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30 JI8T 

06ne~HHeHHOMY HHCTHTYTY 

s~epHWX HCCJie~oBaHHi 

H.H.BOI'OJIJOBOB, a1<aoeMUT<, oupe1<Top OHHH 

A.C3H,aYJIECKY, npoifjeccop, au1J,e-oupe1<Top OHHH 

3.3HTPAJibI'O, npoifjeccop, 6UZJ,e-oupe1<rop OHHH 

26 MapTa 1956 ro,u;a OTMeqaeTcH KaK oqmu;mUILHaR ,u;aTa opraHH3au;HH 

Harnero 11HcTHTyTa. 30 neT TOMY Ha3aA a Moc1<ae IlonHoMoqHbie Ilpe,u;cTaaH-

~ TeJIH rrpaBHTeJibCTB COU:HaJIHCTHqecKHX CTpaH IIO,!J;IIHCaJIH CorJiallleHHe O co-

~ 3,ZJ;aHHH rrepaoro Me)K)];YffapoAHoro HayqHoro u;eHTpa 3THX cTpaH - O6-1,e,u;H

S,o HeHHoro HHCTHTyTa H,D;epHblX HCCJie,ZJ;OBaHHH. rnaBHOH u;eJibl0 3TOro aKTll 

~ HBJIHJIOCb 061,e,u;HHeHHe YCHJIHH cou;uaJIHCTHqecKHx rocy,u;apCTB ,!J;JIH COB

MeCTHoro BblIIOJIHeHHH q>yH,ZJ;aMeHTaJibHblX HCCJie,ZJ;OBaHHH a o6JiaCTH H,u;ep

HOH q>H3HKH H H3blCKaHHe HOBbIX B03MO)KHOCTeH HCIIOJib30BaHHR aTOMHOH 

3HeprHH B MHpHbIX u;enHx Ha 6naro acero qenoaeqecTBa. 

Heo6xo,u;HMOCTb C03,ZJ;aHHH 11HcTHTyTa orrpe,u;eJIHJiaCb pH,D;OM KpyIIHblX 

co6bITHH IIHTH,ZJ;eCHTbIX ro,u;oa' HaqanoM rrpaKTHqecKoro HCIIOJib30BaHHH 

R,u;epHoif :=>HeprHH a MHpHbIX u;enHx. B 1954 ro,u;y B CCCP 6hma aae,u;eHa 

B 3KCIIJiyaTau;HIO rrepBaR B MHpe aTOMHaR 3JieKTpOCTaHU:HH, B 1955 ro,u;y 

COCTOHJiaCb rrepBaR KPYIIHaR Me)K)];yHapo,u;HaR KOHcpepeHu;HH,IIOCBRIU:eHHaR 

rrpo6neMaM MHpHoro HCIIOJib30BaHHH aTOMHOH 3HeprHH. Bo MHOrHx CTpaHax 

HaqanH co3,u;aaaTb u;eHTpbI H,u;epHbIX Hccne,u;oaaHHH,H CoaeTCKHH Coro3 B3RJI 

Ha ce6H IIOCTaBKH HCCJie,ZJ;oBaTeJibCKHX peaKTOpOB H YCKOpHTeneif AJIH oc

Haru;eHHH Hau;HOHaJibHbIX u;eHTPOB COU:HaJIHCTHqecKHx CTpaH. Pa3BHTHe q>H3H

qeCKHX HCCJie,ZJ;OBaHHH rrpHaeno K Heo6xo,u;HMOCTH C03,!J;aHHR KPYIIHbIX q>H-

3HqecKHX ycTaHOBOK, KOTOpbie rrp1w6peTaJIH rrpOMbllllJieHHhie pa3Mepb1; 

HX CJIO)KHOCTb H CTOHMOCTb 6hICTpO poCJIH, ,!J;JIH· o6pa6oTKH ace B03pacTaro

ru;ero 061,eMa 3KCIIepHMeHTaJibHOH HHq>OpMau;HH Tpe6oBaJIHCb 60JiblllHe 

HayqHhie KOJIJieKTHBhI. Cne,u;yeT OTMeTHTb, qTo CoaeTCKHH Coro3 pacrronaran 

Tor,u;a Ka,u;paMH crreu;HaJIHCTOB, a TaK)Ke TeXHHqecKHM H IIpOMbllllJieHHbIM 

rroTeHu;HaJIOM, II03BOJIHBlllHMH BeCTH HCCJie,ZJ;OBaHHH B o6naCTH H,u;epHOH 

~H3HKH ~ BhlCOKOM ypoBHe, ~:~;;;; ]if ~!IT 6hm uoo6xoAHM 

•vV~;;..-~ __,.__ 
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;:i;pyrttM CTpaJiaM cou;lf8.JllfCTlfl{eCI<:oro co;:i;pymecTBa, HatJaBlllHM pa6oThI 

a 3TOH o6nacTtt. Bee :=,to npnaeno K pellleHHIO 06 opraJimau;nn O11.HH. 

IIpaBttTeJihCTBo CCCP, BhICTYillfBlllee HHttu;ttaTopoM co3;::t;aHHH 11HcTH-

TyTa, nepe;:i;aJ10 B ero ae;:i;eHtte ;:i;ae HaytJHo-nccne;:i;oaaTeJibCKHe opraHH3au;HH 

A1<:a;:i;eMHlf HayK CCCP, pacnonomeHHhie B no;:i;Moc1<:0BH0M ropo.D;e ,ny6He. 

B O;::t;HOH lf3 HlfX ;::t;eHCTBOB8.J1 KpynHhIH ycKopttTeJib np0T0H0B - llleCTHMeT-

pOBhIH CHHXp0I.l;lfKJI0Tp0H Ha 3Heprmo 680 M:=,B, a B Apyroii 3aI<:aHlJHBaJI0Cb 

CTp0HTeJibCTB0 KpynHefanero Tor;:i;a yc1<:opttTeJIH - CHHXpocpa30TpoHa mi 
3Heprlil0 npoT0H0B 10 I':=,B. 3TO }];8.JI0 B03M0)KH0CTb ytJeHhIM Hoaoro 11HCTH- / 

TyTa cpa3y me HatJaTb MH0rHe aKTY8..TlhHbie HCCJie;::t;0BfilIHH. O;::t;HoapeMeHHO 

HatJaJ1ach opraJitt3au;ttH er.u;e Tpex na6opaTopttii, a HecK0JihK0 no3;::t;Hee 6bma 

co3;::t;aJia rnecTaH. • / 

11HcTlfTYT C M0MeHTa ero o6pa30BfilllfH Il0Jib30B8.JICH Il0JIHbIM C0,D;eH

CTBlfeM CoaeTcKoro Coro3a. C noM0I.QhIO coaeTCKlfX npoeKTHhIX opraHH3a

u;ttii tt np0MbillIJieHHhIX npe;:i;npttHTlfH a ,Uy6He 6bIJIH Il0CTpoeHbI M0I.I.l;Hbie 

QHKJI0Tp0HhI ;::t;JIH ycKopeHlfH THmeJihIX lf0H0B, C03;::t;fillhI YHHI<:8..TlbHbie HM

IlYJibCHbie peaKT0pbI. OHtt o6ecnetJHJIH B03M0)KH0CTb npoae;:i;eHHH lllttpoKo

ro Kpyra cpyH;::t;aMeHT8.JlbHbIX H;::t;epHO-q>H3lflleCI<:HX HCCJie,D;OBfilIHH. 

3a 30 neT CBoeii ;:i;eHTeJibH0CTlf 11HcTttTYT Bbipoc B 1<:pyrmeiirnnf:i: 

Me)K}];yHapo;::t;HbIH HaytJHbIH u;eHTp, lf3BeCTHbIH BO BCeM Mttpe. 3;:i;ecb ccpop

Mlip0B8.JICH BbICOKOKBaJIHq>Hu;HpOBaHHbIH lfHTepHau;ttOH8.JlbHbIH K0JIJieI<:TlfB 

ytJeHhIX lf cneu;H8.JllfCT0B, C03;::t;aHa 1<:pynHaH 3KCnepnMeHT8.JlbHaH annapa

Typa lf MOI.I.l;HbIH H3MepttTeJibHO-BbilJHCJIHTeJibHhIH K0MnJieKC, Il0CTpoeHbI 

na6opaTopHhie 3;::t;aJittH, ao1<:pyr 11HcTHTYTa Bhipoc 6onhrnoii ropo;:i;. Cero;:i;

HH ceMHThICHlJHhIH K0JIJieI<:TlfB O6ne;::t;ttHeHHoro lfHCTlfTyTa C0CTaBJIHIOT 

rpa)K}];aHe o;:i;ttHHa.D;u;aTH CTpaH-ytJaCTHHu;: Hapo;::t;HOH Pecny6JittKlf Bonraptttt, 

BeHrepcKoH Hapo;::t;HOH Pecny6JittKlf, Cou;naJ1ttCTtttJec1<:oii Pecny6nttKlf 

BbeTHaM, repMaHCKOH ,UeM01<:paTntJec1<:oii Pecny6nttKH, Kopeiic1<:oii Ha

po;:i;Ho-,UeM01<:paTtttJec1<:oii Pecny6JittKH, Pecny6nttKH Ky6a, MoHrOJihCKOH 

Hapo;:i;Hoii Pecny6nttKH, IIonhcKoii Hapo;:i;Hoii Pecny6nttKtt, Cou;ttaJ1ttCTHtJe

c1<:oii Pecny6nttKH PyMhIHlfH, Co103a CoaeTCKHX Cou;ttaJIHCTtttJecI<:lfx Pecny6-

JIHK, qexocnoaau;1<:of:i: Cou;ttaJ1ttCTHtJec1<:oii Pecny6nttKtt. YtJeHhie 11HcTHTYTa 

BHeCJilf 6oJibllIOH BKJia,D; B coapeMeHHYIO H;::t;epHO-q>H3HtJecI<:yIO HayKy' OHM 

HBlfJIHCb lfHHQlfaTopaMlf H0BhIX HaytJHbIX HanpaaJieHHH, pa3pa6oTaJIH H0Bbie 

MeT0JJ;hI HCCJie;::t;oBaHHH H 0TI<:pbIJIH H0Bhie q>H3HtJeCI<:He HBJieHHH, C03,D;aJIH 

H y1<:penHJIH HaytJHhIH aaTopHTeT O11.HH. 

O;::t;HOBpeMeHHO C opraHH3au;tteii O6ne;::t;HHeHHoro HHCTHTYTa H;::t;epHbIX 

HCCJie;::t;OBaJIHH 3;::t;eCb HatJaJI cpopMHpoaaThCH K0JIJieKTlfB q>H3lfKOB-TeopeTH

K0B. B HaCT0HI.Qee BpeMH 11HcTHTYT CTaJI 0AHHM H3 KpyrmeiillIHX ycnellIH0 

pa6oTaIOI.QHX u;eHTp0B HCCJie;::t;OBaJIHH B o6JiaCTH TeopeTHtJeCI<:OH q>H3HI<:lf. 

YlleHbIMH J1HCTHTyTa BhICI<:a3aHhI H pa3BlfTbI OCHOBOilOJiaraIOI.QHe H,D;eH B 06-

JiaCTH KBaJITOBOH TeopHH Il0JIH, q>H3HKH 3JieMeHTapHbIX tJaCTHu; H aT0MHoro 

H;::t;pa, CTaTHCTHtJeCI<:OH MeXaJIHI<:H. 

Pa3BHT HOBhIH no;:i;xo;:i; I<: nocTp0eHHIO I<:BaHTOBOH Te0pHH Il0JIH, oc

HOBaHHbIH Ha o6r.u;HX q>H3lftJeCI<:HX npttHu;Hnax peJIHTHBHCTCKOH HHBapHaHT-



H0CTH, cneKTpanbH0CTH, YHHTapH0CTH H npHqHHH0CTH. Oco6yro p0Jib npH 

3T0M Cbirpana p8.3pa60TKa MHKpOCKQIIHqecKOH cpopMyJIHpOBKH npHHUHna 

npH~HH0CTH. Co3,D;aHHe MeTo.n;a peHopManH3aUHOHHOH rpynIIhI H nocne,n;o

BaTeJibHOH cxeMbI ycTpaHeHHR pacxo.n;HMOCTeH np0JIQ)KHJIQ ,n;opory MH0rHM 

C0BpeMeHHbIM ,D;0CTH:>KeHHRM B TeopHH KaJIH6poBoqHbIX noJieH. 

IlocTpoeHHe a1<:CH0MaTHqec1<:oro no,n;xo,n;a K KBaHTOBOH TeopHH noJIR 

no3B0JIHJI0 o60CHOBaTb ,D;HcnepcH0HHbie C00TH0WeHHR H TeM CaMbIM 0TKpbl· 

JI0 HOBbIH 3Tan B pa3BHTHH reopeTHqeCKOH q>H3HKH. Ilpe,D;JIO:>KeHHbie H,D;eH 

H H0Bbie n0HRTHR npoqao B0WJIH B apceHan yqeHbIX: 0HH Jie:>KaT B 0CHOBe 

nonyqHBWHX WHp0K0e npH3HaHHe HCCJie,n;oBaHHH HeynpyrHX H aBT0M0-

.n;eJibHbIX npon:eccoB, pa6oT no ,D;HcnepcH0HHbIM npaBHJiaM CYMM H MHorHx 

,n;pyrHx no.n;xo.n;0B B cpH3HKe CHJibHblX B3aHMO,D;eHCTBHH. 

B pa6oTax no ,D;HHaMHqecKHM KBapK0BbIM M0,D;eJIRM 3JieMeHTapHbIX 

qacTHl.l; noJiyqHJIH o6oRCHeHHe CTaTHqeCKHe CBOHCTBa a.n;poH0B. BBe.n;eHHe 

H0Boro KBaHT0Boro qHcJia KBapK0B, Bn0CJie,D;CTBHH H8.3BaHHoro l.l;BeT0M, 

no3B0JIHJI0 pa3peW~iTb IIpHHl.l;HIIHanbHYIO npo6JieMy CTaTHCTHKH KBapK0B 

H npHBeJI0 B pe3yJibTaTe K nocTpoeHHIO KanH6poBoqHOH Te0pHH CHJibHblX 

B3aHMO,D;eHCTBHH - KBaHTOBOH Xp0M0,D;HHaMHKH. ,D;y6HeHCKaR MO,D;eJib 

"KBapKOBoro Mew1<:a" nopo,D;HJia H,D;eH, nepeKJIHKaIOil.l;HeCR C C0BpeMeH

HbIMH npe.n;cTaBJieHHRMH 0 "IIJieHeHHH" KBapK0B BHYTPH a,n;p0H0B, 

B pe3yJibTaTe HCCJie,D;OBaHHH B o6naCTH CTaTHCTHqecKOH MeXaHHKH 

nonyqeH n;eJiblH pR,n; pe3yJihTaT0B, HMeIOil.l;HX cpya.n;aMeHTanbHOe 3HaqeHHe. 

TaK, nocTpoeHHe MHKpOCKOnHqecKOH TeopHH CBepxnpoB0,D;HM0CTH He 

T0JibK0 n03B0JIHJI0 n0HRTb q>H3HqecJ<:He MexaHH3MbI, npHB0,D;Rll.l;He K 3T0MY 

Ba:>KH0MY q>H3HqecKOMY RBJieHHIO, HO H 0Ka3aJI0 3aMeTH0e BJIHRHHe Ha 

pa3BHTHe coepeMeHHOH TeopHH R,n;pa H MHKp0CK0nHqecKHx MO,D;eJieH KBS.H

TOBOH Te0pHH n0JIR, ~OPMYJIHpOBKa K0Hn;enn;HH KBa3HCpe,D;HHX C03,n;ana 

cpyH.n;aMeHT COBpeMeHHOH TeopHH cpa30BblX nepexo,n;oB - cnoHTaHHbIX 

HapyweHHH CHMMeTpHH H CTHMYJIHp0BaJia p8.3BHTHe anre6paHqecKoro 

no,n;xo,n;a B 3a,n;aqax CTaTHCTHqecKOH MeXaHHKH H KBaHTOBOH Te0pHH n0JIR, 

YcTaHOBJieHHaR B CB.fl3H c cpopMyJIHpOBKOH K0Hn;enUHH KB8.3HCpe,D;HHX 

TeopeMa "06 oco6eHHOCTRX THna 1/q2" no3B0JIHJia HCCJie,D;0BaTb Bonpoc 

06 ynopR,n;oqeHHH B ~HCTeMax pa3JIHqHQH pa3MepH0CTH H nonyqHJia ,D;aJib

Heiiwee pa3BHTHe B KBaHTOBOH Te0pHH nonR B CBR3H C H3yqeHHeM Mexa

HH3M0B roJI,D;CTOyHa H XHrrca H nocTpoeHHeM Te0pHH 3JieKTpocna6bIX 

B3aHMo,n;eHCTBHH. L(anbHeiiwHii nporpecc B 3TOH 06nacn1: CBR3bIBaeTCR c Ha

.n;e:>K,D;aMH Ha nocTpoeHHe o6oe,D;HHeHHOH TeopHH Bcex cpyH,n;aMeHTanbHbIX 

B3aHMO,D;eHCTBHH 3JieMeHTapHbIX qaCTHl.l;, 

MeTO,D; )];BYXBpeMeHHbIX TeMnepaTypHblX cpyHKl.l;HH rpHHa BOT y:>Ke 

qeTBepTb BeKa RBJIReTCR 0,D;HHM H3 ea:>KHeHWHX MeT0,D;0B B TeopHH K0H

,n;eHCHpoeaHH0ro C0CT0RHHR. MaTeMaTHqecKH CTporoe HCCJie,D;0BaHHe M0-

,n;eJibHbIX 3a,n;aq CTaTHCTHqecKOH MexaHHKH no3B0JIHJI0 nony~Tb pR,n; T0HKHX 

Ma:>Kopan;H0HHbIX on;eHoK )];JIR TepM0,D;HHaMHqecKHx BeJIHqHH H YCTaH0BHTb 

H0Bbie BapHal.l;H0HHbie HepaBeHCTBa, qTQ npHBeJI0 K cpopMyJIHpOBKe Ba:>K

Horo B npHKJia)];H0M 0TH0WeHHH MeT0,D;a annpoKCHMHpyrorn:Hx raMHJibT0- 7 
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HHaHOB. I-fay1i:eHHe CToxacrntJeCKHX Tipou;eccoa B ,!J;HHaMHtJeCKHX CHCTeMax, 

B3aHMO,!J;eHCTBYIOLUHX C TepMOCTaTOM, H pa3pa6oTKa MeTO,!J;OB TIOCTpoemrn 

TO'lJHbIX HepapXHH KHHeTHtJeCKHX ypaaHeHHH )],JI.fl TaKHX CHCTeM TI03Bonmrn 

1:1ccne,z:i;oaaTh Tipo6neMy TIOn.HpoHa, a TaK:>Ke p.H,n; Tipo6neM, CB.H3aHHbIX c re

Hepal.\HeH KorepeHTHoro :meKTpoMarHHTHoro H3nytJeHH.H H ero B3aHMO· 

,z:i;ei%cTaHeM co cpe,z:i;oi%. 

YtJeHbIMH HHCTHTYTa ccpopMynHpoaaHa MHKpOCKOTIHtJeCKa.H Teopm1 

aTOMHOro .H,!1;pa. B ee OCHOBY Tiono:>KeHbI MaTeMaTHtJecKHe MeTO,!J;bI, Pa3BH· 

Tbie IIpH TIOCTpoeHHH TeopHH caepxTeeytJeCTH, caepxTipOBO,!J;HMOCTH H cpep

MH·:>KH,!J;KOCTH. B paMKax MHKpOCKOIIHtJeCKOH TeOpHH pa3pellleH PHA Tipo6-

neM, He,!J;OCTYIIHbIX cpeHOMeHonorHtJeCKOH TeopHH .H,!J;pa, B TOM tJHcne y3no

Bbie BOTipOCbI CTpOeHH.fl ccpepHtJeCKHX H ,z:i;ecpopMHpOBaHHbIX .H,!J;ep, IlOCTpoe

Ha TeopH.H KBa3HtJaCTH'lJHbIX, BH6p~HOHHbIX H pOTB.I.\HOHHbIX COCTO.HHHH 

,z:i;ecpopMHpOBaHHbIX .H,!J;ep. CcpopMynHpOBaHa KBa3HtJaCTH'lJHO-q>OHOHHa.H 

MO,!J;enb .H,!J;pa, C TIOMOI.l.\hlO KOTOpOH ,!J;aHO OTIHCaHHe cpparMeHT~HH O,!J;HO

tJaCTH'lJHbIX COCTO.RHHH, xapaKTepHCTHK HeHTPOHHbIX H rHraHTCKHX pe30HaH· 

COB. Ill1:1po1<:yro TIOTiyn.HpHOCTh TipHo6pen B TIOcne,n;HHe rO,!J;bI pa3pa6oTaHHbIH 

B OIUU1 MHKpocKoTIHtJeCKHH aapHaHT Mo,n;enH B3aHMo,n;ei%cTBYIOI.I.\HX 6o-

30HOB. Ha OCHOBe KOHLJ;eTII.\HH KBa3HCpe,n;HHX ,!J;aHa TpaKTOBKa .H,n;epHoro 

poT~OHHoro ,!J;BH:>KeHH.fl H CTiapHBaHH.fl. EonhlllOe BnH.HHHe Ha 3KCTiepHMeH

TanhHbie HCCne,n;oBaHH.fl OKa3anH pa60TbI TIO BbI'lJHCneHHIO paBHOBeCHOH 

cpopMbI .H,!1;ep, Tipe,n;cKa3aHHIO HOBbIX o6naCTeH ,z:i;ecpopMHpoaaHHbIX .11,z:i;ep 

H H3MeHeHHIO cpopMbl BbICOKOCIIHHOBbIX COCTO.IIHHH, Ha OCHOBe TeopHH 

caepxacHMMeTpHtJHoro ,z:i;eneHH.11 Tipe,z:i;c1<:a3aHbI HOBbie BHAhI pacTia,z:i;a .11,z:i;ep, 

TipoMe:>KYTOtJHbie Me:>K,z:i;y a -pacTia,n;oM H ,z:i;eneHHeM. 

Ilpe,n;cTaaneHHe O TipHMec.11x MHOrOKBapKOBhIX KOHcpHryp~H B RA· 

pax TI03BOnHno ycTielllHO OTIHCaTb TionytJeHHbie B OHflH 3KCTiepHMeHTanh

Hbie AaHHbie TIO cetJeHH.IIM a,z:i;poH-.11,!J;epHbIX Tipou;eccoB B KYMYn.llTHBHOH 

06nacT1:1. 

3KCTiepHMeHTanhHbie HCCne,z:i;oaaHH.11 B o6nacTH q>H3HKH BbICOKHX 

3HeprHi% - o,n;Ho H3 rnaBHhIX HaTipaaneHHH pa6oT B HHCTHTyTe. Ero ocHoay 

COCTaBn.ReT H3ytJeHHe CTPYKTYPbI 3neMeHTapHbIX tJaCTHLJ; H CBOHCTB HX 

B3aHMO,!J;eHCTBH.II, ,!J;HHaMHKH MHO:>KeCTBeHHOro po:>K,z:i;eHH.11 tJaCTHLJ; H HX pe-

30HaHCHbIX COCTO.IIHHH, a TaK:>Ke Tipo6neM pen.RTHBHCTCKOH .11,z:i;epHOH q>H3H· 

KH. TeMaTHKa 3THX HCCne,z:i;oaaHHH OTipe,z:i;en.11nach Heo6XO,!J;HMOCThlO TionytJe

HH.11 HHq>OpMal.\HH ,z:i;n.11 perneHH.11 OCHOBHbIX Tipo6neM TeopHH cpyH,!J;aMeH

TanhHbIX B3aHMO,!J;eHCTBHH. C03,!J;aHHa.H B HHCTHTyTe opHrHHanhHa.11 3KCTiepH

MeHTanbHa.H aTITiapaTypa, B TOM tJHCne KPYIIHbie coapeMeHHbie yCTaHOBKH, 

,z:i;ana B03MO:>KHOCTh aeCTH OTibITbI He TOnhKO Ha CHHXpocpa3oTpOHe B ,Uy6He, 

HOH Ha yc1wp1:1Ten.11x ,z:i;pyrHX HaytJHbIX u;eHTpoa: HHCTHTYTa q>H3HKH BhICO· 

KHX 3Hepr1:1i% (IlpoTBHHo, CCCP), EapoTiei%c1<oro u;eHTpa .11,z:i;epHbIX Hccne

,z:i;oaaHHH (UEPH, Illaei%u;ap1:1.11) H H~oHanhHOH yc1<op1:1Ten&HOH na6opaTO

pHH HM.3.<I>epMH (EaTaaH.11, ClllA) • 

B CBOHX HCCne,n;OBaHH.IIX, Tipoae,n;eHHbIX B lllHpOXOH o6naCTH 3HeprHH, 

ytJeHhie HHcTHTyTa o6Hapy:>KHnH HOBbie caoncTaa peaKI.\HH yTipyroro pac-



ceHHHH tJaCTHQ, no3BOJIHBIIIHe npoBepHTb pH,n; <pyH.n;aMeHTaJibHbIX npe,n;CTaB· 

JieHHH COBpeMeHHOH <pH3HKH. B pa6oTax no H3ytJeHHIO o6pa30BaHHH CTpaH

HhIX llaCTHQ OTKpbITa HOBaH tJaCTHQa - aHTHCHrMa-MHHyc-rHnepoH. 3Kcne

pHMeHTaJibHO o6Hapy:>KeHo HOBOe <pH3HlleCKoe HBJieHHe - np.A:MOH nepexo,n; 

<pOTOHa B BeKTOpHblH Me30H, llTO no,D;TBep,n;HJIO OAHY H3 Ba:>KHbIX TeopeTH· 

lleCKHX MO,ll;eJieH - BeKTOpHyro ,ll;OMHHaHTHOCTb. IlpH H3ytJeHHH npoxo:>K,D;e

HH.fl 3apH:>KeHHbIX llaCTHQ llepe3 MOHOKpHCTaJIJihl OTKpbITO .flBJieHHe KaHaJIH· 

poBaHH.fl llaCTHQ B ,n;ecpopMHPOBaHHhIX KpHCTaJIJiax. 

B 3KCnepHMeHTax Ha cepnyxOBCKOM ycKOpHTeJie ,n;oKa3aHO cym;eCTBO· 

BaHHe .fl,D;ep aHTHTpHTH.fl, H3ylleHhl CBOHCTBa Ko -Me30HOB, npoQeCCbl po:>K,n;e

HH.fl H pacna,n;a pe30HaHCOB C yqaCTHeM CTpaHHhlX llaCTHQ. MHTepeCHhie pe-

3YJibTaTbl noJiylleHbl npH HCCJie,n;oBaHHH noJI.A:pH3aQHOHHblX HBJieHHH B pac

ce.A:HHH Me30HOB H npOTOHOB, BnepBbie Ha6JIIO,ll;aJIHCb yJibTpapeJI.flTHBHCT· 

CKHe no3HTpOHHH. MHorHe pa60Tbl CBH3aHbl C H3ytJeHHeM KBapKOBOH 

CTPYKTYPhl tJaCTHQ, nOHCKOM HOBhIX KOpOTKO)KHBYI.I.l;HX llaCTHQ C KBaHTO· 

BhIM llHCJIOM "rnapM". 

Ocym;ecTBHB Ha CHHxpocpa3oTpoHe OM.RM ycKopeHHe nerKHX R,n;ep, 
<pH3HKH HallaJIH HCCJie,D;OBaHH.fl B HOBOM HayllHOM HanpaBJieHHH - peJI.flTH· 

BHCTCKOH .fl,D;epHOH <pH3HKe. O6Hapy)KeHo H HCCJie,D;OBaHo HOBoe <pH3HlleCKOe 

HBJieHHe - KYMYJI.flTHBHOe po:>K,D;eHHe llaCTHQ, npe,n;Jio:>KeHa H HCCJie,n;oBaHa 

HOBaH ymmepcaJibHaH xapaKTepHCTHKa aTOMHoro .A:,D;pa - KBapK-napTOHHaH 

CTPYKTYPHaH <pyHKQHH, noJiylleHhl ,ll;OKa3aTeJibCTBa cym;eCTBOBaHHH B .A:,ll;pax 

MYJihTHKBapKOBhlX COCTO.flHHH. Ilpe,D;JIO:>KeH • KOJIHlleCTBeHHhIH KpHTepHH 

rpaHHQhl npHMeHHMOCTH npoTOH-HeHTpOHHOH Mo.n;emi .A:,D;pa. 

IlepBhie HCCJie,D;OBaHH.fl B o6JiaCTH <pH3HKH 3JieMeHTapHblX tJaCTHQ Ha

llaJIHCb Ha CTapeiirneM YCKOpHTeJie Ll:y6Hbl - CHHXpOQHKJIOTpoHe - npH 

3HeprH.flX npOTOHOB ,n;o 680 M3B, Tenepb 3TH 3HeprHH Ha3hIBaIOT cpe,n;HHMH. 

Ha CHHXpOQHKJIOTpOHe 6hIJIO H3ylleHo ynpyroe pacceHHHe HenoJIHpH30BaH

HbIX H noJI.A:pH30BaHHhIX HYKJIOHOB, a TaK:>Ke npoQeCCbl po:>K,D;eHH.fl 77-Me30· 

HOB. 3To no3BOJIHJIO npoBepHTb cnpaBe,D;JIHBOCTb OCHOBHhIX 3aKOHOB CHM· 

MeTpHH H,n;epHblX CHJI B CHJibHblX B3aHMO,D;eHCTBHHX: 3ap.A:,ll;OBYIO CHMMeT

pHIO H 3ap.A:,ll;OBYIO He3aBHCHMOCTb, T-HHBapHaHTHOCTb. IlpH HCCJie,D;OBaHHH 

B3aHMO,ll;eHCTBH.fl HYKJIOHOB H Me30HOB OTKpbITbl .flBJieHHH pe3oHaHCHOro 

nornom;eHH.A: MIOOHOB, ABOHHOH nepe3apH,n;KH nHoHOB, o6Hapy)KeHo 6onee 

100 HOBhlX H30TOnOB. 

B o6nacTH cna6h1x B3aHMo,n;eiicTBHH OTKphIT {:3-pacna,n; 11 -Me301-1a, 

BhIITOJIHeHbl npeQH3HOHHhie H3MepeHHH BpeMeHH )KH3HH /J- -Me3oHa, n03BO· 

JIHBllIHe 3HatJHTeJibHO yBeJIHllHTb TOllHOCTh onpe,n;eJieHHH KOHCTaHTbl cna6hIX 

B3aHMO,D;eHCTBHH. Mccne.n;oBaHH.fl pe,D;KHX npoQeCCOB no,n;TBep,D;HJIH cnpaBe,n;

JIHBOCTh OCHOBHhIX noJIO:>KeHHH TeOpHH YHHBepCaJibHOro cna6oro B3aHMO

,n;eiicTBHH. Yt1eHhie MHCTHTyTa o60CHOBaJIH B03MO)Kff0CTb cym;eCTBOBaHHH 

ABYX THnOB HeHTpHHO - MIOOHHoro H 3JieKTpOHHoro - H npe,n;JIO:>KHJIH 

3KCnepHMeHT no o6Hapy:>KeHHIO MIOOHHOro HeHTpHHO. 

B pa6oTax Ha CHHXpOQHKJIOTpOHe pO,D;HJIOCb HOBOe HaytJHOe HanpaBJie

HHe - Me30XHMHH - HCCJie,n;oBaHHe 3JieKTpOHHOH CTpyKTYPhl Bem;eCTBa 9 



C noM0IIJ;blO Me30HHhIX nyllK0B. BoJiblllOH IJ,HKJI HCCJie)l;OBaHHH 6bIJI noCBfl

rn;eH H3ylleHHIO µ -Me3C>HHhIX npou;eccoB H MIO0HHoro KaTaJIH3a peaKI.J;HH 

CHHTe3a ABYX HAep )l;eHTepHH HJIH fl)l;ep )l;eHTepHH H TpHTHfl. 

Morn;Hhle ycKopttTeJIH MHoro3apHAHbIX H0H0B, nocTpoeHHbie B ,Uy6He, 

06ecnet1HBaIOT nonyt1eHHe HHTeHCHBHhIX nyllK0B B urnp0K0M )l;Hana3oHe 

Mace H 3HeprHH. 3TO no3B0JIHJI0 yt1eHhIM 11HcTHTyTa pa3BepHyTb HCCJie)l;o

BaHHfl B 0AH0M H3 6bICTpo pa3BHBaIOIIJ;HXCfl HanpaBJieHHH COBpeMeHHOH 

fl)l;epHOH HayKH - q>H3HKe TmKeJihIX H0H0B. BoJibllJHe ycnexu A0CTHrHyTbl 

B pa6oTax no CHHTe3y H0BhIX 3JieMeHT0B H tt3yt1eHu10 ux CBOHCTB. B OlUU1 

BnepBbie CHHTe3Hp0BaHhl H0Bhie XHMHlleCKHe ::meMeHThl C aT0MHhIMH H0-

MepaMH OT 102-ro AO 108-ro, H3ylleHhl q>H3HlleCKHe H XHMHlleCKHe CBOHCTBa 

MH0rHX H30T0n0B 3THX 3JieMeHT0B. B pHAe peaKI.J;HH CHHTe3a HCn0Jib30BaH 

HOBhIH BHA CJIHHHHH cno:>KHhIX HAep - "xonoAHoe" CJIHHHtte • 

B X0)l;e 3THX pa6oT 6hIJIH 0TKphIThl H0Bhie BH)l;hl paAH0aKTHBH0ro 

pacna)J;a HAep. OAHH H3 HHX - cnoHTaHH0e, C aH0MaJibH0 K0p0TKHM nepuo

A0M AeJieHHe fl)J;ep TpaHcypaH0BhIX 3JieMeHT0B, Hax0)J;flIIJ;HXCfl B H30MepH0M 

C0CT0flHHH, K0T0poe 0TJIHllaeTCfl OT 0CH0BHoro 60JiblllOH )l;ecpopMaIJ,HeH HA

pa. ,Upyroii - 3ana3)l;b1Ba10rn;ee )l;eJieHHe fl)l;ep H3 B036YiKAeHHbIX COCTOflHHH, 

06pa3y10rn;HXCfl nocne (3-pacna)J;a, - HCilhIThIBaIOT HeHTPOHOH36bITOllHhie 

H HeHTpOHO)l;eq>HIJ,HTHhie H30T0nhI TpaHcypaH0BbIX 3JieMeHT0B. 3KcnepttMeH

TaJibH0 o6HapyiKeH cnoHTaHHhIH paCila)J; TfliKeJihIX fl)l;ep c ucnycKaHHeM fl)l;ep 

He0Ha, 3T0 n0)l;TBepAHJI0 npe)l;CKa3aHHoe pa.Hee cyrn;ecTB0BaHHe H0B0ro THna 

PMH0aKTHBH0CTH - 3MHCCHH TfliKeJihIX KJiacTepoB. 

Pe3yJibTaTbI HCCJie)l;0BaHHfl 3aKOHOMepHOCTeH cnoHTaHHoro )l;eJieHHfl 

H a-pacna)J;a TfliKeJihIX TpaHccpepMHeBhIX 3JieMeHT0B CTHMYJIHp0BaJIH pa3-

BHTHe H0B0ro HanpaaJieHHfl 3KcnepHMeHTOB no CHHTe3y Ha ycKopHTeJIHX 

H n0HCKY B npupo)l;e caepXTfliKeJihIX 3JieMeHT0B C aT0MHhIMH H0MepaMH 

110-116. IlpHpOAHhIMH o6pa3u;aMH B 3THX pa6oTax CJiyiKaT pa3JIHllHbie MH

HepanhI H PYAhI, iKeJie30MapraHu;eBbie K0HKpeu;uu, reoTepMaJibHbie B0)l;bI, 

0CK0JIKH MeTeopHT0B. 

B TelleHHe MH0rHX JieT B onhITax Ha ycKopttTeJIHX HCCJie)l;yeTCfl Mexa

HH3M B3aHMOAeHCTBHfl CJI0:>KHhIX fl)J;ep. lfayt1eHHe MH0r0HYKJI0HHhIX nepe

)l;all B fl)l;epHbIX peaKIJ,H.HX npttBeJI0 K 0TKphITHIO H0B0ro KJiacca peaKI.J;HH 

Me)K,l];y cno:>KHhIMH HApaMH - Knacca rny6oKoHeynpyrux nepeAall. B TaKHX 

peaKI.J;H.HX CHHTe3Hp0BaHo 0K0JI0 TPHAU:aTH H0BhIX H30T0n0B nerKHX 3Jie

MeHT0B C 0lleHb 6oJiblllHM H36bITKOM HeHTpOHOB. Hccrre)l;OBaH HOBhIH BHA 

.HAepHhIX peaKI.J;HH - "xoJIOAHa.H" nepe)l;alla HyKJI0H0B. 

YHHKaJibHhie HMilYJibCHhie, nepH0AHlleCKoro )l;ettCTBH.H, peaKT0phl 

Ha 6hICTphIX HeHTpOHax, Il0CTpoeHHhie B ,Uy6He, nocJiyiKHJIH 6a30H AJifl 

npoBe)l;eHH.fl IUHp0Koro Kpyra HCCJie)l;oBaHHH B o6naCTH q>H3HKH 3JieMeH

TapHbIX llaCTHU:, aT0MHoro .H)l;pa u K0H)l;eHCHp0BaHHhIX cpe)l;. B pa6oTax no 

HeHTpOHHOH cneKTp0CK0nHH .H)l;ep noJiylleHhl no)l;p06Hhie )l;aHHhie 0 CBOHCT

Bax HHAHBHAYaJibHhIX .H)l;epHhIX ypoBHeH, oco6eHHO 06 HX cnHH0BhIX H pa-

10 AHaIJ,H0HHhIX IUHpHHax, HMeIOrn;He 6oJibIUOe Hayt1Hoe H npHKJia)J;H0e 3Halle-



HHe • .[(nR .n;eJIRI.,UliXCR R,n;ep li3MepeHhl R,n;epHbie K0HCTaHThI, liCII0Jib3YeMhie 

B peaKT0p0CTp0eHlfli. 

Bnaro,n;apR HCII0Jih30BaHHIO pa3pa6oTaHHoro B OHJU1 opHrHHaJihHoro 

MeTo,n;a II0JiylleHliR II0JIRpli30BaHHbIX rry11K0B pe30HaHCHblX HeihpOHOB, 

a TaK)Ke II0JIRpli30BaHHbIX R,n;epHbIX MHWeHeii 6bIJIH Wlip0K0 pa3BepHyThl 

IiCCJie,ll;0BaHHR IIOJIRpli3a,uli0HHbIX 3cpcpeKTOB B peaK,UHRX C HeHTpOHaMH. 

TaK, B II0JIRpH30BaHHblX rry11Kax rrpRMblM MeT0,ll;0M 
0

li3MepeHhl cnliHbl K0M· 

naytt.n;-ypoBHeii R,n;ep, liCCJie,n;oBaHo HapyweHHe npOCTpaHCTBeHH0H tieTH0· 

CTH B HeiiTpOHHblX pe30HaHCax H ,n;p. 

O,n;HO li3 H0BbIX HanpaeJieHlfH - HCCJie,D;0BaHlfe ceepXT0HKHX B3alfM0-

,n;eiicTBliH B aT0Max, co,n;ep:>KaI,uHX R,n;pa B BblCOKOB036y:>K,n;eHHbIX C0CT0RHli· 

RX. 3,n;ec1, nony11eHhI IiHTepecHbie H0Bhie .n;aHHhie o HeiiTpOHHhIX pe36HaHcax, 

B TOM llHCJie HX MarHiiTHblX M0MeHTax, 06 Ii3MeHeHirn pa,n;liyC0B R,n;ep npH 

IiX B036y)K)];eHlili. B TelleHHe MH0rlfX JieT ycnewHo Be,n;yTCR 3KCnepliMeHTbl 

no H3y11eHlilO pe,n;KHX npo.ueccoa a- pacna,n;a KoMnayH,n;-cocTORHliH pa3Jilill· 

HbIX R,D;ep H pa,n;lia,uH0HHoro 3axBaTa HeihpoHOB R,n;paMli. 

Y11eHhie l1HCTliTyTa BnepBbie ocyI,ueCTBliJIH onhITbl no noJiytieHHIO 

H xpaHeHlilO YJibTpaxoJI0,ll;HbIX HeiiTpOHOB B 3aKpbITbIX cocy,n;ax B TetieHlie 

MH0rHX C0TeH CeKyH,n;. 3TH pe3yJihTaThl Ba:>KHbl ,ll;JIR li3ylleHHR cpyH.n;aMeH

TaJibHbIX CBOHCTB HeHTPOHOB' a TaKme ,ll;JIR npliMeHeHlfR liX B HeiiTpOHHOH 

onTlfKe, cpli3lfKe TBep,n;oro TeJia H <pH3lfKe 3JieMeHTapHbIX 11aCTii,U. Ba:>KHOe 

3HatieHlie MR KBaHTOBOH TeopHii HMelOT 3KcnepliMeHTaJibHbie pe3yJILTaTbl 

HCCJie.n;oeaHlfR C noM0I,ublO TeIIJI0BbIX HeiiTpOHOB RBJieHHR 6o3e-KOH,D;eHca

UHH B caepxTeKy11eM reJilili. 

l1MnyJibCHbie peaKT0pbl Ol1Hl1 0Ka3aJIHCb BeCbMa 3cpcpeKTHBHbIM 

liHCTpyMeHT0M ,ll;JIR HCCJie,n;oBaHHR K0H,D;eHCiipoBaHHbIX cpe,n;, B TOM llHCJie 

CJI0:>KHhIX coe,n;lfHeHlfH Ii 6IioJiorli11ecKHx o6'heKTOB. HeiiTpOHOCTpyKTYPHhIH 

aHaJIIi3 C liCn0Jib30BaHHeM pa3BliTblX B l1HCTliTyTe MeT0,ll;0B n03B0JiliJI no

JIYllHTb ,ueHHbie ,n;aHHbie, H0Bbie no cpaBHeHlilO C KJiaCCHlleCKHM peHTreHo

CTPYKTypHbIM HCCJie,n;oBaHHeM. O,n;liH H3 HHTepeCHblX pe3yJibTaT0B 3THX 

pa6oT - II0CTp0eHlie rrpocTpaHCTBeHHOH Mo,n;eJIH liMMYHOrJio6yJilfHa. 

Be,n;yI,ulieCR B .l1HCTliTyTe R,n;epH0-¢H3HlleCKlfe HCCJie,n;oBaHliR II0Tpe-

6oBaJIH HCII0Jib30BaHliR BhlCOKOIIpOH3B0,ll;HTeJibHOH BblllHCJIHTeJihHOH Tex

HHKH H pa3JIH11HhIX aaToMaTH3IipoBaHHhIX CHcTeM o6pa6oTKH 3KcrrepliMeH

TaJibHoii HH<popMa,uHH • .[(nR 3Tlix ,ueneii B Ol1Hl1 co3,n;aH MOIUHhIH H3MepH

TeJibHO·BhlllliCJiliTeJILHhIH K0MIIJieKc, KOTOpblH HaCtIHThIBaeT 6onee 70 

3JieKTP0HH0·BblllHCJIHTeJibHbIX MaWliH pa3JIH11HhIX KJiaCC0B Ii TliII0B. Ero 

ocHoey cocTaBJIRIOT 6a30Bhie 3BM EC-1060, CDC-6500 H B3CM-6, rrpe,n;

Ha3Ha11eHHhie MR BbIII0JIHeHHR CJIQ)KHblX pac11eT0B H o6pa6oTKH 6oJihWOro 

061,eMa HH<pOpMa,uHH, IIOJiytiaeMOH B 0IIbITax Ha ycKopiiTeJIRX H peaKTope. 

3TH 6a30Bhie 3BM CBR3aHbl C H3MepHTeJibHbIMH .ueHTpaMH Jia6opaTopHH 

11:HCTHTYTa, ,n;eiiCTBYIOIUHMH Ha 0CH0Be MaWHH cpe.n;Hero KJiacca, H MoryT 

HCII0Jib30BaTbCR MR o6pa60TKH ,n;aHHbIX, B TOM llHCJie B peaJibH0M BpeMeHH 

rrpoee.n;eHlfR 3KcnepHMeHTa. MaJibie BblllliCJIHTeJibHbie MaWHHbi'HCIIOJih3YlOT

CR B CHCTeMax yrrpaBJieHHR pa6oTOH KpynHhlX cpli3HlleCKHX ycTaH0B0K, 11 
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cKam:1pyro1.QHx ycTpoiiCTB, B CHCTeMax HaKonneHH.fl H npe;a;BapHTeJibHOH o6-

pa6oTKH 3KCnepHMeHTaJibHOH HHq>OpMan;HH, a TaK:>Ke B CHCTeMax ;a;oczyna 

K MallIHHaM 6onee BbICOKoro ypoBH.fl. 

BhJ:trHCJIHTeJibHhIH KOMIDieKC OCHameH naM.fITblO 6oJibllIOro 061,eMa 

Ha MarHHTHbIX }J;HCKax, ceTblO TepMHHaJIOB, y;a;aneHHhIX CTaHQHH BBO;a;a

BhIBO}J;a HHq>OpMan;HH Ha pa6ot1HX MeCTax q>H3HKOB. YcnellIHOMY q>yHKQHO

HHpOBaHHIO KOMITJieKca cnoco6cTBYeT pa3BHTa.FI CHCTeMa MaTeMaTHtieCKOro 

06ecne11eH(l.fl, pa3pa6oTaHHa.FI cneQHaJIHCTaMH O11Jil1. Co3;a;aHhI e;a;HHa.FI ;a;n.FI 

6a30BhIX 3BM 6H6JIHOTeKa nporpaMM o6mero Ha3HatieHH.fl, CHCTeMbI npo

rpaMM }J;JI.fl o6pa6oTKH 3KCnepHMeHTaJibHbIX }J;aHHhIX, B TOM llHCJie ;a;JI.fl 

06ecnet1eHH.fl 3KcnepHMeHTOB' npOBO}J;HMhIX Ha KPYITHhIX 3JieKTpOHHbIX yc

TaHOBKax. 

BoJibllIOe BHHMaHHe B 11HCTHTyTe y;a;eJI.FieTC.fl TaK:>ke pa3BHTHIO MaTe

MaTHtieCKHX MeTO}J;OB pellleHH.fl q>H3HtieCKHX 3a;D;atI. 3;a;ecb pa3pa60TaHhI 

lJHCJieHHbie MeTO}J;hI H C03}J;aHhI CHCTeMbI nporpaMM ;a;JI.fl pellleHH.fl 3a;D;atI 

B o6JiaCTH yCKOpHTeJibHOH TeXHHKH, q>H3HKH nna3MhI, nnaHHpOBaHH.fl 3KCne

pHMeHTa, CTaTHCTHlleCKOro Mo;a;enHpOBaHH.fl CJIO:>KHhIX q>H3HtieCKHX npoQec

COB, TeopHH .FI;a;pa, TeOpHH 3JieMeHTapHbIX tiaCTHQ H ;a;p. 

Co3;D;aHHhIH B 11HcTHTYTe QeHTp ;a;JI.fl MaccoBoH o6pa6oTKH CHHMKOB 

C TpeKOBhIX ;a;eTeKTopoB OCHameH aBTOMaTHtieCKHMH H aBTOMaTH3HpOBaH

HhIMH H3MepHTeJibHhIMH CHCTeMaMH, pa6oTaIOinHMH Ha JIHHHH C 3BM. Cro;a;a 

BXO}J;.fIT npOCMOTpOBbie CTOJihI H H3MepHTeJibHbie MHKpOCKOilhI, CKaHHpyro-

1.QHe aBToMaThI HPD H "CnHpaJibHhIH H3MepHTeJib ", H3MepHTeJibHhie cHcrn

MhI Ha 6a3e 3JieKTpOHHO-JIYtieBOH Tpy6KH. ,[(JI.FI o6pa60TKH nony11aeMhIX 

;a;aHHhIX C03}J;aHhI CJIO:>KHhie CHCTeMhI nporpaMM. 

Ba3y ;a;JI.fl 3KCnepHMeHTaJibHhIX HCCJie;a;OBaHHH B O11.fil1 COCTaBJI.fIIOT 

YCKOpHTeJIH 3ap.FI:>KeHHhIX llaCTHQ H HCCJie;a;oBaTeJibCKHe HMilYJibCHbie peaK

TOpbI. IT03TOMY ecTeCTBeHHO TO 60JibllIOe BHHMaHHe, KOTopoe y;a;emteTC.fl 

B 11HCTHTyTe C03}J;aHHIO HOBhIX CHCTeM H ycoBepllleHCTBOBaHHIO HMeromHXC.fl 

ycTaHOBOK. TaK, B npoQecce 3KcnnyaTaQHH CHHXpocpa30TpoHa HenpepbIBHO 

npOBO}J;HJIOCb COBepllleHCTBOBaHHe ero Y3JIOB, C03;D;aBaJIHCb HOBbie HH:>KeK

QHOHHhie CHCTeMhI ;a;JI.fl paCIIIHpeHH.fl 3KCnepHMeHTaJibHbIX B03MO:>KHOCTeH. 

Ha CHHxpocpa3oTpoHe ocymecTBJieHo ycKopeHHe .FI;a;ep T.FI:>Kenee Bo;a;opo;a;a, 

H OH CTaJI nepBbIM peJI.fITHBHCTCKHM ycKOpHTeJieM .fl;a;ep. B nocne;a;HHe rO}J;bI 

ycnellIHO Be;a;yTC.fl pa3pa60TKH MO}J;eJibHoro CBepxnpOBO;D;.FIInero CHHXpo

TpOHa ;a;JI.fl npHo6peTeHH.fl OilhITa B coopy:>KeHHH H 3KCnJiyaTaQHH CBepxnpo

BO}J;.fllnHX ycKopHTeneiL 

B 11HCTHTyTe BhIIlOJIHeH IIIHpOKHH QHKJI TeopeTHt1ec1mx H 3KcnepH

MeHTaJibHbIX HCCrre;a;oBaHHH HOBbIX THITOB CHJibHOTOllHhIX ycKopHTerreif, 

coopy:>KeH HCCJie;a;oBaTeJibCKHH 3JieKTpOHHhIH KOJibQeBOH QHKJIOTpOH C :>KeCT

KOH q>OKYCHpOBKOH. CHHXpOQHKJIOTpOH O11.fil1 peKOHCTpyHpoBaH B CHJib

HOTOllHhlli q>a3oTpOH, llTO OTKphIBaeT HOBbie 3KCnepHMeHTaJibHhie B03MO:>K

HOCTH ;a;JI.fl q>H3HKOB. 

IllHpOKOe pa3BHTHe B 11HCTHTyTe IIOJIYllHJia TeXHHKa ycKopeHH.fl T.fl

:>KeJibIX HOHOB. 3;a;ecb C03}J;aHhI QHKJIOTpOHbI ;a;JI.fl ycKopeHH.fl MHOr03ap.FI;a;-



HhIX H0H0B, 0TnHqaromHeC.fl BhICOKOH HHTeHCHBH0CThlO nyqKQB H WHPOKHM 
,I:Uiana30H0M ycKop.HeMbIX HOH OB: BcneA 3a KnaccHqeCKHM UHKn0Tp0H0M 

Y-300 6hm co3AaH ABYXMeTpOBhIR..n3oxpoHHhIH IJ;HKn0TpoH Y-200, KOTOphIH 

nocny)KHJI M0AenhIO An.fl nocTpoeHHoro n03AHee M0IUH0ro IlHKn0TpoHa 

Y-400. 

YqeHhIMH 11HcTHTyTa bhm npe,n;no)KeH npHHUHnHanhH0 HOBhIH MeT0A 
ycKopeHH.fl, Ha3BaHHhIH KonneKTHBHhIM MeT0A0M, 3KcnepHMeHThl noA

TBepAHnH B03MQ)KH0CTh C03AaHH.fl KonneKTHBH0ro YCK0pHTen.H H nepcneK
THBH0CTh 3Toro HanpaBneHH.fl. BeAeTC.fl coopy)KeHHe K0nneKTHBHoro ycKo

pHTen.fl TH)KenhIX HOH OB. 
C nepBhIX neT cymecTaoaaHH.fl Ol1JU1 HaqanHcb pa6oThI no co3AaHHIO 

HCCneA0BaTenbCKHX HMnynbCHhIX peaKT0p0B Ha 6bICTphIX HeHTpOHax. CHa

qana 6hm nocTpoeH peaKTop HEP, AOnonHeHHhIH 3aTeM HH:»eeKTopoM -

nHHeHHhIM YCK0pHTeneM ,meKTp0H0B, era CMeHHn 6onee MOIUHhIH peaicrop 

HBP-30. B HacToHmee apeM.fl yqeHhie BeAyT HccneAoBaHH.fl Ha co3AaHH0M 

a ,Uy6He M0IUH0M peaKTope HBP-2. 
Ycnex MH0rHX 3KcnepHMeHT0B o6ycnoaneH CBOeBpeMeHHOH paapa-

6oTKOH opHrHHanbHblX MeT0A0B H C03AaHHeM 3cpcpeKTHBHOH annapaTyphI. 

B 11HCTHTyTe pa3pa6oTaH HOBhlH THn .fl,D;epHbIX MHWeHel1: - CBepx3BYK0-

Ba.fl CTpy.H ra3006paaHoro aemecTaa (BOAOPOAa, Ael1:TepH.H, renH.H), npoxo

AHI.Ua.fl qepe3 BaKyyMHYIO KaMepy ycKopHTen.H. BonbWOH o6'beM 3KCnepH
MeHTanbHOH HHq>OpMau;HH nonyqeH Ha KpynHhIX ny3hlpbK0BhIX KaMepax: 

)KH,D;K0B0A0P0AHhIX, nponaH0BhIX, KCeHOHOBOH, noMemeHHhlX B MarHHrnoe 
none, a TaK)Ke Ha CTpHMepHhIX KaMepax. LJ:n.H onhIT0B Ha ycKopHTen.flX 

Ol1f.ll1 H ApyrHx u;eHTp0B C03AaHhl 6onbWHe MarHHTHhie cneicrpoMeTphI, 

B K0T0phIX Hcnonh3YIOTC.fl HCKp0Bhie, nponopu;HoHanbHhie H ApeH(pOBhie 
KaMepbI, CUHHTHnn.flIJ;H0HHhie r0A0CK0nhI, cn0)KHhie sneKTp0HHhie cxeMhI; 

annapaTypa pa6oTaeT Ha nHHHH c 3BM. 

lIIHpOKoe pa3BHTHe nonyqHna B 11HCTHTyTe KpHoreHHa.fl TeXHHKa. 

C03AaHhl BhIC0K0npoH3B0AHTenbHhie ycTaH0BKH An.fl Q)KH:>KeHH.fl ra30B, 

MHWeHH C :>KHAKHMH B0A0P0A0M, AeHTepHeM H renHeM pa3MepoM AO 3 M, 
yn0M.flHYThie CTpyHHbie MHWeHH, KpHoreHHhie CHCTeMbl ny3hlpbK0BhlX Ka

Mep. LJ:n.H nonyqeHH.fl ~BepXHH3KHX TeMnepaTyp pa3pa6oTaHhl 0pHrHHanbHbie 

ycTaH0BKH C BhICOKOH xonoAonp0H3B0,I:UiTenbH0CTblO Ha 0CH0Be paCTB0-

peHH.fl renH.fl-3 B renHH-4. Ha HX 6a3e C03AaHhl non.HpH30BaHHhie B0A0P0A
Hble H .fl,D;epHbie MHWeHH. 

l1ccneAOBaHH.fl a o6naCTH .flAepHOH cneKTp0CK0ilHH BeAyTC.fl · c no

M0I.UblO C0BpeMeHHhIX a-' {3- H y-cneKTp0MeTpoa; pa,n;H0XHMHqecKa.H 
"nonyropHqa.H" na6opaTopHH no3aon.HeT o6pa6aThIBaTh BhicoicoaKTHBHhie 

o6pa3IJ;hl. LJ:nH MH0rHx onhIT0B, B oco6eHHOCTH C T.fl)KenhIMH H0HaMH, pa3-

pa6oTaHhl 3KCnpeCCHhie MeT0Ahl BhIAeneHH.fl K0p0TK0:>KHBYIUHX np0AYKT0B 

.HAepHbIX peaKIJ;HH, sneicrpoMarHHTHhie Macc-cenapaTophI H Macc-aHanH3a
T0phI. 

B 3KCnepHMeHTax Ha nyqKax HMnynhCH0ro peaKTopa Hcnonb3YIOTC.fl 
pa3nHqHhie THnhI cneKTpoMeTpoa: c MexaHHqecKHM npepbIBaTeneM, o6paT- 13 
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HOH reoMeTp1u1, ,nayxoceaoH. BceBo3pacTaJOm;ee BHHMaHHe y,nemrnTc.R pa3-

pa6on<:e CTaH,napTHOH per11cTp11pyrom;eH 11 ynpaBJmrom;eH 3neKTpOHHOH an

napaTyphI, a TaK)Ke pa3BHTHIO H3MepHT'e)lbHbIX ueHTpOB na6opaTOpHH 

011Hl1. [{eHTpbl OCHam;alOTCR annapaTypoH )];nR HaKonneHHR H aHanH3a 

3KCnepHMeHTMbHOH HHq>OpMaUHH, CHCTeMaMH 3neKTpOHHbIX BhltJHCnHTenh

HbIX MallIHH. 

OcHOBHa.R 3a,naqa ytJeHhIX Harnero 11HCTHTyTa - npoae,neHHe cpyH,na

MeHTanbHbIX 11:ccne,noaaHHH B o6nacTH .a,nepHOH q>H3HKH. 0.n;Hal<:o pa3BHTHe 

YCKOpHTenhHOH TeXHHKH, MeTO)];OB ,neTeKTHpOBaHHR tJaCTHU H 3neKTpOHHOH 

TeXHHKH Hepe,n;KO naeT B03MO,KHOCTb 3cpcpeKTHBHO pernaTh BIDKHhie 3a,natJH 

B o6naCTH Me)];HUHHhI, 611:onorHH, reonorHH, pa3nHtJHbie TeXHHtJeCKHe npo6-

neMbl. TaK, Ha cneUHanbHO ccpopMHpOBaHHblX nytJKax npQTOHOB H 17-Me3o

HOB Ha CHHXPOUHKnOTpOHe COTpy,nHHKH 0HKOnorHtJecKoro HaytJHoro ueHT

pa AMH CCCP coaMeCTHO c q>H3HKaMH 011Hl1 ae,nyT pa6oThI, CBR3aHHhie 

C netJeHHeM 3nOKatJeCTBeHHbIX onyxoneH y tJenoBeKa. B 11HCTHTyTe pa3pa-

6oTaHa MeTO)];HKa nonytJeHHR pa,n:11:oaKTHBHhlX H30TOilOB, OTnHtJaJOUJ;HXCR 

XOpOllIHMH xapaKTepHCTHKaMH H BhlCOKOH pa.n;HOH30TOilHOH tJHCTOTOH, 

ITpHMeH.ReMbie q>H3HKaMH MeTO)];bl perHCTpaUHH T.fDKenhIX 3apR:lKeH

HbIX tJaCTHU C IlOMOUJ;blO nonHMepHblX nneHOK HalllnH 3cp<peKTHBHbIH BbIXO)]; 

a npoMbilllneHHYIO npaKTHKy: nyTeM o6nytJeHHR nneHOK ycKopeHHbIMH 

T.RmenblMH HOHaMH nonytJaJOT R,nepHbie q>HnbTpbI, KOTOpbie HMelOT ueHHbie 

KatJeCTBa H MoryT 6hITb HCnOnb30BaHhl ,nnR OtJHCTKH :lKH)];KOCTeH H ra30B, 

CTepHnH3auHH npo,nyKTOB, OtJHCTKH Me)];HUHHCKHX npenapaTOB H ,np. Pa3pa-

6oTaHbl MeTO)];bl pa.n;HOH30TOilHOro H peHTreHocpnyopecueHTHOro aHMH3a 

C HCnonb30BaHHeM pa3nHtJHbIX HCTOtJHHKOB pa,nHOaKTHBHOro H3nytJeHHR, 

npHMeHReMhie B reonorHH, Me,n11u11He, 611:onorHH H ,np. 

C IlOMOUJ;blO HMnynhCHblX nytJKOB HeHTpOHOB OT peaKTOpOB 011Hl1 

liCCne,nyIOT MaKpOCKOnHtJeCKYIO CTpyKTypy 061,eKTOB, B TOM tJHCne 611:ono

rHtJeCKHX MaKpOMoneKyn. Pa3pa6oTaH MeTo,n H3ytJeHHH TOH KOH aHaTOMH

tJeCKOH CTPYKTYPhI 061,eKTa c noMOUJ;hlO yc1<:opeHHhIX Ha CHHxpocpa3oTpoHe 

nytJKOB a -tJaCTHU H HOHOB renHH - HOHHaH pa,n:11:orpacpHH. 0,n;HH H3 ,neTeK

TOpOB - MHOronpoaonotJHa.R nponopUHOHMbHa.R KaMepa - 3cpcpeKTHBHO 

HCnonh3yeTCH B MoneKynHpHOH 611:onorHH ,nnH o6pa60TKH TOHKOCnOHHbIX 

pa,n:11:oxpoMaTorpaMM Hepa3pyrnarom;HM MeTo,noM. 

Pe3ynhTaThl 30-neTHeH HaytJHO-HccnenoaaTenbCKOH ,neRTenbHOCTH 

KonneKTHBa 11HCTHTyTa nonytJHnH 3acnymeHHO BhlCOKYIO oueHKY MHpOBOH 

HaytJHOH o6m;eCTBeHHOCTH. 29 pa6oT ytJeHblX 011Hl1 3aperHCTpHpOBaHbl 

KaK OTKpbITHH, COTpy,nHHKaMH 11:HCTHTyTa c,nenaHO OKOno 1000 H306pe

TeHHH. 0Kono 170 MOHOrpaq>HH, IlOCBHUJ;eHHhIX aKTYMbHbIM npo6neMaM 

COBpeMeHHOH q>H3HKH, HanHCanH ytJeHhie 11HCTHTyTa, e,Kero,n;Ho ny6nHKyeT

CH 6onee 1500 HaytJHbIX CTaTeli:, npenpHHTOB, ,noKna,noB Ha KOHcpepeHUHHX 

C pe3ynhTaTaMH pa6oT' BhmonHeHHbIX B 011Hl1. MHorHe HaytJHhie )];OCTH:lKe

HHH 11HCTHTyTa y,noCTOeHhl HaUHOHanhHbIX npeMHH CTpaH-ytJaCTHHU, rrpeMHH 

H Me,nanefi aKa.n;eMHH HayK 0 ,npyr0x Harpa,n. 
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BcH ,neHTeJU,HOCTb O6ne.n1meHHOrO HHCTHTyTa CTpOHTCH Ha OCHOBe 

WHpOKoro 1::1 pa3HOCTOpOHHero Mem,nyHapo,nHoro COTPYAHHlieCTBa C Hay1mo

HCCJie,noBaTeJibCKHMH ueHTpaMH, YHHBepCHTeTaMH 1::1 ,npyrHMH opraHH3a

UHHMH MHOrHX CTpaH, a TaKiKe Mem,nyHapo,nHbIMH opraHH3aUHHMH. rnaB

Hoe HanpaBneHHe B 3TOM COTpy,nH1::1qecTBe - COBMeCTHbie HayqHbie pa6oTbI 

yqeHbIX O11.flH 1::1 HX KOJIJier 1::13 CTpaH-yqaCTHHU, KOTOpbie B HaCTOHrn;ee Bpe

MH Be,nyTCH npaKT~eCKH no BCeH TeMaTHKe 11HCTHTyTa, B HHX yqacTByeT 

oKono 200 opraHH3aUHH cTpaH-yqacTHHU. Ha ocHoBe Koonep1::1poBaH1::1H npo

BOAHTCH TeopeT1::1qecK1::1e 1::1 3KCnepHMeHTaJibHbie HCCJie,noBaHHH, C03,naeTCH 

cpl::131::IqecKaH 1::1 3JieKTpOHHaH annapaTypa, opraHH3YlOTCH MeiK,nyHapo,nHbie 

KOHcpepeHUHH, COBelll;aHHH 1::1 WKOJlbI. HeKOTOPOH xapaKTepHCTHKOH Macw

Ta6oB 3TOro COTpy,nH1::1qecTBa MOryT CJIYiKHTb noe3,IJ;KH yqeHbIX B CBH3H 

C npoBe,neHHeM COBMeCTHbIX pa6oT: eiKero,nHo B .[J:y6Hy 1::13 CTpaH-yqacTHHU 

npHe3iKaeT OKOJIO 1500 cneu1::1an1::ICTOB, OKOJIO 500 qeJIOBeK Bbie3iKaeT 

1::13 OUfll1 B HaUHOHaJibHbie ueHTpbI. 

Ycnex1::1 11:HCTHTyTa B 6oJibWOH CTeneHH o6ycnOBJieHbl ero COTpy,nHH

qecTBOM co MHor1::1M1::1 HayqHbIMH ueHTpaM1::1 CoBeTcKoro Co103a. Cornawe

HHe Mem,ny O11Hl1 1::1 rocy,napCTBeHHbIM KOMHTeTOM no HCnOJib30BaHH10 

aTOMHOH 3Hepr1::11::1 CCCP oTKpbmo nepe,n yqeHbIMH 11HCTHTyTa 6on1,w1::1e 

B03MOiKHOCTH ,IJ;JIH npoBe,neHHH HCCJie,nOBaHHH Ha KpynHeiiweM COBeTCKOM 

ycKop1::1Tene B 11:HCTHTyTe cpl::131::IKH BbICOKHX 3HeprHH (IlpoTBHHO) . 

CoapeMeHHhie cp1::131::1qec1e1::1e ycTaHOBKH O11Hl1, pa60Tarorn;1::1e Ha rryq. 

Kax yc1eop1::1Teneii a .[J:y6He 1::1 IlpoTBHHO, HBJIHlOTCH HCTOqHHKaMH orpoM

Horo ofrbeMa 3KcnepHMeHTaJibHOH HH(pOpMaUI::11:1, B o6pa6oTKe KOTOpOH 

yqacTBYlOT BMeCTe c yqeHbIMH 11HCTHTyTa cneu1::1anHCTbl HaI.J;HOHaJibHbIX 

a;eHTpOB CTpaH-yqacTHHU. TaKHM o6pa30M ycKopHeTCH rronyqeHHe pe3yn1,

TaTOB 3KCrrep1::1MeHTOB, C ,npyroii CTOpOHbI, yqeHbie 1::13 CTpaH, r,ne HeT Kpyn

HbIX ycKOpHTeJieH, HMelOT B03MOiKHOCTb yqacTBOBaTb B Ba:lKHbIX (pl::131::Iqe

CKHX 1::1ccne,noBaHHHX, rrpHBJieKaTb K pa6oTe COTpy,nHHKOB YHHBepCHTeTOB, 

o6yqaTI, CTy,neHTOB • 

.ri:e,ITeJibHOCTb 11HCTHTyTa 0Ka3ana 6on1,woe BJIHHHHe Ha pa3BHTHe 

cpyH,naMeHTaJibHbIX 1::1ccne,nOBaHHH B o6naCTH H,nepHOH (pl::131::IKH B CTpaHaX

yqacTHHa;ax. Bo3HHKJIH HOBbie H,nepHO-cpl::131::IqecKHe a;eHTpbl, HHCTHTYTbI, 

na6opaTop1::11::1, 0HH 0CHarn;aJOTCH KPYnHbIMH (pl::131::IqecKHMH ycTaH0BKaMH. 

HMH pyK0B0,IJ;HT HJIH B HHX pa60TaJOT yqeHbie, nonyq1::1aw1::1e onbIT pa6oTbl 

a O61,e,nHHeHHOM HHCTHTyTe. :::ho, a CB0lO oqepe,nb, pacwHpHeT tt yrny6-

JIHeT HayqHbie H TeXHHqecKHe CBH3H O11Hl1 C HaI.J;H0HaJibHblMH opraHH3a

UHHMl1 CTpaH-yqacTHHIJ,. 

O61,e,nHHeHHbIH HHCTHTYT H,nepHbIX HCCJie,IJ;OBaHHH no.n,nepiKHBaeT WH

p0KHe HayllHbie CBH3H C MeiK,nyHapo,nHbIMH opraHH3aI.J;HHMH H (pH3HqecKHMH 

a;eHTpaMH CTpaH, He HBJIHlOlll;HXCH qneHaMH O11Hl1. Ha npoTHiKeHHH MH0-

rHX neT Be,neTCH Hayqttoe C0TPYAHHqecTB0 O61,e,nHHeHHoro HHCTHTyTa 15 



c EaponettcKHM ueHTpoM 11.n;epHhIX Hccne.n;oBa.HHH B )KeHeae, Me)K)l;yHapo.n;

HhIM TeopeTm1ec1<HM ueHTpoM B TpHecTe, 11HcTHTyToM HM.H.Eopa a Ko

neHrareHe, HTaJibHHCI<HMH HaQH0HaJibHhIMH ueHTpaMH. Ycneurno C0Tpy.n;HH· 

qaroT cpH3HKH )J:y6HhI c yqeHhIMH cpH3Hqec1<Hx HHCTHTYT0B UropHxa, CTpac-

6ypra, Ca1<ne, Opce, rpeHo6JIH, a Ta1<:1Ke pH.n;a HayqHhIX ueHTpoa AHrJIHH, 

<I>Pr, <l>HHJIHH,ll;HH, IOrocnaaHH. YqeHhie O11fll1 npHHHJIH yqacTHe a 3I<cne

pHMeHrnx Ha I<pynHettweM ycI<0pHTeJie np0T0H0B B HaQHOHaJibHOH yc1<0-

pHTeJibHOH na6opaTopHH CIIIA HM.3.<l>epMH. B O6'be.n;HHeHHOM HHCTHTyTe 

YCTa.H0BJieHhl CTHneH,ll;HH ,ll;JIH yqeHblX H3 rocy.n;apCTB, He HBJIHIOII.J;HXCH 

qneHaMH O11fll1. B J<aqecTae CTHneH.n;HaT0B 3,D;ecb pa60TaJIH cpH3HI<H H3 

HHCTHTYT0B MAr AT3 H IOHECKO, a TaI<:iKe pH.n;a CTpaH EBpOilhI, A3HH 

H AcppHI<H. . 

,nn11 ycnewHoro pa3BHTHH COBpeMeHHOH cpH3HtieCI<OH HayKH 6oJibWOe 

3HaqeHHe HMeeT WHpOI<HH o6MeH HHcpOpMaQHeH 0 pe3yJihTaTax HayqHhIX 

Hccne.n;oaa.HHH. Pa6oThI coTpy.n;HHI<0B 11HcTHTYTa ny6JIHI<YIOTCH B HayqHh1x 

:iKypHaJiax H MH0rHX .n;pyrHX H3,ll;8.HHHX pa3JIHqHblX CTpa.H MHpa. YqeHbie 60-

Jiee 50 CTpa.H nonyqaroT onepaTHBHYIO HHcpOpMaQHIO 0 .n;eHTeJibH0CTH O11fll1 

H HanpaBJIHIOT a )J:y6Hy CB0H coo6rn;eHHH. O6'be.n;HHeHHhlH HHCTHTYT HBJIHeT

CH opra.HH3aTopoM MH0rHX Me)K)l;yHapo,D;HhIX coaern;aHHH yqeHhIX H cneQHa

JIHCTOB. E:iKero.n;Ho np0B0,ll;HTCH HeCI<0Jibl<0 I<pynHhIX I<OHcpepeHQHH, CHMil0· 

3HYM0B H WI<0JI-CeMHHapoB, a Tal<:IKe 0I<0JI0 40 HayqHo-MeT0,ll;HqecI<HX 

H opraHH3aQH0HHhlX COBell.J;a.HHH. 

O6'be,D;HHeHHhIH HHCTHTYT no npaay 3aCJIY:IKHJI aBT0pHTeT WI<0Jihl 

BhlCWeH I<BaJIH(pHI<aQHH ,ll;JIH yqeHhIX H cneQHaJIHCT0B H3 CTpa.H-yqacTHHU, 

HayqHbie I<0JIJieI<THBhl B 11HCTHTyTe B03rJiaBJIHIOT H3BeCTHhie yqeHhie, 

a HaCT0Hrn;ee ~peMH a O11fll1 pa6oTaIOT 5 a1<a.n;eMHI<0B H 6 qJieH0B·I<0ppec

Il0H,ll;eHT0B a1<a.n;eMHH Hay1<, 0I<0JI0 170 ,ll;0I<T0p0B H 550 1<8.H,ll;H,ll;aT0B Hay1<. 

B ,[(y6He C03,D;aHhl xopowHe YCJI0BHH ,ll;JIH TBopqec1<oro pocTa yqeHhIX: 

nepe,D;OBOH coapeMeHHhIH ypoaeHb np0B0,ll;HMhIX HCCJie.n;o~a.HHH H B03M0:IK· 

H0CTb HCil0Jib30B8.HHH YHHI<aJibHOH TeXHHI<H, pa6oTa BMeCTe C BhIC0I<0I<Ba

JIH(pHQHpOBa.HHhIMH cneQHaJIHCTaMH H HayqHhIH .n;eM0I<paTH3M, TBopqecI<aH 

aTMOCcpepa Il0HCI<a. HecI<OJibl<O ThICHq yqeHhlX H HH:iKeHepoB H3 MH0rHX HH· 

CTHTYT0B CTpaH-yqacTHHU np0WJIH WI<0JIY O11fll1, MH0rHe H3 HHX B03rJiaBH· 

JIM 60JibWHe HCCJie.n;oaaTeJibCI<He I<0JIJieI<THBhl H HayqHhie HanpaBJieHHH. 

Ha npoTH:iKeHHH 30 JieT .n;eHTeJibH0CTb O6'be,D;HHeHHOro HHCTHTYTa 

HeH3MeHH0 npHBJie1<aeT BHHMa.HHe Me)K,ll;yHapO,ll;HOH o6rn;eCTBeHHOCTH. MH
CTHTYT noceTHJIH Bhl,ll;aIOII.J;HeCH yqeHbie MH0rHX CTpa.H, I<PYnHhie o6rn;ecTBeH

Hhie H Il0JIHTHqec1<He .n;eHTeJIH, ,ll;HilJI0MaThl H npe.n;CTaBHTeJIH acex cpe,D;CTB 

MaCCOBOH HHcpopMaQHH. 06 11:HCTHTyTe H ero yqeHblX e:iKero.n;Ho ny6JIH· 

I<YIOTCH .n;ecHTI<H CTaTeH B ra3eTax H :iKYPHaJiax pa3HhlX CTpa.H. 

O6'be,ll;HHeHHhlH HHCTHTYT Harpa:iK,D;eH I06HJieHHbIM noqeTHhIM 3HaI<0M 

UK KIICC, Coaern MHHHCTpoa CCCP, BepxoaHoro CoaeTa CCCP H BUCIIC 

B qecTb 50-neTHH o6pa30Ba.HHH CCCP. 3a ycnexH, .n;oCTHrHyThie B cpyH.n;aMeH

TaJibHhIX H npHI<Jia,ll;HhlX HCCJie,ll;0Ba.HHHX B o6JiaCTH cpH3HI<H 3JieMeHTapHbIX 

16 qaCTHU H H,D;epHOH cpH3HI<H, 60JibWOH BI<Jia,ll; B no.n;roT0BI<Y BhIC0I<0I<BaJIH· 



cp1nzy1poBaHHbIX HayqHbIX Ka,D;p0B H pa3BHTHe HayqHo-TeXHHqeCK0I'0 C0TPYA

HHqecTBa C0I.UiaJIHCTHqecKHx cTpaH npaaHTeJihCTB0 CCCP Harpa,n;Hno 

011811 op,D;eH0M ,n:pyiK6bI Hapo,D;0B, IlpaBHTeJibCTBO COllHaJIHCTHqecKOH 

Pecny6JIHKH BbeTHaM Harpa,n;HJI0 11HCTHTYT op,D;eH0M ,n:py:>IC6bI. . 

30-JieTHHH ,D;eHTeJibH0CTb 011811 HBHJiaCb npHMepoM ycneWHOH HHTer

pallHH TBopqecKHX CHJI H MaTepHaJibHbIX pecypcoa C0llHaJIHCTHqecKHX CTpaH 

a O,D;HOH H3 aa:>ICHeiiurnx o6nacTeii coapeMeHHoii HayKH. BonLwoii onhIT 

pa3H0CT0p0HHHX MeiK,D;yHap0,D;HblX CBH3eH H HayqHoro C0Tpy,D;HHqecTaa 

Il03B0JIHeT 11HCTHTYTY ycneWH0 BbIIl0JIHHTb p0Jib K00p,D;HHHpyrolllero lleHT

pa BO MH0I'HX HCCJie,D;0BaHHHX, np0B0,Il;HMbIX CTpaHaMH-yqacTHHllaMH 011811. 

3Ta cpyHKllHH 11HCTHTyTa npHo6peTaeT oco6eHHO Ba:>ICHoe 3HaqeHHe B CBH3H 

c npe,D;CTOHL!leii pa3pa6oTKoii KoMnneKcHoii nporpaMMhI HayqHo-TeXHHqe

cKoro nporpecca CTpaH-qneHoB C3B Ha 15-20 neT, i<oTopaH ,D;0JI:>ICHa 

Il0M0% 6bICTpeiiweMy peweHHIO C0BMeCTHbIMH YCHJIHHMH Ba:>ICHeHWHX B0-

npocoa a o6JiaCTH HayKH H TeXHHKH. Ha C0CT0HBWeMCH a HIOHe 1984 ro,D;a 

a MocKBe 3KOHOMHqeCKOM C0BelllaHHH CTpaH-qJieH0B C3B Ha BbICWeM 

ypoBHe 0TMeqeHa oco6aH aKTYaJibH0CTb BCeMepH0I'0 ycKopeHHH Hayqtto

TeXHHqecKoro nporpecca H npe,D;JI0iKeHo pa3pa6oTaTb KoMnneKceyro npo

rpaMMY KaK 6a3y ,Il;JIH Bblpa6oTKH corJiaCOBaHHOH, a B HeK0T0p:q1x o6JiaCTHX 

H e,D;HHOH HayqHo-TeXHHqeCKOH Il0JIHTHKH. 

B 3aKJiroqeHHe 0TMeTHM, qTo O6ne,D;HHeHHblH HHCTHTYT npHCTYnHJI 

K peaJIH3ailHH caoero ce,D;bM0ro IlHTHJieTHero IlJiaHa pa3BHTHH. 3TOT IlJiaH 

yqHTbIBaeT 0CH0BHbie coapeMeHHbie TeH,D;eHI.UiH B TeopeTHqecKOH H 3KCnepH

MeHTaJibHOH (pH3HKe H npe,D;ycMaTpHBaeT npoae,D;eHHe WHp0K0ro Kpyra 

HCCJie,D;OBaHHH B o6naCTH (pH3HKH 3JieMeHTapHbIX qacTHll, aT0MH0ro H,D;pa 

H K0H,D;eHCHp0BaHHbIX cpe,D; • .n:aJihHei1:wee pa3BHTHe nonyqaT TeXHHKa ycKo

pHTeJieH H HMilYJihCHblX peaKT0p0B, MeT0,D;HKa (pH3HqecKoro 3KCnepHMeHTa 

H o6pa60TKH 3KcnepHMeHTaJihHOH HHcpopM~H, BbJqHCJIHTeJihHaH TeXHHKa, 

a TaKiKe npHMeHeHHe H,D;epHO-(pH3HqecKHX MeT0,D;0B MH npHKJia,IJ;HbIX pa6oT' 

BbipacTeT co6cTBeHHaH np0H3B0,D;CTBeHHaH 6a3a ,D;JIH H3r0T0BJieHHH Mexa

m1qecKoro H 3JieKTp0HH0ro o6opy,D;OBaHHH. 
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MocKBa, MapT 1956 rona. CoBelUlllfHe npencrauHTeneA npauHTeJibCTB coI01aJIHCTH11ecKHX rocynapcm, 
Ha K0TopoM npHIDITo peweHHe 06 yqpe)K,l];eHHH O61,enHHeHHoro HHCTHTyTa .Hnep111,1x HccnenouaHHA. 
B1,1crynaer rnauui,m yqeui,m ceKperapi, Ilpe3HnnyMa AH CCCP aKaneMHK A.B.ToI111HeB. 

Ilepuu nupeKIOI.H OIUIH - nHpeKTop HHCTHTyTa npocf>eccop ,ll.H.linoxHHueu (B ueuTpe), uuue
nupeKTopa npocf>eccop M.)laHbIW (IlHP) H npocf>eccop B.BoTPy6a ('ICCP). 



1976 ro)];. O6'be,IJ,HlleHHLIH HHC1111Yf Jl)];epHblX HCCJie)];0BaHHH Harpa)K)];eH op)];eH0M .Ilpf)K6bl Hap0A0B. 
Or HMeHH Ilpe3HAffYMa BepxoeHoro Coee-ra CCCP npe3HAeHT AK3AeMHH HayK CCCP aKa)];eMHK 
A.Il.AneKCaHApoe Bp}"laeT HarpaAy AHpeK~H OIUIH . 

.IlupeK~ HHcTHTYTa H36apae-rcs KoMHTeTOM IloJIHOMOlfHLIX IlpeACTaeHTeneu npaeHTeJibcTB CTPaH
}"laCTHHI( H orne-rcrneHHa nepeA HHM 3a TeKyuzyro :r:.esTeJibH0CTb OH.HM. B 1983 ro:r:.y AHpeKTopoM 
11HCTH1)'Ta BH0Bb H36paH aKa)];eMHK H .H.6oroJII06oe, BHI(e•AHpeKTopaMH - npo<l>eccop A.CaUAynecKy 
(CPP) H npo4>eccop 3.3HTpanbro (Pecny6JIHKa Ky6a). 



I 
I 

I 

,lly6ua, 26 MapTa 1981 romi. 
Top)KeCTBeHHoe co6paHHe, no
CBJrmeHHoe 25-nermo o6pa3o
B3HIDI O61,eAHlfeHHoro HHcrn
Tyra H.D:epm,ix Hccne.z:i:osauua. 
B npe3HJnfyMe co6paHHH 
rJiaBLI .D:HnJI0MaTffllecKHX 
npe.z:i:cTaBHTeJILCTB H IloJIHo
M01DU,1e Ilpe.z:i:CTaBHTeJIH npa
BHTeJILCTB CTp3H·}'113CTJIHU 
OHHH, npe.n:CTaBHTeJIH MHHH
CTepCTB H Be.D:0MCTB no 3T0M
HOA: 3HeprHH, BHro{Lie }'11eHLie 
rocy,z:i:apcTB-<meHoB HHcrnry
Ta. 





}ly6ua, 1970 ro,D;. CornawenHe o nayqHo-TeXHHlleCK0M C0'fPY,!1;HfflleCTBe Me)K,l],y 011.HH H focy,D;apcr
eeHHLIM K0MHTeT0M no Hcnom,3oeaumo aToMnou aueprHH CCCP n0AilHCaJIH npe,D;cemneJlb fKA3 
A.M.OeTpoc1,J1H~ H ,D;HpeKT0p 011.HH aKa,D;eMHK H.H.6oromo6oe. 

}ly6ua, MapT 1984 ro,D;a. 3ace,D;aHHe i<oMHTeTa OomwMoqm1x OpeACTaBHTeJieu npaeHTeJII,CTB CTJ)aH· 
yqac~ 011.HH. 



1981 ro.a;. 3a u1,marommtcs 
BKJia,!l; B CO3,!l;amte H pa3BHTHe 
s.a;epuoA <f>u3HKH BO B1>eTHaMe 
liHCTHTyT uarpaX<,IJ;eH B1>e111aM
CKHM op.a;euoM Upy)K61,1. 
Harpa.a;y upyqae-r- llpe3u1,1qaA
HblH H IloJIH0Moqu1,1A IlocoJI 
CoIU1aJIHCTH11ecKoii: Pecny6-
JIHKH B1,eTHaM Hryeu Xb1y 
MaA. 

J,faueCTHble COBeTCKHe yqeu1,1e H cneIIHaJIHCTbl BO3rJiaBHJIH 
B 011.SIH Ba)Kffble uanpasJieHHJI .a;esTeJI1>HOCTH. Bo upeMB 3ace
.a;auHJ1 KoMHTeTa IloJIH0Moqu1,JX Ilpe.a;cTaBHTeJieu B 1984 ro.a;y 
(cJieBa HanpaBO B nepBOM ps.a;y): .a;upeKTOp n.SIP aKa.a;eMHK 
f.H.«l>JiepoB , .a;upeKTop JUIIl qJieH-Koppecnou.a;euT AH CCCP 
B.Il.,ll)KeJienou, .a;upeKTop JIB3 aKa.a;eMHK A.M.EaJI.a;HH, .a;upeK
Top JIHCI> aKa.a;eMHK 11.M.Cl>paHK, .a;upeKTop nBTA qJieH•Koppec
nou.a;eHT AH CCCP M.f.Me111epJ1KOB. 



M110ronernee uayt111oe co'I'pyn
HlfllecTBO CBJl3LmaeT )];Ba 
Me)K)];ynaponu1,1x nayqHLIX 
~eH'I'pa - OIDIH u QEPH. 
CoBMecrn1,1e uccne,noBauHJI 
JIBJlJIIOTCJI npenMeTOM pery
MpHbIX o6cf)K)];emrn. llupeK
Top OIDIH aKaneMHK H.H.Bo
romo6oB u reuepan1,u1,1u nu
peKTop QEPHa npo4>eccop 
B.ElfllKe B lly6ue B HIOHe 
1971 rona. 



CpeAH BCeMHpH0 H3BecTilbIX yqemIX, II0CeTIIBIIIHX .Ily6Hy' 6LIJI Bbmru<>IQHHCB <l>paHU}'3CKHH <l>H3HK 
H o6~ecTBeHHLIH i:i;eBTeJIL 4>pei:i;epHK )KoJIHo-KropH (TPenm: crrpaea). 

BonLwyro II0M0~ H BHHMaHHe liHCTHryTy 
oKa3LIBan rrpe3H.D;eHT AH CCCP M.B .Keni:i;LDII. 
AKai:i;eMHK H .M.4>paHK 3HaK0MHT aKai:i;eMHKa 
M.B.Keni:i;L1wa c Hccnei:i;oBaHHBMH, rrpoeoi:i;H
MLIMH B Jla6opaTOpHH HeHTPOHHOit <l>H3HKH. 

BLI.D;aIOIQHHCB i:i;aTCKHH yqeHLiif HHnLC Bop 
6Lm rocTeM O61,e.D;HHeHHoro HHCTHTYT3 (Ha 
CHHMKe B u;eHTPe). 



B opraHH3a~ O61,e,n:HHeuuo
ro HHCTHTyra, ero CTaH0Bne
HHH H pa3BHTHH npHHHManH 
yqacme MH0rHe Bbl,0:3IOUUfeCJI 
yqeub1e u oprauH3aTOpbI uay
KH couuanucTW1eCKHX CTJ)an. 
Ha CHHMKe: aKa,n:eMHKH n.11.u
<t>enb,n: (TTHP) , H.H.Boromo-
6oB H 11..E.TaMM. 

AKa,n:eMHK M.AMapKoB, ua
qanbHHK ynpaBneuHJ1 fKA3 
CCCP A.A.BacunbeB, aKa,n:e
MHK A.A.noryuoB. 



,UupeKTop OIUIH aK3,Il;eMHK H.H.Boromo6oe 6eceizyeT c IloJJHoMO'IHI,IMH Ilpe,o:CTaBHTelUIMH BenrpHH 
H PyMblHHH 3K3,Il;eMHK3MH IlJIHOIIIH H X.Xyny6eeM. 

AK3,IJ;eMHKH HJI.IloMepau
qyic, C.H.Bepuoe H B.H.BeK
cnep. 
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1ITO TAKOE OJ1HJ1? 

HCTOPHJI C03,aAHHJl 

26 MapTa 1956 roAa Aeneramrn npaBIITeJibCTB COUHaJIHCTHlleCKliX 

cTpaH co6panHcb a Mocicae, tITo6bI o6cyAHTb npeAJIO,KeHHe npaaHTeJibCTBa 

CoaeTCKoro Co103a O npoBeAeHHH COBMeCTHbIX HCCJieAOBaHHH B o6JiaCTH 

HAepHOH q>H3HKH. B 3TOT AeHb 6bIJI IlOAilHCaH AOKyMeHT' BOilleAillHH B HC

TOpHIO KaK MoCKOBCKOe cornarneHHe O C03AaHHH O61,eAHHeHHOro HHCTH

TyTa .RAepHbIX HCCJieAOBaHHH a ,[(y6He. IIpaaHTeJibCTBa COUHaJIHCTHlleCKHX 

CTpaH peillHJIH 3aKJIIOllHTb CornarneHHe, " ••• npHAaBaH Ba:>KHOe 3HatieHHe HC

IlOJib30BaHHIO aTOMHOH 3HeprHH B MHpHbIX ueJIHx Ha 6naro acero t1enoae

t1eCTBa If npH3HaBaH Heo6XOAHMOCTb COTPYAHHlleCTBa yt1eHbIX pa3JIHllHbIX 

CTpaH B TeopeTHlleCKHX If 3KcnepHMeHTaJibHbIX HCCJieAOBaHHHX B o6naCTH 

HAepHOH q>H3HKH C ueJiblO pacrnHpeHH.R B03MO:>KHOCTeH HCilOJib30BaHHH 

aTOMHOH 3HeprnH B MHpHbIX uenHx". CornarneHHe IlOJIO)KHJIO HallaJIO npaK

THlleCKOH AeHTeJibHOCTH nepaoii Me:>KAyHapoAHOH Hayqaoif opraHH3aUHH 

COl.(HaJIHCTHlleCKHX CTpaH. 

CoaeTCKHH Co103 6e3B03Me3AHO nepeAan HOBOMY Hayt1H0My u;eHTpy 

ABa HHCTHTyTa AKaAeMHH Hayic CCCP: HHCTHTYT HAepHbIX npo6neM, a Ko

TopoM AeHCTBOBaJI OAHH H3 caMbIX KPYIDlbIX ycicopHTeJieH - CHHXPOUHKJIO

TpOH Ha 3HeprHIO npOTOHOB 680 M3B, If 3neKTpOq>H3HlleCKylO na6opaTOpHIO, 

B KOTbpOH 3aaeprnanocb CTpOHTeJibCTBO Kpymeiirnero ycicopHTeJIH -

CHHXpOq>a30TpoHa Ha 3HeprHIO npoTOHOB 10 r3B, C nepBOKJiaCCHbIM o6opy

AOBaHHeM If BCeMH BCilOMoraTeJibHbIMH 3AaHHHMH If coopy:>KeHHHMH.B 3THX 

opraHH3al.(HHX HMeJIHCb CJIO:>KHBillHeCH 60JibillHe KOJIJieKTHBbI KBaJIHq>HUH

poBaHHbIX yt1eHbIX, lfH)KeHepoB, MexaHHKOB, na6opaHTOB H TeXHHKOB. 3To 

H36aBHJIO BHOBb C03AaHHbIH 0:HCTHTYT OT AJIHTeJibHOro nepHOAa opraHH3a

UHOHHbIX TPYAHOCTeH If Il03BOJIHJIO HeMeAJieHHO npHCTYilHTb K pa6oTe Ha 

YHHKaJibHbIX ycicopHTeJIHX. 

CornarneHHe yCTaHaBJIHBaJIO, llTO 0:HCTHTYT COAep:>KHTCH If pa3BHBa

eTCH Ha cpeACTBa CTpaH-yllaCTHHU B BHAe AOJieBbIX B3HOCOB, HCllHCJieHHbIX 

C yqeTOM Hal.(HOHaJibHOro AOXOAa If ApyrHx cpaKTOpOB. Ho pa3Mep AOJieaoro 

B3HOCa He BJIH.ReT Ha CTeneHb yqacTH.R Toro HJIH HHoro rocyAapCTBa-t1JieHa 

B Hayt1HOH AeHTeJibHOCTH H ynpaaneHHH HHcTHTYTOM. CornarneHHe onpeAe-



JIHJI0 nopH,D;0K BCTyrmeHHH H BbIX0,D;a rocy,n;apCTB H3 O6'be,D;HHeHHOro HH
CTHTyTa 11,n;epHbIX HCCJie,D;OBaHHH. 

