocTaanneT 12-14 MaB/HyKnoH. 

B ITonhllle C03JJ.aeTCH YCKOpnTenb TSI)KenhIX HOHOB UHK

noTpOHHOI'O THna C JJ.HaMeTpOM 200 CM. Ha 9TOM YCKOpHTene 

6yne-r B03MO)KHa pa6oTa nan sceMH nepeqHcneHHhIMH 

npo6neMaMH, 38 HCKnroqeHHeM, MO)KeT 6hITh, CHHTe3a 

CBepxTg)KenhIX aneMeHTOB. 

B Lly6He 9KcnepnMeHThI c TH)KenhIMH HoHaMH nposonSIT

CSI Ha UHKnoTpOHe Y-300, rne ycKopHIOTCH HOHhl aneMeHTOB 

oT 12c no 662n BKnro•mTenbHo no aneprntt 8,5 MaB/uyK

non n ua TaH.i:teM-UHKnoTponax nflP Y-300 + Y-200, Ha 

KOTOphIX nonyqeHhl nyqKH ycKopeHHbIX HOHOB 'Ge ' Kr ' 
Xe C HHTeHCHBHOCTblO 10 10 - 10 II qacTnu/ceK H 9Hep

rnett- 7 MaB/eyKnou. Llo HaCToHmero apeMeHn TaKne na

paMeTph1 nyqKOB He nony'!eHhI HH B Oil.HOM 11.pyroM ueHTpe 

B MHpe, nHlllb B Opc9 {¢paHUHH) Ha TaHneMHOii ycTaHOBKe 

ALICE nonyqeHhI HOHhI c 9Heprnett ~ 500 MaB H HH-

TeHCHBHOCThIO - 10 8 qaCTHUICeK, qTO B 100 pa3 MeHbllle 

HHT0HCHBHOCTH HOHOB Kr, nonyqeHHOA Ha TaH.QeM-UHKnoTpo

HaX nflP. 
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PHc. 3. CneJlbI HOHOB IUIHKa \II. cepi;1 ( 6onee MenKBe) 

B CHnHKSTHOM CTeKne. 

-a ""'llllJi r~} 
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PHc. 4~ Bb1CoKOKa'lecTBeHHb1A: uenmon03HhIA cl>HnbTp (A) 
00 cpeJlHHM a4>cl>eKTHBHblM pal3MepoM nop 0,45 MKM H ,, HJl~ 

Hbl:li: cl>mn,TpN' (E) c paaMepat,.(H nop 0.4 MKM. 
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