Bbm ycTaH0BJieH npHHn;Hn BbI6opHOCTH ,D;HpeK~H MacTHTyTa, 0TBeT
CTBeHHOH nepe,n; npaaHTeJibCTBaMH rocy,n;apcTa-tUieaoa OH.RH 3a ero TeKy
m;yro ,n;e11TeJibH0CTb. Ha MocKOBCKOM coaem;aaHH 6bma e,n;HH0rJiaCH0 H36-
paaa nepaaH ,D;HpeKn;HH O6'benHHeHHoro HHCTHTyTa H,n;epHbIX HCCJie,D;OBaHHH: 
,n;HpeKTop - ~3aecTHbIH coaeTCKHH yqeHbIH npocpeccop ,U.H.BJIOXHHn;ea, 
BHn;e-,n;HpeKTopa - npocpeccop B.BoTpy6a (qexocJioaaKHH) H npocpec
cop M.,UaHblllI (IlOJibllia) • )];HpeKn;HH Il0JIYIIHJia nepaoe nopyqeHHe - no,n;
r0T0BHTb npoeKT YCTaaa Hoaoro liHCTHTyTa. 

Ha nepaoM coaem;aaHH KoMHTeTa IloJIHOMoqHbIX Ilpe,n;cTaaHTeneif 
rocy,n;apcTB-tUieH0B OH.RH 23 ceHTH6p.a 1956 ro,n;a a ,Uy6ae 6bIJIH npHHHTbl 
YcTaa H IloJio:>KeHHe o nepcoHane. YcTaa onpe,n;eJIHJI ropH,n;HqecKHH ·cTaTyc 
HHCTHTyTa KaK Me,K,D;yHapo,n;HOH HayqHo-HCCJie,n;oBaTeJibCKOH opraHH3a~H. 

"Bceif caoeif ,n;eHTeJibH0CTblO MHcTHTYT 6y,n;eT cnoco6cTBOBaTb HC
Il0Jib30BaHHIO H,n;epHOH 3HeprHH T0JibK0 ,D;JIH MHpHbIX n;eJieH Ha 6Jiaro qeJI0-
aeqecTaa", - TaK onpe,n;eJieHo ocHoaaoe HanpaaJieHHe ,n;e11TeJibH0CTH OH.RH 
a YcTaae (maaa II, cTaTbH 4). 

"O6'be,D;HHeHHblH HHCTHTYT 11,n;epHbIX HCCJie,D;OBaHHH HMeeT caoeif 
n;eJiblO: 

o6ecneqeHHe coaMeCTHoro npoae,n;eHHH TeopeTHqecKHX · H 3KcnepH
MeHTaJibHbIX HCCJie,D;OBaHHH B o6JiaCTH H,n;epHOH q:>H3HKH yqeHbIMH rocy
,n;apCTB-tUieH0B liHCTHTyTa; 

co,n;eHCTBHe pa3BHTHIO H,n;epHOH q:>H3HKH B rocy,n;apCTBax-tUieHax 
MacTHTyTa nyTeM o6MeHa 0ilblT0M H ,D;0CTH:>KeHHHMH a npoae,n;eHHH Teope
THl!eCKHX H 3KcnepHMeHTaJibHblX HCCJie,n;oaami:ii; 

no,n;,n;ep:>KaaHe CBH3H C 3aHHTepecoaaHHbIMH Ha~0HaJibHbIMH H Me:>K
,n;yHapo,D;HblMH Hayl!H0-HCCJie,n;oaaTeJibCKHMH H ,n;pyrHMH opraHH3an;HHMH 
B ,n;eJie pa3BHTHH 11,o;epHOH q:>H3HKH H H3bICKaHHH H0BbIX B03MO:>KHOCTeH 
MHpHoro npHMeHeHHH aTOMHOH 3HeprHH; 

co,n;eHCTBHe BCeCTopoHHeMy pa3BHTHIO TBopqecKHx cnoco6HOCTeH 
HayllH0-HCCJie,n;oBaTeJibCKHX Ka,n;poa rocy,n;apCTB-tUieH0B HHCTHTyTa"' -
TaK rJiacHT YcTaa (cTaTbH 4, rnaaa II), onpe,n;en1111 u;enH H 3a,n;aqH OH.RH. 

HcTOpHH C03,D;aHHH MaCTHTyTa CBH3aHa C HMeHaMH KpynHeHllIHX yqe
HbIX H opraHH3aTopoa'-HayKH con;HaJIHCTHqecKHX cTpaa: A.Il.Ane1<:caa,n;poaa, 
,U.H.BJioxHHn;eaa, H.H.Boromo6oaa, B.H.BeKcJiepa, JI.HHcpeJib,n;a, H.B.Kyp
qaToaa, A.JI.MHHn;a, r.Heao,n;HHqaacKoro, E.Il.Cnaac1<:oro, H.E.TaMMa, 
X.XyJiy6e11, JI • .fIHOllIH. ' 

B cTaaoaJieHHH H pa3BHTHH OH.RH, cpopMHpoaaHHH ero ocH0BHbIX 
HayqHblX HanpaaJieHHH npHHHJIH Henocpe,n;CTBeHH0e yqacTHe Bbl,D;alOI.IJ;HeCH 
yqeHbxe CTpaa-yqacTHHU: HHcTHTyTa: A.M.Ban,n;HH, B.IT.,U:>KeJienoa, .R.Ko:>KellI
HHK, K.Jlaa0:yc, A.A.JioryHOB, M.A.MapKOB, M.r.Mem;epHKOB, r.Ha,n;:>Ka
K0B, JI.nan, A.M.IleTpOCbHHU:, B.M.IloHTeKOpBo, H.Co,n;HOM, H.Ypcy, 
r.H.<l>Jiepoa, H.M.<I>paaK, X.XpHCTOB, m.u0:u:eif1<:a, a TaK:>Ke H.H.roaopyH, 
H.3sapa, ,U.KHllI, Jle Baa TxHeM, HryeH Baa Xbey, A.H.Taaxen0:,n;3e, 
A.XpbIHKeBHq, <I>.JI.llianHpo, ,U.B.lliHpKOB, 19 
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YllPABJIEHHE 

'\ _/' 

YcTa.B 011JIH onpe.nenaeT CTpYKTYPY opraHoB ynpaanemm liHCTHTY· 
TOM c co6mo.nemteM OCHOBHoro npHHUHna - JTI>HHI.Uma MeiK,nyHapoAHOCTH. 

BbICWHM opraHOM ynpa.Bnemm ffBJiffeTCff KoMUTeT llo11,HoMOllHbZX 
llpeoCTaBUTe/1,eU rocy.napCTB-qneHOB liHCTHTyTa, KOTOpbIH co6HpaeTCff 
Ha caoH coaew;aHHH eiKero.nHo. Coaew;aHHe Kilil npa.BoMoqHo paccMaTpH
aaTb ace OCHOBHbie BOilpOCbl cyw;ecTBOBaHHff liHCTHTyTa: 610,niKeT' IlJlaH 
KanHTaJibHoro CTpOHTeJibCTBa, nepcneKTHBHbie, IlffTHJieTHHe H ro.D;OBbie 
HayqHO-HCCJie.noaaTeJibCKHe nnaHbl liHCTHTyTa, WKaJIY qneHCKHX B3HOCOB, 
npHeM HOBbIX qneHOB liHCTHTyTa, H36paHHe AHpem.um liHCTHTyTa. 

.. - /,Una KOHTPOJiff cpHHaHCOBOH .neaTeJibHOCTH _liHCTHTyTa yrnepiK.D;eH 
c/JuHaHCOBbZU 'KOMUTeT, B KOTOpOM KaiK.D;a.R CTpaHa npe,nCTa.BJieHa OAHHM 
qneHOM. Ilepaoe 3ace.D;aHHe <l>HHaHCOBOro KOMHTeTa npoxo.D;HJIO 26-27 ceH
TH6pa 1956 rb.na. 

rnaBHhIM HCilOJIHHTeJibHblM opraHOM OH.RH ffBmieTCff oupe'Kl,fU.R, 
HHCTUTj'Ta - nocToHHHo .neiicTay10w;HH opraH ynpa.BneHHH. -UHpeKUIIH 
H36HpaeTCff KOMHTeTOM IloJIHOMoqHbIX Ilpe,ncTaBHTeneii H OTBeTCTBeHHa 
nepe.n HHM 3a BClO Te1<:yw;y10 .neaTeJihHOCTb liHCTH'fYTa: HayqHylO, <PHHaH
COBYIO, a.D;MHHHCTpaTHBHO-X03ffHCTBeHHYlO H npOH3BOACTBeHHylO. -UHpeKTOp 
liHCTHTyTa H .naa BHUe-,nHpeKTOpa H36HpalOTCff cpoKOM Ha TPH ro,na. C ffH
Bapa 1964 ro.na AHpeKTOpOM 06'be.n;ImelIHOro HHCTHTyTa ffBJiffeTCff a1<:a,ne
MHK H.H.Boron106oa, KpynHeHWHH coBeTCKHH yqeHhIH. BHue-,nHpeKTopaMH 
OHHH 6bIJIH MHorHe H3BeCTHhie yqeHbie CTpaH-yqacTHHU, B HacToaw;ee ape
Mff 3TH IlOCTbl 3aHHMaIOT npocpeccop A.C3iI,nynecKy (PyMhlHHff) H npocpec
cop 3.3HTpanhro (Ky6a). 

Bonpoch1 Hayqttoif .neaTeJibHOCTH OHHH pewaeT YlleHbZU coeeT, cec

cHH KoToporo co3bIBaIOTCH .naa pa3a B ro,n. \ Ha nepaoii ceccHH YqeHoro 
·.' 

coaeTa OHHH, cocToaaweiica 24-26 ceHTa6pa 1956 ro.na,,6bIJIH paccMoTpe
HhI oTqeTbl 06 HCCJie,noaaHHHX, npoae,neHHblX yqeHblMH, BOW_e.D;WHMH B HO
BbIH liHcTHTYT, H HaMeqeHhI nepcneKTHBhI ero ,nanhHeiiwero·,pa3BHTHH, nna
HhI 6y,nyw;Hx pa6oT H HayqHoro coTpy,nHHqecTaa c yqeHbIMH . pa3JIHqHh1x 
CTpaH.'.! B COOTBeTCTBHH c YcTa.BOM KaiK,D;Oe rocy.napCTJ30-qJieH liHCTH'fYTa 
Hanpa.BnaeT Ha ceccHIO YqeHoro coaeTa .no Tpex caoHx npe,ncTa.BHTeneii H3 
qlfCJia ae,nyw;Hx cneUl{aJIHCTOB, CornacHo npHHHThIM Ilpa.BHJiaM npoue.nyphI 
YqeHblH coaeT yTBepiK.D;aeT IlJlaHbl HayqHo-HCCJie,noBaTeJibCKHX pa6oT llH
CTHTyTa, paccMaTpHaaeT pe3yJihTaTbl HX BblilOJIHeHHff, a TaKiKe pe3yJihTaTbl 
OT.D;0JlbHblX HCCJie.D;OBaHHH,\ npHcyiK.D;aeT npeMHH liHCTHTyTa 3a nyqwHe pa-
60Tbl, BbinOJIHeHHbie B ,Uy6HeJ B ero KOMileTeHUl{H HaxO.D;HTCff TaKiKe pac
CMOTpeHHe H YTBepiK.D;eHHe nnaHOB MeiK.D;yHapo.n;Horo HayqHo-TeXHHqecKoro 
COTPYAHHqecTBa H nnaHoB coaew;aHHH, npoBOAHMhIX OHHH, nnaHoB KOMaH
AHPOBaHHH cneuHanHCTOB OHHH. CoaeT yTaepiK.D;aeT KaHAHAaTyphI AHpeK
Topoa na6opaTopHH H HX 3aMecTmeneii. 

YqeHbIH coaeT npe.ncTa.BJiffeT caoH pe1<:0MeH.naU11H KoMHTeTy IlonHo-
. 20 MoqHbIX Ilpe,nCTa.BHTeJieH no BonpocaM <PHHaHCHpoaaHHH, CTpOHTeJibCTBa 



HOBhIX 061,eKTOB. IIpe,n;ce,n;aTeJieM YtieHoro COBeTa JIBJIJieTCJI .D;HpeKTOp MH

CTHTyTa, 3aMeCTHTeJIJIMH npe,n;ce.n;aTeJIJI - BHO:e-,n;HpeKTopa. 

KOHCYJlbTATHBHblE OPI'AHbl 
h 

)KH3Hb no,n;cKa3aJia H,n;ero C03,D;aHHJI cnea;HaJihHhIX KOHCYJihTaTHBHhIX 

opraHba npH YtieHoM coaeTe MHcTHTyTa - ce~ZJUU CoeeTa no q>H3HKe BhI• 

COKHX 3HeprHH, q>H3HKe HH3KHX 3HeprHH H TeopeTH'l!eCKOH q>H3HKe. Ilpep;

ce.n;aTeJIJIMH ceKO:HH JIBJIJIIDTCJI BHa;e-.n;HpeKTopa MHCTHTyTa. CeKa;HH pac

CMaTpHBalOT nepcneKTHBhI pa3BHTHJI OCHOBHhIX Hay'l!HhIX HanpaaJieHHH 

MHCTHTYTa, HaytIHhie ruiaHhI na6opaTopHH H nJiaHhI Me,ic,n;yHapo,n;Horo co

Tpy.n;HH'l!eCTBa a caoeH o6JiaCTH, KOOp,D;HHHpyroT H KOHTpOJIHpyIDT BhinOJI· 

HeHHe nJiaHOB, npe,n;cTaBJIJilOT YtieHoMy COBeTy MHCTHTyTa OT'l!eTbI O ,n;eJI

TeJibHOCTH ceKa;HH. 

IIpH ceKO:HJIX C03,D;aHhI KOMneTeH'I'Hbie KOHCYJibTaTHBHhie opraHbl -

cne1,JUQ/lU3UpoeaHHble ~OMUT€Tbl no pa3JIH'l!HhIM BH,D;aM MeTO,D;HKH 3Kcne

PHMeHTOBt npH ceKO:HH no Q)H3HKe BhICOKHX 3HeprHH - q>OT03MYJibCHOH· 

HhIH H KaMepHbIH KOMHTeThI, KOMHTeT no 3JieKTpOHHhIM 3KcnepHMeHTaM; 

npH ceKa;HH no q>H3HKe HH3KHX 3HeprHH - KOMHTeTbI no CTpyKType H,n;pa, 

cpH3HKe TJI)l(eJibIX HOHOB H HeHTpOHHOH q>H3HKe.1 KoMHTeThI BCeCTOpOHHe 

paccMaTpHBalOT Hay'l!Hhie H MeTO,D;H'l!eCKHe aonpoChI a onpe,n;eneHHOH o6na

CTH cpH3HKH HJIH aonpOChI, CBJI3aHHhie C HCnOJih30BaHHeM onpe,n;eJieHHOH 

MeTO,D;HKH, npo6JieMhI KOOp,D;HHaa;HH HCCJie,n;oBaHHH a na6opaTOpHJIX MHCTH· 

TyTa, a TaK)l(e o6ecnetieHHJI HaytIHoro coTpy,n;HHtiecTaa Me)l(,ll;y na6opaTo

PHJIMH H HaytIHO·HCCJie,n;oBaTeJibCKHMH opraHH3aa;HJIMH CTpaH-y'l!aCTHHO:, 

tJneHhI KOMHTeToB H ceKO:HH YtieHoro coaeTa - KpynHhre cnea;HaJIHCThI 

CTpaH-y'l!aCTHHO: B o6JiaCTH cpH3HKH HJIH TeXHHKH. 

,llJIJI KOMnJieKCHoro paCCMOTpeHHJI Hay'l!HOH, HaytIHO-opraHH3aQHOH

HOH H HaytIHo-TeXHH'l!ecKoH .n;enTeJihHOCTH MHCTHTyTa co3,n;aH Hay,mo
TexHuitec~uu coeeT OM.RM. Ha ero 3ace.n;aHHIIX o6cy)l(,ll;aroTcJI IIJiaHhI HaytIHO

Hccne,n;oaaTeJihCKHX H MeTO,D;H'l!eCKHX pa6oT, a TOM 'l!HCJie nepcneKTHBHhie 

H IlJITHJieTHHe, IIJiaHbI Me)l(,ll;yHapo.n;Horo HaytIHO-TeXHH'l!eCKoro COTpy,n;HH

qecTaa, npoeKTbI HOBhIX YCTaHOBOK H ofrbeKTOB CTpOHTeJibCTBa, pacnpe,n;e

JieHHe accHrHOBaHHH no pa3JIH'l!HhIM Hay'l!HbIM HanpaBJieHHJIM, BhI,D;BH)l(eHHe 

JIY'l!lllHX pa6oT Ha COHCKaHHe Haa;HOHaJibHhIX npeMHH CTpaH-y'l!aCTHHO:, B0-

npOCbI nOBhIUleHHJI Hay'l!HO·TeXHH'l!eCKOH H 3KOHOMH'l!eCKOH scpcpeKTHBHOCTH 

Hay'l!HhIX HCCJie,n;oBaHHH H ,n;pyrHe aonpoCbI. CoaeT npH3BaH co.n;eHCTBOBaTb 

npoae.n;eHHlO o6ocHoaaHHOH e,n;HHoH Hay1mo-Texm-1qecKoH noJIHTHKH a MH

CTHTYTe, IIpe,n;ce,n;aTeJieM HTC JIBJIJieTcJI .n;HpeKTOp MHCTHTyTa, 3aMeCTH· 

TeJIJIMH - BHO:e-,n;HpeKTopa. 

HTC OM.RM HMeeT caoH oT,n;eneHHJI: no cpH3HKe sneMeHTapHhIX 

qacni:a: H BhICOKHX 3HeprHH, cpH3HKe aTOMHOro JI,n;pa H KOH.D;eHCHpOBaHHbIX 

cpe.n;, Hayquo-opraHH3aa;HoHHhIM aonpocaM, a TaK)l(e ceKa:HH a na6opaTopH

nx. IIpe,n;ce.n;aTeJIJIMH oT,n;eJieHHH HTC JIBJIJIIDTCJI BHO:e-.n;HpeKTopa OM.RM. 

/ 
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Ce1<1JUU HTC e 1J,a6opaTopWlx - KoHcynhTanrnHbie opraHhI ,I1,1::1peK

u1::1if, 0Hl::I ocym;eCTBnHIOT e:>KeKBapTanbHblH K0HTp0nh 3a 3cpcpeKTl::IBHOCTblO 

HCII0nh30BaHHH 0CH0BHblX ycTaH0B0K, paccMaTpl::IBaIOT rmaHbl HayqHo-1::1c

cne,IJ,0BaTenhCKl::IX pa6oT 1::1 QTqeThl 06 l::IX BbIII0nHeHHH, K0HTpon1::1py10T 

B0IIp0Cbl pa60Tbl C C0l::ICKaTenHMl::I H Bbl,Il,BHraIOT nyqume pa60Tbl Ha C0l::IC-

KaHl::Ie rrpeMHH OH.HM. · 

KBan1::1cp1::1KaUHOHHbie cpyHKUHH ocym;ecTBnHIOT cneijUa/J,U3UpoeaTUtbZe 
ytteT-tbZe coeeTbl, Ha 3aCe,IJ,aHl::IHX K0T0pbIX IIp0B0,Il,l::ITCH 3am;1::1Ta ,IJ,l::ICCepTaQl::IH. 

B na6opaTopHHX ,IJ,eHCTBYIOT TaK:>Ke C0BeTbl II0 rrpHCB0eHHIO yqeHbIX 3BaHHH 

1::1 Bb16opaM Ha ,IJ,on:>KH0CTH Hayqfmro rrepcoHana. 

JIAB OPATOPHH 

HHCTHTYT C0CT0l::IT 1::13 meCTl::I HayqHbIX na6opaTOpl::IH 1::1 HeCK0nhKl::IX 

06m;e1::1HCTHTYTCKHX oT,IJ,enoB. B HacToHm;ee BpeMH B cocTaB OH.HM BX0,IJ,HT: 

Jia6opaTopHH TeopeT1::1qecKoii q:>1::131::IKH, ,Il,HpeKT0p - aKa,IJ,eMHK 

H.H.Eoron1060B, 

Jia6opaTopHH BbIC0KHX 3Hepr1::1if, ,I1,1::1peKTop - aKa,IJ,eMHK A.M.Ean,IJ,1::1H, 

Jia6opaTopHH H,II,epHblX rrpo6neM, ,Il,HpeKT0p - qneH-KoppeCII0H,IJ,eHT 

AH CCCP B.IT.,[()KenerroB, 

Jia6opaTopHH H,II,epHblX peaKUHH, ,Il,HpeKT0p- aKa,IJ,eMHK r.H.<l>nepoB, 

Jia6opaTOpHH HeHTpOHHOH q:>1::131::IKH, ,Il,HpeKT0p aKa,IJ,eMHK 

H.M.<l>paHK, 

Jia6opaTOpl::IH Bb1q1::1cn1::1TenhHOH TeXHl::IKl::I 1::1 aBT0MaT1::13aQ1::11::1, ,Il,HpeK-. 

Top - qneH-KoppecrroH,IJ,eHT AH CCCP M.r .Mem;epHKOB. 

Ilo CB0l::IM MaCWTa6aM, Kon1::1qecTBY HayqHbIX C0Tpy,II,Hl::IK0B 1::1 0CHa

m;eHH0CTl::I YHHKanhHbIM q:>1::131::IqecKHM o6opy,II,oBaHHeM Ka)K,Il,aH 1::13 na6opa

TOpHH cpaBHHMa C 6onbllll::IM q:>1::131::IqecKHM l::IHCTHTYT0M, a O6-be,IJ,HHeHHbIH 

1::IHCTHTYT HBnHeTCH KPYIIHbIM HayqHbIM K0MrrneKC0M. Jia6opaTopHHM rrpe

,IJ,0CTaBneHa caM0CT0HTenhH0CTb B opraHH3aUHH 1::1ccne,IJ,OBaTenhCKOH pa6oTbl. 

Ceifqac B na6opaTopHHX 1::1 Ilp01::13B0,Il,CTBeHHblX II0,I1,pa3,II,eneHHHX 

pa6oTaIOT 6onee 7000 qenoBeK, 1::13 HHX 6onee 1000 - HayqHbie coTpy,II,HHKH, 

oKono-2000 - HH:>KeHepHo-TexH1::1qecK1::1if rrepcoHan. Cpe,II,1::1 yqeHhIX HHCTHTY

Ta 5 aKa,IJ,eMHK0B, 6 qneH0B-K0ppeCII0H,IJ,eHT0B aKa,IJ,eMHH HayK, 0K0no 170 

,IJ,0KT0p0B 1::1 550 KaH,IJ,1::1,IJ,aT0B HayK. 

Jia6opaTOPWl TeopeTutteCKOU (PU3UKU 3aHHMaeT Ba:>KHoe MeCT0 

B ,IJ,eHTenhH0CTH OH.HM. 3,IJ,ech cno:>K1::1nacb 6onhwaH mKona cp1::131::1K0B-Teope

THK0B, 1::13BeCTHaH BCeMy HayqHoMy MHpy. TeopeTHKl::I HHCTHTyTa 1::13yqaroT 

CBOHCTBa Cl::IMMeTpl::Il::I 3neMeHTapHbIX qaCTHU, CTpyKTYPY Teop1::11::1 nonH, 

B3aHMO,IJ,eHCTBl::IH 3neMeHTapHbIX qacTHU, a TaK:>Ke rrpo6neMbl Teop1::11::1 aT0M

Horo H,II,pa 1::1 H,II,epHblX peaKUHH, Teopim K0H,IJ,eHcttp0BaHHbIX COCTOHHHH. 

MHor1::1e Teopttl::I H M0,IJ,entt, pa3pa6oTaHHbie B na6opaTOpHH, nerntt B 0CH0BY 

cospeMeHH0ro II0HHMaHHH Ml::IKp0Mttpa. 1B rrocne,IJ,Htte ro,IJ,hl 3HaqruenbHhle 



pe3yJihTaThl nonyqeHbl B o6nacTH TeopHH 3JieI<:Tpocna6bIX B3aHJ.VIOAeHCTBHH, 

I<:BaHTOBOH xpoMOAHHaMHI<:H l1 cyneprpaaHTaIJ;HH. YqeHbie aI<:THBHO ytJaCT

BYIOT B nnaHttpoBaHHH 31<:CnepttMeHTOB Ha yc1<:opttTe.IDix HHCTHTyTa l1 APY

rHX HayqHblX u;eHTPOB. 

B Jla6opaTopuu 6blC01<:UX a1tep2uu OCHOBHbie 31<:CnepHMeHTaJibHhie 

pa60Tbl BbinOJIHHIOTCH Ha CHHxpocpa30TpoHe - caMOM 1<:pynHOM yc1<:opttTene 

11HCTHTyTa. OHH noCBHIIJ;eHhl H3yqeHHIO CTpy1<:TypbI 3JieMeHTapHbIX qacTHU 

l1 CBOHCTB HX B3aHMOAeHCTBHH, pe30HaHCHblX COCTOHHHH qacTHU H .AHHaMH

I<:H HX MH0'1CeCTBeHHOro p0'1CAeHHH, CBOHCTB B3aHMOAeHCTBHH HAep BblCO

I<:HX 3HeprttH C aern;ecTBOM. 

B 1970 rOAY Ha CHHXpocpa3oTpOHe OH.RH 6hIJIO peantt30BaHO yc1<:o

peHtte HAep TH'1Cenee BOAOPOAa AO peJIHTHBHCTCI<:HX CI<:OpOCTeH, l1 3TO no

JIO)KHJIO Haqano HOBOMy 1<:pynHoMy HayqHoMy HanpaaJieHHIO - peJIHTH

BHCTCI<:OH HAepHott cptt3ttI<:e. B JIB3 anepBhie o6Hapy:>KeHo H ttccneAoBaHo 

KYMYJIHTHBHOe o6pa30BaHtte Me30HOB, npOTOHOB, HAep AeHTepHH l1 TPHTHH, 

nonyqeHbl AOI<:a3aTeJihCTBa cyrn;eCTBOBaHHH B HApax MYJihTHI<:BapI<:OBblX co

CTOHHHH. 

Ha CHHXpOUHI<:JIOTpoHe Jla6opaTopuu .ru)ep1tblX npo61ZeM Ha npOTH)Ke

HHH Tpex AeCHTHJieTHH HayqHbie HCCJieAOBaHHH aeJIHCb B CJieAyIOlll;HX Ha

npaaneHHHX: H3yqeHHe CHJibHbIX B3aHMOAeHCTBHH IlHOHOB l1 HyI<:JIOHOB, 

3JieI<:TpOMarHHTHblX npou;eccoa l1 cna6bIX B3aHMOAeHCTBHH C yqacTHeM 

nHOHOB tt MIOOHOB, HCCJieAOBaHHH a o6naCTH HAepHOH . cneI<:TpOCI<:OilHH 

HeHTpOHOAe(pHIJ;HTHbIX tt CHJihHOAecpopMttpOBaHHbIX HAep.I3AeCb POAHJIHCb 

HOBbie HayqHhie HanpaaneHHH, CAenaHhl MHOrtte OTI<:pbITIDi, nonyqeHbl cpyH

AaMeHTaJibHbie pe3yJihTaTbI, I<:OTOpbie 6bIJIH BHeCeHbl B yqe6HHI<:H l1 cnpaaoq

HHI<:H. Ceuqac Ha 6a3e CHHXpOIJ;HI<:JIOTpoHa C03Afill CHJihHOToqHblH cpa30TpOH. 

B 1984 rOAY npOH3BeAeH ero (pH3HqecI<:HH nycI<:, noJI~)KHBlllHH Haqano HOBO

MY 3Tany ttccneAoBaHHH. 

YqeHbie 11HCTHTyTa BeAyT 31<:CnepttMeHTbl C qaCTHIJ;aMH BblCOI<:HX 

3HeprHH He TOJihI<:O B ,Uy6He. C03AaHHbie HMH (pl13Hqec1<:He ycTaHOBI<:H Aeif

CTBYIOT Ha nyq1<:ax yc1<:6pHTeJieH APYrHX HayqHbIX u;eHTpOB. O6umpHaH 

nporpaMMa HCCJieAOBaHHH BbinOJIHHeTCH Ha yc1<:opnTene HHCTHTyTa (pl13HI<:H 

BblCOI<:HX 3HeprttH B IlpOTBHHO. . 

OcHOBHhie ttccneAoaaHnH Jla6opaTopuu RoepHbZX pea1<:lJUU nocaHrn;e

Hhi n3yqeHHIO CBOHCTB aTOMHbIX HAep C IlOMOlll;hlO TH'1CeJihIX HOHOB, nyq1<:H 

1<:oTophIX nonyqaroT Ha MOID;HhIX UHI<:JIOTpoHax Y-200, Y-300, Y-400. Cl>tt3HI<:a 

TH'1CeJiblX HOHOB - Hoaoe HayqHoe HanpaaneHHe, POAHBlIIeecH a ,Uy6He. 

3AeCb OTI<:pbITbl HOBbie BHAbl pa,n;noaI<:THBHOro pacnaAa HAep, CHHTe3ttpoaa

Hbl MHOrHe H30T0Ilbl HOBblX XHMnqecI<:HX 3JieMeHTOB C nopHAI<:OBhlMH Ho-· 

MepaMH OT 102-ro AO 108-ro H 01<:ono TPHAUaTn HettTpoHoo6orarn;eHHhIX 

H30TOil0B nerI<:HX 3JieMeHTOB. BeAyTCH pa60Tbl no CHHTe3y Ha yc1<:opttTeJIHX 

H IlOHCI<:Y B npnpOAe caepXTH'1CeJiblX 3JieMeHTOB, 23 



B Jla6opaTopuu HeuTpOHHOU gjU3U'l<U IlOCTpoeHbl HMilYJibCHble peaK

TOpbI Ha 6bICTpbIX HeHTpOHax - YHHKaJibHbie HCTOllHHKH nepHO,ll;HtleCI<:H 

IlOBTOpHIOI.QHXCH OtleHb KOpOTKHX H MOI.QHblX HMilYJihCOB HeHTpOHOB, oc

HaI.QeHHbie 3aTeM HH)KeKTopaMH - YCKOpHTeJIHMH :meKTpOHOB. Ha peaKTO• 

pax 0:BP H 0:BP-30 BblilOJIHeH 60JihWOH UHKJI HCCJie,D;OBaHHH CBOHCTB aTOM· 

HblX H,n;ep MeTo,n;aMH HeHTpOHHOH cneKTpoMeTpHH, cpyH,naMeHTaJihHbIX 

caoiicm HefupoHoB, aToMHOH cTpy1<Typb1 H .n;HHaMHKH Taep.n;bIX Ten H )Kl{,ll;• 

KOCTeH. B ,[{y6He coopy)KeH HOBbIH MOI.QHblH HMilYJILCHbIH peaKTOp 0:BP-2. 

B 1984 ro,n;y OH BBe.n;eH B 3KCnJiyaTaUHIO Ha cpe,n;HeH MOI.QHOCTH 2 MBT. 

Ha MHOrHX nyt11<ax peaKTopa ae,n;yTCH <pH3HtiecI<:He 3KCnepHMeHTLI. 

,[{eHTeJILHOCTb Jla6opaTopuu BbZllUC,1.UTeAbHOU TeXHU'l<U u aaT0MaTU3a

ijUU CBH3aHa C pa3BHTHeM H 3cp<peKTHBHbIM HCI10JIL30BaHHeM BblllHCJIHTeJIL

HOro KOMI1Jie1<ca 0:HCTHTyTa, aBTOMaTH3atlHeH <pH3HlleCKHX HCCJie,D;OBaHHH 

H o6pa60Tl<:H 3KCnepHMeHTaJILHbIX ,ll;aHHbIX, a TaK)Ke C pa3BHTHeM MaTeMaTH• 

lleCI<:HX MeTO,ll;OB peweHHH <pH3HlleCKHX 3a,n;aq, 

BLillHCJIHTeJILHblH KOMilJieKC HaCllHTbIBaeT CBLIWe 70 3BM pa3JIHllHO

ro 1<nacca. OcHoaoii 6a3oaoro BLillHCJIHTeJILHoro ueHTpa HBJIHIOTCH 3BM 

EC-1060, B3CM-6 H CDC-6500, CBH3aHHLie c MaWHHaMH H3MepHTeJILHhIX 

ueHTpoB na6op~TopHH. YcnewHoH pa6oTe KOMI1Jie1<ca cnoco6cTBYIOT 

C03,ll;aHHLie B JIBT A 60JILWaH 6H6JIHOTeKa nporpaMM MaTeMaTHt1ec1<oro 

06ecnet1eHHH BblllHCJIHTeJILHLIX MaWHH, y,n;aneHHbie CTaHUHH BBO,n;a-BLIBO,n;a 

HH<popMaUHH H ,ll;HCilJieHHbie CHCTeMbl. HanHtIHe o6wHpHOH HH<pOpMaUHH, 

IlOJiyqaeMOH <pH3HKaMH C TpeKOBLIX KaMep, B TOM llHCJie C 6oJILWHX ny-

3blpLKOBblX KaMep, I10Tpe6oaano C03,n;amm BbICOKOilpOH3B0,ll;HTeJILHblX 

CKaHHPYIOI.QHX ycTpOHCTB. 06pa6oTKa KaMepHLIX CHHMKOB ae,n;eTCH c no

MOI.QLIO aBTOMaTOB pa3JIHllHblX THilOB, a TaK)Ke CHCTeMLI IlOJiyaBTOMaTOB 

H IlpOCMOTpOBblX CTOJIOB Ha JIHHHH C 3BM. 

HAYqH0-3KCIIEPHMEHTAJibHblE OT~EJibl 

OT<)ea H0BbZX MeTOooa yc1<opeHWl. B 00:fl0 npe,n;JIO)KeH npHHUH· 

IIHaJILHO HOBblH MeTo,n; ycKopeHHH 3apH)KeHHblX tiaCTHU (npOTOHOB, HOHOB) 

C IlOMOI.QblO 3JieKTpOHHblX KOJieu, Ha3BaHHblH KOJIJieKTHBHblM MeTO,ll;OM. 

Yt1eHL1e OHMY pa3pa6oTanH TeopeTHt1ec1<He ocHOBLI 1<onne1<THBHoro MeTo

,n;a, BblilOJIHHJIH 6oJILWOH UHKJI HCCJie,D;OBaHHH, B KOTOpblX 3KcnepHMeHTaJIL

HO IlO,ll;TBep,n;HJIH B03M0)KHOCTL C03,ll;aHHH KOJIJieKTHBHOro YCKOpHTeJIH. 

Co3,n;aHbl MOI.QHblH JIHHeHHbIH yCKOpHTeJIL 3JieKTpOHOB, HeCKOJILKO THilOB 

a,n;re3aTOpOB ,ll;JIH cpopMHpOBaHHH 3JieKTpOHHO·HOHHbIX KOJieu, KOMMyTaTo

pbI 6oJILWHX TOKOB, annapaTypa ,n;HarHOCTHl<:H KOJILUa H ,n;p. Coopy)KeH 

npOTOTHil KOJIJieKTHBHOro YCKOpHTeJIH TH)KeJiblX HOH OB' Ha KOTOpOM npo

BO,ll;HTCH 3KCnepHMeHTaJILHbre HCCJie.n;oBaHHH. Be,n;yTCH pa60Tbl no C03,D;aHHIO 

24 y3JIOB KOJIJieKTHBHoro yc1<opHTeJIH TH)KeJILix HOHOB (KYTH-20). 



Cepnyxoec1eou 11,ay,u-to-a1ecnepUMeHTa1ZbHbzu oroe;z (CH3O) oprrum-

30BaII MJI o6ecneqemm 31CCIIepHMeHT0B yqeHhIX OH.RH, IIP0B0,D;HMbIX Ha 

YCK0pHTeJie HHCTHTyTa q>H3HICH BbIC0ICHX 3Heprm1 B IlpoTBHHO. ~aIIa30H 

,n;eJITeJILH0CTH C0TPYAHHIC0B 0T,D;eJia ,D;0B0JILH0 WHp0IC: OT II0M0I.QH B M0H

TroKe yCTaII0B0IC ,n;o IIpoae,n;eHHJI HayqHbIX HCCJie,D;OBaIIHH; 0HH yqacTBYJOT 

H B pa6oTe IIp0H3B0,D;CTBeHHbIX IIO,D;pa3,D;eJieHHH, o6ecneqHBaIOT IIpHeM 

31CCIIepHMeHTaJILHOH HHq>OpMa1.um, ee 3arrncL Ha MaI'HHTHbie JieHTbI H pacqe

Tbl Ha 3BM, IIP0B0,D;JIT ICpHoreHHbie H BaKyyMHbie pa6oTbI, MarHHTHbie H3-

MepeHHJI, M0HTa:>K H o6cny:>KHBaHHe 3JielCTpOX03JIHCTBa, ocymeCTBJIJIIOT 

HH:>KeHepHoe o6ecneqeHHe acex 3KCIIepHMeHTaJILHhIX ycTaII0B0K OH.RH Ha 

ycKopHTeJie B IlpOTBHHO. 

OBDJ,EHHCTHTYTCKHE HAYl/HhlE OT,aEJihl 
H HH<POPMAI..!HOHHhlE CJIY)K.Bhl 

Hay'I.Hbzu oroe;z 211,aaHozo y'leHozo ce1eperapR (HOrYC) npoao.n;HT 

HayqHbie Hccne.n;oBaHHJI no nepcneKTHBaM pa3BHTHJI OH.RH · H oueHKe 3q>

q>eKTHBHocTH HayqH0-HCCJie,D;oBaTeJILCICHX pa6oT H Me:>K.n;yHapo.n;Horo Hayq. 

H0-TeXHHqeclC0I'0 C0Tpy,n;HmecTBa, ocymecTBJIJieT II0,D;I'0T0BICY IIpoelCT0B 

IIepcIIelCTHBHbIX H I'0,D;0BbIX IIJiaII0B HayqHhIX HCCJie.n;oBaHHH. OT,n;eJI 3aIIH

MaeTCJI IIO,D;I'OTOBICOH H IIpoae,n;eHHeM cecCHH YqeHoro C0BeTa HHCTHTyTa 

H ero ceKUHH, HayqHo-TeXHHqecKoro coaeTa OH.RH. 

HOrYC no.n;roTaBJIHBaeT K H3,n;aHHro e:>Kero.n;HhIH oHeT o ,n;eJITeJILHo

CTH HHcTHTyTa, opraHH3yeT IIpoIIaraII,n;y HayqHbIX ,Il;OCTH:>KeHHH H ocaemeHHe 

,n;eJITeJILH0CTH OH.RH cpe.n;cTBaMH MaCCOBOH HHq>OpMaUHH. Pa60TalOI.QaJI 

a C0CTaBe 0T,D;eJia q>OTOJia6opaTOpHJI OH.RH Be,n;eT q>OTOJieTOIIHCL MH0ro

CTOpOHHeH ,n;eJITeJILH0CTH HHcTHTyTa. 3.n;ecL C03,D;aHa 6oJILWaJI q>OTOTelCa. 

· HHcTHTYT IIpHHHMaeT yqacTHe B pa6oTe Me:>K.n;yHapo,n;HoH CHCTeMbI 

JI,n;epHOH HHq>OpMaUHH {HHHC) Me:>K.n;yHapo.n;Horo areHCTBa II0 aTOMHOH 

3HeprHH. rpynna HHHC, axo,n;JII.QaJI B cocTaa oT,n;ena, 3aHHMaeTcJI no.n;ro

TOBKOH HHq>OpMauHH 0 ny6JIHKaUHJIX OH.RH MJI BB0,D;a B CHCTeMy H ocy

mecTBJIJieT II0 3aIIpocaM yqeHbIX HHcTHTyTa aBTOMaTH3HpOBaHHhIH IIOHCIC 

HHq>opMaUHH, 3aIIHcaHHOH Ha MarHHTHhie neHThI HHHC. 

OCHOBHOH 3a,n;aqeH Oroe;za paoua{JUOHHOU 6e3onaCHOCTU u paoua
lJU0HHbZX ucc11,eooaa1tuu (OPE H PH) JIBJIJieTcJI o6ecneqeHHe pa.n;HaUH0HHo

ro K0HTpoJIJI coTpy.n;HHK0B OH.RH, pa6oTaromHx B pa.n;HaUH0HHo-ape,n;HhIX 

YCJI0BHJIX Tpy.n;a. OcymecTBJIJieTCJI Kale HH,D;HBH,n;yaJILHbIH ( 0IC0JI0 

2500 qen.), TaK H HHTerpaJihHhIH K0HTp0JIL. HH.n;HBHAYaJILHhIH ,n;o3HMeTpH

qecKHH K0HTp0JIL coTpy.n;HHK0B HHcTHTyTa noKa3an, qTo B OH.RH HeT npe

BhIWeHHJI perJiaMeHTHp0BaIIHbIX BeJIH~H ,Il;03, ,[(JIJI IC0HTp0JIJI 3a BJIHJIHHeM 

pa6oThI JI,n;epHo-q>H3HqecKHx ycTaH0B0K OH.RH Ha· BHewHroro cpe,n;y pery

JIJipHo IIp0B0,D;JITCJI aIIaJIH3bI CTeIIeHH PMH0alCTHBH0ro 3arpJI3HeHHJI II0qBhI, 

B0,D;hI, B03,D;yxa. Ilpoae.n;eHHbie HCCJie,D;oBaHHJI II0Ka3aJIH, qTo li3JiyqeHHe 25 
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H,n;epHo-cp11311qecK11x ycTaHOBOK OIUH1 cocTaBJIHeT rrpeHe6pe:amMo Manyro 

BeJIHllHHY ITO cpairneHHIO C ecTeCTBeHHbIM rrpHpO,Il;HblM ypoBHeM pa.n;HaQim. 

Ba:>KHblM 3TaIIOM B o6ecrretJeHHH pa,n;HaQHOHHoro KOHTpOJIH Ha H,n;epHO

q:>H3HlleCKHX YCTaHOBKax Ol1fH1 HBHJIOCb C03,Il;aHHe aBTOMaTH3HpOBaHHbIX 

CHCTeM ,Il;03HMeTpHlleCKOro KOHTpOJIH, llTO II03BOJIHJIO 3HallHTeJibHO rro,n;

HHTb ero KalleCTBO. 

H30aTetlbC1<UU OToe11, e:a<:ero,n;Ho BbIIIYCKaeT B CBeT OKOJIO 1000 coo6-

meHHH 11 rrperrpHHTOB Ol1Hl1, MaTep11anb1 KoMHTeTa IlonHoMOllHbIX Ilpe,n;

cTaBHTeneii 11 YlleHbIX COBeTOB l1HCTHTyTa, c6opHHKH Tpy,n;oB COBeJ..QaHHH 

H KOHcpepeHQHH, opraHH30BaHHbIX l1HCTHTYTOM. OT,n;en HarrpaBJIHeT B pe

,n;aKQHH HaytJHbIX :lKYPHaJIOB, Ha KOHq:>epeHQHH H CHMII03HYMbl CTaTbH 

H ,Il;OKJia,IJ;bl COTPYAHHKOB l1HCTHTyTa, co,n;ep:a<:am11e pe3yJibTaTbl TeopeTHlle

CKHX, 3Kcrrep11MeHTaJibHbIX H MeTO,Il;HlleCKHX pa6oT, BblIIOJIHeHHbIX B COOT

BeTCTBHH c rrpo6neMHO-TeMaTHlleCKHM rrnaHOM Ol1Hl1, a TaK:a<:e paCCbIJiaeT 

BO MHOrHe CTpaHbl MHpa rry6JIHKaQHH ,ny6Hbl. E:a<:eHe,IJ;eJibHO B 113,IJ;aTeJib

CKOM OT,IJ;eJie BbIIIYCKaIOTCH 3KCrrpecc-6IOJIJieTeHH HaytJHO-TeXHHlleCKOH 

6116n110TeK11 11 rraTeHTHoro oT,n;ena, e:a<:ero,n;Ho 113,n;aroTCH 6116n11orpacp11qe

cKHe yKa3aTen11 pa6oT coTpy,n;HHKOB 11 OTlleTbI o ,n;eHTeJibHOCTH Ol1Hl1. Kpo

Me Toro, OT,IJ;eJIOM BbIIIOJIHHIOTCH 3aKa3bl Ha KCepoKOIIHpoBaHHe H rrepe

rrneTHbie pa60Tbl. 

OcHOBHOH 3a,n;aqeif ttay1u-w-Texttu!lec1<ou 6u611,u0Te1<u (HTB) HBJIHeT

CH Bbl,IJ;alla JIHTepaTypbl no 3aHBKaM COTpy,n;HHKOB Ol1Hl1, BblIIOJIHeHiie 

3aKa30B llHTaTeJieH Ha IIOJiylleHHe KHHr no Me:a<:606JIHOTel1HOMY a6oHeMeHTY 

H KOMIIJieKTaQHH q:>oH,n;a 606n00TeKH KHHraMH, rrperrpHHTaMH, rrepHO,Il;H

qecKHMH 113,IJ;aHHHMH, B TOM llHCJie Ha HHOCTpaHHbIX H3bIKax. Bee IIOCTyrraro

m11e B 6116JIHOTeKy 03,IJ;aHHH o6pa6aTbIBaIOTCH H OTpa:a<:aIOTCH B QeHTpaJibHOM 

KaTanore H KaTanorax q:>HJIHaJIOB 6116JIHOTeKH, e:a<:eHe,n;eJibHO roTOBHTCH 

3KCrrpecc-6IOJIJieTeHH O HOBblX IIOCTyrrneHHHX: "KHHrH"' "IlperrpHHTbI"' 

"CTaTbH"' H o6HOBJIHIOTCH BblCTaBKH HOBblX IIOCTyrrneHHH KHHr. B06n00-

TeKa 3aHHMaeTCH TaK:a<:e rro,n;rOTOBKOH TeMaTHlleCKHX BbICTaBOK JIHTepa

TYPbl. 

llaTettTHbZU 0Toe11, ocymecTBJIHeT 3aJ..QHTY rrp0op0TeTa c,n;enaHHbIX 

B l1HCTHTyTe OTKpbITHH H H3o6peTeHHH, rrpoBO,Il;HT MeporrpHHTHH, crroco6cT

BYIOJ..QHe o6ecrrelleHHIO BblCOKOro TeXHHlleCKOro ypoBHH, rraTeHTHOH llHCTOTbl 

H rraTeHTOCIIOC06HOCTH pa3pa6aTbIBaeivroH B l1HCTHTyTe HOBOH TeXHHKH, 

06ecrretJHBaeT l1HCTHTYT rraTeHTHOH HHq:>OpMaQHeH, ocymecTBJIHeT Hay1mo

MeTO,Il;HlleCKOe PYKOBO,Il;CTBO H3o6peTaTeJibCKOH H rraTeHTHO-JIHQeH3HOHHOH 

pa6oTOH. IlaTeHTHblH OT,IJ;eJI TaK:a<:e KOHTpOJIHpyeT HCIIOJib30BaHHe H3o6pe

TeHHH H paQHOHaJIH3aTOpCKHX rrpe,n;no:a<:eHHH, rrpoBO,Il;HT pa6oTy no orrpe,n;e

JieHHIO pa3Mepa aBTOpCKHX B03Harpa:a<:,n;eHHH. 

Ha COBeJ..QaHHHX 3KCIIepTOB-IIaTeHTOBe,n;oB CTpaH-yllaCTHHQ Ol1Hl1 

6bIJIH Bbipa6oTaHbl H cornacoBaHbl "Ilono:a<:eHHe 06 OTKpbITHHX, cp;enaHHbIX 



B O11JIH" H "IlonoJKeHHe o npa.Boaoi1: oxpaIIe H HcnoJih30BaHHH H3o6peTe
HHH, co3,n;aHHhIX a OH.RH". }Jjm noompeHHH coTpy.n;HHKOB l'.IHCTHTyTa 6hIJIH 
yTaep;K,Il;eHhI notieTHhie 3BaIIHH "IlotieTHhIH H3o6peTaTenh OH.RH" H "Ilo
lieTHhIH pauHoHaJIH3aTop OH.RH". 

Hay1mo-Tex1tuttecKuu oToen aeT0MaTuaupoea1t1tbzx cucTeM ynpaene-
1twi (HTO ACY) ocymecTBJIHeT pa3pa6oTKY, BHe.n;peHHe H 3KcrrnyaTaumo 

3a,n;aq ACY. Pa3pa6oTKa nporpaMMHoro 06ecne1IeHHH ae.n;eTCH coaMeCTHo 
C ceKTOpOM MaTeMaTHIIecKoro 06ecne1IeHHH ACY JIBT A. TeXHI:IIIeCKOH 6a-
30H ,n;nn perneHHH 3a,n;aq ACY HBJIHIOTCH 3BM ueHTpanhHoro BhIIIHCJIHTenh
Horo KOMnneKca l'.IHCTHTyTa. OT.n;enoM BHe,n;peH H 3KCnnyaTHpyeTCH KOMn
JieKC 3a,n;aq no ytieTy Ka.n;poB C HCnOJih30BaIIHeM TepMHHaJihHoro MeTo.n;a 
BBo.n;a )J;aIIHhIX H nonylieHHIO cnpa.BOIIHOH HHq>OpMaUHH B OT,n;ene Ka,n;poa. 
Ha 6a3e nporpaMMHo-MaTeMaTH1Iec1<:oro 06ecne1IeHHH no.n;cHcTeMhI KA.[U>bl 
perneHhl HHcpopMaUHOHHO-nOHCKOBhie 3a)J;alIH ytieTa H aIIaJIH3a OT,lJ;eJihHhlX 
HanpaaneHHH ocHOBHOH ,n;enTenhHocTH HHcTHTyTa: "YIIeT Me;K,Il;yHapo,n;Horo 
Hay1IHo-TexHH1Iec1<:oro coTpymmqecTaa", "YIIeT H3o6peTeHHH OH.RH". 
Be,n;yTCH pa60Thl no KOMITJieKCHOH MexaHH3aQHH 6yxranTepci<:oro ytieTa. 
BHe.n;peHhl H 3KcnnyaTHPYIOTCH KOMITJieKChl 3a,n;aq no 6yxranTepCKOMY 
ytieTy MaTepHaJihHhIX ueHHOCTeH Ha ci<:na,n;ax OH.RH, pactieTy 3apa60THOH 
nnaThl )J;JIH COTpy.n;HHKOB HHcniTyTa, a TaK:>Ke noTpe6HOCTH OnhlTHOro 
npoH3ao,n;cTaa OH.RH B MaTepHanax H 1<:oMnneKTYIDI.UHX H3,n;enHHx. 

B10po crn1toapTU3alJUU o6ecnetIHBaeT no,n;pa3,n;eneHHH OH.RH HopMa
THBHo-TeXHH1Iec1<:oH )J;OKyMeHTaQHeH, 3aHHMaeTCH BHe,n;peHHeM CHCTeM 
CTaII,n;apTOB 6e3onaCHOCTH Tpy,n;a H ,n;pyrHX CHCTeM, ae,n;eT B HHCTHTyTe 
MeTO)J;HIIeCKOe pyKOBO)J;CTBO pa6oTaMH no CTaII,Il;apTH3aQHH. Bropo BHe,Il;pHJIO 
a OH.RH rocy,n;apcTaeHHyro CHCTeMy CTaII,n;apTH3aUHH CCCP, crnH.n;apThI 
E,n;HHOH CHCTeMhl KOHCTPYKTOpCKOH )J;OKyMeHTaQHH, C03)J;aJIO 6H6JIHOTeKy 
CTaH,n;apTOB, pa3pa6oTaJIO orpaHHIIHTeJihHbie CTaH,n;apTbl Ha pa3JIHIIHbie Ma
TepHaJihI, HHCTpyMeHThl H Y3Jihl BaKyyMHbIX CHCTeM, l:13,lJ;aJI0 .c6opHHK CTaII
,n;apTOB "HopMbl KOHCTpyKTOPCKHe". 

OToen ~01tTponb1to-uaMepuTe.flb1tbZX npu6opoe (OKHil) ocymecT
anneT TeXHHIIeCKoe o6cnyiKHBaIIHe CJIO:>KHbIX KOHTpOJihHO-H3MepHTeJihHhlX 
npH6opOB OTetieCTBeHHOro H 3apy6e:>KHoro npoH3BO)J;CTBa, HaXOMI.UHXCH 
B 31<:crrnyaTaUHH a OH.RH. OKHTT, HBJIHHCh ocHOBHhIM no,n;pa3,n;enem1:eM 
MeTponorHIIeCKOH cny:>K6hI HHCTHTyTa, cnoco6cTayeT coaeprneHCTBOBaHHI0 
npH6opHoro napKa, OCHameHHIO 6a30BhIX ycTaHOBOK HOBbIMH, 6onee co
BepllleHHhIMH npH6opaMH, O)J;HOBpeMeHHO BhlBO)J;HT l:13 3KcrrnyaTaUHH 
ycTapearnHe npH6ophI. 
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no 4JH3HKe HH3KHX ::rneprnH 

IlpeAC€A8T€Jlh - npoq:leccop A.C3HAYJ1eCKY 
Y'!eJV>JH CeKpeTapb - K8HAHA8T 

$H9HKO-MaTeMaTu

T.IeCKHX H3YK 
II,K.CKo6enee 

KOMHTeT no CTPYKType a.npa 

Ilpe)l;ce,n:aTenh - AOKTOp 
!l>H3H'lleCKHX 
HayK 
B ,AHAPel1:T.IeB 

KoMHTeT no $H3HKe 
THJKeJiblX HOHOB 

[lpe,n;ce)l;aTenh - npo!l>eccop 
K.-r .KayH 

··-,-



TeopeTJI'-leCKOi'I 

il>H'3HKH 

.J:upeKTOp 
!l.11.6oromo6os 

HccneAOBaHHR: 

- CBOl1:CTB CHMMeT

PHH ::meMe11TapHblX 

'-13CTlU.l; 

- CTPYKTYPbJ TeopHH 
IlOJJR; 

- B3aHMo,a;eHcTBHH 
3JieMeHTapHblX 'llac

THu;j 

- TCOPHH aTOMHOro 

H,Upa; 
- reopuu HAePHbJX 0 

peaKD;HH; 
- Teopm-1 KOHAeHCH

poeaHHbtX COCTm1-

HHH. 

BblCOKHX 

3Heprm1 

~RpeKTOP 

A.M.Ba.n,z:i;HH 

HccneAOBaHHH: 

- CTPYKTYPbl HYK

JlOf:IOB; 

- CHJlhHhlX B3aHMo

,n;e11:CTBHH llaCTHUj 

- pe30HaHCHblX HB

nenuH so B3attMo

.a;eilcTB1rnx 'lacnru;; 

- 3JieKTpoMaf'HHT

HbIX B3a.HMo,a;et1CT

BHH; 

- B 06JiaCTH Pe.Jlff

THBHCTCKOH H.a;epHoH 

ipH3HKH; 

- MeTOAOB YCKOpe

HHff qaCTHq. 

CTPYKTYPA 
OB~E~HHEHHoro HHCTHTYTA H~EPHUX HCCRE~OBAHHH 

::lllPEKUirn 

LtupeKTOp H .11. Eoromoeioa 
Bm~e-,z::u1peKTOP A.C3~ynecKy 
Bwue-AHpeKToP 3. 3HTPaJihr0 
J\.AMHHHCTpaTHBHblH AHPeKTOP !O.H .;teHHCOB 

IlOMOIItHHK ,rut:peKTopa 

floMO!IlHl-lK p;HpeKTOpa 

rnaBHbJH Y'leHblH CeKpeT3Ph 

I 

H.n. TepexHn 
A.11.PoMaHoB 
A.11.CHCaKRH 

,:i:p;epHbJX 

npo6neM 

)lHpeKTOp 

B.0 • .[{JKenenos 

Hccne,u;osaum1: 

- CHJibHblX, cna6wx 

H 3JieKTPOMarHHTHblX 

B33HMo,a;efi:CTBHH 

qaCTHq, CTPYKTyphl 

qacTuq; 

- IlOHCK HOBblX llaC

THll;j 

- CTpyKTYPbl H.a;pa; 

- HAepuo-cneKTpo-

CKOnut.i:eCKHe; 

- Me:30XHMHlleCKHe; 

- MeTOAOB YCKOpe-

HHff qacTHq. 

}t,IJ;epHblX 

peaKIJ,Hit 

AHpeKTop 1 

r.11.<t>nepos 

Hccne.A_oBaHHH: 

- csoHCTB H30TOITO 

TP3J:ICYP3HOBblX :me 

MeJ·fTOB, IlOHCK 

csepxTH;t;em,1x 3ne
MeHTOB f 
- CBOI1:CTB H;::r;ep, 

YAaJieHHbIX OT nu
HHH 6eTa-cTa6MJih

HOCTHj 

- MexaHH3Ma B33H

MO,a;eHcTBHff CJIQ,K

HblX ff,D;ep; 

- Pa;J;Hall;HOHHOl'O 

B03,u;eHCTBHff Tff)Ke

JibJX HOHOB Ha pa3-

J1HQ;Hble MaTepuanbl. 

HeJ1:TpOHHOft 

4iH3HKH 

.QupeKTOP 

n.tLll>pauK 

Hcc.ne_AosaHHH: 

- ff,L\ep MeTo,u;ar-ru 

He11:TpOHHOJ1 

cneKTpoMeTpHH; 

- ¢iYH.D;aMeHTaJihHblX 

CBoHCTB HeHTpOHos; 

- aTOMHOJ1: CTPYK

Typbl H AHHaMHKH 

TBepAblX Ten 
H iKH,IJ;KOCTefi; 

- pea.K1I,Hfi tta 

nerKHX H,IJ;pax. 

JlHTe.nhHOH T€XHHKH 

H aBTOMaTH33UHH 

,[{upeKTOP 

M. r .Hem;epHKOB 

- Pa3BHTHe H 3KC
nnyaT31..UfJI BbNHCJIH

TeJlhHOf'O KOMnJieKCa 

- C03A3HHe aBTOMa
THtleCKHX CHCTeM 

o6pa60TKH CHHMKOB 

C TpeKOBblX KaMep; 

- pa3BHTHe MeTOAOB 

HCfl0Jlh30B3HHff 3BM 
Ha JlHHHH C $H3H

-qeCKHMH yCT3HOB

K3MH, 3KCnepHMeH

T3JihHble uccne,a;oea

HH.R Ha ycKOPHTe

Jl.RX; 

- pa3BHTHe H npu

MeHeHHe M3TeM3TH

t.i:eCKHX MeTO.D;OB 

pemeuuH ciiH3Ht.i:ec

KHX 33l!3t.lo 

OT,a;en 

HOBblX MeTO,!l;OB 

ycKopeHHff 

CepnyxoBCKOl1: 

aarmo-:JKcnepw

MeHTaJ1&HWH: OT.tJ;er 

I061.i.1;em1cTHTYTCKtte; 

nay"lHble OT,ll;eJihl 

A,r:i;MHIIHCT1)3THBII( -

X03ffl1:CTl:leHHble 

no,upa3,a;eneHHR 

lh-1ct,opMau;HOHHbte I ltlpoH3BO.tJ;CTBe:mbJe< 

CJIY)K6hl no,upa3,~eJ1eHttff 



3KCTIEPMMEHTARbHAH BA3A OMHM 
M TIEPCTIEKTMBhl EE PA3BMTMH 
B TIPE~CTOHmEM TIHTMRETMM 
(1986-1990 ro~hI) 

JO.H.~EHHCOB, npo<fieccop 

)]juI ITp0Begemm 3KCITepHMeHTaJibHbIX HCCJie}];OBlllfHH ITO HaH6onee 

aKTyaJihHbIM ITpo6JieMaM COBpeMeHHOH q>H3HKH Heo6XO}];HMbI ycTaH0BKH, 

reHepHpyIOI..QHe rryqKH ITp0T0H0B, HeHTpOHOB, T.fDKeJibIX H0H0B H gpyrHX 

BH}];0B H3JiyqeHHH B nmpoK0M }];HaITa3oHe 3HeprHH. IlpH o6pa30BaHHH 

O6'be}];HHeHHoro HHCTHTyTa H}];epHbIX HCCJie}];OBaHHH TpH}];IJ;aTh JieT Ha3a}]; 

CoBeTCKHH Co103 6e3B03Me3AHO ITepegarr 3T0MY Me)K)];yHap0AH0MY Hc

cnegoBaTeJibCK0MY u;eHTpy geiiCTBYIOI..QHH cHHxpou;HKJI0TpoH, ycKopHBllIHH 

ITp0T0HbI AO 3HeprHH 680 M3B, H HaxO}];HBllIHHCH B CTa}];HH HaJia}];KH CHHXpo

cpa3oTpoH Ha 3HeprHIO ITp0T0H0B 10 r3B. 3TH }];Ba ycK0pITTeJIH, o6Jia}];aBllIHe 

B TO BpeMH peKop}];HbIMH ITapaMeTpaMH, CTaJIH ITepBbIMH 6a30BbIMH ycTa

HOBKaMH 11HCTHTyTa, Ha K0T0pbIX q>H3HKH H3 acex CTpaH-yqaCTHHIJ; OI1HI1 

HaqaJIH ITp0B0}];HTb 3KCITepHMeHTaJibHbie HCCJie}];0BaHHH. BcKope IT0CJie co-

3}];aHHH I1HCTHTyTa ITapK 6a30BhIX ycTaH0B0K 6hIJI A0IT0JIHeH peaKT0p0M 

nepH0}];HqecKoro }];eHCTBHH Ha 6bICTpbIX HeHTpOHax H KJiaCcHqecKHM IJ;HKJI0-

Tp0H0M, npe}];Ha3HaqeHHbIM }];JIH ycKopeHHH MHoro3apHAHbIX H0H0B B llIH

p0K0M }];Hana3oHe Mace. 

B anperre 1957 raga Ha cHHxpocpa3oTpoHe 6bIJIH ycKopeHhI npoT0HhI, 

BnepBbie 6bIJia }];0CTHrHyTa 3HeprHH 10 r3B. Bee nocrre}];yIOI..QHe ro}];hl 0}];H0-

BpeMeHHO C BbIITOJIHeHHeM llIHpOKOH nporpaMMbI q>H3HqecK:Hx 3KCnepHMeH

TOB ITPOA0JI)KaJIOCb coaepll!eHCTB0BaHHe H pa3BHTHe BCex ero TeXH0JI0rHqe

CKHX CHCTeM. B pe3yJihTaTe HHTeHCHBH0CTb nyqKa ycKopeHHbIX np0TOHOB 

6bIJia A0Be}];eHa AO 4· 1012 qaCTHIJ; B HMITYJihCe, 6hIJIH C03}];aHbI BbICOK03cp

cpeKTHBHbie CHCTeMhI 6bICTporo H Me}];JieHHoro BbIBO}];OB ITyqKoB' C03}];aHa 

pa3BeTBJieHHaH CHCTeMa pa3BO}];KH ITyqKoB ITpOT0H0B H BTOpHqHbIX qacTHIJ;. 

B 1970 rogy Ha CHHXpocpa30TpoHe anepBbie 6bIJIH ycKopeHbI H}];pa 

TH)Kerree npoToHa. K HacToHI..QeMy apeMeHH B pe3yrrhTaTe ITocrregoaaTeJib

Horo coaepll!eHCTB0BaHHH H0HHbIX HCTQqffHK0B H HH)KeKu;HOHHoro KOMIT

rreKca CHHx2ocpa30TfoHa ITorryqeHbI rryqKH d, dt, 3He, 4He , 6Li , 7 Li, 
12 c, mo, 22 Ne, 2 Mg , 2&Si • CHHxpocpa3oTpoH cTarr nepBbIM ycKopHTe

rreM, Ha KOT0p0M YAaJI0Cb ycKopHTb MHoro3apH}];HbI8 HOHbI AO peJIHTH

BHCTCKHX 3HeprHH - 4 r3B/HyKJIOH H C03}];aTh T8M caMbIM ycrroBHH }];JIH 

ITp0B8}];8HHH Ha BbICOKOM ypOBHe HCCJie}];OBaHHH ITO aKTYaJibHbIM npo6rre-

30 MaM q>H3HKH 3JieMeHTapHbIX qaCTHIJ; H peJIHTHBHCTCKOH H}];epHOH q>H3MKH. 



Pa3BHTHe CHHXpocpa30TpOHa npO,D;OJIJKaeTCH. Y JIYtJillaIOTCH xapa1ne

pHCTHKH HOHHbIX HCTOtJHHKOB, B TOM tJHCJie HCTOtJHHKa noJIHpH30BaHHbIX 

,n;eihpOHOB,C03,D;aIOTCH JIYtJillHe YCJIOBHH ,D;JIH HX 3KCnJiyaTaIJ;HH, COBepllleHCT

ByeTCH aaKyyMHaH CHCTeMa ycKOpHTeJIH, pa3BHBaeTCH CHCTeMa aBTOMaTH-

3HpOBaHHOro ynpaaJieHHH peJKHMOM ycKopeHHH H pa3B0,D;KH nytJKOB. Bee 

3TO n03BOJIHT ew;e 6onee paCillHpHTb ,D;Hana30H ycKop.fleMbIX HOHOB H yae

JIHtJHTb HHTeHCHBHOCTb nonyqaeMbIX nytJKOB .fl,IJ;ep. 

Cne,n;yrow;HM. 3HatJHTeJihHblM IllaroM B pa3BHTHH ycKopHTeJihHOH 6a3bl 

11:HCTHTyTa ,IJ;JI.fl 3KCnepHMeHTOB B o6naCTH peJIHTHBHCTCKOH .fl,D;epHOH <pH3H

KH .flBJI.fleTc.fl nnaHHpyeMaH Ha 6nHJKaHillHe ro,n;hI 3aMeHa ,n;eiicTayrow;ero 

CHHxpocpa30TPOHa Ha caepxnpOBO,IJ;.fllll;HH ycKopHTeJib .fl,D;ep - "HyKJIOTpOH". 

3aMeHa ,IJ;eHCTByroiu;eii "Tennoii" MarHHTHOH CHCTeMbl CHHXpocpa30TPOHa 

c KnaCCHtJeCKOH cna6oii cpoKycHpOBKOH Ha JKeCTKO<pOKYCHpyrow;yro caepx

npOBO,IJ;HW:YIO, ,IJ;aJKe npH pa3Mew;eHHH HOBoro ycKopHTen.fl B cyw;eCTBYIO

w;eM 3,IJ;aHHH, no3BOnHT nonytJHTb ycKopeHHbie H,D;pa C 3HeprHeii ,IJ;O 

7 r3B/HyKnoH. IlpH COOTBeTCTByrow;eM pa3BHTHH HH)KeKIJ;HOHHoro KOMn

neKca "HyKnoTpoHa" ,n;Hana3oH Mace ycKopHeMhIX H,n;ep MOJKeT 6hITh pac

IllHpeH BnJIOTb ,IJ;O ypatta, cyw;eCTBeHHO 6y,n;yT nOBbIWeHbl HHTeHCHBHOCTH 

nytJKOB .HanpHMep, HHTeHCHBHOCTb nytJKOB ycKopeHHblX ,n;eiiTpOHOB ,IJ;OCTHr

HeT 3 .1012 tJaCTHIJ;/IJ;HKn, Mg 12+ - 1.1011 qacTHIJ;/IJ;HKn, U82+ -

1-109 tJaCTHIJ;/IJ;HKn. KpoMe Toro, HCnonb30BaHHe B YCKOpHTene caepxnpo

BO,Il;.fllll;eH MarHHTHOH CHCTeMbl cyw;eCTBeHHo yMeHblllHT 3HeproeMKOCTb ye-· 

TaHOBKH H paCXO,Il;bl Ha ee 3KCnnyaTaIJ;HlO. 

Pa3pa6oTKa npoeKTa ycKopHTen.fl "HyKnoTpoH" 6a3HpyeTC.fl Ha pe-

3ynhTaTax ycnelllHoro pa3BHTH.fl B nocne,n;Hee ,n;ecHTHneTHe B na6opaTopHH 

BblCOKHX 3HeprHH 06'be,IJ;HHeHHoro HHCTHTyTa H,n;epHblX HCCne,n;oaaHHH 

nporpaMMbl HCnonb30BaHH.fl CBepxnpOBO,IJ;.fllll;HX MarHHTOB B YCKOPHTenb

HOH TeXHHKe. . 3a 3TH ro,IJ;bl B nB3 6bmH C03,IJ;aHbl HeCKOnhKO Mo,n;eneii 

caepxnpoBO,IJ;.fllll;HX ,ll;HnOnhHblX H KBa,n;pynonhHblX MarHHTOB "norpyJKHO

ro" H "npoKatJHOro" THnOB C MaKCHMaJibHOH BeJIHtJHHOH MarHHTHoro non.fl 

2,17 2,3 Tn. Oco6eHHOCTblO pa3pa60TaHHbIX MarHHTHblX CHCTeM, Ha3BaHHbIX 

MarHHTaMH THna ".[J;y6Ha", .flBJI.fleTCH aKTHBHOe HCnOnh30BaHHe 6nH3KO 

pacnonoJKeHHoro HpMa )i;nH cpopMHpoaaHHH non.fl B 3a3ope MarHHTa. 3To 

no3BOJIHeT pe3KO coKpaTHTh pacxo,n; caepxnpoao.n;.flw;ero Ka6enH H ynpo

CTHTh KOHCTPYKIJ;HIO MarHHTHOH CHCTeMbl H ee KpHOCTaTa • 

.[J;nH npoaepKH OCHOBHbIX KOHCTPYKTOpCKHX H TeXHOJIOrHtJeCKHX 

H,D;eH, 3aJIO)KeHHblX B npoeKT YCKOpHTeJIH "HyKnoTpoH"' B na6opaTOpHH 

BhICOKHX 3HeprHu coopyJKeH caepxnpoao.n;HW:HH JKeCTKo<poKycHpy10w;H0 

CHHxpoTpoH CITHH c pa3,n;eneHHhIMH cpyHKIJ;HHMH noaopoTa H cpoKycHpoa

KH ycKopHeMbIX tJaCTHIJ;. IlpHMeHeHa MarHHTHaH CHCTeMa "norpy)KHoro" 

THna . .[J;JIH oxna)K,ll;eHH.fl MarHHTHOH CHCTeMbl ,n;o TeMnepaTypbl 4,2 K HCnonh-

3yeTCH KpHoreHHo-renHeBaH ycTaHOBKa KrY-1600/4,5. IlpH o6w;eM nepH

MeTpe ycKopHTen.fl 54 M KOHetJHaH 3HeprHH npOTOHOB COCTaBHT 1,5 r3B. 

OnhIT coopyJKeHH.fl, 3anycKa H npo6Ho:a 3KcnnyaTan;HH ycTaHOBKH CITHH 31 
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6y.n;eT HCTIOnh30BaH rtpH pa3pa6once TipoeKTa H B Tipoa;ecce coopy:»ceHHH 

CBepxTipOBO,D;HW:ero YCKOpHTenH H,D;ep "HyKnoTpOH ". 

CHHxpoa;HKnoTpoH Ha ::meprmo TIPOTOHOB 680 M3B cny:»cHn 3KCTiepH

MeHTanbHOH 6a30H lfHCTHTyTa .n;nH q>H3HtieCKHX HCCne,D;OBaHHH C MOMeHTa 

o6pa30BaHHH O11.HH ,ll;O 1979 ro.n;a. K 3TOMY BpeMeHH 3KCIInyaTaa;HOHHblH 

pecypc ero TeXHOnormreCKHX. CHCTeM 6brn TIOnHOCTblO HCTIOnh30BaH, H ycKO· 

pHTenh 6brn OCTaHoBneH Ha peKOHCTpyKD;HIO. IlpoeKTOM peKOHCTPYKD;HH 

Tipe.n;ycMaTpHBanOCb C03,ll;aHHe B cyw:ecTBYIOW:eM 3,ll;aHHH ycKOpHTenH HO· 

Boro THTia - cpa3oTpOHa C TipOCTpaHCTBeHHOH BapHaa;He:ii MarHHTHoro TIOnH. 

BH.n; ycKopHeMhlX qacTHD; - TIPOTOHbl H KOHeqHaH 3HeprHH - 680 M3B CO· 

xpaHHnHCb Tipe:»cHHMH. IlpocTpaHCTBeHHaH BapHaa;HH Mar}JHTHOro TIOnH, 

o6ecTieqHBaH BepTHKanhHYIO q>OKYCHpOBKY ycKOpHeMblX qaCTHa; TIPH paCTY· 

w:eM TIO pa.n;Hycy MarHHTHOM Tione, .n;aeT B03M0'1CHOCTb cyw:ecTBeHHO COKpa

THTb ,D;HaTia30H qacTOT ycKopH10w:ero HaTipH:»ceHHH H 3a cqeT 3Toro yBenHqHTb 

KaK YCKOpHIOW:ee HaTipH:»ceHHe, TaK H qacTOTY D;HKnOB ycKopeHHH. O6a 3TH 

cpaKTOpa o6ecTieqHBaIOT yBenHqeHHe HHTeHCHBHOCTH TiyqKa ycKopHeMblX 

TipOTOHOB. IlpHMeHeHHe HOBOH BblCOK03cpq>eKTHBHOH CHCTeMbl BbIBO,D;a 

o6ecTieqHBaeT ,ll;OTIOnHHTenhHOe yBenHqeHHe HHTeHCHBHOCTH BHelllHHX Tiyq. 

KOB TIPOTOHOB, HeHTpOHOB H Me30HOB. 

B HOBOM ycKopHTene HCTIOnh30BancH MarHHTOTipOBO,ll; CHHXpOD;HKnO· 

TpOHa H HeKOTOpbre ero TeXHonorITTeCKHe CHCTeMbI. Ho Bee OCHOBHbie y3nbl 

ycKopHTenH B Tipoa;ecce peKOHCTPYKUHH 6brnH H3rOTOBneHbl 3aHOBO' Ha 

COBpeMeHHOM ypoBHe TeXHonorHqecKHX B03M0'1CHOCTeH C lllHpOKHM TipHMe

HeHHeM aBTOMaTH3HpOBaHHblX CHCTeM KOHTponH H yTipaBneHHH pe:»cHMOl'vl 

ycKopeHHH, BbIBO,D;a H pa3BO,ll;KH TiytlKOB TIO 3KCTiepHMeHTanhHblM 3anaM. 

O.n;HOBpeMeHHO cyw:ecTBeHHO yBenHqeHa Tinow;a,ll;b 3anOB .n;nH pa3Mew;eHHH 

3KCTiepHMeHTanhHblX q>H3HqecKHX ycTaHOBOK. Coopy:»ceHbl CTiea;HanhHbie 

TIOMew;eHHH .n;nH pa6oT TIO H,D;epHOH CTieKTpOCKOTIHH, pa6oT C HH3KHM pa.n;Ha

a;HOHHblM q>OHOM, .n;nH Me,D;HK0-6HonorHqecKHX HCCne,D;OBaHHH. 

B 1984 ro.n;y B Jia6opaTOpHH H,D;epHblX Tipo6neM O6'he,D;HHeHHOro 

HHCTHTyTa H,D;epHblX HCCne,D;OBaHHH BTiepBbie B MHpe 6brn ocyw:ecTBneH q>H-

3HqecKHH TIYCK cpa30TpOHa C TipOCTpaHCTBeHHOH BapHaa;HeH MarHHTHoro 

TIOnH. Bbrna TionyqeHa Tipe.n;enhHaH TipoeKTHaH 3HeprmI ycKopeHHblX TIPOTO· 

HOB - 680 M3B. B 1985 ro.n;y peanH30BaH BbIBO,ll; TiyqKa H3 BaKyyMHOH 

KaMepbI ycKopHTenH C pacqeTHOH 3cpq>eKTHBHOCTblO ~ 60%. 
CeqeHHe BbIBe,D;eHHoro eyqKa OKa3anOCb B .n;ecHTKH pa3 MeHbllle, qeM 

Ha CTapoM ycKopHTene c KnaccHqecKof1 cna6oir cpoKycHpOBKoir. Bnaro

.n;apH 3TOMY 3HaqHTenbHO yBenH~BaeTCH 3cpq>eKTHBHOCTb TpaKTOB TipOB0,ll;· 

KH ycICopeHHblX TipOTOHOB H BTOpHqffblX qaCTHD; H cyw:eCTBeHIIO ynyqrnaeT

CH HCTIOnh30BaHHe TiyqKoB B 3KCTiepHMeHTanhHblX q>H3HqecKHX ycTaH0BKax. 

Pa.n;HKanhHO H3MeHeHa CHCTeMa YTIPaBJieHHH ycKopHTeneM. IlynhT 

yTipaBneHHH TiepeHeCeH B HOBOe TIOMew;eHHe, HeTiocpe,D;CTBeHHO TipHMbIKaIO

w:ee K 3KCTiepHMeHTanhHblM 3anaM H OCHOBHblM TeXHOnorHqecKHM CHCTe

MaM cpa3oTpOHa. CHCTeMa KOHTponH H yTipaBneHHH pe:»cHMOM ycKopeHHH 

TIOCTpOeHa C TipHMeHeHHeM MHOroMallIHHHOH CHCTeMbl 3BM H 3neKTpOHHKH 



B cTaH.D;apTe KAMAK. Oco6oe BHHMaHHe o6parn;eHo Ha aBTOMaTH3auHIO 

ICOHTpOJIR pa,D;HaQHOHHOH o6CTaHOBICH B TeXHOJiorwreCICHX noMern;eHHRX 

YCICOpHTeJIR H 3ICcnepHMeHTanI,HhIX 3aJiax. 

TaICHM o6pa3oM, B JlRII c03.D;aHa HOBaR nepcneICTHBHaR 6a3oBWI 

ycTaHOBICa ,D;JIR 06ecne11eHW1 3ICcnepHMeHTaJibHOH nporpaMMhI 11HCTHTyTa 

Ha ny11ICax npOTOHOB' HeifTpOHOB H Me30HOB B o6naCTH cpe,D;HHX 3HeprHH. 

3HalJHTeJibHOe MeCTO B 3TOH nporpaMMe 3aHHMaIOT npHICJia.D;Hhie HCCJie,D;oBa

HHR, .D;JIR ICOTOpbIX Ha peICOHCTPYHPOBaHHOM cpa3oTpoHe C03,D;aHhI 6naro

npHRTHhie YCJIOBHR. 

B nocne.D;yIOrn;He ro,D;hI ycICopHTeJib H ero OCHOBHhie CHCTeMbI 6y.D;yT 

coaepweHCTBOBaTbCR H pa3BHBaTbCR C QeJiblO no3TanHoro yaeJIHIJeHHR HH

TeHCHBHOCTH ny11ICa ycICopeHHhIX npoTOHOB H nOBhIWeHHR 3q>q>eICTHBHOCTH. 

no Mepe yaeJIHIJeHHR IC03Q}Q}HQHeHTa BbIBO,D;a H COOTBeTCTByrorn;ero CHH:>Ke

HWI aICTHBaQHH Y3JIOB ycICopHTeJIR HHTeHCHBHOCTb BHyTpeHHero ny11ICa 

npoTOHOB nocTeneHHO 6y.D;eT yaeJIHIJHBaTbCR ,D;O ee npoeICTHoro 3HalJeHHR 

1CH50 MICA. 

B 1957 ro.D;y .D;JIR pacwHpeHHR a OHRH 3ICcnepHMeHTaJibHhIX Hccne

.D;OBaHHH B o6nacTH JI,D;epHOH Q}H3HICH 6hIJIO npHHRT0 peweHHe O C03,D;aHHH 

Jia6opaTOpHH R,D;epHbIX peaICQHH H OCHarn;eHHH ee Heo6xo,D;HMhIMH 6a30BhI

MH YCTaHOBICaMH. IlepBbIM 6bIJI coopy:>KeH "ICJiaCCHIJeCICHH" QHICJIOTpOH, 

npe,D;Ha3HalleHHhIH ,D;JIR ycICopemm WHpOICOro cneICTpa MHoro3apR,D;HhIX HO

HOB BnJIOTb ,D;O R,D;ep QHHICa. ,UHaMerp noJIIOCOB 3JieICTpOMarHHTa 3TOro 

QHICJIOTpoHa COCTaBJIReT 3,1 M. C MOMeHTa ero 3anycICa a 1960 ro.D;y a Te

lleHHe nocJie.D;yIOrn;HX 15 JieT ycICopHTeJib Y-300 06ecne11HBaJI y11eHbIM CTpaH

y11acTHHQ OHRH JIH.D;Hpyrorn;ee nono:>KeHHe a 3ICcnepHMeHTaJil>HhIX Hccne,D;o

BaHHRX no Q}H3HICe TR:>KE!JibIX HOH OB. 

B 1968 ro,D;y 3ICCnepHMeHTaJibHaR 6a3a ,D;JIR HCCJie,D;OBaHHH no Q}H3HICe 

TR:>KeJihIX HOHOB 6bIJia .D;ononHeHa ern;e O,D;HHM ycICOpHTeJieM - H30XpOHHhIM 

QHICJIOTpOHOM C ,D;HaMeTpOM noJIIOCOB 2 M (Y-200). Ha 3TOM QHICJIOTpoHe 

6naro,D;apR aHOMaJibHO BhICOICOMY cpe,D;HeMy nomo OICa3aJIOCb B03MO:>KHbIM 

YCICOpHTb HOHhI ,D;O 3HeprHH 145(Z2 /A) M3B B ,D;Hana3oHe OTHOWeHHH 

MaCChI HOHa IC 3apR.D;y ( A/Z) OT 5 ,D;O 28. O.D;HOBpeMeHHO ycICOpHTeJib 

Y-200 HCnOJib30BaJICR ICaIC MO,D;eJib 6onee MOlll;Horo H30XpOHHoro QHICJIO-

TpOHa C .D;HaMeTpOM noJIIOCOB 4 M (Y-400)' pa3pa6oTaHHoro B Jia6opaTOpHH 

R.D;epHhIX peaICQHH. 

HoBhIH H3oxpoHHhIH QHICJioTpoH Y-400 6hm aae.D;eH a 3ICcrmyaTaQHIO 

a 1978 ro,D;y. Enaro,D;apR BhICOICOMY ypoBHIO cpe,D;Hero MarHHTHOro noJIR 

B 3a3ope MarHHTa 3HeprHR yc1wpReMbIX HOHOB MO:>KeT ,D;OCTHllb 

650 (Z 21 A) M3B. YcICopRIOTCR HOHhI c OTHoweHHeM MaCChI IC 3apR.D;Y 

(A/Z ) B ,D;Hana3oHe OT 4 ,D;O 20. 3a apeMJI pa6oThI QHICJIOTpoHa Y-400 Ha 

HeM OTJia)KeHbl pe)KHMbl ycICopeHWI WHpOICoro cneICTpa HOHOB OT 15N ,D;O 
84Kr npH ICoHellHhIX 3HeprHRX 6on1>we 5 M3B tia HyICJioH. Enaro,D;apR pa3-

pa6oTaHHhIM B JIRP BbICOIC03q>cpeICTHBHhIM HOHHhIM lfCTOIJHHICaM nyllICH 

ycICopeHHhIX lfOHOB Ha O,D;HH-.D;Ba nopR,D;ICa npeBOCXO,D;RT no lfHTeHCHBHOCTlf 

nyllIClf, nony11aeMbie Ha .D;pyrHX lf3BeCTHhIX ycICOpHTeJIRX TJI)KeJibIX lfOHOB. 33 
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BbIBOA rryq1<:a H3 UHKnoTpoHa ocym;eCTBmieTCH B ABYX HanpaaneHHHX MeTo
AOM nepe3apHAKH yc1<:opeHHbIX HOHOB Ha TOHKHX rpaqmTOBbIX cponbrax 
TOnUJ;HHOH 40~0 MKr/cM 2 • .!1:nH pacurn:peHliH .n;Hana30Ha 3HeprHH BbIBOAH
MbIX HOHOB npHMeHHeTCH Kai<'. OAH006opoTHbIH (c pa.n;HyCOB 170+175 CM)' 
Tai<'. 11 .n;Byxo6opoTHbIH (c pa.n;HycoB 138+160 CM) BblBO)];. 3cpcpeKTHBHOCTb 
BbIBOAHOH CHCTeMbl COCTaBnHeT, B 3aBHCHMOCTH OT MaCCbl yc1<:opHeMbIX 
HOHOB, 30+70%. Yc1<:op11Tenb OCHam;eH aBTOMaTH3HpOBaHHOH CHCTeMOH KOHT
ponH H ynpaBneHHH pe)KHMOM yc1<:opeH11H HOHOB H CHCTeMaMH pa3BO)];KH 
BbIBe.n;eHHbIX nyq1<:0B no 31<'.CnepHMeHTanbHbIM ycTaHOBKaM. 

B Jia6opaTop1111 11;a;epHbIX pea1<:u11ii pa3pa6oTatt npoe1<:T .n;anhHeiirnero 
pa3BHTliH yc1<:opHTenbHOH 6a3bl .n;nH Hccne;a;oBaHHH no q:>H3HKe TmKenbIX 
HOH0B. B ocHOBY npoe1<:Ta nono:aceH onhIT, np1106peTeHHbIH B JifIP Hec1<:onh-
1<:o neT Ha3a.n;, 1<:orna BnepBbie B MHpe H0Hbl 1<:ceHoHa 6bmH nocne.n;onaTenb
HO yc1<:opeHhI B Tatt.n;eMe .n;Byx UHKnoTpOHOB Y-300 H Y-400. Ilpoe1<:TOM 
npe.n;ycMaTpHBaeTCH peKOHCTPYKUHH MopanbHO ycTapeBrnero 1<:nacc11qec1<:o
ro u111<:n0Tp0Ha Y-300 B H3oxpoHHhIH UHKn0TpoH Y-400, aHanor11qHhIH no 
napaMeTpaM .n;eHCTByrom;eMy UHKnOTpOHY, H coe;a;HHeHHe 3THX ABYX yc1<:o
pHTenei1 B nocne.n;oaaTenbHbIH yc1<:op11TenbHhIH 1<:0Mnne1<:c. IlepBaH cTy
neHb 1<:0Mnne1<:ca- ;a;eiicTByrom;Hi1 H3oxpoHHhIH u111<:noTpoH Y-400, BTopa11-
pe1<:0HcTpy11pyeMbIH u111<:noTpoH. IlpH coBMeCTHOH pa6oTe 06e11x cTyneHeH 
6y.n;yT yc1<:opHTbCH BCe H0Hbl BnnOTb AO ypatta AO 3HeprHH 150+20 M3B Ha 
HyKnOH. B na6opaTopHH y:ace Be.n;eTCH no.n;rOTOBKa I<'. pean113auHH 3TOro 
npoe1<:Ta. 

.IJ:n11 o6ecneqeHliH yc1<:opHTenbHOH 6a3bl Be.n;ym;HXCH B Jia6opaTopHH 
11.n;epHbIX peaKUHH npHKna)];HbIX nccne.n;OBaHHH coopy:aceHbl )];Be cneUHanH-
3:HpOBaHHbie ycTaHOBKH: MHKpOTpOH MT-22 H H30XpOHHbIH UHKnoTpOH 
c .n;HaMeTpoM nonrocHoro Ha1<:0HeqH111<:a 100 CM -HU-100. B MHKpoTpoHe 
MT-22 3ne1<:TpOHbI yc1<:op1110Tc11 .n;o 3HeprHH 32 M3B npH cpe.n;HeM To1<:e 
nyq1<:a 20 MKA. l130XpOHHbIH UHKnoTpOH - HMMaHTaTOp npe.n;Ha3HaqeH )];nH 

yc1<:opeH11H TH:acenbIX HOHOB .n;o 3HeprHH 1 M3B. Ha HyKnoH. C noMOUJ;bIO 
3THX yc1<:opHTeneH Be.n;yTCH HCCne;a;oBaHHH no 3neMeHTHOMY attanH3Y, 0Tpa-
6m·1<:e MeTO)];HKH nonyqeHHH HeKOTOpbIX H30TOnOB, HanpHMep KOpOTKO,KH
Bym;ero H30Tona 1231, H3rOTOBneHHIO 11.n;epHbIX q:>HnbTpOB, HOHHOH HMnnaH
TaUHH H pa.n;HaUHOHHOMY MaTepHanoae.n;eHHIO. 

Cpa3y :ace nocne o6pa30BaHHH OI1fII1 6hmo perneHO OCHaCTHTb I1HCTH
TYT He TOnbKO yc1<:opHTenHMH, HO H peaKTOpHbIMH ycTaHOBKaMH. Bbmo 
npHHHTO opHrHHanbHOe perneHHe - coopy.n;HTb He o6bJqHbIH CTaUHOHapHbIH 
HCCne.n;oBaTenbCKHH peaKTOp Ha TennoBbIX HeHTpOHax, Kal<'.HMH pacnonara
nH BCe .n;pyr11e q:>H3HqecI<:He 11ccne.n;oBaTenbCKHe ueHTpbI, a HMnynbCHbIH 
pea1<:Top Ha 6hICTpbIX HeiiTpoHax nep110.n;11qec1<:oro .n;eiicTBHH - I1BP. Ta1<:oi1 
peaKTOp co cpe.n;HeH TennOBOH MOUJ;HOCTblO 1 KBT 6bm 3arrym;eH B Jia6opa
TOpHH HeHTpOHHOH q:>H3HKH O6'be.n;HHeHHOro HHCTHTyTa H;a;epHbIX liCCne;a;o
BaHHH B 1960 ro;a;y. B 1969 ro.n;y 3Ta ycTaHOBKa 6bma 3aMeHeHa HOBbIM 
HMnynbCHbIM peaKTOpOM I1BP-30, cpe.n;HHH TennoBaH MOUJ;HOCTb KOTOporo 



y:>Ke .n;ocrn:rna 2q KBT. PeaKTop reHepHpyeT rrep00,n;0qecK0 rroaTopmom0ecn 

HMIIyJibCbl HeHT_J?OHHOro IIOTOKa .D;JIHTeJibHOCTbIO 70 MKC c qacTOTOH IIOBTO

peHHH OT 4 .n;o 100 HMIIYJibCOB a ceKyH.n;y. MrHOBeHHaH MOII.(HOCTb pea:ECTO

pa B HMrrynLce .n;ocrnraeT 150 MBT. 

Ilep1rn,n;HqHOCTb ,n;eHCTBliR peaKTOpa 06ecrreq0aaeTCH UHKJIHqecKHM 

li3MeHeHHeM K03cpc}m~eHTa pa3MHO)l(eHliR HeHTpOHOB B aKTHBHOH 30He -

Mo.n;ynnutteii peaKTHBHOCTH. B peaKTope HBP-30 ,n;JIR Mo,n;yJIHUHH peaKTHB

HOCTH IiCIIOJib3yeTCH IIO.D;BH)l(HaH qacTb a:ECTHBHOH 30Hbl - .D;HCK Ii3 MeTaJI

JIHqecKoro ypaHa ,3arrpeccoBaHHbIH Ha rrepttcpepHH apamaromerocn cTam

Horo poTopa. IlpH apameHHH poTOpa co CKOpOCTbIO 3000 06 /MHH ypaHo

BbIH BKJia,D;bllll 50 pa3 a ceKyH,n;y npoxo,n;HT Me)l(,D;y .D;BYMH Heno.n;BH)l(HbIMli 

qacTHMli aKTHBHOH 30Hbl, CHaqana nepeao,n;H peaKTOp B Ha.n;KpHTttqeCKOe 

COCTOHHHe, a 3aTeM CHH:>KaH peaKTHBHOCTb • 

.D:nn ttccne,n;oBaHHH, Tpe6yromttx BhICOKoro 3HepreTttqeCKoro pa3pe

llleHHH ,n;JIR HeiiTpoHHoro noToKa, peaKTop HBP-30 ttcnom3yeTcn B rro.n;

KpHTHqHoM pe)l(M:Me KaK pa3MHO)l(HTeJib HeHTpOHOB OT MHllleHH HH)l(eKTO

pa 3JieKTpOHOB - JIHHeHHoro ycKOpHTeJIR JIY:3-40 • .Il:JIHTeJibHOCTb HMrrymca 

HeHTpOHOB B 3TOM pe:>KHMe COKpamaeTCH .n;o 3 MKC. PeaKTOp ocHameH B0-

ceMbIO BaKyyMHpOBaHHblMH HeHTPOHOBO.D;aMH .D;JIHHOH OT ,n;eCHTKOB MeTpOB 

.n;ol KM. 

B 1984 ro.n;y a JIH<I> aae,n;eH a 3KcnnyaTaUHIO HOBhIH HMrryJILCHbIH 

peaKTop Ha 6bICTph1x HeiiTpoHax HBP-2, cpe,n;HHH TeIIJioaan MOmHOCTb 

KOToporo .n;ocTttrna 2 MBT. IlpH ,n;JIHTeJibHOCTH HMrrynLca IteiiTpOHOB 

215 MKC Ii qacTOTe IIOBTOpeHliR QHKJIOB 5 ru MaKCHMaJibHaH MOmHOCTb 

peaKTOpa a liMIIYJibCe ,Il;OCTHraeT 1500 MBT. MaKCHMaJibHaH HHTeHCHBHOCTb 

HeHTpOHHoro IIOTOKa OT pea:E<:Topa B HMrryJibce ,Il;OCTHrJia peKop.n;Horo 3Ha

qeHHH 10 16 HeHTpOHOB/CM 2 • c • 

.D:nn rrep00,n;0qecKoii Mo,n;ynn~H peaKTHBHOCTH B peaKTope HBP-2, 

B OTJIHqHe OT HBP-30, HCIIOJih30BaH rro.n;BH:>KHhIH oTpa)l(aTeJib rrp0 Heno.n;

BH)l(HOH a:ECTHBHOH 30He. MexaHH3M H3MeHeHHH pea:ECTHBHOCTH COCTOHT H3 

.n;ayx CHHXPOHHO BpamrupmttXCH 3JieMeHTOB - OCHOBHoro H .D;OIIOJIHHTeJib

Horo no.n;BH)l(HhIX oTpa:>KaTeneii. OcHOBHOH rro,n;BH:>KHhIH oTpa)l(aTeJib B BH.n;e 

CTaJibHOH ,n;HHaMHqeCKli ypaBHOBellleHHOH JIOIIaCTH BpamaeTCH co CKOpOCTbIO 

1500 06/MHH • .D:onOJIHHTeJibHblH OTpa:>KaTeJib - aJIIOMHHHeBhlH .D;HCK C 6e

piiJIJIHeBbIM BKJia,D;blllleM Mo:>KeT apamaTbCH C MeHbllleH CKOpOCTblO H orrpe

.n;eJIHTb TeM caMbIM qacTOTy "BCIIbIJ.lleK" peaKTOpa, IIOCKOJibKY MaKCHMYM 

K03cpq>HUHeHTa pa3MHO)l(eHliR HeHTpOHOB B aKTHBHOH 30He peaKTOpa .D;OCTH

raeTCH TOJibKO IIPH O.D;HOBpeMeHHOM no.n;xo.n;e IC 30He JIOIIaCTH OCHOBHoro 

OTpa:>KaTeJIH tt 6epHJIJIHeBoro BKJia,Il;billla .D;OIIOJIHHTeJibHOro OTpa)l(aTeJIR. 

IlpH BpameHHli .D;OIIOJIHHTeJibHOro IIO.D;BH:>KHoro OTpa)l(aTeJIR co CKOpOCTblO 

5 06/c qacToTa HMIIYJibCOB HeHTpOHOB COCTaBJIHeT 5 ru. Ilpli o.n;HHaKOBOH 

CKOpOCTli BpameHliR o60HX OTpa)l(aTeJieH 1500 06/MHH qacToTa UHKJIOB 

paaHa 25 ru. 35 
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HanpJDKeHHhIH TemrnBoii pe,irn:M aKTHBHOH 30HhI peaK:Topa noTpe6o
Ban npHMeHemrn B Ka11ecTBe TennoH0CHTeJUI CHCTeMhI oxnaiK,D;emrn :IKH,ll;Koro 
HaTplll. 

IlpoeKTOM npe,n;yCM0TpeH 1-1 6ycTepHblH pe:IKHM pa6oTbl peaK:T0pa. 

B KalleCTBe HH'1CeK:Topa :meKTp0H0B 6y,n;eT HCil0nh30BaThCH YHHK'.anhHhIH 

HHAYKI.J;HOHHhIH nHHeHHhIH ycK:opHTenh, pacc111-1TaHHhIH Ha MaKCHManhHYIO 
:mepr1-110 ycK:opHeMbIX :meKTpoHoB 30 M3B npH ToK:e ny11Ka ,n;o 250 A 
B HMilynbce ,n;nHTenhH0CThlO 0,7 MK'.C. 

PeaKTop HBP-2 ocHaw;eH Heo6xo.n;HMhIMH cpe.n;cTBaMH ynpaBneHHH 
H 3aW:HTbl (CY3) ' BhmonHHlOW:HMH Te ,ice <pyHKI.J;HH, llT0 H B CTaI.J;H0HapHbIX 
peaK:Topax. BMeCTe C TeM HMnynhCHblH xapaK:Tep pa60Thl peaK:Topa npe,n;'h
HBnHeT pH,n; oco6b1x Tpe6oBaHHH K CY3. Bee 0HH cooTBeTCTBYIOW:HM o6pa-
30M y11TeHb1 B no.n;cHcTeMax CY3 HBJ;>-2. B 11acTH0CTH, B peaK:Tope Hcnonh-
30Banach, KpoMe o6hlllHOH 0TH0CHTenhH0 Me,n;neHHOH "na,n;aww;eii" 3aW:HThI, 
6bICTpo,n;eiicTBYlOW:aH 3aw;HTa. BpeMH cpa6aTbIBaHHH 6bICTpo,n;eiicTByww;eii 
aBapHHHOH 3aW:HTbl MeHhWe ,n;nHTeJlhH0CTH MHHHManhHoro I.J;HK:na peaK:Topa. 
CoBMeCTHaH pa6oTa CHCTeM 3aW:HTbl o6ecnellHBaeT ,Il;0CTaT0llH0 Ha,n;e:11<Hy10 
6e30ilaCHOCTh 3K'.CilnyaTaI.J;HH 3TOH YCTaH0BK'.H. 

PeaK:TOp 0CHaw;aeTCH HeHTpOHOBO,Il;aMH C MaK:CHManhHOH ,n;nHHOH ,n;o 

500 M. 

OnhIT nocne,n;HHX ,n;ocT1-1:11<eHHH 3KcnepHMeHTanhHOH H,n;epHoH <pH3HKH 
Il0K'.a3an npHHI.J;HnHanhHYlO Ba:IKH0CTh nocne.n;oBaTenhH0ro H HenpephIBHoro 
C0BepweHCTB0BaHWI ycKopHTenhHOH 6a3bl HCCne.n;oBaTenhCK'.HX <pH3HlleCK'.HX 
u;eHTp0B. B OI1JII1 3Ta pa6oTa Be,n;eTCH C M0MeHTa o6pa30BaHWI I1HCTHTYTa 
no TpeM HanpaBneHHHM: Mo,n;epHH3au;WI .n;eHCTBYlOW:HX yCKOpHTeneii; coo

py:11<eHHe H0BbIX, 6onee M0W:HbIX YCTaH0B0K'. Ha 0CH0Be y,ice H3BeCTHbIX,0il
po6oBaHHbIX npHHI.J;Hil0B; pa3pa60TK'.a npHHI.J;HnHanhH0 H0BbIX nyTeH C03,n;a

Hilll ycKOpHTeneii. 

O,n;HH H3 H0BbIX nepcneKTHBHblX MeT0,Il;0B ycK:opeHHH 3apH:1KeHHhIX 
11aCTHI.J;, TaK'. Ha3hIBaeMbIH K'.OnneKTHBHblH MeTo.n;, y:11<e ,n;nHTenhH0e BpeMH 
HCCne,n;yeTCH H pa3BHBaeTCH B OT.n;ene H0BhIX MeT0,Il;0B ycKopeHHH O6'be
,Il;HHeHH0ro HHCTHTyTa a,n;epHbIX 1-1ccne,n;oaaHHH. Ceii11ac B OHMY ae,n;eTCH 
coopy,iceHHe H0B0ro ycKopHTenH TH'1CenhIX H0H0B KYTH-20, 0CH0BaHHoro 
Ha KonneKTHBH0M MeTo.n;e ycK:opeHHH. rnaBHbie llaCTH ycTaH0BK'.H - HH.D;yK
I.J;HOHHbIH ycKopHTenh 3neKTp0H0B CHJIYH,n-20 H a,n;1-1a6aT1-111ecKHH reHepa
Top 3apH'1CeHHbIX T0p0B a,n;re3aTop-20, paCCllHTaHHbie Ha Il0BTopeHHe I.J;HK'.n0B 
ycKopeHHH C 11aCTOTOH ,n;o 20 ru;, y,ice roT0BbI. l13rOTaBnHBaeTCH nuHeHHbIH 
HHAYKI.J;HOHHbIH ycKopttTenh 3apH:11<eHHblX TopoB. YcKopHTenh nocne ero 
3aBepweHHH ,n;on:11<eH 06ecne11HTh ycKopeHHe ,n;o 3HeprHH 20 M3B Ha HYKn0H 
Bcex H0H0B Biln0Tb ,n;o ypaHa. Y,n;allHOe 3aBepweHtte 3TOH pa3pa60TK'.H 
C03,n;acT B I1HCTHTyTe H0Bbie 3K:CnepHMeHTanbHbie B03M0:IKH0CTH ,n;nH HCCne
,Il;OBaHHH B o6naCTH a,n;epHoii <pH3HK'.H. 



TaKMM o6pa3oM, Ha npoTJI)KeHMM Bcex 30 neT cymecTBOBaHMR OHHH 
B ero no.n;pa3.n;eneHMRX Benac1, HanpR)KeHHaR M ycnewHaJI pa6oTa no pa3-

BMTMIO ycKopMTeJil,HOH M peaKTOpHOH 6a3l>I ,Zl;JIJI WMpOKoro cneicrpa 3Kcne

PMMeHTaJil,Hl,IX MCCJie.n;oBaHMH npaKTMtleCKM no BCeM OCHOBHbIM HanpaB

JieHMJIM q>M3MKM 3JieMeHTapHMX llaCTMU:, aTOMHoro R.n;pa, KOH,ZJ;eHCMpOBaH

Hl>IX cpe.n;. Co3.n;aaaJIMCl, TaK:>ke cneu;MaJIM3MpoBaHHbie YCKOpMTeJibHl,Ie ycTa

HOBKM ,ZJ;JIJI npMKJia.n;Hl,IX MCCJie,ZJ;OBaHMH:. ilepcneKTMBHl>IMM nJiaHaMM HH
CTMTYTa npe.n;ycMaTpMBaeTCJI ,Zl;aJibHenwee pa3BMTMe 3TMX pa6oT. 
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YcoellDIO pa3BHB8eTCJI H0B0e 

HaIIpaBJieHHe, 38p0AHBWeecJI 

u .Ily6He, - perurrHBHCTCKaJI 
11;a;epHaJ1 cf,H3HKa. Bom,llDDI
CTBo aKcnepHMeHT0B B aT0A: 
o6JiaCTH Dp0B0;a;HTCJI Ha Kpyn
HeAweM ycKopHTeJie HHCTH'l)'
Til - CHHXpocf,a3oTpOHe. 

3JieKTpOHHO-nytleBoA H0HH38-
rop "KpHoH" - H0Bbdt THO 
HCT0'IHHK8 BbIC0K038pJl;D;HblX 
HOHOB, D03B0mno~ YCKO
p11Tb Ha CHHXpocf,a30TpOHe 
peJIJITHBHCTCKHe 11;a;pa BDJIOTJ, 
;a;o KpeMHHJl-28. 



3KcnepHMeHT3Jl1,ffaJI YCT3HOB

Ka }lHCK .z:v1.11 uccnenoBaHJUI 

KYMYJIJITHBHLIX aj>cpeKTOB. 

P11n B3)1(1{1,IX pe3ynLT3TOB B o6naCTH penllTHBHCTCKOil 11nepHoil «l>H3lfKH nonyqeH C DOMOU.U,10 YCTBHOB· 
KH "AJii,cl>a". 



.lbyxIDieqeeoA Mannrm:LIA 
cneKYpOMel]) MACilHK-2, 
npe)];lla3HaqelDlblA WU1 HCCJie
.u.oealDl.11 4>parMeHTaUHH peJI.11-
THBHCTCKHX ,u.eitYpOHOB H a -
qacnm Ha .11,u.pax. 

KpynHeAwa.11 O)l(H)f(HTeJILHa.11 
ycraHOBKa KfY-1600/4,5 . 



Ha 90-KaHaJJLHOM qepeHKOBCKOM Macc-cneKTJ>OMe-rpe "cl)oToH" ne.o;yTCJI 3KcnepHMeHTLI no DOHCKY 
H HCCJie.D;oBafflUO KYMY_JIJITHBHoro o6pa30BaHHJI ¢. H W-Me30HOB. 

3Ha'IHTenLHLIM ycnexoM JIBHJIOCI, C03.D;aHHe CBepxnpOBO.D;Jlw;ero MO.ll;eJILHoro CHHXpoTpoHa - ycTa
HOBKH CilHH Ha ocuone uonoro, pa3pa6oTaHHoro B .!ly6ae no.o;xo,o;a. 



3aBepweua peK0HCTpYKIOUI nepBoro ycKopKreJUI .lly6Hbl CHHXp0UHKJI0Tpoua B tl>a30TpOH - CHHxpo
UHKJI0Tp0H C Dp0CTpaHCTBeHHOH BapnaU}leR: MarHHTHoro D0JUI. 

OcymecrBJieH 4>u3H11ecKHR: 3anycK cneKTpoMeTpa APEC, npe,!J,Ha3ua11eHHoro mm noncKa peJlKHX pac
na}lOB 11-Me30HOB H MIOOHOB. 



MoHT8)K cf>uoTpoHa/1981 r./. 



Co3/J,aHa u ycneumo npoWJia 

CTeH/1,0Bbie HCilblTaHHJI yCTa

HOBKa C )Klf)J,KOTpHTHeBOH MH

rneHblO /1,JUI H3MepeHWI CKOpO

CTH o6pa30B3HHR Me30MOJie

KYJI (CHHMOK CJieBa). 

IlpeUH3HOHHbIA cneKTpOMeT

pu11ecKnA KOMilJieKC /1,JIR aM

IlJIHTY/l.HbIX H BpeMeHHblX H3-
Mepemm: xapaKTepucrnK pa

nuoHyKJIH/1,0B C IlOMOU.U,IO no

nynpoB0/1,HHKOBblX neTeKTO

poB, pa60TalOIUHX Ha JllfHHH 

c MHKpO- u MHHH-3BM. 

Be3)KeJie3HbIH 6eTa-cneKTpOMeTp C TOpOH/1,aJibHblM 

MarHHTHbIM IlOJieM, H3rOTOBJieHHblH /1,JIR JUIIl 
mum B ID{CI) (KpaKOB, IlHP). CBeTOCHJia 

20% npu pa3pernaiomeA cnoco6HoCTH 1 %. 



Ilomq>H30B3HH3JI Dp0TOHH3JI "3aMopo
)KeHH3J1" MHWeHL YCT3HOBKH "Il011J1pH• 
Merp " MJ1 3KCnepHMeHTOB Ha YCKOpH
TeJie Y-70 B 11(1>B3 (IlpOTBHHo) . Ilpo
BOrofTCJI IOCTHpOBKa 3Kp3HOB peq>pH• 
)KepaTOpa pacraopenHJ1 reJIH11-3 a re
JIHH-4 (CHHMOK cnpaea). 





.llByXIDie11eBoit BpeMBnponenn,m cneKTpOMeTp Jl3MAC npeAHa3na11eu mm npernt3HOHHoro H3Mepemm 
MaCCOBblX pacnpeAenenuit OCKOJJKOB AeJJeHIUI COCTaBHbIX JIAep. 

Ha YCKOplfreJJe TJl)l(eJlbIX HOHOB Y-400 nonyqeHbl peKOpAHble no HHTeHCHBHOCTH ny'IKH HOHOB e AHana-
30He Mace OT neoua AO )l(eJJe3a (CHHMOK cneea) . 

Jlml npoBeAeHHJI 3KCDepHMeHTOB no CHHTe3y TpancypauOBblX 3JJeMeHTOB CO3A3eTCJI YCTaHOBKa " Bacu
JJHca". 



IlowoTOBKa MHWeHH, cnoco6-
HOA BbUJ.ep>KaTb TeWJOBbie Ha
rpy3KH 6onee 1 KBT, K O11e
pe,11,HOMy 3KcnepHMeHTy no 
CHHTe3y 109-ro 3neMeHTa. 

3KcnepHMeHTbI no cHHTe3y 
HeifTpOHOH36bITO'lllblX H3OTO
nOB nerKHX JIAep, pacnono
'.llCeHHbIX Ha rpamm;e J1AepHoA 
CTa6HJibHOCTH, DpOBO;zulTCJI C 
HCBOilb3OBaHHeM Macc-cneKT
pOMeTpa MCil-144. 



B na6opaTOpHH .IIAepHLIX peaKU;IUl BeAeTC.11 WHpOKIUl DOHCK CBepXTJl)Kem,1x aneMeHToB B npnpOAe. 

Ha nytlKax HOHOB YCKOpHTeJI.11 Y-4OO npoBeAelfl,J aKcnepHMeHTLJ no CHHTe3y TpaHC«pepMHeBLJX aneMeH
TOB OT 106-ro AO 109-ro c peKOpAUoil: qyaCTBHTem.HOCTLIO AO 1o-36 CM 2 • B pa6oTax DO MHKpoxpoMa
Torpa«}>eqecKoMy BLIAeJieHHIO npOAYKTOB pacnan;a CHHTe3HpOB8HHLIX aneMeHToe 8KTHBHoe yqaCTHe 
npHHHMaIOT cne~aJIHCTLJ H3 P}rMLIHHH, f.IlP, Cl>p~. 





B 1984 roey HMDym.cHLdt 
peaKTop Ha 6LICTpLIX Hekrpo
HaX HBP-2 DpHHJIT B no
CTORHHyIO 3KCWiyaTa~ Ha 
cpem1eit MODnlOCTH 2 MBT. 
Jl<>CTHrHyT peKOpAHLiit IlOTOK 
TeIDIOBLIX HekrpoHOB C no
BepXHocm 3aMe.z:cnrremr 
B HMnym.ce 10 16ire8'rp./cM2c 

(CHHMOK CJieBa). 

liHOJIOf'H11ecKlUI 33Dn1Ta peaK
TOpa ( M3CCHBHLie qyrymn,1e 
u 6eTOHHLJe 6JIOKH) npe)J;o
xpamreT nepCOHaJI OT Pamta· 
QHOHHoro 06nyqeHJU1. Bo 
BHyTpeHHeM KOJILu;e 331IJ;HTI,I 
DpOXO)J;SIT KaHaJILJ BLIBO,Qll 
HeitTpoHOB K 3KCnepHMeH
TaJILHLIM YCTaHOBKaM. 

Ha CO3)1;8BaeMoM n JUI$ JIH

eeitHoM HlleyKQHOHHOM ycKo
pHTeJie 3JieKTpOHOB JIHY-30 
OCYIIJ;eCTBJieHa DpOBO)J;Ka nyq
Ka 11epe3 HIOKeKTOpHLdt H nep
BLdt ycKopsnollnlit yqacroK. 

IlO)J;l'OTOBKa K H3MepeHHB:M 
ea eeitTpoHHoM m14>paKTo
MeTpe. 



3aBepweuo C03)J,3HHe cneKTpOMeTpa IlOID1pH30B3HHI,IX 

TennOBblX HeHTpOHOB no MeTo/1,y BpeMeHH nponeTa -

ycTaHOBKH ~IlH-1. 

y CT3HOBK3 )],JUI pa6oT C ynbTp3XOilO)J,HblMH ueiiTpOH3MH. 

Ee KOHCTpyK~ Il03BOJUleT HCilOilb30B3Tb cocy)J,bl )J,Il.SI 

xpaHemrn YXH. 



Y CT8HOBKa ,IUUI HCCJie)J;oBaHHJI 
B311HMO)J;effcmmt Il0IDipH30-
BllHHLIX HeATpoHOB C .IIApaMH, 
ua KOTopoA 61,mo IlO.ll}"leHo 
nepeoe aKcnepHMeHTaJibHoe 
)J;OKa3aTeJibCTBo pe30HaHCHOro 
ycHJieHHJI acf>if>eKTa Hecoxpa
HeHH.11 DpOCTpaHCTBeHHoA qeT
HOCTH (CHHMOK cnpaea). 

Ha HEP-2 HaqaTa aKcnnya
TimHJI HeATpoHHoro cneKTpo
MeTpa BbICOKoro pa3peWeHHJI. 

3KcnepHMeHTaJibHblA 3aJI MliP-2; Ha nepe)J;HeM nJiaHe - cneKTpOMeTp ll11H-2K (CHHMOK cneea). 

Ocy11.1ecmneHa KopeHHaJI peKOHCTpYKIUUI H3MepHTeJibHoro ~eHTpa JillcJ> C nepeBO)J;OM ero Ha HOBYJO CTpYKTypy. 



Paclllllpeuae KOHcf>arypa~ H DOBldWeHHe 3Cpcf>eKTHBHOC111 3BM u;eHTJ)aJil>HOro BLI'IHC.JIHTem.uoro 
KOMDJieKca OI.UUI - O,IJ;Ha H3 rnaem.IX 3aA3q Jia6oparopHH BI,I'IHCJIHTem.Hoii TeXHHKH H 3BTOM3TH-
3~. 

Dym.T oneparopa CKaHHpyiomero aeroMarn A3JIT-2/160. Ha aKpaue nacID1eJ1-nyn1,1 MOryT 61,1TL npen
cnmneHI»I 4>parMeHT1,1 H'.3Mepeumix co61,rr1m c pa3JIHqHOit creneu1,10 neTaJIH'.3a~ (cHHMOK cnpaea). 

IlepBU oqepe));I, TepMHHIUlldloA cem 3BM B3CM-6 ua ocuoee Kouu;eHTJ)aropa 3BM EC-1010. 





/ 

/ 

QeHTJ)am.mdl: BbI'IHCJIHTeJILHbnl: K0MDJieKc OIUIH nonoJIHHJICH 3 BM EC-1060 H EC-1061. 

CHCTeMa H3 ABYX DpOCM0Tp0BblX CT0JI0B EnC-75 H 3BM CM-4 HCD0J1b3yeTCH WIH H3MepeuHH CHHM· 
K0B c ycrauoBKH PHCK (cnnMOK cnpaea). 

HaCTJ)OAKa CKaHHpy10mero 3BTOMaTa "CnnpaJibHblH H3Mepme11b" WIK o6pa6oTKH MHoro11y,Ie~blX 
co6b1THA C 'TpeK0BblX KaMep. 





IlpoeeneHLI pa60TL1 no non
roTOBKe 3KcnepHMeHTOB 

C 3JieKTPOHHO-HOHHLIMH KOJIL

UllMH ua roJIOBHOH qacrH yc
KOpHTeJUI KYTH-2O, B co
CTaB KOTOpOH BXO):UIT JIH· 

HeHHLIH ycKOpHTeJIL 3JieKT

pOHOB CHJIYH.U-2O, anre3a

Top-20, CHCTeMLI BLIBOAa u 

npeneapuTerrLnoro ycKopeHIDI 

KOJie~ B rpanHeHTHOM MarHHT
HOM norre. 

Y CTaHOBKa, npenua3HaqeHHruI 

Ami IlOHCKa H HCCJieAOBaHIDI 

CBOHCTB g;:i;epHLIX ct,parMeH

TOB, o6pa30BaHHLIX BO B3aH

MOAeHCTBIDIX pemi:THBHCT· 

CKHX B:Aep (CHHMOK cnpaea). 





"H>IIIOHIIJ.:)A '111111 VHDI90 • .. aodaUHJ .. aww11<1.J:odn ou BHH8110'1tau:>:>a H:uol811Hll£8d omnau:>.( 



lio11LmaJ1 nporpaMMa HccnenoeaHldt ocymecremrercsr yqeHLIMH OHHH Ha cHHxpoTpotte H<l>B3 {npoT
BHHo). C DOMOWLIO yCTaHOBKH li11C-2 Ha HeATpOHHOM nyqKe cepnyXOBCKoro YCKOpHTe11SI nponomKa
ere.11 noncK "oqapoBanHL1x" qaCTHu. 3KcnepHMeHT npouonnre.11 Ha 11HHHH c 3BM EC- 1040. 

JbmHeBLul nereKTOp H3 CBIOI· 
UOBoro CTeK11a YCTilHOBKH 
"fHnepoH". 

B TeqeHHe p.11na neT Be11HcL 3KcnepnMeHTL1 no nccnenosaHHIO 
6o30HHLIX pe3oHancos Ha ycrauosKe MHC. AH311H3 naHHL1x 
npHBen K o6uapy,teeHHIO uouoro ncesnoc1<arr.11pHoro Me3oHa, 





B COBMecTHoM c 11«1>B3 a1<cnepHMeHTe AJIKC-Cl1fMA nnepBLie 3apentcrpHpona11 npoQecc ynpyroro 
pacceJIHHJI 77-Me30H0B Ha ct,OToHax - I<0MIITOH-acl,ct,eI<T Ha DH0He. 

Ha I<pynaeilweM MarHHTHoM cneI<Tp0MeTpe C DJITHMeTp0B0H CTpHMepH0H I<aMepoA: - YCTaH0BI<e 
PHCK - Ben:HcL HCCJie.D;oBaHHJI al1;p0HHL1x B3aHM0.D;encTBHH (CHHMOI< CJiena). 

Ha YCT8HOBI<e "Ilpo3a" DpOBO,!l;JITCJI HCCJie.D;0BaHHJI D0ID1pH3lllUf0HHLIX JIBJieHIUI B o6MeHHOM DHOH
npoT0HH0M pacceJ1HHH. 



B C0TpYnHH'UlCTBe C 11«1)B3 (IlpOTBIDIO)' 11«1)B3 (IJ;oA'reH) H IJ;HCl)H (ByAanewr) C03AaeTCJI KpymraJI 
3KCnepHMelIT3JD,HaJI ycraH0BKa WIJI HCCJie,D;0BllllllA B o6naCTH cl>H3HKH HeA'rpHHo - "HeA'rplDDII,IA 
,ll;eTeKTop". O6mmi BH,ll; yCTaH0BKH BO BpeMJI MOHTa)IQl; MarHHTH8JI o6oJioqKa H3 39 paMHI,IX M8I'HH

T0B (CHHMKH BBepxy H cnpaBa). 

,Ilpeii:cl>oBbie KaMepbI YCTaH0BKH "Il03HTpOHHii", npenua3HaqeHHoil: WIJI HCCJie,D;OBaHHH YJibTp8penJITH
BHCTCKHX Il03HTp0HHeB. B KaMepax HCil0Jlb3YeTCJI caMoraCJIIUHHCJI CTpHMep111,IA pe>KHM, 06uapy,teeH-
111,IA a HCCJie,D;OBaHHI,Iil: yqeHblMH Jla6opaTOpHH J1,a;ep111,rx npo6JieM. 





Coqeraeue ct,yHAaMeHT3Jll,HLIX H npHKJI3,IJ,Hl,IX HCCJieAOBamlA - xapaKTepHa.H qepTa AeSITeJD,HOCTH 
01-UlH. HoeLIA cnenuamt3HpoeaHHLIA QHKJIH11ecKHA HMIUiaHTaTop 111.(-100, CO3A3HHLIA e JUIP, npeA
Ha3HaqeH WUI npOH3BOACTBa BAepHLIX ct,Hm,TpOB H uccneAoeaHHA B o6naCTH PaAH~OHHoro MaT~ 
puanoeeAeHHB. 

B Jla6opaTOpHH BAepHLIX peaKWUi BLIIlOnHeHLI HOBLie pa3paOOTKH no CO3mtJ{HI() H BHeApeHHIO HAep
HLIX ct,HJil,TpOB. YCTaHOBKa no npOH3BOACTBY BAepHLIX 4>unLTpOB, 



faMMa-KaMepa Hoeoro nma 
C BLICOKHM npOC'TpaHCTBeH
HLIM pa3peweHHeM, C03.naH
HIUl B nB3' npe,z:nra3HaqeHa 
MJI H3}"1eHHJI C'fPYKTypLI op
raHoe qenoeeKa. 

Pacnpe.a;eneHue e noqKe qe
noeeKa u3nyqeHIDI OT eee
.a;eHHoro pa.z:nroaKTHBHoro 
3JieMeHTa, Ha6mo.a;aeMoe 
C DOMOU.U,IO raMMa-KaMe
pLI. 





3asepmaen:J1 C03A8J1He Ha cJ,a
lOTJ>OHe OIUIH KJIHHHKo
cl>HllfllecKoro KOMIIJieKca .zm:JI 
acc11e.o:oeaJD1J1 H 11eqeHHJ1 OR· 
KOJIOrlfllecKJQ: :Ja6011eeamdl. 
Ha CHHMKe cneea: O.D:Ha H3 
Me~CKHX K86HH KOMJl,
JleKca. 

3KcnepHMeHTJ,1 no &KTHBa· 
~OHHOMy 8H811H3y RpOBO.a;JIT
CJI Ha MHKpoTpoHe MT-22. 

B 1984 ro.o:y Jla6opaTOpHJ1 BLicoKHX aHepnm OIUIH coeMecrno c Hacm
T}'TOM KpHcTrumorpacl>Ha HMeHH A.B.Illy6HHKoea AH CCCP laeepWHJia 
C03.0:aHHe HOBOro, 6011ee COBepweHHoro peHTreHOBCKoro .D:Hq>paKTOMeTpa 
KAP.U-4 Ha OCHOBe .D:ByMepHoro MHoronpOBOJIO'IHoro .o;eTeKTopa H rOHHO
MeTpa. 

BLICOKO'l}'BCTBHTeJILHLIA 
CBepxnpOBO,IUIIIOm Mar
HHTOKap.o;Horpacj>, pa3pa-
6oTaHHLm B JIHcJ>, 3H8· 
IIHTeJILHO 0611ef'llaeT .D:H· 
arnoCTHKy cep.o;e<nu,rx 3a-
6011eeamut 





A.H.POMAHOB, noMOUJH.Ul< oupe1<Topa OHJIH 

B.C.mBAHEB, 1-1,aitaJlbH,Ul< OTOe/la Me:HCoy1-1,apoo1-tbZX C8R3eu 

Tp.H,ll;u;anmeTH.R.R ycnenrna.R ,ne.RTeJihH0CTb O6'be,nmieHHoro HJICTHTY

Ta .R,nepHbIX HCCJie,noBaHHH .RBJI.ReTC.R .RpKHM no,nTBep)K,Il;eHHeM 3cpcpeKTHB

H0CTH H u;errecoo6pa3HOCTH Me)K)];yHapo,nHoro Hay1rnoro C0TPYAHHqecTBa, 

OHO opraH:0:qecKH np:0:cyw:e 11HCTHTYTY KaK Me)K)];yHapo,nHOH opraHH3au;HH, 

.RBJI.ReTc.R ocHOBOH ero ,ne.RTeJihH0CTH. Harruq:0:e B O11.HH yHHKaJihHbIX 

3KCnepHMeHTaJihHbIX ycTaHOB0K, BbICOKOKBaJIHq:>Hu;HpoaaHHoro K0JIJieKTH

Ba yqeHblX C03,naeT Heo6xo,nHMbie ycrrOBH.R AJI.R Me)K,nyHapo,nHoro C0Tpy,n

HITTeCTBa, Bbl3bIBaeT HJITepec K O11.HH y q:>H3HKOB H3 HayqHblX u;eHTP0B 

CTpaH-yqacTHHU: H ,npyrHX CTpaH. 11:HCTHTYT ycnenrno BbinOJIH.ReT 3a,naq0:, 

ccpopMyrrHpOBaHHbie B IV CTaTbe YcTaaa: 06ecneq0:aaeT C0BMeCTH0e npoae

,neHHe TeopeTITTeCKHX H 3KCnepuMeHTaJibHbIX HCCJie,noBaHHH B o6rraCTH 

.R,nepHOH q:>H3HKH, co,neHCTByeT pa3BHTHIO .R,nepHOH q:>H3HKH B rocy,napcT

Bax - qrreHax 11HCTHTyTa, no,n,nep)KHBaeT CB.R3H C 3aHJITepeC0BaHHbIMH Ha-

1.l;H0HaJihHbIMH H Me)K)];yHapo,nHbIMH HayqHo-0:ccrre,noBaTeJihCKHMH H ,npyrH

MH opraHH3al.l;H.RMH, co,neHCTByeT BCecTop0HHeMy pa3BHTHIO TBopqeCKHX 

cnoco6HocTeH HayqHo-uccrre,noaaTerrbcKHX Ka,npoa rocy,napcTB - qrreHoB 

11:HCTHTyTa. 

l\4e)K)];yHapo,nHbie . HayqHo-TeXHHqeCKHe CB.R3H O11.HH HenpepbIBHO 

pa3BHBaJIHCb H coaeprneHCTB0BaJIHCb. B HaqarrbHblH nepH0A ,ne.RTeJibH0CTH 

11HCTHTyTa 0HH ocyrn:ecTBJI.RJIHCb rJiaBHbIM o6pa30M nyTeM o6MeHa yqeHhl

MH, a TaK)Ke o6MeHa HayqHo-TeXHITTeCKOH HHq:>OpMau;HeH, npoae,neHH.R 

C0BMeCTHbIX pa6oT C Il0M0W:bIO q:>OT03MYJibCHOHHOH MeTOAHKH H pa,n:0:0-

aKTHBHbIX npenapaToB. B ,narrhHeirrneM, 6rraro,nap.R aao,ny B cTpoir ny3hipb

K0BhIX KaMep u cneKTp0MeTp0B, HaqarrHCb llIHpOKOMaCIDTa6Hbie HCcrre,no

BaHH.R, AJI.R Bbin0JIHeHH.R K0T0pbIX cpopMHpOBaJIHCb 6oJihllIHe HHTepHau;Ho

HaJibHhie K0JIJieKTHBbl yqeHbIX, C0Tpy,nHuqecTB0 pacnmp.RJI0Cb 0: yrrry6-

JI.RJI0Cb. B HaCT0.Rrn;ee apeM.R Me)K)];yHapo,nHbie CB.R3H 11HCTHTyTa xapaKTe

pH3YIOTC.R 6orrhllIHM o6'beMOM, Bbin0JIHeHHeM MH0rHX ,neC.RTK0B KpynHhIX 

C0BMeCTHbIX pa6oT. Oco6eHHO 6oJibllIHe MaCll1Ta6b1 np0:06perr TaKOH B.H,ll; 

C0TPYAHHqecTBa, KaK "cpH3HKa Ha paCCTO.RHHH". ,nrr.R o6pa6oTKH H aHaJIH3a 39 



HayllHhIX ,D;aHHbIX, nonyqeHHhIX B ,r(y6He, 6hIJIH C03,D;aHbI MH0roqHCJieHHbie 

rpynnhI (pH3HKOB B CTpaHax-yqacTHm:~ax. 

B HacToR:mee speMR: OMHH noA,D;ep:>KHsaeT CBR:3H c 6onee qeM 200 
HayqHhIMH u;eHTpaMH CTpaH-yqaCTHHIJ;, 30 Jia6opaTopHR:MH CTpaH, He BX0,II,R:

mHX B 11HCTHTyT. 

COTPYl(HHlJECTBO C HAYlJHblMH aEHTPAMH 
CTPAH-YlJACTHHa OHHH 

3a HCTeKWHH nepH0,D; 11HCTHTYT BHec 6oJibWOH BKJIM B ocymeCTBJie

HHe CO~aJIHCTHqecKOH HHTerpanHH s HayKe, o6'be,IUIHHB ycHJIHR: CTpaH

yqaCTH~ B peweHHH (pYff,D;aMeHTaJibHbIX npo6JieM (pH3HKH H 0Ka3aB BJIHR:

HHe Ha pa.3BHTHe HayKH H TeXHHKH B 3THX CTpaHax. 3a 30 JieT B na6opaTO

pHR:x OM.RM ,D;JIHTeJihHoe BpeMR: pa6oTaJIH 6onee 4000 yqeHhIX H cne~a

JIHCT0B H3 CTpaH-yqacTHHIJ; OM.RM (He cqHTaR: CCCP). IlJIO,D;OTBOpHOCTb 

C0Tpy,D;HHqecTBa yqeHbIX C0~aJIHCTffgeCKHX CTpaH BHYTPH Jia6opaTopHH 

11HCTHTyTa np0R:BHJiaCb y;Ke B nepBbie r0,D;bI. B 1960 ro,D;y 6bIJia 0TKpbITa 

H0BaR: qacTHu;a ?rrnKp0MHpa aHTHCHrMa-MHHyc-rHnepoH. ABTOpaMH 0TKpbI

THR: 6bIJIH cpH3HKH BbeTHaMa, KHTaR:, KH.Il:P, PyMhIHHH, CCCP H qexocnosa

KHH. B p.R,D;e ,D;pyrHX OTKpbITHH yqacTB0BaJIH cpH3HKH BonrapHH, IloJihWH, 

CCCP, qexocnosaKHH H ,D;pyrHX CTpaH. IlpeMHR:MH OM.RM oTMeqeHhI HC

cne,D;oBaHHR: H pa.3pa6oTKH cne~aJIHCT0B scex CTpaH-yqacTHHIJ; MHCTHTyTa. 

KIDK,D;aR: Jia6opaTOpHR: MHCTHTyTa, 6y,D;yqH Me)K,ll;yHap0,D;HbIM HayqHhIM 

K0JIJieKTHB0M, 3a HCTeKWHe ro,D;bI BHecJia CBOH BKJIM B pa3BHTHe C0Tpy,D;HH

qecTBa C HayllHhIMH u;eHTpaMH B pa3HbIX CTpaHax. 

Jla6opaTOpWl, TeopeTui,ec1<ou <Jju3U1<U, R:BJIR:R:Cb Be,D;ymHM HayqHhIM 

u;eHTp0M CTpaH COIJ;HaJIHCTHqecKoro C0,D;py)KecTBa B o6JiaCTH TeopeTHqecKOH 

(pH3HKH 3JieMeHTapHbIX qacTHU:, aT0MHoro R:,D;pa H K0H,D;eHCHpoaaHHbIX 

cpe,D;, ocymecTBJIR:Jia Il0CT0R:HHbie K0HTaKTbI C HayqHbIMH u;eHTpaMH CTpaH

yqacTHHIJ;. E)Kero,D;HO a na6opaTopmo npHe3)KaeT 0K0JI0 200 cne~aJIHCT0B 

CTpaH-yqaCTHHIJ; ,D;JIR: o6cy)K,ll;eHHR: HayqHbIX npo6JieM. <l>H3HKH-TeopeTHKH 

OM.RM nocemaroT HHCTHTYThI H YHHaepcHTeThI cTpaH-yqacTHHu;, BhICTynaroT 

Ha HayqHhIX ceMHHapax. JIT<l> 0Ka3aJia 6oJibWOe BJIHR:HHe Ha pa3BHTHe 

HayKH B BonrapHH, BheTHaMe, r .Il:P, MoHronHH, Ilonhwe, CCCP, qexocno

aaKHH H ,D;pyrHX CTpaHax. 

3HaqffTeJibHbIH BKJIM B pa3BHTHe Me)K,ll;yHapo,ri;Horo HayqHo-TeXHHqe

CKoro coTpy,D;HHqecma aHecna Jla6opaTopW1, ebzco1<ux 3Hepzuu. OcHOBOH 

C0Tpy,D;HffgeCTBa na6opaTopHH R:BJIR:eTCR: C0BMeCTH0e npoBe,ri;eHHe 3KCnepH

MeHT0B C Il0M0mblo (pOT03MYJihCHOHHOH, KaMepHOH H 3JieKTpOHHOH MeTo

,D;HK. B HaCT0R:mee apeMR: 6onee Il0JI0BHHbI 3KcnepHMeHTaJibHOH HHcpopMa

~H, nonyqeHHOH Ha yCK0pHTeJIR:X ,lly6HhI H IlpOTBHHO, o6pa6aTbIBaeTCR: 

B HayqHbIX u;eHTpax CTpaH-yqacTH~. B C0BMeCTHbIX HCCJie,D;0BaHHR:X C no

M0mhlO <pOT03MYJibCHOHHOH MeT0,D;HKH yqaCTBYIOT 23 na6opaTOpHH H3 

40 6 CTpaH, C Il0M0mblO nponaHOBOH KaMepbl - 30 na6opaTOpHH H3 10 CTpaH, 



BOAOPOAHOH KaMepbI - 1 7 na6opaTOpHH H3 7 CTpaH, 6ecq>HJibMOBoro HC

Kpoaoro cneKTpoMeTpa BHC-2 - 16 HHCTHTyToB H3 7 cTpaH. na6opaTopIDI 

OKa3ana co,z:i;eHCTBHe B OCHameHHH pH,z:i;a HaytIHbIX QeHTpOB CTpaH-ytiaCTHHQ 

cooTBeTcTay10meii npocMoTpoaoii H H3MepHTeJihHOH annapaTypoii. C APY

roii CTOpOHbI, cneQHaJIHCTbI CTpaH-ytiaCTHHQ npHHHJIH aKTHBHOe yqacTHe 

B CO3AaHHH aBTOMaTH3HpOBaHHbIX CHCTeM H MaTeMaTHtieCKoro o6ecnetieHHH 

AJIH o6pa60TKH AaHHbIX. IlpH aKTHBHOM yqaCTHH ,z:i;pyrHX HaytIHbIX QeHTpOB 

ycneurno pa3BHBaJIOCb BO3HHKlllee B na6opaTOpHH HOBoe HaytIHOe Hanpaa

JieHHe - peJIHTHBHCTCKaH H,ll;epHaH q>H3HKa. na6opaTOpID1 HMeeT 60JibllIHe 

3acnyrH B o6'be,z:i;HHeHHH YCHJIHH yqeHbIX CTpaH-yqaCTHHQ npH npoae,z:i;eHHH 

3KCnepHMeHTOB Ha coaeTCKOM ycKOpHTene IlpOTOHOB B lfHCTHTyTe q>H3HKH 

BbICOKHX 3HeprHH B IlpOTBHHO. 

Jia6opaTopwi JtoepHbix npo611,eM y)Ke B nepabie roAhI cymecTBOBaHHH 

liHCTHTyTa opraHH3OBaJia COBMeCTHO C HaytIHbIMH QeHTpaMH BonrapHH, 

BeHrpHH, r)],P, IloJihllIH, CCCP, qexocnoaaKHH Hccne,z:i;oBaHIDI pa,n;HoaKTHB

HhIX HYKJIHAOB, nonyqaeMbIX Ha CHHXpOQHKJIOTpOHe. IllHpOKoe HaytIHOe 

COTPYAHHtieCTBO ocymecTBJIHJIOCb B HCCJieAOBaHIDIX KOpOTKO)KHBYmHX 

HyKJIHAOB no nporpaMMe 11,z:i;epHOH cneKTpOCKOilHH Ha nytIKax npOTOHOB 

(.RCHAilil). 3HatIHTeJibHbIH BKJia,n; BHecnH Kapnoa yHHBepcHTeT H IlonH

TeXHmecKHH HHCTHTYT B Ilpare B CO3AaHHe ycTaHOBKH CilHH H Hccne,z:i;oaa

HIDI Ha HeH. lf3oxpoHHhIH QHKJioTpoH Y-12OM 6bm pa3pa6oTaH H coopy)KeH 

na6opaTopHeH AJIH lfHCTHTyTa H,ll;epHOH q>H3HKH a P)Ke)Ke. MoHronhCKOMY 

rocy,z:i;apCTBeHHOMy YHHBepCHTeTy OKa3aHa noMomh B CO3AaHHH MaTeMaTH

qecKoro o6ecnetieHIDI AJIH pa60TbI cneKTpOMeTpOB Ha JIHHHH C 3BM. na6o

paTopHH HBJIHeTCH aKTHBHbIM yqaCTHHKOM HCCJieAOBaHHH Ha ycKopHTeJie 

liHCTHTyTa q>H3HKH BbICOKHX 3HeprHH B IlpoTBHHO. 

Jla6opaTopwi Jl.OepHblX pea"KijUU npH npoae,z:i;eHHH HaytIHbIX HCCJie,z:i;o

BaHHH H MeTOAHtieCKHX pa3pa60TOK TeCHO COTPYAHHtiaJia C HaytIHbIMH QeHT

paMH CTpaH-ytiaCTHHQ, ocymecTBJIHH ae,z:i;ymy10 pOJib B o6naCTH q>H3HKH TH

)KeJibIX HOHOB. no npo6neMaM HCCJieAOBaHHH B3aHMOAeHCTBHH TH)KeJibIX 

HOHOB C 11,z:i;paMH, CTpyKTYPbl aTOMHOro H,ll;pa, aTOMHOH q>H3HKH na6opaTo

pHH CBH3aHa c HaytIHhIMH QeHTpaMH BeHrpHH, r )],P, IlonhllIH, CCCP, qexo

cnoaaKHH. BMecTe c IlonHTeXHHtiecKHM HHCTHTYTOM B Ilpare 6bIJIH pa3pa-

6oTaHbI ABa MHKpOTpOHa AJIH 3JieMeHTHOro aHaJIH3a H npoae,z:i;eHHH ,z:i;pyrHX 

npHKJia,n;HhIX pa6oT. CoaMeCTHO c ytieHbIMH UeHTpaJibHoro HHCTHTyTa 

HAepHbIX HCCJieAOBaHHH B PocceHAOpq>e 6bIJI CO3AaH cneKTpoMeTp npo,z:i;yK

TOB H,z:i;epHbIX peaKQHH AJIH Hccne,z:i;oBaHHH Ha Y-4OO, co cneQHanHcTaMH 

H3 IlHP - MarHHTHbIH cneKTpoMeTp-aHaJIH3aTop, c UeHTpanbHhIM HHCTHTY

TOM q>H3HKH CPP - KaHaJibI pa3BOAKH nytIKOB TH)KeJibIX HOHOB QHKJIOTpOHa 

Y-4OO. C q>H3HKaMH H3 lfHcTHTyTa 11,z:i;epHbIX Hccne,z:i;oaaHHH a )],e6peQeHe 

npOBOAHTCH 3KCnepHMeHTbI Ha Y-3OO no H3ytieHHIO cneKTpOB 3JieKTpOHOB 

B HOH-aTOMHbIX CTOJIKHOBeHHHX. C PHAOM HaytIHbIX QeHTpOB CTpaH-ytiaCTHHQ 

ocymecTBJIHIOTCH COBMeCTHbie pa60TbI no noHCKY CBepxTH)KeJibIX 3JieMeH

TOB B npHpo,z:i;e H no npHKJIMHbIM HCCJie,ll;OBaHHHM. IlpH noMomH n.RP 

B BaplllaBCKOM q>H3HtieCKOM QeHTpe HatiaTO coopy)KeHHe QHKJIOTpOHa TH- 41 
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)KeJibIX HOHOB. <l>H3HtieCKOMY HHCTHTYTY B XaHoe 6bIJIH nocTaBJieHbl MHKpo

TpOH H He(npOHHblH reHepaTop ,n;m1 npoBe,D;eHHH HaytIHbIX H npHKJia,D;HbIX pa-

6oT. 

Jla6opaTopUR. HeiiTpo1-t1wu <jju3u1eu opraHH30BaJia urnpoKoe Hayt1Hoe 

COTPYAHHtieCTBO ytieHbIX CTpaH-ytiaCTHHU B 3KCnepHMeHTax Ha HMnyJibCHblX 

peaKTopax 11:BP H 11:BP-30, Cbxrpamuee 3HatIHTeJibHYIO poJib B no,n;roToB

Ke IIIHpOKOH nporpaMMbl 3KCnepHMeHTOB Ha YHHKaJibHOM HMnyJibCHOM 

peaKTope 11:BP-2. HaytIHbie u;eHTpbI CoBeTCKoro Coro3a, TToJihlllH H BeHr

pHH npHHHJIH aKTHBHOe ytiaCTHe B C03,Il;aHHH peaKTOpa. B pa3pa6oT

Kax cneKTpoMeTpOB ,Il;JIH HCCJie,D;OBaHHH Ha 11:BP-2 npHHHJIH aKTHBHOe 

yt1aCTHe yt1eHbie H3 11HCTHTyTa H,n;epHbIX HCCJie,D;OBaHHH H H,n;epHOH 3Hepre

THKH BAH B CocpHH, UeHTpaJibHoro HHCTHTyTa cpH3HtiecKHx HCCJie,n;oBaHHH 

B By,n;anelllTe, TexHHtiecKoro yHHBepcHTeTa B .[(pe3,n;eHe, UeHTpaJibHoro HH

CTHTyTa H,n;epHblX HCCJie,n;oBaHHH B PocceH,D;opcpe, 11HCTHTyTa H,D;epHOH cpH3H

KH B KpaKoBe, 11HcTHTyTa H,n;epHOH cpH3HKH B P)Ke)Ke. MoHroJihCKOMY rocy

,n;apCTBeHHOMY YHHBepCHTeTy 6bIJI nOCTaBJieH HeHTpOHHbIH reHepaTop ,Il;JIH 

HaytIHblX HCCJie,D;OBaHHH H npHKJia,D;HbIX pa6oT. 

Jla6opaTOPUR. 6bZ'4UC/lUTe/lbHOU TeXHUKU u a6T0MaTU3aijUU aKTHBHO 

COTPYAHHtiaJia C HaytIHbIMH u;eHTpaMH CTpaH-ytiaCTHHU no BCeM HanpaBJieHH

HM ,n;eHTeJibHOCTH Jia6opaTopHH. TTpH Henocpe,n;CTBeHHOM ytiaCTHH cneu;Ha

JIHCTOB r .UP, BHP, KH.UP u ,n;pyrHX cTpaH 6hmo co3,n;aHo 6a3oBoe MaTeMa

TWiecKoe 06ecnet1eHHe 3BM B3CM-6, a B coTpy,n;HHtiecTBe c HaytIHbIMH 

u;eHTpaMH TTHP pa3BHTO cucTeMHoe 06ecnet1eHHe CDC-6500. 3TH pa3pa6oT

KH HCnOJih3YIOTCH KaK B O11Hl1, TaK H B ,n;pyrux HaytIHbIX u;eHTpax CTpaH

yt1aCTHHI.J;. UeHTp o6pa6oTKH KaMepHbIX CHHMKOB O11Hl1 yKoMrmeKTOBaH 

npoCMOTpOBO-H3MepHTeJibHbIM o6opy,n;OBaHHeM, B TOM tIHCJie ycTaHOBKaMH 

CAMET H "CnHpaJibHbIH H3MepHTeJib", pa3pa6oTaHHbIMH H H3rOTOBJieHHbI

MH BMeCTe C HaytIHblMH u;eHTpaMH r .[(P H qcCP. 

OT0€/l H06bZX M€T0006 yc,copeHUR. BeJI COBMeCTHbie pa60Tbl C HaytI

HbIMH u;eHTpaMH BonrapHH, BeHrpuu, r .UP, PyMhIHHH, CCCP H qexocnoBa

KHH no C03,Il;aHHIO ycKopHTeJIH HOBOro THna C HCnOJib30BaHHeM KOJIJieKTHB

Horo MeTo,n;a ycKopeHHH. Cneu;HaJIHCTbl TexHHtieCKoro YHHBepCHTeTa 

B .[(pe3,D;eHe ytiaCTBOBaJIH B pa3pa6oTKe O,D;Horo H3 caMbIX Ba)l(HblX Y3JIOB 

ycKopHTeJIH - a,n;re3aTopa-20, HH)KeHepbl H3 BeHrpHH - B C03,Il;aHHH aBTO

MaTHtiecKOH CHCTeMbI ynpaBJieHHH ycKopHTeJIH. Oco6eHHO 6oJihllIOH BKJia,D; 

B pa3pa6oTKY pa3JIHtIHoro o6opy,n;oBaHHH BHeCJIH cneu;HaJIHCTbl H3 3JieKTpo

TeXHHtiecKoro HHCTHTyTa B BpaTHCJiaBe. Ha cpH3HtieCKOM cpaKyJihTeTe Co

cpHHCKOro YHHBepCHTeTa ycnelllHO pa3pa6aTbIBalOTCH Y3Jibl ycTaHOBKH ,Il;JIH 

reHepau;HH CHJibHOTOtIHbIX 3JieKTpOHHbIX nytIKOB. 

B CBH3H C IllHpOKHM HaytIHbIM COTPYAHHtieCTBOM C HaytIHbIMH u;eHTpa

MH COI.J;HaJIHCTHtieCKHX CTpaH O11Hl1 e)Kero,D;HO npHHHMaeT TOJibKO no 

COBMeCTHbIM pa6oTaM OKOJio1500 cpH3HKOB H HH)KeHepoB B KpaTKOCpOtIHbie 

HaytIHbie KOMaH,n;HpoBKH, He CtIHTaH CCCP; 500 cneu;HaJIHCTOB O11Hl1 Bhie3-

)KaJOT B HaytIHbie u;eHTpbl COI.J;HaJIHCTHtieCKHX CTpaH C 3TOH )Ke u;eJiblO H ,D;JIH 

tITeHHH JieKI.J;HH. TaKOH o6MeH ytieHbIMH co,n;eHCTByeT onepaTHBHOMY pellle-



HHIO Hayt1HblX H TeXHHtiecKHX BonpocoB, nOBbIIIIeHHlO 3cpcpeKTHBHOCTH HC

cne,D;OBaHHH. 
Oco6o cne,n;yeT BhmenHTh coTpy,n;HHtiecTBO na6opaTopHH OMJU1 c Ha

ytIHo-Hccne.n;oBaTenbcKHMH· opraHH3aI.UUIMH CoBeTcKoro Co103a. Ilpe)K)];e 
Bcero Heo6xo,n;HMO OTMeTHTb BKna,n; CCCP B co3,n;aHHe 6a30BhIX H 3KcnepH
MeHTanbHhIX ycTaHOBOK OM.RM - TeXHHt1ec1<:o:ii ocHOBhI ,n;nH HaytIHo:ii ,n;eH
TenLHOCTH liHCTHTyTa. Bom,IIIoe 3HatieHHe ,D;n.fl liHCTHTyTa KaK Me)K)];yHa
pO,D;HOH HaytIHOH opraHH3~H HMeno cornaIIIeHHe C rocy,n;apCTBeHHbIM 
KOMHTeTOM no Hcnonb30BaHHIO aTOMHOH 3HeprHH CCCP o Hayt1Ho-TexHHt1e
CKOM COTpy,n;HHtieCTBe. lfHTepH~OHanbHbIH KonneKTHB MHCTHTyTa nony
llHn B03MO,KHOCTb npOBO,D;HTb 3KCnepHMeHTbl Ha MOll..\HOM COBeTCKOM 
ycKOpHTene IlpOTOHOB B M<l>B3 (IlpOTBHHO). C nOMOll..\blO 3KcnepHMeHTanb
HbIX ycTaHOBOK OM.RM TaM 6bmH npoBe.n;eHbI yHHKanLHhie Hccne,n;oBaHHH, 
B KoTophIX yt1aCTB0BanH cpH3HKH BonrapHH, BeHrpHH, BheTHaMa, r,uP, 
MoHronHH, IlonbIIIH, PyMhlHHH, qexocnoBaKHH, a TaK)Ke ,n;pyrHX CTpaH. 
B nocne,n;HHe ro,n;hI 3KcnepHMeHThI B M<I>B3 Be.n;yTcH q>H3HKaMH OM.RM 
Ha 8-10 3KCnepHMeHTanbHblX YCTaHOBKax, ,D;n.fl 3Toro HCnonb3yeTCH nonoBH
Ha epeMeHH pa60Tbl yCKOpHTenH. 31<:cnepHMeHTanhHhie ,D;aHHbie, nonytieH
Hbie yt1eHhIMH OM.RM a onhITax Ha npoTOHHOM ycKopHTene e IlpoTBHHo, 
o6pa6aTbIBalOTCH B HaytIHbIX u;eHTpax CTpaH-ytiaCTHHIJ; H ,n;pyrHX CTpaH. 

OM.RM npH.n;aeT 6onLIIIoe 3HatieHHe coTpy,n;HHtieCTBY c TaKHMH 1<:pyn
HhIMH Hayt1HhIMH u;eHTpaMH CCCP, KaK MHCTHTYT aTOMHOH 3HeprHH 
HM.M.B.Kypt1aToea, MHCTHTYT TeopeTHt1ec1<:o:ii H 3KcnepHMeHTanhHOH cpH3H· 
KH, <l>H3HK0-3HepreTHtieCKHH HHCTHTYT, JleHHHrpa,n;CKHH HHCTHTYT H,n;epHOH 
cpH3HKH HM.B.II.KoHCTaHTHHoea, MaTeMaT11t1ec1<:11:ii HHCTHTYT HM.B.A.CTeK
noea, lfHcTHTYT 11,n;epHbIX Hccne,n;oeaHHH AH CCCP H ,n;p. 

OM.RM CTan MeCTOM pa6oTbl MHOrHX q>H3HKOB H3 C0l03HbIX pecny6-
nHK CCCP. Hayt1Ho-11ccne,n;oeaTenbcKHe opraHH3aIJ;HH KHeea, MHHCKa, 
T6HnHCH, EpeeaHa, BaKy, TaIIIKeHTa, CaMapKaH.n;a, )lyIIIaH6e, AnMa-AThI ee
,n;yT COBMeCTHO C OM.RM TeopeTHlleCKHe H 3KCnepHMeHTanbHbie HCCne,n;oea
HHH, o6pa6oTKY ,D;aHHbIX C ny3blpbKOBbIX KaMep H cneKTpOMeTpOB, pa3pa-
6oTKY 3KCnepHMeHTanbHbIX ycTaHOBOK, HCnonb3YlOT OilbIT OM.RM B IlOCTa
H0BKe HaytIH0-Hccne,n;oeaTenbCKHX H npHKna,D;HbIX pa6oT' C03,D;aHHH npo
rpaMM Hayt1HOH HHcpopMau;HH. 

OM.RM Cbirpan 6onLIIIy10 ponb B ,n;ene rro,n;roToBKH BhICOKOKBanHcpH
u;HpOBaHHhIX HaytIHbIX Ka,D;pOB .11:nH CTpaH-ytiaCTHHIJ;. 0Kono 400 q>H3HKOB 
H HH)KeHepoB CTpaH-ytiaCTHHIJ; 3amHTHnH KaH,D;H.n;aTCKHe H ,D;OKTOpCKHe ,D;HC
cepTan;HH no HaytIHhIM npo6neMaM, pa3pa6aThIBaeMbIM e OM.RM. Ilo eo3epa
meHHH Ha po,n;HHy MHOrHe yt1eHhie,,n;n11TenLHoe epeMH pa6oTaBIIIHe e OM.RM, 
Ha3HallalOTCH Ha PYKOBO,D;Hll..\He Hayt1Hble IlOCTbI, CTaHOBHTCH ,D;HpeKTOpaMH 
Hayt1Ho-11ccne,n;oeaTenbCKHX HHCTHTYTOB, PYKOBO,D;HTenHMH OT,D;enoe H na6o
paTOpHH, 3aBe,n;ylOmHMH Kacpe,n;paMH, ,n;eKaHP,MH q>H3HtieCKHX cpaKynbTeTOB. 
BLeTHaMCKHH q>H3HK HryeH )lHH Thi, .n;nHTenhHoe epeMH pa6oTaeIIIHH 
B OM.RM, ceHtiac - MHHHCTp BhICIIIero H cpe,n;Hero cneIJ;HanhHoro o6pa3oea
HHH CPB, ,n;pyro:ii BbeTHaMCKHH yt1eHbIH - npocpeccop HryeH BaH XLey, 43 



3a~THBWHH B OHJU1 1<aH,ZJ;H,11;aTc1<yro H ;:i;o1<Topc1<yro ;:i;HccepTaw,rn, py1<0-
B0,IJ;HT HaJ.UioHaJibHhIM u;eHTpoM Haytrnhix Hccne;:i;oBaHHH CPB H HBJIHetcH 
0,Il;H0BpeMeHH0 ,Il;HpeI<T0p0M l'.IHCTHTyTa q>H3HI<H B Xattoe. OH H36paH HH0-
CTpaHHbIM ttJieHoM AH CCCP. MoHrOJibCI<HH cpH3HI< qoH,IJ;orHHH U3peH -
npe3H,D;eHT A1<a;:i;eMHH Hay1< MHP, LJ;ap)l(aarHHH qyJIT3M - nepBhIH 3aMe
CTHTeJib npe,n;ce,n;aTeJIH rocy,n;apCTBeHHOro I<0MHTeTa BbICWero H cpe,n;Hero 
CileJ.UiaJibH0ro o6pa30BaHHH MHP. IlaI< rBaH O - reHepaJibHblH ,D;HpeI<T0p 
l'.IHCTHTyTa aTOMHOH 3HeprHH KHLJ;P. Bonee 30 npocpeccopoB YHHBepcHTe
T0B r .n;P pattee pa6oTaJIH B OHJU1. BOJibWOe lIHCJI0 Be.n;y~x 6onrapCI<HX 
q>H3HI<OB npowno "w1<ony" OHHl1. HHCTHTYT Chirpan 6onhwyro poJib 
B ,n;ene no,n;roT0BI<H 1<a;:i;poB MH CoBeTc1<oro Coro3a. BhIBWHe C0TPY.D:HHI<H 
l'.IHCTHTYTa HaxO,D;HTCH ceHtiaC Ha OTBeTCTBeHHblX IlOCTax: a1<a;:i;eMHI< A.A.Jio
ryH0B - BHu;e-npe3H,n;eHT AH CCCP, peI<Top MrY, ·,n;HpeI<TopaMH HaytIHo
Hccne,n;oBaTeJibCI<HX HHCTHTyT0B pa6oTaroT A.H.TaBxeJIH,n;3e,JI.LJ;.ConoBbeB, 
H.B,qyBHJio, H.C.AMarno6enH, P .r .Cany1<Ba;:i;3e. 3a npowe,n;wHe 30 neT 
OH.RH BHec 3HatIHTeJibHhIH BI<Jia,n; B cou;HaJIHCTHtiec1<yro HHTerpau;Hro B 06-
nacTH HayI<H, B y1<permeHHe C0TPY.D:HHtieCTBa H ,n;py)l(6bI Me)l(,D;y ytieHhIMH 
CTpaH-yqaCTHHJ.J; l'.IHCTHTyTa H ,n;pyrHX CTpaH. 3a aI<THBH0e yt1aCTHe B no,n;ro
T0BI<e BbICOI<OI<BaJIHq>HJ.UipOBaHHblX HaytIHhlX I<a,D;p0B H pa3BHTHH HaytIHo
TeXHHtiec1<oro coTpy,n;HHtieCTBa cou;HaJIHCTHtiecI<Hx cTpaH OH.RH Harpa)l(,D;eH 
C0BeTCI<HM op,n;eH0M LJ;py)l(6bI Hapo,n;oB H BbeTHaMCI<HM op,n;eH0M LJ;py)l(6bI, 
Ilpou;ecc no,n;roT0BI<H 1<a;:i;poB npo,n;oJI)l(aeTcH. OH.RH ycnewHo Bhin0JIHHeT 
CB0IO 3a;:i;aqy "co.n;eHCTBOBaTb BCecTop0HHeMy pa3BHTHIO TB0ptieCI<HX cno
co6HOCTeH HaytIH0-HCCJie,D;oBaTeJibCI<HX I<a,D;p0B rocy,n;apCTB - tIJieH0B l'.IHCTH
TyTa". 

Tpa;:i;HJ.UiOHHhie CBH3H OH.RH HMeeT c IlocTOHHHOH I<OMHCCHeH C3B 
no MHpHoMy HCn0Jib30BaHHIO aToMHOH 3HeprHH. Ilpe.n;cTaBHTeJIH OH.RH 
npHrnawaroTcH · Ha 3ace,n;aHHH KoMHCCHH B 1<at1eCTBe Ha6nro.n;aTenel1:. C ,n;py
rol1: CT0p0HhI, npe,n;cTaBHTeJib C3B yqaCTByeT B I<atieCTBe Ha6nro,n;aTeJIH 
B ceccHHx YtieHoro coBeTa OH.RH H coBeW:aHHHX Bb1cwero opratta HHCTH
TyTa - KoMHTeTa IloJIHOMOtIHhIX Ilpe,n;cTaBHTeJieH rocy,n;apCTB - tIJieHoB 
OH.RH. 

CBH3H OHHH C HAYlJHhlMH aEHTPAMH CTPAH, 
HE HBJIHIOIJJ.HXCH YlJACTHHaAMH HHCTHTYTA 

l'.IHCTHTYT HMeeT WHp0I<0e C0TPY.D:HHtieCTB0 C Hayt1HbIMH u;eHTpaMH 
CTpaH, He HBJIHIO~XCH yqacTHHJ.J;aMH HHCTHTyTa, B I<0T0p0M oco6oe MeCT0 
38.HHMaeT Eeponel1:cmrn opraHH3aJ.J;HH H,n;epHhIX Hccne,n;oeaHHH (UEPH, 
)KeHeBa) • MHorHe q>H3HI<H O6'be,D;HHeHHoro HHCTHTyTa H,n;epHbIX HCCJie,n;oea
HHH ,D;JIHTeJihHoe epeMH pa6oTaJIH B pa3JIHtIHhIX na6opaTopHHx UEPHa H no
cew;anH 3T0T u;eHTp C I<paTI<0Cp0llHbIMH BH3HTaMH. C ,n;pyroH CT0p0HhI, 
He1<0Topb1e ytieHhie cTpatt-ytiaCTHHJ.J; UEPHa Ha ,D;JIHTeJibH0e epeMH npHe3-

44 )l(aJIH B OH.RH, nocew;aJIH 11HcTHTYT c u;emro o3HaI<oMJieHHH c ero ,n;eHTeJib-



HOCThIO. CaH3H O:HJU1 c UEPHoM yi<:pemmHch a npouecce nop;roTOBKH 
H npoaep;eHH.R KpynHoMaCWTa6Horo MIOOHHoro 3KCnepHMeHTa Ha npOTOH
HOM cynepcHHXpOTpOHe C noMomhro COBMeCTHO C03)];aHHOH yttHKa.JlhHOH 
ycTaHOBKH - TOpOH)];a.JlhHOro cneKTpoMeTpa. 

Op;HH pa3 a p;aa rop;a OI1f.lH ii UEPH nooqepep;Ho opraHH3YIOT WKOJihI 
MOJIO)];blX q:>H3HKOB, KOTOpbie 6hIJIH npoaep;eHbl B <l>HHJIHH)];HH, BonrapHH, 
Ll:attHH, CoaeTci<:oM Coro3e, rpeuHH, BettrpHH, qexocnoaai<:HH. OH.RH 

H UEPH .RBJI.RIOTCH HHHUHaTopaMH coaMeCTHoro npoaep;eHH.R BCTpeq aep;y
mHX yqeHhIX MHpa no nepcneKTHBaM q:>H3HKH BbICOKHX 3HeprHH. Ilepaa.R 
TaKa.R BCTpeqa COCTO.RJiaCh B PHre B 1967 rop;y, H opraHH3aTopoM ee 6hIJI 
OHRH. B 1976 rop;y ceMHHap 6hIJI npoaep;eH a T6HJIHCH. Ilocnep;HHH ceMH
Hap aep;ymffX yqeHblX 6bIJI opraHH30BaH B HnOHHH B 1984 rop;y. 

HoBhIM 3TanoM coTpyp;HH11eCTBa OH.RH H UEPHa HBJI.ReTCH npoaep;e
HHe i<:pynHoro coaMeCTHoro 31<:cnepHMeHTa Ha cTpoHmeMCH a UEPHe yci<:o
pHTeJihHOM i<:oMrmei<:ce LEP c noMomhro ycTaHOBKH DELPHI. B 3TOM 
31<:cnepHMeHTe npHMeT yqacTHe eme 6onee MHoroqHcneHHa.R rpynna cneUHa
JIHCTOB llHCTHTyTa H3 pa3HblX CTpaH. 

3cpcpeKTHBHO ocymecTBJI.RJIHCh HayqHbie CBH3H C HTa.JlhHHCKHMH 
HayqHbIMH ueHTpaMH. B TeqeHHe 12 JieT HTa.JlhHHCKHe q:>H3HKH H3 TypHHa 
H <l>paci<:aTH yqacTBOBa.JIH B 3KCnepHMeHTax Ha CHHXPOUHKJIOTpOHe Jla6opa
TOpHH H)];epHbIX npo6JieM no H3yqeHHIO B3aHMO)];eHCTBHH TT -Me30HOB 
C re.i:meM-4 H reJIHeM-3. Ce:iiqac C noMomhro COBMeCTHO pa3pa6oTaHHOH Me
TO)];HKH yqeHbie ycnewHO aep;yT 3KCnepHMeHTbl no HCCJie)];OBaHHIO B3aHMO
p;eHCTBH.R Me)];JieHHblX aHTHilpOTOHOB C nerKHMH Hp;paMH Ha ycTaHOBKe 
LEAR a UEPHe. YcnewHo ocymecTBJieH coaMeCTHhIH 31<:cnep.0MeHT c HTaJih
HHCKHMH q:>H3HKaMH H3 MHJiaHa H BoJIOHhH Ha npOTOHHOM CHHxpoTpOHe 
llHCTHTyTa q:>H3HKH BbICOKHX 3HeprHH B IlpOTBHHO C noMomhIO MarHHTHOro 
Hci<:poaoro cnei<:TpOMeTpa (MHC) OH.RH. 

B TeqeH.0e MHorHX JieT OH.RH coTpyp;HHqaeT c HayqHhIMH ueHTpaMH 
<l>paHUHH, B TOM IIHCJie C HauHOHa.JlhHbIM HHCTHTYTOM q:>H3HKH H)];pa H q:>H-
3HKH qacTHU, ai<:nroqaromeM a ce6H PM na6opaTopHH <l>paHUHH. B 1972 

H 1973 rr. Ha UHKJioTpoHe AJIH yci<:opeHH.R TH)KeJibIX HOHOB Y-300 OH.RH 
6hIJIH npoaep;eHbl COBM8CTHbie HCCJie)];OBaHH.R H)];epHbIX peaKUHH c TH)KeJibl
MH HOHaMH C noMombro cppaHUY3CKoro cnei<:TpoMeTpa. B 31<:CnepHMeHTax 
npHH.RJia yqacTHe 6oJihllia.R rpynna q:>paHUY3CKHX q:>H3HKOB H3 Jla6opaTOpHH 
Hp;epHOH cneKTpoci<:onHH B Opce. B nocnep;HHe rop;hI OH.RH BHOBh noMep
)KHBaeT C 3TOH na6opaTOpHeH aKTHBHbie CBH3H. CoaMeCTHO C03)];aH 3JieKTpo
CTaTHtlecKHH cnei<:TpOMeTp, Ha KOTOpOM a Jla6opaTOpHH H)];epHblX npo6JieM 
aep;yTCH HCCJie)];OBaHHH CBOHCTB HeHTpHHO. CoaMeCTHbie pa6oTbl npOBO)];H
JIHCb TaK)Ke C yqeHblMH .Rp;epHblX ueHTpOB B Cai<:ne, CTpac6ypre, C q:>H3H
KaMH YHHBepcHTeTa a IlapH)Ke, HHCTHTyTa AHpH Ilyatti<:ape, HMeroT
CH KOHTaKTbl C HauHOHaJibHblM ueHTpOM no q:>H3HKe TH)KeJiblX HOHOB B Katte 
(HopMaHJJ:HR). Jla6opaTopH.R HeHTpoHHOH q:>H3HKH a TeqeHHe MHOrHX neT 
BblilOJIHHJia COBMeCTHbie HayqHbie HCCJiep;oaaHHH C llHCTHTYTOM H)];epHOH 
q:>H3HKH HM.M.Jlay3 H Il.JlaH)KeBeHa B rpeH06Jie. 45 



IlepBbie coBMeCTHhie c HayqHhIMH u;eHTpaMH CIIIA 3KcnepHMeHThI no 
H3MepeHHIO 3JieKTpoMarHHTHoro pa,nHyca 77-Me3oHa 6bIJIH npoBe,neHbl Ha 
ycKopHTene II<l>B3 (IlpoTBHHO) • Ilocne 3anycKa B 1972 r. B Hau;HoHanh
HOH ycKopHTeJibHOH na6opaTopHH HM.3.<l>epMH (BaTaBHH) HOBoro KpynHo
ro YCKOpHTeJIH B TeqeHHe HeCKOJibKHX neT 6bIJia npoBe,neHa cepHH COBMeCT
HbIX pa6oT no HCCJie,r(OBaHHIO ynpyroro H Heynpyroro pacceHHHH npOTOHOB 
Ha npoToHax C noMombIO YHHKaJibHOH annapaTypb1,pa3pa60TaHHOH B JJ:y6He. 

B 3TOH :>Ke na6opaTopHH rpynna Q)H3HKOB OIIHII yqacTBOBana B 3Kcne
pHMeHTax no H3MepeHHIO 3JieKTpoMarHHTHoro pa,neyca 1r -Me3oHa 

H K-Me3oHa. B 1983-1984 rr. Ha cHHxpo¢a3oTpoHe OIIHII H Ha ycKopHTene 
B IlpOTBHHO 6hIJIH npoBe,neHbl COBMeCTHO C aMepHKaHCKHMH Q)H3HKaMH 
3KCnepHMeHTbl no H3yqeHHIO 3Q)Q)eKTOB KaHaJIHpOBaHHH 3apH:>KeHHbIX 
qacTHD; B MOHOKpHCTaJIJie npH BblCOKHX 3HeprHHX. Pa60Tbl npHBeJIH K OT
KpbITHIO HBJieHHH OTKJIOHeHHH 3apH:>KeHHhIX qacTHD; C noMomhIO H30rHyToro 
MOHOKpHCTaJIJia. 

PHA coBMeCTHhIX pa6oT OIIHII npoBen c HayqHhIMH u;eHTpaMH <l>HH
JIHHAHH, BKJIIOqaH HCCJie,noBaHHH B3aHMo,neHCTBHH aHTHnpOTOHOB C npOTO
HaMH H aHTH,neHTpOHOB C ,neHTpOHaMH C noMomhIO Bo,nopo,nHOH KaMepbI 
"nro,nMHJia", 3KCnepHMeHTbl Ha MarHHTHOM HCKpOBOM cneKTpOMeTpe 
(MIIC). 

C 1975 r. na6opaTopHH H,nepHbIX npo6neM no,n,nep:>KHBaeT CBH3H 
c CacceKCKHM yHHBepcHTeToM B Bpai1:ToHe (BenHKo6pHTaHHH) B Hccne,no
BaHHHX KOpOTKO:>KHBy~x opHeHTHpOBaHHbIX H,nep. 

TeopeTHKH lIHCTHTyTa npOBOAHT COBMeCTHbie pa6oTbl B o6naCTH Q)H-
3HKH KOH,neHCHpOBaHHbIX cpe,n C rorocnaBCKHMH KOJIJieraMH H3 lIHCTHTyTa 
H,nepHbIX HayK HM.B .KH,npHqa. HecKoJihKo neT TOMY Ha3a,n yqeHbie H3 
lIHCTHTyTa Q)H3HKH B Benrpa,ne npHcoe,nHHHJIHCb K pa6oTaM B o6naCTH pe
JIHTHBHCTCKOH H,nepHOH Q)H3HKH, BbinOJIHHeMhIM Ha nponaHOBOH ny3blpbKO
BOH KaMepe OIIHII. 

PHA HHAHHCKHX Q)H3HKOB H3 .D:enH, BoM6eH, KanheyTThI, qaH,nHrapxa, 
KypyKilleTpbI AJIHTeJihHOe BpeMH pa6oTaJIH B pa3JIHqHbIX na6opaTopHHX 
lIHCTHTyTa. na6opaTOpHH BbICOKHX 3HeprHH npoBena pH,n COBMeCTHbIX 
3KcnepHMeHTOB C Q)H3HKaMH H3 YHHBepCHTeTOB qaH,nHrapxa H KypyKilleTpbI 
B o6naCTH peJIHTHBHCTCKOH H,nepHOH Q)H3HKH C noMomhIO KaMepHOH 
H Q)OT03MYJibCHOHHOH MeTO,r(HKH. 

OIIHII no,n,nep:>KHBaeT TaK:>Ke HayqHhie KOHTaKThI c HHCTHTyTaMH 
<I>Pr B .D:apMillTa,nTe, Kapncpy3, MroHxeHe, IOnHxe. Tpa,nHD;HOHHhie CBH3H 
ocymecTBJIHIOTCH c lIHCTHTYTOM HHnhca Bopa B KoneHrareHe, Me:>K,nyHapo,n
HhIM u;eHTpOM TeopeTHqecKOH Q)H3HKH B TpHeCTe, IllBei1:u;apCKHM HHCTHTY
TOM H,nepHbIX Hccne,noBaHHH B UropHXe, KaHpCKHM yHHBepCHTeToM H AToM
HhIM Hccne,noBaTeJihCKHM u;eHTpoM APE, Pe3ep¢op,noBCKOH na6opaTopHei1: 
(BeJIHKo6pHTaHHH) H ,npyrnMH. 

B KaqecTBe CTHneH,nHaToB B OIIHII pa6oTanH Q)H3HKH lIH,nHH, <l>HH-
46 JIHHAHH, IOrocnaBHH, An:>KHpa, Bpa3HJIHH, ErHnTa, IlaKHCTaHa, ABcTpHH. 



TpH cTHneH,n;HH npe,n;ocTaBJieHo Me)K,ll;yHapo,n;HoMy areHcTay no aToMHOH 

3HeprHH B BeHe. 

E:>Kero,n;HO a O11.HH c u;eJiblO BblilOJIHeHHH COBMeCTHbIX pa6oT, o6cy:>K

,n;eHHH HaytIHblX npo6JieM, tITeHHH JieKu;HH 6hrnaeT 6onee 100 yt1eHblX H3 

cTpaH, He HBJIHIOlll;HXCH llJieHaMH OUHl1. 

ME)K,ll,YHAPO,ll,HblE HAYllHblE KOH<PEPEHI.{HH OHHH 

Ba:>KHylO pOJib B pa3BHTHH Me)K,ll;yHapo,n;Horo Hayt1Horo COTPYAHHlle

CTBa HrpaIOT HaytIHhie coaeiu;aHHH, opraHH3yeMbie OUHl1. E:>Kero,n;Ho 11HcTH

TYT npOBO,D;HJI tieTblpe-nHTb KPYnHblX HaytIHblX KOHcpepeHu;HH, CHMn03HY

MOB, lllKOJI no aKTyaJibHblM npo6JieMaM (pH3HKH 3JieMeHTapHblX qacTHU:, 

aTOMHoro H,D;pa H KOH,D;eHCHpOBaHHblX cpe,n;, H,D;epHOH 3JieKTpOHHKe, HaytIHO

TeXHHtiecKHM npo6neMaM, npHKJia,n;HbIM pa6oTaM. KpoMe Toro, O11.HH 

opraHH3yeT CBbillle 20 pa6ot1HX HaytIHblX COBelll;aHHH B ro,n; no OT,D;eJibHbIM 

HanpaaJieHHHM HCCJie,n;oBaHHH, ocyiu;eCTBJIHeMblM C noMOlll;blO ny3blpbKO

BblX KaMep, cneKTpOMeTpOB, a TaK:>Ke no MeTO,D;HtiecKHM aonpocaM. 

O6-be,n;HHeHHblH HHCTHTYT H,n;epHbIX HCCJie,D;OBaHHH yqacTBOBaJI a Kpyn

HeHlllHX Me)K,ll;yHapO,D;HblX H Hau;HOHaJibHblX Hayt1HblX KOH(pepeHu;HHX H CHM

no3HyMax. E:>Kero,n;Ho 11HCTHTYT HanpaBJIHJI CBOH ,n;enerau;HH npHMepHO 

Ha 75 coaeiu;aHHH, npoxo,n;HBlllHX a CTpaHax-yqaCTHHu;ax, H Ha 25 KOHcpe

peHu;HH - B ,n;pyrHX cTpaHax. 

Tpa,n;Hll;HOHHblM CTaJIO yqaCTHe yqeHblX O11.HH a Me)K,ll;yHapO,D;HblX 

KOH(pepeHu;HHx no (pH3HKe BblCOKHX 3HeprHH, H,IJ;epHOH (pH3HK0, H,D;epHOH 

3JieKTpOHHKe, (pH3HKe HH3KHX TeMnepaTyp. CoTpy,D;HHKH O11.HH npe,n;cTaB

JIHlOT Ha 3TH KOH(pepeHu;HH ,D;OKJia,D;bl O pe3yJihTaTax nocne,D;HHX TeopeTHtie

CKHX H 3KCnepHMeHTaJibHblX HCCJie,D;OBaHHH, MeTO,D;HtieCKHX pa3pa6oTKax. 

O11.HH HMeeT xopolllylO 6a3y ,D;JIH ,D;aJibHeHlllero pa3BHTHH Me)K,ll;yHa

po,n;Horo Hayt1Horo COTPYAHHlleCTBa. ,UeHTeJibHOCTb 11HCTHTyTa, ero Me)K,ll;y

Hapo,D;Hble CBH3H COOTBeTCTBYlOT HHTepHau;HOHaJibHblM npHHu;HnaM H OTBetia

lOT Hau;HOHaJibHblM HHT~pecaM CTpaH-ytiaCTHHu;. Me)K,ll;yHapo,n;Hoe COTPYAHH

qecTBO 11HcTHTYTa B nocne,n;yIOiu;He ro,n;b1 6y,n;eT HanpaaneHo Ha eiu;e 6onee 

3cpcpeKTHBHYlO 3KCnnyaTau;HIO ero YHHKaJibHblX 6a30BblX ycTaHOBOK, C03,D;a

HHe HOBblX 3KCnepHMeHTaJibHblX yCTaHOBOK, BblllHCJIHTeJibHblX MOlll;HOCTeH, 

6onee noJIHoe HCnOJib30BaHHe HHTeJIJieKTyaJibHOro H HaytIHO-TeXHHtieCKoro 

noTeHu;Hana O11.HH ,ll;JIH pellleHHH cpyH,D;aMeHTaJibHblX npo6neM (pH3HKH H HX 

npaKTHtiecKoro npHMeHeHHH. 

O6-be,D;HHeHHblH HHCTHTYT HMeeT ace B03MO:>KHOCTH H B ,D;aJibHeHllleM 

co,n;eHCTBOBaTb cou;HaJIHCTHtieCKOH HHTerpau;HH B o6naCTH H,D;epHOH (pH3HKH 

H HCnOJib30BaTb ee ,ll;OCTH:>KeHHH ,ll;JIH ycKopeHHH Hayt1HO-TeXHHt1ecKoro 

nporpecca, ,n;nH pa3BHTHH; Me)K,ll;yHapo,D;Horo Hayt1Ho-TexHHt1ecKoro coTpy,n;

HHt1ecTaa H CBH3eH, ,n;py:>K6bI H B3aHMOnOHHMaHHH Me:>K,n;y Hapo,n;aMH. 47 



O61>ent111e1D1L1A HHCTHTyT BAepHbIX HCCJie}:l;oeaHHA JIBJIBercg opraHH33TOpoM MH0rHX Kpymu,1x C0Be
maHHA, HeK0T0pLie H3 HHX CTaJIH Tp3AHJO{0HHblMH. B aurycre 1979 roA3 B ,Ily6He COCT0BJICB Me:>KAy
Hap0AHLIA CHMIT03HYM no <l>YHA3MeHTaJILHLIM npo6neMaM TeoperfflleCK0A H MaTeM3TffllecKoA <l>H3H
KH, B pa6oTe K0Toporo npmumu Y113CTHe BHAHLie Y11eHL1e CTpaH-y11aCTHHIJ OIUll1, a TaK)Ke CIIIA, 3anaA
aoA EuponLI H .HnoHHH. BL1crynaer aKaAeMHK B.A.AM6apIJYMBH (uepXHHA CHHMOK). Y11acTHHKH 
CHMno3nyMa - BHIJe-npe3HAeHT AH CCCP aKaAeMHK A.A.noryaou, AHpeKTop OIUll1 aKaAeMHK 
H.H.lioromo6ou H AHpeKTop IUll1 AH CCCP 'IJleH-KoppecnoHAeHT AH CCCP A.H.TauxeJIHA3e (cHHMOK 
cnpaea). MHome A0KJl3Abl 6LIJIH nocusmeHbI pa3BHTHIO 0CH0B0IT0JI3raIOJUHX HAeH H MeT0A0B KpynHeA
mero C0BeTCKoro M3TeM3THKa, MeXaHHKa H <l>H3HK3 3KaAeMHK3 H.H.lioromo6oua. Ha HH)KffeM CHHM
Ke - aKaAeMHKH B.A.AM6apIJYMBH H H.H.lioromo6ou. 





B pa6o-re Me>K,D.yitaponuoA 
mKom1 no C'I'pYKTYPe anpa, 
npoxonimmeA B .AJiyurre B an
pene 1980 rona, npHIUIJIH 
Y'18CTHe 160 4>H3HKOB H3 
crpaH-Y118CTIIH~ mum H npy
mx CTp8H. OrKpLITHe mKOJII,I. 
Bi.1czynaeT npencenaTeni. opr
KOMHTeTa npo4>eccop B.f .Co
JIOBLeB. 

AKaneMHKH Il.A.QepeHKOB 
H H.M.(l)paHK B nepepLIBe 
Me>K,D.y 3acenaHHJ1MH. 

)loKnan nenaeT noKTop 4>H3H
KO-MaTeMaTH11ecKHX H8YK 
HH.MlooooroB. 



B aBrycre 1984 rona B )ly6ae 
cocroHJicJI III Me>KAyaapo;Q
mm: CHMDO3HYM no H36paa
Hl,IM npo6neMaM cramCTif11e
cKofi: MexaHHKH. Ero BbICoKIIA 
aayqiu,m: ypOBea1, onpenenHJI
CJI KaK nporpaMMofi:, TaK 
H COCf3BOM yqacrHHKOB, MHO
rae H3 KOTOpbIX JIBIDUOT
CJI npH3HaHHI,IMH nanepa
MH aayqiu,rx aanpaBneamt. 
AKaneMHKH H.H.Boromo6oB 
H C.Il.HoBHKOB Ha nneHapHOM 
3acenamm: CHMDO3uyMa. 

JloKnan nenaeT BHUe-npe3H
nenT AH CCCP aKaneMHK 
A.A.JlorynoB. 

' B Kynyapax cHMDo3uyMa: 
KaanHnaT «l>H3HKO-M3TeM8-
TIAeCKHX uayK B.H.IOKanoB 
H lJJleH-KoppecnouneaT AH 
CCCP H.H.6oromo6oB (Mn.) . 



VII Me>K,Qyuapo.D.Hoe coBe~e no npo6neMaM KBaHToBoA reopHH noJUI (anpem. 1984 ro.z.a, Anynrra) 
6LIJ10 opraHH3OBaHO no HH~aTHBe TeopemKOB ,lly6HLI. B pa6oTe COBemamui: npHIUIJIH yqaCTHe 120 
yqeHLIX H3 OIUll1, uayqHLIX QeHTpOB CTPaH-yqaCTHHI( 11Hcnrryrn, a TaJOKe BeJIHKo6pHTaHHH, H~epnau
AOB H blBel(HH. llucKyccHIO BeAeT aK3AeMHK n.,U.ct>3AAeeB. 

Ilpocpeccop 11.ffuAepne (qccP) 6ece.z.yeT c 'IJleHaMH oprKoMHTeTa coBemamui: Il.H.Boromo6oBl>IM 
u A.EJlopoxoBLIM. 
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AKll,lJ;eMHK n.H.Ce,ll;OB H CTap
WHH uayqm,10 COTpy,ll;HHK 

JTfCI> B.K.MenLHHKOB. 

Y11aCTHHKH coeemamtJ{. 
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Me)l(,!J;yiraponHi,1e UIKOJibI 4>n-
3HKOB npOBO.IUITCR COB· 
MeCTHO O61.e,!J;HHeHHblM HH-
CTHT)'TOM RnepHbIX HCCJie
,!J;OBaHlffl H EBponeAcKoA op
raHH3auneA RnepHblX HCCJie
,!J;OBamm: (QEPH) KIDK,!J;l,Ie ,lJ;B3 

rona. Y11aCTHHKH UIKOJibl 
OIDIH-QEPH, npoxo,!J;HBUieA 
B HIOHe 1983 r. B Ta6ope 
(qccP). 

OIDIH ocymecTBJij[JI uayqHo
opraHH3aUHoHHyio pa6ory, 
CBR3aHHyio C npoBe,!J;eHHeM 
XVIII Me)l(,!J;yuapo,!l;HoH KOH-
4>epeHiom no <l>H3HKe BblCO
KHX aHepmA (T6HJIHCH, 
1976 ron). Ha cHHMKe cnpa
ea: OTKpbITHe KOH4>epeHIOf}f. 

XII Me)l(,!J;yuapO,!l;HbIH ceMHHap no npo6neMaM <l>H3HKH BbICOKHX aHepmA npOXO,!J;HJI B ,Uy6He C 19 
no 23 HIOHR 1984 rona. OcHOBHaR TeMa ceMHHapa - KBapKOBaR CTPYKTYPa Rnep H aK3oTH'leCKHe 
MHOrOKBapKOBbie COCTORHHR Rnepuou MaTepHH. B pa6oTe ceMHHapa npHHRJIH yqaCTHe 6onee 200 yqe
HbIX, npencTaBJij[IOllJHX 64 HayqHLIX uenTpa H3 15 CTPaH MHpa. 3acenaHHe ceMHHapa eener aKaneMHK 
A.M.liannHH. 
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IlpocMOTp H H3MepeHHe cl>oTorpacl>HA c /:U3YXMeTpOB0H npommoBoti KaMep1,1 H ycnmoBKH PHCK 
c noM0I.UbIO H3MepHTen1,uoro crona BIIC-75 B ceKTope BblC0KHX auepruii: HHcTHTYTa J1,IJ;epH1>1x uccne
A0BaJmH H J1,IJ;epuoii: auepremKH BonrapcKoii: aKaneMHH uayK (Coct>m1). 

O6cy)l(AeHHe pe3ymTaToB coBMecm1,1x uccnenoBauHA, nonY'feHH1>1x Ha yCTaHoBKe BHC-2 OIUIH, 
B ceKTope cl>n3HKH BbIC0KHX auepruii: HRIUl3 BAH. 



Hccne;uoBaHIDI B o6nacru 
s:;uepH0H cneKTp0CK0ilHH npo
B0;uHTCH C Il0M0UU,IO Mar• 
HHTH..fil'0 6eTa-cneKTpOMeTpa 
21T ,J 2. O6cy)K,!(eHHe aKcnepu
MeHTa. 

B IDIIDl3 BAH u Co4'HA
CK0M ymmepcurere Be;uyTCJI 
pa60TLI no C0BepweHCTB0Ba· 
HHIO TeXH0JI0rHH H3r0T0BJie
HHH nonynpoB0,a;HHK0BblX ;ue
TeKT0p0B nyTeM BHe;upeHHH 
H0H0B npHMeCH B o6pa3JU,I, 
H3r0T0BJieHHble B OIDIH. 
Macc-cenapaTOp IDIIDl3 
BAH, npe,11,Ha3eaqeHHhIH llJIJI 
npoBe;ueHIDI uccne;uoBaHHA: 
B o6naCTH HOHHOit HMilJiaHTa
UHH pa3.Jlff1IHJ,IX MaTepuanoB. 





3a 601IbWOA BK1I3.ll B pa3BH
rne lpH3ffllecKoA uayKH u Eon
rapHH, R0)ll'0T0BKY BblC0KO
KB31IH!pHUHp0B3HHblX uayq
HblX Ka)lp0B rpynna yqeHblX 
OIUIH HarpIDK.lleHa 6onrap
CKHMH opueuaMH KHpH]I]I3 
u Meipo)l}UI 1 creneHH. Bpy-
11eHHe uarpau nocnoM HPE 
B CCCP ,Il.)KyneubIM. 

OcHOBHlUI 6a30BaH ycTaH0BKll 
J.UIIUl3 EAH - uccneuoaa
Te1ILCKHH peaKTOp HPT-200 
(CHHMOK cnesa). 

Orum HJ ycrnttosoK .llllH npo
senettHH uccnenosattHH Ha 
peaKrnpe HPT-200. 



Ha ll}"IKe ycKopHTeJUI Y-300 
ycnelllllo 3anymeH imeKTpo
CTaTH'lecKHA cneKTpOMeTp 
3CA-21 wra uccrre;a;oBaHHA 
B o6rracm aTOMHOit cl>H3HKH, 
H3rOTOBJieHHLIH B l1HCTffTYTe 
B;a;epHLIX uccrre;a;oBauHA BeH
repcKoit aKa;a;eMHH HayK. 

CBepxnpoBo;D;JIIUHit Mal'HHI'
HLiit cneKTpOMeTp arreKTpO
HOB Ha ll}"IKe ycKOpHTeJUI Ha 
S MaB 11Hcnnyra B;a;epHoit 
cJ>n3HKH (,Ue6pe~eH). 



B pa6oTax no pa3BHTHIO 3BTO
MaTJfllecKHX H nonyaBTOMam
qecKHX CHCTeM o6pa6oTKH Ka
MepHLIX CIDIMKOB npHHHM3.IOT 
aKTHBHoe yqacrue BeurepcKHe 
cne~cn,1. 113MepHTem..
HLiii npH6op "PHMa" HlrOTOB· 
neH B UeHTPaJILHOM HHCmTy· 
Te cpH3ffqecKHX HCCJie,a;oBaHHii 
(By,a;aneIIIT) ,!J;JIJI o6pa60TKH 
CHHMKOB C TPeKOBLIX JJ;eTeK
TOpOB OIDIH. 



Ilrul MHOrHX cne~amtCTOB 
crpaH-yqa~ OIDll1 cran 
WKOJIOii BbICWeii KBamtcpHKa
~- Y cneumo 3auntTHJIH nuc
cepTil~ Ha COHCKaHHe yqe
HOii CTeneHH }];OKTopa <t,u-
3HKO-MaTeMaTffllecKHX HayK 
TeopemKH H3 CPB HryeH Txu 
XoHr u Bo Xour Anh. HryeH 
Txu Xour eo epeM.H 3annm,1 
nuccep~ ( cneea); Bo 
Xour Anh Ha ceMHHape e OT· 
nene TeopHH aToMHoro Bnpa 
JIT~ (BHH3y) . 



B TeqeHHe MHOrHX JieT BLeT

H3MCKHe H3yqHLie COTpy)].Hlt

KH BeJIH B JUIP pJI.IJ; B3)1(HLIX 

,IJ;JIJI p33BHTHJI 3KOHOMHKH 

BLeTHaMa pa6oT no aKTHBa

IOIOHHOMY 3HaJIH3Y, 



YqeH1,1e H cnelUfllJIHCTI,I Hayq
HLIX ~eIITpoB fllP npHHHMaIOT 
yqaCTHe B Bl,IIlOJilleHHH 67 
TeM WiaHa aayqao-uccnenoBa
TeJI1,CKHX pa6oT OIUIH. 
llnonornopao pa3BHBaeTcx co
Ypynauqecrno c UeHYpaJil,Hl,IM 
IDICTHTyTOM xnepHLIX HCCJie
noBaHHA B Pocceanop4>e. Ha 
CHHMKe: HCCJienoBaTeJIJ,CKffA 
peaKTop UIUIH. 

CneKYpOMCYp nM onpenene
HIUI BpeMeHH )KH3HH HeAYpo
Ha. 



B QIUIH npoBe,D;eHLI ucm1Ta

HWI HOHH3a~OHHOil: KaMepLI 
.D;JUI YCTaHOBKH Il3MAC. 

B O.D;HOM H3 OT.D;enoB QHSilf 
Be.D;yTCJI HCCJie,D;OBaHHJI no on

pe,D;eJieHIIIO 3arpJ13HeHHJ1 :lKH,Il;

Koro H3TPHJI, HCDOJIL3yeMoro 

WUI OXJI3)1()],eHHJI peaKTopa 

HliP-2. 



HHCTHiyT cl>H3HKH BWCOKHX 3Hepnm B QomeHe 3KTHBHO yqaCTBye-r B nporpaMMe HCCJienoBaHHA: 
B o6naCTH cl>H3HKH BbICOKHX 3Hepnm. YllllCTHHKH 3KcnepHMeHTa Ha yCTaHoBKe PUCK o6cy,KAaIOT 
pe3ynbT3TbI uccnenoBamut. 

B 1979 rOAf B QomeHe BBeneH B neACTBHe H3MepHTenbHbm KOMnneKC, KOTOpbIA B H3CTOJl~ee Bpe
MJI JIBnJleTCJI OAHffM H3 C3MblX MOIUHl>IX u;eHTpOB no o6pa6oTKe cl>HnbMOBOlf HHcl>opMaD;HH C ycTaHOBKH 
PlfCK H npyrHX yCTaHOBOK mum. 





0cHOBHlUI 6a30BlUI yCTaHOBKa 

Hucnrryra RAepHOH (pH3HKH 
fKA3 KHJlP - HCCJieAOBa• 

TeJII,CKHH peaKTop HPT-M 

MO~OCThIO 4 MBT. 

y CTaHOBKa C JilleBMODO'ITOH 

A1UI HeHTPOHHoro aKTHBaQH
oHHoro aHaJIH3a, yCTauoBJieH

HlUI Ha OAffOM H3 ropH30H· 

TaJII,HI,IX K3HaJIOB peaKTOpa 

HPT-M. 



Ha ycKopHTene yHHBepcHTent 
HM.KHM Hp Ceua {IlxeHLHH) 
Ilp0B0,!UITCH C0BMeCTHLie C ila-
6opaTOpHeit Heit:TpOHH0H 4>n-
3HKH pa60TLI no peHITeHo
clmyopecueHTHOMY auanu3y Ha 
Ilp0T0HaX. 

Ilo TeXHlflleCK0it l];0KyMeHTil
UHH, nepel];aHH0it O6'Lel];HHeH
HLIM HHCTffTYT0M, B YffHBep
CHTeTe HM.KHM Hp CeHa 113-

roToBneH MHKp0TpOH. Bel];eT
CJI HaJial];Ka MHKpoTp0Ha. 



3KcnepHMeHTbI no anepH~ManurmoMy pe3oHaucy cra6IDILHLIX anep 
ua yCTaHoBKe CXP-90. 

Mecc6ayapoBcKHA: cneK1l)0MeTp c HCT0'IHHK0M 57Co npenua3uaqeu WIJI onp_enenenHB conep)KaHHB 
)KeJie3a B TBepni,IX o6pa3~X. 



IlnonornopHoe HayqHoe C0T}lYllHlf'lecTB0 Pecny6murn Ky6a c O61,eAfflleH1U,IM IDICTH'l)'T0M JlllepHLIX 
nccnenosaHHH 0TKpLmo WHp0KHe B03M0)KJI0CTH llnJI pa3BHTHJI 4>Y~MeHTanLHLIX H npHKnanm,1x 
nccnenoBaHHH B pa3nff1DILIX o6naCTJIX «l>H3HKH 3neMeHTapHLIX qaCTHU H aT0MH0ro Jlllpa. Ha yCTaH0BKe 
MPX-faMMa-25M senYTCH nccnenosaHHJI B o6naCTH 6aonor1D1 H MellHIOfflLI no H3yqeHHIO B03lleHCTBHJI 
H3nyqeHHJI Ha paCTeHHJI H MHKpoopraHH3MLI. 



B M01rronLCKOM rocy,napcr
eeHHoM yHHBepCHTeTe ycnew
uo npoBOAJITCB: npHKna,u;m.1e 
uccne,noeamui: c ucnom,3oea
HHeM peHTretto4>nyopecueHT· 
Horo cneKTpOMeTpa, Ge(Li)
cneKTpOMeTpa H ManoA 3BM 
PDP-11/04. 

MHP 

HeATpoHHL1A reuepaTOp na6o
paTOpHH s,nepHLIX uccne,noea
HHH MottronLCKoro rocy,nap
cmeHHoro yHHBepcirrera. 



Ila6opaTOpID1 .ll)];epHblX HCCne
)];OBamm: MOHl'OHbCKOro rocy
n;apCTBeHHoro YffHBepcHTera, 
CO3n;aHH3.II C IlOMOUU,IO OIUIH, 
CTaJia He TOHbKO ueHTpOM 
non;roTOBKH H3l(HOH3nbHblX 
Kan;poe, HO H rnaeHoit 6a3oit 
n;n.11 pa3BHTIDI 3KCnepHMeH
TanbHOit .11n;epHoit cl>H3HKH 
CTpaHbl. Ha HeitTpOHHOM re
HepaTope na6opaTopHH een;YT
c.11 Hccne,z:r;oeaHID1 no cneKTpO
CKOnHH KOpOTKO)KHBynotX pa
,z:r;HO3KTHBHblX .11,z:r;ep H HeitT
pOHH0-3KTHB3l(HOHHOMY aua
JDl3Y reonoJ'HllecKHX H npo
MLrumeHHLIX o6pa31(0B. 



3neKTpoMamH111LIH cenapa
Top )],JUI pa3)J,eJieHIUI H30TO
DOB, pa6oTaIOIUJ{H B 11HCTH
Tyre HiJ.epHLIX npo6neM B 
CaepKe, npe)J,Ha3uaqeu )],JUI 

uouuoro nerupoBaHIDI nony
npoBO)J,HHKOB. 

Ba)Klt:0e MecTo B coTpy,!J,HH
qecrne OI-UUI c noJILCKHMH 
HayqHLIMH uenTpaMH 33HHMa
IOT HCCJie)J,OBaTeJILCKHe HHCTH
TyrLI B CBepKe: 11HCTHTyr 
Jl)J,epHLIX npo6JieM u 11HCTHTyr 
aToMHoA aueprHH. Hccne)J,oBa
TeJILCKHA peaKTop "MapIDI" 
B J1A). 



Bp}"lenue /1.HIDI0Ma rroqernoro 
/1.0KT0pa BapwaBCKOro yuu
BepCHTeTa 11.HpeKTopy O6'be
l].HHeuuoro HHCTffTYTa .H:11.ep
HLIX HCCJiel].oBaHHH aKa)J.eMH
KY H.H.lioromo6oBy. 

CoaMeCTHo c C0TPY/1.HHKaMH 
1-UIIT ua creu11.e nB3 rrpoae-
11.euo HCIIbITaHHe MHWeHH0H 
CTaHUHH /J.JI.H crreKTp0MeTpa 
H/1.ep 0Tl].a'IH. 



Ilno,u;omopHoe Ha)"IHOe co
Tpy,rumqecmo ocyw;eCTBIDleT
CH C 11HCTHTYTOM H.a;epHoA 
<l>H3HKH (KpaKOB) • PyKOBO
,!J;HTenb oT.u;ena JUICI> aKa,u;e
MHK A.XpbmKeBH'I no BpeMH 
H3Mepemm: Ha YCTaHOBKe ,!J;IDI 

HCCne.u;oBaHHH pa.u;Hal.OIOHHbIX 
.u;e<l>eKTOB B KpHCTan:Jiax. 

B 11HCTHryTe H.a;epHoA <l>H3HKH 
Be,!J;YTCH pa60Tbl no peKOH· 
CTpYKIOIH ycKopHTerui: Y-120 
B H3OXpOHHbIB IOIKilOTpOH 
Y-144. 



B 0T,a;ene pa.a;HaD,H0HH0H 6uo
noruu IUJ:(J) np0B0WITCH HC· 
cne.a;oBaHIDI 6uortorH11ecKoro 
B03,!l;eHCTBHH HeHTp0HOB H y • 
H3nyqeHHH. B om1rnx ucnom.-
3yroTcH Mo,a;emm,1e pacTeHHH, 
o6na,a;aromue ll0BLIIIIeHHOH 
'IYBCTBHTeJILH0CTLIO K H3JIY· 
'leHHIO. 



3anepweua 6onbwrui conMecr
urui pa6oTa COTPYJ]J(HJ<OB 
OIUU1 H QenTPanLuoro HHCTH
ryTa · <f>H3HKH B ByxapecTe no 
C03;tJ;aHH10 CHCTeMbl Tpaucnop
THpOBKH nyqKOB ycKopHTeJUI 
Y-400. Hcm1TaHHe B QH(I) 
MarHHTHblX nHH3 nm1 CHC
TeMbl TpaucnopTHpOBKH nyq
KOB (cnena)' MOHTIDK CHC
TeMbl TPaHCDOpTHpOBKH nyq
KOB (cnpana), Kanan Bbrnona 
nyqKa H3 ycKopHTeJUI (BHH-
3y). 





Hayqm,1e CBJ13H OIUIH c 11HcnrryToM «l>H3HKH u1,1coKHX 3Hepnm: B IlpoTBHHO JIBJIJIIOTCJI HCKmo'IHTem..
H0 BIDKHl,IMH nrui: npoueJJ,eHHJI uccneJJ,oBamm: B o6nacm «l>n3HKH BhIC0KHX 3Hepnm:. YqeHh1e OIUIH 
UIHp0K0 HCD0JI1,3YIOT ycK0pHTeJII, HcJ>B3 nrui: npoBe)J,eHHJI CB0HX HCCJie)J,OBaHJm:. Pa6oTa B 3KcnepHMeH
TaJIJ,H0M 3ane HcJ>B3 BeJJ,eTCJI u H0%IO. 

• 
l) 

CCCP 

llenera1~1J1 O11.SIH BO rnaue 
C JJ,HpeKT0p0M 11HCTHTyTa aKa
JJ,eMHK0M H.H • .6oron106oui.1M 
3HaK0MHTCJI C pa6oTaMH, npo
B0)J,HMl,IMH B HHCTffTYTe JIJJ,ep
Hl,IX uccneJJ,oBaHHii AH CCCP 
(MoCKBa) • 



HirreucHBHO H DJI0,lJ;0TB0pH0 
pa3BHB3lOTCS uayqm,1e CBS3H 
c HucnnyroM Teopenrqe
cKoA: H 3KcnepHMeHTIUII,HOA 
cl>H3HKH (MocKBa). Ha CHHM
Ke: IlpOT0HHI,IA: CHHXp0Tp0H 
IIT31P ua 3Hepl'IIIO 10 f3B. 

Teau,1e CB&:3H no.n;.n;ep)l(IIBalOTCS e0peTHK8MH O6I.e.n;HHeHHoro HH 
HHCTH1Yfll HM.B.A.CTeKnoaa A ICTYfflleT aKa.n;eMHK H.H.Boromo6oB. 



Yqem,1e OIUIH Be;,zyT COBMecTHLie pa6on.1 C neRHHrpa,IJ;CKHM HRCTIIT)'T0M SAepHoA cl>H3HKH 
HM.B.I1.KoecTa11THH0Ba AH CCCP no H3yqeemo B3aHM0,n;eACTBHA Me3oH0B H HyKJI0H0B c HyKJI0HaMH 
H JIAP8MH, HCCJie,D;0BaHIOO peaK~ o6pamoro anel<TpOpo)l(,D;eHJUI DHOHOB, H3yqemoo CBOACTB He~ 
HOAecl>HQH'DILIX H30TOD0B. 

.IIHpeKTop nlUIC1> AH CCCP 
O.H.CyM6aes 3HaK0MHT ,n;e
.JJe~ OIUIH C ,nOCTIOKe
RBJIMH HHcnnyra (fa'I'IHHa, 
1981 r.). 



HM.B.f .Xn:01111118 (IleHIDll'pa,tJ.) HMeeT A3BHHe H IDIO· 
JleTHIO 0TKpLITHJI CD0HT8HH0ro .n;eneHHJI. BLICTyIIaeT 

Hucnnyr a.n;epHLIX HCCJie.n;o
Balllffl AH YCCP CBJ13Lmae-r 
C OIUIH MHoronemee uayq
H0e C0Tpy;o;HHllecTB0. IlpoBep
Ka pa60TLI Y3JI0B ycrpoHCTBa 
.z:um 06nyqeaHJ1 MHWeHeii: Ha 
~noTpoHe IUIH AH YCCP. 



O6'Le.u;HIICHHl,Iit HHCTHTyT CLI· 
I'paJJ 3aMeTHyIO p0JIL B pa3-
BHTHH .11nepHoA: cl>H3HI<H BO 
MH0I'HX pecny6JIHKax CoBer
cKoro Coro3a. Hccne;o;oBarem.
cKHA: peaKTop BBP-C l1HCTH
T}'Ta .11;o;epHoA: cl>H3HKH AH 
Y36eKcKoA: CCP (cHHMOK 
cnpaBa). 

P.H;D; HHTepecHLIX C0BMCCTHLIX 
HCCJIC;D;0BaHHA: 6LIJI npoBe;o;eH 
B C0TPYAHH'leCTBe C yqeHLIMH 
H3 ApMeHHH. cJ>parMeHT K0JII,
~ CHHXP0TP0Ha EpeBaHCKoro 
cl>H3lfllCCKoro HHCTHT}'Ta Ha 
3HeprHIO 3JICKTP0H0B 6 f3B; 
06cy)l(,!J,eHHe pe3yJILTaT0B Be
;o;yT C0TPY.u;HI1KH EpeBaHCKoro 
rocynapcmeHHoro YffHBepcH
TeTa. 





XopoweA 1'p3,!J,HIOfeA craJio 
H8}"1HOC COTJ)Y)];HHIICCTBO 
O61.enuueHHOI'O HHCnnyra 
snepm,ix nccJienosaHHA c T6n
JDICCKHM rocynapCTBCllllI,IM 
ymmepCHTeT0M. 

B Jia6opaTopHH snepuoA 4>n-
3HKH T6HJD1ccKoro rocynap
CTBeHHoro ymmepcmera 6Lma 
pa3pa6oTaHa nponauosaH ny-
3bipbK0BaH KaMepa ,D;JIH 3KC
nepHMCHT0B Ha CHHXpOIUD<JIO
TpOHC OIDIH. 



TecHLie H3yqHI,Ie K0HT3KTLI 
Il0Mep)IQfB3eT C O61>eAHJ{eH
HLIM HHCTHT}'T0M AKaneMHJI 
uayK A3ep6aA.mKancKoA CCP. 
3~e Ilpe3H,nHyMa AKane
MHH uayK A3ep6~)1(3Ha. 

Ilpe3~eHT AH A3CCP aKa
neMHK 3.IO.CanaeB u nupeK
Top JIB3 aKaneMHK A.M.Ban
AHH ua nym,Te CHHXp011>a3o
Tpoua. 

•••• 



Bonee 30 uayqm,1x yqpe)K,l];e
Hldl: qeXOCJIOBaKHH yqaCTBYJOT 
B npoee,l),emm C0BMeCTHLIX 
c 011.HH lKCnepHMeHTaJILHLIX 
H Te0peTll'IeCKHX HCCJie,lJ,0Ba
Hlffl. 'lexocnoeau;Kue yqeuL1e 
u cneu;uaJIHcTL1 euecJIH 6om.
woit BKJla,l), B C03,l),aHHe MH0-
rux YCTaH0B0K O6'Le,lJ,HHeHHO
ro HHCTHTyTa. Ha CHHMKe: 
yCTauoeKa "funepou". 

CoeMeCTHLIMH ycHJIID1MH co
Tpy,l1,HHK0B JJHCI> H cneu;ua
JIHCT0B IToJIHTeXHfflleCKoro 
HHCTHTfTa B ITpare Il0,l), pyKo
B0,lJ,CTB0M npo!J>eccopa qJilu
Maue pa3pa6oTau u H3roToB
neu npeu;H3H0HHLIA rouuo
MeTp )),JUI HCCJie,lJ,0BaHIDI 
M0H0KpHCTaJIJI0B Ha nyqKe 
peaKTopa HBP-2. 



PH,u H3BecTilbIX }"leHbIX OIUIH H36paH B IJexocnoBaUKyio aKa• 
,ueMmo HayK, y,uocroeH no11em:blx .UHnJIOMOB IJCCP. Ha CHHMKe: 
Bp}"leHHe ,UHDJIOM3 DO'leTifOro ,UOKTOpa TToJIHTeXHH'leCKoro 
HHCTHTYTa B TTpare aKa,ueMHKY f.H.Cl>nepoBy. 

CneKTPOMe-rp pe,uKHX co6b1nm APEC. 

QHKJIOTPOH Y-120M B P>tce
)Ke 6brn pa3pa6ornu u H3ro
TOBneu B OIUIH npu aKTHB· 
HOM COTPYUHH'leCTBe co cne
~CTaMH l1JICTffTYTa Jl,Uep• 
HOA 4'H3HKH (P>tce)K). 



Cl>H3HKH OIUIH B paMKax 
C0BeTCK0-aMepHKaHCKoro co
TPYAHff'leCTBa yqacmoBaJIH 
B uccnenoBaHWlx ua ycKopu
rene Cl>HAn (1iaTaB1m) . 

Kpymn,1M no MacIIITa6y HB
nHeTCH COBMeCTHLdi MIOOHHLIH 
aKcnepuMeHT OIUIH-l.J,EPH. 
Ha CHHMKax: T0pounanLHLIH 
cneKTl)0MeTI) nnH aKcnepu
MeHTa NA-4. 



B OIUIH npo)J;o.JDKae-rc.a: no)J;
roToBKa K Kpymt:0MY 3KCne
pHMeHTY Ha BCTPe<nn,IX 
aJJ:eKTP0H·D03ffTP0HHI,IX II}"I· 
Kax ycKopHTerul LEP 
B UEPHe (ycraHoBKa 
DELPHI). O6c}')IC)J;eHHe Tex
HlfllecKHX eonpocoe H WiaH0B 
pa6oT no C03)J;aHHIO e )ly6ue 
a)J;p0HH0ro KanopHM~a WIJI 
yCTaH0BKH DELPHI. 

OIUIH noMep)KffBaeT WI0)J;O
TBopHb1e CBB3H C Hayqm,IMH 
QeffTPaMH Cl»paHQHH. Ha CHHM
Kax: o6cy)l()J;eHHe eonpocoe 
C0TPY)J;HlflleCTBa Me)l()J;y K0JI
neKTHBaMH na6opaTOpHH 
B)J;epm.IX peaKiom OIUIH 
H ycK0pHTem,Horo K0MDJieK
ca GANIL (cneea), o6c}')K
)J;eHHe nepcneKTHB C0TPf)J;· 
HlflleCTBa B o6nacm 4>n3HKH 
HH3KHX aHepnm Me)l()J;y JUl:n 
OIUIH H UeffTPOM B)J;epHoA 
cneKTP0CK0DHH H MaCC
cneKTP0M~HH (Opce) (BHH-
3y). 
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~YBHA.lliTPMXM K TIOPTPETY 

A. C.I'HPlllEBA, peoa1<:Top eJ1Ce1-teoe11,b1-tu1<:a ",ll,y61-ta: 1-tay1<:a, coopyJ1Cecrno, 
npozpecc•· 

ropo.n; MHpHoro aToMa, CTonm~a HayKH, "MeKKa" (pli3HKOB, iKeMtJY

iKHHa ceaepHoro ITo.n;MOCKOBbH - KaKHX TOJlbKO Ha3BaIIHH He y.n;ocTaHBa

nacb .[(y6Ha 3a CBOH 30 neT! flotJTH KmK,D;bIH rro6bIBaBIIIHH 3,D;eCb iKYPHaJJHCT 

C BOCToproM coo6man CBOHM IJHTaTeJIHM, IJTO Ha ynm~ax .[(y6Hbl 3BYIJHT 

pa3HOH3bIKaH pel!b Ii rrpHBOK3aJlbHOe Kacpe Ha3bIBaeTCH "Heu:TpHHo", OT 

rmaaaTenhHoro 6acceu:Ha "ApxHMe.n;" pyKoH rro.n;aTh .no peKH BonrH, tJTO 

B O,D;HOM H3 BbICOTHbIX ,D;OMOB ropo.n;a eCTb OTJIHIJHbIH KHHiKHbIH Mara3HH 

c 3a.n;opHbIM Ha3BaHHeM "3apHKa" •.• Bnaro.n;apH rrorrynHpHou: Tenerrepe.n;a11e 

"OtJeBH,D;Hoe - HeaepOHTHoe" IIOBCIO,D;y CTaJIO H3BeCTHO, IJTO aenocHrre.n;H

CTOB a .[(y6He 6onbIIIe, tJeM rreIIIexo.n;oa, a KHHO,D;OKyMeHTaJIHCTbI IIbITaJIHCb 

IIOKa3aTh, IJTO 3a COCHaMH IIOIJTH He BH,D;Hbl .n;y6HeHCKHe HOBOCTpOHKH ••• 

.[(a, MHOrHMH HeIIOBTOpHMbIMH qepTaMH, nm~a Heo6mHM BblpaiKeHHeM 

OTJIHtJaeTCH .[(y6Ha. 

3a 30 neT Hey3HaaaeMo H3MeHHJICH BHeIIIHHH o6nHK ropo.n;a, BbI

pOCJIH MHoro:iraiKHbie ,D;OMa, IIO,D;HHJIHCb HOBbie Koprryca na6opaTOpHH. 

BeTepaHbI l1HCTHTyTa C YMHJleHHeM Terrepb BCIIOMHHaIOT' IJTO Kor.n;a-TO 

B ropo.n;e 6bmo acero HeCKOJlhKO ynm~: lOiKHaH, UeHTpanbHaH, ITapKoBaH 

( ceHtJac OHH HOCHT HMeHa BbI,D;aIOmHXCH ytJeHbIX - KyptJaTOBa, BeKcnepa, 

)KonHo-KropH)' CTapOiKHJlbI paccKa3bIBaIOT, IJTO B ueHTpe .[(y6Hbl 6bIJIO ace

ro HeCKOJlbKO ,D;BYX3TaiKHbIX KaMeHHbIX ,D;OMOB, a BOKpyr TOJIIIHJIHCb HH3KO

pOCJlbie .n;epeBHHHbie IIOCTpOHKH, rrpOCTHpanHCb 6onoTa H neca . .[(aiKe He Be

pHTCH ceu:qac, IJTO B rrepBbie rO,D;bI cymeCTBOBaHHH OI1.HI1 rroe3,D;Ka B MocK

BY Ha aBTo6yce 6hma uenhIM co6bITHeM Ii IJTO rrpH o6pa30BaHHH Jla6opaTo

pHH HeHTpOHHOH (pli3HKH B Heu: HaCtJHTbIBaJIOCb acero TPH COTpy.n;HHKa ••• 

.[(a, MHOiKeCTBO co6hITHH rrpOH30IIIJIO B )Klf3HH ropo.n;a 3a 30 neT' 
HO HeH3MeHHbIM 6hmo, eCTb Ii 6y.n;eT O,D;Ho: HeIIOBTOpHMaH aTMOCcpepa 

.[(y6HbI, B KOTOpOH coaepIIIaIOTCH OTKpbITHH MHpoaoro 3HatJeHHH, - aTMO

ccpepa HaytJHoro IIOHCKa, .n;pyiK6hI, HHTepHaUHOHaJIH3Ma, COTpy,D;HHtJeCTBa. 

".[(y6Ha HBJIHeTCH He TOJlbKO ropo.n;oM, r.n;e CJIOBa ".n;pyiK6a", "HHTep

HaQH0HaJIH3M", "coTpy,D;HHtJeCTBO" rrpHo6peTaIOT coaepIIIeHHO KOHKpeTHbIH 

CMbICJI~ - B xo.n;e pa60TbI 3,D;eCb B03HHKaIOT .n;pyiKeCKHe CBH3H, KOTOpbie, 

IJTO oco6eHHO BaiKHO ,D;JIH MOJIO,D;bIX JIIO,D;eu:, coxpaHHIOTCH Ha BCIO iKH3Hb. 
,/ 



,Uy6Ha - Marmn H MetJTa ,nmI BCex, KT0 xoqeT yrny6HTbCJI B H3yqeHHe 
MaTeprm. 8To Hey,nHBHTenbH0. 3,nech eCTb ace ycnoBHJI ,nn.R pa60TbI, ,nn.R 
npo1rnneHHJI cnoco6HOCTeii: H 0Bna,neHHJI H0BbIMH 3HaHH.IIMH .Ho, JI ,nyMaIO, 
npHTJiraTenhHaJI CHna ,Uy6Hbl 3aKnroqaeTCJI H B ,npyroM. 3,necb '.>KHBYT nIO,nH 
cep,neqHbie H rocTenpHHMHbie, 3,necb TeqeT aenHKa.R peKa Bonra, B0Kpyr 
npeKpacHbie non.II H neca, 3,necb MHoro nocTpoeHo H eme 6onhllle cTp0HTCJI ... 
B ,Uy6He JI y3Han, noqyacTBoaan ,nyllly pyccKoro qenoaeKa, nonro6ttn pyc
cKyro 3eMnro". 

K 3THM cnoBa.M H3BecTHoro 6onrapcKoro yqeHoro aKa,neMHKa 
XpHCTO XpHCTOBa nonH0CTbIO MoryT npttcoe,nHHHTbCJI H Te, KT0 CB.II3aH 
C ,Uy6HOH H HHCTHTYTOM MH0rHe ro,nbI, H Te, K0MY ,noaenocb 3,necb '.>KHTb 
tt pa6oTaTb Bcero HeCKOn:E,KO MeCJII~eB. 

Bee C0Tpy,nliHKH J1HCTHTyTa qyBCTBYIOT ce6JI qneHaMH 6onhWOH 
HHTepHau;HoHanhHOH ceMbH. Ee npeKpacHbIH :>KHBOH CHMBon - napK ,Upy:>K-
6b1 Ha 6epery BonrH. OH 6bm 3an0:>KeH pyKaMH yqeHbIX 6paTCKHX C0I.J;HanH
CTJiqecKHX CTpaH a ,neHb JleHHHCKOro K0MMYHHCTHqecKoro cy66oTHHKa. 
H ro.n OT ro,na KpenHyT ,nepeBh.lI, C l<a:>K,n:OH BeCHOH Bee ryme CTaH0BHTCJI 
Ha HHX 3eneHaJI nHCTBa. 

B ,Uy6He ,nenaroTcJI y,nHBHTenhHbie oTKpbITHJI He -ronhKO B MHpe 
sneMeHTapHbIX qacTHI.J;, HO H a o6naCTH qenoaeqecKHX OTHOWeHHH. BOT qTo 
roaopHT 06 3TOM noqeTHbIH qneH AKa,neMHH HayK CCCP HryeH Batt Xhey: 

",Un.II MeHJI ,Uy6Ha - 3T0 He T0nhK0 WK0na TeopeTHqecKOH q>H3HKH. 
8To - WKona ,npy:>K6bI. HMeHHO 3,necb ,nn.R MeHJI CTano JICH0, qTo C0B
MeCTHaJI pa6oTa yqeHbIX CTpaH C0I.J;HanH3Ma - 3T0 He npocToe cno:>KeHHe 
YM0B H cpe,nCTB. MHe CTano JICH0, qTo 3,necb .naa nnroc TpH ,naeT HaMHoro 
6onhwe n.RTH. BOT a qeM xapaKTepHoe CBOHCTBO "cymecTBeHHO HenttHeii:
HbIX noneil:". H 3,necb, B ,,Uy6He, JI o6Hapy:>KHn HOBbIH THn "B3aHMo,neii:CT
BHJI", HOBYIO CHny ,nanbHO,neii:cTByIOmero npHTJI:>KeHHJI, o6'be,D:HHJIIOmyro 
yqeHbIX H3 reorpaq>HqecKH ,naneKHX, HO no cep,nu;y 6nH3KHX CTpaH. 8To 
Harna HHTepHau;HoHanhHaJI contt,napH0CTb. 8'ia MoryqaJI cttna npeapaTHna 
Hae a caMyIO TBep,nyro, Heno6e.nHMYIO, CaMyIO "TJI:>Kenyro qacTHu;y" - MaKCH
MOH". 

EcnH o6paTHTbC~ K cneI.J;HanHCTaM, npHeXaBWHM pa6oTaTb a ,Uy6Hy 
H3 pa3HbIX CTpaH-yqacTHHI.J; HHcniTyTa, C B0npocoM: "KaK Bbl np0B0,D:HTe 
CBo6o,nHoe BpeM.R?", .TO 6onbWHHCTBO OTBeTHT.,HaBepHoe, TaK: "Y MeHJI 
TaKoro BpeMeHH npaKTJiqeCKH HEH' noT0MY qTo rnaBH0e ,nn.R MeHJI - He 
0T,D:bIX, a MaKCHManbH0e HCnonh30BaHHe TeX YHHKanbHbIX B03MO:>KHOCTeii:, 
KOTOpbie npe,nocTaaneHbI B na6opaTopH.RX OH.HM ,nn.R HayqffOH pa6oTbI". 
H ace-TaKH He HayKoii: e,nHHoii: :>KHBYT B ,Uy6He q>H3HKH, MaTeMaTHKH, 
XHMHKH ... OHH aKTHBH0 3aHHMaIOTCJI cnopToM: 6eraroT, nnaBaroT, ttrparoT 
B Boneii:6on, <pyT6on,. ManbIH H 6onbWOH TeHHHC, 3aHHMaIOTCJI B ceKI.J;H.IIX 
BHH,ncep<pHHra H aepxoaoii: e3,nbI. MHor11e coTpy,nHHKH HHCTHTyTa MoryT 
rop,nHTbCJI H cnopTHBHbIMH ycnexaMH. BnepBbie B :>KH3HH BCTaIOT B ,Uy6He 
Ha nbI:>KH Ky6HHI.J;bI, MOHronbI, BbeTHaMI.J;bI, 11 Ha TPMHI.J;HOHHbIX cnapTaKHa
.nax ,npy:>K6bl HaKan 6opb6bI He ycTynaeT onHMIIHHCKOMy ... 49 



)KHBH B ,Uy6He, a,n;aneKe OT CTOnHtlHbIX TeaTpOB, My3eea, ,n;y6HeHI.J;bI 
OTHIO,ll;b He qyBCTBYIOT ce6H OTOpBaHHbIMH OT 6onbIIIOro HCKYCCTBa. Ilpeo
,n;onea paCCTOHHHe a 130 KM OT MoCKBbI, HeCMOTpH Ha YTOMHTenbHYIO ,n;o
pory' Henoro,n;y' B ,Uy6Hy npHe3)KanH H3BeCTHeihrrne apTHCTbI H MY3bIKaHTbI. 
3anbI ,UoMa yqeHbIX H ,UoMa KynbTYPbI COTpHCanHCb OT anno,n;HCMeHTOB, 
Kor,n;a 3,D;eCb BbICTynanH CBHTOCnaB PHXTep, JlHnH 11BaHOBa, Kapen roTT, 
BeaTa TbIIIIKeaHq, ApKMHH Pa:iiKHH, ,UaHr Txa:ii IlloH, conHCTbI BepnHH
CKOH onepbl H aKTepbI C TaraHKH ... 

B ropo,n;e C03,ll;aHbI ace ycnOBHH ,n;nH Toro, qTo6bI nro,n;H, 3aHHTbie Ha
npmKeHHOH HayqHOH ,n;eHTenbHOCTbIO, HMenH B03MO)KHOCTb H ,n;nH nno,n;o
TBOpHOH pa6oTbI, H ,n;nH HHTepecHoro OT,ll;bIXa, a HX ,n;eTH - ,n;nH rapMOHHqe
CKOro pa3BHTHH. 

0 ,n;y6HeHCKHX ,n;eTHX - pa3rOBOp oco6bIH, ManeHbKHH IlO,ll;MOCKOB
HbIH ropo,n; OTKpbIBaeT nepe,n; HHMH IIIHpOKHe ropH30HTbI, COTHH ,n;opor. 
XoqeUib 6bITh, KaK po,n;HTenH, <pH3HKOM, MaTeMaTHKOM - 6y)];b HM! IlpH 
O11.Rl1 y)Ke MHoro neT ,n;e:iicTayeT <pH3HKO-MaTeMaTffqeCKaH lllKOna, npe
IlO,ll;aIOT B KOTOpOH ae.n;yll.Ufe .yqeHbie H TanaHTnHBbie MOnO,ll;bie cneu;HanHCTbI. 
He nepBbIH ro,n; npoxo,n;HT a Jla6opaTOpHH BbiqHcnHTenbHOH TeXHHKH tt aBTO
MaTH3aI.J;HH cepbe3HYIO npaKTHKY, oana,n;eBaH O,ll;HOH H3 caMbIX coapeMeHHbIX 
MaCCOBbIX npocpeCCHH, IOHbie nporpaMMHCTbI ... 

,UeTCTBO TbICflq ,n;y6HeHCKHX pe6HT OKpbmHna neCHH - ,D;a)Ke nepe,n; 
TpexneTHHMH rocTenpHHMHO pacnaxHyTbI ,n;aepH 3HaMeHHTOH xopOBOH CTy
,ll;HH ",Uy6Ha"' y,n;ocToeHHOH 3BaHHH naypeaTa npeMHH JleHHHCKoro KOMCO
Mona. A eru;e ecTb ,n;eTCKaH 6aneTHaH CTYAHH "<l>aHTa3HH"' Kny6 IOHbIX Tex
HHKOB, MY3bIKanbHbie IIIKOnbI, <pOTOCTYAHH, MHO)KeCTBO cnopTHBHbIX ceK
I.J;HH H KPY)KKOB ... 11 Ka,K,D;bIH ro,n; npoao,n;HTCH a ,Uy6He Mono,n;e)l(Hbie npa3,n;
HHKH, aIITHBOeHHbie MHTHHrH, r,n;e IOHbie ,n;y6HeHI.J;bI H3 Co<pHH, By,n;aneIIITa, 
XaHoH, BepnHHa, IlxeHbHHa, raaaHhI, YnaH-BaTopa, BapIIIaBhI, ByxapecTa, 
IlparH BMeCTe co CBOHMH COBeTCKHMH CBepCTHHKaMH IlOIOT: "IlycTh BCer,n;a 
6y,n;eT conHu;e! IlycTb acer,n;a 6y,n;eT MHp!". 

Cero.n;HH, HHKy,n;a He ye3)Kafl H3 ,Uy6HbI, MO)KH(? BbiyqHTb HeCKOnbKO 
HHOCTpaHHbIX H3bIKOB, MO)KHO 3aKoHqHTb yqHnHru;e, TeXHHKYM, BY3, nony
qffB HY)KHYIO 11HCTHTYTY H ,n;pyrHM npe,n;npHHTHHM ropo,n;a npocpeccttro ... 
BoT eru;e O,D;Ha xapaKTepHaH qepTa TpH,n;u;aTHneTHeH ,Uy6Hbl - cero,n;HH 
B na6opaTOpHHX 11HCTHTyTa, B ero npOH3B0,ll;CTBeHHbIX no,n;pa3,n;eneHHHX 
HaqHHaIOT CBOIO HayqHyro, pa6oqyro 6ttorpacpHIO Te, KTO po,n;HnCH B 3TOM ro
po,n;e, KTO poc H B3pocnen BMeCTe C HHM. TaK npo11;0n,KaeTCH 3CTacpeTa 

noKoneHHH. 11 BeTepaHbI 11:HCTHTyTa, H Mono,n;e)Kb rop,n;HTCH TeM, qTo OHH 
npHqacTHbI K ,ll;OCTH)KeHHHM nepaoro B MHpe ropo,n;a. HHTepHau;HOHanbHOH 
HayKH, r,n;e nro,n;e:ii H3 pa3HbIX CTpaH o6oe,D;HHHeT o6II.J;HH Tpy,n; B MHpHbIX 
u;enax. Ilo3TOMY ,Uy6Hy no npaay cqHTaIOT H npoo6pa30M ropo,n;a By,n;y-

50 ru;ero. 



24 mom1 1956 ro.n;a YKa30M Ilpe3H.D;HyMa BepxoaHoro CoaeTa PC<l>CP 

nocenoK ,Uy6Ha KanHHHHCKOH o6naCTH 6bIJI npeo6pa30BaH B ropo.n; H BKJIIO

qeH a C0CTaB MoCKOBCKOH o6naCTH, 

,Uy6Ha - 0.D;HH H3 CaMbIX 3eJieHbIX ropo.n;oB Ilo.n;MOCKOBbH, OKOJIO 

2000 ra TeppHT0pHH ropo.n;a 3aHHT0 necaMH, 3eJieHhIMH HaCIDK.n;eHHHMH. 

Cpe.n;HHH B03paCT '1<HTeJieH ,Uy6Hbl 33 ro.n;a. 

B ,Uy6He pa6oTaeT 28 .D;0WK0JibHbIX yqpe,K.D;eHHH, K0T0pbie noceu~aroT 

II0l!TH 5 TbICHI! .n;eTeH. 

70% pa6oTaromero HaceneHHH ,Uy6HbI HMeIOT Bh1cwee H cpe.n;Hee o6-

pa3oBaHHe. OKOJIO 11 TbICHI! '1<HTeneii ropo.n;a yqaTCH. 

B ropo.n;e pa6oTaroT .n;aa (pHJIHana BbICWHX yqe6HbIX 3aBe.n;eHHH, 

2 TeXHHKyMa, npocpeCCHOHaJibHO-TeXHHl!eCKHe YIIHJIHma. 

B 25 60:6JIHOTeKax 3aperHCTpHp0BaH0 6onee 50 TbICH'll l!HTaTeJihCKHX 

a6oHeMeHTOB, 

Ha TbICHIIY ,KHTeneii BbIIlHCbIBaeTCH 1300 3K3eMilJIHp0B ra3eT H ,i<yp

HM0B, 

B 7 4 K0JIJieKTHBax xy.n;o:>KeCTBeHHOH caMo.n;eHTeJibH0CTH yqacTBYIOT 

6onee 3000 qenoaeK. B yqpe,K.D;eHHHX KYJihTYPhI pa6oTaroT 28 Kny6oa 

H 061,e.n;HHeHHH, 12 Hap0.D;HbIX YHHBepCHTeT0B, 

B ropo,r:i;e HMeeTCH 2 CTa.D;H0Ha; 3 cpyT60JibHhIX II0JIH, rurnBaTeJibHhIH 

6acceHH, TeHHHCHhie K0pThI, 15 cnopT3aJI0B, 4 cnopTHBHhlX Tllpa, nerKo

aTJieTHl!eCKHe .n;op0'1<KH, JihI,KHhie 6a3bI, ocaemeHHbie Jibl'1<Hbie TpaCChI. 

--



,Ily6Ha - ropon MHor0H3.IOfO
Ham,m,di. 3;o;ec1, )l(}ffiyr u pa-
6oTaIOT yqem,1e u cneuuanu
CTLI H3 11 CTpaH-yqaC'fllHU 
O61,e;D;HHeHHoro HHCTHTYTa, 

MMHHHCTPaTHBm,1it Kopnyc 
OIUIH pacnono)KeH B ueHTPe 
,Ily6111,1 Ha yJIHUe )KoJIHo-Kro
pu. 



,!ly6Ha paCKHHyna CBOH yJIHD;bl 
B.D;OJIL 6epera Bonru. 6om,
UIHe u MaJILie, nacca)l(ffl)CKHe 
u rpy3oe1,1e cyna npoxonwr 
no BO)];HblM TpaccaM MHMO 
,!ly6m.1. 



· HIHIO DH1U:>1!M-HRdt:> 
EH I<f.L:)HlillHil;}ll:) ;}l'li:/OUOW 

.lAHJUK HHH1!i:tE WOHOH W0.1€ 8 
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Tpa/1.Hl.OfOHHLIA MaccoBLIH Kpocc ua npu3 HMeHH aKaneMuKa B.H.BeKcnepa Bcerna co6upae-r Mnoro 
}"13CTHHKOB u 6onem.~KOB. 



TypH3M H BOl'U{I,Ie JII,DKH, 
waxMaTLI u Temme, napycm.1A 
H BO/:UIO-MOTOpm.1A cnopT -
TaKOB ):Ulana3ou yeneqeumt 
JJ,y6ueu~ee. fa1<ero/'UII,1n ner
HHA cneT rypncToe. fopm 
rocrep JJ,p}')K61,1. 

f OCTeA )ly6m,1 npHHHMaeT 

KoM4>opTa6em,urui: roCTHH~ 
ua 6epery Bonru, nocTpoeu
urui: no npoeKzy 6onrapcKHX 
apXHTeKTOpOB. 



KoMD03HTop ,!lMHlpldi Ka6a
neBcKldt AffPIDKHpyeT CBOP,
HLIM xopoM yqaCTIIHKOB 
npa3AHHKa neclDf, perym1pHo 
DpOBOAHMOro B ,!ly6He. 

B ,!loMe KY.JILTYPLI "MHp" 
qacro DpOXOP,jIT HHTepecHLie 
BClpe'IH, KOHQepTLI. BClpe-13 
C yqaCTlDfK3MH nonyilllpHoii 
TeneBH3HOHHoii nepenaqH 
"'ITo? Tne? Korna?". 



:>KlrreJDl .lly6HLI nplDIHMaIOT aKTHBHoe yqaCTHe B aHTHBOeHHLIX a.K~X. Alrnmoeuu1,dt MHTIDII', co
CTOJIBWim:CJI B Mae 1983 ro.a;a. 

"Ilpa3,!l;HHK .a;eTCTBa" - TaK H33I,IBaJICJI KOHIJ;epT, B KOTOpOM yqaCTBOBamt: .a;y6neHCK3JI ,!l;eTCK3JI 6a

JleTH3JI CTY,!l;HJI "cl>aHTa3HJ1" H ,!l;eTCKHe TaHIJ;eBaJII,HLie KOJlJleKTHBbl H3 qexocnoBaKHH H BonraplDI. 
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H.H.B OI'OJIJOB OB, a1eaoeMu1e 

B.A.MATBEEB, nporfieccop 

UBETHhIE KBAPKJ1 

A.H.TABXEJIH~3E, 1u-zett-1eoppecnottoe1-tT AH CCCP 

:I-IAeH UBeTHblX KBapK0B - cpyH,D;aMeHTa.JibHblX cpepMHOHOB, o6rra,r:i;aro

I.QHX cneQHcpHqecKHM KBaHT0BblM q0:cJI0M - QBeT0M H HBJIHIOI.QHXCH Hapaa

He C rrenToHaMH npocTeHlllHMH C0CTaBJIHIOI.QHMH aemecTaa, Jie)KHT B 0CH0Be 

coapeMeHHbIX TeopeT0:qecKHX npe,D;CTaBrreHHH 0 MHpe :meMeHTapHbIX qaCTHQ 

H aT0MHbIX H,r:i;ep. C 3TOH H,D;eeii, HBJIHJOI.QeHCH ·noHCTHHe 0AHHM H3 Kpae

yr0JibHbIX KaMHeH coapeMeHH0ro ecTeCTB03HaHHH, CBH3aHbl MH0rHe A0-

CTH)KeHHH B (pH3HKe 3JieMeHTapHblX qacTHQ, aT0MHoro H,D;pa H BbIC0KHX 

3HeprHH. 

Ee3 npe,r:i;cTaarremm 0 QBeTHblX KBapKax KaK cpyH,r:i;aMeHTaJihHbIX 

C0CTaBJIHIOI.QHX MaTepHH BP.HA JIH 6bIJIH 6bI B03MQ)KHbl nporpecc B Il0HHMa

HHH 3B0JIJOQHH paHHeii BcerreHHOH, np0ABH)KeHHe no nyTH pearrH3aQHH rrry-

6oKoH au:eH 0 e,D;HHCTBe acex CHJI npHp0,D;bl. 

TioHHTHe QBeTa - Hoaoro KBaHT0Boro q0:crra, aae,r:i;eHHoro H.H.Eoro

rr1060BhIM, E.B.CTpyMHHCKHM H A.H.Taaxerr0:,r:i;3e B 1965 r. B CBH3H c pellle

HHeM npo6rreMbl CTaTH<;THKH KBapK0B 111, rre)KHT B HaCT0HI.Qee BpeMH B oc

H0Be cneKTp0CK0ilHH a,r:i;p0H0B, KBaHTOBOH xpoM0AHHaMHKH, a TaK)Ke pa3-

JIHqHblX BapHaHT0B 061,e,r:i;HHeHHbIX Karr0:6poaoqHblX TeopHH CHJihH0ro, crra-

6oro H 3JieKTp0MarHHTHoro B3aHMO,D;eHCTBHH. 

Kor,r:i;a B 1964 r. B pa6ornx MSerrrr-MaHHa / 2/ H r.U:aeiira 131 6bma 

BbICKa3aHa rHnoTe3a KBapK0B - r0:noTeT0:qecKHX qacTHQ, H3 K0T0pbIX 

CTp0HTCH ace Ha6rrro,r:i;aeMbie CHJihH0B3aHMO,D;eHCTBYIOI.QHe qacTHQbI - Me3o

HbI H 6apHOHbI, KBapKH MbICJIHJIHCb KaK cyry6o MaTeMaTHqecKHe 061,eKTbI, 

B TepMHHax K0T0pbIX HaH6orree np0CTbIM H H3HI.QHbIM o6pa30M M0)KHQ 

onHChIBaTh o6Hapy)KeHHbie K T0MY apeMeHH caoiicTaa yHHTapHoii SU(3) -
CHMMeTpHH CHJihHblX B3aHMO,D;eHCTBHH /4 1

• O6rra,r:i;a10m0:e ,r:i;po6HbIMH 

3JieKTpHqecKHMH 3apH,D;aMH H He Ha6rrro,r:i;aeMbie B CB060AHOM C0CT0HHHH 

qacTHQbl He cpa3y norryqHJIH Heo6XOAHMOe (pH3HqecKOe HCT0JIK0BaHHe. 55 



Ilpe)K,I];e acero, nocTpoeHI:Ie a,n;pOHOB 113 KBapKOB, 06na,n;arow;11x cn11-

HOM 1/2, np11aeno K npOTHBopeqmo c np11Hu11noM Ilayn11 ,n;mI Cl1CTeM tiaCT11U 

C norryueJibIM cnHHOM. 

Ilpo6neMa CTaTl1CTl1Kl1 KBapKOB He 6hma, O,D;HaKo, e,D;HHCTBeHHOH 

TPYAHOCTbIO, CTOHw;eii Ha nyT11 Teop1111. OCTaBaJICH 6e3 OTBeTa aonpoc: no

tieMy B np11po,n;e peaJil13YIOTCH JI11lllb Cl1CTeMbI, COOTBeTCTByrow;11e TpeM 

KBapKaM 11Jil1 KBapK-aHTl1KBapKOBbIM napaM, 11 nolleMy OTCYTCTBYIOT yKa-

3aHIDl Ha cyw;eCTBOBaHl1e ,n;pyr11x MHOrOKBapKOBbIX COCTOHHl1H? 

Oco6yro BIDKHOCTb np1106pen Bonpoc O B03MO:>KHOCTl1 cyw;eCTBOBaHl1H 

KBapKOB a cao6o,n;HOM COCTOHH1111 (npo6neMa y,n;ep:>KaHl1H 11Jil1 HeBI,IJieTaHl1H 

KBapKOB), 

AHan113 3THX npo6neM np11aen B 1965 r. B pa6omx H.H.Boronro6oaa, 

B.B.CTpyMHHCKoro 11 A.H.TaaxeJIH,n;3e 111, a TaK>Ke He3aa11c11Mo 0:.HaM6y 

11 M.Xatta 151,.P.<l>poiiHAa16/ 11 fl.M1111M0To/7/ K mip,n;11HaJibHOH 11,n;ee o Ha

n11t11111 y KBapKOB HOBoro, Hel13BeCTHoro paHee KBaHTOBoro lll1CJia, ano

cne,n;CTBl111 Ha3BaHHoro UBeTOM 181• 

CorJiaCHO r11n0Te3e uaeTHbIX KBapKOB, KBapK11 no,D;ll11HHIOTCH CTaT11-

CTl1Ke <l>epMI1-,U11paKa, npHlleM KBapK Ka)K,I];oro T11na noHBJIHeTCH B Tpex 

YHl1TapH0•3KBHBaJieHTHbIX COCTOHHl1HX q = (q l , q 2 , q 
3 

), pa3Jil1llaIOUJ;l1X

CH 3HalleH11HM11 HOBOro KBaHTOBoro lll1CJia - uaeTa. TaK KaK B TO BpeMH, 

Kor,n;a 6bIJIO BBe,D;eHo HOBOe KBaHTOBoe lll1CJIO, 6hIJIO 113BeCTHO Jil1lllb Tp11 

Tl1na KBapKOB - U , d 11 S, MO,D;eJib uaeTHbIX KBapKOB nonyllHJia Ha3Ba

Hl1e MO,D;eJil1 Tpex Tp11nneT0B. 

Ilpe,n;nonaranocb, llTO BOJIHOBaH cpyHKU11H Ha6nro,n;aeMoro ceMeiicTaa 

6ap110HOB, on11chmaeMaH B np116nmKeH1111 cn11H-yH11TapHOH Cl1MMeTpHH norr

HOCTbIO Cl1MMeTp11llHbIM 56-KoMnoHeHTHbIM TeH3opoM, HBJIHeTCH noJIHOCTbIO 

aHTl1Cl1MMeTp11llHOH no nepeMeHHbIM uaeTa Tpex COCTaBJIHIOUJ;l1X KBap
KOB ;9/: 

1 
-Ce Q <p yS a/Jy abc 1/JABC (xl,x2,x3) (X 1' X 2 • X 3) • (1) 

r,n;e A = (a, a), B = (b, {3), C = (c, y). 

,UaHHOe npe,n;noJIO:>KeH11e np11BOA11T K BbIBOAY O TOM, llTO Ha6nro,n;ae

Mble Me30HbI 11 6ap110Hbl HBJIHIOTCH HeHTpaJibHbIMl1 no OTHOllleHl1IO K HOBO

MY KBaHTOBOMY lll1CJIY 11 OTBellaIOT, Bbipa:>KaHCb B TepM11Hax COOTBeTCTBYIO

w;eii 3TOMY KBaHTOBOMY t111cny yH11TapHoii SU(3)-c11MMeTp1111, c11HrneTHbIM 

COCTOHHHHM. TaK, Hanp11Mep, 113BeCTHbie Me30Hbl 11 6ap110Hbl CTpOHTCH cne

AYIOUJ;l1M o6pa30M 113 KBapKOB 11 aHTl1KBapKoB: 

-a q (1) q (2) - Me30HbI; 
a 

<;. af3y q (l)q r-l (2)q (3) - 6ap110Hbl, 
a /J y 

56 r,n;e uaeTOBbie HH,D;eKCbl a ' {3 11 y npo6eraroT Tp11 3HatieHl1H. 

- -----

(2) 



TaKHM o6pa30M, nmoTe3a I.J;BeTHbIX KBapK0B Il03B0Jmna y;a;oBneT

B0pHTh np1rnu;1my l1aym1 MR CIIBH0BbIX KBapK0B, a TaKiKe Tpe6oBaHIDIM 

cneKTp0CK0illilf a;a;poH0B. 

BBe;a;eHHe I.J;BeTHblX cpepMH-KBapKOB KaK <pH3lftJeCKHX cpyH;a;aMeHTanh

HbIX tJaCTlfl.l; 0TKpbin0 nyTh K ;a;HHaMHtJeCK0MY orrn:caHHIO 3neMeHTapHbIX 

tJaCTIII.J;, 

rnaBHOH npo6neMOH Ha 3T0M nyTH JIBITJIIT0Ch 0TCYTCTBHe KBapK0B 

B CBo6o;a;HOM C0CT0JIHHH. OfrbJICHeHHe AaHH0ro JIBneHHJI, lf3BeCTHoro KaK 

JIBneHHe y;a;epiKaHHJI HnH HeBhineTaHIDI KBapK0B, JIBnJieTCJI O)];HOH H3 HaH6o

nee Y3IT0BbIX npHHI.J;HillfaIThHbIX npo6neM, CT0JII.U;HX nepe;a; COBpeMeHHOH q:>H-

3HKOH 3neMeHTapHblX tJaCTlfl.l;, XoTJI 0tJeBHAH0, tJT0 0K0HtJaTenhH0e perneHHe 

npo6neMbl HeBbineTaHlfJI 0CTaeTCJI BCe :>Ke 3a 3KCnepHMeHT0M, 6bm npe;a;

npHHJIT pH;a; nonbIT0K ;a;aTh norHtJeCKH Henp0THB0petJHB0e o6'bJICHeHHe 

"BetJHoro 3aKnIOtJeHHJI" KBapK0B BHYTPH a;a;p0H0B, 

)];HHaMHtJeCKaJI KBapK0BaJI Mo;a;enh, pa3pa60TKa KOTOpOH HatJanach 

B )];y6He B 1964 ro;a;y, on0:panach Ha npe;a;nonoiKeHHe o TOM, tJT0 KBapKH -

BeCbMa TJiiKenhie o6'beKTbI, CBJl3aHHbie B . a;a;poHax orpoMHbIMH CHnaMH, 

K0T0pbie, c O)];HOH CT0p0HbI, o6ycnoBnHBaIOT 6onhlliOH ;a;e<peKT Mace KBap

K0B B a;a;poHax, a C ;a;pyrm1: - npenHTCTBYIOT lfX BbineTy HapyiKy /1,9, 10/ . 

)];HHaMHtJeCKaJI KBapK0BaJI Mo;a;enh Il03B0nHna ;a;aTb ClfCTeMaTHtJeCK0e 

orrn:caHHe KaK CTaTHtJeCKHX Ha6nro;a;aeMbIX xapaKTepHCTlfK 3neMeHTapHbl:X. 

tJaCTHI.J; (MarHHTHbIX M0MeHT0B, aKCHanhH0-BeKT0pHbIX K0HCTaHT cna6bIX 

nepexo;a;oB Ii ;a;pyrHX), TaK H cpopM<paKTOpOB a;a;p0H0B. 3rn HCcne;a;oBaHHJI 

;a;anH T0ITtJ0K pa3BHTHIO C0BpeMeHHblX KBapK0BbIX Mo;a;eneu 3neMeHTapHbIX 

tJaCTlfl.l;, cpe;a;H K0T0pbIX HaH6onhrneu nonynHpH0CThIO nonh3YIOTCJI M0;a;enb 

KBapK0Boro MernKa /lO,ll/ Ii KBapK-napT0HHaJI M0;a;enb. 

BaiKHbIH mar Ha nyTH pa3BHTIDI ;a;HHaMHtJecKoii TeopHH a;a;poHoB c;a;e

nan 0:.HaM6y, KOTOpbIH BnepBbie BBen B paCCM0TpeHHe BeKT0pHbie nonJI

nepeH0CtJlfKH I.J;BeToBoro B3aHMo;a;eHCTBHJI, JIBHBillHeCJI npoo6pa30M KBaH

T0B0-Xp0M0AHHaMHtJeCKHX rnrooHHbIX noneu 1121 , KBaHTOBaJI xp0M0)];HHa

MHKa (KX)];) ' 6ypHOe pa3BlfTHe KOTOpoii: Mbl Ha6nro;a;aeM B TetJeHHe nocne;a;

HlfX neT, B03HHKna, TaKHM o6pa30M, KaK pe3yITbTaT o6'be;a;HHeHHJI r0:n0Te3bl 

I.J;BeTHblX KBapK0B H I.J;BeTOBOH SU c (3) -ClfMMeTpHH c npHHI.J;Hil0M noKanh

HOH KanH6poBotJHOH HH'BapHaHTH0CTH q,JIHra If P .MHnnca. 

B 3TOH CBJl3H BaiKH0 no;a;tJepKHYTh, tJT0 rHn0Te3a rp0:H6epra 0 napa

cpepMH-CTaTHCTHKe KBapK0B 1131 He Il03B0nJieT BBeCTH KanH6pOBOtJHyro 

SU c (3) -CHMMeTpHIO, neiKam;yro B ocHoBe KX)];, H HBnJieTcJI, TaKHM o6pa-

30M, <plf3HtJeCKH HenpHeMneMOH aIThTepHaTHBOH rHn0Te3e I.J;BeTHbIX cpepMH

KBapK0B /l 41 • 

Pa3Mepbl HaCTOJIIIJ;eH CTaThlf He Il03B0ITJIIOT, 0tJeBH)];H0, 0CBeTHTh BCe 

A0CTHiKeHIDI KBaHTOBOH Xp0M0;a;HHaMHKH, pa3BHTHe KOTOpOH 3HaMeHyeT 

3HatJHTenhHbIH nporpecc TeopHH CHIThHbIX B3aHMo;a;eHCTBHH. 

OTMeTHM ITlfllih, tJT0 KX.D: H coo6pa:>KeHIDI 0 COCTaBHOH npHpo;a;e 

a;a;p0H0B npHB0)];JIT K B03M0:>KH0CTlf nocne;a;oBaTenbH0r0 TeopeTHtJeCKoro 

0ilHCaHIDI IllHp0Koro Kpyra JIBneHHH npH6ITHiKeHHOH MaCillTa6HOH HHBa- 57 
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pl-IaHTHOCTH HJIH aBTOMO,U:eJibHOro rroae,z:i:emu1, IIO3BOJI.fUOT ,z:i:aTb o6ocHOBa

HHe MeTo,z:i:a KBap1rnaoro ctJeTa .U:JIH rrpo:u;eccoa c 6oJihIUHMH rrepe,z:i:atJaMH 

HMIIYJibCOB. 

B rrocne,z:i:mrn ro,U:hl H,U:eH :u;BeTHhIX KBapKOB H cpyH,z:i:aMeHTaJibHhIX 

xpOMO,U:HHaMHtJeCKHX CHJI HatJHHaeT rrpOHHKaTb B Teopmo 11,z:i:epHblX HBJie-

HHll. 
Cne,z:i:yeT OTMeTHTb, 'IJTO HaH6onee rrpHMhIM yKa3aHHeM Ha rrpOHBJie

HHe KBapKOBOll CTpyKTYPhl 11,z:i:ep HBJIHeTCH Ha6mo,z:i:aromHHCH Ha OIIhITe 

3aKoH cTerreHHoro rra,z:i:eHHH :meKTpoMarHHTHoro cpopMcpaKTopa ,z:i:ei:\:TpoHa 

rrpH 6oJihIUHX rrepe,z:i:atJax HMrrynbca, xopoIUo cornacyrom11nc11 c cpopMyJiott 

KBapKOBOro CtJeTa H yKa3hIBaIOmHH Ha HaJIHtJHe ,KeCTKOll 6-KBapKOBOll 

CTpyKTYPhl y ,z:i:enTpoHa /15, 16/_ 

B pa6oTax rrocne,z:i:Hero BpeMeHH BeCbMa HHTe~CHBHO o6cy)K,U:aIOTCH 

rrpo6JieMhl ytJeTa KBapKOBhIX CTerreHell cao6o,z:i:hI rrpH OIIHCaHHH 'IJHCTO 

11,z:i:epHbIX HBJieHHll, B oco6eHHOCTH Tex, KOTOpbie rrpoTeKaIOT rrpH BhICOKHX 

3HeprHHX H 6oJiblUHX rrepe,z:i:aqax HMIIYJibCa. YKa3hIBaeTCH, B tJaCTHOCTH, 

Ha BO3MO)KHOCTb B036y)K,lJ;eHH:H. "cKpbIToro :u;BeTa" B 11,z:i:epHOll MaTepHH 

H pH,z:i: ,z:i:pyrHX CJie,U:CTBHll '1 7 /. 

B CTaHOBJieHHH HOBon o6nacTH 11ccne,z:i:oaaH11n, Ha3hIBaeMott centJac 

peJIHTHBHCTCKOll 11,z:i:epHOll q:>H3HKOll, 6oJiblllYIO pOJib CbirpaJIH TeopeTHtJe

CKHe pa6oTbl A.M.Ean,z:i:HHa 11 HHHUHHpOBaHHhie HM B 7O-x ro,z:i:ax IUHpOKHe 

3KCIIepHMeHTaJibHbie HCCJie,U:OBaHiiH Ha rrytJKax peJIHTHBHCTCKHX 11,z:i:ep 

CHHXpocpa3oTpoHa B .IJ:y6He, rrpHBe,U:IUHe, B tJaCTHOCTH, K ycTaHOBJieHHIO 

rpaHHU rrpHMeHHMOCTH rrpOTOH-HellTpOHHOll MO,U:eJIH 11,z:i:pa. 

Ilpe,z:i:cTaBJieHHe O :u;BeTHhIX KBapKax H :u;BeTOBOll CHMMeTpHH BOT y)Ke 

IIO'IJTH ,z:i:aa,z:i::u;aTb JieT Jie)KHT B OCHOBe q:>H3HKH 3JieMeHTapHbIX tJaCTHU, Ilo3BO

JIHB pa3peIUHTb rrpo6JieMbl a,z:i:poHHOll crreKTpOCKOIIHH, rHIIOTe3a PBeTHhIX 

KBapKOB rrpHBeJia B ,z:i:aJihHenIUeM K CO3,U:aHHIO KBaHTOBOll xpoMO,U:HHaMH

KH - KaJIH6poBOtIHOll TeopHH CHJibHbIX B3aHMO,U:ellCTBHll, Bhl3BaJia K )KI13HH 

MHOrOtJHCJieHHhie BapHaHThl TeopHH 60JibIUOro 061,e,U:HHeHHH. 

B TeopeTHtJeCKHX HCCJie,U:OBaHHHX IIOCJie,U:Hero ,z:i:ecHTHJieTH:H 60JiblllOe 

BHHMaHHe y,z:i:eJIHJIOCb Borrpocy O TOM, HBJIHeTCH JIH :u;aeTOBaH CHMMeTpHH 

TO'IJHhlM HJIH rrpH6JIH)KeHHhIM 3aKOHOM rrpHpO,U:hl. C 3TOll eme He peIUeHHOll 

rrpHHUHIIHaJibHOll rrpo6JieMOll TeopHH 3JieMeHTapHbIX tJaCTHU TeCHO CBH3aH 

aorrpoc o 3ap11,z:i:ax KaapKoB. 

3aMeTHM, 'IJTO y)Ke a rrepBblX pa6oTax, IIOCBHmeHHhlX MO,U:eJIH Tpex 

TpHrrJieTOB, yKa3hIBaJIOCb Ha BO3MO,KHOCTb BbI6opa :u;eJIOtJHCJieHHhIX 3HatJe

HHll 3JieKTpHtJeCKHX H 6apHOHHblX 3apH,U:OB :u;BeTHhIX KBapKOB. Bae,z:i:eHHe 

:u;eJIO'IJHCJieHHhIX 3apH,U:OB KBapKOB, 3aBHCHmHx OT HX :u;BeTOBOro COCTOHHHH, 

rrpHBO,U:HT, OtJeBH,U:HO, K HapyIUeHHIO :u;BeTOBOll CHMMeTpHH, no KpanHell 

Mepe B 3JieKTpOMarHHTHhIX B3aHMO,U:ellCTBHHX tJaCTHU, 

Hccne,z:i:oBaHHe rrpo6JieMbl CIIOHTaHHoro HapyIUeHHH I.lBeTOBOll CHM

MeTpHH rrpHBeJio B IIOCJie,U:HHe ro,U:bl K HHTepeCHhIM H Ba)KHblM pe3yJihTa

TaM, KacaromHMCH oco6eHHOCTell CTPYKTyphl BaKyyMa B KaJIH6pOBO'IJHhIX 



TeopHHX C LJ;BeTHbIMH CKamipHbIMH nOJIHMH H Bonpoca O cyILJ;eCTBOBaHHH 
nerKHX CKaJIHpHbIX KBapKOB 1181• 

Ilo,ZJ;tiepKHeM, l!TO rHnoTe3a O u;eJIOl!HCJieHHOCTH 3apH,IJ;OB KBapKOB 
H cnOHTaHHOM HapyweHHH u;BeTOBOH H ;::,;pyrHX KaJIH6pOBOl!HhlX CHMMeTpHH 
npHBeJia K npe,IJ;CTaBJiemno O HeCTa6HJihHbIX KBapKaX H nocny,1<1:ma HCXO,IJ;
HblM MOMeHTOM pH,r,;a o6'be,IJ;HHeHHblX KaJIH6pOBOl!HbIX MO,IJ;eJieH :meMeHTap
HhIX l!aCTHLJ;, ,IJ;onyCKaIOILJ;HX pacna,IJ; HYKJIOHa H ,D;pyrHe npou;ecCbl C He
coxpaHeHHeM 6apHOHHoro l!Hcna. 8KcnepHMeHTaJihHaH npoBepKa npe,D;cKa-
3aHHH no,IJ;o6HbIX TeopH:0- ,IJ;eno 6nmKaawero 6y,r,;yILJ;ero. 
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PABOTM ITO OCUHRRHUHHM HEHTPHHO B ~YBHE 

C.M.EHJIEHbKHR, ooKrop gju3uKo-MaTeMaruitecKux 1layK 

E.M.JIOHTEKOPBO, aKaoeMUK 

Ocr.uuum:u::m-i: HeHTpaJibHbIX KaOHOB .RBJIHIOTC.R O,ll;HHM H3 caMblX 

3aMeqaTeJibHblX 3cpcpeKTOB B (pH3HKe qaCTH:U:. 8TOT 3cpcpeKT 6hIJI npe,ll;CKa-

3aH renn-MaHHOM H Ilaii:coM B 1954 ro,ll;y H, KaK xoporno H3BeCTHO, ,ll;e

TaJibHO H3yqeH Ha OilbITe. Cyrn;eCTBYIOT JIH . aHaJI0rHqHbie, 3cpcpeKTbl B CHCTe

Max ,ll;pyrHX qacTtt:u;? B 1957-1958 ro,ll;ax B .Il:y6He 11', 2/ snepBhie 6bmtt 

paCCMOTpeHbl OC:U:HJIJI.R:U:HH HeHTpHHo - 3cpcpeKT, KOTOpbIH npe,ll;CTaBJI.ReT 

orpOMHblH HHTepec He TOJibKO ,ll;JI.R cpH3HKH 3JieMeHTapHbIX qacTH:U:, HO H ,ll;JI.R 

acTpO(pH3HKH. 

B TO BpeM.R, KOr,ll;a 6bma Bbl,ll;BHHyTa rHnoTe3a OC:U:HJIJI.R:U:HH Heii:TpHHo, 

6hIJI H3BeCTeH TOJibKO O,ll;HH THil HeHTpHHO. B (pH3HKY TOJibKO qTo BXO,ll;HJia 

TeopH.R ABYXKoMnoHeHTHoro Heii:TpHHO JlaHAay, Jltt H HHra H CaJiaMa. 

B COOTBeTCTBHH C 3TOH TeopHeH Macca Heii:TpHHO paBHa HyJIIO H OC:U:HJIJIH:U:HH 

HeHTpHHO HeB03MQ)K}lbl. 

BbIIlOJIHeHHbie B .Il:y6He IlHOHepCKHe pa60Tbl no OC:U:HJIJI.R:U:H.RM HeHT· 

pHHO 6bIJIH OCHOBaHbl Ha npe,ll;IlOJIOJKeHHH O TOM, qTo nenTOHHbIH 3ap.R,ll; 

( KaK H CTpaHHOCTb) He .RBJI.ReTC.R CTporo coxpaH.RIOill;HMC.R KBaHTOBblM qHc

JIOM tt qTo BOJIHOBa.R cpyHK:U:H.R HeHTpHHO npe,ll;CTaBJIHeT co6oii: "cMeCb" 

BOJIHOBblX cpyHK:u;HH Heii:TpHHO Maii:opaHa (HCTHHHO Heii:TpaJibHbIX qacTH:U:) 

C OTJIHqHblMH OT HyJI.R H pa3JIHqHbIMH MaccaMH m1 H m2 (aHaJiorHqHo TO· 

MY, KaK BOJIHOBa.R cpyHK:U:H.R K 0
-Me3oHa .RBJI.ReTC.R CMeCblO BOJIHOBbIX cpyHK

:U:HH HCTHHHO Heii:TpaJibHbIX K0
1 H K;) *. Ecrrtt MaCCbl ml H m2AOCTaToqHo 

MaJihI, TO ,ll;JI.R crra6bIX pacna,ll;OB qacTH:U: TaKa.R TeopH.R ,ll;aeT npaKTHqecKH Te 

JKe CJie,ll;CTBH.R, qTo tt TeopH.R ABYXKOMilOHeHTHoro Heii:TpHHO. O,ll;HaKO s co

OTBeTCTBHH C 3TOH Teoptteii: B nyqKax HeHTpHHO 6y,ll;yT HMeTb MeCTO nepe

XO,ll;bl ( OC:U:HJIJI.R:U:HH) Heii:TpHHO C OTptt:u;aTeJibHOH cnttpaJibHOCTblO ( JieBblX 

HeHTpHHO) B aHTHHeHTpHHO C OTptt:u;aTeJibHOH CilHpaJibHOCTblO (rreBblX aHTH

HeHTpHHO): v e : v eL (aHaJiorttqHo To~y, KaK B nyqKax Heii:TparrbHhIX 

KaOHOB HMeIOT MeCTO OC:U:HJIJI.R:U:HH K 0 t K 0
). 

* Pa3yMeeTCfl, Mbl npeHe6peraeM MaJibIMH 3cpcpeKTaMH CP-HapyweHHfl. 



B o6bI'IIHOM cna6oM V -A B38.HMO,IJ;eHCTBIUI yqacTayeT TOJibKO neaoe 
HeHTpHHO (H npaaoe aHTHHeHTpHHo) • TaKHM o6pa30M, neahie aHTHHeHTpHHo 

.R'.BJIHIOTC.R'. "cTepHJibHbIMH" 'llaCTHUaMH /2, 81 • . O6Hapy:>KHTb OCUHJIJI.R'.UHH 

HeHTpHHO B 3TOM cnyqae MO:>KHO no "He,IJ;OCTa'lle" o6bl'IIHbIX JieBbIX HeHTpHHo 

Ha HeKOTOpOM paCCTO.R'.HHH OT HCTO'IIHHI<a. 

B 60-x ro.n;ax B ,Uy6He 6hmH paCCMOTpeHbl 12•41 B03MO:>KHbie OilbITbI, 

B KOTOpbIX MOrJIH 6bI 6bITb 3aperHCTpHpOBaHbl OCUHJIJI.R'.UHH HeHTpHHO, 

a HMeHHO OilbITbl C HeHTpHHO OT peaKTOpoB, yc1<opHTeJieH BbICOKHX 3HeprHH 

1-1 ConHua. BbmO o6paI.QeHo BHHMaHHe Ha TO, 'IITO IlOHCK OCUHJIJI.R'.UHH .R'.BJI.R'.

eTCH HCKJIIO'IIHTeJibHO 'IIYBCTBHTeJibHbIM MeTO,IJ;OM npoaepKH 3aKoHa coxpa

HeHHH JienTOHHoro 3apH,n;a H H3MepeHHH pa3HOCTH KBa.n;paTOB Mace HeHTpH

HO. 3To CBH3aHO C TeM, 'IITO OCUHJIJIHUHH - HHTepcpepeHUHOHHOe HBJieHHe, 

HanoMHHaIOI.Qee HBJieHHe 6HeHHH. 

Ilocne Toro Kai< B H3BeCTHOM 6pyI<XeHBeHCKOM OilbITe 6hmo AOKa-

3aHO, 'IITO MIO0HHoe H 3JieI<TpOHHOe HeHTpHHO - pa3Hbie 'llaCTHUbI, H,IJ;e.R'. 

OCUHJIJIHUHH 6bma 06061.QeHa Ha cnyqa0: .n;ayx THnoa HeHTpHHo. B pa6o

Te t3/ o6cy:>K,IJ;aJIHCb ace THilbl OCUHJIJIHUHH, B03MO:>KHbie B . 3TOM cnyqae: 

.D:nH Il0HHMaHHH HBJieHHH OCUHJIJIHUHH HeHTpHHO cyI.QeCTBeHHYIO pOJib 

Chirpana pa6orn 1969 ro.n;a 151, a 1<0Topo0: AJIH cny'llaH .n;ayx THnoa HeHT

pHHo 6hma Il0CTpoeHa MHHHMaJibHaH cxeMa CMellrnBaHHH HeHTPHHO 1-1 oc

UHJIJIHUHH. B 3TOH cxeMe 'lleTbipeM cpH3H'l!ecKHM (yqacTayroI.QHM a CTaH.n;apT

HOM cna6oM B3a.HM0.n;e0:CTBHH) HeHTpHHo H aHTHHeHTpHHO v e , v /l , v e H v /l 
OTBe'llaIOT ,IJ;Ba MaCCHBHbIX MaHopaHOBCKHX HeHTpHHO v r H V2 ('lleTbipe 

COCTOHHHH - vlL , V lR, V 2L H v2R ) . IlpH 3TOM IlOJIH 3JieI<TpOHHoro H MIO-

0HHoro HeifrpHHO ( Ve H v~t ) CBH3aHbl C IlOJIHMH MaHopaHOBCKHX HeHTpHHO 

(vl H V2 ) COOTHOIIIeHHHMH 

v eL = cos0v lL + sin0v 2L, 
(1) 

vµL = sin0v 1L + cos0v2L. 

3.n;ecb 0 - yron CMeIIIHBaHHH ( napaMeTp TeopHH) • 

KaK xopOIIIO H3BeCTH0, IlOJIH KBapKOB C onpe.n;eneHHbIMH MaccaMH 

axo,n;HT B 3apH:>KeHHhIH cna6b10: TOK a cMeIIIaHHOM BH.n;e. B npocTe0:IIIeM 

cnyqae 'lleTbipex KBapKOB a TOK BX0AHT KOM6HHaUHH: 

(2) 
s~ = -sin0CdL + cos0CsL, 

rne 0c - H3BeCTHbIH yron Ka61-1660. CyI.QeCTBeHHoe pa3JIH'IIHe Me:>K.n;y (1) 

tt (2) COCTOHT a TOM, 'IITO KBapI<tt - 'lleTbipexKOMilOHeHTHbie ,Il;HpaKOBCI<He 

'llaCTHUbI (KBapK Ii aHTHKBapK- pa3Hbie qacTttUbI). 61 
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CoapeMeHHa.H Teop1111 3ne1npocna6oro B3a11Mo.n;eikTa1111 ocHoaaHa 

Ha no.n;Taep,K,D;aeMoM MHoroq11cneHHb1M11 3Kcnep11MeHTaM11 npe.n;nono)KeH1111 

0 TOM, _qTo 11MeeT MeCTO KBapK-nernoHHa.H aHanormI. B pa6oTe /6/ 6bml1 

paCCMOTpeHbl ocu;11nn11u;1111 B cnyqae CMeII111BaH11H HeifrpHHO C .n;11paKoBCKl1-

Ml1 MaccaM11 ( attanor11qHoro cMeII111aatt1110 ( 2) ) *. 
Ecn11 11MeeT MeCTO CMeII111BaH11e HettTpl1HO (Kai( C ,D;HpaKOBCK11Ml1, 

Tai( 11 C MattopaHOBCK11Ml1 MaccaM11), TO B npocTettllleM cnyqae .n;ayx THnoa 

HettTpl1HO ( l1 e 11 l1 µ ) aepOHTHOCTb 06Hapy)K,e~11H l1 e Ha paCCTOHH1111 R OT 

MeCTa o6pa30BaHIDI 11µ .n;aeTCH Bbipa)KeH11eM ,S, 

P = .!..sin 2 20(1 - cos2ir.E.) (3) 
ve ; vµ 2 L 

3.n;ecb 

E 
L = 4irW (4) 

.n;nHHa ocu;11nn11u;11u ( E - 3Hepr1111 HettTp11Ho, ~m 2 = Im 2
1 

- m ~ I ) . BepoHT

HOCTb 06Hapy)KeH11H l1 µ Ha paccTOHH1111 R OT MecTa o6pa30BaH11H l1 µ B 06-

m;eM cnyqae MeHI>Ille e.n;11H11u;b111 paaHa 

P 
11 

• 
11 

= 1 - p 
11 

• 
11 

• (5) 
µ, µ e' µ 

<I>opMynhI (3)- (5) 11cnonb3YIOTCH B HaCTOHm;ee apeMH np11 attan113e ,ll;aHHblX 

acex 3Kcnep11MeHTOB no no11cKy ocu;11nn11u;11u. Ecn11 yron cMeII111aatt11H ;::r;o

cTaToqHo aen11K, TO ocu;11nn11u;1111 HettTpHHO MOryT 6bITb Ha6n10.n;eHbl TOnbKO 

np11 

L $ R (6) 

11n11 

~m 2 > 4ir~ R . (7) 

Ben11q11Ha E/R xapaKTep113yeT qyaCTB11TenbHOCTb onhITa no Il011CKY ocu;11n

nHu;HH HettTp11HO (113 (7) oqeal1,ll;HO, qTo qeM MeHbllle E/R, TeM qyaCTB11-

TenI>Hee I( aen11q11He ~m 2 onhIT) • XapaKTepHbie 3HaqeH11H 3TOH aen11q11Hbl 

,D;nH 3KCnep11MeHTOB, BbIIlOnHeHHhlX C HettTpHHO OT peaKTOpa, Me30HHOH 

cpa6p11Klf, ycKop11TenH BblCOK11X 3Hepr11H 11 ConHu;a, COOTBeTCTBeHHO paBHbl 

10- 2, 10-1, l 1110-n 3B 2 • 

OrpoMHOe 3HaqeH11e MoryT 11MeTb ocu;11nn11u;1111 .n;nH 3KCnepHMeHTOB 

C conHeqHblM11 HettTpl1HO. Ha 3TO 6bmO o6pam;eHo BHHMaH11e B ;::r;y6HeHCKHX 

* BnoCJie,!J;CTBl:ll:I HaM CTaJIO l:13Becmo, '!TO CMellmBaHHe HeiiTpl:IHo C ,a;1:1paKOBCKl:I· 

Ml:! MaccaMH (a TaK)!(e CMeIIJHBaHHe KBapKOB) 6bIJIO sse,o;euo HIIOHCKHMH aBTOpaMH 

MaKH, HaKarasa 1:1 CaKaTa /7./ s 1962 ro,a;y. 

,, 
I 
i 



pa6oTax 
13•41 

eme .n;o Toro, KaK ,[l3BHC H ,n;p. HaqarrH CBOH H3BeCTHbie 

3KCnepHMeHTbI no perHCTpaD;HH HeihpHHo OT COJIHI~a. ECJIH HMeIOT MeCTO 

OCUHJIJIHUHH HeihpHHO' TO Ha nyTH OT CoJIHUa ,n;o 3eMJIH 3JieKTpOHHbie 

HeHTpHHO qaCTHqHo npeBpaTHTCH B HeHTpHHO ,n;pyrHX THnOB' KOTOpbie He 

MOryT 6bITb 3aperHCTpHpOBaHbI. B pe3yJibTaTe nOTOK perHCTpHpyeMbIX 

HeHTpHHO OKIDKeTCH MeHbllle O:>Jm,n;aeMoro noToKa. B pa6oTe /9/ 6bIJIO 

noKa3aHo, qTo, eCJIH BO3MO'1CHbI OCUHJIJIHUHH TOJibKO Me:>KAY aKTHB· 

HbIMH q:>H3HqecKHMH HeHTPHHO ( ve~vµ,, Ve;! V H T.,ZI.), noTOK 

perHCTpHpyeMbIX HeHTPHHO MO:>KeT MaKCHMa.JibHO OCJia6HTbCH B n pa3 

( n - qHCJIO THnOB HeHTpHHO) • EcJIH BO3MO:>KHbI TaK:>Ke OCUHJIJIHUHH Me:>K.r{y 

aKTHBHbIMH H CTepHJibHbIMH HeHTpHHO ( v e ,; veL' v e,; Vµ,LH T,A,), TO, 

KaK noKa3aHo B pa6oTe /10 1, noTOK ,!:{eTeKTHpyeMbIX HeHTpHHO OT CoJIHUa 

MO:>KeT MaKCHMa.JibHO ocna6HTbCH B 2 n pa3. 

)lo 1977-1978 rr. pa6oTbI no OCUHJIJIHUHHM HeHTpHHO BbIIlOJIHHJIHCb 

B OCHOBHOM B ,[ly6He. B 3THX pa6oTax 6bma pa3BHTa nOJIHaH cpeHoMeHOJIO· 

rHqecKaH TeopHH OCUHJIJIHUHH HeHTpHHO KaK C ,ll;HpaKOBCKHMH, TaK H C Mali• 

opaHOBCKHMH MaccaMH * H paccMOTpeHbI BCe BO3MO'1CHbie OilbITbI no 

noHCKy OCUHJIJIHUHH. Pe3yJibTaTbI 3THX pa6oT 6bIJIH H3JIO:>KeHbI B 0630-

pe /B/ 1977 r., CbirpaBllleM cymecTBeHHYIO pOJib B nonynHpH3aUHH H,!:{eH 

OCUHJIJIHUHH HeHTpHHO B lllHpOKHX Kpyrax q:>H3HKOB. C ToqKH 3peHHH co

BpeMeHHOH q:>H3HKH, OCUHJIJIHUHH HeHTpHHO - BeCbMa BepoHTHOe HBJieHHe. 

B 6oJiblllHHCTBe MO,!:{eJieH BeJIHKoro o6'be,D;HHeHHH npH cnoHTaHHOM Hapyllle

HHH CHMMeTpHH HeHTpHHO ( KaK H BCe OCTa.JibHbie cpyH.n;aMeHTaJibHbie cpep

MHOHbI) npHo6peTaIOT Macchi. IloJIH HeHTpHHO BXO,!:{HT npH 3TOM B raMHJib· 

TOHHaH cna6oro B3aHMO,D;eHCTBHH B CMelllaHHOM BH,!:{e. 

TeopHH He MO:>KeT, O,!:{HaKo, OAHO3HaqffO npe.r{CKa3aTb 3HaqeHHH Mace 

H yrJIOB CMelllHBaHHH HefupHHO. Cero,n;HH 3TOT Bonpoc a,n;peCOBaH K 3Kcne

pHMeHTY. B HaCTOHIUee BpeMH BO BCex HeHTpHHHbIX na6opaTopHHX MHpa 

CTaBHTCH ,!:{eCHTKH 3KcnepHMeHTOB no nOHCKY OCUHJIJIHUHH HeHTPHHO. 

IlOHCK OCUHJIJIHUHH HeHTpHHO - O.r{Ha H3 rJiaBHbIX npo6JieM COBpeMeHHOH 

HeHTpHHHoii: cpH3HKH. 

He 6y.n;eT npeyBeJIHqeHHeM CKa3aTb, qTo BbIIlOJIHeHHbie B ,ny6He pa6o

Tbl no OCUHJIJIHUHHM HeHTPHHO OTKpbIJIH HOBOe HanpaBJieHHe B cpH3HKe 

3JieMeHTapHbIX qacTHU· H acTpocpH3HKe H oKa3aJIH pe11Iaromee BJIHHHHe Ha 

pa3BHTHe 3Toro HanpaBJieHHH. 
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~MHAMMqECKMM no~xo~ 

8 KBA3MTTOTEHUMARbHOM TEOPMM 

CMRbHhlX 83AMMO~EMCTBMM 

TTPM BhlCOKMX 3HEPrMHX 

C.B.I'OJIOCKOKOB, 1ea1louoaT gju3u,co-MaTeMaTur.1ec1eux 1-lay,c 

C.II.KYJIElll OB, oo,crop gju3u1eo-MaTeMaTU'lec1eux 1-lay,c 

)locnrncemm Teop:mi 3JieMeHTapHhIX qacnm: a rrocJie,n;mie ro,n;hI a 3Ha

qHTeJihHOH CTerreHH CBH3aHhl C pa3BHTHeM KBaHTOBOH xpoM0,Il;HHaMHKH, 

B 0CH0Be KOTOpOH Jie)KaT rHrroTe3a 0 QBeTHhlX KBapKax /1/ H rrpHHQHIT 

JIOKaJibHOH KaJIH6poaoqHQH HHBapHaHTH0CTH / 2/ • Ba)KHhIM CBOHCTBOM 

KX)l Ha MaJihIX pacCT0HHHRX HBJIHeTCH aCHMITT0THqecKaR cao6o,n;a, K0T0-

paH IT03B0JIHeT HCIT0Jib30BaTh B 3TOH o6JiaCTH xoporno pa3pa60TaHHbie 

MeT0,Il;hl TeopHH B03MymeHHH. Ha pacCT0HHHRX rropH,n;Ka 1 cpM 3TH MeT0,Il;hl 

HerrpHMeHHMhl, qTo He ,n;aeT B03M0)KHQCTH pa3BHTb B HaCToHmee apeMH 

MHKp0CK0ITHqecKyro TeopHro, orrpe,n;eJIHlOIQYlO a,n;p0HHYlO (pH3HKY Ha 60Jib

IlIHX paCCT0HHHRX. 

Hcxo,n;HhIM M0MeHT0M H3yqeHHH ,Il;HHaMHKH CHJibHhlX B3aHMO,Il;eHCT

BHH BhIC0KHX 3HeprHH HBJIHIDTCH pe3yJihTaThI, rroJiyqeHHhie H.H.BoroJiro6o

BhIM ,i:3/ Ha 6a3e o6mHx rrpHHQHIT0B KBaHTOBOH Te0pHH IT0JIH. O6mHe rrpHH

QHilhl KBaHTOBOH Te0pHH H rrpe,n;cTaBJieHHe 06 aMITJIHTy,n;e pacceHHHH KaK 

e,n;HHOH aHaJIHTHqecKOH cpyHKQHH KHHeMaTHqeCKHX rrepeMeHHhlX /3/ 6hIJIH 

IT0JI0)KeHhl A.A.JioryHOBhIM B 0CH0BY ,Il;0Ka3aTeJihCTBa CTp0rHX orpaHHqe

HHH H aCHMITT0THqecKHX COOTHOilleHHH ,Il;JIH (pH3HqecKH Ha6Jiro,n;aeMhIX ae

JIHqHH /4/, 

Ba)KHyro poJib a ieopHH CHJihHhIX B3aHMo,n;eii:cTBHH HrpaeT KBa3H

rroTeHQHaJihHhIH MeTo,n; JioryHoaa - TaaxeJIH.D:3e 151, coqeTaroIQHH a ce6e 

CTporoCTb 0CH0BHhIX rrpHHQHIT0B KBaHTOBOH Te0pHH C B03M0)KH0CTblO 

HCIT0Jib30BaHHH 3BpHCTHqecKHX coo6pa)KeHHH 0 xapaKTepe B3aHMO,Il;eHCT

BHH a,n;p0H0B BhlC0KHX 3HeprHH. B coqeTaHHH C rHITOTe30H 0 rJia,Il;K0CTH 

KBa3HIT0TeHQHaJia 161, TeCH0 CBH3aHHOH C ,Il;HHaMHKOH B3aHMo,n;eii:cTBHH 

a,n;p0H0B Ha 6oJihilIHX pacCT0HHHRX, KBa3HITOTeHQHaJibHhIH MeT0,Il; IT03B0JIHJI 

Il0HHTb 0CH0BHbie 3aK0H0MepH0CTH rrpoQeCC0B BhIC0K03HepreniqecKoro 

pacceHHHH qaCTHQ Ha MaJibie yrJibl 171• 

O6JiaCTb )KeCTKoro B3aHMO,Il;eHCTBHH, B KOTopoii: ace KHHeMaTHqeCKHe 

nepeMeHHhie 0Ka3hIBalOTCH 0,Il;Horo rropH.n;Ka H cymecTaeHH0 rrpeBhIIllalOT 

pa3MepHhle rrapaMeTpbI CHCTeMhI, rrpHHQHITHaJibH0 0TJIHqaeTCH no CBOHCTBaM 65 



OT o6nacni: M1IrKHX CTOJIKHOBeHHH. B npoueccax: C 6oJiblllHMH nepe,n;aHHblMH 

HMilYJibCaMH npOHBJIHeTCH TO'lle1lHa.H BHyTpeHHHH CTpyKTypa 'llaCTHU. Co

CTaBHa.H npHpo,n;a a,n;pOHOB Il03BOJIHeT o6'bHCHHTb CTeneHHOe aBTOMO,ll;eJib

HOe ISi noBe,n;eHHe cetieHHH pacceHHHH H cpopMq:>aKTOpOB a,n;poHOB 

~ ~ .2:._ f(.!_) , (1) 
dt sN s 

B03MO)KHOCTb cyw:ecTBOBaHHH KOTOporo 6blJia anepBbie o6oCHOBaHa ,ll;JIH 

rny6oKOHeynpyrHX H HHKJII03HBHbIX npouecCOB Ha 6a3e aKCHOMaTHtieCKoro 

no,n;xo,n;a B KBaHTOBOH TeopHH noJIH H.H.Boron1060BbIM, B.C.Bna,n;HMHpo

BbIM, A.H.TaBxenH,n;3e 191• B 3TOH ac0MnTOTHtiec1<:ott o6naCTH MaccbI 

B3aHMO,D;eHCTBYIOW:HX 'llaCTHU CTaHOBHTCH Hecyw:ecTBeHHbIMH, 'llTO npHBO,ll;HT 

K Y5 -HHBapHaHTHOCTH CHJibHoro B3aHMo,n;eHCTBHH. Ha MaJibIX paccTOHHH

HX /l\l/ • 

lfa CKa3aHHoro Bblllle MO)KHO c,n;enaTb BblBO,!J; 0 TOM, 'llTO .n;HHaMHKa 

CHJibHbIX B3aHMo,n;eHCTBHlf Ha MaJibIX H 60JiblllHX paCCTOHHHHX HMeeT pa3-

JIH'l1Hblli xapaKTep. BOJiblllHHCTBO nonxo,n;oa H Mo.n;enett H3Y'llaIOT, o,n;HaKo, 

npouecCbl B3aHMO,ll;ettCTBHH a,n;pOHOB Ha OCHOBe MHrKoro HJIH mecTKoro 

MeXaHH3Ma 6e3 ytieTa HX B3aHMHoro BJIHHHHH, KOTopoe B p.H,n;e CJiytiaeB 

M0'1CeT npHBO,ll;HTb K 3aMeTHbIM 3cpq:>eKTaM. Cne,n;yeT OTMeTHTb TaKme, 'llTO 

6oJibllla.H BeJIH'llHHa CHJibHoro B3aHMO,D;eHCTBHH Ha paCCTOHHHHX nopH,n;Ka 

pa3Mepa a,n;poHa Tpe6yeT IlOJIHOro cyMMHpOBaHHH BKJia,ll;OB MHrKOlf o6na

CTH B aMnJIHTy,n;y pacceHHHH. 

3TH Ba)Kl{ble npo6JieMbl pellleHbl B paMKax KBa3HnoTeHUHaJibHOro 

MeTo,n;a Ha OCHOBe ccpopMyJIHpOBaHHoro B JIT<I> 011Hl1 ,ll;HHaMH'lleCKOro 

no,n;xo,n;a B TeopHH CHJibHblX B3aHMO,D;eHCTBHH, OCHOBaHHoro Ha pa3,n;eneHHH 

BKJia,ll;OB MaJibIX H 60JiblllHX paCCTOHHHH B KBa3HilOTeHUHaJibHOM ypaBHe

HHH. no,n;xo,n; Il03BOJIHeT pa3BHTb 3cpcpeKTHBHbllf MeTO,ll; cyMMHpOBaHHH 

BKJia,ll;OB 6oJiblllHX paCCTOHHHH B MHrKOM H :>KeCTKOM pacceHHHH a,n;pOHOB 

BbICOKHX 3HeprHtt H paCCMaTpHBaTb 3TH npouecCbl Ha e.n;HHOH OCHOBe. 

TTpouecCbl pacce.HHHH tiaCTHU BbICOKHX 3HeprHH Ha MaJibie yrJibl HC

cne,n;oBaJIHCb paHee pa3JIH'llHbIMH MeTo.n;aMH. BbIJIO noKa3aHo, 'llTO CJie,ll;CT

BHeM rna,n;KOCTH B3aHMO,D;eHCTBHH HBJIHeTCH 3HKOHaJibHbllf xapaKTep pac

ceHHHH a,n;pOHOB' a ,!J;JIH aMnJIHTY,D;bl pacceHHHH cnpaBe,ll;JIHBO npe,n;cTaBJie-

HHe /'7 /: -• ➔ 
T(s, t) = is Jd 2 p e i!'!p (1 - e 2ix(p,s)). (2) 

11HcpopMaUHH O ,ll;HHaMHKe B3aHMO,D;eHCTBHH Ha 6oJiblllHX paCCTOHHHHX 

co,n;ep'1CHTCH B (2) B 3HKOHaJibHOH cpa3e x(p, s). Pa3BHTbie MeTo,D;bI, 

O,D;HaKO, He Il03BOJIHJIH paccMaTpHBaTb pacceHHHe tiaCTHU co CilHHOM e.n;H

HbIM o6pa30M. 

B paMKax: KBa3HilOTeHQHaJibHoro MeTo,n;a HaMH noJiytieHO npe,n;cTaB

JieHHe ,!J;JIH aMnJIHTY,D;bI pacceHHHH tiaCTHU npOH3BOJibHOro CnHHa · '1 l, 12 , , 

cnpaBe,D;JIHBOe KaK B o6JiaCTH MaJibIX, TaK H 60JiblllHX nepe,n;aq HMilYJibCa. 

66 OHO Il03BOJIHeT 3cpcpeKTHBHO HCilOJib30BaTb npoae,n;eHHOe B KBa3HilOTeH-



• 
QHaJie B3a.HMO,D;eliCTBHR pa.3,n;enemre BK1IM0B MaJibIX H 60JiblllHX paCCT0R-

HHli H RBJIReTCR 0CHOBOli H3yt1eHHR npoueccoB pacceRHHR tlaCTHU BbIC0KHX 

3HeprHli B pa3JIHtlHbIX o6naCTRX KHHeMaTHtieCKHX nepeMeHHbIX. IlpH pac

ceRHHH Ha MaJibie yrJibI BK1IM o6JiaCTH MaJibIX paCCTORHHli HecymeCTBeH, 

H ,D;HHaMHKa CHJibHbIX B3aHMo,n;eliCTBHli onpe,n;eJIReTCR 60JibWHMH paCCT0R

HHRMH, )J.JIR aMnJIHTYAbI pacceRHHR qacTHU np0H3B0JibH0ro cmma B 3TOli 

o6JiaCTH cnpaBe,D;JIHB0 e,D;HH0e 3liKOHaJibHOe npe,n;CTaBJieHHe 1131 ' K0T0poe 

M0:>KeT 6bITb HCil0Jib30BaH0 MR H3yt1eHHR p8.3JIHtlHbIX K0HKpeTHbIX npouec

C0B. Hccne.n;oBaHbI KpHTepHH ero npHMeHHM0CTH, Il03B0JIHBWHe noKa3aTb, 

tlT0 CTaH,n;apTHoe 3liKOHaJibHOe npe,D;CTaBJieHHe MR aMnJIHTYAhI pacceRHHR 

cnpaBeMHB0 JIHWb B cnyqae CilHH0BbIX 3Q)q>eKTOB, CTeneHHbIM o6p8.30M 

IlMaIOIUHX C poCT0M 3HeprHH /1 41• 

Mo,n;eJibHbie npe,n;CTaBJieHHR Tpe6y10T' 0,D;HaKo, H3ytleHHR pacceRHHR 

MP0H0B BbIC0KHX 3HeprHli npH cna6on 3HepreTHtieCKOH 3aBHCHM0CTH CnH

H0BbIX 3cpcpeKTOB, IIocne.n;oBaTeJibHOe cyMMHp0BaHHe BKJIM0B o6JiaCTH 

6oJibWHX paCCTORHHM, npoBe,n;eHHoe B 3T0M cnyqae B KBa3Hil0TeHUHaJibH0M 

MeTo,n;e, C Heo6xo.n;HMOCTblO npHB0,D;HT K MO,D;HQ)HKaUHH 3MKOHaJibHOro 

npe,n;cTaBneHHR, npHt1eM B 3MKOHaJibHOM cpa3e, onpe,n;eJIRIOIUeH aMnJIHTYAY 

6e3 nepeB0p0Ta CnHHa (2), Il0RBJIRIOTCR qJieHbI, pacTyll.{He KaK y~/15/ • 
OHH MoryT 6hITb HHTepnpeTHpoBaHbI KaK BK11MbI c ABYXKpaTHbIM nepeB0-

p0T0M CnHHa O,D;HOM HJIH ABYX qacTHU, B pe3yJibTaTe CnHH0Bbie BK11MbI 

MoryT HrpaTb cyruecTBeHHYIO p0Jib B ,D;HHaMHKe CHJibHbIX B3a.HMO,D;eMCTBHM 

npH CBepXBbIC0KHX 3HeprHRX 1 K0r,n;a paCTyll.{He KaK yS lLJieHbI 3liKOHaJibHOli 

cpa3bI 6y,n;yT onpe,n;eJIRTb ee cpopMy.Cne,n;CTBHeM noro RBJIRIOTCR CnHHOBbIM 

MeXaHH3M pocTa n0JIHbIX cet1eHHli H pR,n; ,n;pyrHX 3cpcpeKTOB, Il0RBJieHHe K0-

T0pbIX B03M0:>KH0 JIHWb B cnyt1ae B3a.HMO,D;eliCTBHR qacTHU co CnHH0M. 

IlpouecCbI pacceRHHR qacTHU BbIC0KHX 3HeprHM npH 60JibWHX nepe,n;a

qax HMilYJibCa HCCJie,D;0BaJIHCb (CM., HanpHMep, o630pbI 1161 6e3 yt1eTa 

B3a.HMHoro BJIHRHHR o6nacTeli MaJibIX H 6oJibWHX paCCTORHHli. Ilonyt1eHHOe 

B paMKax KB8.3Hil0TeHUHaJibH0ro MeTo,n;a npe,n;CTaBJieHHe wm aMnJIHTYAbI 

pacceRHHR qacTHU np0H3B0JibH0ro CnHHa Il03B0JIReT npocyMMHp0BaTb 

3cpcpeKTbI rno6aJibHOM CTPYKTypbI MP0Ha B npoueccax iKeCTK0ro pacceR

HHR npH BbIC0KHX 3HeprHRX 11 l ,: IlpH 3T0M B03HHKaeT HarmI,D;HaR KapTHHa 

npouecca pacceRHHR. B Hat1ane H KoHue npouecca npoHcxo,n;RT MRrKHe nepe

pacceRHHR, onpe,n;eJIReMbie o6naCTblO 6oJibWHX paCCTORHHM, a pacceRHHe Ha 

6oJibWOli yroJI onpe,n;eJIReTCR iKeCTKHM pacceHHHeM C0CTaBJIRIOll.{HX MP0-

H0B. 3cpcpeKTbI 6oJibWHX paccTORHHli npHB0,Il;RT K npe,n;aCHMilT0THtleCKHM 

nonpaBKaM B ,D;HcpcpepeHUHaJibHbIX cet1eHHRX, na,n;aroll.{HX C p0CT0M 3HeprHH 

KaK 1/s112( 

B pa3BHT0M MeTo,n;e npoH3B0JI npH BbltlHCJieHHH nonpaB0K cse,n;eH 

K MHHHMYMY' T .K. nonpaB0tlHbie tlJieHbI onpe,n;eJIRIOTCR MRrKOM qaCTblO 

B3aHMO,D;eliCTBHR, HHQ)OpMauHR 0 KOTOpOli M0:>KeT 6hITb nonyt1eHa H3 aHaJIH-

3a npoueccoB pacceRHHR Ha MaJibie yrJibI. OueHKH Il0Ka3bIBaIOT, tlT0 HaH,D;eH

Hbie nonpaBKH cymecTBeHHbI npH 3HeprHRx, 3KCnepHMeHTaJibH0 ,D;0CTHrHy

TbIX B HaCT0Rruee BpeMR B pacceRHHH MP0H0B Ha 60JibWHe yrJibI. 67 



C n0M0II.J;hlO HaH,IJ;eHHblX Bbipa:>KeHHH ,n;m:r cpH3HlleCI<:HX aenHlIHH MoryT 

6hITh ,n;eTanhH0 11ccne.n;oBaHhl npoQeCCbl pacceHHHH tiaCTHQ co CnHH0M Ha 

Manhie H 6onhllme yrnhI, TaKHM o6pa30M, nonytieHa HHcpOpMaQHH 0 ,n;HHa

MHKe CHnhHbIX B3aHMO,D;eHCTBHH npH BhlC0KHX 3HeprHHx. ,[(nH 3Toro C no

M0II.J;hlO M0,n;enhHbIX npe.n;cTaaneHHH Heo6xo,n;HMO onpe.n;enHTb MHrKl:IH 

KBa3Hn0TeHQHan, HBnHIOII.J;HHCH 6opHOBCKHM tineH0M aMnnHTy,n;hI pacce.H

HHH. ,Un.fl perneHHH 3TOH npo6neMhl pa3BHTa .D;HHaMHl!eCKaH Mo,n;enh B3aHM0-

,n;eHCTBHH a,n;poHoB 117/, ytIHThIBaIOw;aH HX CTPYKTYPY Ha 6onhllIHX paccToH

HHHX. Mo,n;enh 0CH0BaHa Ha npe,n;nono:>KeHHH 0 HanHl!Hl:I y a.n;poHa 0KpyiKeH

HOH o6naKOM KBapK-aHTHKBapK0BblX nap - Me30H0B - iKeCTKOH QeHTpanh

HOH qacTI:I, a KOTOpOH cocpe.n;oT0lleHbl aaneHTHhie KBapKH. B 6ecCnHHOBOM 

aapHaHTe Mo,n;enh no3B0nHna C ManhIM l!HcnoM cao6o,n;HhIX napaMeTp0B 

aocnp0H3BeCTH ace H3BeCTHhie CBOHCTBa Me30H-HyKn0JIH0ro H HyKn0H-HYK

n0HHoro pacceHHHH, c,n;enaTh BbIB0,n; 0 6nH30CTH cetieHI:IH pacce.HHHH Ha 

Manhie yrnhI pa3nHl!HblX HyKn0H0B Ha HyKnoHax, a TaKiKe Me30H0B Ha HYK

noHax np11 BhIC0Kl:IX sHeprHHx 11 71• A.n;eKBaTHoe on1:1caH11e umpoKoro 

Kpyra npoQeCC0B pacce.HHHH a,n;poH0B n03B0nHeT npe,n;non0iKl:ITh, l!T0 l:IC

nonb30BaHHaH B Mo.n;enH r11n0Te3a 0 CTPYKType a,n;p0H0B Ha 6onhllil:IX pac

CT0HHHHX C00TBeTCTByeT cpH3Hl!eCKOH peanhH0CTH. 

O6o6w;eHHe 3Tl:IX M0.D;enhHblX npe,n;cmaneHHH Ha cnyqaii B3aHMO,n;eHCT

BHH qacTHQ co cnHH0M npHB0,D;HT K B03HHKH0BeHHIO Manora no aenHl!HHe 

aH0ManhH0ro tineHa aMnnHTY.D;hl pacce.HHHH /18/, cne,n;CTBHeM qero HBnHeT

CH cna6a.H 3aBHCHM0CTh OT 3HeprHH CnHH0BblX 3cpcpeKTOB. KaK noKa3aH0 

Bhlllie, B pe3ynhTaTe B03HHKaeT cnHHOBhlH MexaHH3M B .D;HHaMHKe CHnbHbIX 

B3aHMo,n;eHCTBHH 1141 npl:I caepXBblC0KHX :meprHHX, KOTOpbIH npHB0.D;HT 

K 3cpcpeKTaM, onpe,n;enHeMhIM pacTyII.J;HM KaK VS qneH0M 3HKOHanbHOH cpa-

3hl. ManoCTb aH0ManhH0ro llneHa npHB0.D;HT K T0MY, l!T0 p0CT 3HKOHanhHOH 

cpa3hI He3aMeTeH np11 3Hee£HHX ISR (ys <;;. 60 rsB). O.n;ttaKo 3T0T pocT cy

w;ecTaeH np11 3HeprHHx ys ~ 200 rsB. Cne,n;cTaHeM 6bICTporo poem 3HKo

. HanhHOH cpa3bl npH TaKHX 3HeprHHX HBn.f_!_IOTCH CnHHOBblH MeXaHH3M poem 

nonHhIX cetieHI:Itt, BKna,n; K0Toporo a at·PP np11 3HeprHHx pp~Konnaii,n;epa 
· -· . . ot 

UEPHa( ys = 540 rsB) cocTaanHeT oKono 5 M6, 6hICTphIH pocT ,n;11cpcpepeH-

QHanhHhIX cetieHHH a6nH3H ,n;11cppaKQHOHHoro MHHHMyMa H MaKCI:IMyMa 1191 • 

3T0 npHB0.D;HT K nonHoMy HClle3H0BeHHIO ,n;11cppaKQHOHHOH CTpyKTYPhI npH 

ys = 540 rsB H It I = 1 rsB 2 H noHBneHHIO B ,n;11cpcpepeHQI:1anhHbIX ce-

qeHI:IHX "nneqa" c ½I ltl- r r
3

B 2 - 1,2·10-3 M6/rsB 2• ITonytieHHhie 

pe3ynhTaThl nonH0CThlO no.n;TaepiK,n;eHhl B 3KCnepHMeHTe (pHc.1). 3To 

n03B0nHeT Ha,n;eHThCH Ha TO, l!T0 3KCnepHMeHTanbH0 o6HapyiKeHhl nepBbie 

npoHaneHHH MeXaHH3Ma "CnHHOBOH" .D;HHaMHKH CHnhHhIX B3aHMO,D;eHCTBl:IH. 

·B03HHKaIOII.J;aH B Mo,n;enH nonHpl:13aQHH C00TBeTCTByeT 3KCnep11MeHTY_ nPl:I 
- 1197 

,n;0CTHrHYTbIX 3HeprHHX l:I cna6o 3aBI:ICHT OT 3Heprl:IH npl:I ys > 30 r3B • 

ITonytieHHaH l:IHcpopMaQHH 0 B3aHMo,n;eHCTBl:IHX a,n;p0H0B BhIC0KHX 

3HeprHH Ha 6onhllil:IX paCCT0HHHHX TI03B0nHeT nonH0CThlO onpe,n;enHTh ae

nHlIHHy MHrKHX npe,n;aCHMnT0THl!eCKHX 3cpcpeKTOB B iKeCTK0M pacceHHHH 

68 a,n;p0H0B 112·'. YlleT npe,u;aCHMnT0TI:Il!eCKl:IX nonpaaoK npHB0.D;HT K 0TKno-
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PBc.1. Ilpe,n;c:i_s_a3aium p;IDiaMB'lecKoii Mo
p;enB p;n.a pp-pacce.lIHB.II npB 3HeprBB 
pp·Konnaiip;epa I.J;EPHa. -- - c yqeroNI 
CnBHOBoro MexaHB3Ma, - • - • - - 6e3 ero 
yqera. 

Hemuo OT aBTOMO)J:eJibHOro IIOBe)J:e

HH.fl (1) Ii yMeHbllleHHIO 3HepreTH

qecKOH 3aBHCHMOCTH AHq>cpepeH

I.WaJibHhlX ceqeHHH rrpH KOHeqHblX 

3HeprH.flX. 8TOT 3cpcpeKT CKa3hIBa

eTC.fl Ha IIOBe)J:eHHH 3cpcpeKTHBHhIX 

cTerreHeii Nb(l) , KOTOphie HaqH

HaIOT 3aBHCeTb OT 3HeprHH Ii yrna 

pacce.HHH.fl. BhlqHcJieHH.fl IIOKa3hIBa

lOT, qTO OTKJIOHeHH.fl 3cpcpeKTHBHhIX 

CTerreHeii OT rrpaBHJia KBapKOBOro 

cqeTa BeJIHKH AJI.fl Me3OH·HYKJIOH

Horo pacce.HHH.fl / 121 (pHc.2) .B cny-

qae rrpOTOH-IIpOTOHHoro pacce.HHH.fl 

Ha yrJihI, 6JIH3KHe K 90°' rrorrpaBoqHbie qJieHhl B3aHMHO KOMIIeHCHpyIOTC.fl, 

Ii Ha6JIIO)J:aeMoe OTKJIOHeHHe OT aBTOMO)J:eJibHOro IIOBe)J:eHH.fl He3HaqHTeJih

HO, qTo IIOJIHOCTblO COOTBeTCTByeT 3KCrrepHMeHTy. IlonyqeHHhie pe3yJibTaThl 

IIO3BOJI.fllOT KOJIHqecTBeHHO OIIHCaTh 3KCrrepHMeHTaJibHhie AaHHhie ITO ,;±- ~. 
pp- Ii np -pacce.HHHIO. TaKHM o6pa30M, rrpoBe)J:eHHoe cyMMHpOBaHHe 3cpcpeK

TOB rno6aJihHOH CTpyKTyphI aAPOHa a rrpoQeccax :>KeCTKoro pacce.HHH.fl 

qacTHQ co CIIHHOM IIOKa3aJIO, ~o Ha6JIIO)J:aeMhie rrpH KOHeqHbIX 3HeprH.HX 

OTKJIOHeHH.H OT aBTOMO)J:eJihHOCTH Ii y 5 -HHBapHaHTHOCTH MoryT 6hITb 

opi,.HCHeHhl BKJia)J:aMH 6oJihlllHX paCCTO.flHHH. IlOA06Hbie BhlqHcJieHH.H MOryT 

cyI.tieCTBeHHO paCIIIHpHTb Ii AOIIOJIHHTb BO3MO:>KHOCTH IIpHMeHeHH.H KBaHTO

BOH XpOMO)J:HHaMHKH IIpH HCCJie)J:OBaHHH pacce.HHH.fl a)J:pOHOB Ha 60JiblllHe 

yrJihl a rrpe)J:aCHMIITOTHqecKOH o6nacTH. 

8 - --- -- - - - - -- -- ---- -- ---- - -- -- -- - -- - ------- - - -- - - - - - --- - -

10 20 30 LO 50 60 70 80 90'0l 

TaKHM o6pa3oM, pa3BHThIH 

eAHHhIH AHHaMHqecKHH IIOAXOA 

K HCCJie)J:OBaHHIO rrpoQeCCOB 

pacce.HHH.fl qacTHQ BhlCOKHX 

3HeprHH Ha MaJihie Ii 6oJiblllHe 

yrJihI, r)J:e AHHaMHKa CHJibHhlX 

B3aHMOAeiicTBHH HMeeT pa3-

JIHqHhIH xapaKTep, .flBJI.HeTC.fl 

PBc.2. Ilpe,n;cKa3aHll.lI 3HepreTB'le
cKofi 3aBBCBMOCTll 3<p<peKTBBHhIX 

._ ___________________ cTeneeefi 11p-pacce.1IHB.1I. 69 



3<p<peKTHBHbIM HHCTpyMeHT0M cyMMHp0BaHHH BKna,ll;0B o6naCTH 6onbllIHX 
paCCTOHHHM B aCHMIIT0THtJeCKHe H rrpe,z:i;aCHMIIT0THtJeCKHe tJneHbl aMIInH
TYA MHrKoro H )KeCTKoro pacceHHHH a,n;pOHOB BblC0KHX 3HeprHH. BKna,n;bI 
o6naCTH 6onbllIHX paCCTOHHHH, orrpe,n;eneHHbie Ha 0CH0Be .n;HHaMHtleCKOH 
M0,n;enH B3aHMO,D;eHCTBHH a,n;poH0B, II03B0nHIOT K0nHtJeCTBeHHo B0CIIp0H3-
BeCTH pa3nHtJHbie xapaKTepHCTHKH pacceHHHH a,n;p0H0B Ha Manhie H 6onbI11He 
yrnhI. Ilpoae,n;eHHbie BbltJHcneHHH yKa3hIBaIOT Ha onpe,n;enHIO~YIO ponb 
6onbllIHX paCCTOHHHH a ,n;HHaMHKe rrpoQeCC0B pacce.HHHH tJaCTHQ BblC0KHX 
3HeprHH Ha Manhie yrnhI H HX cy~eCTBeHH0e 3HatJeHHe B pacce.HHHH a,n;poH0B 
Ha 6onbllIHe yrnhI B rrpe,n;aCHMIITOTHtJeCKOH o6naCTH 3HeprHH. 
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MCCnE~OBAHMH ~YH~AMEHTAnbHMX CBOHCTB 

3nEMEHTAPHMX qACTMU 

M MX CTPYKTYPbl 

A.A.KY3HEaOB, nporjjeccop 

B.A.HHKHTHH, ooKTop rjju3uKo-MaTeMaTur,ecKux 11,ayK 

H.A.CABHH, nporjjeccop 

3.H.ablr AHOB, nporjjeccop 

J,fayqem1e cpyH,z:i:aMeHTaJII,HhlX CBOHCTB :meMeHTapHhIX qacTMI.J; 11 MX 

CTpyKTyphI - 0,ll;H0 113 BroKHeiiumx Tpa,ll;MI.J;M0HHhIX HayqHhIX HarrpaaJieHMH 

MCCJie,ll;oBaHMH B o6II.J;eH rrporpaMMe 3KCrrep11MeHT0B Jia6opaTopMM BhIC0KMX 

3HeprMH O61,e,z:i:11HeHHoro MHCTMTyTa .fl,ll;epHhIX MCCJie,z:i:oaaHMH. 

3a BpeM.fl caoero cyII.J;eCTB0BaHM.fl MHTepHaI.J;M0HaJihHhlM K0JIJieKTMB0M 

na6opaTop1111 aHeceH 3Haq11TeJihHhIH BKJiaA B pean113au;mo noro Harrpaane

HM.fl: c,z:i:eJiaH p.H,ll; OTKphITMH, 3aHeCeHHhlX B rocy,z:i:apCTBeHHhlH peecTp 0T

KphITMH CCCP, arrepBhie ycTaH0BJieHhI MHor11e HeM3BeCTHhie paHee 3aKoHo

MepH0CTM, 0Ka3aBUme cyII.J;eCTBeHH0e BJIM.flHMe Ha pa3BMTMe 3HaHMH 0 CTpoe

HMM BeII.J;eCTBa. 

AKTyaJihHOCTb M HayqHa.fl 3HaqMM0CTb MCCJie,ll;oBaHMH cpyH,z:i:aMeHTaJib

HhIX CBOHCTB 3JieMeHTapHhlX qacTMU: I1 MX CTPYKTyphI onpe,z:i:eJI.flIOTC.fl ABYM.fl 

rJiaBHeiiurnMM II0CT0.flHH0 ,z:i:eiiCTBYIOII.J;MMM cpaKTOpaM11: 3anpocaMM Te0pMM 

M II0MCK0M H0BhIX 3KCnepMMeHTaJibHhIX cpaKTOB, BhIX0,ll;HII.J;MX 3a paMKM 

y)Ke YCTaH0BJil:lHHhlX 3aKOHOMepHOCTeH I1 ,ll;a)Ke npMHI.J;MII0B cpM3MKM MMKpo

MMpa. 

lfa-3a 6ypHoro pa3BMTM.fl cpI13MKM 3JieMeHTapHhlX qacTMI.J; co,z:i:ep)KaHMe 

3TMX cpaKTOpOB MeH.fleTC.fl BO BpeMeHM, I13MeH.fleTC.fl M K0HKpeTHa.fl nocTa

H0BKa 3KcnepMMeHT0B. EcJIM, HanpMMep, B 60-e r0,ll;hl 3anp0Chl TeopMM 

K0HI.J;eHTpMp0BaJIMCb B0Kpyr Bonpocoa, CB.fl3aHHhIX C CMCTeMaTMKOH 3Jie

MeHTapHhIX qacTMI.J; I1 npoaepKOH ,z:i:11cnepCM0HHhlX COOTHOllleHMH, aCMMIIT0-

TMqecKMX TeopeM, TeopMM K0MIIJieKCHhIX M0MeHT0B, TO B nocJie,ll;HMe ro,ll;hl 

Ha1160JibII1ee 3HaqeH11e AJI.fl Teop1111 np1106pen11 npo6neMhI, CB.fl3aHHhie 

72 C npoaepKOH npe,ll;CKa3aHMH KBapK0BhIX Mo,z:i:eneii, KBaHTOBOH xpoM0,ll;M-



HaMHKH ll noHCKOM 3KCnepttMeHTaJibHbIX cpaKTOB, HMelOID;llX npHHUHnHaJib

HOe 3HatJeHHe .nm1 C03.D;aHHH e,nHHOH TeopHH cpyH,naMeHTaJibHbIX B3aHMO

.neiicTBHH. CooTBeTCTBeHHO H3MeHHJIOCb H co.nep)KaHHe nporpaMMbl 3KCne

pttMeHTOB J1a6opaTOpHll BbICOKHX 3Heprttii: CHatJana nccne.noaaHHH KOH

ueHTpHpOBaJIHCb BOKpyr H3ytJeHHH xapaKTepHCTHK pa3Horo Tllna 6nHapHbIX 

peaKUHH, n03)Ke - BOKpyr H3ytJeHHH CBOHCTB npoueccoa MHO)KeCTBeHHOro 

o6pa30BaHllH tJaCTHU H rny6oKOHeynpyrnx B3allMO.D;eHCTBHH. 

Cpa3y )Ke nocne ycnewHoro 3anycKa a 1957 r. CHHxpocpa3oTpoHa 

Ha HeM pa3BepHyJIH WllpOKHM cppOHTOM CllCTeMaTHtJeCKlle nccne.noaaHHH 

06m0x xapaKTepllCTllK HyKJIOH·HYKJIOHHbIX ll nnoH-HYKJIOHHbIX 6HHapHbIX 

peaKUHtt. B tJaCTHOCTH, a pe3yJihTaTe n3ytJeHHH B3attMo,neiicTanii 0Tp0ua

TeJihHhIX nHOHOB C npOTOHaMH 6bIJIO ycTaHOBJieHo, lJTO cetJeHHH 3TllX CTOJIK

HOBeHHH BOnpeKH o6menpllHHTOMY B TO apeMH MHeHHIO 06 llX noCTOHHCT

ae y6bIBaIOT C pOCTOM 3HeprHH HaJieTaIOID;HX nHOHOB BnJIOTb .no 3Heprnn 

9 r3B. lfaytJeHtte caoiicTB ynpyroro nnoH-npoTOHHoro pacceHHHH Ha 6onb

ume ( OKOJIO 180 ° ) yrJibl npttBeJio K o6Hapy)KeHHIO pe3oHaHCHOH CTpyK

Typbl 3HepreTHtJeCKOH 3aBHCHMOCTH cetJeHHH yKa3aHHOro npouecca. 

HeKOTOpoe BpeMH cnyCTH B na6opaTOpHll 6hIJI HatJaT 60JibWOH UHKJI 

3KCnepttMeHTOB no llCCJie,noBaHlllO CBOHCTB ynpyroro npOTOH-npOTOHHoro 

H IlHOH-npOTOHHOro pacceHHHH Ha MaJibie yrJibI. MHHUHaTOpOM ll nepBbIM 

PYKOBO.Il;HTeJieM 3TllX pa6oT 6hIJI K.,U.TOJICTOB, 8TH HCCJie,noBaHHH 6bIJill 

HHHUHHpoaaHbI KJiaccntJecKHMH pa6oTaMn aKa,neMttKa H.H.Boron106oaa, 

B KOTOpbIX BnepBbie 6bIJIO CTporo .D;OKa3aHO, lJTO .nncnepCHOHHbie COOTHO

weHHH eCTb npHMOe cne,nCTBlle o6mnx npHHUHnOB JIOKaJibHOH KBaHTOBOH 

TeopHH noJIH: npHtJHHHOCTH, YHHTapHOCTH, peJIHTHBllCTCKOH KOBapllaHTHO-

CTH. TT . 
pn ocymecTBJieHHH onhITOB no ynpyroMy npoTOH-npOTOHHOMY pac-

ceHHHIO Ha MaJihie yrJihI rpynnoii q>H3HKOB, B03rnaanHeMoii B.A.Ca0p0-

.noBhIM, a 3aTeM B.A.HttKHTHHhIM, 6bm npe,nJio)KeH HOBhIH MeTo.n tt3ytJe

HHH 3Toro npouecca, 06ecnetJ0aw0ii Ha MHorne ro,nbI nn.n0py10mee nono)Ke

Htte 061,e,n0HeHHOro llHCTHTyTa H,nepHhIX llCCJie,noBaHHH B 3TOM Hanpaane

HHH HCCJie.D;OBaHHH. B OCHOBe MeTo,na - peann3aUHH B03MQ)KHQCTH HCnOJib-

30BaHHH MHoroKpaTHbIX (OKOJIO 10 4 pa3) npoxo)K.Il;eHHH BHyTpeHHero 

nytJKa ycKopHeMbIX tJaC'rHU tJepe3 TOHKYIO (OKOJIO 10-6 
r/CM 

2
) MHWeHb, 

pacnOJIO)KeHHYIO Henocpe,nCTBeHHO B KaMepe ycKopnTeJIH, C O.D;HOBpeMeH

HbIM H3MepeHHeM yrna BbIJieTa ll 3HeprHll tJaCTHUbl OT.D;atJH. 

C noMOID;blO 3Toro MeTo,na BbIIlOJIHeHbl 3KCnepttMeHTbl Ha Kpynneii

WHX ycKopttTeJIHX Mttpa: cnnxpocpa3oTpone OMHM (,Uy6na) , npoToHHbIX 

c0nxp0Tp0Hax Wl>B8 (IlpoTBHHo, CCCP) n <l>HAJ1 (BaTaanH, CIIIA) • 

B IlHOHepCKHX onhITax Ha CllHXpocpa30TpOHe C noMOID;blO 3Toro MeTo

.na BnepBbie na6nro.nanach HHTepcpepeHUHH KYJIOHOBCKoro 0 H,nepnoro 

pacceHHHH. IlpH 3TOM B 3KcnepttMeHTe o6Hapy)KeHa 3HatJHTeJibHa.fl no ae

JIHlJHHe aemecTBeHHa.fl tJaCTb aMilJillTY.D;bl ynpyroro npoTOH-npoTOHHoro 

pacceHHHH npH BbICOKHX (BbIWe 1 r3B) 3HeprHHX. 8TOT pe3yJihTaT 3ape

rHCTpttpoBaH KaK OTKpbITHe, ero aBTOpaMll HBJIHIOTCH COTPYAHllKll na,60- 73 



paTOp1,r11: JI.<l>.K11pmmoaa, B.A.HHKHTHH, A.A.H0Mocp:11rroa, JI.H.CTpyHoB 

:11 M.r .Illacppattoaa. 

O,n;HOM :113 Ba)KHeMillHX xapaKTepMCTHK ,n;:11cppaKU:HOHHoro pacceHHHH 

'l!aCTHU:, HMeIOIQHX cpyH.n;aMeHTaJihHOe 3HatieH:11e ,!l;JIH Teop:11:11, HBJIHeTCH BeJIH

'l!HHa ,n;McppaKU:HOHHOro KOHyca np:11 MaJiblX yrrrax pacceHHMH, a TaK~e ero 

noae,n;eHHe B 3aBHCHMOCTH OT :mepr:11:11 (B KJiaCCH'l!eCKOM ,n;:11cppaKU:HH IllMp:11-

Ha KOHyca He 3aBHCHT OT 3Hepr:11:11). B pa3JIH'l!HblX rra6opaTOpMHX MMpa pa3-

HblMH MeTo.n;aMH BbIIlOJIHeHo HeCKOJibKO 3KCnepHMeHTOB Ha ny TeMy, 

Ho onpe,n;erreHHoro OTBeTa o noBe,n;eH:11:11 ,n;:11cppaKW:IOHHoro KoHyca np:11 Ma

JihIX nepe,n;aHHbIX HMilYJibCax norry'l!HTb He y,n;arroch. B 3Kcnep:11MeHTe Ha 

ycKOpMTeJie H<l>B3 6hIJia BnepBbie o6Hapy:>KeHa 3HepreTH'l!eCKaH 3aBHCH

MOCTb KOHyca pacceHHHH npOTOHOB Ha npOTOHax, 'l!TO O,!l;H03Ha'l!HO CBM.n;e

TeJihCTByeT O HenOCTOHHCTBe pa,n;:11yca CHJibHoro B3amv10,n;eMCTBHH npOTOHOB. 

3TOT pe3yJihTaT Cbirparr 60JiblliYIO poJib B pa3BHTHH Teop:11:11 Ii 6bIJI 3ape

r:11cTpMpOBaH B Ka'l!eCTBe OTKpbITHH. B aBTOpCKOM KOJIJieKTHBe - ytieHbie 

rra6opaTop:11:11: r .r .Ee3HOrHX, H.K.)K:11,n;KOB, JI.C.30JIMH, JI.<l>.KHpHJIJIOBa, 

B.A.H:11K:11THH, II.B.HoMoKoHoB, M.r.IIIacppaHoaa (CCCP), B.3antIKH 

:11 II.MapKoB (HPB). 

B 3TOM :>Ke cepMM 3KCnepMMeHTOB npM H3y'l!eHHH ynpyroro pacceHHHH 

npOTOHOB Ha ,n;e:uTpoHe norrytieHbl HOBbie CBe,n;eHMH O pacnpe,n;erreHHM 11,n;ep

HOM MaTepMM B ,n;eiiTpoHe. 

L(aJibHeMillee pa3BMTHe HOBOM MeTO,!l;MKH HCCJie,n;oBaHMH ynpyroro 

pacceHHHH Ha MaJibie yrJihI, ycnelliHO HCilOJib30BaHHOM B 3KCnepHMeHTax 

Ha CHHXpocpa30TpOHe Ii ycKOpMTeJie H<l>B3, Il03BOJIHJIO <pM3MKaM JIB3 no,n; 

pyKoBo.n;cTBOM A.A.Ky3Heu;oBa, B.A.HHKMTHHa :11 C.B.Myx:11Ha npoBeCTM 

6orrhlliyro cep:1110 3Kcnep:11MeHTOB Ha ycKopMTerre <l>HAJI B EaTaBHM (CIIIA). 

3To 6hIJIH nepBbie 3KCnepMMeHTbl Ha BHOBb C03,!l;aHHOM KpyntteiiilleM B MM

pe ycKop:11Terre. B COBMecTHhIX OURH-<l>HAJI sKcnepMMeHTax, npo,n;omKaB

IllHXCH B Te'l!eH:11e ,n;eCHTM rreT (Ha'l!MHaH C 1972 r.)' 6bma ,n;eTaJihHO H3ytieHa 

3aKOHOMepHOCTb M3MeHeHHH BeIQeCTBeHHOM qaCTH aMnJIHTy,!l;bl ynpyroro 

pacceHHHH npOTOHOB H ,n;:11cppaKU:HOHHoro KOHyca B IllMpOKOM ,n;:11ana3oHe 

3HeprH:H ( OT 8 ,!l;O 400 rsB) , YCTaHOBJieHbl TaK:>Ke HeH3BeCTHbie pattee 

CBOMCTBa ,n;:11cppaKU:HOHHOM ,!l;MCCOU:HaU:HH npOTOHOB Ha npoToHax Ii rrerKHX 

H,n;pax. B 'l!aCTHOCTM, BnepBbie o6HapymeHO HBJieHHe aHTH3KpaHMPOBKH HYK

JIOHOB B ,n;eiiTpoHe, KOTopoe COCTOHT B TOM, 'l!TO B onpe,n;erreHHOM KHHeMa

TH'l!eCKOM o6JiaCTH npM Heynpyron ,n;:11cppaKW:IH KorepeHTHbie BOJIHbl OT OT

,n;eJihHblX HyKJIOHOB CKJIMbIBaIOTCH KOHCTPYKTHBHO Ii ,n;:11cpcpepeHU:MaJibHOe 

cetieH:11e pacceHHHH Ha ,n;enTpoHe npeBbIIllaeT y.n;BoeHHoe cetieH:11e pacceH

HHH Ha O,!l;HOM HYKJIOHe. IIorryqeHHbie pe3yJihTaTbl MMeJIH Ba)KHOe 3Ha'l!eHMe 

,!l;JIH npoBepKH cnpaBe.n;JIMBOCTH ,,n;:11cnepcHOHHblX COOTHOilleHMH B HOBOM 

o6rraCTH 3Hepr:11:u. EbIJIO 3KCnepMMeHTaJibHO no.n;TBep)K,!l;eHo, 'l!TO OCHOBHbie 

npe.n;cTaBJieHHH O MMKponpM'l!MHHOCTH crrpaBe.n;JIHBbl ,n;o paCCTOHHHM 

-10- 15 cM. 

Ha.n;o OTMeTHTh, 'l!TO npoBe.n;eHHIO acero U:HKJia 3KCIIep:11MeHTOB Ha yc-
74 KOpMTerrHx H<l>B3 :11 <l>HAJI cnoco6cTBoBarro MCnoJih30BaH:11e CTpy:fufhIX ra-



30BblX MHllleHeH H3 ao,n;opo,n;a, ,n;eii:TepIDI H renm1, pa3pa6oTaHHbIX H C03,!l;aH· 
HbIX rpynnoif cneUHaJIHCT0B JIBS no,n; pyKoao,n;cTB0M IO.K.IlHJIHneHKo •. 

B 1983 r. 3a UHKJI pa6oT ",nmppaKUHOHHOe pacceRHHe np0T0H0B npH 
BbIC0KHX 3HeprHRX" yqeHbIM O11JU1 npHCyiK,D;eHa rocy,n;apCTBeHHaR npe
MHR CCCP, naypeaTaMH CTaJIH IO.K.AKHMoa, JI.C.3onHH, A.A.Ky3Heuoa, 
B.A.Mopo3oB, C.B.MyxHH, B.A.HHKHTHH, IO.K.ITHJIHneHKO, B.A.CaHpH,n;oa 
H M.r .lllacppaHOBa. 

CBOHCTBa ynpyroro IlH0H-npoT0HH0ro pacceRHIDI a o6JiaCTH KYJI0H· 
11,n;epHOH HHTepcpepeHUHH 6bIJIH H3yqeHbl rpynnoif q>H3HKOB JIBS no,n; py1eo
B0,!l;CTB0M JI.H.CTpyHOBa. ITonyqeHHIO H0BbIX q>H3HqecKHx pe3yJibTaT0B 
B 3TOH cepHH 0ilbIT0B cnoco6cTBOBaJIO ocymeCTBJieHHe opHrHHaJibH0ro 
npe,!l;JloJKeHHR - HCII0Jib30BaHHR KaMepbI BHJibCOHa B pe;KHMe C Il0HH;KeH
HOH qyBCTBHTeJibH0CTbIO, B pe3yJibTaTe qero HHTeHCHBHbie Il0T0KH rryqKo
BblX IIH0H0B, nponycKaeMbie qepe3 pa6oqHif o6'beM KaMepbI, 3ailOJIHeHHOH 
B0,!l;0p0,!l;0M, CTaH0BRTCR HeBH,n;HMblMH, a qaCTHUbI 0T,!l;aqlf xopolllo perHCT· 
pHpyIOTCR, 

B ,!l;aJibHeHllleM CBOHCTBa yrrpyroro pacceRHIDI IlH0H0B Ha npoT0Hax 
Ha MaJibie yrJibI H3yqaJIHCb C noM0W:bIO II0JIH0CTbIO aBTOMaTH3HpOBaHHOH 
ycTaH0BKH - HCKp0B0ro crreKTp0MeTpa Ha JIHHHH c SBM, BnepBbie coopy
JKeHH0ro a OHHI1 rro,n; pyKoao,n;cTB0M H.A.ronyTBHHa. 

HeH3BeCTHbie pattee 3aK0H0MepH0CTH 6bIJIH YCTaH0BJieHbI npH HCCJie
,!l;0BaHHH CBOHCTB CTpaHHbIX qacTHU, o6pa3YIOIUHXCR B nH0H·HYKJI0HHbIX 
B3aHMO,!l;eHCTBHRX rrpH 3HeprHH 6,8 H 8,3 rsB. Cpe.n;H HHX - Bbin0JIHeHHe 
rrpH BbIC0KHX 3HeprIDIX o6ru;eH3BeCTHoro ceifqac 3aK0Ha coxpaHeHHR HHep
UHH 6apHoHHoro 3apR,n;a, a TaKJKe o6HapyJKeHHe pocTa ceqeHHH o6pa3oaa
HHR nap K-Me30HOB H ,; -rHnep0H0B C 3HeprHeH. 

B MapTe 1960 r. 6bIJia 0TKpbITa HoaaR qacTHUa aHTHCHrMa-MHHyc
rHnepoH. O6HapyJKeHHe 3TOH qacTHUbI 3aperHCTpHpoaaHo B KaqeCTBe OT· 
KpbITHR, cpe.n;H ero aaTopoa - yqeHbie CTpaH-yqacTHHU OHHH: B.H.BeK
cnep, H.M.BHpRcoa, E.H.Kna.n;HHUKaR, A.A.Ky3Heuoa, B.A.HHKHTHH, 
M.H.CoJIOBbeB (CCCP)' HryeH .nHH TbI (CPB)' KHM XH HH (KH,nP)' 
A.MHxyn (CPP) • 

B 1964 r. rpyII{!OH q>H3HKOB rro,n; pyK0B0,!l;CTB0M M.H.XaqaTypRHa 
C Il0M0W:bIO 3JieKTpOHHOH YCTaH0BKH "<l>oToH" (,n;ayxrrneqeaoif 90-KaHaJib· 
HbIH qepeHKOBCKHH Macc-crreKTpoMeTp) 6bIJI noCTaBJieH pelllaroru;HH 3KCrre
pHMeHT, ,!l;OKa3aBlllHH cyw;ecTB0BaHHe rrpRM0ro rrepexo.n;a BeKT0pHoro 
Me3oHa B q>OTOH. Pe3yJibTaTbl 3KCnepHMeHTa rro,n;Taep.n;HJIH rrpe.n;cKa3aHHR 
Mo.n;enH BeKTOpHOH ,!l;0MHHaHTH0CTH H CbirpaJIH a nocne,n;yroru;eM 6oJiblllYIO 
p0Jib B q>H3HKe 3JieMeHTapHbIX qacTHU, HaneHHe npRMoro nepexo,n;a q>OTOH· 
aeKTOpHblH Me30H - 3T0 RBJieHHe qacTo Ha3bIBaIOT "11,n;epHbIMH CBOHCTBa
MH CBeTa" - 6bIJIO 3aperHCTpHp0BaH0 KaK 0TKpbITHe, cpe.n;H ero aBT0· 
poa - yqeHbie OHHH: A.M.Ban,n;HH, A.T.MaTIOlllHH, B.T.MaTrolllHH, M.H.Xa
qaTypRH, H.B,qyBHJIO (CCCP)' H.rna,n;KH (qCCP). 

B TeqeHHe 1959-1973 rr. rpyrrnaMH q>H3HKOB JIBS H JIHIT OHHH 
a coTpy,n;HHqecTae c H<I>BS T6HJIHCCKoro rocy,n;apcTaeHHoro yHHBepcHTeTa 75 
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6bma npoae,n;eHa cep1rn: onhITOB no Frnyqemuo pacna,n;HbIX CBOHCTB ,n;onro

)KHByrn;Hx K O 
-Me30HOB (Kt). B 3KCnepHMeHTax o6Hapy)KeHbI pacna,n;hI 

K0L ➔ 311° H K°L ➔ 17 + 17 -17 ° H onpe,n;eneHa FIX aepoHTHOCTb.YCTaHOBJieHbl 

TaK)Ke aepoHTHOCTH ,n;pyrHX THTIOB pacna,n;oB ,n;onrO)KHBYlUHX K O 
-Me30HOB' 

B KOTOpbIX yqaCTBOBanH 3apmKeHHbie neTITOHbl H HeHTpHHO. COBOKYTIHOCTb 

,D;aHHbIX 3TOH cepHH 3KCTiepHMeHTOB HMena Ba)KHOe 3HaqeHHe ,D;JIH nocne

,n;yrorn;HX TeopeTHqecKHX pa3pa6oToK. 

B KOHu;e 60-x - Haqane 70-x ro,n;oa Ha ycKopHTene M<l>B3 rpynnoti: 

<pH3HKOB J1B3 no,n; pyKoao,n;cTBOM M.A.CaaHHa, a 3aTeM M.<l>.J1Hxaqeaa 

6bIJI BbITIOJIHeH I.J;HKn HCCJie,n;oaaHHH pereHepau;HH He:HTpaJibHbIX KaOHOB Ha 

yrnepo,n;e, ,n;eti:TepHH H Bo,n;opo,n;e C u;eJiblO H3yqeHHH 3HepreTHqecKOH 3aBH

CHMOCTH TpaHCMHCCHOHHOH pereHepau;HH, aMTIJIHTY,D;a KOTOpOH nponopu;Ho

HanhHa pa3HOCTH aMnnHTYA pacceHHHR KaOHOB H aHTHKaOHOB Ha COOTBeT

CTByrorn;eM H,n;pe. AKTyanhHOCTb 3THX HCCne,n;oBaHHH onpe,n;enHnaCb Heo6-

XO,D;HMOCTblO npoaepKH OCHOBHbIX TIOJIO)KeHHH H BbIBO,D;OB aCHMTITOTHqe

CKHX TeopHti: CHJihHhix B3aHMo,n;eti:cTBHH (TeopeMbI M.H.I10MepaHqy1<:a), 

,D;HCTiepCHOHHbIX COOTHOllleHHH, MO,n;enH KOMnneKCHbIX yrnOBbIX MOMeHTOB. 

31<:cnepHMeHTbl BbITIOJIHHJIHCb c TIOMOlUblO 6ec<pHJibMOBOro HCKpoaoro 

cneKTpoMeTpa (BMC) Ha JIHHHH c 3BM, ocyrn;ecTBJIHBllleH npHeM H 3aTIHCh 

HHcpopMau;HH Ha MarHHTHbie neHTbI. B KaqecTBe MHllleHH-pereHepaTopa 

HCTIOJib30BanHCb TpexMeTpOBbie )Kfl,D;KOBO,D;Opo,n;HaR H )Kfl,D;Ko,n;eti:TepHeBaR 

MHllleHH, pa3pa6oTaHHbie B J1B3 no,n; PYKOBO,D;CTBOM J1.B .ronOBaHOBa, 

H MHllleHb H3 yrnepo,n;a. 

M3MepeHHe TpaHCMHCCHOHHOH pereHepau;HH Ha Bo,n;opo,n;e H ,n;eti:TepHH 

HHTepcpepeHu;HOHHbIM cnoco6oM 6bIJIO ocyrn;eCTBJieHo anepBbie a MHpe. 

Bhmo ycTaHoaneHo, qTo cpa3a aMnnHTYAhI pereHepau;HH Ha ao,n;opo,n;e He 3a

BHCHT OT 3HeprHH H paBHa -132,5 ° ± 5,7 °, a MOAYJib aMTIITHTY,D;bl o6paTHO 

nponopu;HoHaneH KOpHlO KBa,n;paTHOMY H3 HMTIYJihCa KaoHa. AHanorHqHbIH 

pe3ynhTaT 6bm nonyqeH Ha ,n;eti:TepHH. B 3TOH o6nacTH 3HeprHH np1rne,n;eH

Hhie ,D;aHHbie ,n;o CHX nop OCTalOTCH YHHKanbHbIMH. 

YcTaHoaneHHbie B pereHepau;HOHHblX 3KCnepHMeHTax 3aKOHOMepHO

CTH TIOJIHOCTblO HCKJilOqanH HapyllleHHe TeopeMbl IloMepaHqyJ<:a 06 aCHMTI

TOTfllleCKOM paBeHCTBe TIOJIHbIX ceqeHHH B3aHMO,D;eHCTBHH qacTHI.J; H aHTH

qacTHu;, Ha B03MO)KHOCTb qero yKa3bIBaJIH HeKOTOpbie HMeBll!HeCH B TO Bpe

MH ,n;aHHbie. Pe3yJihTaTbl 3KcnepHMeHTa TaK)Ke ycTaHaBJIHBaJrn cnpaae,n;nH

BOCTb OCHOBHblX BbIBO,D;OB TeOpHH KOMTIJieKCHbIX yrnOBbIX MOMeHTOB 

H ,D;HCnepCHOHHblX COOTHOllleHHH O noae,n;eHHH aMTIJIHTYA pacceHHHH B HO

BOH Tor,n;a 3HepreTflqeCKOH o6naCTH TOJibKO qTo 3anyrn;eHHoro ycKOpHTeJIH 

Ha 70 r3B. 

C rroMorn;hIO ycTaHOBKH BMC 6bmo 3aper0cTp0poaaHo TaK)Ke 6onh

llloe q0cno TpexqacTHqHbIX pacrra,D;OB KaOHOB K0
s lI KL' 1rnyqeHHe KOTOpbIX 

TI03BOJIHJIO BbIHCHHTb MHOrHe BOTipOCbl TeopHH cna6hIX B3aHMO,D;eHCTBHH. 

B qacTHOCTH, ycTaHOBneHo, qTo MaTpHqHble 3JieMeHTbI pacna.n;oB co,n;ep)KaT 

B OCHOBHOM BKJia,D;bl BeKTOpHblX cpopM<paKTOpOB. Orrpe,n;eneHo noae,n;eHHe 

3THX cpopM<paKTOpOB B 3aBHCHMOCTH OT nepe,n;aHHoro HMTIYJibCa. 3TH pe-



3YJihTaTbl BOillJ111 B M11pOBOH 6aHK ,D;aHHbIX 11 no Cl1X rrop HBJiffiOTCH Ha1160-

nee TOlJHblMl1. 

BoJihllll1M Me,imyHapo,ri;HhIM KonneKTl1BOM, ao3rnaanHeMbIM M.H.Co

JIOBheBhIM 11 B.r .rp11Ill11HbIM, IIp11 o6pa60TKe CHl1MKOB C ABYXMeTpOBOH 

rrporraHOBOH IIY3blpbKOBOH KaMepbI, o6nytJeHHOH OTpm1;aTeJibHblMl1 IIl10Ha

Ml1 c 11MIIYJihCOM 40 r3B/c Ha ycKop11Tene H<l>B3, arrepabie Ha6mo,ri;anoch 

0611JibHOe o6pa30BaHl1e lWpOTKO:>Kl1BYI.IJ:l1X (-10-23 C) tJaCTmi;-pe30HaHCOB, 

ycTaHOBJieHo HBJieH11e "paHHero CKeHJil1Hra" B IIl10H-HYKJIOHHbIX B3al1MO

,ri;e:ikTBl1HX rrp11 BbICOKl1X 3Hepr11HX 11 cymecTBOBaH11e B 3Tl1X B3al1MO,ri;eiicT

Bl1HX J111HeHHOH KoppeJIHIJ;l111 rrp11 po,imeH1111 OTpm.i;aTeJihHbIX 11 3apH:>KeHHhlX 

IIl10HOB. 

Pe3yJihTaThl 11ccne,ri;oBaHHH CBOHCTB po,imeHl1H a,ri;poHHbIX CTpyii 

B Ill10H-HYKJIOHHbIX B3aHMO,ri;eiiCTBl1HX IIO,D;TBep,ri;11n11 YHl1BepCaJibHOCTb 

MexaHl13Ma rrepexo,ri;a ( cpparMeHTaIJ;l1lO KBapKOB 11 ,D;l1KBapKOB B MPOHhI 

B rrpoIJ;eccax "MHrK11x" a,ri;poH-HYKJIOHHbIX 11 e+e- ~CTOJIKHOBeHl1HX rrp11 

O,D;l1HaKOBOH 3Hepr1111 B C.IJ;.M.). 

rpyrrrroii qm311KOB JIB3, pyKOBO,D;l1MOH H.M.rpaMeHl1IJ;Kl1M, rrp11 H3y

tJemm CBOHCTB aHT11IIpOTOH-IlpOTOHHbIX B3al1Mo,ri;eiicTBl1H np11 11MIIYJibCe 

22,4 r3B/c BrrepBbie o6Hapy:>KeHa BblCTpoeHHOCTb CIIl1Ha p -Me3oHa, lJTO 

HBJIHeTCH rrpHMbIM yKa3aHl1eM Ha HaJ111tJ11e IIOJIHp113aIJ;l111 KBapKOB Ha CTM1111 

rrepe,ri; 11X coe,ri;11HeH11eM a Me30H. 3TOT pe3yJihTaT IIOJiytJeH rrp11 aHaJil13e 

CHl1MKOB C ,ri;ayxMeTpOBOH )1(11,D;KOBO,D;Opo,ri;HOH IIY3blpbKOBOH KaMepbl 

"JlIO,D;Ml1Jia". 

HcrroJih3YH TpeKotJyBCTBl1TeJihHYIO )Kl1,D;Ko,ri;eiiTep11eay10 Ml1IlleHb BHYT

p11 pa6otJero o6oeMa KaMephI "Jl10,ri;M11na", 3Ta :>Ke rpyrrrra rronytJ11na aa:>K

Hhie ,D;aHHbie 06 OCHOBHbIX xapaKTep11cT11Kax H11KeM eme He 113YtJaBilll1XCH 

aHT11.ri;eiiTpOH-,ri;eiiTpOHHbIX CTOJIKHOBeH11H rrp11 3Hepr1111 12 r3B. 

qJieHhI ,ri;pyroro 60J1hllloro Me,imyHapo,ri;Horo KOJIJieKT11Ba, B03-

rnaanHeMoro M.<l>.Jl11xatJeBhIM, C IIOMOI.IJ:blO 6eccp11JibMOBOrO 11CKpOBoro 

crreKTpoMeTpa (BHC-2), rrpo.ri;oJI:>KaH paHee HatJaTbie pa6oThI B rrytJKe HeiiT

poHoB co cpe,ri;Heii 3Hepr11eii 40 r3B, ocymecTBJIHIOT Ha ycKop11Tene H<l>B3 

nmpoKyIO rrporpaMMY l1CCJie)];oBaH11H KOpOTKO:>Kl1BYI.IJ:11X tJaCTl1IJ; C KBaHTO

BblM lJl1CJIOM "oqapoa~11e" 11 ae.ri;yT IIOl1CK HOBbIX Y3Kl1X 6ap110HHbIX pe3o

HaHCOB, pacrra,ri;a10m11xcH Ha CTpaHHbie 11 o6bilJHbie tJaCTl1IJ;bl. 

B pe3yJihTaTe y:>Ke BhlIIOJIHeHHbIX 3KCIIep11MeHTOB BIIepBbie o6Hapy

:>KeHO aHOMaJihHO 60J1hllloe cetJeH11e o6pa30BaH11H otJapoaaHHoro 6ap110Ha 

A~B ,ri;mppaKIJ;l10HHbIX a,ri;pOHHbIX CTOJIKHOBeHl1HX rrp11 yKa3aHHbIX 3HeprHHx, 

113ytJeHa 3aBl1Cl1MOCTb 3Toro cetJeH11H OT aTOMHOro HOMepa H.ri;pa-Ml11lleH11 

11 ycTaHOBJieHo cymecTBOBaH11e aCl1MMeTp1111 B pacrra,ri;ax OtJapOBaHHbIX 

A~6apHOHOB. 3TH pe3yJibTaThl He TOJibKO 11MeIOT 6oJiblllOe HaytJHOe 3HatJe

HHe, HO H HBJIHIOTCH OTKpbITl1eM HOBOro HaytJHO-CTpaTer11tJecKoro HarrpaB

JieHHH HCCJie.ri;oBaHHH rrpH 3Hepr11HX, 6JIH3Kl1X IIO BeJil1lJl1He 3Hepr1111 ceprry

XOBCKOro ycKopHTeJIH. 

C rroMOI..UhIO ycTaHoBKH BHC-2 ycTaHoaneHo cymecTBOBaH11e He113-

BeCTHoro paHee y3Koro 6ap00HHoro pe3oHaHca N¢ (1956), pacrrana10mero- 77 



cJI Ha nmepoH 1-(1385) 1:1 K+·Me30H, H 1:1ccne.n;oBaHhI ero Ba,KHeih1rne 

CBOHCTBa. IToKa3aHO, lJTO HOBblH pe3oHaHC JIBnJieTCJI "3K30THlJeCKHM", 

TaK KaK ero CBOHCTBa He OITHChIBaIOTCJI o6bilJHhIMH KBapKOBhIMH cxeMaMH. 

HeH3BecTHhie paHee 3K30THtJecKHe THIThl pe3oHaHCHhIX COCTOJIHHH: 

C H30TOITHtJeCKHM CITHH0M 5/2 B CHCTeMax p77+77+ H Il77-77 -, a TaK,Ke pe3o

HaHChI, pacITa,n;arom1:1ecJI Ha .n;Ba ITP0T0Ha HnH ,n;Ba 0Tpm~aTenhHbIX ITHOHa, 

o6Hapy'1<eHbl B OITbi:Tax rpyITITOH q:>H3HKOB JIB3 ITO,!:r; PYKOBO,!:r;CTBOM 

IO.A.TpoRHa ITpH aHan1:13e cHHMKOB c o.n;HoMeTpoBoH :>KH,n;KoBo,n;opo.n;Hoii 

ITY3hlpbKOBOH KaMepbl, o6nytJeHHOH Ha CHHXpocpa30TpoHe ITYlJKOM MOHO

xpoMaTHlJeCKHX HeHTPOHOB. 

CTpyKTypa ITH0H0B H Ka0H0B B 3KCITep1:1MeHTax ITO yITpyroMy ( 77 -.:..e) · 
H (K--e )-pacceJIHHIO ITPH BhlC0KHX 3HeprIDIX 6bma H3ytJeHa rpyITITOH q:>l:131:1· 

K0B JIB3 ITO,!:r; PYKOBO,!:r;CTB0M 3.H.[(hiraHoBa. 3TH 1:1ccne.n;oBaHHJI JIBHnHCh 

HatJan0M .n;onroBpeMeHHoro C0BeTCK0-aMepHKaHCK0ro COTpy.n;HHlJeCTBa 

B o6nacTH q:>H3HKH 3neMeHTapHbIX tJaCTHQ H BhlCOKHX 3HeprHH. 

IToCTaHOBKa 0IThITa ITO yITpyroMy (77- - e)-pacceJIHHIO ITPH 3Hepr111:1 

50 f'3B Ha YCK0pHTene H<l>B3 6bma ITpe.n;no:>KeHa rpyITITOH q:>H3HKOB 113 

OH.RH 11 He3aBHCHMO q:>H3HKaMH 1:13 Kan11cpopH1111cKoro yHHBepc11TeTa ( Jloc

AH,n;:>Kenec, ClllA) B 1970-1971 rr. 3KcITep11MeHTanhHaJI ycTaHOBKa, co3.z:r;aH

HaJI C0BMeCTHbIMH ycHnHJIMH 3THX rpyITIT, ITpe,n;cTaBnJina co6oii o.n;Horrne

tJeBOH MarHHTHhlH CITeKTpOMeTp, per1:1cTp11pyrom11ii o6e BT0PHtJHhie tJaCTHQbI, 

11 BKnlOtJana B ce6JI MarHHTOCTpHKQHOHHbie HCKpOBhie 11 ITpOIT0PQHOHanhHhie 

KaMepbI, '1<:H,!:r;KOBO,n;opo,n;HylO MHilleHh, aFlanH3HpylOll.(HH MarHHT, MlOOHHhIH 

.n;eTeKTOP H CHCTeMy CQHHTHnnJIQHOHHhlX H qepeHKOBCKHX ClJeTlJHKOB. 

H3ytJeHHe 3neKTpOMarHHTHoro cpopMq:>aKTOpa ITHOHa B yITpyroM 

(77 - -e)-pacceJIHHH ITpH 3Hepr1111 100 f'3B 6hmo ITpoBe.n;eHo Ha ycKop11Tene 

<l>HAJI (BaTaBHJI, ClllA) B 1975-1976 rr. B 3TOM 1:1ccne,n;oBaHHH 6hmH 11c

IT0nh30BaHhI BC.e MeTO,!:r;HlJeCKHe pa3pa60TKH H oco6eHHOCTH ITOCTaHOBKH 

3KCITep1:1MeHTa, BhIIT0nHeHHoro B H<l>B3, a caM 3KCITepHMeHT ocymecTBnJin

CJI ITPH Be,n;ymeM ytJaCTHH q:>H3HKOB OH.RH. 

B 1975 r. 3THM :>Ke KonneKTHBOM 6bmH ITpe.n;noiKeHhl 3KCITepHMeHTbl 

ITO H3MepeHHIO 3neKTpoMarHHTHblX cpopMq:>aKTOpOB ITH0Ha H KaoHa B YITPY· 

roM (77-e)- 11 (K-e)-pacceJIHHH ITpH 3Hepr1111 250 f'3B, HoBaJI 3KCITep1:1-

MeHTanhHaJI YCTaHOBKa 6bma C03,!:r;aHa Ha OCHOBe CITeKTpoMeTpa, HCITOnh30-

BaBIUerocJI B ITpe.n;b1.n;yw;eM 3KCITepHMeHTe. O.n;HaKo, ITOCKOnhKY 6hmo Heo6-

XO,!:r;HM0 cyw;ecTBeHHO ynytJIUHTh ITpOCTpaHCTBeHHOe H yrnoBoe pa3peIUeHHe 

CITeKTp0MeTpa, B Hero 6hmH BKnlOtJ.eHbl .n;peiicpoBhie KaMepbl ,n;nJI H3Mepe

HIDI TpaeKTOpHH KaK ITepBHlJHOH tJaCTHQhl, TaK H BTOpHtJHhlX tJaCTHQ ITOCne 

MHilleHH, ITpeQH3HOHHhie .n;peiicpoBhie KaMepbl 6bmH pa3pa6oTaHhl H C03,!:r;a

Hhl B JIB3. OHH HMenH peKop,n;Hyro Koop.n;HHaTHYIO TOlJHOCTh, COCTaBnJIB· 

IIIYIO 55 MKM. ,lJ,peiicpoBhle KaMephI c TaKHMH ITapaMeTpaMH 6hmH BITepBhie 

HCITOnh30BaHhl B xo.n;e ITPOBe.n;eHHJI q:>H3HtJeCKHX HCcne,n;oBaHHH ITPH BhlCO· 

KHX 3HeprHJIX. B 3TOM 3KCITep11MeHTe 6bm BITepBbie H3MepeH 3neKTpoMar

HHTHhIH pa.n;11yc K--Me30Ha, KOTOpbIH OKa3ancJI paBHhIM 0,53 ± 0,05 q:>M. 

78 CoBMeCTHaJI aITITpOKCHMaQHJI ,!:r;aHHhIX ( 77 - -e }-pacceJIHHJI Bcex Tpex 3KCITe-



pHMeHTOB npH 3Hepnmx 50, 100 H 250 r3B n03BOJIHJia norryqHTb 3HaqeHHe 
panttyca nHoHa, paBHOe 0,636 ± 0,024 q>M. 

OnHoBpeMeHHOe H3MepeHHe ynpyroro pacceHHHH nHOHOB H KaOHOB 
Ha 3JieKTpOHax npH 3HeprHH 250 r3B n03BOJIHJIO npoBeCTH TaK)Ke npHMOe 
3KCnepHMeHTaJibHOe onpenerreHHe pa3HOCTH HX q>OpMwaKTOpOB. B pe3yJib
TaTe norryqeHo, qTo <r ;> - ; r i > = 0,16 ± 0,06 q>M , qTo xoporno corrra
cyeTcH C YKa3aHHbIMH Bblllle oTneJibHblMH H3MepeHHHMH. 

Ha OCHOBe onhITa onHCaHHbIX Bhlllle 3KCnepHMeHTOB nocrre BBona 
B CTpoii ycKopHTerreii c 3Heprtteii rryqKoB no 1 T3B H 6orree B CIIIA IIJiaHH
pyeTcH nponoJI)KeHHe 3THX HCCrrenoBaHHH, qTo n03BOJIHT He TOJibKO cymecT
BeHHO yrryqrnHTb TOqHOCTb H3MepeHHH pa,n:HyCOB nHoHa H KaoHa, HO H Bbl
IlOJIHHTb npHMbie H3MepeHHH cpopMbl HX 3apnnoaoro pacnpenerreHHH. 

rpynnoH q>H3HKOB JIB3 non PYKOBoncrnoM ll.A.CaBHHa B COTpynHH
qecrne c yqeHhIMll npyrHX rra6oparnpHH OHHH H UEPHa B TeqeHHe 
1975-1978 rr. C03,naHa onHa H3 KpyITHeHlllHX B MHpe 3KcnepttMeHTaJibHbIX 
ycTaHoBoK (3KcnepHMeHT NA-4). Ha 3TOH ycTaHOBKe, KOTopan c 1979 r. 
Haqarra pa6oTaTb B nyqKe MIOOHOB C 3HeprtteH 100 +280 r3B Ha ycKopHTerre 
UEPHa, npoaonHTCH ttccrrenoaaHHH rrry6oKoHeynpyrHx B3aHMoneiiCTBHH 
MIOOHOB C HYKJIOHaMH H nnpaMH C [(eJiblO H3yqeHHH HX CTPYKTYPhI BIIJIOTb 
no paccTOHHHH 10-15 CM. AHarrH3 y)Ke norryqeHHhIX B 3KcnepttMeHTe NA-4 
naHHblX no3BOJIHJI npoaepHTb rrpaBHJibHOCTb npencKa3aHHH coapeMeHHbIX 
TeopHH OCHOBHhlX B3aHMoneHCTBHH Me)Kny qacTH[(aMH B o6rraCTH 3HeprHH 
H nepenaHHblX HMITYJibC0B, MaKCHMaJibHO B03MO)KHbIX Ha cymeCTBYIOI.[(HX 
YCKOpHTeJIHX. 

B qacTHOCTH, B 1979-1980 rr. no pe3yJihTaTaM H3MepeHHR ceqeHHH 
npH Tpex 3HaqeHHHX 3HeprHH BblqHCJieHbl HeynpyrHe CTPYKTypHbie cpyHK[(HH 
HYKJIOHa, xapaKTepH3yIOI.[(He pacnpenerreHHe 3apnna BHYTPH npoTOHOB 
H HeHTpOHOB. 3TH pe3yJibTaTbl no3BOJIHJIH ycTaHOBHTb KOJIHqecTBeHHbie xa
paKTepHCTHKH noaeneHHH CTPYKTypHbIX cpyHK[(HH B 3aBHCHMOCTH OT nepe
naHHOro HMnyrrhca H OTHOllleHHH nepenaHHoro HMnyJihCa K nepenaHHOH 
3HeprHH H onpenerrHTb 3HaqeHHe MacrnTa6Horo napaMeTpa ,\, Heo6xonttMoro 
nrrH onHCaHHH B3aHMoneiiCTBHH Me)K.ll:y KBapKaMH B paMKaX COBpeMeHHOH 
TeopHH cHJihHhIX B3aHMoneiicTBHH - KBaHTOBOH xpoMonttHaMHKH. ITapa
MeTp ,\ OKa3aJICH B HeCKOJibKO pa3 MeHbllle, qeM B npyrHX 3KCnepHMeH
Tax, BbIITOJIHeHHblX npH 6orree HH3KHX 3HeprHHX. 

ITorryqeHHhie B 3KcnepHMeHTe NA-4 naHHbie aHaJIH3HpyroTcH TaK)Ke 
C TOqKH 3peHHH npyrHx acneKTOB HCcrre,n:oBaHHH B3aHMO,n:eHCTBHH MIOOHOB 
C nnpaMH. B qacTHOCTH, npoaonHJICH aHaJIH3 co6bITHH C KHHeMaTHqecKHMH 
xapaKTepHCTHKaMH, 3HaqeHHH KOTOpbIX Jie)KaT B o6rraCTH, 3anpemeHHOH 
AJIH "06b1qHbIX" CTOJIKHOBeHHH MIOOHOB C HYKJIOHaMH (KYMYJIRTHBHblH 
3cpcpeKT). Ha6rrroneHHe KYMYJIRTHBHoro 3cpcpeKTa B npoueccax rrry6oKoHe
ynpyroro rremoH-RnepHoro pacceRHHR npRMhIM cnoco6oM nonTaepnttrro 
OCHOBHbie BbIBOnhI, norryqeHHbie paHee Ha CHHxpo<pa30TpoHe B OnhITax no 
npenerrbHOH cpparMeHTa[(HH nnep, B KOTOpbIX BnepBbie 3KCnepHMeHTaJibHO 79 



6hIJI o6Hapy,KeH KyMymITHBHhlH 3cpcpeKT H ycTaHOBJieHhl ero BaiKHeHIIIHe 

CBOHCTBa. 

C u;eJihIO noHCKa H ou;eHKH ceqeHHH o6pa30BaHHH MIOOHaMH C 3Hep

rHeH 280 r3B u-qacTHD; B 3TOM :>Ke 3KCnepHMeHTe 6h~H HCCJie,D;oaa

Hhl MHOrOMIOOHHhie co6hITH1I. B XO,D;e aHaJIH3a cneKTpa Mace nap noJIOiKH

TeJibHhIX H OTpHu;aTeJibHbIX MIOOHOB B 06JiaCTH 2 7 18 r3B He YAaJIOCb 06-

Hapy:>KHTb 3TH qaCTHD;hl Ha ypoaHe ceqeHHH ~1,3xl0-
39 

CM 2/HyKJI. 3TOT 

peayJibTaT - caMaH HH3Ka1I aepxHHH rpaaHu;a, AOCTHrHyTaH B 3KCnepHMeHTe. 

3KcnepHMeHTaJibHhie AaHHhie no pacceHHHIO nono:>ImTeJibHhIX H OTpH

u;aTeJibHhIX MIOOHOB Ha yrnepo,D;e npH 3HeprHH 200 r3B 6bIJIH HCnOJib30BaHbl 

AJIH BhI,D;eJieHHH TOH qaCTH ceqeHHH HX B3aHMO,D;eHCTBH1I, KOTOpaH o6yCJIOB

JieHa HHTepcpepeHu;HeH Me)K,l];y q:>OTOHOM H HeHTpaJibHhIM npoMe:>KyTOqHhJM 

6o30HOM - nepeHocqHKOM cna6bIX B3aHMoAeHcTBHH. BnepBhie o6HapyiKeH

HaH npH 3TOM acHMMeTpHH B ceqeHHHX pacce1IHHH nOJIHpH30BaHHhIX MIOO

HOB pa3HhlX 3HaKOB no3BOJIHJia npoaepHTb npe,D;cKa3aHH1I CTaH,D;apTHOH 

3JieKTpOCJia6oH MO,D;eJIH B HeHCCJie,D;OBaHHOM paaee npou;ecce H onpe,D;eJIHTb 

KOHCTaHThl CBH3H MIOOHHoro HeHTpaJibHoro. TOKa. lfayqeHHe 3aBHCHMOCTH 

pa3HOCTH ceqeHHH µ + - H µ - ~B3aHMo,D;eHcTBHH OT MacuITa6HoH nepeMeHHOH 

·x ,Il;aJIO B03MOiKHOCTb BnepBhie noJiytIHTb 3HaqeHHe HHTepcpepeHu;HOHHOH 

cTpyKTypHoH cpyHKD;HH xG 3 (x) H npoaepHTh npe,D;cKa3aHHH KaapK-napToH

HOH Mo,D;eJIH AJIH OTHorneHHH CTPYKTYPHhIX cpyHKD;HH, cnpaaeAJIHBhIX npH 

npe,D;nOJIO:>KeHHH O ,D;po6HOCTH 3apH,D;OB KBapKOB. 

B TeqeHHe 1983 r. npoBe,D;eHbI, npH O,Il;HOBpeMeHHOM o6nyqemrn MIOO

HaMH pa3JIHqHhIX MHIIIeHeH, H3MepeHirn COOTBeTCTBYIOI.D;HX 3THM H,D;paM 

CTPYKTYPHhIX cpyHKD;HH HYKJIOHOB H onpe,D;eJieHO HX OTHOIIIeHHe B 3aBHCH

MOCTH OT nepeMeHHhlX X H Q 2 • 3TH H3MepeHHH 6bIJIH BbinOJIHeHhl AJIH 

npoaepKH cym;eCTBOBaHHH TaK Ha3hIBaeMoro 3cpcpeKTa EaponeHCKOH 

MIOOHHOH KOJIJia6opau;HH (coKpam;eHHo - 3cpcpeKT EMC), yKa3hIBarom;ero 

Ha TO, qTo B o6JiaCTH 3HaqeHHH MaCIIITa6HOH nepeMeHHOH X ;;0,6 B H,D;pax 

B03MOiKHO cym;eCTBOBaHHe MHOrOKBapKOBhIX COCTOHHHH. Pe3yJihTaThl 

3KcnepHMeHTa NA-4 no,D;Taep,D;HJIH 3cpcpeKT EMC H anepah1e noKa3aJIH ero 

He3aBHCHMOCTb OT nepe,D;aHHOro HMnyJibCa (Q 2) H cna6yro 3aBHCHMOCTb 

OT aTOMHOro Beca MHIIIeHH. ,UpyrHMH CJIOBaMH, 3TH pe3yJihTaTbl ycTaHaB

JIHBaJIH, tITO npH onpe,D;eJieHHblX ycJIOBHHX H,D;po MO)KeT cym;ecTBOBaTb 

B BH,D;e o6'beKTa, "cocTaBJieHHoro" He H3 npOTOHOB H HeHTpOHOB. BnepBbie 

3TOT cpaKT 6hIJI YCTaHOBJieH paHee rpynnoH q:>H3HKOB Jla6opaTOpHH BbICO

KHX 3HeprHH, ao3rnaamieMOH A.M.BaJIAHHhIM H B.C.CTaBHHCKHM, a onhI

Tax no npe,D;eJibHOH cpparMeHTaD;HH H,D;ep, BbinOJIHeHHbIX Ha CHHxpocpa30-

TpOHe. Pe3yJihTaThl 3THX OilhITOB Il03BOJIHJIH ccpopMyJIHPOBaTb IIIHpOKYIO 

nporpaMMY HCCJie,D;OBaHHH AJIH 6y,D;yl.D;HX 3KCnepHMeHTOB no rny6oKOHeyn

pyroMy nenTOH-H,D;epHOMy pacceHHHIO npH BbICOKHX 3HeprHHX. Ceifqac H3Y

qe1foe KaapKOBhIX cTenetteif cao6o,D;bI a HApax - HoaaH, aecbMa aKTYaJibHaH 

o6JiaCTb HCCJie,D;OBaHHH, peaJIH3au;HeH KOTOpblX 3aHHTbl MHOrHe rpynnhr cpH-

80 3HKOB Ha acex KpynaeHIIIHX ycKOpHTeJibHbIX KOMilJieKcax MHpa. 



TaKHM o6pa3oM, H3 acero BhiwecKa3aHHoro crre,nyeT, qTo 3a apeMH 

cy:w;eCTB0BaHHH Jla6opaTopHH BbIC0KHX 3HeprHH ee HayqHoMy K0JIJieKTHBY 

y,narrocb ycnewHo npoBeCTH u;errbIH p.H,n BbI,naIOil.l;HXCR: 3KCnepHMeHT0B no 

HCCJie,noBaHHIO <pyH,naMeHTaJibHblX CBOHCTB 3JieMeHTapHblX qacTHI.I; H HX 

CTPYKTypbl H BHeCTH 3aMeTHbIH BKJia,D; B 0TBeThl Ha nocTaBJieHHbie TeopHeH 

B0ilp0Cbl. Ocyru;eCTBJieHHe 3KCnepHMeHTaJibHOH nporpaMMbl B 3T0M BIDKH0M 

HayqH0M HanpaBJieHHH Jla6opaTOpHH BbIC0KHX 3HeprHH npo,n0JI:>KaeTCR: 

H cero,nHH. 
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M3YqEHME MEXAHM3MOB PO*~EHMH 

qACTMU M PE30HAHCOB 

H.M.I'PAMEHHaKHfi, npo<fieccop 

B.I'.I'PHlllHH, npo<fieccop 

M. <P.JIHXA qEB, ,canouoaT <pU3UKO-MaTeMaTUll€CKUX nay,c 

O,n;HHM M:3 TPMHL(H0HHblX HarrpaBJ1eHHH B J1a6opaTOpHH BblC0KHX 

3HeprHH HBJnleTCH H3yqeHM:e CBOHCTB qacTm( H HCCJie,ll;0BaHHe HX MH0:>KeCT

BeHH0ro pmK,lJ.eHHH KaK ,lJ.0MHHHpy10w;ero rrpouecca rrpH B3aHMO,lJ.eHCTBHH 

a,n;poH0B BbIC0KHX 3HeprM:H. ,[(JIH 3TOH u;eJIH B na6opaTOpHH B 50-60-e r0,lJ.bl 

6bIJIH C03,lJ.aHhl 3 :>KH,lJ.K0B0,lI.0p0,lI.Hbie KaMepbl (0,4; 1 H 2 M ITO ,lJ.JIHHe 

K0prryca KaMepbI)' 2 rrporraH0Bbie IIY3blpbK0Bbie KaMepbI (0,5 H 2 M) 

H KCeH0H0BaH KaMepa (0,5 M), a TaK:>Ke MarHHTHbie crreKTp0MeTpbI, co.rr.ep

:>Kaw;He HCKp0Bbie KaMepbI H qepeHK0BCKHe cqeTqHKH. MeTO,lJ.HKa rry3blpb

K0BblX KaMep, perHCTpHpy10w;Hx Bee BT0pM:qHbie 3apH:>KeHHbie H HeHTpaJib

Hbie qacTHUhI, CTaJia OCHOBHOH rrpH H3yqeHHH MH0:>KeCTBeHHoro p0:>K,lJ.eHHH 

qacTHU rrpH 3HepmHx .rr.y6HeHcKoro (10 r3B) H ceprryxoacKoro (70 r3B) 

ycKOpM:TeJieH. B pe3yJihTaTe 3KCII03HI.l;HH 3THX KaMep B rryqKax pa3JIHqHblX 

qacTHU ( rr, n, p , p , d , d H nerKHx H.n;ep) rrpH 3HeprHHX OT 1 .rr.o 40 r3B 6bma 

rronyqeHa o6urnpHaH HHq>OpMal.l;HH 06 HX B3aHMO,lJ.eHCTBHHX ( 0K0JI0 5 MHJI

JIH0H0B CT~peocpoTorpacpHH) , K0T0paH paCCbIJiaJiaCb a 50 HHCTHTYT0B 

CTpaH-yqacTHHU O11JU1, a TaK:>Ke a HHCTHTYTbl l1H,lJ.HH, IOrocnaBHH, <I>paHI.l;HH, 

<l>HHJIHH,lJ.HH H .rr.pyrHx CTpaH. OKOJIO 50% HHq>OpMal.l;HH o6pa6aThIBaJIOCb 

B O11Hl1. 

BrrepBbie 6bIJIH C03,lJ.aHbl 6oJihllme K0JIJieKTHBbl q>H3HKOB M:3 pa3HbIX 

CTpaH (.rr.o 100 crreu;HaJIHCTOB)' pa6oTaIOw;Hx ITO cornacoBaHHOH q>H3HtieCKOH 

rrpo6JieMaTM:Ke, qTo II03B0JIHJI0 cyw;eCTBeHH0 ycK0pHTb II0JiyqeHM:e H0BbIX 

pe3yJihTaT0B. 3To rrpHMep ycrreUIHOH opraHH3al.l;HH "cpH3HKH Ha pac-

82 CTOHHHH"' qTo HBJIHeTCH O,lJ.HOH M:3 rnaBHblX 3a,n;aq O11Hl1. 



O6pa6oTKa HH<pOpMamm, nonyqeHHOH C Il0M0IUblO ny3blpbK0BbIX 

KaMep, o6nyqeHHbIX Ha CHHXpo<pa3oTpOHe OHJU1, f103B0JIHJia nonyqHTb 

,rtaHHbie 0 CBOHCTBax p0)K)];aIDIUHXCH qacTHD; H pe30HaHC0B (HanpHMep, 

06 HMilYJibCHbIX H YI'JI0BbIX pacnpe.neneHHHX, Il0JIHpH3aa;HHx, ceqeHHHX 

H T.,n.). IlpH 3THX 3HeprHHX ( SlO r3B) ,rt0MHHHpywm;y10 P0Jib HI'paIOT 

nepH<pepHqecKHe npou;ecCbI C o6pa30BaHHeM pe30HaHC0B. BbIJIH H3MepeHbI 

xapaI<TepHCTHI<H po)K)];eHHH JieI'KHX pe30HaHC0B ( p, w, f) H. HYI<JI0HHblX 

H3o6ap (M. 3TH ,naHHbie 6bIJIH ycnewHo 0nHCaHbI Mo,neJibIO c o6MeHoM 

pe,rt:lKH30BaHHbIM IlH0H0M. B 1960 I'. C Il0M0IUblO nponaHOBOH ny3bipbKOBOH 

KaMepbI, o6nyqeHHOH 0TpHa;aTeJibHbIMH IlH0HaMH C HMnyJibC0M - 8 r3B/c, 

6bIJI o6Hapy,KeH cnyqau: o6pa30BaHHH H pacna.na HOBOH aHTmaCTHa;bl -

aHTHCHI'Ma-MHHYC·I'HnepoHa. 3To HBJleHHe 3apeI'HCTpHp0BaH0 B 1<aqeCTBe 

HayqH0I'0 0TKpbITHH. Ha 0CH0Be 3JleKTpOHHOH MeT0,rtHKH B 3KCnepHMeHTax 

no H3yqeHHIO 17+p.pacceHHHH Ha3a,rt 6bIJIH anepBbie YCTaH0BJieHbI qeTHOCTH 

HYKJI0HHbIX H3o6ap fl. (2420) H fl.(2840). Pe3yJibTaTbI HCCJie,noBaHHH Ha 

.ny6HeHCKOM CHHXpo<pa30TpOHe B0WJJH B 6aHK MHp0BbIX ,rtaHHbIX H o6-

30pb1 no xapaKTepHCTHKaM npou;eccoa npH 3THX 3HeprHHx. 

B CBH3H C 3anycK0M B 1967 I'. CaM0I'0 M0m;H0I'0 B MHpe YCK0pHTeJVI 

Ha 70 r3B B 11<1>B3 (IlpOTBHHO) C n0M0IUblO ,nayxMeTp0BbIX nponaHOBOH 

H ao.nopo,rtHOH ("JI10,nMHJ1a") ny3blpbK0BbIX KaMep 61,ma ocym;eCTBJleHa 

6oJibWaH nporpaMMa HCCJle,rtOBaHHH npou;eccoB MH0:>KeCTBeHH0I'0 po)K)];eHHH 

npH 3HeprHH 22 H 40 r3B. 3TO nepBbie pe3yJJLTaTbI npH CT0Jlb BbIC0KHX 

3HepI'HHX. Ilpe)K)];e acero 6bIJIH nonyqeHbI ,rtaHHbie 0 MH0:>KecTBeHH0CTHX 

BT0pHqHblX 3apH:>KeHHbIX H HeHTpaJJbHbIX qacTHD; B pp- , 77 -p- H 17 - 12c -
B3aHMO,rteHCTBHHX, K0T0pbie CpaBHHBaJJHCb C M0,rteJJHMH MYJil,,THnepH<pepH

qecK0I'0 THna. O6Hapy:>KeH pocT cpe,nHeH MH0:>KecTBeHH0CTH iieu:TpaJJLHbIX 

IlH0H0B C yaennqeHHeM qncna 3apmKeHHbIX qacTHa;, ~o CBH,neTeJJbCTB0BaJJ0 

0 cym;eCTBeHH0M BKJJa,ne BeTBJJeHHH npn 3THX 3HepI'HHX. B ,rtaJibHeiiweM 

YCTaH0BJJeHHaH 3aK0H0MepH0CTb 6bIJia no,nTaep:>K,neHa H npn 6onee BbIC0KHX 

3HepmHX, BnJJ0Tb .no 3HepmH KOJJJlaH,nepa ( E = 140 T3B). 

BbIJJO o6Hapy:>KeHo, qTo BO MH0:>KeCTBeHHbIX npou;eccax npH 3HepI'HHX 

22 H 40 r3B ,rt0MHHHpyeT o6pa30BaHHe pe30HaHC0B ( >~80%) . 3TH pe3yJJb• 

TaTbl 6bIJJH nepBbIM iI0,rtTBep)K)];eHHeM npe,ncKa3aHHH KBapK0BbIX Mo,ne

JieH MH0:>KeCTBeHH0I'0 po:>K,neHHH qacTHa;. ,UeTaJJbHOe cpaaHeHHe 3KCnepHMeH

TaJJbHbIX ,rtaHHbIX C KBapKOBOH Mo,neJJblO Il0I<a3aJJ0, qTo 0Ha xopowo 0ilHCbI· 

BaeT HHKJll03HBHbie H nonyHHKJll03HBHbie cneKTpbI BT0pHqaI,IX qacTHD; 

B pp-B3aHMo.neiiCTBHHX npH 3Hepnm 22 r3B. OTI<JioHeHHH Ha6n10.na10TcH 

npH cpaaHeHHH K0ppeJJHD;H0HHbIX xapaKTepHCTHK, 3T0 .naeT B03M0:>KH0CTb 

ycoaepweHCTB0BaTb KBapK0Bbie M0,rteJJH H rny6:>Ke noHHTb npHpo.ny Me

XaHH3Ma MH0:>KeCTBeHH0I'0 po)K)];eHmI. 

Pa3pa6oTaHHbIH B na6opaTopHH MeTO,n HHTep<pepeHD;HOHHbIX K0ppe

JIHD;HH no3B0JlHJl onpe,neJJHTb pa3Mepbl o6JJaCTH HCnyCKaHHH nH0H0B B HC· 

cne.nyeMbIX npou;eccax. B pp-B3aHMo,neikTBHHX OH 0Ka3aJICH paaeH 

r ~ 2,5 q>M, B "- p-coy.napeHHHX (40 r3B) - 1,6 q>M. B1,ma H3yqeaa 83 



H cpopMa o6nacTH H3nyqeHHH nH0H0B, 0Ha 0Ka3anacb BhITHHYTOH B,11,0Jih 

OCH peaKI.J;HH B pp-B3aHMO,lI,eHCTBHHX H "cnmocHyToH" B TT- p -coy,11,apeHHHX. 

B o6oHX cnyqaHx :na cpopMa o6naCTH H3nyqeHHH nH0H0B 061,HCHHeTCH 

KHHeMaTHKOH o6pa3oBaHHH H pacna,n;a pe3oHaHC0B. Ehmo TaK)Ke noKa3a

H0, qTo 3KCTpeManbHhie 3HaqeHHH pa3MepoB o6nacTH o6pa3oBaHHH nH0H0B 

B TT-P -B3aHMO,lI,eHCTBHHX Ha6mo,lI,aIOTCH B CHCTeMe u;eHTpa HHepn;HH (c.u;.H.) 

C0CTaBnHIOll.J;HX HX KBapK0B, qTo HBnHeTCH npHMhIM ,lI,0Ka3aTenbCTB0M 

KBapKOBOH npHp0,11,hI 3THX B3aHMO,lI,eHCTBHH. 

EonblllOH HHTepec npe,11,cTaBnHeT H3yqeHHe cnHH0BhIX 3cpcpeKTOB, npo

HBnHIOll.J;HXCH npH p0)K,11,eHHH aeKT0pHhIX Me30H0B. IT pH HCcne,11,oBaHHH 

npou;eccoB pmK,11,eHHH p0
- H Cu ':Me30HOB B pp-B3aHMO,lI,eHCTBHHX 6hma 06-

Hapy)KeHa 3HaquTenhHaH BhICTpoeHH0CTb cnHHa 3THX ~e30H0B. OTCYTCTBHe 

3THX 3cpcpeKTOB B pp-B3aHMO,lI,eHCTBHHX npH TOH )Ke 3HeprHH (22 r3B) 

n03B0nHeT CBH3aTh HX C aHHHrHnHI.J;H0HHhIMH npou;eccaMH B pp-B3aHM0-

,11,eHCTBHHX. 3TH ,11,aHHhie, B qacTH0CTH, yKa3hlBaIOT Ha HeC0CT0HTenhH0CTb 

npe,11,nono)KeHHH HeK0T0phIX KBapK0BhIX M0,11,eneif 0 paBHOH Bep0HTH0CTH 

cyrn;ecTB0BaHHH Bcex cnHH0BhIX npoeKI.J;HH KBapK0B. ITpuqHHhl noHBneHHH 

nonHpH3aI.J;HH KBapK0B ,11,0 HX 061,e,11,uHeHHH B a,11,p0Hhl B HaCT0Hrn;ee BpeMH 

nmpoK0 o6cy)K,lI,aIOTCH. B n1060M cnyqae, 0HH CBH3aHhl y)Ke C 6onee T0H

KHMH 3cpcpeKTaMH MeXaHH3Ma MH0)KeCTBeHHoro p0)K,11,eHHH. 

TaKHM o6pa30M, ,11,nuTenbHOe H3yqeHHe MH0)KeCTBeHHhlX npou;eccoB 

B pp ( 22 r3B) - H TT - p ( 40 r3B) -B3aHMO,lI,eHCTBHHX, npoae,11,eHHoe KOnneK
THBaMH q>H3HKOB H3 CTpaH-yqacTHHU: Ol1JU1 C noM0ll.J;blO ,11,BYXMeTp0BhIX 

ny3hlpbK0BhIX KaMep, no3B0nHno 0TKphITb H0Bhie 3aK0H0MepH0CTH 3THX 

npou;eccoB H YCTaH0BHTb HX KBapK0BYIO npupo,11,y. 3TH pa60Thl cnoco6cT

B0BMH pa3BHTHIO KBapK-napT0HHhIX M0,11,eneif B3aHMO,lI,eHCTBHH a,n;poH0B 

npH BhIC0KHX 3HeprHHX. 

C noMorn;hIO ,11,ayxMeTpoaoif nponaHOBOH KaMeph1 BhmonHeH 6onhllIOH 

U:HKn 3KCnepHMeHT0B no uccne,11,oBaHHIO KyMynHTHBHhlX npou;eccoB 

B TT- 1~c -B3aHMo,11,eifcTBHHX npH p = 40 r3B/c. BnepBhie 6hmo noKa3aHo, 

qTo npe,11,enhHaH cpparMeHTaU:HH H,11,ep yrnepo,11,a HMeeT MecTo B HHTepaane 

OT 4 ,11,0 40 r3B/c. J,fayqeHhl K0ppenHI.J;H0HHhie xapaKTepHCTHKH nH0H0B 

H np0T0H0B B KyMynHTHBHhIX npou;eccax H ycTaH0BneHhl o6naCTH HX H3-

MeHeHHH. O6Hapy)KeHhl KYMYnHTHBHhie CTpyH a,n;poH0B, xapaKTepHCTHKH 

K0T0phIX C0Bna,n;aIOT C aHanorHqHhIMH B '')KeCTKHX;' npou;eccax H e + e -:.aHHH

rHnHI.J;HH npH 0,11,HHaK0BhIX 3HeprHHX B3aHMO,lI,eHCTBHH B c.u;.H. 3Ta C0B0Kyn

H0CTb ,11,aHHhIX 061>HCHHeTCH B paMKax KBapK-napTOHHOH Mo,11,enH H,11,pa, He 

CBO,lI,Hrn;eHCH K Mo,11,enH He3aBHCHMhIX HYKn0H0B C yqeT0M HX cpepMH

,11,BH)KeHHH. 

B nocne,11,HHe ro,11,hl C noM0ll.J;blO KaMephI "JlI0,11,MHna" np0B0,11,HTCH 

3KCnepHMeHTanhH0e uccne,11,oBaHHe B3aHMO,lI,eHCTBHH aHTH,11,eHTpOHOB npH 

p :::! !_2 r3B/c. rnaBHaH u;enb 3THX 3KCnepHMeHT0B - H3yqeHHe aHHHrHnH

U:HH dd' TO eCTb 6 KBapK0B H 6 aHTHKBapK0B. ITonytJeHhl nepBhie pe3ynh

TaThl no MH0)KeCTBeHH0CTH H 0,11,HoqacTHqHhIM HHKnI03HBHhIM xapaKTepH-

84 CTHKaM dd-B3attMo,11,eifcTBHH. Haif,11,eHo co6hITHe dd -aHHHrttnHU:HH 



( a > 0 ,1 M6) • TioCKOJibKY 06 a.HHlirHJIHQH0HHbIX Ka.Hanax B 3THX rrpoQeC

cax HeT HHKaKOH HHcpopMaQHH, TO II0CJie o6pa6oTKH rronyqeHHblX ,!J;a.HHbIX, 

HeC0MHeHH0, II0HBHTCH H0Bbie HHTepecHhie CBe,IJ;eHHH 06 3THX 3K30THqecKHx 

peaKQHHX. 

B 1986-1990 rr. Ha 6a3e ycTa.H0BKH "JIIO,IJ;MHJia" 6y,IJ;eT C03,IJ;aH Mar

HHTHblH crreKTpoMeTp C BepIIIHHHblM ,IJ;eTeKT0p0M (CB.[(). B KaqecTBe Bep

IIIHHHoro ,IJ;eTeKTopa 6y,IJ;eT HCII0Jib30BaTbCH 6bICTpOQHKJIHpyromaH B0,IJ;0-

p0,D;HaH KaMepa C BblC0KHM (10-20 MKM) rrpocTpaHCTBeHHbIM pa3peIIIeHH

eM. rnaBHoii 3a,IJ;aqeii CB.[( HBJIHeTCH n3yqeHne xapaKTepHCTHK rrpoQecca 

o6pa30B8.HHH oqap0Ba.HHblX qacTHQ IIH0HaMH H rrpoT0HaMH rrpH 3HeprHHX 

50-70 r3B Ha ceprryxoBcKoM ycKopnTene. 

Mo,D;epHH3HpyeTCH ycTa.H0BKa C ,IJ;BYXMeTpOBOH rrporraHOBOH KaMepoii. 

OHa 6y,IJ;eT 3aII0JIHeHa rrporraH0M HJIH cppeOHOM, B Heu 6y,IJ;yT ycTaH0BJieHbl 

IIJiaCTHHKH H3 pa3JIHqHblX 3JieMeHT0B. Bee 3T0 II03B0JIHT H3yqaTb B3aHM0-

,IJ;eHCTBHH H,D;ep, a TaK)Ke a,D;p0H0B H nem0H0B C H,D;paMH rrpH BblC0KHX 3Hep

rHJIX. B HaCT0HIQee BpeMH rrpaKTHqecKH 0TCYTCTBYIOT ,!J;a.HHhie 06 a,D;pOHHOH 

K0MII0HeHTe, o6pa3yromeiicH BO B3aHMO,IJ;eHCTBHHX HeHTpHHO ( a.HTHHeHT

pHHO) co cpe,D;HHMH H TH)KeJibIMH H,D;paMH. B CBH3H C 3THM IIJiaHHpyeTCH 

HCII0Jib30BaTb 3TY yCTa.H0BKy ,!J;JIH H3yqeHHH rrpoQecca o6pa30BaHHH a,D;p0H0B 

BO B3aHMO,IJ;eHCTBHHX v(v) C H,D;paMH Ha ceprryx0BCK0M ycK0pHTeJie. 

B K0HQe 70-x - Haqane 80-x ro,IJ;0B c II0M0IIJ;bIO 6eccpHJibMOBOro 

crreKTpoMeTpa (EHC-2) Ol1.Hl1, ,IJ;eiicTByromero Ha JIHHHH c 8BM B rryqKe 

HettTpOHOB ceprryxoBCKoro YCK0pHTeJIH, rrpoBe,IJ;eHbl H3yqeHHe a,D;p0HHoro 

p0)K,!J;eHHH oqap0Ba.HHblX qacTHQ n CTpaHHbIX 6apHOHOB n II0HCK H0BblX 

Y3KHX 6apHOHHbIX pe30H8.HC0B. 8TH HCCJie,IJ;oBaHHH BbIII0JIHeHbl B C00TBeTCT

BHH C IIJia.H0M Me)K,IJ;yHapo,D;H0ro C0TPYAHHqeCTBa Ol1.Hl1, B HHX rrpHHHJIH 

yqaCTHe 14 HHCTHTYT0B CoBeTCKoro Co103a H CTpa.H-yqaCTHHQ, 

B 3THX HCCJie,IJ;0Ba.HHHX rrpH 3HeprHHX HeiiTpOHOB, ,!J;0CTYIIHblX Ha cep

rryxoBCK0M ycKopHTeJie (20-70 r3B)' BrrepBbie 6bIJIH rronyqeHhl CJie,IJ;yIO

IQHe pe3yJibTaThI: 

a) rronyqeHhl 3KCIIepHMeHTaJibHhie ,IJ;a.HHbie 0 ceqeHHHX H ,!J;HHaMHKe 

po)K)];eHHH CTpa.HHblX 6apHOHOB co CTpaHH0CTHMH OT -3 ,!J;0 +2; 

6) o6Hapy)KeH l;IOBhIH y~KHH ~apHOHHhIH pe3oHaHc c Maccoii 

1956~~ M3B/c 2 B CHCTeMe ! (1385)K , HCCJie,IJ;oBaHhl xapaKTepHCTHKH 

ero pmK,IJ;eHHH H pacrra,IJ;a; 

B) Ha6JIIO,IJ;aJiaCb KorepeHTHaH ,IJ;HCC0QHaQHH HeiiTpOHOB Ha H,D;pax 

B cHcTeMy A°K
0

; 

+ 
r) Ha6JIIO,IJ;aJIOCb a,D;p0HH0e p0)K,IJ;em1e oqapoBaHHblX 6apHogoB Ac, 

Ha,IJ;e)KH0 3aperHCTpHpoBaHHblX no ABYM KaHaJiaM pacrra,IJ;a: K 'p TT - TT+ 

(KaHaJI pacrra,IJ;a Ha6JIIO,IJ;aJICH BIIepBbie) H AO
TT+TT-TT +; II0Ka3aH0, qTo HH)K

HHH rpaHHQa ceqeHHH po)K,IJ;eHHH A~ HeiiTpoHaMH C 3Heprneu 58 ± 2 r3B/c 

C0CTaBJIHeT ;;; 17 MK6 Ha HYKJI0H, qTo rrpeBbIIIIaeT rrpe,D;CKa3a.HHH 3Haqn

TeJibHOH qacTH TeopeTnqeCKHX MO,IJ;eneii; 

A) rronyqeHhl 3KCIIepHMeHTaJibHhie ,IJ;aHHbie (rrpH 3HeprHHX, 0TJIHq

HbIX OT 3Heprnii BCTpeqHbIX HaKorrHTeJihHhIX K0JieQ B UEPHe) o ,IJ;HHaMHKe 85 
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a,n;poHHoro po,K,Ztemrn 011apoBaHHblX 6apHOHOB+ CBH,D:eTeJibCTBYIOIUHe 0 cy
mecraeHHOM ponH npo]lecco~ o6paaoBaHHR Ac a o6naCTH cpparMeHTan;HH 
nepBHIJHblX HeMTpOHOB. 

HayqHaR nporpaMMa Ha 1986-1990 rr. (npoeKT "qapM") npe,nycMaT
pHBaeT npoae,neHHe Ha KatJeCTBeHH0 H0B0M ypoaae HCCJie,nOBaHHM CBOMCTB 
npo]leCC0B po,K,ZteHHR H pacna,n;a 011ap0BaHHblX llaCTHil, Y3KHX 6apHOHHbIX 
pe30HaHCOB H CTpaHHblX tJaCTHil, o6paayeMblX HeMTpOHaMH npH 3Hepnrnx, 
.nocTynHhlX Ha cepnyxoBCK0M ycicopHTeJie. Mo.nepHH3HpOBaHHblH cneicTpo
MeTp BHC-2M OH.RH cymecraeHH0 pacwHpHT o6nacTb H3MepeHH.R KHHeMa
THtJeCKHX nepeMeHHbIX HCCJie.nyeMblX npo]leCC0B, YJIYIIWHT H,D:eHTHq>HKa
]lHIO BT0pHIIHblX aap.R:>KeHHblX tJaCTHil, Il0BblCHT H36HpaTeJibHOCTb K H3y11ae
MblM KaHaJiaM peaK]lHM B peanbH0M apeMeHH. 



CTTEKTPOCKOTTMH PA~MA~bH0-803BY~~EHHMX CMCTEM 
M3 ~ErKMX KBAPKOB· 

A.A.TJIIIKHH, npo<fieccop 

B nocne,IJ;Hee ,IJ;eC.HTHJienrn Ha cepnyxoBCKOM YCK0pHTeJie C noMombro 

MarHHTHoro HCKpOBoro cneKTpoMeTpa (MMC) OH.RH 6bm npoBe,IJ;eH 

6oJibWOH QHKJI HCCJie,IJ;OBaHHH pa3JIHl!HbIX KaHaJIOB MHO:>KeCTBeHHoro o6pa-

30BaHIDI 3apH:>KeHHbIX tiaCTHQ Ha H,IJ;pax. 3To 6bIJI Il.HTbIH 3KCnepHMeHT no 

rmaHy Me:>K,!J;yHapO,!l;HOro C0TPYAHHtieCTBa rocy,IJ;apCTBeHHOro KOMHTeTa 

rro HcnoJib30BaHHIO aToMHOH 3HeprHH CCCP H EBpone:i1:cKo:i1: opraHH3aQHH 

no .H,IJ;epHbIM HCCJie,IJ;0BaHHHM (ll,EPH). OCHOBHbIMH yqacTHHKaMH COBMeCT

HblX HCCJie,IJ;OBaHHH 6bIJIH C0TPYAHHKH 0T,IJ;eJia HCKp0B0ro cneKTpoMeTpa J1a-

6opaTopHH H,IJ;epHbIX npo6neM OH.RH H HaQHOHaJibHoro HHCTHTyTa H,IJ;epHo:i1: 

q)H3HKH liTaJIHH H3 MHJiaHa H 60JIOHbH. IlpHHHJIH B HHX yqacTHe H q)H3HKH 

H3 YHHBepCHTeT0B BapWaBbI, BpaTHCJiaBbl H XeJibCHHKH. 

O6pa6oTKa o6wHpHoro 3KCnepHMeHTaJibH0ro MaTepHaJia, IIOJiytieH

HOro Ha ycTaH0BKe MMC, 3aBepwHnacb ycTaHOBJieHHeM Qenoro p.a,IJ;a Ba:>K

HbIX pe3yJibTaT0B. IlpH H3ytieHHH o6mHx xapaKT~pHCTHK MH0:>KeCTBeHHOro 

o6pa30BaHIDl 3ap.a:>KeHHbIX qacTHQ OTpHQaTeJibHbIMH nHoHaMH Ha H,IJ;pax 6bI

Jia o6Hapy:>KeHa HeH3MeHHOCTb ,!J;JIH pa3HbIX .H,IJ;ep MHWeHH nceB,IJ;06bICTpOT

HbIX pacnpe,IJ;eJieHHH npH q>HKCHpOBaHHOH MHO:>KeCTBeHHOCTH. liHTepeCHbie 

H0Bbie pe3yJibTaTbl ,!J;aJIH npoBe,IJ;eHHbie cneQHaJibHbie H3MepeHH.H cetieHHH 

noJiyKorepeHTHblX ynpyrHX H HeynpyrHX B3aHMO,IJ;eHCTBHH nHOHOB C H,IJ;pa

MH yrnepo,IJ;a, K0T0pbie conpOB0:>K,!J;aIOTCH nocne,IJ;yromHM H3JiytieHHeM 

Y-KBaHTa B036y:>K,!J;eHHbIM H,!l;pOM. 

Ha06onee Ba:>KHbie pe3yJibTaTbl 6bIJIH nonyqeHbl npH H3ytieHHH ,!J;Hq)

paKQH0HHoro o6pa30BaHH.H nHOHaMH Ha .H,IJ;pax TpexnH0HHbIX CHCTeM. H3 

Bcex KaHaJI0B Heynpyroro B3aHMO,IJ;e:i1:cTBHH 3T0T npoQecc HaH6onee 6JIH-

30K K 6HHapHbIM peaKQHHM. OH ,IJ;onyc1<:aeT ,IJ;eTaJibHbIH aHaJIH3, KOTOpbIH 

n03B0JIHeT onpe,IJ;eJIHTb BKJia,IJ; OT,IJ;eJibHbIX COCTOHHHH, pa3JIHllaIOmHXCH no 

cnHHy H tieTH0CTH. B CHJIY 3THX oco6eHHOCTeH HCCJie,IJ;oBaHHe npoQecca ,!J;Hq>

paKQHOHHOH ,!J;HCCOQHaQHH a,!l;pOH0B Ha H,IJ;pax B 6onee CJI0:>KHbie CHCTeMbl 

npe,IJ;CTaBJIHeT YHHKaJibHbie B03MO:>KH0CTH ,!J;JIH o6Hapy:>KeHHH H H3ytieHHH 

pe30HaHCHbIX YPOBHeH B036y)K,!J;eHH.H, npHcymHx HaJieTaromHM a,!l;pOHaM KaK 87 



CJIO:>KHblM CHCTeMaM, COCTOJII.QHM H3 1rnapKa H aHTHKBapKa. BJiarogapH 

BbICOKOH TOqHOCTH H3Mepemrn napaMeTpOB TpeKOB qaCTHQ B npoaegeHHOM 

3KCnepn:MeHTe YAaJIOCb B nOJIHOH Mepe peaJIH30BaTb yKa3aHHbie npeHMy

mecTBa nOHCKa pe30HaHCHblX COCTO.fIHHH B ;::i;mppaKJ:.J;HOHHOM npoQecce HX 

o6pa3oBaHH.fl H o6Hapy:>Kn:Tb p~ee He Ha6mo;::i;aanmecH pa;::i;HaJihHO-Bo36y:>K

;::i;eHHhie COCTO.fIHH.fl nHOHa. 

,[(JI.fl H3yqeHH.fl npoQecca ;::i;HcppaKQHOHHoro o6pa3oBaHH.fl TpexnHoH

HhIX CHCTeM Ha H;::i;pax nHOHaMH C HMnyJibCOM 40 r3B/c HaMH noJiyqeHo CBbl

rne 700 TblC.fiq CTepeocpoTorpacpn:ii B3aHMO;::J;eHCTBHH nHOHOB C pa3JIHqHblMH 

H;::J;paMH MHllleHn:; ynpaBJieHn:e cneKTpoMeTpOM ocymecTBJI.fIJIOCb cneQHaJib

HOH TpHrrepHOH CHCTeMOH, 3cpcpeKTHBHO OT6Hparomeii KOrepeHTHbie co6bI

TH.fl C MaJiblM nepe;::J;aHHbIM HMnyJibCOM. TaKOH 3Haqn:TeJibHblH 061,eM <pHJib

MOBOH HH<pOpMaQHH noTpe6oBaJI npHMeHeHH.fl nOJIHOCTblO aBTOMaTn:qeCKOH 

o6pa6oTKH CTepeocpOTOCHHMKOB, KOTOpaH npOBO}];HJiaCb Ha CKaHHpy10mHx 

aBToMaTax HPD B BoJIOHhe n: ,ll;y6He. TiocJie;::i;y10maH o6pa6oTKa 3KcnepH

MeHTaJihHoro MaTepHarra H aHaJil:13 pe3yJihTaTOB npOBO)J;HJIHCb Ha 6oJihllIHX 

8BM B ,ll;y6He, Mn:JiaHe H )KeHeae. 

B pe3yJihTaTe aBTOMaTHqeCKOH o6pa6oTKH 3KCnepn:MeHTaJibHOro 

MaTepHarra 6hIJIO noJiyqeHo 110 TbIC.fiq co6bITHH C o6pa30BaHHeM Tpex 

nHOHOB, YAOBJieTBOpHIOinHX BCeM KpHTepHHM reoMeTpHqecKOH H KHHeMa

TmecKOH npoaepKH. ,ll;JI.fl Ka:>K;::i;Oro l:13 3THX co6hITHH 6bIJIH onpegeJieHbl 

BeJin:qn:Ha nepe;::i;aHHOro H;::i;py HMnyJihCa, yrJihl BhIJieTa Me30HOB H3 MHllleHH, 

HX HMnyJibCbl H 3cp<peKTHBHa.fl Macca no KO.fl BCeH CHCTeMbI 113 Tpex nHOHOB. 

8TH ;::J;aHHhie 3aKJIJOqaJIH B ce6e noJIHYIO HH<pOpMaQHIO, Heo6XO}];HMYIO )];JI.fl 

aHaJIH3a xapaKTepHCTHK B03MO:>KHbIX pe30HaHCOB, o6pa3yIOmHXC.fl npH 

)J;HCCOQHaQHH nHOHOB. ,ll;JI.fl }];aJibHeiirnero aHaJIH3a HCnOJib30BaJIHCb co6bI

TH.fl c MaJiblM nepeAaHHbIM HMnyJibCOM a o6JiaCTH ;::J;H<ppaKQHOHHOro KOHyca 

;::i;o nepaoro MHHHMyMa. 8To Ha;::J;e:>KHO o6ecneqnJio BhI6op "qncTbIX" Kore

peHTHhIX co6bITHH 6e3 B036y)K)J;eHH.fl H;::J;pa MHllleHH. 

C QeJiblO Bbl.fIBJieHH.fl B03MO:>KHbIX pe30HaHCHbIX COCTO.fIHHH }];JI.fl BCeH 

TpexnHOHHOH CHCTeMbl 6bIJI HCnOJib30BaH napI.J;HaJibHO-BOJIHOBOH aHaJIH3 

TpexqaCTHqHbIX co6hITHH, yqn:TbIBalOIQHH pa3;::J;eJibHO BKJla;::J;bl pa3JIHqHbIX 

BOJIHOBbIX COCTO.fIHHH no cnHHY H qeTHOCTH. TaKOH aHaJIH3 n03BOJI.fleT He 

TOJibKO o6Hapy:>KHTb pe30HaHCHblH xapaKTep BKJia;::i;a onpegeJieHHOH BOJIHhI, 

HO H noJiyqHTb no H3MeHeHHIO B COOTBeTCTBYJOmeiI o6JiaCTH Mace cpa3bl 

3TOH BOJIHbl ;::J;OKa3aTeJibCTBO pe30HaHCHOH npHpO}];bl o6Hapy:>KeHHOro nHKa. 

8To o6CTO.fITeJibCTBO HMeeT pernaromee 3HaqeHHe B CJiyqae noHCKa MaJIOHH

TeHCHBHblX H llIHpOKHX pe30HaHCOB, noCKOJibKY no;::i;o6Hble nHKH MOryT 

B03HHKaTb TaK:>Ke H3-3a KHHeMaT11qeCKHX 3cpcpeKTOB. 

B pe3yJihTaTe aHaJIH3a 6bIJIH npe)K)J;e BCero HaiI;::i;eHhl }];OCTaToqHo 

HHTeHCHBHbie nHKH H3BeCTHbIX pe30HaHCOB A l H A 3 C KBaHTOBbIMH qnc

JiaMH 1 + H 2-. ,[(JI.fl 3THX nHKOB o6Hapy:>KeHhl 3HaqHTeJibHbie H3MeHeHH.fl cpa3 

COOTBeTCTBYIOIQHX BOJIH 1 + H 2 - B 3aBHCHMOCTH OT 3cpcpeKTHBHOH MaCCbl 

CHCTeMhl l:13 Tpex nHOHOB. 8TO OKoHqaTeJibHO AOKa3bIBaeT pe30HaHCHYIO 

88 np11po;::i;y 3THX nHKOB. 



HaH6onee aaJKHhie pe3yJibTaTbI npoae;::i;eHHhIH aHaJIH3 ;::i;an AJIH BKJia;::i;a 

BOJIHbI o- ' HMeIOI.QeH Te iKe KBaHTOBbie qHCJia MOMeHTa If qeTHOCTH, qTo 

If HaJieTaIOI.QHH IlHOH. B 3aBHCHMOCTH BKJia;::i;a :nail: BOJIHbI OT 3cpcpeKTHBHOH 

MaCCbI IlOKOJI Bceil: CHCTeMhI 6bIJIH o6HapyiKeHbI xapaKTepHbie TIHKH B 06-

JiaCTH oKono 1200 H 1800 M3B. IlonyqeHHhie B Tex iKe o6nacTHX Mace 3Ha

qHTeJihHhie H3MeHeHHJI cpa3hl BOJIHbI O - ( OKOJIO 80 °) y6e)];HTeJibHO CBH)];e

TeJibCTBYIOT O pe3oHaHCHOH npHpo;::i;e o6Hapy)KeHHbIX IlHKOB. 

3HaqHTeJibHaJI umpHHa HOBhIX pe30HaHCOB (300 If 200 M3B)' MaJiaJI 

HHTeHCHBHOCTb If nepeKpbITHe nepaoro H3 HHX 6onee HHTeHCHBHbIM A i-pe-

30HaHCOM npeTIHTCTBOBaJIH o6Hapy)KeHHlO 3THX B036y)K,lJ;eHHbIX COCTOJIHHH 

B pa6oTax, npe;::i;rnecTBOBaBIIIHX HallieMy 3KCnepHMeHTy. BoJiblliaJI CTa

THCTHKa co6bITHH If BbICOKaJI TOqttQCTb H3MepeHHH Il03BOJIHJIH B ;::i;aHHOM 

3KcnepHMeHTe YCTaHOBHTb cyI.QeCTBOBaHHe HOBbIX B036y)K)];eHHbIX COCTOJI

HHH nHoHa co cpe;::i;HHMH 3HaqeHHHMH MacchI 1240±10 H 1770±40M3B*. 

TOT cpaKT, qTQ MaCCbI HOBbIX pe30HaHCOB 3HaqHTeJibHO npeBbIIIIaIOT 

Macey HaJieTaIOI.Qero IlHOHa, a HX KBaHTOBbie qHCJia IlOJIHOro MOMeHTa 

COBTia)];alOT' 03HaqaeT o6HapyiKeHHe B036y)K)];eHHJI pa;::i;HaJibHOH CTeneHH 

CBo6o;::i;bI B KBapK-aHTHKBapKOBOH CHCTeMe. TaKHM o6pa30M, Hail:;::i;eHHbie 

pe3oHaHCbI npHHa)];JieiKaT K oco6oMy THTIY pe30HaHCOB, He YKJia)];bIBaIOI.QHX

CJI a paMKH o6bitIHOH KJiaCCH(pHKau;HH a;::i;poHOB Ha OCHOBe TeOpHH yHHTap

HOH CHMMeTpHH. TaKHe pe30HaHCbI )];aIOT HaH6onee rrpHMoe IlO)];TBepiK)];eHHe 

cocTaBHOH cTpyKTYPhI cTpoeHHJI cooTBeTCTBYIOI.QHX a;::i;poHOB. BaJKHoH oco-

6eHHOCTbIO HOBbIX pe30HaHCOB JIBJIHeTCJI TO, qTo OHH Henocpe;::i;cTBeHHO 

;::i;oKa3hIBaIOT cocTaBHYIO CTPYKTYPY HaHnerqail:rnero a;::i;poHa, BHOCHI.Qero 

ocHOBHOH BKna;::i; B H;::i;epHbie B3aHMo;::i;eil:cTBHH HYKJIOHOB. IlonyqeHHbie 

B 3KCnepHMeHTe KOJIIfqecTBeHHbie xapaKTepHCTHKH o6HapyiKeHHbIX pa

AHaJibHO-B036y)K)];eHHbIX COCTOJIHHH IlHOHa MoryT 6bITb HCilOJib30BaHbI )];JIJI 

npoBepKH TeopHH, npeTeH;::i;yroI.Qeil: Ha OTIHCaHHe cneKTpOCKOilHH CHCTeMbl 

H3 nerKHX KBapKOB. 
+ + -

IlpH aHaJIH3e BKJia)];a BOJIH co CTIHHOM If qeTHOCTblO 1 '2 If 2 6bIJIH 

o6HapyiKeHhl pe3oHaHCHbie 3cpcpeKTbI B o6JiaCTH Mace TpexnHOHHOH CHCTeMhI 

OKOJIO 2 r3B, KOTOpbie yKa3bIBaIOT Ha cyI.QeCTBOBaHHe pa;::i;HaJibHbIX B036yiK

;::i;eHHH A 1-, A 2 - H A 3 -Me30HOB. TeM caMhIM pe3yJihTaTbI npoae;::i;eHHhIX Ha 

cneKTpOMeTpe MMC 3KcnepttMeHTOB npttBeJIH K o6ocHoBaHHlO cyI.QeCTBO

BaHHJI HOBbIX TpaeKTOpHH Pe;::i;iKe, BKJIIOqaIOI.QHX B ce6JI pa;::i;ttaJibHbie B03-

6y)K)];eHHJI IlHOHOB H A-Me30HOB. 

B u;eJIOM iKe 6naro;::i;apH ycnellIHOMY H3yqeHHlO ;::i;ttcppaKQHOHHoro 

npou;ecca o6pa30BaHHJI TpexnHOHHbIX CHCTeM Ha H;::i;pax o6ocHoBaHo HOBOe 

HanpaBJieHHe HCCJie;::i;oBaHHH - cneKTpOCKOilHJI pa;::i;HaJibHO-B036yiK;::i;eHHbIX 

CHCTeM H3 nerKHX KBapKOB. KaapKOBaJI TeOpHH npe;::i;cKa3hIBaeT u;eJibIH pH;::i; 

eI.Qe He OTKpbITbIX B036y)K)];eHHbIX COCTOJIHHH IlHOHOB H KaOHOB B o6JiaCTH 

* Cyll.\eCTBOBa.trne nepBoro Ii3 3TIIX pe30HaHCOB 6blno 3aTeM ITO)J;TBep)K)J;eHO rpyn
naMlf lf3 UEPHa If <l>HAJ1a. 89 



3HeprHH, .n;ocTynHhIX. .n;mt cepnyxoBCKoro YCK0pHTemt. O6Hapy:>KeHHe H0-

BhIX B036y,K.D;eHHhIX. COCT0HHHH H3 nerKHX H CTpaHHhIX kBapK0B, onpe.n;ene

HHe HX MaCChI, pacna,n;HhIX WHPHH H HHTeHCHBH0CTH o6pa30BaHHH 6y.n;eT 

HMeTh nepB0CTeneHHoe 3HaqeHHe MH anpo6awrn peJIHTHBHCTCKHX BapHaH

T0B KBapKOBOH TeopHH a.n;poH0B. 

B npoBe,n;eHH0M 3KcnepHMeHTe Henocpe.n;cTBeHH0 npoHBHnach nno.n;o

TBopHocTh Me,K.D;yHapo,n;Horo HayqHoro C0Tpy.n;HHqeCTBa. O6-i,e.n;HHeHHe 

YCHJlHH HeCK0JlhKHX HayqHhIX. ~eHTp0B Il03B0J1HJ10 Il0JIYqffTh H0Bhie cpyH.n;a

MeHTaJihHhie pe3yJlhTaThI B paHee, Ka3aJI0Ch 6hI, .n;ocTaT0qH0 no.n;po6Ho 

Hccne.n;oBaHHOH o6nacTH 3HeprH:u. 

--=- <W,-=~-
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KBAHTOBAH TEOPHH nonH: 

,a.B.lllHPKOB, tt/leH-KoppecnoHoeHT AH CCCP 

OCHOBHbie 11,neH TeopHH KBRHT0BaHHbIX noneH 3apO,UHJIHCb B K0HUe 

20-x ro,noB 0,UH0BpeMeHH0 C B03HHKH0BeHHeM pemITHBHCTCKOH cpopMynH

poBKH KBRHTOBOH MeXRHHKH. KBaHTOBOe none - 3T0 cpyH,naMeHTaJibHOe 

cpH3HtJecKoe noHHTHe, 0TBet1aroiuee YHHBepcaJibHOH cpopMe MaTepHH H ne
,icaiuee B 0CH0Be acex ee K0HKpeTHbIX npOHBneHHH. KBRHTOBOe none npe,n

CTRBnHeT co6oii e,nHHbIH o6'beKT' 3aMeHHIOIUHH nom1 H tJaCTHUbI KJiaCCHtJe

CKOH cpH3HKH. MaTeMaTHlleCKHH annapaT KBRHTOBOH TeopHH nonH B HaWH 

AHH 11BnHeTCH e,UHHCTBeHHOH TeopeTHtleCKOH OCHOBOH cpH3HKH MHKpot1aCTHU 

H HX B3aHMO.IJ;eHCTBHH. 

CoapeMeHHYIO cpopMy KBaHT0Ba.H TeopHH nonH np1106pena B K0HUe 

40-x - Hat1ane 50-x ro.noa, Kor.na nocne peanH3aUHH H.IJ;eH BbitJHTaHHH 

ynbTpacpHoneTOBbIX 6ecKOHetIHOCTeH 11 nocTpoeHHH KOBapHRHTHOH TeopHH 

B03MyIUeHHH y.nanocb C03.IJ;aTb MaTeMaTHlleCKH CTporyro TeopHIO nepeHop

MHP0B0K H nonyt1HTb K0Het1Hy10 0.IJ;H03HatJHYIO TeopHIO B03MyiueHHH .IJ;JIH 

MaTpHUbI pacceHHHH. Ha 3aKJIIOllHTenbH0M 3Tane 3T0I'0 nepHo.na 0K0Hlla

TenbH0I'0 CTaH0BneHHH KBRHTOB0H TeopHH nonH aa,rozyro p0Jlb CbII'panH 

pa60Tbl H.H.Eoronro6oaa H era WK0nbI. 

1. HOBAR TEOPPIR MATPMUbl PACCERHMR 

B UHKJie pa6oT, ony6mIKOBRHHbIX B 1951-1955 rr., H.H.Eoromo-

6oa .nan cpopMynHpOBKY KBRHTOBO-noneBOH Te0pHH B03MyIUeHHH .IJ;JIH MaT

PHUbl pacceHHHH, paccMaTpHaaeMOH KaK cpyHKUHOHaJI OT cao60.IJ;HbIX 

noneH B npOH3BOnbHOH o6naCTH npocTpaHCTBa-BpeMeHH 111 • B 3T0M no

CTp0eHHH pewaroiuyro ponb Cblrpana HBHa.H MaTeMaTHtJeCKa.H 3anHCb YCJI0· 

BHH MHKpOCKOilHtJeCKOH npHllHHH0CTH 121, Hano'1CeHHoro Henocpe.D;CTBeHH0 

Ha MaTpHUY pacceHHHH H ccpopMynHpOBRHHOI'O B TepMHHax ee aapHauHoH

HbIX np0H3B0.D;HblX no "cpyHKUHH BKJIIOlleHHH B3aHMO.n;eHCTBHH". Ycnoa11e 

npHllHHH0CTH Eoronro6oaa 0Ka3aJI0Cb HaH6onee CHnbHbIM. M3BeCTHoe yc

noBHe noKaJibH0H K0MMyTaTHBH0CTH, Bbipa'1CeHHoe qepe3 K0MMyTaTop 93 
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TOKOB, a TaKiKe ITpe,ri;noiKeHHoe paHee ycnOBlie IIITIOKenh6epra RBnRIOTCR 

cne,ri;cTBWIMH ycnoBHH Boron1060Ba. 11cITonh30BaHHe 3Toro ycnoBHH coB

MeCTHO C ycnoBWIMH penHTHBHCTCKOH KOBapHaHTHOCTH H YHHTapHOCTH MaT

pHIJ;hl pacce.RHWI ITpHBeno K C03,D;aHHIO HOBoro MeTo,ri;a TeopHH B03Mym;e

HHH 131 ITO cTeITeHHM "q:iyHKUHH BKnIOtJeHWI B3aHMo,ri;eiicTBWI". IlpeHMY· 

mecTBO MeTO,D;a CBH3aHO C TeM, tJTO OH He HCITOnb3yeT, ITO,D;06Ho raMHnbTO· 

HOBY MeTo,ri;y' ypaBHeHWI ,D;BHiKeHHH H ITOHHTHe COCTOHHHH B ct>HKCHpOBaH

HhIH MOMeHT BpeMeHH • .[{eno B TOM, tJTO, B OTnHtJHe OT KBaHTOBOH MeXaHH

KH, MaTeMaTHtJeCKH KoppeKTHOe OITpe,ri;eneHHe TaKHX COCTOHHHH B KBaHTO· 

BOH TeopHH B3aHMo,ri;eikTBYIOI.UHX IToneii HaTanKHBaeTCH Ha TPYAHOCTH, 

CBH3aHHbie C HanHtJHeM ynbTpaq:iHoneTOBhIX paCXO,D;HMOCTeH. 

B paMKax HOBOro MeTo,ri;a MaTpHn;a pacceHHHH BO BCex ~KOnb yro,ri;Ho 

BhICOKHX ITOpH,D;Kax TeopHH B03MymeHHH ITpe,ri;CTaBnHeTCH B BH,D;e, 6nH3KOM 

K pe3yJibTaTaM o6bitJHOro raMHJibTOHOBa no,ri;xo,ri;a, HCITOJib3YIOID;ero ypaB

HeHHe Illpe,ri;HHrepa. OTJIHtJHe 3aKJIIOtJaeTCH B HanHtJHH TaK Ha3hIBaeMbIX 

KBa3HJIOKanbHhIX OITepaTopoB, ,D;aIOlIJ;HX BKJia,D;hI B 3q:Jq:JeKTHBHhIH raMHJib

TOHHaH B BH,D;e KOHTptJneHOB. Ilocne,D;HHe ITpe,D;CTaBJIHIOT co 600: cpe,ri;CTBO 

ITpoBe,ri;eHWI OITepan;HH ycTpaHeHHH pacxo,D;HMOCTeH, KOTOpaH TeM CaMbIM 

ITOJiytJaeT CTporoe o6oCHOBaHHe. Ilpon;e,ri;ypa ITepeHOpMHpOBOK YJibTpa

q:JHOJieTOBhIX 6ecKOHetJHOCTeH ITPH 3TOM BhirJIH,D;HT BeCbMa 3JieraHTHOH 

H ecTeCTBeHHOH. OHa OKa3hIBaeTCH 3KBHBaneHTHOH ,D;OOITpe,ri;eneHHIO xpoHo

norHtJeCKHX ITpOH3Be,D;eHHH OITepaTopHhIX ITOJieBblX q:JyHKIJ;HH B TOtJKax 

COBITa,D;eHWI HX ITpOCTpaHCTBeHHO-BpeMeHHhIX apryMeHTOB. 

B ,D;anbHeHllleM BblHCHHJIOCb, tJTO ycnoBHe Boron1060Ba, cq:iopMyJIH

poB.aHHOe B TepMHHaX BapHaIJ;HOHHhIX ITpOH3BO,D;HhIX ITO ITOJIHM, OKa3hIBaeT

CH BeCbMa y,ri;o6HblM ,D;JIH aKCHOMaTHtJeCKoro ITOCTpoeHHH TeopHH ITOnH. 

CooTBeTCTBYIOI.Uee ITOCTpoeHHe MaTpHIJ;hl pacceHHHH, HCXO,D;Hrn;ee H3 He6onb

lllOro tJHCJia q:iyH,ri;aMeHTanbHblX YCJIOBHH, HanoiKeHHbIX Ha Hee caMoe, HCTO

pHtJeCKH HBHJIOCb ITepBOH aKCHOMaTHtJeCKOH KOHCTpyKn;HeH B KBaHTOBOH 

TeopHH ITOJIH. 11CITOJib30BaHHaH 3,D;eCb CHCTeMa aKCHOM 6hIJia BITOCJie,D;CTBHH 

pacrnHpeHa i-I.H.Boron1060BhIM ,ri;nH ITonytJeHHH CTpororo ,ri;oKa3aTeJibCTBa 

,D;HCITepCHOHHhIX COOTHOUieHHH ( CM. CTaTblO ",[{HCITepCHOHHhie COOTHOUie

HHH" B 3TOH KHHre, c.99). 

2. TEOPHH IIEPEHOPMHPOBOK 

Ilpon;ecc C03,D;aHWI aKCHOMaTHtJeCKOH TeOpHH B03MymeHHH BhIHBHJI 

BaiKHOCTb TlIJ;aTeJibHoro aHanH3a MaTeMaTHtJeCKOH CTPYKTYPbI CHHrynHpHbIX 

KBaHTOBO~ITOJieBbIX q:JyHKIJ;HH (ITpOCTeiirneii H3 KOTOphIX RBnHeTCH ITpHtJHH

HaH q:iyHKUHH pacITpocTpaHeHHH IIITIOKenb6epra - <I>eiiHMaHa) H OITpe,ri;ene

HHH OITepan;HH HM HHMH, B ITepByIO OtJepe,D;b OITepan;HH YMHOiKeHHH ,ri;pyr Ha 

,ri;pyra. 11MeHHO B CHHrynHpHOM xapaKTepe K03q:Jq:JHn;HeHTHhIX q:iyHKIJ;HH 

MaTpHIJ;hl pacceHHWI KpOeTCH ITPHtJHHa HX HeO,D;H03HatJHOCTH, neiKalIJ;aH B oc

HOBe HOBOro B3rnH,ri;a Ha ITpon;e,ri;ypy BbltJHTaHHH YJibTpaq:JHOJieTOBblX pac

XO,D;HMOCTeH. 



Ll:oI<:a3aTeJibCTBO Toro, qTo Ha 3TOM nyni MOiKHO nepeHOpMHpoBaTb 

ace pacxo,n;HIIUfec.H mmrpaMMhI B mo6oM nop.H,n;I<:e TeopHH B03MyI.QeHHii, 

CBe,D;.fl ,D;JIH nepeHopMHpyeMhIX TeopHii (HanpHMep, ,D;JIH I<:BaHTOBOH 3JieI<:Tpo

,D;HHaMHI<:H) BClO npou;e,n;ypy I<: nepeHopMHpOBI<:aM Mace, IIOJieii H KOH· 

CTaHT CBH3H, npe,n;cTaBJIHeT co6oii ,D;OBOJibHO CJIOiKHYlO MaTeMaTHqec1<:y10 

npo6JieMy. OHa perneHa B pa6oTax H.H.BoroJI106oaa H ero yqeHHI<:OB. 

IlpH npoBe,n;eHHH 3TOH nporpaMMbl Bbl.flCHHJIOCh, qTo o6bJqHoro annapaTa 

I<:JiaCcHqec1<:oro MaTeMaTHqec1<:oro aHaJIH3a He,n;ocTaTOtIHO ,D;JIH OIIHCaHHH 

o6oeI<:TOB' qmrypHpyroI.QHX B I<:BaHTOBOH TeOpHH IIOJIH. BbIJIO IIOI<:a3aHO, 

qTo YJibTpaqmoJieTOBhie pacxo,n;HMOCTH B03HHI<:aIDT BCJie,n;CTBHe HeI<:oppeI<:T

Horo YMHOiKeHHH npHqHHHbIX <pyHI<:lJ;HH, HBJI.fllOIIUfXC.fl 06061.QeHHblMH 

<pyHI<:QHHMH B CMbICJie Co6oJieBa. 

Ha 3Toii ocHoae 6bma pa3pa60TaHa cneu;HaJihHa.R: TexHHI<:a Ta1<:oro 

,n;oonpe,n;eJieHHH npoH3Be,n;eHHH npHqHHHblX <pyHI<:lJ;HH, I<:OTOpoe o6ecneqH

BaeT I<:OHeqHOCTb H O,D;H03HaqHOCTb 3JieMeHTOB MaTpHD;bI pacceHHHH B IIpOH3· 

BOJibHblX nopH,D;I<:ax TeOpHH B03MyI.QeHHH. CoOTBeTCTBYIDI.Qee YTBepiK,D;eHHe 

cocTaaJIHeT co,n;epiKaHHe TeopeMhI o nepeHopMHpOBKax /4/, Ero peu;en

TypHaH qacTb /5/ (TaI<: Ha3bIBaeMaH R-onepau;HH) HBJIHeTCH npaI<:THqecI<:OH 

OCHOBOH IIOJiyqeHHH I<:OHeqHblX 0,D;H03HaqHbIX pe3yJihTaT0B B I<:BaHTOB0·II0· 

JieBhIX pacqeTax. 

B HT0re 3THX HCCJie,D;OBaHHH I<: cepe,n;HHe 50-x ro,n;0B I<:BaHT0BaH 

3JieI<:Tpo,n;HHaMHKa (TeopHH KBaHT0Boro B3aHMo,n;eiiCTBHH 3JieI<:Tp0HOB 

H II03HTp0HOB C 3JieI<:TpOMarHHTHbIM IIOJieM) CTaJia 3aI<:oHqeHHOH o6JiaCTb10 

TeOpHH. Ee oqeHb xopornee corJiaCHe C 0IIbITOM II0,D;TBep,n;m10 npaBHJibHOCTb 

q>H3HqeCI<:HX npe,n;cTaBJieHHH, Jie)KaI.QHX B 0CH0Be JIOI<:aJibHOH I<:BaHTOBOH 

TeopHH II0JIH. 

TeM He MeHee B I<:BaHTOBOH 3JieI<:TpO,D;HHaMHI<:e OCTaBaJiaCb eI.Qe 0,D;Ha 

npo6JieMa, iK,n;yI.QaH caoero perneHHH. Pe% H,n;eT o TaK Ha3hIBaeMhIX yJihTpa

q>HOJieTOBhIX aCHMnT0THI<:ax nepeH0pMHpOBaHHbIX MaTpHqHblX 3JieMeHT0B, 

TO ecTb 06 HX noae,n;eHHH B o6JiaCTH 60JiblllHX 3HaqeHHH 3HeprHH EH (HJIH) 

HMIIYJihCOB p. LJ:eJio B TOM, qTo IIPH 6oJihlllHX a6coJilOTHbIX 3HaqeHHHX 

JIOpeHQ·HHBapHaHTHOH <popMbl p 
2= E 2 

- p2 
3<p<peI<:THBHblM napaMeTpOM 

pa3JI0iKeHHH I<:BaHTOBOH 3JieI<:TpO,D;HHaMHI<:H 0I<:a3hIBaeTCH He 6e3pa3MepHbIH 

I<:Ba,n;paT 3apH.n;a 3JieI<:Tp0Ha (ToqHee, Il0CT0HHHaH TOHI<:OH CTpyI<:TYPbl 

a = e 2/4rr :;: 1/137)' a npOH3Be,n;eHHe a ln p 2 'l<'.OT0poe IIPH ,D;0CTaToqHo 

6oJiblllHX 3HaqeHHHX p 2 nepecTaeT 6bITb MaJibIM no cpaBHeHHlO C e,n;HHHu;eii. 

Ilo3TOMY B YJibTpaq>HOJieTOBOH o6JiaCTH Te0pHH B03MyI.QeHHH 0I<:a3hIBaeTC.fl 

He3<p<peI<:THBHOH. 

3. PEHOPMAJIH3AUJ1OHHAH rPYTITIA 

B cepe,n;HHe 50-x ro,n;oa H.H.BoroJI1060BbIM H ero yqeHHKaMH 61,m 

C03,l.J;aH HOBbIH, qpe3BbJqaiiHO 3<p<peKTHBHbIM MeTo,n; HCCJie,n;oBaHHH YJibTpa

q>HoJieTOBblX H HH<ppa1<:paCHblX aCHMIIT0THI<: B I<:BaHTOBOH TeopHH II0JIH -

MeT0,l.J; peHopMaJIH3aQHOHHOH rpynnhI. 95 



PeHopMaJIH3aI.UIOHHaa rpynna ecTb rpynna HenpepbIBHbIX npeo6pa3o

BaHUH KBaHTOBo-noneBbIX BenlfqlfH, CBH3aHHbIX C OC060H ClfMMeTpHeH 

MHKpOMHpa. YpaaHeHHa KBaHTOBOH TeOpHH nona ,z:i;onycKaIOT cneUHaJibHblH 

1<:nacc o.n;HonapaMeTplfqecKHx npeo6pa30BaHHM, cocToamHx H3 onepau;mf 

lf3MeHeHHa MaCWTa6a lfMnynbCH0-3HepreTlfqecKHX (Hnlf, qTo 3KBlfBaJieHT

HO, npocTpaHCTBeHHO-BpeMeHHbIX) nepeMeHHblX If onepaI.UIH npeo6pa30Ba

Hlffl KOHCTaHTbl CBH3lf, lfMeromeM 6onee cnoiKHblM cpyHKI.UIOHaJibHbIM xapaK

Tep. Onpe,z:i;eneHHe HBHoro Blf,!l;a cpyHKUHH npeo6pa3oBaHHH Tpe6yeT pewe

Hlffl ypaBHeHHM ,!l;Blf:lKeHHH. TaKHe npeo6pa30BaHlfH ecTeCTBeHHbIM o6pa30M 

B03HlfKaIOT B npou;ecce ycTpaHeHHH pacxo.n;HMOCTeM If Ha3hIBaIDTCH npeo6-

pa30BaHlfHMlf nepeHOpMHpOBKlf Hnlf peHOpMHpOBOqHbIMlf, C MaTeMaTlfqe

CKOM TOqKlf 3peHHH OHlf HBnHIDTCH cpyHKD;lfOHaJibHbIM o6o6meHHeM npe-

o6pa30BaHlfM cTeneHHoro no,z:i;o6Ha. • 

<l>aKT HaJilfqm1 oco6o:H rpynnhI HenpepbIBHbIX npeo6pa3oaaHHM, 

CBH3aHHbIX C KOHeqHblM npOH3BOnOM, B03HlfKaromHM B pe3ynbTaTe 

KBaHTOBO-noneBOM npou;e,z:i;ypbl ycTpaHeHHH ynbTpacpHoneTOBbIX pacxo.n;H

MOCTe:H, 6bm yCTaHOBneH a 1953 ro,z:i;y IIITIDKenb6eproM H IleTepMaHOM. 

Bcne,z:i; 3a TeM peHopMrpynnOBbie npeo6pa30BaHlfH 6bmlf HBHO peaJIH30BaHbl 

KaK cneu;HcpHqec1<:He npeo6pa3oBaHHH ( KOHeqHbie npeo6pa3oBaHHH ,na:Hco

Ha) BepWHHHblX cpyHKD;lfM, nponaraTopOB If KOHCTaHT CBH3lf npH O,!l;HOBpe

MeHHOM npeo6pa30BaHlflf paCTH:lKeHHH WKaJibl 3HeprHM If HMnynbCOB. 0Ka-

3aJIOCb, qTo 3TH npeo6pa30BaHlfH MoryT 6bITb 3anHCaHbl B BH.n;e cpyHKI.UIO

HaJibHblX ypaBHeHHH ,z:i;na BHOBb BBe,n;eHHbIX cneu;HcplfqecKHX cpyHKD;lfM -

lfHBapHaHTHbIX (miaqe - 3cpcpeKTlfBHbIX) KOHCTaHT CBH3lf, C npaKTlfqeCKOM 

TOqKlf 3peHHH BeCbMa none3Hh1Mlf OKa3aJilfCb ,!l;HcpcpepeHu;HaJibHbie rpynno

Bble ypaBHeHHH, COOTBeTCTByrom0e 6eCKOHeqHo MaJiblM rpynnOBbIM npeo6-

pa30BaHlfHM, BnepBbie nonyqeHHbie B pa6oTe /6 1
• Ha OCHOBe 3TlfX ypaBHe

HHM H.H.Boronro6oBhIM H aaTopoM 3THX cTpoK 6bma npe,z:i;no:lKeHa perynap

Haa npou;e,z:i;ypa ynyqweHHH pe3ynbTaTOB KBaHTOBo-noneBOH TeopHH B03MY

meHHH a ynbTpacpHoneTOBOH H HHcppaKpaCHOH o6naCTHX, TO eCTb a TaKlfX 

o6naCTHX, r,z:i;e peweHHH ypaBHeHHH ,!l;BH:lKeHHH HMeIOT CHHrynapHoe noae

,z:i;eHHe. 3Ta npou;e,z:i;ypa' ycnewHo npHMeHeHHaa 17 • 81 K aCHMilTOTHKaM 

cpyHKD;HH PpHHa KBaHTOBOH 3JICKTpo,z:i;0HaMHKH, a TaK:lKe B ,z:i;ayx3apa.n;Hoif 

MC30H-HyKnOHHOH Mo,z:i;enlf 191, H3BeCTHa Tenepb KaK MeTO,IJ; peHopMan0-

3au;HOHHOH rpynnhI (MPr) • 

B 50-x (a TaK)Ke H B 60-x) ro,z:i;ax MPr B ocHOBHOM Hcnonb3oaanca 

B qlfCTO TeopeTHqecKHX KBaHTOBO-noneBhIX nocTpoeHHHX.IlpHHD;HilHanbHbIM 

pe3ynbTaTOM, nonyqeHHhIM Ha ero OCHOBe, HBlfnOCb 3aKnroqeHHC /10 / 0 He

,!l;OCTaToqHOCTlf lf3BeCTHhlX paccy:lK,!l;eHlfM O BHyTpeHHeH npOTlfBOpeqlfBOCTH 

noKaJibHOM KBaHTOBOH TeOpHH nona, OCHOBhIBaBWlfXCH Ha cpeHOMeHe npH-

3paqHoro nonroca (HHaqe - "Hyna 3apa,z:i;a"). 3To 3aKnroqeH0e 6bmo 3aTeM 

npoHnnIOCTpHpOBaHO 111 ·
1 

Ha HBHOM npHMepe. 

Ilono,KeHHe cymecTBCHHO H3MCHHnOCb B Haqane 70-x ro,n;OB. IlOHBH

nacb nepeHopMHpyeMaa 061,e,z:i;0HeHHaH Mo.z:i;enb 3neKTpocna6bIX B3aHMo-

96 ,z:i;eHCTBHH, a TaK:lKe TeopHa KBapK-rnroOHHhlX B3aHMO,IJ;eHCTBHH (KBaHTOBaa 



xpoMO)l;HHaMHKa), OCHOBaHHbie Ha npHH~Hne JIOKaJibHOH KaJII16pOBOtIHOH 

CI1MMeTpI1I1 0: co;i:i:ep)Karu0:e Hea6eneBhl KaJI0:6pOBOtIHbie IlOJI.fI - IlOJI.fI RHra

MHJIJICa. BhlJIO o6Hapy)KeHo, tITO B KBaHToao-noneBhIX Mo;i:i:en.Hx, co;i:i:ep)Ka

IUHX TaKHe IlOJI.fI, 0: a qacTHOCTH, a KBaHTOBOH xpoMO)l;HHaMHKe c He6oJib· 

lllHM tIHCJIOM KBapKOBbIX noJieH, HHBapM:aHTHbIH 3ap.H;i:i: y6hIBaeT C yMeHb· 

llleHHeM paccTO.fIHH.fI (TO eCTb C pOCTOM p 2). RBHaH cpopMyJia )l;JIH 3cpcpeK

TI1BHOro 3apH;i:i:a KBaHTOBOH xpoMO)l;HHaMHKH B O)l;HoneTJieBOM np0:6JII1)Ke

mrn:, npHBe)l;llla.H K Ba)ICHOMY KatieCTBeHHOMY 3aKJIIOtieHHIO O HaJII1tII1I1 B HeH 

cpeHOMeHa acHMilTOTHtieCKOH CB06o;i:i:b1, 6bma nonytieHa C IlOMOIUbIO MPr. 

B coapeMeHHoii JIHTepaType 6onee ynoTpe60:TeJibHa cpopMyna ;i:i:ayxneTneao

ro peHopMrpynnoaoro np0:6JII1)KeHI1.H ll:JIH 3cpcpeKTHBHoro 3apH;i:i:a KBaHTO· 

BOH xpoMO)l;HHaMHKH. OTMeTHM, tITO ee npoo6pa3, co;i:i:ep)KaIUHH xapaKTep

HYIO 3aBI1CI1MOCTb lnln p 2 (He I1Me10ruy10 aHanora B pa3JIO)KeHHHX TeOpHH 

B03MyIUeHHH)' 6bIJI BnepBbie noJiytieH B pa6oTe /'/ 1• 

B cepe;i:i:HHe 70-x ronoa noHBHJiacb cxeMa TaK Ha3bIBaeMoro "aeJIHKO· 

ro ofrbe;i:i:0:HeHHH B3aHMO)l;eHCTBHH", O)l;HHM H3 CJie)l;CTBHH KOTOpOH .fIBJI.HeT

CH B03MO)KHOCTb pacnana npOTOHa. OcHOBHoe npe;i:i:noJIO)KeHife cxeMhl OCHO· 

BaHO Ha 3KCTpanoJI.fI~HH 3cpcpeKTHBHhIX KOHCTaHT CB.fl3H KBaHTOBOH 3JieKT· 

po;i:i:HHaMHKH H KBaHTOBOH xpOMO)l;HHaMHKH H3 o6JiaCTH COBpeMeHHhIX 

3~J1.HMeHTaJI\HhlX 3HeprHH B Ta.KyIO o6JiaCTb caepXBbICOKHX 3HeprHH 

VI p 2 ! ::: 10
15 - 1 

r3B/c, rne 3TH aeJIHtIHHhI cpaBHHBaIOTCH. ITo;i:i:o6Ha.H 

3KCTpanoJI.fI~.fI TeXHHtieCKH BhlilOJIH.HeTC.fI Ha OCHOBe cpopMyJI, nonytieHHhIX 

c noMorubro MPr. 

Cne;i:i:yeT TaK)Ke OTMeTHTb, tITO B TetieHHe 70-x ro.n;oB MPr BbillleJI 3a 

paMKH KBaHTOBOH TeopHH IlOJI.fI H ycnelllHO npHMeH.HeTC.fI B TeOpHH KPHTH· 

qecKHX HBJieHHH, TeopHH Typ6yneHTHOCTH, q)H3HKe IlOJIHMepoB I1 pH;i:i:e 

;i:i:pyrHx, BeCbMa naneKHX OT q)H3HKH MHKpOMHpa, pa3;i:i:enax TeOpHH. 

IlpHtIHHa. TaKOH o6ruecpH3HtieCKOH yHHBepcanbHOCTH peHOpMrpynno

BhIX npe;i:i:cTaBJieHHH 6hIJia He)l;aBHO npoaHaJIH3HpOBaHa B pa6oTe /1 2 /. CyTb 

nena 3aKJIIOtiaeTC.fI B TOM, tITO cpyHK~HOHaJibHhie ypaaHeHHH peHOpMrpynnhI 

COOTBeTCTBYIOT o;i:i:HonapaMeTpHtieCKOH rpynne npeo6pa3oBaHHH, KOTOpa.H 

OTBetiaeT CHMMeTpHH TpaH3HTHBHoro THna, TO eCTb CBOHCTBY TpaH3HTHBHO· 

CTH HeKOTOpOH )J;HHaMHqecKOH BeJIHqHHbl G(x, g), 3aBHCHIUeH OT cpI13Htie

CKOH nepeMeHHOH X H°CBoero HatiaJibHOro 3HaqeHHH g, OTHOCHTeJibHO 3Haqe. 

HHH nepeMeHHOH X = X o• npH KOTOpOM 3TO HaqaJibHOe 3HaqeHHe 3a;i:i:aeTCH. 

TaKa.H CHMMeTpH.H B CHJIY CBoeii npOCTOTbl npHcyrua lllHpOKOMY Kpyry )l;H· 

HaMHqeCKHX CHCTeM npH YCJIOBHH O)l;Hopo;i:i:HOCTH no nepeMeHHOH x. 
Bo3BparuaHCb K OCHOBHOH TeMe, no;i:i:qepKHeM, tITO B HalllH )l;HH 

B KBaHTOBOH TeopHH IlOJI.fI MeTO)l; penopMrpynnhI HBJI.HeTC.fI O)l;HHM H3 

OCHOBHhlX MeTO)l;OB HCCJie;i:i:oBaHH.fI. B TeopHH CHJibHbIX B3aHMO)l;eHCTBHH 

KBapKOB H rJIIOOHOB - KBaHTOBOH xpoMO)l;HHaMHKe, o6pa3y10rue0: cpyH.n;a

MeHT COBpeMeHHOH TeopHH H;i:i:epHblX CHJI, 3TOT MeTO)l; npe;i:i:cTaBJI.HeT co6oii 

rJiaBHoe cpe;i:i:CTBO nonytieHHH KOJIHtieCTBeHHblX pe3yJibTaTOB. 

ITepetIHCJieHHbie B 3TOM KpaTKOM oqepKe cpyH;i:i:aMeHTaJibHhie ,D;OCTH· 

)KeHHH H.H.Boron106oaa H ero lllKOJibl Ha)J;e)KHO 3aKpenHJIHCb B OCHOBHOM 97 
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cpoHAe AaHH0ro pa3AeJia TeopeT:uqecK:OH ¢H3HK'.H. OHH urnp0K'.0 0TproKeHhl 
B MOHorpacpm1x H yqe6HHI<ax (CM., HaIIpHMep, /13-16/ ) . 

Pe3yJihTaThI, rronyqeHHhie H.H.Boromo6oBhIM B o6nacTH HOBOH Teo
pHH MaTpHIJ;bl pacceFIHHfl H TeopHH rrepeHopMHp0B0K'., B0lllJIH B IJ;HKJI ero pa-
6oT, YA0CT0eHHbIX JleHHHCKOH rrpeMHH 3a 1958 roA. 

[(HKJI pa6oT H.H.Boromo6oaa, A.A.JioryHoBa H aBTopa 3THX CTpoK 
"MeTOA peHOpMaJIH3aIJ;HOHHOH rpyIIIIbl B TeopHH IIOJieH", BbIIIOJIHeHHbIH 
B 1955-1956 rr., 0TMeqeH B 1984 roAy rocyAapcrneHHOH rrpeMHei1: CCCP. 
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~MCTIEPCMOHHME COOTHOlliEHMH 

B.A.MEIII.EPHKOB, npo<jjeccop 

HI'YEH BAH XbEY, npo<jjeccop (wwcrpaHHbZU 1111,en AH CCCP) 

JI.JJ,.COJIOBbEB, npo<jjeccop 

,U11enepCHOHHbie COOTHOIIIeHH.R 6bIJIH anepBbie nonyt1eHhI B 30-e rOAbI 

KpaMepcoM H KpoHHroM 111 a onTHKe npH H3yt1eHHH npoI.J;ecca pacnpocT

paHeHH.R CBeTa B AH3JieKTpHtieCKOH cpeAe C 3aTyxaHHeM. C Tex nop OHH 

IIIHpOKO npHMeH.RlOTC.R B pa3JIHtlHbIX o6naCT.RX qm3HKH, HO, Il0'1CaJIYH, 

HaH60JibIIIero pa3BHTH.R OHH AOCTHrJIH B 60-e rOAbI B q:>H3HKe 3JieMeHTapHbIX 

tlaCTHI.J;. IllHpOTa H YCTOHtIHBOCTb HX npHMeHeHH.R o6ycJIOBJieHbI TeM, t{TO 

AHCnepCHOHHbie COOTHOIIIeHH.R .RBJI.RIOTC.R MaTeMaTHtieCKHM CJieACTBHeM 

OTCYTCTBH.R B npHpOAe CHrHaJIOB, pacnpocTpaH.RlOUJ;HXC.R co caepxcaeTOBOH 

CKOpOCTblO. 8To CBOHCTBO npHBOAHT K TOMY' tITO peam.i;H.R JII060H CHCTeMbI 

Ha BHeIIIHee B03AeHCTBHe OTCyTCTByeT AO Tex nop, IlOKa OHO ee He AOCTHrJio. 

EcJIH ynpom;eHHO xapaKTepH30BaTb peaKI.J;HIO CHCTeMbI OAHOH BeJIHtlHHOH 

F(t), TO YCJIOBHe F(t) = 0 AJI.R t < 0, rAe t = 0 - MOMeHT npHXOAa CHrHa

Jia, ecTeCTBeHHO Ha3BaTb yCJIOBHeM npHtIHHHOCTH. MaTeMaTHtieCKH YA06Hee 

o6pam;aTbC.R He c caMoH aeJIHtIHHOH F(t), a c ee cpyphe-o6pa3oM 

f(E)=fF(t)eiEtdt,. 

KOTOpbIH B KBaHTOBOH TeopHH HOCHT Ha3BaHHe aMilJIHTYAbI pacce.RHH.R 

B :mepreTHtieCKOM npeACTaBJieHHH. YCJIOBHe npHtIHHHOCTH npHBOAHT K TO

MY' tITO aMilJIHTyAa pacce.RHH.R f (E) .RBJI.ReTC.R aHaJIHTHtleCKOH cpyHKI.J;HeH 

KOMnneKCHOH nepeMeHHOH E = x + iy B aepxHeH nonynnocKOCTH y > 0. 
,UeHCTBHTeJihHO, aMilJIHTyAa pacce.RHH.R f (E) M0'1CeT 6bITb IlPOAOJI)KeUa Ha 

KOMnJieKCHbie 3HatieHH.R nepeMeHHOH E ,TaK KaK pacTyUJ;a.R BeTBb cpyHKI.J;HH 

e -yt He OKa3bIBaeT BJIH.RHH.R Ha aMilJIHTYAY pacce.RHH.R B CHJIY ycJIOBHH 

npHtIHHHOCTH. AHaJIHTHt18CKHe CBOHCTBa aMilJIHTYAbI pacceHHH.R Il03BOJI1IIOT 

npHM8H1ITb AJIH ee HCCJI8AOBaHH.R xopOIIIO pa3BHTbIH annapaT TeopHH cpyHK

I.J;HH KOMilJieKCHoro nepeMeHHOro. O6bitIHO a KatieCTBe OCHOBHOro MaTe

MaTHtI8CKoro cpeACTBa HCilOJih3yeTC1I HHTerpanbHa.R cpopMyJia KoIIIH: 99 
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f(E) = ~ f 
2111 C 

f (E ') dE '; 
E'- E 

KOTOpruI BbipIDKaeT <PYHK[(HIO B JII06o:u TOtJKe BHYTPH 3aMKHyToro KOHTY· 

pa O qepe3 ee rpaHHtJHbie 3HatJeHHH Ha caMOM I<omype. KoHTyp paCIIOJIO· 

iKeH B o6nacTH aHaJIHTHtJHOCTH aMIIJIHTYAbl pacceHHHH f (E), KOTOpruI 

orrpe]];eJIHeTCH rrpiIHQHIIOM IIPHtJHHHOCTH. OAHaKo IIPHHQHII IIpHtJHHHOCTH 

He 3arrpe~aeT aMIIJIHTyAe pacceHHH.II HMeTh IIOJIIOCbI, IIOJIOiKeHHe KOTOpbIX 

Ha )];eHCTBHTeJibHOH OCH 3aBHCHT OT Mace 3JieMeHTapHbIX tJaCTHQ, a BbitJeTbl 

B HHX orrpe)];eJI.III0TCH K0HCTaHTaMH B3aHMO)];eHCTBHH Me)K)];y tJaCTHQaMH. 

IlpH .n;e:uCTBHTeJibHblX 3HatJeHH.IIX 3HeprHH E, K0TOpbie 6orrblne 3HeprHH 

IIOK0H CTaJIKHBaJO~HXCH tJaCTHQ, aMIIJIHTy.n;a pacce.HHHH HMeeT I<aK )];eHCT· 

BHTeJibHYIO Ref (E), TaK H MHHMYIO Imf (E) tJaCTH H IIpOCTO CBH3aHa C AH<P· 

qJepeH[(HaJibHhIM cet1eHHeM pacceHHHH: 

!LL. = I f(E)l 2 = (Ref(E)) 2 + (Imf(E)) 2
• 

df! 
MHHMruI tJaCTb aMIIJIHTYAbI pacceHHHH Ha HyJieBOH yroJI (pacceHHHe BIIepeA) 

BbipaJKaeTCH qepe3 Apyryro 3KcrrepHMeHTaJibHO Ha6JIIO,n:aeMylO BeJIHtJHHY -

IIOJIHOe cetJeHHe ( 0IITHtJeCKaH TeopeMa) : 

Imf(E) - a (E). 
tot 

,[vIH pHAa rrpou;eccoB KOHTYP C (paKTHtJeCKH CBO,D:HTCH K CBOeH ,n:e:uCTBH· 

TeJibHOH qacnr (pHc.l), ,n:JIH ApyrHX 3Toro y,n:aeTCH ,D:OCTHrHyTb crreu;HaJib· 

HbIMH IIpHeMaMH, H Tor,n:a rrorryqaeTCH ,n:11crrepCHOHHoe C0OTHOilleHHe (.D:C) 

Ref(E) = .!.. +/° M<E ') dE' 
11 -= E'- E ' 

B KOTopoe BXO,D:HT 3KCrrepHMeHTaJibHO Ha6mo,n:aeMbie BeJII-ItJHHbI, xapaKTe

pH3YIO~e pacceJIHHe MaCCbI B3aHMo,n:eHCTBYIO~HX qacTHQ H HX KOHCTaHTbI 

CBJI3H. Orrpe,n:eJIHJI rrocJieAHHe 

qepe3 Ha6JI10,n:aeMb1e aeJIHtJIIBbI 

,D:JI.fI O)];HHX rrpou;eccoB, MOJKHO 

CTaBHTb BOIIpoc O rrpoaepKe 

IIpHHQHIIa IIpHtJHHHOCTH rrocpe,n:

CTBOM IIpOBepKH .ll:C ,D:JIH ,n:py

rHX rrpou;eccoB. 

,ViW,00,;ssmt >< I x m~%%Viss2 R; E I 3ru-1~11~Ho~e~:q:~::~ .n:~o:~~;;; 

PHc.l 

CB.fI3H, a u;eJIHKOM 6a3HpyeTCH 

Ha aHaJIHTHtJeCKHX CBOHCTBax 

aMIIJIHTYAhI pacceHHHH. AMIIJIH· 

TyAa pacceHHHH onpe,n:eJieHa ,n:JIH 

,n:e:uCTBHTeJibHbIX 3HatJeHH:u E , 
H npou;eAypa ee aHaJIHTHtJecKoro 



npo.n;0JI)KeHirn B K0MnJieKCHyro nJI0CK0CTb npe,n;cTaBJI.fleT co6011 CJI0)KHYIO 
3a,n;aqy peJIHTHBMCTCKo:11 KBaHTOBo:11 TeopMM non.fl (KTII). B KTII aMnnM
TY.D:hI pacce.fIHM.fI - o6o6rn;eHHhie cpyHKUMM. Bonpoc 06 aHaJIMTMqecK0M 
npo,n;0JI)KeHMM o6o6rn;eHHhIX cpyHKUMH 6hIJI H0BhlM B MaTeMaTMKe 60-x 
ro.n;oB, qTQ HapH,n;y C onm6oqHhIMM )];0Ka3aTeJibCTBaMM aHaJIMTMqecKMX 
CBOHCTB aMnJIMTy,n; npoueccoB npHBeJio K noilhITKaM BOo6rn:e 0TKa3aTbC.fI 
OT ,D;0Ka3aTeJibCTBa ,UC. 8TH np0TMB0peqM.fI B CB0e BpeM.fI nopo.n;MJIM C0MHe
mrn B cnpaae.n;nnaocTM acero HanpaaneHH.fI ,UC B uenoM. 

B ceHTH6pe 1956 ro,n;a Ha Me~yHapo,n;HoM c'be3,n;e cpM3MKOB-Teope
TMK0B B Cmnne (CIIIA) H.H.BoroJII06oa 121 npe.n;cTaBMJI MaTeMaTnqecKM 
K0ppeKTH0e MCCJie,D;0BaHMe aHaJII-ITMqecKMX CBOHCTB aMilJIMTY.D:hl pacce.fIHH.fI 
7T-Me30H0B Ha HYKJI0Hax Ha HeHyneBOH yron. Ba)KHblM C0CTaBHbIM 3JieMeH
T0M ,D;OKa3aTeJihCTBa 6bIJI npHHUMn MMKponpHqMHH0CTM, H0Ba.fI cpopMyJIM
p0BKa KoToporo 6hma ,n;atta H.H.Boronro6oBhIM pattee npH aKCH0MaTnqe. 
CK0M nocTpoeHMM S -MaTpMQbl B KTII. ,UoKa3aTeJihCTBO pacce.fIJI0 C0MHe
HM.fI B cnpaBe,D;JIMB0CTM HanpaBneHM.fI M .fIBHJI0Ch npoqHbIM cpyH,n;aMeHTOM 
)];JI.fl BCex nocne,n;yrorn;Hx pa6oT no ,UC. OHO BB0,D;HJI0 B MaTeMaTHqecKyro 
<pH3HKY HOBhIH ::iTanoH cTporocTH paccy*.D:eHHH. B MaTeManiKe OHO nopo
.D:Hno HanpaaneHHe attanHTHqecKoro npo,n;0JI)KeHH.fI o6o6rn;eHHhIX cpyHKUHH 
HeCK0JibKHX K0MnJieKCHhlX nepeMeHHbIX, B 0CH0Be K0T0poro Jie)KHT Teope
Ma 06 "ocTpHe KJIMHa", HocHrn;aH HM.fl Boronro6oaa 131• IlpH noMorn;H 
no:11 TeopeMbI 6bmH ,n;oKa3aHbI TaK)Ke ,UC ,n;JIR HeynpyrHx npoueccon 141 • 

B xo,n;e ,n;oKa3aTeJibCTBa ,UC B03HHKJI0 npe,n;cTaBJieHHe 0 B3aHMHOH CB.fl3,H, 
Ka3anocb 6b1, pa3mi:qHhIX npoueccoB. TaK, npouecchI 

+ + 
" + p ➔ " + P, "+P ➔" +p 

BhlCTynanH B HeM KaK rpaHHqHbie 3Haqemrn e,D;HHOH aHaJIHTHqecK<)H cpyHK
UHH f (E) B pa3nHqHbIX KHHeMaTnqecKHX o6nacT.fIX nepeMeHHoro E . L(JIH 
3HaqeHHH E > 0 rpaHHqHbie 3Haqemrn cpyHKQHH f (E) onHCbIBaJIH nepBbIH, 
a npH E < 0 - BTopou npouecc. IloH.fITHe o e.n;HHou attanHTHqecKott cpyHK
UHH CB0HX nepeMeHHbIX BBeJI0 B q>H3HKY npe,n;cTaBJieHHe 0 B3aHMHOH CB.fl-
3H pa3JIHtJHbIX npoueccoB H Ha MHoro JieT npe,n;onpe,n;eJIHJI0 pa3BHTHe q>H3H
KH 3JieMeHTapHblX qacniu. B KaqeCTBe HJIJIIOCTpaUHH noro YTBep~eHH.fI 
M0)KH0 npHBeCTH (pHc.2) nocne,n;oBaTeJibH0CTh npoueccoa, no3B0JIHBIIIyro 
(qeTbipe, ro,n;a cnycT.fI nocne ,n;oKa3aTeJibCTBa ,UC) H3 .n;attHhIX no ::ineKTpo
MarHHTHott CTpyKType HYKJI0H0B /5/ noJiyqHTh TeopeTHtJeCK0e npe,n;cKa3a
HHe 0 cyrn;eCTB0BaHHH H Macce p-Me30Ha: pe30HaHCHoro C0CT0.fIHH.fI CHCTe
Mbl ,D;BYX nH0H0B. 

AHanHTHqeCKHe CBOHCTBa aMnJIHTy,n; pacce.fIHM.fI M0)KHQ HCn0Jih30BaTb 
He T0JibK0 B cpopMe .u.c. IlpHMeH.fI.fI K aMnJIHTy,n;aM pacce.fIHH.fI TeopeMy 
KoIIIH ff(E '}dE '= 0, M0)KH0 nonytmTh ,n:HcnepcHoHHhie npaaHna cyMM 

(,UIIC) 1<:aK caepxcX0,D;.flrn;HeC.fI All, TaK H npH K0HetJHbIX 3HeprH.fIX /7/ . 
EcJIH aMnJIHTy,n:a npouecca )];0CTaT0tJH0 6bICTpO y6bIBaeT npH 60JihlllHX 3Hep-
rH.fIX E, TO 3aMKHyTbIH K0HTyp C 0n.fITh CB0AHTC.fl K CBOett ,n;ettCTBHTeJih- 101 



HOH llaCTH H B03HHKaeT HHTerpaJibH0e paBeHCTB0 /6/: 

+oo 
f f(E ')dE' = 0 . 

-00 

Ha 3T0M .fl3bIKe .urrc M0:>KH0 ccpopMyJ1HpOBaTh MH0rHe pe3yJlbTaThI 6onee 

n03AHHX TeopHH, HanpHMep anre6pbl T0K0B ( C00TH0llleHH.fl Ka6H66o

PaAaKaTH, Mnepa-BaHHc6eprepa H AP-). Ha06onee HHTepecHbie npHJ10-

*eHH.fl 0HH HalllJlli B C0lleTaHlili C npeAn0J10)KeH11eM 0 Ba:>KH0CTH B .urrc 
T0JlhK0 K0HetIHoro llHCJla pe30HaHC0B. Bo3HHKaIDw;He np11 3T0M ypaBHeHH.fl 

A0nyCKaIOT 3KCnepHMeHTaJihHY10 npoBepKy. OHH nocJ1y)KliJ1li OCHOB0H 

P.flAa npeAcKa3aHHH lllHpHH pe3oHaHC0B 171. 

t-NN 
~ 

'ii'ii
/ 

flti--p-fi'ii 

NN 

' ftN - 'iiN 

,UfIC npH K0HellHbIX 3Heprli.flX M0:>KH0 Ha-

nHCaTb AJl.fl aMilJlliTYA. pacce.flHH.fl, noBe)];eHHe 

K0T0pbIX npli 60J1blllHX 3Heprli.flX H3BeCTHbI, 

HanpHMep, 113 TeopHH n0JllOC0B Pe)];)Ke /8/. 

Tor)];a 0HH CB.fl3bIBaIOT napaMeTpbI noBe)];eHH.fl 

aMilJlliTYA pacce.flHli.fl npH BbIC0KHX 3HeprH.flX 

c HHTerpanaMH OT cet1eH11H npoueccoB no 06-

nacTH HH3KHX 3Hepr11H. TaKoro poAa cooTHo

llleHH.fl Ba)l(Hbl npH aHaJIH3e 3KCnepHMeHTaJib-

,_ ___________ ~ HbIX AaHHbIX Ii 06J1a)];aIOT npeACKa3aTeJlbHOH 

Puc.2 CliJlOH. B llliCT0 TeopeTHlleCK0M nJlaHe 0HH 

n03B0J1.fllOT noCTaBHTb B0npoc 0 cyw;eCTB0Ba

Hlili pe30HaHCHbIX aMilJlHTYA, T0tIH0 YA0BJleTB0p.fllOUJ;HX ,UfIC npli K0HellHbIX 

3Hepnrnx 191• OTBeT Ha Hero np11BeJ1 K B03HliKH0BeHH10 noH.flTli.fl "AYaJib

HOCTH" Ii "AyaJlhHbIX MO)];eJleH". 

B3aHMHa.fl CB.fl3b Hli3KHX Ii BbIC0KHX 3HeprHH 6bma Bbl.flBJleHa Ii Ha 

nyTH C0BepllleHH0 HHpro HCn0Jlb30BaHH.fl ,UC. IlpHBJleKa.fl A0n0JlHHTeJlhHYlO 

HHq>OpMau1110, M0:>KH0 noJ1yt1HTb CliCTeMy ypaBHeHHH, 0ilHCbIBa10w;y10 npo

uecCbI pacce.flHli.fl npH HH3KHX 3Heprli.flx. Bo-nepBbIX, 3AeCb Ba:>KHbl C0CT0.fl

Hli.fl C MaJibIMli 3HatieHH.flMli M0MeHTa K0JllilleCTBa ABH)KeHH.fl. Bo-BTOpbIX, 

eCJlli 0AHa 113 qacTHU HMeeT 3HatIHTeJlhHY10 Macey, B03HHKalOT A0n0JlHHTeJlb

Hbie ynpow;eHH.fl, Hanp11Mep, B nN-pacce.flHHH 

VN ID17 
-~-«l 
VTT MN 

r)];e V TT ' V N - CK0p0CTli qaCTHU, a mm, M N - HX MaCCbI. YpaBHeHH.fl BbIIl0Jl

H.fllOTC.fl npH CJ1eAy10UJ;HX YCJl0Bif.flX 1101· 
a) aHaJIHTHlleCKHe CBOHCTBa no 3HeprHH nHoHa w; 

6) nepeKpeCTHa.fl CHMMeTpH.fl; 

B) ABYXllaCTHllHa.fl YHHTapH0CTh; 

r) HaJIHtIHe n0JllOC0B B KOMnJleKCHOH nJl0CK0CTH (r) • 

Bee 0HH .flBJl.fllOTC.fl npH6JlH)KeHHbIMH no 0TH0llleHHlO K T0l!HbIM CJle)];CTBH

.flM KTIT. TeM He MeHee aHaJIH3 CBOHCTB a-B npHB0AHT K 3aKJ110t1eHH10 06 

102 HX He3aMKHYT0CTH H Heo6XOAHMOCTH yt1eTa 06J1aCTH BbIC0KHX 3HeprHH. 



IloHRTHe 0 "KopOTKOBOJIHOBOM OTTaJIKHBaHHH" KaK 0 cnoco6e yqeTa 

BJIHRHIIB BbIC0KHX 3HeprHii Ha HH3KHe C noMombro CBOHCTBa r ycnewHo 

peaJIH3yeT 3T0 3aKJIIOll8HHe. OHO no3B0JISieT noJiyllHTb caMocor.ilacoaaHHyro 

KapTHHy pacceHHIIB npH HH3KHX 3HeprHRX /1,1 I • Oco6eHHO HHTepeCHbIMH 

oKa3aJIHCb ,UC ,llJIH onHCaHHH npou;eccoa q:>oTopo:>K,D;eHHR yN ➔ 1TN npH 

HH3KHX 3HeprHHX. OHH n03B0JIHJIH Bbipa3HTb aMilJIHTYAbl 3THX npou;eccoB 

qepe3 q:>a3bl rrN -pacceHHHH H 3JieKTp0MarHHTHbie xapaKTepHCTHKH HYKJI0-

Ha /2(J/ • ,UHcnepCHOHHaR TeopHR npou;eccoB q:>OTOpO:>K,D;8HHR npH HH3KHX 

H cpe,D;HHX 3HeprHHX 0Ka3aJiaCb BeCbMa IlJIO,D;OTBOpHOH, 0Ha npo,n;omKaeT 

yr11y6111ITbCH C pa3BHTHeM 3KcnepHMeHTa. 

O6mHe aHaJIHTHl!eCKHe CBOHCTBa aMnJIHTYAbl pacceHHHH npHB0,D;HT 

K PHAY 3KcnepHMeHTaJibH0 npoaep11eMbIX q:>H3Hll8CKHX CJI8,D;CTBHH, K0T0pbie 

cnpaae,n;JIHBbl He3aBHCHM0 OT ,n;HHaMHKH CHJibHbIX B3aHMO,D;eHCTBHH H ,D;OJI:>K

Hbl HMeTb MeCT0 B 11106oii TeopHH M0,IJ;eJibH0ro xapaKTepa. B qaCTH0CTH, H3 

aHaJIHTHllH0CTH aMnnHTy,D;bI pacceHHHH no 3HeprHH npH q:>HKCHPOBaHHOH ne

pe,D;aqe HMnyJibCa BbITeKaIOT aCHMITT0THll8CK0e paaeHCTB0 n0JIHbIX cel!eHHH 

B3aHMO,D;eHCTBHH llaCTHD;bl H aHTHl!aCTHD;bl /l,2/ aCHMITT0THll8CK0e paaeH

CTB0 ,D;Hq:>q:>epeHa;HaJibHblX cel!eHHH nepeKpeCTHbIX npou;eccoB, a TaK:>Ke 

acHMnT0THIIeCKHe C00TH0WeHHH Me:>K,D;y noJIHpH3aD;HHMH C00TB8TCTBYIOID;HX 

llaCTHD; B 3THX npou;eccax 1131 - BHallaJie TaKHe C00TH0WeHHH 6bIJIH ycTa

H0BJieHbl ,D;JIH aMilJIHTYA pacceHHHH C rJia,D;KHM aCHMITT0THll8CKHM noBe,IJ;e

HHeM. Bnocne,n;CTBHH 6bIJIH CTporo ,D;OKa3aHbl aHaJI0rHl!Hbie, HO 6onee o6ID;He 

aCHMnT0THl!eCKHe TeopeMbl 6e3 KaKHX-JIH6o npe,n;noJio:>KeHHH 0TH0CHTem.Ho 

noee.n;eHHR aMilJIHTYAbI 1141• 

Hap11,n;y C ,D;0Ka3aT8JibCTB0M .nc ,llJIR aMilJIHTYAbl pacceRHHH no 3Hep

rHH a caoeii ocHoeononararomeii pa6oTe112/ H.H.Boronro6oa yKa3aJI TaK:>Ke 

Ha B03M0:>KH0CTb aHaJIHTHl!eCK0ro np0,D;OJI:>KeHHR no nepe,n;aqe HMnyJibCa. 

AHanHTHllecKHe caoiicTaa aMnJIHTYAhI no nepe,n;aqe HMnynbca H ycnoaHe 

YHHTapH0CTH npHB0,D;RT K BepxHHM orpaHHll8HHRM Ha pocT ceqeHHH npou;ec

coa 1161, a TaK:>Ke K HU>KHHM orpaHHlleHHRM Ha HX y6hmaHHe. TaKHe or

paHHlleHHH HM8IOT M8CT0 He T0JibK0 ,llJIR celleHHH ,n;ayxqaCTHl!HbIX peaKD;HH, 

HO H ,D;JIH cel!eHHH npou;eccoa MH0:>KeCTBeHH0ro po:>K,D;eHHR 1161• IlpH H3ylle

HHH 3TOH npo6neMbl A.A.JioryHOB BB8JI noHRTHe 06 3KcnepHMeHTaJibHO 

H3MepsteMOH q:>H3Hqeckoii BeJIHqHHe, KOTOpaR anocne,n;CTBHH CTaJia Ha3bl

BaThCR HHKJII03HBHbIM ceqeHHeM /16/. B pe3yJibTaTe 3KCnepHMeHTaJibHOro 

1-1cc11e,n;oaaHHH rny6oKoHeynpyrHX npou;eccoa o6Hapy:>KeHo, qTo HX celleHHH 

npH BbICOKHX 3HeprHRX TaK :>Ke, KaK H npH ynpyroM pacceRHHH, 3aBHCRT 

OT ABYX, a He Tpex nepeMeHHbIX. 3To 3HaqHT' qTo onpe,n;eneHHbie KoM6HHa

D;HH celleHHH npH BbICOKHX 3Hepnmx "Jio:>KaTCR" Ha o,n;Hy YHHBepcaJibHYIO 

KpHayro. TaKoro :a<e po,n;a 3aK0HOMepHOCTH 6bIJIH paHee o6Hapy:a<eHbl 

B H<l>B3 (IlpOTBHHO) Ha npHMepe HHKJII03HBHbIX npou;eccoe C BbI,D;eJieHHbIM 

a,n;poHOM. Bee OHH noJiyllHJIH Ha3BaHI-Ie MaCWTa6HOH HHBapHaHTHOCTH HJIH 

aBTOMO,D;eJihHOCTH, no aHaJIOrHH co CBOHCTBaMH aBTOM0,D;eJibHbIX· peweHHH 

T0llel!HOro B3pbIBa B ra30,Il;HHaMHKe. IlpH noMOID;H a,neKBaTHoro MaTeMaTH-

qecKoro annapaTa, pa3BHToro npH ,noKa3aTeJibCTBe ,UC, H.H.Boronro6oa, 103 
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B.C.Bna,n;HMHpoB H A.H.Taaxen:0;z:i;3e ycTaHOBHJIH <paKT aaToMo;a;enhHoro 
noae;a;eHHH aMnJIHTYA, rny60K0Heynpyr:0x npoQeccoB KaK cne;a;cTBHH 06-
ru;:0x nocTyJiaTOB KBaHTOBOH TeopHH IlOnfl /1 7 /. 

K HHTepeCHbIM cne;a;CTBHflM npHBOAHT coqeTami:e aBTOMO)];eJibHOCTH 
C COCTaJ3HOH KBapKOBOH MOAeJiblO. OKa3hIBaeTCfl, qTo npH BbICOKHX 3Hep
rHHX IIOBe;a;eHHe 3JieKTpOMarHHTHbIX <popM<paKTopoB a,n;poH0B (HanpHMep 
7T-Me30HOB H HYKJIOHOB) QeJIHKOM onpe;a;enHeTCfl q:0CJIOM COCTaJ3JifllOI:u;HX 
KBapKOB B a,n;poHax H HMeeT BeChMa npoCTOH BHA 1181: 

1 
F(t) - _ 1 , 

t n a 

r;a;e Ila - qncno COCTaBJifllOIIJ;HX a,n;pOHOB, t - 3HeprHH <pOTOHOB. Tio;a;o6Hbie 
COOTHOllleHHH y;a;anocb YCTaHOBHTb :0 AJifl 60:HapHbIX p.eaKQHH :0 o6oCHOBaTI, 
HX B paMKax KBaHTOBOH xpoMOAHHaMHKH. 

KpaTKHH o63op MeTo;a;a ,r:i:c I10Ka3bIBaeT ero 6JIH30CTb K pesynhTaTaM 
3KCnepn:MeHTOB. 3Ta qepTa HpKO npOHBJifleTCfl H Ha coapeMeHHOM 3Tane 
pa3BHTHH TeopHH CHJibHbIX B3aHMo;a;eikTBHll B KBaHTOBOH xpoMOAHHaMHKe 
(KX.Ll:). Ecn:0 oTBJie%cH oT HepellleHHhIX npo6neM HOBOH Teop:0:0, TaKHx, 
Hanpn:Mep, KaK npo6neMa KOH<paftHMeHTa (HeHa6nro;a;aeMOCTb KBapKOB 
B cao6o;a;HOM COCTOflHHH)' TO H 3;z:i;ecb MeTOA ,r:i:c HaxOAHT BIDKHbie npHMe
HeHHH • .1J:TIC npH KOHeqHbIX 3HeprHHX Il03BOJifllOT Ha OCHOBe pacqeTOB IlO 
TeOpHH B03Myru;eHHH H 11pe;a;110JIOiKeHHfl O cneKTpe a,n;pOHOB BblqHCJIHTb HX 
MaCCbI. 3KCTpanonn:pyH IlpHMeHeHn:e ,r:i:c Ha 6onee CJI0'10-Jbie CHTyaQHH, 
MOiKHO I10JIY1IHTb npe;a;cKa3aHHe AJifl 3KCIIepHMeHTanbHO H3MepeHHbIX 
3JieKTpOMarHHTHbIX <popM<paKTOpOB a;a;pOHOB 1191• TaKHM o6pa30M, 
a 6y;a;yru;eM MeTo;a;a ,r:i:c Mbl MOiKeM OTMeTHTb )];Ba rnaBHbIX HanpaaneHHH: 
B0-nepBbIX, 3TO o6ocHOBaHHe ero npHMeHHMOCTH B HOBbIX TeopHHX, HanpH
Mep KX.Ll:, BO·BTOpbIX, pa3pa6oTKa HOBbIX TeXHHqecKHX npHeMOB nonyqe
HHfl npe;a;cKa3aHHll Ha OCHOBe pacqeTOB TeopHH. 
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OilWCAHWE COCTABHOR CTPYKTYPM A~POHOB 

HA OCHOBE TPEXMEPHOR ~OPMYnWPOBKW 
KBAHTOBOR TEOPWW nonH 

A.H.CHCAKHH, 001-CTOP !PU3U1<0-lvtaTeMaTUll€C1<UX ~y,c 

H.E.CKA l/KOB, 1<a11.ouoar giuau1<0-MaTeMarui1.ec1<ux 11.ay,c 

OCHOBHhlE 3AKOHOMEPHOCTl1 
MHO)KECTBEHHOro PO)K,[(EHH.R tJACTHU 
TIPH BhICOKHX 3HEPr11.RX 

3a mITb;D;eCHT neT CBoero pa3BHTIDI ( C 0CH0B0il0Jiararom:ux pa6oT 

r.B.BaTarHHa :u ,n:.B.C1w6eJibUHHa) <pH3HKa MH0'.lKeCTBeHHoro po*;a;eHIDI 

o6oraTHJia HaWH npe;a;cTaBJieHIDI O MHKp0MHpe pH;D;0M <pyH;a;aMeHTaJibHbIX 

OTKpbITHH. 

OxapaKTepH3yeM HeK0T0pbie 0CH0BHbie 3aK0H0MepH0CTH MH0)KeCT

BeHHoro po'.)K)];eHIDI np:u BbIC0KHX 3HeprHHX. 

1. Ilo;a;Taep;a;HJICH npe;a;cKa3aHHbIH r.B.BaTarHHbIM TeopeT:uqecKH 

ern;e B 1934 ro;a;y pocT c 3Hepr:uei1: omoc:uTeJibHoro q:ucna Heynpyr:ux KaHa

JI0B. A;a;poHHbie CT0JIKH0BeHHfl B 0CH0BH0M HMelOT HeynpyrHH xapaKTep 

(-80%). 
2. BOJibWHHCTBO BT0pHqHbIX qaCTHU - IlH0HbI, np:u 3TOM HX ;D;OJIH no 

cpaBHeHHIO C ;a;pyrHMH tJaCTHUaMH y6hIBaeT C pOCT0M 3HeprHH, TaK KaK 

OTKpbIBaIOTCfl KaHaJibI po'.)K)];eHHfl 6onee Tfl)KeJibIX Me30H0B H 6apHOHOB. 

3. BoJibWHHCTBO BT0pHtIHbIX tJaCTHU po)K)];aeTCfl c MaJibIMH nonepetI

HhIMH HMilYJihCaMH p T .Cpe;a;Hee 3HatJeH:ue nonepetIHoro HMilYJibCa BTOpHtJ

HbIX tJaCTHU cna6o 3aBHCHT OT 3HeprHH H Jie'.lKHT B HHTepaane <P,?~ 
- 0,2+0,4 r3B/c. 

4. C poCT0M PT aepOHTH0CTb po'.)K)];eHIDI tJaCTHU na;a;aeT 3KCilOHeH

UHaJibHO BilJIOTb AO p T .~ 1,5+ 2,0 r3B/c, nocne qero 3aBHCHMOCTb aepoHT

HOCTH po'.)K)];eHIDI OT p T CTaHOBHTCfl CTeneHHOH: (p T) -N • :3;a;ecb Mhl CTaJI

KHBaeMCfl C KatJeCTBeHHO HOBOH o6naCTblO - q>H3HKOH 6oJihWHX nonepeq

HhIX HMilYJihCOB, r;a;e HOBbIM flBJIHeTCJI IlOJIBJieHHe TaK Ha3hIBaeMoro CTPYH

Horo MeXaHH3Ma reHepauHH BT0pHtIHhIX qaCTHU. 

5. l13MepeHHe IlOJIHbIX cetJeHHH JIBJIJieTCJI npocTeHWHM MHoroqacT:uq

HhIM 3KCnepHMeHTOM. OTKpbITbIH B 3HepreTHtJecKOM HHTepaane 30-70 r3B 

106 pocT IlOJIHhIX ceqeHHH (''cepnyxoBCKOH 3<p<peKT")' a TaK'.lKe pOCT HaKJIOHa 



,n;mpcpepem~HaJibHOro ceqeHH.R npo,n;oJI:>KaeTC.R BnJIOTb ,ll;O 3Hepr.11ii KOJIJiaH

,n;epa • .z:i:ocTHrHyT MaKCHMaJibHbIH pocT, onpe,n;en.ReMbIH rpaHm~eH <l>pyacca

pa: atot ~Aln 2s; o- 101 ~ 66±7M6 (ys =540r3B). 

6. Pacnpe,n;eJieHHe no MHO:>KeCTBeHHOCTH aap.R:>KeHHbIX qacT.111~ CBH,D;e

TeJibCTByeT O KoppeJI.RUHOHHblX .RBJieHH.RX B npouecce reHepaUHH, OTBeqaro-

1.QHX O,ll;HOBpeMeHHOMY .n;eHCTBlllO ,n;ayx HJIH 6onee MeXaHH3MOB o6paaoaa

HH.R qacTHU ("MHoroKOMnoHeHTHOe on.11caH.11e"). Cpe.n;H.R.R MHO:>KeCTBeH

HOCTb (nepBbIH I<:OppeJI.RUHOHHblH MOMeHT pacnpe,n;eJieHH.R) pacTeT C 3Hep

r.11ei1 < n c > - A ln2s + B 1n s + C. llp.116n.11:>KeHHO BbIIIOJIH.ReTc.R KNO-c1<:ei1-

JIHHr, xapaKTep OTKJIOHeHHH roaopHT O Ha.JI.11q.11.11 (np.11 3HeprHH KOJIJiaH.n;e

pa) CHJibHblX ,ll;aJibHO,ll;eHCTBYIOI.QHX I<:OppeJI.RUHH. MHo:>KeCTBeHHbie xapaKTe

pHCTHKH (oco6eHHO B o6JiaCTH MaJiblX PT) CJia6o 3aBHC.RT OT THnOB CTaJI

KHBaIOI.QHXC.R qacTHU, 

Cne,n;yeT OTMeTHTb, qro .113yqeH.11e MHO:>KCCTBeHHbIX npoueccoa, B oco-

6eHHOCTH B CB.R3H C pa3BHTHeM npe,n;cTaBJieHHH O COCTaBHOH (KBapI<:OBOH) 

CTpyKType a,n;poHOB' .RBJI.ReTC.R Tpa,D;HUHOHHbIM HanpaaJieHHeM HCCJie,n;oaa

HHH ,n;y6HeHCKHX TeopeTHKOB. 

B nepayro oqepe,n;b cro,n;a OTHOC.RTC.R cpyH,n;aMeHTaJibHbie HCCJie,n;oaaHH.R 

H.H.Eoronro6oaa C yqeHHKaMH no KBapKOBbIM MO,D;eJI.RM 3JieMeHTapHbIX 

qacTHU, aae,n;eHHe HOBoro KBaHTOBOro q.11cna, Ha3BaHHOro anocne,n;CTBHH 

"uaeToM" (H.H.Eoronro6oa, E.B.CTpyMHHCKHH, A.H.TaaxeJIH.n;ae). HMeH

Ho 3TO noH.RTHe B coqeTaHHH C npHHUHnOM JIOKaJibHOH KaJI.116poaoqHoH HH

aapHaHTHOCTH nerno B OCHOBY coapeMeHHOH KBaHTOBO-noneBOH Teop.11.11 

CHJibHbIX B3aHMO,D;eHCTBHH - KBaHTOBOH Xp0MO,D;HHaMHKH. 

EoJibllla.R cep.11.R pa6oT 6bma BhIIIOJIHeHa A.A.JioryHOBbIM c coTpy,n;

HHKaM.11 no o6Hapy:>KeHHIO Ha OCHOBe 061.QHX npHHUHnOB KBaHTOBOH Teop.11.11 

nOJI.R CTporHX COOTHOllleHHH Me)K,ll;y xapaKTepHCTHKaMH npoueccoa np.11 

BbICOKHX 3HeprHHX, BKJiroqaH MHO:>KeCTBeHHbie 111: 3TH pa6oTbl nOJIO:>KHJIH 

Haqarro npHHUHnHaJibHO HOBOMY HanpaaJieHmo B <pH3HI<:e BbICOKHX 3Hepr.11i1:, 

nonyq.11a11IeMy a ,n;aJibHei1:11IeM HaaaaHHe HHKJII03HBHoro no,n;xo,n;a. 

81<:cnep.11MeHTaJibHoe .11ayqeH.11e HHKJII03HBHbIX npoueccoa np.11aeno 

K OTKpbITHIO CI<:eHJIHHroaoro, HJIH aBTOMO,D;eJibHoro, noae.n;eHHH CTpyKTyp

HbIX cpyHKUHH a,n;pOHOB. CoqeTaHHe np.11Hu.11na aBTOMO,ll;eJibHOCTH C aHaJIH30M 

paaMepHocTei1: .11 npe.n;nono:>KeHHeM o I<:Bap1<:oaoi1 cTpy1<:Type a,n;poHoa noaao

JIHJio B.A.Marneeay, P.M.Mypa,n;HHY .11 A.H.Taaxen.11,n;ae 121 nonyq.11Tb npa

BHJia pa3MepHoro KBapKOBoro cqeTa, ycTaHaBJIHBaIOI.QHe CBH3b Me:>K,n;y 

noKa3aTeJieM CTeneH.11 y6bIBaHHH ,ll;H<pcpepeHUHaJibHblX HHKJII03HBHblX ce

qeHHH ( CM. HH:>Ke) B o6naCTH 6oJiblllHX yr JI OB' a TaK:>Ke IIOKa3aTeJieM 

CTeneHH y6hIBaHHH ynpyr.11x a,n;poHHblX cpopM<paKTOpOB n q.11cJIOM KaapKOB, 

BXO,ll;HI.QHX B COCTaB 3THX a,n;poHOB. 

B HaCTOHI.QeH CTaTbe ,ll;aH KpaTKHH o6aop pa6oT ,n;y6HeHCKHX TeopeTH

KOB B 3TOM HanpaaJieHHH 3a nocne,n;HHe rO,D;bl. OCHOBHOe BHHMaHHe y.n;erreHO 

nayqeHHIO Mo,n;erreH npoueccoa c 6oJiblllOH MHO:>KeCTBeHHOCTbIO n HHKJII0-

3HBHblX peaKUHH C 6orrblllHMH nonepeqHbIMH HMnyrrbcaMH H o6cy:>K.n;eHHIO 

B 3TOH CBH3H CTpyKTypbI a,D;pOHOB. 107 



IlPE)];CT ABilEHHE )];fl.fl 11HKill0311BHbIX CEqEHl10: 

B TPEXMEPHO0: <l>OPMYilHPOBKE 

KBAHTOBO0: TEOPl111 non.fl. 

OBilACTh BOilhlllHX P T. 

CTPY0:Hhl0: MEXAHl13M 

KaK ll3BeCTH0, llCKlliOlJllTeJibH0 BIDKHYIO p0Jib B cpeHoMeHOJIOrlltJe

CK0M 0illlCaHHH HHKJII03llBHbIX npon;eccoB HrpaeT napT0HHa.fl M0,rt;eJib. Cy

w:ecTBeHH0 H0BbIM ::meMeHT0M, BHeceHHbIM 3TOH M0,rt;eJibIO, .flBllJI0Cb BBe

,ri;eHHe YHHBepCaJibHblX cpyHKll;llH pacnpe,ri;eneHH.fl, 0ilHCbIBaIO~X Bepo.flTH0-

CTll Haxo)K)];eHH.fl B a,ri;poHe KBapK0B pa3HblX copT0B, Hecy~x onpe,ri;eneH

Hbie ,rt;0JIH HMnynLca Bcero a,ri;poHa. B paMKax caMoii napTOHHOH Mo,rt;eJIH 

3TH cTpyKTYPHhie cpyHKll;HH He MoryT 6bITb pacctJHTaHhI, no3ToMy 0HH onpe

,ri;eJI.flIOTC.fl cpeHoMeHOJIOrlltJeCKHM nyTeM. C llX Il0M0W:bIO cetJeHll.fl B3aHM0-

,ri;eiiCTBll.fl a,rt;p0H0B Bbipa)KaIOTC.fl tJepe3 cetJeHH.fl llH,rt;HBll,rt;yaJibHbIX KBapK

KBapK0BbIX llJill KBapK-JieITT0HHblX B3aHMO,rt;eHCTBllH, "B3BellleHHbie" 

c cpyHKn;H.flMll pacnpe,ri;eneHH.fl. 

O6o6w;eHHe KBapK-napTOHHOH M0,rt;eJill Ha 0CH0Be annapaTa KBaHT0-

BOH Teopllll Il0JI.fl npe,rt;cTaBJI.fleT co6oii 3a,rt;atJy llCKJIIOlJllTeJibHOH Ba)KH0CTll. 

OTMeTHM, lJT0 3HatJHTeJibHbIH BKJia,rt; B 3T0 HanpaBJieHlle BHeCJill ,ri;y6HeHCKlle 

TeopeTllKll. 

CaMy 3a,rt;atJy TeopeTHK0-Il0JieBoro o6o6w;eHll.fl KBapK-napTOHHOH 

M0,rt;eJill M0)KH0 npe,rt;CTaBllTb ce6e KaK 6b1 COCTO.flm;eii ll3 ,rt;Byx tJaCTeH. 

IlepBa.fl CB.fl3aHa C BbI6opoM TaKoro narpam1maHa B3aHMO,rt;eHCTBll.fl Me:)K,rt;y 

KBapKaMll, KOTOpbIH npllB0,rt;llJI 6hI K BblKJIIOtJeHHIO B3aHMO,rt;eHCTBll.fl Ha 

MaJiblX paCCT0.flHll.flX. KaK ll3BeCTH0, narpaH:lKllaH KBaHTOBOH xp0M0,rt;HHa

MllKll (KX)];) pernaeT 3TY 3a,rt;atJy ll IT03B0JI.fleT npHMeHHTb TeopHIO B03MY

w;eHHH Ha MaJiblX paCCT0.flHll.flX *. BTOpa.fl 3a,rt;atJa, B 3HatJHTeJibHOH Mepe He 

CB.fl3aHHa.fl Henocpe,rt;CTBeHH0 C K0HKpeTHbIM Bll,rt;0M narpaH:lKHaHa, C0CT0llT 

B pa3BllTllll B paMKax KBaHTOBOH TeopHH Il0JI.fl cpopMaJill3Ma )];JI.fl 0ITHCaHll.fl 

a,ri;poH0B KaK CBR3allllbZX COCTO.flHllH KBapK0B ll llCil0Jib30BaHll.fl ero )];JI.fl 

0illlCaHll.fl llHKJII03llBHblX a,ri;poH-a,rt;p0HHbIX peaKll;llH. 

)];JI.fl ll3ytJeHH.fl CB.fl3aHHblX COCTO.flHllH B paMKax KBaHTOBOH Teopllll 

non.fl A.A.noryHoBhIM H A.H. TaBxen0:,ri;3e 6hm npe,rt;JI0)KeH MeTo,ri; o,ri;Hoape

MeHHoro 0illlCaHll.fl C0CTaBHbIX CllCTeM. YpaBHeHll.fl noryHoBa - TaBxeJill,rt;3e 

Il0JIYtJllJill lllllp0Koe npnMeHeHHe B 3a,rt;atJax, CB.fl3aHHbIX C a,ri;poHHOH ll KBap

KOBOH cpll3llKOH, lJT0 060.flCH.fleTC.fl HaJilltJlleM tJeTK0ro (pll3lltJeCKoro CMbICJia 

ll Bepo.flTHOCTHOH llHTepnpeTaD;llll peJI.flTllBllCTCKOH BOJIHOBOH cpyHKll;llll B llX 

no,ri;xo,ri;e. Cyw;eCTBeHHbIM y,ri;o6CTBOM 0,rt;H0BpeMeHHoro no,ri;xo,ri;a .flBJI.fleTC.fl 

* Ha 6oJibWHX iKe paCCTORHIDlX cqHTaeTCfl, qTQ CHJibI B3aHMO,a;eii:CTBH11 MeiK,D;Y KBap

KaMH B03pacTaroT, qTo ·" o6yCJIOBJIHBaeT HX y,u;epiKaHHe BHYTPH a,u;poHa B CB113aHHOM 

COCTOflHHH. B ::noii: o6JiaCTH, OIIHCaHHe KOTOpoii: OCTaeTCfl noKa Ha cpeHOMeHOJIOr~eCKOM 

ypOBHe, Heo6XO,ll;HMO o6paIQeHHe K MeTo,a;aM, BblXO,ll;flIQHM 3a paMKH TeopHH B03MyIQe-

108 HHll, H K annapaTy TeOpHH CB113aHHblX COCTOflHHll. 



TaK:>Ke 6oJibWaJI . npeeMCTBeHHOCTb c TpexMepHbIM annapaTOM noTeHQHaJib

Horo om1camm, npHMeHHeMbIM B HepeJIHTHBHCTCKOH KBaHTOBOH MeXaHHKe 

(no 3TOH npwnme ypaaHeHHe Jloryttoaa - TaaxenH,z:i;3e TaK:>Ke Ha3bIBaJOT 

KBa3HnoTeHIJ;HaJibHblM ypaaHeHHeM). 

B 3TOH CBH3H OTMeTHM TaK:>Ke, llTO B HaCTonrnee BpeMH KBa3Hno

TeHQHaJibHhlH no,z:i;xo,z:i; CTaJI OCHOBHbIM HHCTpyMeHTOM ,Il;JIH caepxTOllHbIX 

(BnJIOTb ,z:i;o nopn,z:i;Ka a 6 lna ) pact1eTOB npe,z:i;cKa3aHHH KBaIITOBOH 3JieKTpo

,IJ;HHaMHKH (K3.U) ,Il;JIH BeJIHllHHbl pacrnenneHHH ypoBHeH BO,D;Opo,z:i;ono,z:i;o6-

HbIX aTOMOB, a TaK:>Ke no3HTPOHHH H MIOOHHH 13, 41• ,UoCTHrHyToe npH 3TOM 

peKop,z:i;Hoe, BilJIOTb ,z:i;o ce,IJ;bMOro 3HaKa, coana,z:i;eHHe TeopeTHlleCKH paCCllH· 

TaHHOro 3HatJeHHH 3HepreTHtJeCKoro C,lJ;BHra C H3MepeHHbIM B 3KCnepHMeH

Te n03BOJIHeT npoaeCTH npoaepKy OCHOBHbIX npHHu;HnOB nocTpOeHHH K3.U 

KaK JIOKaJibHOH penHTHBHCTCKOH KBaHTOBOH TeopHH nonn. OHo TaK:>Ke 

HBJIHeTCH no,IJ;TBep:>K,D;eHHeM cnpaae,IJ;JIHBOCTH npou;e,z:i;yp1,1 nepeHopMHpOBOK 

H CBH,IJ;eTeJibCTByeT O BbICOKOH 3cpcpeKTHBHOCTH KBa3HnoTeHIJ;HaJibHOro 

no,z:i;xo,z:i;a. 

IlpH OilHCaHHH a,z:i;poH-a,D;pOHHhIX H nemoH-a,D;pOHHbIX peaKQHH BeCbMa 

y,z:i;o6HbIM HBJIHeTCH cpopMaJIH3M cpyHKIJ;HH rpHHa ,Il;JIH MHOrollaCTHllHhlX 

CHCTeM. ECJIH B TeopeTHKO-noJieBbIX Bblpa:>KeHHHX ,Il;JIH cpyHKIJ;HH rpHHa 

npHpaBHHTb apeMeHa acex llaCTHIJ; ( KBapKOB) ' TO B 6JIH3H noJIIOCOB' OTBe

llaJOIUHX CBH3aHHbIM COCTOHHHHM COCTaBJIHIOlll;HX a,z:i;poH KBapKOB, TaKH~ 

cpyHKIJ;HH rpHHa MO:>KHO Bblpa3HTb t1epe3 peJIHTHBHCTCKHe O,lJ;HOBpeMeHHbie 

BOJIHOBbie cpyHKIJ;HH H aMilJIHTY,lJ;bl B3aHMO,IJ;eHCTBHH a,z:i;poHOB 15 ,61• 

B pe3yJihTaTe aMnJIHTy,z:i;1,1 HHKJII03HBHMX peaKu;HH THna A + B ➔ 1 + 2 ..• 
y,z:i;aeTCH Bhipa3HTb t1epe3 O,lJ;HOBpeMeHHbie BOJIHOBbie cpyHKIJ;HH, onHCbIBaro

ru;He a,z:i;pOHbl A H B KaK CBH3aHHbie COCTOHHHH KBapKOB, a TaK:>Ke MaTpHll· 

Hbie 3JieMeHTbl aMilJIHTY,lJ; no,z:i;npou;eccoa C yt1aCTHeM KBapKOB HJIH ,z:i;pyrHX 

no,IJ;CHCTeM 
15•61• BoJIHOBbie cpyHKIJ;HH H aMnJIHTY,IJ;bl no,z:i;npou;eccoa Haxo

,Il;HTCH H3 COOTBeTCTBYIOlll;HX HM KBa3HnoTeHIJ;HaJibHbIX ypaaHeHHH. (Hm6o

Jiee y,z:i;o6HoH cpopMOH ,IJ;JIH 3THX u;eneif HBJIHeTCH 3anHCb ypaaHeHHH B nepe

MeHHbIX CBeTOBoro cppOHTa). H,z:i;pa 3THX ypaaHeHHH, OTBet1ruo111;He B3aHMO

,z:i;eHCTBHIO Ha MaJiblX paCCTOHHHHX, MoryT 6bITb nocTpOeHbl C HCnOJib30Ba

HHeM rnopHH B03Myru;~HHH KX,U. HruiHt1He y KBa3HnoTeHu;HaJihHbIX BOJIHO· 

BblX cpyHKIJ;HH aepoHTHOCTHOH HHTepnpeTau;HH no3BOJIHeT nocTpOHTb H3 

HHX IlJIOTHOCTH aepOHTHOCTH, HMeroru;He CMblCJI cpyHKIJ;HH pacnpe,z:i;eneHHH 

HMnynhcoa KBapKoB BHYTPH a,z:i;poHoB, TO ecTb cTpyKTYPHhIX cpyHK

u;Hif /5-7/. IlpH 3TOM BeCbMa 3cpcpeKTHBHbIM HHCTpyMeHTOM ,Il;JIH HCCJie,z:i;o

BaHHH CBOHCTB WHpoKoro Kpyra HHKJII03HBHblX npou;ecCOB OKa3aJICH anna

paT MaTpHIJ;bl IlJIOTHOCTH, pa3BHTbIH B pa6oTax TeopeTHKOB H<l>B3 (IlpoT

BHHO). 

TaKHM o6pa30M, B O,lJ;HOBpeMeHHOM TpexMepHOM no,z:i;xo,z:i;e K OilH· 

CaHHIO COCTaBHbIX 061,eKTOB B KBaHTOBOH TeopHH noJIH B03HHKaeT HCHbIH 

no CBOeMy q>H3HlleCKOMy CMbICJIY annapaT onHCaHHH B3aHMO,IJ;eHCTBHH npH 

BblCOKHX 3HeprHHX, KOTOpbIH HBJIHeTCH TeopeTHKO-noneBblM o6o6ru;eHHeM 

napTOHHOH MO,IJ;eJIH. 109 



OTMeTHM, I.ITO rrpH perneHHH 3TOH KOHKpeTHOH 3a;::i:atm HaH6onee 

HBHO rrpOHBHJIOCb OCHOBHOe rrpeHMyI..QeCTBO rrpH OIIHCaI-IHH CBH3aI-IHblX 

CHCTeM O)];HOBpeMeHHoro cpopMaJIH3Ma Ha;J; MHoroapeMeHHbIM, IIOCKOJibKY, 

KaK H3BeCTHO, BOJIHOBbie cpyHKIJ:HH ypaBHeHHH EeTe- CoJIIIHTepa He HMelOT 

O,D;H03HatIHOH aepoHTHOCTHOH HHTeprrpeTaQHH HMeHHO B CH.JIY rrpttcyI..QeH 

HM 3aBHCHMOCTH OT HH)];HBH.n;YaJihHbIX apeMeH COCTaBJIHlOI..QHX CHCTeMy 

qaCTHIJ:. Ilepexo,n; K O)];HOBpeMeHHOMy OIIHCaI-IHlO OTaeqaeT (pH3HqecKOH cyTH 

CJIHHHHH HH)];HBH,D;YaJibHbIX qacTHU: B CBH3aI-IHOe COCTOHHHe. 

B 3TOH CBH3H HHTepecHo TaK1Ke rro,n;qepKHYTh, qTo rny6oKHH aHaJIH3 

Tpy.n;HOCTeH C OIIHCaI-IHeM CBH3aHHblX COCTOHHHH qacTHU: B paMKaX crreQHaJib

HOH Teop1m OTHOCHTeJibHOCTH (CM. rro,n;po6Hee, HarrpHMep, 18,9/) eI..Qe 

pa.I-Ibllle rrpHBeJI pH,n; HCCJie,n;oBaTeJieH K MblCJIH O Heo6xo,n;HMOCTH OTKa3a OT 

MHOroapeMeHHoro cpopMaJIH3Ma rrpH OIIHCaHHH TaKHX CHCTeM. H:60 co

rnaCHO o6pa3HOMY BblpIDKeHHlO 3,n;,n;HHrTOHa: "ATOM BO,D;opo,n;a COCTOHT 

H3 rrpoTOHa H 3JieKTpoHa, HO rrpOTOH cero,n;HH, a 3JieKTpoH aqepa He COCTaB

JIHlOT aToMa ao,n;opo,n;a". MoiKHo cKa3aTh, qTo ypaaHeHHe noryHoaa - Taa

xenH,n;3e rrpe.n;CTaBJIHeT co60:0 ,D;HHaMHqecKyIO peaJIH3aIJ;H10 H,D;eH O)];HOBpe

MeHHoro OIIHCaI-IHH B paMKax KBaI-ITOBOH TeOpHH ITOJIH. KoaapttaHTHOe 

06061..QeHHe KBa3HIIOTeHIJ;HaJibHblX ypaaHeHHH ocyI..QeCTBJIHeTCH rryTeM rre

pexo,n;a K OIIHCaHHlO a TepMHHax e,n;HHOro HHBapHaHTHoro co6CTBeHHoro 

BpeMeHH CHCTeMbl, K KOTOpoMy IIpHpaBHHBaIOTCH HHBapHaI-ITHbie co6CTBeH

Hbie apeMeHa COCTaBJIHlOI..QHX qacTHU: /101. 

B HaCTOHI..Qee apeMH CJIO)KHJICH u:errbIH pH)]; HarrpaaneHHH, ycTaI-IaBJIH

BaIOI..QHX rny601<:y10 CBH3b O)];HOBpeMeHHoro KBa3HIIOTeHIJ;HaJibHOro rro.n;xo,n;a 

C KoaapHaHTHOH raMHJibTOHOBOH cpopMyJIHpOBKOH KBaHTOBOH TeopHH 

IIOJIH /1 l /, MeTO)];OM O,D;HOBpeMeHHOH pe,n;yKIJ;HH /1.2/ H MeTO)];OM <l>oKa -

Ilo.n;OJibCKoro / 131 • Bee 3TH Harrpaanemm rronyqHJIH lllHpOKOe pa3BHTHe 

H IIpHMeHeHHe )];JIH OIIHCaI-IHH 6HHapHbIX peaKQHH /l 4• 15/ ( oco6o OTMeTHM 

ycrrernHoe rrpe,n;cKa3aHHe MeCTOHaXOJK,D;eHHH ,n;HcppaKU:HOHHoro MHHHMyMa 

B ceqeHHH yrrpyroro 17p -pacceHHHH), rroae,n;eHHH rronHpH3aQHH, crreKTpa 

Mace H lllHpHH pacrra;::i:oB pa;J;HaJibHblX H op6HTaJibHblX B036yJK,D;eHHH qapMO

HHH, 6oTOMHH H nerKHX Me30HOB 116/, BKJIIOqaH H He,D;aBHO OTKpbITbie 

pa.n;HaJibHbie B036yJK.n;eHHH 77-Me3oHa, a TaKiKe ,n;pyrHX KOHKpeTHbIX (pH3H

qecKHX rrpou:eccoB, HHTeHCHBHO HCCJie.n;yeMbIX Ha ycKOpHTeJIHX. 

B03BpaI..QaHCb K rrpo6JieMe OIIHCaI-IHH HHKJI103HBHbIX peaKU:HH, OTMe

THM, qTo rrpH orrpe,n;eneHHbIX acHM0TOTHqeCKHX ycJIOBHHX, KOTOpbie nerKo 

HaX0,Il;HTCH ( CTerreHHoe y6hmaHHe B0JIH0BblX cpyHKU:HH, orpaI-IHqeHHOCTb 

rrorrepeqHoH COCTaBJIHlOI..QeH HMIIYJibCa KBapK0B B a,n;poHe) , nonyqeHHbie 

B 0,Il;H0BpeMeHHOM rro,n;xo,n;e cpopMyJibI nepexo.n;HT B cpopMyJibI rrapTOHHOH 

M0,D;eJIH. TaK, HarrpHMep, )];JIH cnyqaH, Kor.n;a B K0HeqH0M C0CT0HHHH BbI,D;e

JieHa o.n;Ha qacTHU:a C AJIH ceqeHHH npou:ecca A +- B ➔ C t- X , B pa6o

Tax 15 ,61 6hma nonyqeHa cpopMyna, KoTopaH B rrpe,n;ene s ➔ oo , t/S 
110 q>HKCHpOBaI-10 rrpHHHMaeT BH,D;: 



daAB➔CX ---
d 

3k/E k 

S f -2 A' 2 "" - dx • dy •dz• x.y.z • p (x, Q ) x 
rr A (1) 

B' 2 C 2 daA'B'➔ c'o'(s·'.t' u') 
x p B (y, Q ) · p ,(z, Q ) • ----- - ' ' -- . .8 (s '+ t '+ u' ) 

C dt' 

H BblproKaeT HHKJil03HBHOe cetJeHHe o6pa30BaHHH a,n;poHa C 11epe3 ,n;mpcpe-

peHQHaJibHOe ce11eHHe pacceHHHH IlO,D;CHCTeM A 'B, ➔ C 'D, ( CM.pHc.1) 

.A 

A' 

Pnc.1 

H cpyHKQHH pacnpe,n;eJieHHH p ~-. p:, H p g ,, IlOCTpOeHHbie 113 COOTBeTCT

BYIOI.QHX peJIHTHBHCTCKHX KBa3HilOTeHQHaJibHblX BOJIHOBblX cpyHKQHH. 

B 11aCTHOM CJiy11ae, 1<:or,n;a A,, B ', C' H D' HBJIHIOTCH KBapKOBbIMH COCTOH

HHHMH, COOTBeTCTBYIOIQHe BeJIHllHHbl p";.,_' H pi' nepexo;a;HT B CTPYKTYPHhie 

cpyHKUHH p ~ 11 pi , d a I dt ' - B ,n;mpcpepeHQHaJihHoe ce11eH11e ynpyroro 

pacceHHHH J<:BapKOB, a cpopMyJia (1) - B H3BeCTHYIO B napTOHHOH MO,D;eJIH 

cpopMyJiy ")KeCTKHX coy,n;apeHHH". 

lfa cpopMyJibl (1) B npe,n;noJIOiKeHHH O cnpaBe,D;JIHBOCTH npaBHJI J<:Bap

KOBOro c11eTa ,D;JIH ce11eHHH d al dt ' Jier1<:o noJiytJHTh cTeneHHOH 3a1<:0H y6h1-

BaH11H HHKJil03HBHblX cetJeHHH 15,61: 

daAB....-CX -N 
---- ~ p •¢(x, 0) 

d3p;E P T 
(2) 

r,n;e CTeneHh N CBH3aHa C llHCJIOM COCTaBJIHIOIQHX COCTOHHHH C' H D' cpop

MYJIOH 

(3) 

a cpyHKQHH <p (x, 0 ) Bbipa)KaeTCH 11epe3 HHTerpaJI OT CTpy1<:TypHbIX cpyHK

QHH, OITHChIBaIOI.QHX pacnpe,n;eJieH11e 11acTHU A' , B' 11 C B a,n;poHax A, 111 



B H COCTOJIHHH C '. lfucpopMaD;HJI O BH,D;e 3THX CTPYRTYPHbIX cpyHR.QHH 

MO:>KeT 6bITI, IIOJiytJeHa C IIOMOIIV>IO HCIIOJio30BaHHJI rrpHHUHIIa aBTOMO,D;eJio• 

HOCTH H rrpamm pa3MepHoro RBapRoBoro ctJeTa, a TaR:>Ke rrpe,n;cTaaneHHJI 

CTpyRTypHbIX cpyHR.QHH qepe3 peJIJITHBHCTCRHe RBa3HIIOTeH.QHaJII,Hhle BOJI· 

HOBbie cpyHR.QHH, Ha tJeM MbI rro,n;po6Hee OCTaHOBHMCJI HH:>Ke. 

KaR BH,D;HO H3 cpopMyJI (2) H (3)' MHHHMaJII,HaJI CTerreHo y6bIBaHHJI 

HHKJII03HBHoro ceqeHHJI - PT4 ocym;ecTamrnTcJI, 1<:or,n;a rro,n;rrpoa:ecc 

A'+ B' -+ C' + D' rrpoHcxo.n;HT 3a ctJeT yrrpyroro pacceJIHHJI ,n;ayx Raap

ROB (":>KecTRoe pacceJIHHe"). Ilpo.u:eccaM, o6ycnoaneHHbIM pacceJIHHeM 

COCTaBHbIX IIO,D;CHCTeM qtr ➔ qtr ' qd ➔ qd (d - ,D;HRBapR (qq))' COOT· 

BeTCTByeT 6onee 6bICTpoe y6bIBaHHe cetJeHHH 15, 61: 

/:
1 

(AB-+ 11,) -A(xT, ••• )· p;8 +B(xT, ••• )p;t-~ ... , (4) 
d p E P 

r,n;e X T = 2pT/VS. 
OTKJIOHeHHe OT tJHCTO CTerreHHoro aBTOMO,D;eJioHoro rroae.n;eHHJI B paM

Rax KX,U OIIHCbIBaeTCJI C IIOMOlIJ;oIO TaR Ha3bIBaeMbIX aHOMaJII,HbIX pa3Mep

HOCTeif, ROTOpbie MoryT 6bITI, BbitJHCJieHbI ITO TeopHH B03Mym;eHHH. B pa6o

Te /1 7 / 6bIJIH ccpopMYJIHPOBaHbI YHHBepcanoHbie IIpaBHJia RBapROBOro 

CtJeTa ,D;JIJI aHOMaJioHbIX pa3MepHOCTeif, OIIHCbIBaIOm;HX JiorapMcpMHtJecRoe 

OTKJIOHeHHe OT CTerreHHbIX aBTOMO,D;eJioHbIX 3aROHOMepHOCTeif B rny6oRO· 

HeyrrpyrHx a,n;poH-a,D;pOHHbIX H nerrTOH-a,D;pOHHbIX peaR.QHRX c 6oJioWHMH 

rrepe,D;aHHblMH HMIIYJioCaMH H BCeB03MO:>KHbIM BbI,D;eJieHHeM tJaCTH.Q pa3HbIX 

copTOB B ROHetJHbIX COCTOJIHHJIX. IlonytJeHHbie qlOPMYJibI II03B0JIJIIOT, 

B rrpHH.QHrre, rrpoBeCTH BCeCTOpOHHIOIO rrpoaepRy rrpe,n;cRa3aHHH KX,U, tJTO 

rrpe,n;cTaBJIJieT I HHTepecHyIO 3a,n;aqy ,D;JIJI 6y.n;ym;Hx 3RcrrepHMeHTOB rrpH Bbl· 

CORHX 3HeprHJIX. 

OI111CAHl1E CTPYKTYPHbIX <I>YHKU110: A,UPOHOB 

B p AMKAX KOBAPHAHTHOro 

O,UHOBPEMEHHOro <I>OPMAJil13MA 

KaR 6bIJIO OTMetJeHo paHee, 3HaHHe ROBapHaHTHbIX O,D;HOBpeMeHHbIX 

BOJIHOBbIX cpyHR.QHH RaR peweHHH COOTBeTCTBYIOlIJ;HX RB8.3HIIOTeH.QHaJII,HbIX 

ypaBHeHHH II03BOJIJieT, B rrpHH.QHIIe, paCCtJHTaTo BH,D; CTpyRTypHbIX qlYffR· 

.QHH. 3Ta 3a,n;aqa pewanacr, B pa6oTax pH.D;a aaTopoB 16-71. B HHX 6bmo rro

Ra3aHO, lJTO BXO,lJ;Jlm;HH B a,n;poHHbIH TeH30p MaTpHtJHbIH 3JieMeHT TO Ra rrepe-
,,/ 

xo,n;a a,n;poHa A B ROHetJHoe COCTOJIHHe \X, a> B HMrryJioCHOM rrpHMH:>Ke-

HHH MO:>KeT 6bITo Bbipa:>KeH qepe3 RBa3HIIOTeHUHaJioHyIO BOJIHOBylO cpyHR· 

.QHIO 'P ! p CBJI3aHHOro COCTOJIHHJI N tJaCTH.Q, o6pa3yrol.Qlii a,n;poH A (CM. 
pHc.2). .. ~ 

B HMIIyJioCHOM ~JIIDKeJlllli,-COO~CTByIOm;eM ytJeTy JIHWI, TeX 

rmooHOB, o6MeH ROT0pbIMH C03,D;aeT BXO,lJ;Jlm;HH B ypaaHeHHe MJI BOJIHOBOH 

112 cpyHR.QHH CBJI3aHHoro C0CT0JIHHJI RBapR0B RBa3HIIOTeH.QHaJI, CTpyicrypeyro 



j) 
0,L. 

0,3 

0,2 

0,1 

0 

PHc.2 

0,20 0,30 0,L.0 0,50 0,60 

PHc.3 

q>yHiai;1no MO:>KHO npe,n:CTaBHTh B BH,n:e /1 B/: 

p. <t, W 2) = p ~KeAn,. (t) + p ~PeACK. ((, W 2), 
1 1 1 

X 

(5) 

r.n:e p ?KeAn. (cf) - CKefumHrOBaJI no nepeMeHHOH HaxTMaHa g qaCTb 

cTpyKTYPHOH q>yHKa;HH. Ha pHc.3 H3o6pIDKeHhI rpaq>HKH X-3aBHCHMOCTH 

p(x, Q 2) (npH q>HKCHpOBaHHOM 3HaqeHHH Q2 ) B cnyqae BhI6opa 

'l'tp B BH,n:e TOqttOro perneHH.fl KBa3HnoTeHa;HaJihHOro ypaBHeHH.fl C 3anH-

parou.i;HM OCa;HJIJI.flTOpHbIM noTeHa;HaJIOM (cTIJIOlIIHaJI JIHHHH) Ii B BH,n:e npH-

6nmKeHHoro perneHH.fl c MO,IJ;eJihHbIM xpoMO,IJ;HHaMHqecKHM noTeHa;HaJIOM, 

KOTOpbre npH onpe.n:eneHHOM Bhr6ope napaMeTpoB Hermoxo cornacy10TcH 

C 3KCnepHMeHTaJihHbIMH ,IJ;aHHbIMH no CTpyKTYPHOH q>yHKD;HH 17-Me3oHa. 113 



lfayqeane BKJIMa npe.n;ac11MnTOTWiec1<oro qneHa p npeACK. (f, Q 2; 

B Q2 ·3aBHCHMOCTb noKa3aJIO, qTo 3cpcpeKTbl CBH3aHHOCTH npHBO,Il;HT B 06 

nacrn: X > 0,35 K y6hJBaHIUO CTpyKTYPHOH cpyHKUHH npH H3MeHeHH£ 

Q2 a HHTepaane 0,5 -:;_ Q 2 ::; 10 rsB 2, a ,n;a.Jiee nx BKJIM npaKTHqecmi 

Hcqe3aeT. PocT )Ke cTpyKTypHoH cpyHKUHH npn MaJihIX x c pocToM Q 2 6y

,n;eT ocymecTBJIHTbCH JIHlllb npH onpe,n;eneHHhIX YCJIOBHHX Ha Macey KBapKa. 

ABTOMOnEJihHOE TIOBEnEHHE 
CEqEHHti TIOJ1Yl1HKJ1I03HBHbIX PEAKUHti 

HHTepeCHOH oco6eHHOCTblO MHKJil03HBHhIX npoueccoa B o6naCTM 

6oJiblllHX p T HBJIHeTCH IlOHBJieHMe 3aBHCHMOCTH cpe,n;HeH acco:u;HaTHBHOH 

MH0'1CeCTBeHHOCTH OT nonepeqaoro HMilYJibCa qa:cnI:u;hI-TpHrrepa. 

nJIH IlOHHMaHHH 3TOH 3aKOHOM0pHOCTH BeChMa IlJIO.D;OTBOpHhIM HB· 

JIHeTCH MHOrOKOMilOHeHTHhIH no.n;xo.n; K OilHCaHHIO HHKJII03HBHhIX H norry

HHKJil03HBHbIX cneKTpOB. 

PaccMoTpHM nonyRHKJII03HBHhIH npo:u;ecc 

A+B ➔ C(pT) + Xe +X 0
, (6) 

n-1 

TO eCTb B .D;aHHOM CJiyqae B peaKUHH MHKJil03HBHhIM o6pa30M Bhl.D;0JIHeTCR 

o.n;Ha 113 3apH'1CeHHhlX BTOpHqHhlX qaCTH:U:, KOTOpaH nonyq0:na B pe3yJihTaTe 

B3aHMo,n;e:acTBHH 6onhrno0: nonepeqHhIH MMnyJihc ( C (pT) - qacrnua

TpHrrep). 

Ilpouecc (6) xapaKTepH3yeTCH TaK Ha3hIBaeMhlM IlOJIYHHKJil03HBHhlM 

ceqeHHeM dall/dp\, KOTOpoe, 6y,n;yqH npocyMMHpOBaHO no qHCJIY acex 

3apH)KeHHhIX qacTHU ll c , npllBPAMT K o.n;HoqacTHqHoMy HHKJII03HBHOMY 

pacnpe,n;eneHHIO du /dpc = Ida/ dp'. B pa6oTax 15•191 no.n;po6Ho Hccrre

,n;oBaJIHCh noJiyHHKJIID3MBHhie pacnpe.n;eneHMH B paMKax OTMeqeHHOH BhIIIIe 

TpexMepHOH <popMymipOBKH KBaHTOBOH Teopm-1 IlOJIH, a TaK>Ke CBH3b MO

M0HTOB nonyHHKTil03HBHOro pacnpe.n;eneHMH co CTPYI<TYPHhlMH <pyHI<:U:HH

MH. 

IlpOHJIJIIOCTpHpyeM Koppemn.I,HOHHhlH xapaKTep acco:u;MaTHBHOH MHO

,icecTBeHHOCTM paCCMOTpeHMeM 3aKoHa no,n;o6MR AJIH IlOJIYHHI<Jll03MBHhIX 

npoueccoa 1191• 
AccouMaTMBHaH MHO)KeCTBeHHOCTb peaKI.J,MM ( 6) onpe,n;emieTCR cne

,n;y10rn;HM o6pa3oM: 

l (n - L)F(n, pT) 
< n (p ) > = _n.,_ ___ -~ ~----- , 

T !, F (n, p T) 
n 

(7) 

r,n;e F(n, p T) - IlOJIYHHKJII03HBHOe pacnpe.n;eneHMe. 

Ilpe,n;noJIO:>ICMM, qTo 3TO pacnpe.ri:erreHMe M0)1(0T 6hITb pa36HTO Ha KOM

noHeHTbI B COOTBeTCTBMH C CMJIOll KOppeJIHI.J,MH Me)K,D;y MHO)K0CTBeHHOCThlO 

114 H nonepeqHblM MMilYJihCOM Tpnrrepa. 
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11HTepeCHO OTMeTl'ITh, 'IJTO, HCilOJih3YH TOJihKO CJiaraeMoe, OTBetJruo

~ee cna6oii KoppenHa;HH, MhI npHAeM K H3BeCTHOMY cKeiinHHry KNO 

<n> 'P (--2;_ ). (8) 
<n > 

B TO )Ke BpeMH KoppeJIHIJ;HOHHbIH 'IJJieH cpeAHeii accoa;HaTHBHOH 

MHO)KeCTBeHHOCTH H COOTBeTCTBYIO~ee eMy pacnpeAeJieHHe AaJOT 3aKOH 

IlOA06HH AJIH nonyHHKJil03HBHbIX cetJeHHH 
1191 

da /dp T 
<n(pT)>· n ➔ 

Idan/dpT 
n 

(9) 

KOTOpbIH IlOJIY'IJHJI 3KCnepHMeHTaJibHOe IlOATBep)J('.AeHHe Ha ycKopHTeJIHX 

11<1>B3 (IlpoTBHHo) H UEPHa. 

TaKoii 3aKOH (9) CJieAyeT, B tJaCTHOCTH, H3 npeACTaBJieHHH O Kore

peHTHOM B036y)J('.AeHHH HyKJIOHa H MOAeneii MHO)KeCTBeHHOro po)J('.AeHHH 

B npH6JIH)KeHHH npHMOJIHHeHHbIX nyTeii, KOTOpbie npeACKa3bIBaJOT 3aBHCH

MOCTb 

(10) 

6JIH3KYIO K Ha6JIIOAaeMOH Ha OilbITe. 

TaKHM o6pa3oM, KNO-c:,ceiinHHr OTBetJaeT HyneBbIM (HJIH npeHe6pe

)KHMO MaJibIM) KoppeJIHIJ;HHM Me)J('.Ay <n>H p T.B cnyqae CHJihHbIX Koppe

JIHIJ;HH MO)KHO O)KHAaTh BbIIlOJIHeHHH COOTHOIIIeHHH (9). 3To COOTHOIIIeHHe 

no3BOJIHeT nonytJHTh TaK)Ke cpopMyny cKeiinHHra B cpeAHeM. IlpH cBepx

BbICOKHX 3HeprHHX, rAe AOJIH BTOpH'IIHbIX tJaCTHIJ;, po)J('.AeHHbIX B CTpye, 

yBeJIH'IJHBaeTCH ( KOppeJIHIJ;HH < n > - p T 3Ha'IJHTeJihHbie) , CJieAyeT O)KHAaTh 

cnea;mpHtJecKHX OTKJioHeHHii OT KNO-pacnpeAeneHHH. 

CJieAyeT OTMeTHTh, 'IJTO aBTOMOAeJibHaH cpyHKIJ;HH 'P (z) (9) MO)KeT 

6bITb HaiiAeHa KaK peIIIeHHe ypaBHeHHH peHopMrpynnbI AJIH noJiyHI:lKJII0-

3HBHbIX cetJeHHH /5, 191. IlpH 3TOM 3aKOH AHCnepCHH 

D(p ) = J:_ · <n (p )> 
T ya T 

(11) 

H OTKJIOHeHHH OT Hero, KOTOpbie 6bIJIH H3ytJeHbl B paMKax ypaBHeHHH 

peHOpMrpynnbI, HMeIOT aHanorHIO c COOTHOIIIeHHeM Bpo6neBCKOro - Manh

XOTpbl AJIH IlOJIHbIX cpeAHHX MHO)KeCTBeHHOCTeii 

D=A<n>-B. (12) 

3aKoHOMepHOCTh (9) 6bma nposepeHa B UEPHe H noATBepAHJiach, 

qTo HBHO CBHAeTeJihCTByeT O CHJibHbIX <n > - PT KoppeJIHIJ;HHX, 115 
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IlPOUECChl C BOnhIII0:0 MHO)KECTBEHHOCTblO. 
MHOrOKOMilOHEHTHOE OilHCAHHE 
MHPOBhIX 3KCilEPHMEHTAnhHhIX ,!J,AHHhIX 

KaK Y*e OTMelJaJIOCb Bbillle, ITPOQecCbI C 60JiblllOH MHO)KeCTBeH

HOCTblO rJiaBHbIM o6pa.30M pa.3birpbIBalOTCH Ha 60JiblllMX paCCTOHHMHX (Ma

JibIX p T) • 3,D;eCb cyw;eCTBeHHbI MHbie MeXaHM3MbI reHepaQMM tJaCTMQ, He)KeJIM 

B o6JiaCTM 6oJiblllMX p T" 

,!J,JIH OITMCaHMH TaKMX ITpoQeCCOB BeCbMa IIJIO,!l;OTBOpHbIM HBJIHeTCH 

MHOrOKOMITOHeHTHbIH ITO,!l;XO,!I; /5, 191• PacCMOTpMM OAHY M3 ero KOHKpeT

HbIX peaJIM3aQMH. OTITpaBHbIM MOMeHTOM MO,D;eJIM HBJIHeTCH ITpe,D;ITOJIO)Ke

HMe, lJTO B Ha6JIIO,D;aeMylO MHO)KeCTBeHHOCTb OCHOBHOH BKJIM BHOCHT 06-

JiaCTM cpa3oBoro ITpocTpaHCTBa, BhI,D;eJIHeMbie cneAYIDn.uiM o6pa3oM: 

- o6JiaCTb, COOTBeTCTBYlOI.U;aH BTOpMllHbIM tJaCTMQaM, o6pa30BaHHbIM 

6naro,D;apH ,!l;MCCOQMaQMM CTaJIKMBaIOI.U;MXCH (JIM,!l;MpylOIQMX) tJaCTMQ; 

- o6JiaCTb, OTBetJaIOI.U;aH He3aBMCMMOMY MCITYCKaHMlO pa3HOrO copTa 

HeHTpaJibHbIX MPOHHbIX acCOQMaQMH (KJiaCTepoB) C eyJieBbIM M30CIIMHOM. 

IlpM 3TOM BepoHTHOCTb pacITpe,D;eJieHMH ITO lJMCJIY KJiaCTepOB MMeeT 

BM,!I; 

ij 
W = a.• (3. • P (<n 1> )P n (<n 2 >) ••• , 

n 1' n 2... l J n 1 2 
(13) 

r,D;e a i' /3 i - BepoHTHOCTM i-ro M j-ro KaHaJIOB ,!l;MCCOQMaQMM HaJieTaIOI.U;eH 

tJaCTMQbI M tJaCTMQbI MMllleHM COOTBeTCTBeHHO, n C ( <n C > )- MHO)KeCTBeH

HOCTb ( cpe,D;HHH MHO)KeCTBeHHOCTb) KJiaCTepoB TMITa C ' p n ( <n > }- rryac

COHOBCKOe pacrrpe,D;eJieHMe. 

<l>eHOMeHOJIOrMtJeCKMH aHaJIM3 ITOKa3hIBaeT, lJTO CTaJIKMBaIOIQMeCH 

MPOHbI ,!l;MCCOQMMPYIDT B cpe,D;HeM He 6onee tJeM Ha TPM qacTMQbI u lJTO ,!l;MC

COQMaQMH paBHOBepOHTHa ,!l;JIH HaJieTaIOI.U;eH tJaCTMQbI M MMllleHM. EcJIM ITPM 

3TOM orpaHMlJMTbCH, HarrpMMep, paCCMOTpeHMeM KJiaCTepoB C MO,D;aMM pac

ITa,D;a He 6onee tJeM B tJeTbipe 3apH)KeHHbie tJaCTMQbI, TO pacITpe,D;eJieHMe ITO 

MHO)KeCTBeHHOCTM 3apH)KeHHbIX qaCTMQ B ITpOQeccax 

ap -+ n + X ( - + + a = p, p, K- , rr- ) 

6y,D;eT MMeTb BM,!I; 

[~::] 
4 

W = a 2 • 2 P (b)•Pn -2-4n (a)+2a(l-a) x 
nc n=O n ( c ) 

2 
n -4 

[_,:_] 
4 2 

n -6 
[~] 

4 

(14) 

x I P (b)•P n _ 4_ 4n (a)+ (1-a) 
n=O n ( c ) 

2 

2 P (b)• P n -6-4n (a)' 
n= 0 n ( c ) 

2 



r.n:e a - BepoHtHOCTb ,Il;HCCOUH8.l.l;HH He 60Jiee tieM Ha OAHY 3apmKeHHY10 

IIaCTHUY, a H b - cpe.n;HHe IIHCJia KJiaCTepOB, pacna.n:aromHXC.fl Ha 2 H 4 
3apmKeHHbie IIaCTHUbI COOTBeTCTBeHHO. 

3HaH w n - TOilOJIOrHIIec1we ceIIeHHe, MO:>KHO BbIIIHCJIHTb cpe,D;HlOlO 

MHO:>KeCTBeHHOCTb If OCTaJibHbie KoppeJI~HOHHbie MOMeHTbI If pacnpe.n:e

JieHHH. 

HanpHMep, cpe.n;HH.fl MHO:>KeCTBeHHOCTh 3apH:>KeHHbIX qacTHU onpe.n:e

JIHeTC.fl Bbipa:>KeHHeM 

<n > = 2a + 4b + 2 + 4(1 - a} , (15) 

a BTopott KoppeJIHUHOHHhIH MOMeHT f 2 = <n > + Sb - 8/3 2 - 4. 
Ha OCHOBe 3TOH MO,D;eJIHl20/ 6bIJIO npoBe.n;eHo OilHCaHHe MHpOBbIX 

3KCnepHMeHTaJibHbIX ,Il;aHHbIX no TOilOJIOrHIIeCKHM xapaKTepHCTHKaM MR 
pp -, pp-, np -, Kp-B3aHMo.n;ettCTBHH B o6JiaCTH .n:o 3HeprHtt 

( s "' 100 + 4000 r3B 2 ) • BbIJIO noJiytieHo BilOJIHe YAOBJieTBopHTeJihHOe 

OnHCaHHe MHO:>KeCTBeHHbIX pacnpe.n;eJieHHH X 7u. = 1,6 H, KpOMe Toro, 

6hIJIH c.n;enaHhI npe.n;cKa3aHHH .n;JIH 3HeprHH SPS-KoJIJiatt.n;epa. TTpe.n;cKa3a

HHH corJiacyIOTC.fl C noJiyIIeHHhIMH 3KCnepHMeHTaJibHbIMH pe3yJihTaTaMH 

B pp-coy.n:apeHHHX npH 3HeprHH ys = 540 r3B. TaK, )];JI.fl cpe.n;Hett MHO)KeCT

BeHHocTH TeopeTHIIecKoe 3HaIIeHHe <n Teop. > = 27 ,7, a noJiyIIeHHoe Ha 

OilhITe <n exp> =27,4 ±2,0. 
Mo.n;eJib 6bIJia HCilOJib3OBaHa )];JI.fl H3yIIeHHR: 3apH,D;OBO-HeHTpaJibHbIX 

KOppeJIHUHH If KoppeJIHUHH Bnepe.n;-Ha3a.n;, r.n:e TaK)Ke 6hIJIH noJiyIIeHhI 

npe.n;cKa3aHHH, IlO,Il;TBep.n;HBnmecR: 3KCnepHMeHTaJibHO (Ha ycKopHTeJIHX 

H<l>B3, <l>HAJ1, UEPHa) 
121 •221• 

BhIJIH H3yIIeHbI CBOHCTBa a.n:poHHhIX accouHaUHH (KJiacTepoB, pe3o

HaHCOB) If MeXaHH3MOB o6pa30BaHH.fl BTOpHIIHbIX IIaCTHU, B IIaCTHOCTH, 

noKa3aHO BO3paCTaHHe npH BbICOKHX 3HeprHHX BKJia.n;a MHOroIIaCTHIIHbIX 

a.n;poHHbIX KJiaCTepoB. 3To MO)KeT paccMaTpHBaTbC.fl KaK 061,HCHeHHe co6hI

THH c 6oJibWOH HHTeHCHBHOCTblO, o6Hapy)KeHHbIX B KOCMHIIeCKHX Jiyqax. 

BoJiee .n;eTaJibHO TaKHe HBJieHHR: npe.n;CTOHT HCCJie.n;oBaTh Ha yCKOpHTeJIHX 

6y.n:ymero. 

<l>H3HKa MHO)KeCTBeHHOro po)K)];eHH.fl a.n:poHOB - 6ypHO pa3BHBalO

maHcH o6JiaCTb, 6e3 .n;eTaJihHoro IlOHHMaHH.fl KOTOpOH HeBO3MO:>KHO no

CTpOHTb 6y.n:ymyro TeopHlO 3JieMeHTapHbIX IIaCTHU, CJie.n;yeT no.n;qepKHyTh, 

IITO eCTb BCe OCHOBaHH.fl CtIHTaTh MHO)KeCTBeHHbie xapaKTepHCTHKH Hepa3-

pbIBHO CB.fl3aHHbIMH C BHyTpeHHeH CTpyKTypott CTaJIKHBaromHXCH qacTHU, 

3.n:ech Ba)l(HbIM cpaKTopoM HBJIHeTCH yCTaHOBJieHHe YHHBepcanbHOCTH 

CTpyKTYPHOH cpyHKUHH a.n:poHa. 11 7 



BeccrropHhIM Ha cero,n;mmrnMii ,n;em, rrpe,n;cTaBmrnTcH Ha;mqMe He 
o.n;Horo, a pH,n;a MeXaHM3MOB MHO)KeCTBeHHOll reHepaQHM qacTMQ, XOTH BhI
,n;eJieHMe MX B 31<'.CrrepHMeHTe rrpe,n;cTaBJIHeTCH HerrpoCTOll 3a,n;aqeii. 

,[(eTaJihHOe MCCJie.D;OBamre MHO)KeCTBeHHhIX rrpoQeCCOB Ha ycI<:op1ne
JIHX qaCTMQ M peJIHTMBMCTCKMX H.n;ep, aHaJIM3 KoppeJIHQMOHHhIX HBJieHMll 
B 3TMX rrpoQeccax 1231 - rryTh, Ha KoTopoM 6y,n;eT o6Hapy)KeHo HeMano 
HOBOro M MHTepecHoro. 
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KBAHTOBAH TEOPMH TIORH 

C HEROKARbHhlM M HERMHEHHhlM B3AMMO~EHCTBMEM 

M.K.BOJIKOB, 001<rop gjuau1<0-MaTeMaTU1lec1<ux 1tay1< · 

I'.B.E<PHMOB, 001<Top gjuau1<0-MaTeMaTuttec1<ux 1tay1< 

B.H.llEPBYlllHH, 001<Top gjuau1<0-MaTeMaTUttec1<ux 1tay1< 

HenoKarrbHIUI KBaHTOBaJI TeopHH nonH (HKTII) 6bma npH3BaHa 

ycTpaHHTb yJibTpaqmoneToabre pacxop;HMOCTH JIOKa.JibHOH KTII. Hp;eH co

CTOHJia B TOM, lJT06bI BBeCTH B narpaH:>KHaH B3aHMO)J;eHCTBHH HeJIOKa.JibHbIH 

cpopMcpaKTOp H, npHMeHHB MeTO)J;hl KaHOHHtJeCKoro KBaHTOBaHHH raMHJib

TOHOBOH AHHaMHKH, nonyqHTb KOHetJHYlO caMocornacoaaHHyro HKTII. 

K cepep;HHe 50-x rop;oa BhIHCHHJIOCb, tJTO HKTII cop;ep:>KHT co6cTaeHHhre 

TPYAHOCTH, KOTOphre, Ka3a.JIOCb, 3aKphIBalOT 3TOT nyTb ycoaepIIIeHCTBOBa

HHH JIOKa.JibHOH KTII. KaK 6bIJIO ccpopMyJIHpoaaHo )];.H.BnoxHHQe

BhIM 121 H M.A.MapKOBhIM 111 , aHeCIIIHM Ha 3TOM 3Tane onpep;eJIHrom;HH 

BKJiaA a H3ytJeHHe HKTII, ocHoBHaJI npHtIHHa Heyp;atJH noro nop;xop;a 

COCTOHT B TOM, tJTO BBe)J;eHHe cpopMcpaKTOpa npHBO)J;HT K nepep;aqe CHrHa.JIOB 

B HeJIOKa.JibHOH CHCTeMe co caepxcBeTOBOH CKOpOCTblO, pa3BHTHe CHCTeMbl 

BO BpeMeHH HatJHHaeT 3aBHCeTb He TOJibKO OT npOIIIJihIX, HO H 6yp;ym;HX 

COCTOHHHH CHCTeMbI, a 3TO HeCOBMeCTHMO C raMHJibTOHOBOH )J;HHaMHKOH. 

Cnep;oaaTeJibHO, CtJHTarr )];.H.Bnoxtt~ea, HKTII MO:>KeT 6bITb nocTpoeHa 

TOJibKO B paMKax HeraMHJibTOHOBhlX MeTO)J;OB. 

B Jia6opaTopHH TeopeTHtJecKoif cpH3HKH OH.RH co AHH ee ocHoaaHHH 

nop; pyKOBO)J;CTBOM )];.H.BJIOXHHQeBa HatJaJIHCb HCCJie)J;OBaHHH npo6JieM 

HKTII, H K cepep;ttHe 70-x rop;oa 6hma nocTpoeHa KOHetJHIUI caMocornaco

BaHHIUI TeOpHH C HeJIOKa.JibHbIM B3aHMO)J;eHCTBHeM /3,4/. Ycnex 6bIJI 

o6yCJIOBJieH ABYMH HOBhlMH H)];eHMH. 

Bo-nepBbIX, cpopMcpaKTOpbl B KOHcpttrypaQHOHHOM npocTpaHCTBe 

)J;OJI:>KHbl 6bITb He o6hNHbIMH, a o6o6m;eHHbIMH cpyHKQHHMH, cpypbe-o6pa3 

KOTOpbIX B HMilYJibCHOM npocTpaHCTBe HBJIHeTCH QeJIOH aHa.JIHTHtJeCKOH 

cpyHKQHeH, y6hIBalOI.Il;eH )J;OCTaTOtJHO 6bICTpo a npocTpaHCTBeHHO-nop;o6HOM 

HanpaaneHHH. 

Bo-BTOpbIX, cpopMcpaKTOp )J;OJI:>KeH 6hITb npOKBaHTOBaH, T .e. a npOCT-

120 paHCTBe <l>oKa (pH3HtJeCKHX tJaCTHQ Heo6xo)J;HMO BBeCTH )J;OilOJIHHTeJibHble 



CTeneHH CBo6o,n;hI Heirnx q>HKTHBHbIX KBaHT0H, KOTOpbie ycTpamIIOTCH Ha 

OKoHqaTeJihHOM nane BbJqHcJieHHH. TaKOH MeXaHH3M IlOCTpoeHHH TeopHH 

CBO,ll;HTCH K TOMY, qTo ,lJ;HHaMHKa HeJIOKaJibHoro B3aHMO,D;eHCTBHH onpe,n;e

JIHeTCH KBaHTOBO-IlOJieBbIM ypaBHeHHeM lllpe,n;HHrepa C 3ana3,D;blBaHHeM, 

CJie,n;oBaTeJibHO, TeopHH HeJIOKaJibHOro B3aHMO,D;eHCTBHH OnHCbIBaeTCH 

HeraMHJibTOHOBOH ,ll;HHaMHKOH B COOTBeTCTBHH c H,D;eHMH JJ:.11.EJIOXHHIJ;eBa. 

B pe3yJihTaTe ,ll;JIH CKaJIHpHoro H 3JieKTpOMarHHTHoro B3aHMO,D;eHCT

BHH 6hIJia IlOCTpoeHa S -MaTpHu;a, y,n;oBJieTBOpHIOIQaH YCJIOBHHM KOHeqHo

CTH, peJIHTHBHCTCKOH H rpa,n;HeHTHOH HHBapHaHTHOCTH, YHHTapHOCTH H 

MaKponp~HHHOCTH B Ka)K,ll;OM nopH,n;Ke TeopHH B03Myru;eHHH. TaKHM o6-

pa30M, B HKTII 6bm ,n;ocTHrHyT TOT :>Ke ypoBeHb MaTeMaTHqecKoH cTporo

CTH, qTo H B JIOKaJihHOH KTII .1:3/, 

B KBaHTOBOH 3JieKTpO,ll;HHaMHKe C HeJIOKaJibHbIM B3aHMO,D;eHCTBHeM 

6bIJIO IlOKa3aHo, qTo BbinOJIHeH npHHIJ;Hil COOTBeTCTBHH Me)K,n;y KBaHTOBOH 

H KJiaCcHqecKOH TeopHHMH B 3a,n;aqe O co6CTBeHHOH Macce 3JieKTpoHa. 

J:l:JIH HeJIOKaJibHbIX B3aHMO,D;eHCTBHH 6bIJIO noJiyqeHo npe,n;cTaBJieHHe s -MaT

pHIJ;bl B q>opMe q>yHKIJ;HOHaJibHOro HHTerpana, ,ll;JIH KOToporo ,lJ;OKa3aHa 

TeopeMa cyru;eCTBOBaHHH npH npOH3BOJibHbIX KOHCTaHTax CBH3H. EbIJIO 

HaH,D;eHO aCHMilTOTHqecKoe IlOBe,D;eHHe IlJIOTHOCTH 3HeprHH BaKyyMa MH 

pH,n;a CKaJIHpHblX H cpepMHOHHbIX MO,D;eJieH B npe,n;eJie CHJibHOH CBH3H 141 • 

MeTo,n;hI HKTII no3BOJIHJIH peaJIH30BaTb y,n;ep:>KaHHe KBapKOB. Ehmo 

nocTpoeHO KBaHTOBaHHOe noJie, Ha3BaHHoe BHpTOHHbIM, KOTOpoe He cy

ru;ecTByeT B CBo6o,n;HOM COCTOHHHH, a npoHBJIHeTCH TOJibKO B BHPTYaJibHbIX 

nepexo,n;ax. HcnoJib30BaHHe BHpTOHHOro IlOJIH ,ll;JIH OilHCaHHH KBapKOB 

B o6JiaCTH KOHq>aHHMeHTa npHBeJio K B03HHKHOBeHHIO BHpTOH-KBapKOBOH 

Mo,n;eJIH a,n;poHHhIX B3aHMc.n;eHCTBHH 141 • B 3TOH Mo,n;eJIH ,n;aHo e,n;HHoe onH

CaHHe q>H3HKH a,n;pOHOB HH3KHX 3HeprHH. 

HapH,n;y C HeJIOKaJibHbIMH TeopHHMH IlOJIH pa3BHBaJIHCb MeTO,lJ;bI, 

Il03BOJIHIOIQHe OnHCbIBaTb HenoJIHHOMHaJibHbie JIOKaJibHbie TeOpHH IlOJIH. 

B Haqane 60-x ro,n;oB B J1T<l> 6hIJIH npe,n;Jio)KeHhI H pa3pa6oTaHhI Me

TO,D;hI peryJIHpH3aIJ;HH HenoJIHHOMHaJibHblX ( HeJIHHeHHbIX) KBaHTOBblX 

TeOpHH IlOJIH. B ,lJ;aJibHeHilleM 3TH MeTO,lJ;bl noJiyqHJIH IllHpoKoe npH3HaHHe 

H HHTeHCHBHO pa3BHBaJI!lCb KaK B CoBeTCKOM Coro3e, TaK H B ,n;pyrHX CTpa

Hax H BOillJIH B q>H3HqecKyro JIHTepaTypy no,n; Ha3BaHHeM cynepnponaraTop

HhIX MeTO,lJ;OB. 

CynepnponaraTopHbIH MeTo,n; CTHMYJIHpoBaJI pa3BHTHe B J1T<l> u;eJioro 

HanpaBJieHHH - KBaHTOBOH KHpaJibHOH TeopHH IlOJIH, KOTOpaH 6bma ycnelll

HO npHMeHeHa ,ll;JIH TeopeTHqecKoro OilHCaHHH a,n;pOHHOH q>H3HI<:H HH3KHX 

3HeprHH (napaMeTpOB B3aHMO,D;eHCTBHH Me30HOB, BepOHTHOCTeH H cpopM

q>aKTOpOB CJia6bIX H 3JieKTpOMarHHTHbIX pacna.n;oB H T .,n;.) • BbiqHcJieHbl 

6bIJIH TaK:>Ke TaKHe BeJIHqHHhI, KaK 3JieKTpoMarHHTHbie pa,n;HyCbl IlHOHOB 

H KaOHOB, HX IlOJIHpH3yeMOCTb, BepoHTHOCTb pe,D;KHX pacna.n;oB H T.,D;. Teo

peTHKH J1T<l> npe,ll;JIO)KHJIH 3KCnepHMeHTbl no H3MepeHHIO 3THX BeJIH~H 

H cnoco6bI o6pa6oTKH 3KcnepHMeHTaJibHbIX ,n;aHHbIX. Ilpe,n;cKa3aHHH 6hIJIH 

no,n;TBep)K)];eHhI B 3KcnepHMeHTax OHHH - <l>HAJ1 (CIIIA) (pa,n;Hyc nHoHa) 121 



H O11Hl1-11<1>B3 (nomipH3yeMOCTb IlHOHa). CynepnponaraTOpHbIH MeTO,n; 

H ero npHIT0iKeHirn K (pl:131:IKe :,meMeHTapHbIX tiaCTHU: 6hinH 0ilHCaHbl B M0H0-

rpacpHH 151• 
reoMeTpHtieCKHH MeT0,ll; KOBapHaHTHOH TeopHH B03Mym;eHHH, K0T0-

pbIH 6bm npe)];IT0iKeH B JIT<I> MH KHpanhHbIX ITarpaHiKHaH0B, 0Ka3anCH 

3cpcpeKTHBHbIM HHCTpyMeHT0M B reoMeTpHtieCKHX cynepCHMMeTpHtIHbIX 

TeopHHX H 6hm npHMeHeH )];ITH )];0Ka3aTeITbCTBa 0TCYTCTBHH YITbTpacpHOITe

T0BbIX pacXOAHMOCTeii B N = 4 TeopHH Httra - MHITITCa. 

11:HTepeCHbie pe3yIThTaTbl 6hinH noITytieHbl )];ITH tieTbipexKBapK0B0ro 

ITarpaHiKHaHa cBepxnpoB0AHm;ero THna, r,1J;e c noM0lll;hIO MeTo,n;a K0ITITeK

THBHbIX nepeMeHHblX YAaIT0Ch BbIBeCTH H3BeCTHbie cpeHOMeHOITOrHtieCKHe 

ITarpaHiKHaHbl Ha e)];HHOH 0CH0Be, B tiaCTH0CTH, CHrMa-M0)];eITh MH CKanHp

HbIX H nceB,ll;0CKaITHpHbIX Me30H0B, M0)];eITh THna· Httra - MHITITCa MH 

BeKT0pHblX H aKCHanhH0-BeKT0pHbIX Me30H0B H M0)];eITh BeKTOpHOH )];0MH

HaHTH0CTH )];ITH 3ITeKTp0MarHHTHbIX B3aHMO)];eHCTBHH MP0H0B. EbinO Il0Ka-

3aH0, tIT0 npH BBe)];eHHH Me30HHbIX IlOITeH KaK C0CTaBHbIX KBapK-aHTHKBap

K0BblX o6'beKTOB np0HCX0)];HT CTI0HTaHHoe HapyllleHHe KHpanhHOH CHMMeT

pHH H nepecTpOHKa BaKyyMa. B pe3yIThTaTe 0TIHCaH MexaHH3M npeBpaw;eHHH 

ITerKHX T0K0BbIX KBapK0B B THiKeITbie C0CTaBITHIOlll;He KBapKH. TaKHM o6-

pa30M, 6hm C,lJ;eITaH Illar K o6oCHOBaHHIO HH3K03HepreTJ:ItieCKOH KHpanhHOH 

AHHaMHKH C Il03HU:HH 60ITee cpyH)];aMeHTanhHOH Te0pHH - KBaHTOBOH xpo

M0)];HHaMHKH. 
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PE~HTHBHCTCKAH H~EPHAH ~H3HKA 

A.M.EAJI,ll.HH, a1-caoeMu1-e 

B.C.CTABHHCKHR, 001-erop ifm3u1-Co-MaTeMaruqec1-eux 1wy1-e 

BBE.IJ:EHHE 

OCHOBHOH 061,eK:T perrHTHBHCTCK'.OH H,ri;epHOH q>H3HK'.H - K'.BapK:

rmooHHaH CTpyKTypa aTOMHbIX H,D;ep. 

IlorryqeHHe rryqK'.OB qacTm~ BCe 6oJibllIHX ::meprHH OK'.a3aJIOCb MarHCT

parrbHbIM rryTeM, Ha K'.OTOpOM OTK:pbIBaI0TCH HOBbie 3aKOHbl q>H3HK'.H, B03HH

K'.aIOT IIPHHUHIIHaJibHO HOBbie IIOHHTHH H ,D;a)Ke HOBbie rrpHHUHIIbl HHBapHaHT

HOCTH. B q>H3HK'.e MHK:pOMHpa, K:aK'. HH B OAHOH ,ri;pyroii o6rraCTH q>H3HK'.H, 

qacTO IIOHBJIHIOTCH 3:K:CnepHMeHTaJibHbie AaHHbie, BbIBOAHI.UHe 3a paMK:H 

II3BeCTHbIX 3aK'.OHOB rrpIIpO,D;bI, cyrn;eCTBeHHO MeHHJOI.UIIe OCHOBHbie rrpe,ri;

CTaBJieHII.fI ecTeCTB03HaHHH BIIJIOTb AO TaK'.IIX IIOHHTHH, KaK'. rrpocTpaHCTBO

BpeMH IIJIII 3aK'.OHbl coxpaHeHIIH. 

O.ri;Ha II3 BeJIIIqaHllIIIX ,ri;peBHIIX IICTIIH COCTOIIT B TOM, qTo K:apTHHY 

MIIpa (Bcero MHoroo6pa3IIH rrpHpO,D;bl - KaK'. )KIIBOH, TaK'. II He)KHBOH) MO)K

HO rrorHqecK:II BbIBeCTII l'.13 CBOHCTB 3JieMeHTapHblX CYIUHOCTeH. Cyrn;ecTByeT 

,D;a)Ke y6e)K,D;eHHe, qTo qeM MeHbllle 3TH 3JieMeHTapHble cyrn;HOCTH, TeM 

6orree cpyH,ri;aMeHTaJihHbIM, 6orree Bceo6I.UHM 3aKoHaM OHII rro,ri;qIIHHJOTCH. 

CBOHCTBa aTOMOB Mbl BbIBOAHM l'.13 CBOHCTB 3JieMeHTapHbIX qacTHQ. 113 

CBOHCTB MOJieKyrr II aTOMOB MIIK:po6IIorrorII BbIBOAHT CBOHCTBa K:JieTK:H, 

CBOHCTBa rIIraHTCK'.IIX MOJieKyJI OTBeTCTBeHHbl 3a MexaHII3M Hacrre,D;CTBeH

HOCTII II T.,D;. 

Eme COBCeM He,ri;aBHO CBOHCTBa aTOMHblX H,ri;ep BblBO,D;IIJIH TOJibK'.O II3 

rrpOTOH-HeHTpOHHOH MO,D;eJIII .HApa, a ceiiqac MO)KHO cqIITaTb ycTaHOBJieHHbIM 

TOT cpaK:T' qTo npOTOHbl II HeHTpOHbl COCTOHT II3 K:BapK:OB. OCHOBHOH 061,eK:T 

perrHTIIBIICTCK'.OH H,D;epHOH q>II3IIK'.H - K'.BapKOBaH CTPYKTypa H,D;pa, a 0,D;IIH 

II3 OCHOBHbIX BbIBOAOB B 3TOH o6rraCTH COCTOHT B TOM, qTo rrpOTOH-HeHTPOH

HaH MO,D;eJib H,ri;pa rrpH6JIII)KeHHa II orpaHHqeHHa. B H,D;pe cym;ecTBYJOT MHOro

K'.BapK:OBbie K'.OHq>IIrypauIIII, a BHyTpeHHHH CTPYJ<'.Typa rrpOTOHa, HaxO,D;H

m;erocH BHYTPII H,ri;pa, CIIJibHO OTJIHqaeTCH oT CTPYKTYPbI rrpoToHa, Haxo,ri;H- 125 
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merocH B nycToTe. U:enb HaCToHme:if CTaTbH - paccKa3aTb 06 3TOH HOBOH 

o6nacTH (pH3HKH BblCOKHX 3HeprHH, B03HHKllleH B LJ:y6He B pe3yJibTaTe 

nepecTpOHKH ,n;y6HeHCKoro CHHXpocpa3oTpoHa B ycKopHTeJib /1!, KOTOpbIH 

Il03BOJIHeT nonytJHTh nytJKH aTOMHbIX H,n;ep, ,ll;BH:>KymHXCH co CKOpOCTblO 

CBeTa. 

PenHTHBHCTCKHe 3cpcpeKTbl, HJIH 3cpcpeKThI, o6yCJIOBJieHHhie npHHI.J;H

naMH MeXaHHKH OKOJIOCBeTOBhIX CKOpOCTeH, B KaHOHHtJeCKOH H,D;epHOH (pH-

3HKe npe,n;CTaBJIHIOTCH MaJihlMH H HeHa,n;e:>1<:HO YCTaHOBJieHHbIMH IlOf!paaKa

MH. BeJIHtJHHa 3THX nonpaBOK onpe,n;enHeTCH MaJibIM napaMeTpoM* p2/m 2 , 

r,n;e P - xapaKTepHhIH HMnynLc HYKJIOHa (npoToHa HJIH HeHTpoHa), axo,n;H

mero B COCTaB H,n;pa, a m - ero Macca. HepeJIHTHBHCTCKaH TeOpHH H,D;pa 

OilHCbIBaeT orpOMHOe KOJIHtJeCTBO 3KcnepHMeHTaJibHbIX cpaKTOB, B TOM tJHC

ne cpaKTOB, HMeIOmHX 60JibllIOe IlpHKJia,ll;HOe 3HatJeHHe. 

Ilo,n; penHTHBHCTCKOH H,n;epHo:if q>H3HKOH MhI noHHMaeM o6nacTb 

Jl,n;epHhIX B3aHMo.n;eifcTBHH, B KoTopo:if napaMeTp P .2 /m ~ aenHK: 

Pf /m7 >> 1. B 3TOH o6nacTH Heo6xo,n;HMO ytJHThIBaTb Tpe6oBaHHH TeopHH 

OTHOCHTeJibHOCTH, a tJaCTHOCTH, Heo6XO,ll;HMO YTOtJHHTb, a KaKOH CHCTeMe 

KOOp,ll;HHaT Mhl paccMaTpHBaeM qacTHI.J;Y C HMilYJibCOM p . H MaCCOH m . • 
l l 

B 3TOH CBH3H Mbl BBO,ll;HM BeJIHtJHHhI, He MeHHIOmHeCH npH nepexo,n;e OT O,ll;-

HOH CHCTeMbl KOOp,ll;HHaT K ,n;pyro:if: 
➔ ➔ 

pi pk 2 E i Ek 2 pi pk 2 
b . = - (- - -) = - (-- - --) + (-- - -) , (1) 

1k mi mk mi mk mi m k 

E. k -1, 
CMbICJIY 

3HeprHH qaCTHI.J;, 

eCTb KBa.n;paTbl 
➔ 2 ➔ 2 

p i,k - tJeTbipexMepHbie HMilYJibChI, b ik - no 

pa3HOCTH tJeTbipexMepHbIX CKOpocTeH qaCTHI.J; 

p. pk 
H k. IlpH _.2,. ~ --- « 1 

m2 m2 
aeJIHtJHHhl b ik nepeXO,ll;HT B KBa,D;paT pa3HO-

.i k 
CTH TpexMepHbIX CKOpOCTeH qacTHI.J; i 
Me IlOKOH qacTHI.J;bI k 

E · 2T · 
bik = 2[--2.. - l] = --2 

mi mi 

r,n;e Ti - KHHeTHtJeCKaH 3HeprHH. 

H k: 
➔ ➔ 2 

b ik = (v i - V k ) • B CHCTe-

(2) 

l•iTaK, no,n; peJIHTHBHCTCKOH H,n;epHOH q>H3HKOH MhI IlOHHMaeM 06-

JiaCTb H,n;epHbIX CTOJIKHOBeHHH, r,n;e OTHOCHTeJibHhie tJeTbipexMepHbie CKOpo

CTH u i = Pi/mi y,n;oaneTBOpHIOT YCJIOBHIO 

bik » 1. (3) 

KaK 6hIJIO noKa3aHO B 3KcnepHMeHTax Ha ,n;y6HeHCKOM CHHxpocpa3oTpOHe, 

* Mb1 noJib3yeMcH CHCTeMon ~mun~ ti = C = 1. 
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PHc.1. <l>oTorpaq>H.R B3aHMop;eiicTBH.R .Rp;pa yrnepop;a c 3HeprHeii 4,5 r3B/HyKnoH (lKHpHbIH TpeK cneBa) c .RA· 

poM TaHTaJJa (Ha pHCYffKe BH)];Hbl TPH WIRCTHHbl H3 TaHTaJJa, pa3MeuteHHble B ny3blpbKOBOH KaMepe). B pe3yJJb· 

TaTe B3aHMOl];eHCTBH.R npOHCXOl];HT pO)K)];eHHe 'IRCTHQ. 



,!l;JIR BbUIBJiemrn KBapKOBbIX CTeneHett cao6o,D;bl ,!l;OCTaToqHo YCJIOBIDI 

b ik > 5, (4) 

PaCCMOTpHM CTOJIKHOBeHHe aTOMHblX R,D;ep, B pe3yJihTaTe KOToporo 06pa-

3yeTCR MHoro qaCTHU:, Ha pHC.1 npHBe,D;eH npHMep CTOJIKHOBeHIDI R,D;pa 

yrnepo,n;a, ,!l;Bmicym;erocR co CKOpOCTbIO, 6JIH3KOH K CKOpOCTH caeTa, C R,!l;

poM TaHTana. BepTHKaJihHbie JIHHHH - H3o6paiKeHHe nJiaCTHHOK TaHTana, 

noMem;eHHbIX B ny3blpbKOBYIO KaMepy. Ha ,n;ayxMeTpOBOH ny3blpbKOBOH 

KaMepe O6'be,D;HHeHHOro HHCTHTyTa R,D;epHblX HCCJie,D;OBaHHH nonyqeHbl MHJI

JIHOHbl TaKHX CHHMKOB. O603HaqHM pHMCKHMH u:mppaMH I H II CTaJIKHBaro

m;HeCR R,n;pa, a u:mppaMH 1,2,3, ... - qacTHU:bl - npo,n;yKTbl peaKU:HH: 

1+11 ➔ 1+2+3+ ••. (5) 

H:Merom;HeCR CHCTeMbl o6pa6oTKH CHHMKOB no3BOJIRIOT onpe,n;eJIRTb HM

nyJibCbl H MaCCbl qacTHU:, a cne,n;oaaTeJibHO, H BeJIHqHHbl bl II, b 11' b 12 , ... 

b 12 .... bll2 H T.,!l;. 

O,n;Ho H3 OCHOBHbIX YTBep)K,!l;eHHH, KOTOpbie Mbl npOHJIJIIOCTpHpyeM 

HHiKe, COCTOHT B TOM, qTo pacnpe,n;eneHHR aepORTHOCTett no b' k B cpe,n;HeM 
• l 

,!l;OBOJibHO 6bICTpO ,y6bIBaIOT npH B03pacTaHHH b ik • 3To CBOHCTBO pacnpe-

,n;eneHHH OTpa;KaeT cpyH,!l;aMeHTaJibHOe CBOHCTBO KaapKOB, KOTOpoe Ha3bl

aaeTCR aCHMnTOTHqecKOH cao6o,n;ott. <l>H3HqecKHH CMbICJI KpHTepHeB (3) 

H (4) COCTOHT B TOM, qTo B3aHMO,!l;eHCTBHe KBapKOB, BXO,!l;RII.J;HX B qacTHU:Y 

HJIH R,!l;pO i, H KBapKoB, BXO,!l;RII.J;HX a qaCTHU:Y HJIH R,n;po k, npH b ik» 1 
CTaHOBHTCR HaCTOJibKO cna6bIM, qTo ero MOiKHO ou;eHHBaTb no TeopHH B03-

Mym;eHHH. 

3HeprHIO nyqKoB peJIRTHBHCTCKHX R,n;ep npHHRTO xapaKTepH30BaTb 

:meprHett, npHXO,!l;RII.J;ettCR Ha O,!l;HH HYKJIOH HaJieTarom;ero R,n;pa. 3To ec

TeCTBeHHO, T.K. 3HeprHR CBR3H HYKJIOHOB B R,D;pax MHoro MeHbllle MaCCbl 

HYKJIOHa H B CHJIY KpHTepHR (3) MHoro MeHbllle KHHeTHlJeCKOH 3HeprHH, 

npHXO,!l;RII.J;ettCR Ha O,!l;HH HYKJIOH peJIRTHBHCTCKoro R,D;pa. Ha 3ape peJIRTH

BHCTCKOH R,n;epHOH cpH3HKH 6hIJIO HeMano ,!l;OKJia,D;OB Ha KOHcpepeHu;IDix, 

ceMHHapax, B KOTOpbIX YTBepiK,!l;aJIOCb, qTo CTOJIKHOBeHHe peJIRTHBHCTCKHX 

R,n;ep cae,n;eTCR K CTOJIKHOBeHHIO noqTH cao6o,D;HbIX (KBa3HCB060,D;HbIX) 

HYKJIOHOB. .z:t:nR 6oJibllIHHCTBa CTOJIKHOBeHHH R,!l;pO-R,!l;pO npH BbICOKHX 

3HeprHRX 3TO YTBepiK,!l;eHHe He,n;aneKo OT HCTHHbI. O,n;HaKO cym;ecTByeT 06-

JiaCTb CTOJIKHOBeHHH, r,n;e KBa3HCB060,D;HbIMH qaCTHU:aMH MOiKHO cqHTaTb 

KBapKH, H3 KOTOpbIX COCTORT ace a,n;pOHbl 121, B TOM qHCJie H aTOMHbie R,!l;

pa • .z:t:nR 3Toro Heo6xo,n;HMO (no aHaJIOrHH co CTOJIKHOBeHHRMH KBa3HCB0-

6o,D;HbIX HYKJIOHOB)' ~06bI HMnyJibC, npHXO,!l;RII.J;HHCR Ha OOU1t "1<6ap1< Ha

JieTarom;ero R,n;pa, 6Lm 6hI MHoro 6onbllle xapaKTepHoro HMnynLca KaapKa 

BHYTPH a,n;poHoa. Ho ~o TaKoe qHcno KaapKOB BHYTPH a,n;poHa? qHcno qac

THU: B penRTHBHCTCKOH KBaHTOBOH MeXaHHKe 3aBHCHT OT CHCTeMbl KOOp,!l;H-

128 HaT, BHyTpeHHee ,!l;BHiKeHHe He OT,n;enReTCR OT ,!l;BHiKeHIDI KaK u:enoro; HBO-

~\. 



o6w;e, B 3TOH 06nacn1 MhI HMeeM ,n;eno c KBaHTOBOH TeopHeH rromI, cornac

Ho KOTOpOH qHcno KBapKOB H rmooHOB BHYTPH a,n;poHa 6ecKoHeqffO BenHKO. 

B 3TOH CBH3H Mbl H rrpe,n;noil<HnH ,n;enHTb HMIIynhCbl Ha MaCCbI, cqHTaH, qTo 

Macca qacTHU:bl B H3BeCTHOM CMbICne xapaKTepH3yeT cpe,n;Hee qHcno qacTHn;, 

COCTaBnHIOllJ;HX, HarrpHMep, rrpOTOH • .nnH penHTHBHCTCKHX H,D;ep, BO BCHKOM 

cnyqae, 3TO crrpaBe.n;nHBo. .D:orrycTHM ,n;anee, qTo MhI ,n;ocTHrnH TaKoro 

ypoBHH CTOnKHOBeHHH, ~o KBapKH MOil<HO paccMaTpHBaTb KaK KBa3HCB0-

6o,D;Hbie H BhI6HBaTb HX H3 H,D;pa. KaK rrpe,n;cTaBHTb ce6e ,n;anbHeHrnyro cy,n;h-

6y TaKHX KBapKoB? CornacHo IllHpOKO rrpH3HaHHOH rHIIOTe3e KBapKH 

B rryCTOTe HaxO,D;HTbCH He MoryT. 3To CBOHCTBO Ha3bIBaeTCH "KoHcpaHH

MeHT" (3aKnroqeHHe, rrneHeHHe n;BeTHblX 3apH,D;OB). O,n;HaKO rrneHeHHe 

KBapKa rrpoHCXO,D;HT He MrHOBeHHO • .nnH HapaCTaHHH rronH, HeHTpanH3YIO

w;ero n;BeTHOH 3apH.n; KBapKa, Tpe6yeTCH HeKOTOpoe BpeMH r' B TeqeHHe 

KOTOporo OH ycrreeT rrpOHTH paCCTOHHHe rropH,D;Ka 

ff "" T ( ~), 
0 µ (6) 

µ - 3cpcpeKTHBHaH Macca BbI6HToro KBapKa, E - 3HeprHH. qeM 6onblue 

3HeprHH BbI6HToro KBapKa E' TeM 6onhrnee paCCTOHHHe OH npOH,D;eT,rrpe)K

,n;e qeM ccpopMHpyeTCH B a,n;poH. Orrpe,n;enHM ,n;eKoHcpaHHMeHT KaK HBneHHe, 

B KOTOpOM BhI6HTbIH KBapK rrpoxo,D;HT paCCTOHHHe, MHOro 6onhrnee pa3-

MepoB po,n;HTenbc1<:oro a,n;poHa,H a,n;poHH3yeTCH B rrycToTe. Pa3Mep a,n;poHa 

no rropH,D;KY BenHqHHbl COCTaBnHeT R ~ r O ~ 1 / µ , a BeJJHqHHa E / µ co

rnaCHO cpopMyne (2) paBHa (b ik /2 + 1 ), r.n;e b ik - KBa.n;paT pa3HOCTH 

qeTbipexcKopocTeH pO,D;HTenbCKoro a,n;poHa H BhI6HToro KBapKa B CHCTeMe 

IIOKOH a,n;poHa. ITo,n;CTaBHB 3TH benHqHHbl B cpopMyny (6)' HMeeM 

1 
ff ~ R· 2bik • (7) 

OTKy.n;a HCHO, qTo fr >> R IIPH b ik >> 1, TO eCTb Mbl OIIHTb rrpHIIlnH K KpH

TepHIO (3). 3TOT KpHTepHH MO)KHO rronyqHTb H3 OCHOBHOH BenHqHHbl KBaH

TOBOH xpOMO,D;HHaMHKH, xapa1<:Tep113yrow;eH CHnbI B3aHMO,D;eHCTBHH H3 TaK 

Ha3hIBaeMOH 6eryw;eH KOHCTaHTbl B3aHMO,D;eHCTBHH a s : 

a == 
s 

1,4 

1n (Q 2/ A2 ) 
(8) 

3.n;ecb Q 2 - KBa,n;paT rrepe,n;aqH qeThlpeXHMrrynhca, a A MbI 6y.n;eM pac

cMaTpHBaTb KaK 3cpcpeKTHBHYIO Macey KBa3HCB06o,n;Horo KBapKa. Tor,n;a 

2.: =-(!. _!.:_) =< -(R- - .!f.:/. 
A2 A A m A 

3.n;ecb Mbl rronO)KHnH qeTbipeXCKOpOCTb KBapKa ,n;o CTOnKHOBeHHH K/ A rrpH-

6nn:3HTenbHO paBHOH qeTbipexcKopocTn: a,n;poHa P/m. TaKHM o6pa30M, 
Q2 
2 ;.::: b ik - KBa,n;paT pa3HOCTH qeTbipexcKopocTH HCXO,D;Horo a,n;poHa H Bbl-

~Toro KBapKa. 129 
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B paccMaTp1rnaeMoM cnyqae npH ycnoaHH bik >> 1 aenlfqlfHa a8 xa

paKTepH3yeT cna6oCTb B3aHMO,D;eHCTBlf.fl BbI6HToro KBapKa C a,n;poHOM

po,n;HTeneM. 

➔ PacCMOTpllM aenlfqlfHY b I II B ClfCTeMe IlOKO.fl .FI,n;pa I (E I = m I ' 

p I = 0): 
(P .p ) T 

b = 2 [ I II - 1] = 2_!!_ , 
I II ml mll mil 

r.n;e T II - KHHeTlfqeCKa.fl 3Heprll.fl .fl,D;pa II B ClfCTeMe IlOKO.fl .fl,D;pa I. J,fa Kpll

Teplf.fl ( 4) cne,n;yeT, ~o npH 

Eu 
- > 3,5 
mll 

(9) 

,n;On)KeH HaCTYilHTb aCHMilTOTlfqeCKHH pe)KHM CTOnKHOBeHH.fl, KOr,n;a .fl.n;pa 

HaqlfHaIOT B3aHMO,D;eHCTBOBaTb He Ha ypoBHe HyKnOHOB, a Ha YPOBHe co

CTaamnomHx HyKnOHbl KBapKOB. YcnoBHe (9) MO)KHO 3aITHCaTb, lfCITOnb3Y.fl 

onpe,n;eneHHe aTOMHoro aeca A11: m 11 = m 0 A (r,n;e m O = 931 MsB - aToM

Ha.fl e,n;HHm~a MaCCbl) ' B BH,D;e 

En 
- > 3,5m , 
An o 
OTKy,n;a .flCHO, qTo npH 3HeprHH pen.flTHBlfCTCKHX .fl,D;ep E II ~ (3 +4) Au rsB 

6onb1IIYIO ponb HaqHHaIOT HrpaTb KBapKOBbie CTeneHH cao6o,n;hI. 3To O,D;HH 

H3 rnaBHblX HaillHX BbIBO,D;OB, HMeJOI.QlfX pernruomee 3HaqeHHe npll BbI6ope 

napaMeTpOB yCKOpHTen.fl. Pa3'b.flCHeHHIO 3Toro BblBO,D;a lf ero o60CHOBaHHIO 

Mbl y,n;enHM BHlfMaHHe Hlf)Ke. 

OTMeTHM, qTo y)Ke 6onee 10 neT cHHxpocpa3oTpoH OH.RH .flBn.fleT

C.fl e,n;HHCTBeHHbIM B Mllpe YCKOpHTeneM, HMelOII.UfM nyqKlf pen.flTHBHCTCKHX 

.fl,n;ep BbIIlle rpaHHIJ;bl E 11 2: (3 +4) Au rsB, r,n;e npOHCXO,D;lfT ,n;eKOH<paHH

MeHT KBapKOB. B CB.fl3lf C 3THM Mbl OilHilleM TaK)Ke B03MO)KHOCTH 3KCnepH

MeHTMbHblX HCCne,n;oBaHHH Ha CHHXpo<pa3oTpOHe lf nepcneKTHBbl 3THX 

ttccne,n;oBaHHH, 

KYMY JI.RTHBHhI0: 3<1><1> EKT 

BbIIlle Mbl npHBenH ou;eHKH, noKa3hIBaJOII.Ufe, npll KaKHx 3Heprlf.flX, 

aepHee, npll KaKHX OTHOCHTenbHbIX CKOpOCT.flX ,D;Blf)KeHH.fl .fl,D;pa lf MHilleHH 

KBapKH MO)KHO paccMaTpHBaTb KaK KBa3HCB06o,n;Hbie qacTHI.J;bl. EcnH npe

He6peqb CKOpOCT.flMlf BHyTpeHHero ,D;Blf)KeHlf.fl KBapKOB, TO HMnynbc, npll

XO,D;.fll.QHHC.fl Ha O,D;HH KBapK .fl.n;pa, ,D;BB~meroc.fl C HMnynbCOM p II t B npH-

6nH)KeHHlf KBa3HCBo6o,n;HblX KBapKOB MO)KHO 3anHCaTb KaK xPII' r,n;e 

x - .n;on.fl HMnynhca H,n;pa, 0 5, x ,:s; 1. ,non.fl HMnynhca, npHXO,D;.fll.Qa.flC.fl Ha 

O,D;HH KBa3HCBo6o,n;HblH HyKnoH, B TOM )Ke nptt6ntt)KeHHlf paBHa -1._p . 
u A II II 

PacCMOTpHM cnyqaH, Kor,n;a B pe3ynbTaTe CTOnKHoaeHlf.fl pen.flTHBHCTCKOro 



H,n;pa C MHWeHblO poiK,D;aeTCH IlHOH ( TT-Me30H) C HMrrynbCOM, rrporropUHO· 

HMbHbIM HMrrynhcy H,D;pa: P 1 = aP II (poiK,D;eHHe "Brrepe,n;") • CornaCHO 

H3noJKeHHOMY Bbiuie rrpH ,D;OCTaTOtJHO 6onbWHX OTHOCHTenhHhIX CKOpOCTHX 

IlHOH·H,D;po H IlHOH·MHWeHb 3TOT IlHOH o6pa30BMCH H3 KBapKa, BhineTeB

wero 3a rrpe,n;enhl CTMKHBaIOmHXCH qacTHIJ;. B peanhHOM 3KCilepHMeHTe Mhl 

MOJKeM H3MepHTh He x, a a, rrpHtieM B cnny 3aKOHa coxpatteHHH HMrrynh

ca X > a. 3THX CBe,n;eHHH HaM ,D;OCTaTOtJHO, tJT06bI orrpe,n;enHTh IlOHHTHe 

KYMY;;HTHBHOI'O 3cpcpeKTa. ,[(orryCTHM, tJTO Mhl Ha6n10,n;aeM IlHOH C HMrrynh

COM, 6onbWHM, tJeM HMrrynbc, rrpHXO,D;HIUHHCH Ha O,D;HH HYKnOH HaneTal0-
1 1 

mero H,n;pa II, T .e. a > r- HnH X ;:: a > r-' HnH, BBO,D;H BenHtJHHY 
II II 

X II = x, A II, rronytJHM 

XII > 1. (10) 

KyMynHTHBHblM 3cpcpeKTOM Ha3hIBaeTCH poJK,n;eHHe qacTm:i; B o6naCTH, KO· 

TOpaH Ha3hIBaeTCH o6naCTblO rrpe,n;enbHOH cpparMeHTaIJ;HH H,D;pa II: 
b I l > b II I > 5 H rrpH X II > l . 

CornacHO H3n0JKeHHbIM BhIWe H,D;eHM TaKHe qacTHIJ;hl He MOI'YT o6-

pa30BaTbCH H3 O,D;HOI'O HyKnoHa HaneTawmero H,n;pa. lfx o6HapyJKeHHe CBH· 

.n;eTenhCTByeT O cymecTBOBaHHH He H3BeCTHOI'O HaM B HaCTOHmee BpeMH 

BHYTPHH.n;epHOI'O MeXaHH3Ma, B pe3ynhTaTe KOTOporo O,D;HH KBapK MOJKeT 

HeCTH Ha ce6e HMrrynbC 6onee tJeM O,D;HOI'O HyKnoHa H,n;pa. 

<I>yHKIJ;HlO G(X), xapaKTepH3y10my10 BepOHTHOCTb TOI'O, tJTO KOHCTa

TyeHTa H,n;pa HMeeT H_Mrrynbc, COOTBeTCTBYIDmHii: rpyrrrre Hl X HyKnOHOB, 

Mhl Ha3hmaeM CTPYKTYPHOH cpyHKIJ;Heii: H,n;pa. 3To - HOBOe IlOHHTHe q>H3HKH 

H,n;pa, ero rnaBHaH ,D;HHaMHtJeCKaH xapaKTepHCTHKa, KOTopaH He MOJKeT 

6bITb rrpe,n;cTaBneHa B BH,n;e cyrreprr03HIJ;HH CTpyKTypHhIX cpyHKUHH CBo6o,n;

HhlX Hy Kn OH OB. 

O6HapyJKeHHeM B ,[(y6He KyMynHTHBHhIX IlHOHOB B 1971 ro,n;y 6bmO 

rronoJKeHO HatJanO H3ytJeHHlO KBapKOBhIX HBneHHH B penHTHBHCTCKHX 

H,n;epHbIX CTOnKHOBeHHHX. B 3KCilepHMeHTax, rrpoBe,n;eHHhIX B Jia6opaTopHH 

BhICOKHX 3HeprHii: /3/, HCI10nb30BMCH YHHKMbHhlH rrytJOK penHTHBHCTCKHX 

H,n;ep ,n;eii:TepttH, BrrepBbie rronytJeHHhlH Ha ,n;y6HeHCKOM CHHXpocpa30TpOHe. 

3HeprHH o6pa30BaBWHXCH IlHOHOB 6bma 3HatJHTenhHO 6onbwe 3HeprHH, 

rrpHXO,n;Hmeii:cH Ha O,D;HH HyKnOH H,n;pa ,n;eii:TepttH. 3HeprHH .n;Byx HYKnOHOB 

KaK 6hI CKna,D;bIBanacb n KOHIJ;eHTpttpOBanacb Ha O,D;HOH qacTHIJ;e - IlHOHe. 

OTCIO,D;a H Ha3BaHHe - KyMynHTHBHhIH 3cpcpeKT. 

KyMynHTHBHbIH 3cpcpeKT 6bm rrpe,n;cKa3aH 141 Ha OCHOBe I'HllOTe3bl 

0 TOM, tJTO crreKTphl BTOpHtIHhIX qacTHIJ;, o6pa3y10mHXCH rrpH CTOnKHOBeHHH 

a,n;poHOB (B TOM tJHCne H penHTHBHCTCKHX H,n;ep) ,orrpe,n;enHIOTCH noKanbHhl· 

MH CBOHCTBaMH a,n;poHHOH MaTepHH, a He reoMeTpHtieCKHMH xapaKTepttCTH· 

KaMH CTMKHBaIOmttxCH o6'beKTOB. Hawa I'HllOTe3a COOTBeTCTBOBana aBTO· 

Mo.n;enbHOMY xapaKTepy IlOBe.n;eHHH peweHHH HeKOTOpbIX 3a,n;aq I'H,D;pO,D;HHa

MHKH (HarrpHMep, 3a,n;aqa CHnbHOI'O TOtJetJHOI'O B3phIBa). lf,n;eH aBTOMO,n;enh- 131 



HOCTH He3a,n;onro AO Hallana pa6oT B ,[(y6He 6hma BhIABHHyTa H ycnewHo 

np1:1MeHeHa B.A.MaTaeeahIM, P.M • .Mypa,n;RHOM 1:1 A.H.TaaxenHA3e 151 K rny-

6oKoHeynpyroMy pacceRHIUO :=meKTpOHOB Ha HYKnOHax. MaTeMaTHtieCKHM 

BblproKeHHeM r1:1n0Te3bl RBnReTCR np1:16nmKeHHaR MaCWTa6HaR HHBapHaHT· 

HOCTb: 6e3pa3MepHbie aenHtIHHbI, 3aBHCRW:He OT HMnynbCOB, He MeHRIOTCR 

npH 3aMeHe acex HMnynbCOB pi ➔ 7JPi. MacwTa6HaR HHBapHaHTHOCTb, 

C TOtIKH 3peHHR Haweii IlOCTaHOBKH 3KCnepHMeHTa, 03Hatiana npOCTOH cpaKT: 

aepoRTHOCTb po'1<',D;eHHR Ill:IOHOB AOniKHa 3aBHCeTb TOnbKO OT OTHOWeHHR 

HMnynbCOB Ill:IOHOB H Ae:ifrpoHOB, T.e. OT BBeAeHHOH BbIWe aenHtIHHbl Xu . 
B HaWHX 3KCnepHMeHTax He TOnbKO 6bmH o6Hapy*e:1bl nHOHbl C Xu > 1 ' 
HO H anepBbie noKa3aHa cnpaaeAnHBOCTb MaCWTa6HOH HHBapHaHTHOCTH ,IJ;nR 

penRTHBHCTCKHX RAepHbIX CTOnKHOBeHHH. OAHaKo ew:e HeCKOnbKO neT 

OCTaBaJICR 6e3 OTBeTa rnaBHbIH Bonpoc. HatIHHaR C KaKHX 3HeprHH penRTH· 

BHCTCKHX RAep ocyw:ecTBnReTCR aBTOMOAenbHbIH pe)Kl:IM? KpHTepHH ( 4) 
6hm ccpopMyn1:1poaaH MHoro n03:>l(e. 

TiocTeneHHO np1:1wno IlOHHMaHHe Toro, tITO IlOCKOnbKY (B CHnY Macw

Ta6HOH HHBapHaHTHOCTH) cetieHHe IlOtITH nepecTaeT 3aBHCeTb OT 3HeprHH 

CTOnKHOBeHHR, HnH OT b I II, TO 3aBHCHMOCTb cetieHHR KyMynRTHBHbIX npo

u;eccoa OT CBOHCTB MHWeHH AOniKHa 6bITb otieHb cna6oii. C Apyroii CTOpOHbI, 

cetieHHe npou;ecca 3aBHCHT TOnbKO OT OTHOCHTenbHbIX CKOpOCTeH. CTano 

6hITb, KyMynRTHBHbie npou;eccbl MOiKHO H3ytiaTb B CHCTeMe IlOKOR RApa, l:13 

KOToporo KyMynRTHBHbie tiaCTHll;bl BhmeTalOT ( ero Ha3blBalOT cpparMeHTH· 

py10w;1:1M RApoM) noA AeHCTBHeM n106bIX qacTHu;. HHatie roaopn, 6nar~napn 

TOMY, tITO npH AOCTaTOtIHO 6onbWHX b I II OKpeCTHOCTH TOtIKH I a npoCT· 

paHCTBe tieTbipexcKopocTeH cna6o KOppen1:1py10T C OKpeCTHOCTRMH TOtIKH 

II, KYMYnRTHBHhIH 3cpcpeKT MOiKHO H3ytiaTb Ha HenoABHiKHhIX RApax. Onpe

AeneHHaR BhIWe o6nacTb npeAenbHOH cpparMeHTaUHH RApa II 
(b 

11 
> bl II > 5) B OCHOBHOM COOTBeTCTByeT tiaCTHu;aM, BbineTalOW:HM 

"Ha3a,n;" B CHCTeMe IlOKOR RApa II no OTHOWeHHIO K HanpaaneHHIO HMnynbca 

60M6apA1:1py10w:ero RApa. 

HMeHHO 1:1ccneA0BaH1:1e o6pa30BaHHR nHOHOB "Ha3a,n;" (B OCHOBHOM 

IlOA yrnoM 180°) Ha RApax IlOA AeHCTBHeM npOTOHOB H AeHTPOHOB C 3Hep

r1:1eii AO 10 r3B He TOnbKO AaJIO B03MOiKHOCTb IlOATBepAHTb cyw;eCTBOBa

mrn co6hITHH c X > 1 1:1 MacwTa6Hyro HHBapHaHTHOCTb, HO 1:1 yCTaHOBHTb 

rpaHHUY Hatiana npeAenbHOH cpparMeHTall;HH RAep HnH AeKOHq>aHHMeHTa 

KBapKOB. l13ytieHHe npeAenbHOH cpparMeHTau;Im pa3nHtIHbIX RAep BMOTb 

AO ypatta Il03BOnHno ycTaHOBHTb YHHBepcanbHbie CBOHCTBa KYMYnRTHBHbIX 

npou;eccoB Ha pa3nHtIHbIX RApax, o6Hapy)KHTb TaK Ha3bIBaeMyro aHOMaJib· 

HYIO HnH yc1:1neHHYIO 3aBHCHMOCTb CetieHHH B3aHMOAeHCTBHR RAep H tiaCTHu; 

C RApaMH OT aTOMHoro HOMepa. 

CetieHHe KyMynRTHBHbIX npou;eccoB 6bmo H3MepeHo BMOTb AO 

X > 3. TipH 3TOM OHO MeHReTCR 6onee tieM B MHnn1:1apA pa3. YHHBepcanb

Hafl 3aBHCHMOCTb cetieHHR OT X HMeeT npoCTOH 3KCilOHeHu;HaJibHbIH xapaK

Tep: a =: e - x/ <X> ,IJ;nR acex RAep. BenHtIHHa <X> C 10% TOtIHOCTblO paaHa 

132 0,14. no CBOeMy q>H3HtieCKOMY CMbICny OHa xapaKTepH3yeT pa3Mepbl 

'--... 



MYJibTHKBapKOBbIX CHCTeM, H3 KOTOpbIX BbIJieTaJOT KYMYJIHTHBHbie qacTH

D;bl. BeJIHqHHa X xapaKTepH3yeT 3cpcpeKTHBHOe qlfCJIO HYKJIOHOB cpparMeH

THpyror.u;ero HApa, yqacTByroI.D;HX B o6pa30BaHHH KYMYJIHTHBHOH qacTHIJ;bl, 

H Ha3bIBaeTCH KYMYJIHTHBHbIM qlfCJIOM. 

HeB03MO)KH0 KOpOTKO ormcaTb MHOroo6pa3He 3KCnepHMeHTaJibHbIX 

AaHHbIX no KYMYJIHTHBHOMY o6pa30BaHHIO qacTHD;. OAHaKo OCHOBHbie 

3KCnepHMeHTaJibHble <paKTbI, OTHOCHI.D;HeCH K 3TOMY HHTepeCHOMY HBJie

HHIO, ,MO)KHO OXBaTHTb CJieAyror.u;eii npoCTOH annpOKCHMaD;HOHHOH cpopMy

JIOH 131 MH ceqeHHH CTOJIKHOBeHHH peJIHTHBHCTCKHX HAep B o6rraCTH npe

AeJibHOH cpparMeHTaIJ;HH, HanpHMep, HApa: 

_ m (X) n X 
a - A II ,A 1 ,exp[- -J. 

<X> 
(11) 

3Ta npH6JimKeHHaH 3aBHCHMOCTb OKa3aJiaCb npH X > 1 YHHBepCaJibHOH MH 

acex aTOMHbIX HAep OT reJIHH AO ypatta. ITpH6JIH3HTeJibHOe noCTOHHCTBO 

<X> BO aceii o6rraCTH HCCJieAOBaHHbIX X (0,5 ~ X $. 3,3) H YHHBepcarrh

HOCTb 3aBHCHMOCTH a OT <X> AJIH acex HAep xapaKTepH3YIOT <X> KaK Ba:lK

HbIH napaMeTp HAepHOH MaTepHH. 3aBHCHMOCTb OT aTOMHoro HOMepa HApa

MHilleHH A~ oKa3arrach, B COOTBeTCTBHH co CKa3aHHbIM Bblllle, AOBOJibHO 

crra6oii (n :: 0,3). 3aBHCHMOCTb :lKe OT aTOMHoro HOMepa cpparMeHTHpyro

r.u;ero HApa A ~(X) oKa3arracb yc11rreHHOH. ITpH X, rre:lKar.u;eM B o6rracTH 

0,5 ,S X S 1, BeJIHqHHa m(X) MO:lKeT 6hITb npH6JIH:lKeHHO annpoKCHMHpo

BaHa q:>OpMYJIOH 

2 X 
m(X) = 3 + 7f' (12) 

T.e. B 3TOH o6rracTH X A11 -3m:mcHMOCTh MemieTCH oT o6hiqHoH AJIH a,z:i:poH

HAepHbIX B3aHMOAeiicTBHH 3aBHCHMOCTH THna A ~i'3 AO Ah (a noM 

H COCTOHT ycHJieHHe) • 3aBHCHMOCTb THna a .::: A \1 O:lKHAaJiaCb Ha OCHOBe 

rHnoTe3bl O JIOKaJihHOM H paBHOBepOHTHOM no BCeMy o6'beMy HApa B3aHMO

AeHCTBHH. 11MeHHO TaKoii xapaKTep H Ha6rrroAaeTcH B KYMYJIHTHBHOH o6rra

CTH X> 1. 
,UeTaJibHbie H3MepeHHH A -3aBHCHMOCTH ceqeHHH po:lK,!l;eHHH KYMYJIH

THBHblX nHOHOB 6bIJIH npoaeAeHbl Ha CHHXpocpa30TpoHe O11Hl1. 3TH H3Me

peHHH CTaJIH B03MO:lKHbl nocrre ocyr.u;eCTBJieHHH BbIBOAa nyqKa H3 ycKopH

TeJIH B H3MepHTeJihHbIH naBHJlhOH, rAe 6bIJia C03AaHa HOBaH 3KCnepHMeH

TaJibHaH ycTaHOBKa. 3cpcpeKTHBHblH BbIBOA ycKopeHHOro nyqKa H3 ycKopH

TeJIH co crra6oii cpoKyc11poBKOH HBJIHeTcH TPYAHOH HH:lKeHepHOH 3a,z:i:aqeii.OA

HaKo OHa 6bIJia pellleHa KOJIJieKTHBOM, o6cny:lKHBalOI.D;HM CHHXpocpa30TpOH • 

. BbIBOA nyqKa H3 ycKOpHTeJIH 3a OTHOCHTeJihHO 6oJihllIOe apeMH (nopHAKa 

ceKyHAbI) B H3MepHTeJibHblH naBHJibOH H C03AaHHe ycTaHOBKH, cnoco6HOH 

pa6oTaTh npH 6oJihllIHX HHTeHCHBHOCTHX nepaHqHoro nyqKa, n03BOJIHJIH 

npocrreAHTh H3MeHeHHe nonepeqHoro ceqeHHH B MHJIJIHapA pa3. CorrracHo 

cpopMyrre (11) 3TO COOTBeTCTByeT H3MeHeHHIO X B o6rraCTH 0,5 < X :;. 3,3. 
Bhm co3AaH cp0Kyc11pyror.u;Hii MarHHTHhIH cneKTpoMeTp c perHcTpaD;Heii 133 



PEl,IU!81.U!OHH8R 

Cl!HX~aaoTpOH 

HaMep11TeJII,JWII n!lllllJILOH 

3Kcnepli!MeHTWll>IWe 

YCTSllOBlUI 

llli'IIICJIIITeJII,Hlalll [leHTp 

Ha Claae 

00-1040 + 00-1055 

PHc.2. CxeMa paaMell.\eIIHH 3KCnepHMeHTaJII,H0I'0 o6opy,o;oBaHHH Ha IlytIKe 
CHHxpoq>a3oTpoea OHHH. .D:HCK - MarHHTHbIH cneKTpoMeTp c q>OKYCH· 
pOBKOH, npe,o;eaaHa'leIIHbIH ,o;nR HCCne,D;0BaHHH KyMynRTHBH0I'0 p0lK,D;eIIHH 
'laCTHQ, 

BTOpHl!HbIX tiaCTHU: CU:HHTHJIJIHl.l;HOHHbIMH H tiepeHKOBCK0MH ,n;eTeKTOPaMH 

H CHCTeMOH ,D;HCTaHU:HOHHOro yrrpaBJieHHH H TeJieMeTpHtieCKOro KOHTpOJIH. 

YcTaHOBKa pa6oTaeT Ha JIHHHH c MOIWIOH BblliHCJIHTeJibHOH MalIIHHOH 

EC-1040, o6ecrretiHBarow;eH HaKoITJieHHe H o6pa6oTKY 3KCrrepHMeHTaJihHoii 

HH<pOpMaQHH. Ha pHC.2 IIOKa3aHa cxeMa OIIhITa. 

B KatiecTBe cpparMeHTHpyrow;0x 11,n;ep A II 6hm B3HT m0poK0ii Ha6op 

u H D H 6 L' 7L' B C M Al s· 54 F 56F 58F 58 · MHmeHe0: , , e, 1, 1, e, , g, , 1, e, e, e, N1, 
e1Ni 64Ni Cu 64zn 112gn 11Rnn 124 Sn 144Sm 154Sm 1s2w 1sew 

' ' ' ' ' --0 ' ' ' ' ' ' Pb, U. 
BrrepBbie 6bIJIO YCTaHOBJieHo, l!TO 3aBHCHMOCTb BepOHTHOCTH po)K,!];e

HHH KYMYJIHTHBHbIX Me30HOB OT aTOMHoro Beca cpparMeHTHpyrow;ero H,D;pa 

,D;JIH B3aHMO,D;eHCTBHH a,n;pOHOB rrporropl.l;HOHaJihHa aTOMHOMY Becy H,D;pa, T.e. 

E da ~A ct'F- II' 

"061,eMHhIH" xapaKTep An -3aBHCHMOCTH, HJIH, ,n;pyrHMH CJIOBaMH, paBHaH 

BepOHTHOCTb po)K,!];eHHH Me30HOB ITO BCeMy o6'beMy 11.n;pa, IIO,D;TBep,n;HJI 

JIOKaJibHblH xapaKTep rrpe,n;rronaraeMoro B rHIIOTe3e KYMYJIHTHBHOro 3<p-

134 cpeKTa B3aHMO,D;eHCTBHH H po)K,!];eHHH rrpoTH)KeHHbIX a,n;pOHOB. 



Ilo3iKe yc1meHHaJI An-3aBHCHMOCTh 6bma o6HapyiKeHa B ClllA B OilbI· 

Tax no lfCCne.n;oBaHHIO poiK,D;eHHJI IIaCTHQ c 6onhlllOH nonepetIHOH COCTaBITJIIO· 

meH HMnynhca ( onbITbI KpoHHHa) • TaKoH xapaKTep 3aBHCHMOCTH cetieHHH 

poiK,D;eHHJI a,n;pOHOB CBH,D;eTenhCTBOBan O TOM, !ITO npOTJiiKeHHbie o6'beKTbI 

B3aHMO,D;eHCTBYIOT TOITbKO CBOHMH IIaCTJIMH, noKanhHbIMlf no.n;cTpyKTypa

Mlf. 3KcnepH:MeHTanhHbIMlf Hccne,n;oaaHHJIMlf 3Toro JIBneHHJI 3aHJinlfCb qm-
3HKH pa3nHtIHbIX na6opaTopHH MHpa, a caMH Hccne,n;oaaHHJI nonytIHnH Ha-

3BaHHe "A a_q>H3HKa". 

YiKe a nepBbIX pa6oTax no,n;qepKHBanOCh, !ITO noCKOITbKY MaClllTa6-

HaJI lfHBapH:aHTHOCTb HHTepnpeTHpyeTCJI Ha OCHOBe noKanhHoro xapaKTepa 

a,n;pOHHbIX B3aHMo,n;eHCTBlfH (aBTOMo,n;enbHOCTH), TO B JI,D;pax cyr.ueCTBYIOT 

,D;Ba xapaKTepHbIX MaCU1Ta6a HMnynhCOB, HalIHHaJI C KOTOpbIX peanH3yeTCJI 

npH6nHiKeHH8R MaClllTa6HaJI HHBapHaHTHOCTb. O.n;HH COOTBeTCTByeT cnyqaro, 

Kor,n;a a KatieCTBe KBa3lfCBo6o,n;HbIX qaCTHQ MOiKHO paccMaTpHBaTh COCTaB· 

ITJIIOI.Ulfe HYKITOHOB - KBapKH, a ,n;pyroH COOTBeTCTBYeT HMnynhCH0MY npH-

6nHiKeHHIO JI,D;epHOH q>H3HKH, B KOTOpOM KaK KBa3HCB06o,n;Hbie qacTHQbI 

paccMaTpHBaIOTCJI HYKITOHbI. KyMynJITHBHbIH 3q>q>eKT MbI paccMaTpHBanH 

KaK CHrHan O HaITHIIlflf B JI,D;pax "KaneneK" a,n;pOHHOH MaTepliH (~nlf MHOro

KBapKOBbIX KOHq>HrypaQHH), no caoeH cTpyKType cHnhHO oTnHIIaIOI.UlfXCJI 

OT cao6o,n;HbIX HYKITOHOB. 3Ta lfHTepnpeTaQHJI KYMYITJITHBHOro 3q>q>eKTa, 

T .e. 3aKOHOMepHOCTeH o6pa30BaHHJI qaCTHQ B o6naCTlf npe,n;enhHOH q>par

MeHTaQlflf JI,n;ep 3a npe,n;enaMH KHHeMaTHKlf O,D;HOHyKITOHHbIX CTOITKHOBeHHH, 

BCTpeqana B03paiKeHHJI Ha npoTJiiKeHHlf 6onee ,n;ecJITlf neT. B MHOrOIIHCneH

HbIX TeopeTH1IeCKHX pa6oTax npe,n;npHHHManHCb nonbITKlf nyTeM KoppeKT· 

Horo ytieTa penJITHBHCTCKHX 3q>q>eKTOB If ManoHyKnOHHbIX KoppenJIQHH 

B JI,D;pax o6'bJICHHTb ace 3aKOhOMepHOCTlf KYMYITJITHBHoro 3q>q>eKTa, He Bbl· 

XO,D;JI 3a paMKlf npOTOH•HeHTpOHHOH MO,D;enH JI,D;pa. TaKHe nonbITKH HMenH 

ycnex B o6'bJICHeHHlf KYMYITJITHBHoro o6pa30BaHHJI npoTOHOB, .n;eHTpOHOB 

If JI,D;epHbIX q>parMeHTOB, T.e. 3q>q>eKTOB, B KOTOpbIX OT,n;enHTb HYKITOHHYIO 

MaCU1Ta6Hyro HHBapHaHTHOCTb (JI,n;epHyro) OT KBapKOBOH npaKTHIIeCKH He

B03MOiKHO. Pe3KHH noaopoT BO MHeHlflf yqeHbIX OTHOCHTenbHO paccMaTpH

BaeMbIX 3q>q>eKTOB HalianCJI B 1981 r., Kor,n;a attanorHIIHbie JIBneHHJI HatianH 

H3y1IaTh B rny6oKoHeynpyroM pacceJIHlflf 3neKTpOHOB, MIOOHOB If HeHTPHHO 

("nenTOHOB") Ha aTOMHbIX JI,D;pax. IlcHxonorHtieCKlf 3TOT noaopoT anonHe 

noHJITeH: B3aHMO,D;eHCTBHe nenTOHOB C a,n;poHaMH Cbirpano B ycTaHOBITeHHlf 

CTPYKTypbI npoTOHa, CBOHCTB KBapKOB If rnrooHOB TaKyIO iKe ponh, KaKyro 

3HaMeHHTbie onbITbI Pe3epq>op,n;a CbrrpanH B ycTaHoaneHHlf CTpyKTypbI 

aToMa. (EcnH TaKHM cnoco6oM H3yqaeTCJI KBapKOBaJI CTPYKTypa npoToHa, 

TO notieMy 6hr He HCCne,n;oaaTb H KBapKOByro CTpyKTypy JI,D;pa?) HeKOTOpbre 

lf3 ycTaHOBneHHbIX HaMH 3aKOHOMepHOCTeH 6bIITlf B 3THX OnbITax no,n;TBepiK

,n;eHbI. 

B coaMeCTHOM MIOOHHOM 3KcnepHMeHTe OH.flH-UEPH Ha ycTaHOBKe 

c peKOp,D;HbIMlf Ha cero,n;HJilllHHH ,n;eHb napaMeTpaMH 6bIJilf nonytieHbI npJI

Mbie 3KCnepHMeHTanhHbie ,D;aHHbie no CTpyKTypHOH q>yHKQlflf JI,D;pa yrnepo,n;a 

npH X > 1. 3To 6bIJIO nepaoe 3KCnepHMeHTanbHOe no,D;TBepiK)];eHHe rHno- 135 
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PHc.3. 38.BHCHMOCTb OT MaCWTa6aoii: 

nepeMeHHOH CTpyKTypHLIX <pyHK~HH 

H~ep H3 3KCnepHMeHTOB no KYMYJVl· 

THBHOMY po'.lK,ll;eHBJO a,a;pOHOB (nHO· 

HLI, KaOHLI - JieBaR 'laCTL PHCyHKa) 

H rny6oKoaeynpyroMy pacce11amo 

MIOOHOB (npaeaR qacTI, PHCyHKa). 

Te3hI KYMYJIHTHBHoro R:,D,epaoro 

3cpcpeKTa B 3KCnepHMeHTaX 

c JienToHaMH 
161• 

i 2 3 1 
Ha pHc.3 (cnpaBa) noKa3aHhI 

3TH ,D;aHHhie. ,[(JIH cpaBHeHHH aa 

3TOM )Ke pHCYHKe (cJieBa) noKa-

3aHbl ,D;aHHhie no cTpyKTypaoii 

cpyHKUlflf TR:)KeJioro H,D;pa H ,z:,;aa-
X 

Hhxe no KYMYJIHTHBHOMY po)K)J;e

HlllO TT- -Me30HOB H K-Me30HOB B 3aBHCHMOCTlf OT MaCUITa6HOH nepeMeH

HOH X. 

lfa pHCYHKa BH,D;HO, lJTO B 3KCnepHMeHTax C MIOOHaMH lf3MepeHa 

CTpyKTYPHaH cpyHKUlfR: ,D;O X ~ 1,4, r,z:,;e ee a6coJIIOTHa.H BeJilflJHHa COCTaB· 
-3 6 JIR:eT npHMepHO 10 . KoHetJHO, 3TO "po Koe" npO,D;Blf)KeHHe B KYMYJIH-

THBHYIO o6rracn,. O,z:,;HaKo 3HatJeHHe 3TOro 3KCnepHMeHTa BeJIHKO. CoBna

,z:,;eHHe norrytJeHHhIX pe3yJibTaTOB C ,D;aHHhIMH no KYMYJIHTHBHOMY po)K)J;eHHI0 

B a,z:,;poHHhIX B3aHMO,D;eHCTBlfR:X npaKTlftJeCKlf CHR:JIO C noBeCTKlf ,D;IUI nOill>IT

KH o6'bHCHlfTb KYMYJIHTHBHOe po)K)J;eHHe C TOlJKH 3peHHR: CTapbIX npe,z:,;

cnumeHHH o 11,z:,;pe H ero HyKJioHHoii CTPYKType B KYMYJIHTHBHhIX HBJieHHHX. 

MIOOHHbIH 3KcnepHMeHT HeCOMHeHHO R:BlfJICR: MOmI{hIM CTHMYJIOM 3KCnepH

MeHTaJibHhIX lfCCJie,D;OBaHHH CTpyKTYPHhIX cpyHKUHH R:,D;ep B JieIITOHHhIX 

B3aHMo,z:,;eiicTBHHX npH X > 1, T.e. B KYMYJIHTHBHOH o6rracTH. 

Oco6oe BnetJaTJieHHe Ha cpH3lfKOB-TeopeTHKOB npOH3BeJilf pe3yJihTaThI 

onhITOB EBponeiicKoii MIOOHHOH Korrrra6opauHH B 1983 r. (TaK Ha3hIBae

MhIH EMC-3cpcpeKT) 171• Korrrra6opaUHH o6Hapy,KHrra, tJTo B o6rracm 

X -0,5 pacnpe,z:,;erreHHR KBapKOB B HyKJioHe )KeJie3a H B HyKJioHe ,z:,;eiiTpoHa 

3aMeTHO pa3JIHlJaIOTCR:. 3TOT pe3yJihTaT corrracyeTCR: C A-3aBHCHMOCTbIO, 

,z:,;aBaeMoii cpopMyrraMH (11) lf (12). KpoMe Toro, Korrrra6opaUHH o6Hapy

)KlfJia pa3JIHtJHe 3THX pacnpe,z:,;erreHHH lf B o6JiaCTlf X < 0,3, r,z:,;e OTCYTCT

BYIOT ,D;aHHbie no pacnpe,z:,;erreHHI0 KBapKOB B R:,D;pax lf3 onhITOB no KYMYJIH

THBHOMY po)K)J;eHHI0. K CO,KaJieHHIO, H no HacTomuee BpeMH Ha,D;e:>KHhie ,D;aH

Hhie no rrry6oKoHeynpyroMy pacceR:HHIO rrenTOHOB B KYMYJIHTHBHOH 06-

JiaCTH (X > 1) OTCYTCTBYIOT, 3a lfCKJIIOtJeHHeM ynoMHHYThIX Bhillle 161 npe,z:,;

BapHTeJibHhIX ,D;aHHhIX. HallIH ,z:,;aHHhie B 3TOH o6JiaCTH MO)KHO paccMaTpHBaTb 

KaK npe,z:,;cKa3aHlfe ,D;JIH 6y,z:,;yIUHX 3KCnepHMeHTOB no rrernoH-R:,D,epHOMY pac-

136 ceR:Hmo. 
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P0c.4. OTeowee0e ceqemm cppar

MeHT~HH ( CTpyKTypHbIX q>yHK· 

QHH) nerKoro HApa K THmenoMy 

( Pb ) B 3aBHCHM0CTH OT aT0MH0· 

ro eeca HApa (A) AJ1H IlH0H0B 

H 3JleKTp0H0B npH X = 0,5 H AJlH 

IlH0H0B npH X = 1,3. 

Ha puc.4 rrpuae.n;eHbI 3K

crrepuMeHTaJibHbie ,ll;aHHbie 

0 3aBHCHMOCTH OTHOllleHHH 

(nen<:oro H.n;pa K TH)Keno

MY) aepoHTHOCTeu ( cet1e

Httu) Ha6mo.n;eHHH po:>K.n;eH

Horo rruoHa H pacceHHHoro 

3JieKTpoHa, pacctIHTaHHhie Ha 

O,ll;HH HYKJIOH H,D;pa • 

.[(aHHbie SLAC (CIIIA) OTHOCHTCH K pacceHHHIO 3JieKTpOHOB rrpu 

X = 0,5, HalllH ,ll;aHHbie- K po)K)];eHHIO 17-•Me30HOB rrpu X = 0,5 H X =1,3. 
OTHOllleHtte CTPYKTypHbIX cpyHKWIH nerKoro H.n;pa H TH)KeJioro .n;aeT B03-

MO:>KHOCTb aHaJIH3HpoBaTb 31<'.CIIepttMeHTaJibHbie ,ll;aHHbie rrpu X < 1 H rrpu 
X > 1. 

J,fa puc.4 BHAHO, tITo xapaKTep 3aBHCHMOCTH cTpyKTYPHOH <pyHKUHH 

OT aTOMHOH MaCCbl H,D;pa H3 ,ll;aHHbIX no rny6oKOHeyrrpyroMy pacceHHHIO 

JieIIT0H0B ,ll;JIH X = 0,5 TOT )Ke caMbIH, tITO u ,ll;JIH a.n;pOHHbIX rrpoueccoa: 

C pOCT0M A CTPYKTypHaH <pyHKUHH ( cetieHtte) yMeHbll!aeTCH. 

B a.n;pOHHbIX rrpoueccax IIOTpe6oBaJIHCb ,ll;OIIOJIHHTeJibHbie 31<'.Crrepu

MeHTbI, tIT06bI ,ll;0Ka3aTb, tITO rra.n;eHtte cetieHHH C p0CTOM aTOMHOH MaCCbl 

H,D;pa He CBH3aH0 C rrornom;eHtteM po)K)];eHHbIX IIHOHOB. AHanortttIHblll xa

paKTep 3aBHCHMOCTH ,ll;JIH nemOHOB, r.n;e HeT 3<p<peKTOB rrornom;eHHH, 

IIO,ll;TBep)K)];aeT c.n;eJiaHHblll HaMH paHee BbIB0,ll; 0 TOM, tITO TaI<:oe IIOBe.n;eHtte 

CBH3aH0 C 3aBHCHM0CTblO CTpyKTypHOH <pyHKUHH OT aTOMHOro aeca H,D;pa 

rnrra (11). 
Coaepll!eHHO .n;pyrou xapaKTep 3aBHCHMOCTH CTPYKTYPHOH <pYHKUHH 

OT aT0MH0ro aeca H,D;pa rrpu X = 1,3, a HMeHHo: pocT cetieHHH c p0CTOM 

A rrpu A < 30 roaopHT 0 CMeHe MeXaHH3Ma, orrpe.n;eJIHIOm;ero 3aBHCHMOCTb 

cTpyKTypHou cpyHKUHH OT aTOMHoro aeca <pparMeHTupy10m;ero H.n;pa B KY· 

MYJIHTHBHOH o6nacTu. 

Ha puc.5 rroKa3aHbI 3aBHCHM0CTH OT X oTHollleHHH CTPYKTYPHbIX 

cpyHKUHH H.n;pa. ,[(nH y.n;o6cTaa corrocrnaneHHH c EMC-3cp<peKTOM B3HTo 

ornollleHue, o6parnoe puc.4 ( oTHollleHtte cetieHHH cpparMeHTttpy10m;ero 

TH)KeJioro H,D;pa u nerKoro) • OTHOllleHtte, paBH0e e.n;HHuue, COOTBeTCTByeT 

M0,D;eJIH H.IJ;pa, COCTOHlll;eH H3 IIpOTOHOB H HeHTpOHOB, KOTOpbie o6Jia,D;aIOT 

TaKOH )Ke CTPYKTypou, KaKylO OHH HMelOT B rrycToTe. Ilo.n;qepKHBaeM, tITO 137 
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PHc.5. 3aBHCHMOCTb OTHOWemrii: 
CTPYKTypHbIX q>yttKQHH T1UKeJio
ro H~pa H nerKoro OT MacwTa6-
aoii: nepeMeHHOH X. 

ecmr .IJ:aHHbie npM X < 1 roao

PHT JIMlllb O TOM, lITO HyKJIOH 

B H,IJ;pe M HYKJIOH B nyCTOTe 

pa3JIMlla10TCH no caoeii BHYT

peHHeii CTpyKzype, TO ,Il;aHHbie 

B KYMYJIHTMBHo:ii o6nacTM 

(npM X > 1 ) CBM,IJ;eTeJibCTBY· 

IOT O ~03HMKHOBeHMM B H,Il;pe 

MYJibTMKBapKOBbIX KOHqmry

p~:ii, BKJ110lla101.QMX KBapKM 

OT HeCKOJibKMX HYKJIOHOB. 

XoTH 6oJibllIMHCTBO npMBe,IJ;eHHbIX ,Il;aHHblX M MX MHTepnpeTaQMH no

JiylleHbl B HallaJie 70-x ro,IJ;OB, OHM nepe)KMJIM "BTOpoe po)K.IJ:eHMe" B 3Kcne

pMMeHTax c JienTOHaMM a 80-x ro,IJ;ax. TaKoe npo,Il;OJI)KMTeJibHOe "HenoHM

MaHMe" 3KCnepMMeHTaJibHblX ,Il;aHHbIX o6'bHCHHeTCH MX "Heo6bilIHOCTblO". 

,Ue:iicTBMTeJibHO, npM X < 1 OTHOllleHMe CTpyKTYPHbIX cpyHKQMH H,Il;pa CBMH

Qa M ,IJ;eM:TepMH MeHbllle e,IJ;MHMQbI, T.e. aepoHTHOCTb Ha6mo,IJ;eHMH KBapKOB 

c ,Il;OJIHMM MMnyJihCa X -0,6 +0,8 a TH)KeJIOM H,IJ;pe MeHbllle, tieM a xopourn 

M3ylleHHOM "pblXJIOM" H,IJ;pe ,IJ;eM:TepMH! 8To, ecTeCTBeHHO, noKa3aJIOCb 

CTpaHHbIM. O,IJ;HaKo eru;e 6onee "HeO)KM,Il;aHHbIM" 61,mo noHBJieHMe peaJib

HblX co6bITMH, MMeroru;Mx OTJIMlIHOe OT HYJIH cetieHMe ,Il;JIH X > 1 • 
.Ue:iicTBMTeJibHO, KaK nOHHTb B paMKax CTapoii HYKJIOHHOH MO,IJ;eJIM 

H,Il;pa noJiylleHHblH 3KCnepMMeHTaJibHblH cpaKT, lITO O,Il;MH KBapK, 3aKJIIOlleH

Hblli a o6'beMe O,IJ;Horo HYKJIOHa, npMHMMaeT Ha ce6H MMIIyJibC .IJ:BYX-Tpex 

M B03MO)KH0 60Jiblllero lIMCJia HYKJIOHOB, lITO M npMBO,Il;MT K Ha6JIIO,IJ;eHmo 

co6bITMH c X > 1 ? 

l'.13 pHc.3 BM,Il;HO, lITO M3BJietieHHbie M3 3KCnepMMeHTa CTPYKTypHbie 

cpyHKQMM H,Il;ep IIPM Ha6mo,IJ;eHMM KYMYJIHTMBHbIX 17 + •Me30HOB M K + -Me3o

HOB no nopH.IJ:KY BeJIMlIMHbl coana,IJ;ruoT. 8To HBJIHeTCH CMJibHbIM no,IJ;TBep)K

,IJ;eHMeM M3JIO)KeHHblX BO BBe,IJ;eHMM M,IJ;eii. 17 + - M K+ -Me30Hbl xapaKTepM3ylOT 

pacnpe,IJ;eJieHMe O,Il;HMX M Tex )Ke u -KBapKOB, KOTOpbie, OTpbIBaHCb OT H,Il;pa, 

a.D:POHM3YlOTcH a nycToTe, B o,IJ;HOM cnyqae no,IJ;xBaTbIBaH d -KaapK M o6pa-

3YH nMoH, B ,Il;pyroM CJiytiae no,IJ;XBaTbIBaH s -KBapK M o6pa3yH HYKJIOH. 

OTpMQaTeJibHbie K-Me30Hbl COCTOHT M3 KBapKOB, KOTOpbIX B H,Il;pe HeT 

(KaK npeo6JIMa101.QMX). Ha6JIIO,IJ;eHMe Ha onbrre 3HatIMTeJibHbIX BblXO,Il;OB 

K--Me30HOB, npMlleM (KaK BM,Il;HO M3 pHc.3) C 3aBMCMMOCTblO OT X, 6JIM3-

KOH K 3aBMCMMOCTM ,Il;JIH K+ - M 17+ -Me30HOB, BM,Il;MMO, xapaKTepM3yeT pac

npe,IJ;eJieHMe B H,Il;pe rJIIOOHOB. 

J,fa pHC.5 BM,Il;HO, lITO HaM60Jiee no,IJ;p06Hbie ,Il;aHHbie O CTpyKTypHOH 

138 cpyHKQMM TH)KeJioro H,IJ;pa noJiylleHbl M3 3KCnepMMeHTOB no Ha6JIIO,IJ;eHMIO 



KYMYJIRTHBHhIX 1T -Me30HOB ( KpHBruI B JieBOH qacTH pHc.3) • II pH H3MeHe

HHH apryMeHTa X OT O ,n;o 3,3 CTPYKTypHruI cpyHKI.J;HR yMeHhlllaeTCR Ha 

.n;eBR:Th nopR:,!l;KOB BeJIH'l!HHhl, 8To 03HatiaeT, 'l!TO Ha 109 pa3JIH'l!HhIX B03-

MO:>KHOCTeH BCero O,!l;HH pa3 B R,n;pe peaJIH3yeTCR KOH(pHrypau;HR, Kor,n;a 

O,!l;HH KBapK HeCeT Ha ce6e HMnyJihC, COOTBeTCTBYIOII.J;HH rpynne H3 3,3 HYK

JlOHOB. 

8KcnepHMeHTaJihHhie HCCJie,!l;OBaHHR B 3TOH o6JiaCTH KHHeMaTH'l!eCKHX 

nepeMeHHhlX CTaHOBRTCR qpe3Bhl'l!aHHO Tpy,n;HOH 3a,n;aqeii. 0HH Tpe6YIOT 

C03,!l;aHHR BhICOKOHHTeHCHBHhIX (,n;o 10 12 B ceKyH,n;y) ny'l!KOB 'l!aCTHI.J;, pe

llleHHR: CJlO'.IKHhIX HH:>KeHepHhIX BonpocoB no Bhmo,n;y 3a BpeMR nopR,n;Ka 

ceKyH,!l;hl H3 YCKOpHTeJieH TaKHX ny'l!KOB, C03,!l;aHHR CJlO'.IKHhlX 3KcnepHMeH

TaJihHhIX ycTaHOBOK, cnoco6HbIX. noJiytiaTh HeHCKa:>KeHHYIO 3KCnepHMeHTaJih

HYIO HH(pOpMau;mo B TaKHx CJlO:>KHhIX pa,n;HaI.J;HOHHhIX ycJIOBHRX, npHMeHe

HHR MOII.J;HOH Bhl'l!HCJlHTeJibHOH TeXHHKH ,!l;JlR aBTOMaTH3aI.J;HH c6opa H o6pa-

6oTKH ,!l;aHHhIX H T .,n;. ,ri:pyrHMH CJlOBaMH, 3TH HCCJie,n;oBaHHR CTaHOBRTCR 

cno'.IKHOH H ,n;oporocToRmeii 3KCnepHMeHTaJihHOH 3a,z:i;aqe0. Ho, c ,n;pyroii 

CTOpOHhI, HHcpopMaTHBHOCTh H, 'l!TO O'l!eHb Ba:>KHO, O,!l;H03Ha'l!HOCTb HHTep

npeTau;HH 3KCnepHMeHTaJihHhIX ,!l;aHHhIX cymecTBeHHO B03paCTaIDT C poCTOM 

BeJIH'l!HHhl X. 

KJIACCH<l>HKAI(HJI .R.D:EPHhlX B3Al1MO.D:Efl:CTB11fl: 

B3aHMO,!l;eHCTBHe R,n;ep H qaCTHI.J; C R,n;paMH MO'.IKHO KJiaCCH(pHI.J;HpOBaTh 

no napaMeTpaM b ik ' xapaKTepH3YlOII.J;HM, KaK 6b1Jl0 OTMe'l!eHo BO BBe,n;e

HHH, CHJIY B3aHMO,!l;eHCTBHR 'l!aCTHI.J; i H k. KpoMe Toro, BeJIH'l!HHhl 

b ik onpe.n;eJIRIOT ypoBeHh (HYKJIOHHhIH HJIH KBapKOBhlli) ' Ha KOTOpOM 

cne,n;yeT paccMaTpHBaTh CTPYKTYPY B3aHMo,n;eiicTBy10m1-1x o6'beKTOB i H k . 
YTBep:>K,n;eHHR, o6ocHoBaHHe KOTOphIX ,n;aeTCR HH:>Ke, COCTORT B CJ1e

,n;y10meM: 

1) 06JiaCTb b ik = 10-2 COOTBeTCTByeT B3aHMO,!l;eHCTBHIO R,n;ep KaK 

cna6oCBR3aHHhIX CHCTeM, COCTORII.J;HX H3 HYKJIOHOB. 8To o6naCTh, r,n;e cnpa

Be,!l;JIHBa npOTOH-HeHTPQHHruI Mo,n;eJih R,n;pa. 

2) 06JiaCTb 0,1 < b ik < 5 RBJIReTCR npoMe:>KYTO'l!HOH, B 3TOH 

o6naCTH KBapKOBhie CTeneHH CB06o,n;hl HrpaIDT cymecTBeHHYIO pOJib B nepe

CTpOHKe a,n;poHHhIX CHCTeM. CeqeHHR B3aHMO,!l;eHCTBHR OTHOCHTeJlbHO 60J1h

ll!He, 'l!TO C03,n;aeT 6naronpHRTHhie YCJIOBHR ,!l;JlR nOHCKOB TaK Ha3hmaeMOH 

KBapKOBOH 3K30THKH, TO eCTb KBapKOBhIX CHCTeM, cymecTBeHH() OTJIH'l!aID

II.J;HXCR no CBOeH CTPYKType OT o6bI'l!HhIX, KOTOphie COCTORT H3 Tpex KBap

KOB HJIH H3 KBapKa H aHTHKBapKa. 

3) 06nacTb b ik > 5 COOTBeTCTByeT B3aHMo,n;eHCTBHIO R,n;ep Ha 

KBapKOBOM ypoBHe. B 3TOH o6JiaCTH R,n;pa cne,n;yeT paccMaTpHBaTh KaK 

KBapK-rJUOOHHhie CHCTeMbl, B3aHMO,!l;eHCTBHe Me:>K.n;y KBapKaMH, BXO,!l;RII.J;H

MH a o6'beKT i 1-1 B o6'beKT k, C'l!HTaeTCR OTHOCHTeJlhHO cna6bIM, 1-1 KBapKH 

Be.n;yT ce6R: KaK KBa3HCBo6o,n;Hhie (nO'l!TH CB06o,n;Hhie qacTHI.J;hI). B3aHMO- 139 



,n:eikTBHe B 3TOH o6JiaCTH rrpHBo,n:HT K ,n:eKOH<paHHMeHTY KBapKOB (B orrpe

,n:eJieHHOM BbIWe CMbICJie) • 

qTO KacaeTCFI o6JiaCTH (1)' TO H3 caMblX 061.IJ;Hx coo6paiKeHHH 6bIJIO 

rroKa3aHO ISi, t1To ce1ieHHe peaKu;HH I + II ➔ 1 + ... , r,n:e I , II H 1-
HyKJioHHbie CHCTeMbI, HMeeT BH,n: 

d j= 
--L = ---- (13) 
db11 [bu +a] 2 

rrpH bII1» b 11 ~ a 11 = 2£jm 1 -m1 j/m 1m 1 , r,n:e £ - 3HeprHFI CBFI3H 

cpparMeHTa 1 B FI,n:pe I, a m I H m 1- MaCCbl 3THX FI,n:ep. j= - cna6o MeHFIIO· 

1.IJ;aFICFI <pyHKIJ;HFI b ik • 

d~ 
dildp" , npollJI. etJ. 

10·2 1-- 16 O+Be--AC+ 
70·3 I E=2,7rJ6/N •.. 

70·4 

70·5 

27 JO 

12c 1:c 

JJ J6 J9 ~2 p",rJ6/c 

l'Hc.6. Pacnpe.ZJ;eneane no npo.a;on&HOMY nMnyn&cy H30TonoB yrnepo.a;a 
npn B3aHMO,Zl;eHCTBHH YCKOpeHHblX R.a;ep KHCnopo.a;a C R,Zl;paMH 6epnnnnR. 

Cl>opMyJia (13) OIIHCbIBaeT 60JibWYIO COBOKYIIHOCTb 3KCrrepHMeHTaJib· 

HbIX ,n:aHHbIX IIO peaKIJ;HFIM, B KOTOpbIX rrpOHCXO,n:HT rrepepacrrpe,n:eneHHe 

HyKJIOHOB. B TaKHX peaKIJ;HFIX HMIIYJibC, rrpHXO,n:FII.IJ;HHCFI Ha o,n:HH HYKJIOH 

cpparMeHTa 1, rrpHMepHO paaeH · HMIIYJihCY Ha HYKJIOH HaJieTaror.u;ero FI,n:pa. 

Ha pHc.6 rrpHBe,n:eHO pacrrpe,n:eneHHe IIO rrpo,n:OJibHOMY HMIIYJibCY H3OTOIIOB 

FI,n:pa yrnepo,n:a B peaKIJ;HH 16 0 + Be ➔ Ale + ... IIPH 3HeprHH FI,n:ep 

KHCJiopo,n:a 2,1 r3B/HYKJIOH. IlOJIO)KeHHFI MaKCHMYMOB Ha pHCYHKe B TOI!· 

HOCTH COOTBeTCTBYIOT YCJIOBHIO b 11 = 0 , WHpHHbl rrporropIJ;HOHaJibHbl 

COOTBeTCTBYIOI.IJ;HM aenwurnaM a. Cl>opMyJia (13) OIIHCbIBaeT TaK)Ke yr-

140 noaoe pacrrpe,n:eneHHe cpparMeHTOB. 



Cne,IJ;yeT no,IJ;tJep1rnyTb, lJTO 3TH 3aJ<:OHOMepHOCTH cnpa.Be,IJ;nHBbl npH 

Bcex bl II , HatJHHWI c b l II ~ 0,5 , H npaKTHtJeCJ<:H He 38.BHC.flT OT BenHtJHHbl 

bl II' 38.BHCHMOCTb :>Ke OT b I1 qenHKOM onpe,D;en.fleTC.fl J<:Ba3HCBo6o,IJ;OH 

HyKnOHOB (ManOCTblO BenHtJHHbl a, KOTOpWI onpe,D;en.fleT 6onbWyIO BenH

tJHHy cetJeHH.fl peaJ<:qHH (13)). HeTpy,D;HO noJ<:a3aTb, lJTO npH 6onbWHX Be

nHtJHHax HMnynbCOB P 1 H P1 BenHtJHHa b l 1 H COOTBeTCTBeHH0 cetJeHH.fl 

38.BHC.flT TOnbKO OT OTHOWeHH.fl p /Pr'. T.e. HMeeT MeCTO MaCWTa6HaJI HH· 

BapHaHTHOCTb. O,IJ;HaKO 3Ta MaCWTa6HaJI HHBapHaHTHOCTb I<: J<:BapI<:OBbIM 

CTeneH.flM CB060,IJ;bl, OtJeBH,Il;HO, OTHOWeHH.fl He HMeeT. OHa HHOr,IJ;a Ha3brnaeT

C.fl .fl,Il;epHbIM CJ<:ettnHHrOM H OTtJeTnHBO npO.HBn.fleTC.fl B o6pa30BaHHH .fl,Aep

HbIX <pparMeHTOB, a -tJaCTHI.(, ,AeHTpOHOB H npOTOHOB. 3To cnpa.Be,AnHBO 

H npH b l II> 5, HO npH b l 1 < 0,2 • ,[(n.fl Toro lJT06bI KBapI<:OBbie CTeneHH 

CB060,IJ;bl aI<:THBHO npO.HBn.flnHCb, Heo6xo,AHMO, lJT06bI He TOnbKO bl II 6bmo 

6onbWe 5, HO H tJT06bI bl l > 5' a ,An.fl 6apHOHHblX CHCTeM 3TO ycnoBHe 

BbIIlOnHHTb TPY.AHO (cetJeHH.fl ,AenaIOTC.fl cnHWJ<:OM MMbIMH). liHTepeCHO 

OTMeTHTb, lJl'O npH bl II > 5 H bl 1 ;;: I cetJeHH.fl o6pa30BaHH.fl npOTOHOB 

HMelOT xapaI<:TepHCTHKH, 6nH3J<:He I<: TeM, KOTOpbie Ha6n10,Aa10TC.fl B o6pa3o

BaHHH 1T - H K -Me30HOB npH bl II > 5 H bl 1 ~ 5' B tJaCTHOCTH, 3TO Ha6n10-

,AaeTC.fl e KYMYn.flTHBHOH o6naCTH. O,IJ;HaJ<:o ,An.fl 6apHOHHbIX CHCTeM OTnH

lJHTb J<:Bap1<:oey10 MaCWTa6Hy10 HHBapHaHTHOCTb OT .fl,AepHOH (HYKnOHHOH) 

npaKTHtJeCJ<:H HeB03MO:>KHO. 

PeaJ<:qHH nepepacnpe,AeneHH.fl HyKnOHOB Me:>K,Ay .fl,AepHbIMH <ppar

MeHTaMH, OilHCbIBaeMbie q>opMynoii (13)' HMelOT xopowy10 nepcneJ<:THBY 

,An.fl o6Hapy:>KeHH.fl HeHTpOHOH36bITOlJHbIX H30TOnOB H ,An.fl p.H,Aa ,ApyrHX 

o6naCTeii .fl,D;epHOH q>H3HJ<:H (B tJaCTHOCTU, ,An.fl noHCJ<:a H HCcne,AOBaHH.fl 

rHnep.H,AepHbIX H H30.fl,AepHbIX CHCTeM). CTOnb :>Ke y6e,AHTenbHbie J<:OnHtJeCT

BeHHbie BbIBO,Abl OTHOCHTenbHO o6naCTH npoMe:>KYTOtJHbIX b ik, J<:OTOpbie 

no3BOmieT C,AenaTb npOCTWI q>OpMyna (13)' noKa OTCYTCTBYIOT. 3KcnepH

MeHTMbHbie ,AaHHbie B 3TOH o6naCTH BeCbMa o6wHpHbI, HO noKa He otJeHb 

HH<pOpMaTHBHbl. HaH6onee Ba:>KHhIMH 31<:CnepHMeHTaMH B 3TOH o6naCTH 

.flBn.fllOTC.fl 31<:CnepHMeHTbl no noHcJ<:y KBapKOBOH 3J<:30THKH. O6Hapy:>KeHHe 

Y3KHX pe30HaHCOB' COOTBeTCTBYIOll.(HX ,AH6apHOHaM H ,ApyrHM CHCTeMaM 

c HeCTaH,AapTHbIM lJHCnOM I<:BapKOB, MO:>KeT C,AenaTb HCcne,AOBaHH.fl B o6na

CTH 0,1 '.S, b ik :5 5 Heo6bitJaHHO aKTyanbHbIMH. 

O6nacTb aCHMnTOTHtJeCJ<:H 6onbWHX b ik , Kai<: y:>Ke OTMetJanOCb BO 

BBe,AeHHH, HatJHHaeTC.fl ,AOBOnbHO paHo: npH b ik > 5. B o6oCHOBaHHe 3TO· 

ro YTBep)K,Il;eHH.fl MO:>KHO npHBeCTH 3HatJHTenbHOe tJHCno 31<:CnepHMeHTanbHbIX 

<paKTOB. Mbl OCTaHOBHMC.fl nHWb Ha HeKOTOpbIX H3 HHX. 

O,AHH H3 rna.BHbIX pe3ynbTaTOB HaWHX 31<:CnepHMeHTOB no HCCne,Ao

BaHHIO 1<:yMyn.flTHBHOro 3cpcpeJ<:Ta 6bm nonytJeH B nepBbIX pa6oTax ;9 / : 

npe,D;enbHWI cpparMeHTal(H.fl .fl,Aep HatJHHaeTC.fl npH 3HeprHH pen.flTHBHCTCKHX 

.fl,Il;ep 4-5 r3B/HyJ<:noH. Mbl nO,AtJepKHBMH 3TOT pe3ynbTaT H B l(HTHpOBa.B· 

WHXC.fl Bh1we CTaTb.flX H o63opax. B o63opHOM ,Ao1<:na,Ae Ha Me:>K,AyHapo,AHoii 

J<:OH<pepeHqHH no (pH3HKe BblCOKHX 3HeprHH B ToKHO /lO/ 6hm co6paH 

31<:CnepHMeHTMbHbIH MaTepHan pa3nHtJHbIX rpynrr B o6oCHOBaHHe 3Toro 141 
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PHc. 7. 3KcnepHMeHTaJibHbie ,a;aHHbre rpynnhr Illpe,a;epa ( CIIIA), no,a;rnepm
.a;arollUfe BbIXO,a; Ha aCHMnTOTH'leCKHH pe'.lKHM npH 3Hepl'HJIX CHHXpoq>a3o
TpOHa ,[l;y6Hbl, 

Ba:>KHoro YTBep)K.Il;eHHH. 8TOT o63op ITpHBneK BHHMaHHe aMepHKaHCKHX 

Q)H3HKOB K HallmM pa6oTaM, H OHR BbIITOnHHnH wccne,r:i;oBaHHH ITO o6pa30· 

BaHHIO ITHOHOB "Ha3a,r:i;" Ha H,r:i;pax ITO,Il; ,r:i;eikTBHeM ITpOTOHOB, o6paTHB OCO· 

6oe BHHMaHHe Ha ITpOMe)K)'TOtJHYIO o6naCTb 3Heprni1:. 

B Haumx o603HaqeHHHX HCCne,r:i;oBaHHaH HMH o6naCTb 3Heprni1: COOT· 

BeTCTByeT 2 s- b I II s 8. 11x pe3y nhTaThI, ITOKa3aHHbie Ha pHC. 7' KaK OT· 

MeqaroT caMH aBTOpbl /11/ ' ITO,Il;TBep)K.Il;aIOT HaWH OCHOBHbie BbIBO,Il;bl 

:0 3KCITepHMeHTanbHbie pe3ynhTaTbl (TpeyronbHHKH Ha pwc.7). BenwqHHa 

T p • OT~O:>KeHHaH ITO OCH a6cuwcc Ha pHC. 7' B HaWHX o6o3HaqeHHHX paBHa 

T P = 1 
~ 1 m O • BenwqwHa TO - ITapaMeTp, OITHCbIBaIOmHH CITeKTp o6pa3o-

142 BaHHbIX B peaKUHH p + A ➔ 17 ± (180°) ITHOHOB, ecnH ero aITITpOKCHMHpo-
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Puc.8. YcHJieHHaH A-3aIJHCHMOCT& (nom13aTen& cTeneeu B A·3aI3HCHMO· 
CTH)' no~raep)K)];alOII(aHCSI B On&ITax Illp~epa. 

BaTh Bb1pa:>Kem1eM exp(-T77 /To ], r,n;e T 77 - KHHeTnqecKrur 3HeprHH 1mo

HOB, 77- I 77 + - OTHoweHne ceqeHHH o6pa30BaHHH oTpm~aTenhHhIX H nono

:>KHTenhHbIX IlliOHOB. Ha pHc.8 npe,n;cTaaneHa 3aBHCHMOCTb IlOKa3aTenH CTe

neHH n OT aTOMHOH MaCCbl A B Bbipa:>KeHHH a =.An ,n;nH pa3HblX T p = bl II /2. 
KaK Bli,ll;HO H3 pHCYHKa, ycnneHHhie HnH aHoManbHhie A-3aBHCHMOCTH 

(n "' 1) BO3HHK'.aIOT TOnbKO npH ,ll;OCTaTO~O 6onbWHX T p H T 77' npHMep-

HO COOTBeTCTByIO~HX Hawefr 01.~eHKe b ik > 5. 
Cefrqac cy~eCTBYIOT 31<'.CnepHMeHTanbHble ,ll;aHHhie no KYMYnHTHBHO

My po:>K,ll;eHHIO IlHOHOB a WHpOKOH o6naCTH bl 11 > 5, 0: ace OHH cornacyroT

CH c YTBep:>K,ll;eHHeM, ~o B o6naCTH b 
1 

II> b II I > 5 H b I 
1 

> 5 HaCTy

naeT aCHMilTOTHqecKHH pe:>KHM, B KOTOpOM ceqeHHe xopowo OilliChIBaeTCH 

annpoKCHMHpyro~eii cpopMynofr (11). TaKHM o6pa3oM, yTBep:>K,ll;eHHe o Ha- 143 



10 

10· 

,,....._ ., 
.-< 10 .... .... 

e 
i:.,. 10' 

l i:: 

~1 ;~. 
10 

·• 10 

. .. .. 
.. 

• f f 

Puc.9. Pe3Koe ocna6neHue Koppemu~mi 
B 3aBHCHMOCTH OT napaMeTpa bik B pe
aKQHH C pO)K)];eHHeM IlHOHOB. 

qane npe.n;eJihHOH cpparMeHTau1u1 

H,n;ep npH b 1 II "' 5 +6 HJIH npH 

3HeprHH CTaJIKHBaIOI.QHXCH H,n;ep 

3,5-4 r3B/HYKJIOH xoporno 3Kcne

p11MeHTanhHo o60CHOBaHO H Haxo

,D;HTCH B C0QTBeTCTBHH C npe.n;cTaB

JieHHeM 0 ,n;eKoHcpaHHMeHTe KBap

K0B (B CMbICJie, H3JI0)KeHH0M BO 

aae,n;eHHH) • Henocpe.n;cTaeHHYIO 

npoaepKy npe,n;cTaaneHHH 06 oc-

,0·";;------:;;;;,--~---=-----c'-c------ccc,-------:' I na6neHHH B3aHMO,n;e0:cTBHH (11 co-
o @ ~ ~ ~ - ~ 

bn 1 
0TBeTCTBeHH0 xapaKTepH3YIOI.QHX 

HX BeJIHqHH) C poCT0M bik M0)K

H0 npoBeCTH Ha TpeK0BbIX np1160-

pax, r,n;e B KaqecTBe qacTHU i H k M0)KH0 BbI,D;eJIHTb JII06hie H3 qaCTHU 

B peaKQHH MH0)KeCTBeHH0ro po)K,ll;eHHH ( 5) . 
CornacHo pa3BHBaeMbIM npe.n;cTaaneHHHM pacnpe,n;eneHHH no 

bik ,D;0JI)KHbl M0H0T0HH0 y6bIBaTb, a KoppeJIHUHH Me)K,ll;y qacTHUaMH i 11 

k ,D;0JI)KHbl 11cqe3aTh. 8To CBOHCTBO ceqeHHH MH0)KeCTBeHH0ro p0)K,ll;eHHH 

qacTHU a o6JiaCTH peJIHTHBHCTCKHX CTOJIKHOBeHHH M0)KH0 ccpopMyJIHpo

BaTh attanorHqff0 npHHu11ny ocna6neHHH KoppeJIHUHH H.H.Boron106oaa 

B CTaTHCTHqeCKOH (pH3HKe 1121 • 8Kcnep11MeHTanhHbIX ,D;aHHbIX, Il0,D;TBep)K

,D;alOI.QHX 3TY H,D;eIO, oqeHb MHoro, Mhl, 0,D;HaKo, orpaHHqHMCH T0JibK0 THilHq

HOH HJIJIIOCTpau11e0:. TipHBe.n;eHHbie Ha pHc.9 3KCnepHMeHTanhHbie ,D;aHHbie 

noKa3hlBaIOT 3aBHCHM0CTb ceqeHHH o6pa30BaHHH IlH0H0B B peaKQHH 

77- + l:?(: ➔ Il77 + ... npH 3HeprHH na.,n;aIOI.QHX IlH0H0B 40 r3B (HJIH npH 

b I II ~ 570) OT b II 1. BoJihlllOH o6'beM 3KCnepHMeHTanbHbIX ,D;aHHblX 

xoporno cornacyeTCH C r11n0Te30H 0 M0H0T0HH0M ocna6neHHH KOppeJIHUHH 

npH b ik ➔ oo. 

H3 npHHUHna ocna6neHHH KoppeJIHUHH cne,n;yeT MH0ro Ba)KHblX Bbl

B0,D;0B. HanpHMep: npH b I II» I 0KpeCTH0CTb TQqKH I B npocTpaHCTBe 

b ik cna6o KoppeJIHpyeT c 0KpeCTH0CTblO T0qKH II. OTCIO,D;a cne,n;yeT, qTo 

,D;JIH H3yqeHHH 0KpeCTH0CTH ToqKH II M0)KH0 HCil0Jib30BaTb JII06hie qacTH

Ubl l. HHaqe roaopH, ,D;JIH 113yqeHHH MH0rHX 3cpcpeKTOB peJIHTHBHCTCKOH 

H,n;epHOH (pH3HKH He o6H3aTeJibHO ycKopHTb H,n;pa (B qacTH0CTH, KaK 0TMe

qanoch Bblllle, 3T0 cnpaBe,D;JIHB0 ,ll;JIH 113yqeHHH KYMYJIHTHBH0ro 3cpcpeKTa). 

8TOT )Ke npHHUHil Il03B0JIHeT onpe,n;eJIHTb CTPYH a.,n;p0H0B KaK rpynnhI 

qacTHU, o6ycJIOBJieHHbIX a.,n;poHH3au11e0: KBapK0B B nycT0Te H cna6o 3aBH-

144 CHI.QHX OT MeXaHH3Ma HX o6pa30BaHHH. 



3KCTTEPI1MEHT AJihHblE METO)J:bl 

PEJI.f:ITI1BI1CTCKO0: .f:l)J:EPHO0: <I>I13I1KI1 

nocKOJibKY <pH3HKa peJIHTHBHCTCKHX H)];ep B03HHKJia Ha 6a3e cptt3H

KH BbICOKHX 3HeprHH H HMeromuecH 3):J;eCb cpe)];CTBa y)Ke 06ecrre1mBaIOT 

npoBe)];eHHe umpoKHX rrporpaMM HCCJie)];oBaHHH KBapKOBOH MaTepHH, TO 

Ha 6Jitt)KaHllme ro)];bl OCHOBHbIMH HHCTpyMeHTaMH peJIHTHBHCTCKOH H)];epHOH 

<plf3lfKlf 6y)];yT rrepe)];eJiaHHbie rrpOTOHHbie ClfHXpOTpOHbl lf )];eTeKTOpbI cpll3lf

Klf 3JieMeHTapHbIX tiaCTHIJ;. B HaCTOHmee BpeMH B JIB3 Ha lfCCJie)];oBaHHH 

rrpo6neM peJIHTHBlfCTCKOH H)];epHOH <plf3lfKlf optteHTHpOBaHo 4 TpeKOBblX 

rrptt6opa lf 7 KPYIIHbIX 3JieKTpOHHbIX yCTaHOBOK. 

OcHOBHOH crreu;ttcpHKOH penHTHBHCTCKHX H)];epHbIX CTOJIKHoBeHHH 

(no cpaaHeHHIO co CTOJIKHOBeHHHMlf l!aCTHU:) HBJIHIOTCH Ol!eHb 6oJiblIIHe 

MHO)KeCTBeHHOCTlf po)K)];aIOmHXCH l!aCTHIJ;. Ilptt6Jitt)KeHHO 3TH MHO)KeCTBeH

HOCTlf OIIHCbIBaIOTCH KaK pe3yJihTaT IIOJIO)KeHHH CTOJIKHOBeHHH KBa3HCB0-

6o)];HbIX HYKJIOHOB B3aHMO)];eHCTBYIOmttx H)];ep. EOJiblllaH l!aCTb l!aCTlfIJ;

rrpo)];yKTOB rrpe)];CTaBJIHeT co6oii HyKJIOHbl tt HyKJIOHHbie ClfCTeMbl (HApa), 

OIIHCbIBaeMbie cpopMyJIOH (13). B CBH3lf C 3THM rrpH perttCTpau;Hlf peJIHTlf

BlfCTCKHX H)];epHbIX CTOJIKHOBeHHH o6naCTH MaJibIX b 1 i tt b n i CTapaIOTCH 

lfCKJIIOl!HTb. B 6oJibllllfHCTBe cnyqaeB 3TO MO)KHO C)];eJiaTb 6naro)];apH TOMY' 

l!TO 3TH o6naCTlf COOTBeTCTBYIOT JIH6o Ol!eHb MaJibIM yrnaM, JIH6o Me)];JieH

HblM tiaCTHIJ;aM. B Hatt6onee lfHTepeCHOH o6naCTlf 6oJibllllfX b ik lfHKJII03lfB

Hbie * lfJilf IIOJIYHHKJII03lfBHbie IIOCTaHOBKlf OIIbITOB peJIHTHBlfCTCKOH H)];ep

HOH <plf3lfKlf Mano OTJIHl!aIOTCH OT COOTBeTCTByIOmttx IIOCTaHOBOK a)];pOHHOH 

(plf3lfKlf. O6naCTlf aCHMIITOTHl!eCKlf 6oJibllllfX b ik lf 6oJibllllfX X (~ 1) COOT

BeTCTBYIOT pe)];KlfM rrpou;eccaM, HAYmttM C MaJiblMlf cetieHHHMlf, )];JIH KOTO

pbIX crreu;ttcpHKa 60JibllllfX MHO)KeCTBeHHOCTeH H)];epHbIX CTOJIKHOBeHHH He 

ttrpaeT pontt. 

TaKHM o6pa30M, rJiaBHbIM HOBbIM yCJIOBHeM npoBe)];eHHH 3KCrreptt

MeHTOB B o6JiaCTlf peJIHTlfBlfCTCKOH H)];epHOH cpll3HKH HBJIHIOTCH llHTeHCHB

Hbie IIYIJKH. I1HTeHCllBHOCTb BbIBe)];eHHbIX IIYl!KOB H)];ep y)Ke ceifqac 3Hal!H

TeJibHO rrpeBbIIIIaeT lfHTeHCHBHOCTb BTOpHl!HbIX rrytIKOB l!aCTHU: (IIHOHOB, 

KaOHOB H AP-). 3To o6cT.OHTeJibCTBO II03BOJIHJIO OTHOCHTeJibHO nerKO a)];arr

TllpOBaTb H pa3BlfTb cymecTBYIOmtte )];eTeKTOpbI H rrpucrroco6HTb HX K H3Y

tieHHIO rrpou;eccoB penHTHBHCTCKOH H)];epHoH cptt3HKH. B 3TOH CBH3H B JIB3 

OCHOBHOe BHHMaHHe y)];eJIHeTCH pa3BlfTHIO ycKopttTeJibHOro KOMIIJieKca. 

YcKopeHtte )];eHTpOHOB Ha CHHxpocpa3oTpOHe B )J:y6He B 1970 r. rroKa3ano, 

l!TO ycKopeHtte nerKHX H)];ep He Tpe6yeT 60JibllIHX rrepe)];eJIOK ycKOpHIOmeii 

CHCTeMbl ycKOpHTeJieH cpll3I1Klf BbICOKHX 3HeprHH. BcKope rrocne rronyqeHHH 

rryl!KOB peJIHTlfBHCTCKHX )];eHTpOHOB 6bIJilf ycKopeHbl rryl!Kll peJIHTHBHCT

CKHX H)];ep reJIHH. O):J;HaKO y)Ke rronytieHHe IIYIJKOB peJIHTHBlfCTCKHX H)];ep 
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yrnepo,n;a Ha c1mxpocpa30TpoHe IIOKa3aJIO, qTo C pOCTOM 3apR)];a TPYAHOCTH 

peJIRTlIBHCTCKoro ycKopeHHR R)];ep 6bICTpO HapaCTaIOT. B cymeCTBYIDI.UHX 

CHHxpocpa30TpoHax MoryT ycKOpR:TbCR: JIHillb R,n;pa, IIOJIHOCTblO JIHilleHHbie 

:meKTpOHHbIX o6onoqeK. Bcne,D;CTBHe 6oJiblllHX pa3MepoB op6HTbl H OTHO· 

CHTeJihHO Me,n;neHHoro Ha6opa 3HeprHH cyMMapHaR: Tonma aemecTaa, Ko

Topyro ,n;omKeH rrpeo)];OJieTb YCKOpReMbIH HOH, HaCTOJibKO BeJIHKa, qTo 

:3JieKTpOHHbie o60JIOqKH 3aBe,D;OMO 6yJJ:yT pa3pyllleHbI, 3apR,D; HOHa H3Me

HHTCR H OH BbIIIa)];eT H3 ycKopeHHR. O,n;HaKO R)];pa, IIOJIHOCTblO JIHI.I!eHHbie 

:meKTpOHHbIX o6onoqeK, rrpe,n;CTaBJIRIOT co60:0 ycToHqHayro CHCTeMy' TaK 

KaK aepORTHOCTb 3axBaTa 3JieKTpOHa R:JJ:pOM 6bICTpO rra)];aeT C yaeJIHqeHHeM 

3HeprHH. 

Ilpo6JieMa C03)];aHHR: 3cp<peKTHBHbIX HCToqHHKOB CHJibHOHOHH30BaH

HbIX aTOMOB BbICOKOH 3apR:)];HOCTH CTOHT rrepe)]; q:>H3HKaMH y)Ke OKOJIO TPHA· 

u;aTH JieT. IlonyqeHHe )Ke rryqKa R)];ep, IIOJIHOCTblO JIHilleHHbIX 3JieKTpOHHblX 

o6onoqeK, rrpeJJ:cTaBJIReT co60:0 qpe3ab1qa:0Ho CJIO)KHYIO 3a)];aqy. B HaCTOR

mee apeMR: 3Ta 3a)];aqa pelllaeTCR ABYMR pa3JIHqHblMH rryTRMH. 

IlepBblH rryTb - C03)];aHHe rrpe)];BapHTeJibHbIX ycKOpHTeJieH OTHOCH· 

TeJibHO HH3K03apR:)KeHHbIX HOHOB (HHOr)];a KaCKa)];a ycKOpHTeJieH) C rrpoMe

)KyToqHoH "o6JJ:HPKOH" HOHOB Ha TBep)];blX H ra3oo6pa3HbIX MHilleHR:X. 

B 3TOM cnyqae )];JIR IIOJiyqeHHR HOHOB HCIIOJib3YIOT HCTOqHHK C pa3pR)];OM 

IleHHHHra, o6ecrreiurnaromHH BbICOKHe HHTeHCHBHOCTH OTHOCHTeJibHO 

HH3K03apRJJ:HbIX HOHOB. Cpe)];HHH 3apR,n; HOHOB IIOCJie rrpOXO)K)];eHHR BemecT

Ba 06.n;ttpoqHoro ycTpOHCTBa CHJibHO 3aBHCHT OT HX 3HeprHH. HarrpHMep, 

)];JIR IIOJiyqeHHR ronoro R)];pa KaJibll;HR: ( Z = 20) Heo6xo)];HMO ycKOpR:Tb 

HOHbl )];O 3HeprHH 10 M3B/HyKJIOH, a 3TO y)Ke rrpo6JieMa C03,D;aHHR )];OIIOJIHH

TeJibHOro crreu;HaJIH3HpoBaHHOrO ycKopHTeJIR. 11HOr)];a )];JIR 3TOH u;eJIH rrpe)];

JiaraeTCR HCIIOJib30BaTb )];eHCTBYIOI.UHe ycKopHTeJIH, pacrroJIO)KeHHbie Ha 3Ha

qlfTeJibHOM paCCTORHHH OT OCHOBHOro, H TpaHCIIOpTHpoBaTb rryqKH OT ycKo

pHTeJIR K ycKOpHTeJIIO. 

,n:pyroH rryTb rronyqeHHR: rryqKa rOJiblX R,D;ep - HCIIOJib30BaHHe KOM

rraKTHOro HOHHoro HCToqHHKa C IIOCJie)];yIOI.UHM ycKopeHHeM 3THX R:)];ep 

B 06b1qHoM JIHHeHHOM ycKopHTeJie Ha BTOpOH KpaTHOCTH - rrpe)];JIO)KeH 

H pa3BHT B ,n:y6He. B JIB8 paspa6oTaJIH HCTOqHHKH rrpHHUHIIHaJibHO HOBOro 

THrra, . KOTOpbie II03BOJIHJIH rronyqHTb peKOPJJ:Hbie rrapaMeTpbl HOHH3all;HH 

aTOMOB. 8TOT rryTb peKOMeH)];OBaJI HaM r.H.<l>nepoB. 8neKTPOHHO·JIYqeBOH 

HOHH3aTop, rrpe)];JIO)KeHHbIH H pa3pa6oTaHHblH E.,n:.,n:oHu;OM /!3/, rrpeKpaCHO 

COOTBeTCTByeT CHHXpOTpOHHOMY MeTOJJ:Y ycKopeHHR, TaK KaK OH ,n;aeT He 

TOJibKO MaKCHMaJibHOe OTHOilleHHe 3apR)];a K Macce, qTO o6ecrreqHBaeT )];0-

CTH)KeHHe MaKCHMaJibHOH 3HeprHH H)];ep ,ll;JIR: ,ll;aHHoro ycKopHTeJIH, HO 

H HMeeT HMIIYJibCHblH xapaKTep pa60Tbl. C MapTa 1977 ro)];a HOHH3aTop 

KPMOH-1 perynRpHo HCIIOJih3yeTcR JJ:JIR rronyqeHHR rryqKoB peJIRTHBHCT

CKHX R)];ep Ha CHHXpocpa3oTpoHe Jia6opaTopHH BbICOKHX 3HeprHH 

O11Hl1 /14/_ Ilporpecc B IIOJiyqeHHH peKOp,D;HbIX rrapaMeTpOB HOHH3au;HH 

(TaK Ha3hIBaeMbIH cpaKTOp HOHH3all;HH IIOBblCHJICR Ha IIHTb rropR:)];KOB BeJIH· 
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CTa6ruI1,HblX :meMeHTOB Ta6mUJ;bI MeH,rr;eneeaa CTaHYT ,rr;OCTYnHbI AJI.fI HCCJie

AOBaHH.fI HX cao:iicrn H npHMeHeHHH B yc1wpHTeJibHOH TeXHmce. B ::meKT

poHHo-nyqeaoM MeTo.rr;e HOHH3aIJ;HH He cyni;ecTayeT npHHIJ;HilHaJil,HbIX CJIO)K

HOCTeft, H ace 3aBHCHT OT HCKYCCTBa 3KCnepHMeHTaTopa. KaK Bbl.fICHHJIOCI, 

B nocne,rr;HH:e ro,rr;bl, q>H3HKa CHJILHOHOHH30BaHHbIX aTOMOB caMa no ce6e 

npe,rr;CTaBJI.fieT 6oJILWOH HHTepec KaK C ToqKH 3peHH.fI MHoroqacneHHbIX 

npHJIO:lKeHHH, TaK H C ToqKH 3peHH.fI B03MO:lKHOCTH HCCJie,rr;OBaHH.fI p.R:,rr;a 

q>yH,rr;aMeHTaJILHblX npo6JieM, a AJI.fI 3THX u;ene:ii 3JieKTPOHHO-Jiyqeao:ii HCToq

HHK npe,rr;OCTaBJI.fieT yHHKaJII,Hbie B03MO:lKHOCTH. 

,UpyrHM THilOM HCToqHHKOB, 3q>q>eKTHBHO HCilOJIL3yeMbIX AJI.fI u;ene:ii 

peJI.fITHBHCTCKOH .R:,rr;epHOH q>H3HKH, .fIBJI.fIIOTC.fI Jia3epHbie HCTOgffHKH. flep

BbIH Jia3epHblli HCTOqHHK ,rr;JI.fI 3THX u;ene:ii 6bIJI pa3pa6oTaH B JIB3 COBMeCTHO 

C rpynno:ii q>H3HKOB MOCKOBCKoro HH:lKeHepHO-q>H3HqecKoro HHCTHTyTa 

no,rr; pyKoao,rr;cTBOM IO.A.BbIKOBCKoro 1151• ITpH ao3,rr;e:iicrnHH cq>oKycapo

BaHHoro H3JiyqeHH.fI Ha noaepXHOCTI, TBep,rr;o:ii MHWeHH o6pa3yeTC.fI rma3-

MeHHbIH q>aKeJI C 6oJILWOH TeMnepaTypoH H IlJIOTHOCTLIO. 3neKTp0HbI KaK 

oqeHL .JierKHe qacTHIJ;bI nonyqaroT OCHOBHYIO ,rr;OJIIO 3HeprHH H npH CBOeM 

BbIJieTe nepneH,rr;HKYJI.R:pHO noaepXHOCTH MHWeHH C03AaIOT, IlO-BHAHMOMY, 

HeKOTOpoe no,rr;o6He MeXaHH3Ma KOJIJieKTHBHOro ycKopeHH.fI. TaKOH npo

u;ecc ycKopeHH.fI Il03BOJI.fieT, HanpHMep, HOHaM C z > 20 Ha6paTL 3HeprHIO 

,rr;o 20-:- 40 K3B. 

IlpHMeHeHHe MeTo,rr;a ycKopeHH.fI CHJILHOHOHH30BaHHbIX aTOMOB B yc

JIOBH.fIX pa60TbI CHHXpOq>a30TpoHa XOT.fI H OKa3aJIOC1, ,rr;aneKo He npoCTOH 

3a,rr;aqe:ii, HO AOBOJILHO 6bICTpo npHBeJio K ycnexy. B qaCTHOCTH, nepBbie 

31<:CnepHMeHTaJII,Hbie ,rr;aHHbie C peJI.fITHBHCTCKHMH .R:,rr;paMH yrnepo,rr;a pe

KOp,rr;HblX 3HeprHH nonyqeiibI B 1976 ro,rr;y Ha OCHOBe Jia3epHoro HCToqHH:Ka. 

B HCToqHHKe HCilOJII,30BaJIC.fI Jia3ep Ha Heo,rr;HMOBOM CTeKJie C BbIXO,rr;HOH 

MOIIJ;HOCThlO 1 rBT' o6ecneqaaaroni;e:ii IlJIOTHOCTI, IlOTOKa H3JiyqeHH.fI Ha MH

rneHH 10 13 BT/cM 2 • O,rr;HaKO Jia3ep Ha Heo,rr;HMOBOM CTeKJie OKa3aJIC.fI He

Ha,rr;e:lKHbIM B 3KCrmyaTaIJ;HH H ,rr;aaan CJIHWKOM HH3KYIO cpe,rr;HIOIO HHTeHCHB

HOCTI, nyqJ<:a. ,UanLHeHWa.fI pa3pa6oTKa Jia3epHoro HCTOqHH:Ka 6bIJia opH:eH

THpOBaHa Ha HCilOJI1,30BaHHe co 2 -Jia3epa, cao6o,rr;Horo OT He,rr;ocTaTKOB Heo

,rr;HMOBoro Jia3epa H, ~o oco6eHHO Ba:lKHO, Il03BOJI.fIIOIIJ;ero cyni;eCTBeHHO 

CHH3HTI, IlJIOTHOCTI, IlOTOKa H3JiyqeHH.fI, Tpe6yeMyro ,rr;JI.fI nonyqeHH.fI B Jia3ep

HOH IlJia3Me HOHOB o,rr;Ho:ii H TOH :lKe 3apH,rr;HoCTH. B pe3yJILTaTe npoae,rr;eHHbIX 

HCCJie,rr;oBaHHH 6bIJI C03,rr;aH Jia3epHbIH HCTOqHHK 1161 , OCHOBaHHbIH Ha 

co! -Jia3epe C YJILTpaq>HOJieTOBOH npe,rr;HOHH3au;He:ii, HMeroni;e:ii BbIXOAHylO 

3HeprI110 10 ,U,ic npH qaCTOTe IlOBTopeHH.fI 1 ru;. B 3KCnepH:MeHTax C co 2 -Jia-

3epoM B CHHxpoq>a3oTpOHe 6bIJIH BnepBbie ycKopeHbI .R:,rr;pa JIHTH.fI H MarHH.fI, 

a TaK:>Ke B CTO pa3 6bIJia yaennqeHa pa6oqa.fI HHTeHCHBHOCTI, nyqKoB .R:,rr;ep 

yrnepo,rr;a. ITocne,rr;H.R:.fI ,rr;ocTHrna aeJIHqH:HbI, KOTopa.R: rmaHnpoaanac1, npn 

ycnoBHH co3,rr;aHH.R: cneu;nanLHoro ,rr;oporocTo.R:ni;ero ycKopHTeJIH-6ycTepa 

CHHXpoq>a30TpoHa. 

O,rr;HaKo nonyqeHHe IlOJIHOCTI,IO HOHH30BaHHbIX (rOJibIX) .R:,rr;ep eni;e He 

pernaeT npo6neMbI ycKopeHH.fI T.fI:lKeJibIX .R:,rr;ep Ha o6bJgffbJX CHHXpoq>a30TpO- 147 



Hax.. rna.BHruI npo6neMa - nonyqemfe 3Haq1nenbHO 6onee rny601<:oro 

aa1<:yyMa B 1<:aMepe yc1<:opttTemI. Y*e npn yc1<:opeHttH R,D;ep MarHHR Ha 

CHHXpocpa30TpoHe noTeptt HHTeHCHBHOCTH nptt nepe3apR,ll;I<:e R,D;ep ( no,D;

XBaT 3JieI<:TpOHOB) OI<:a3blBaIOTCR He,D;onycTHMO 6oJibWHMH • .nnR ynyqrneHHR 

Ba1<:yyMa B I<:aMepy CHHXpocpa30TpoHa BBO,ll;RTCR noaepXHOCTH, oXJia)K,ll;ae

Mbie :>KH,ll;I<:HM rentteM, - C03,D;8.eTCR Tai<: Ha3bIBaeMruI 1<:pHOOT1<:aq1<:a. 3aaep

weHtte CHCTeM 1<:pHOOT1<:aq1<:n n03BOJIHT yaeJIHqlfTb HHTeHCHBHOCTb nyq1<:0B 

R,D;ep MarHHR B ThICRqy pa3 H npo,D;BHHYTbCR ,ll;O cepe,D;HHhI nepHO,ll;HqecI<:oH 

CHCTeMhI no MaccaM yc1<:opR:eMhIX R,D;ep. CymecTBYIOII~lrn B HaCTORmee 

BpeMR nyq1<:n Ha CHHxpocpa3oTpOHe nepeqncneHbI B CTaTbe 11.H.CeMeHIOW

I<:HHa tt ,D;p. ( CM. c.277) • 

Ba)ICHO no,D;qepI<:HYTb, qTo pa3BHTHe yc1<:opttTeJibHOro I<:OMilJieI<:ca 

CHHXpocpa30TpOHa I<:aI<: YHHI<:aJibHOro ueHTpa no m:cne,D;OBaHHIO B o6JiaCTH 

peJIRTHBHCTCI<:OH R,ll;epHOH cptt3HI<:H noTpe6oaano C03,ll;aHHR 6oJibWHX 

H CJIO)l(:HhlX CHCTeM Me,ll;JleHHoro BhlBO,ll;a (3a apeMR nopR,D;I<:a ce1<:yH,ll;hI) 

yc1<:opeHHhIX nyq1<:0B R,D;ep C I<:03cpcptt~eHTOM BhlBO,ll;a nyqwe 90%. .nnR 
3cpcpeI<:THBHOro HCnOJib30BaHHR nyq1<:0B nocTpoeH 6oJibWOH 31<:CnepttMeH

TaJibHhill 3aJI, pa3Mepbl I<:OToporo no3BOJIRIOT coopy)l(:aTb 31<:CnepttMeHTaJib

Hhie ycTaHOBI<:H npOTR:>KeHHOCTbIO ,ll;O 70 MeTpOB. IlnattttpOBI<:a tt HH:>KeHep

HOe o6ecneqeHtte 3aJia n03BOJIHIOT BeCTH HeCI<:OJibI<:O 31<:CnepttMeHTOB O,ll;HO

BpeMeHHO. <l>tt3ttqecI<:tte YCTaHOBI<:H, pacnoJIO:>KeHHhie B 3aJie, MoryT 6bITb 

coe,D;ttHeHhI C noMOmhro JIHHHH CBR3H C BhlqHCJIHTeJibHhIM ueHTpOM JIB3' 

ocHameHHhIM 3BM EC-1040 H EC-1055 (cM. pnc.2). Co3,D;aHHruI cncTeMa 

I<:aHaJIOB o6ecneqnaaeT HX O,ll;HOBpeMeHHyro H He3a.BHCHMYIO pa6oTy. B I<:a:>K

,ll;OM H3 I<:aHaJIOB MO)ICHO MeHRTb HMnyJibC H copT BTOpHqHhIX qacTttU; ,ll;JIR 

OTI<:JIOHeHHR nepanqHoro nyq1<:a B 601<:0Bhie I<:aHaJihI ycTaHOBJieHhI MarHHThI, 

H rOJIOBHhie qacTH 601<:0BhIX I<:aHaJIOB 01<:py:>KeHhI 6eTOHHOH 3amHTOH, o6ec

neqnaarome:n pa,n;naunoHHyro 6e3onacHoCTb nepcoHana, pa6oTruomero a 3aJie. 

B KOHUe ueHTpaJibHOro I<:aHaJia CMOHTHpOBaHa JIOBYWI<:a, paccqHTaHHruI Ha 

raweHHe noJIHOH HHTeHCHBHOCTH. 

BTopoe Hanpa.BJieHtte BhIBe,D;eHHoro H3 CHHXpOcpa.30TpoHa nyq1<:a 6bIJIO 

npe,D;Ha3HaqeHo B OCHOBHOM ,ll;JIR o6ecneqeHHR pa60ThI ny3blpbI<:OBhIX I<:aMep 

(,D;JIHTeJibHOCTb BhIBO,D;a 0,7 MC). B HaCTORmee BpeMR HaqaThI pa60ThI no 

peaJIH3auHH BToporo Hanpa.BJieHHR Me,D;JieHHoro BhlBO,D;a. XapaI<:TepHCTHI<:H 

BTOporo Me,D;JieHHoro BhlBO,D;a: 

3HeprttR npOTOHOB 1,3- 8,1 r3B 

3HeprHR: R,D;ep 0,5-3,6 r3B/HyI<:JIOH 

,nnnTeJibHOCTb BhlBO,ll;a 1 MC - 1 c 

Ko3cpcpnuneHT _BhIBo,D;a 50% 

Pa3MephI 11yq1<:a Ha BHernHe:n MnrneHtt OT 20x20 M 2 ,D;O 160xl 60 MM 2, 

KoMnJie1<:c BToporo Me,D;JieHHoro BhIBO,D;a ttMeeT 3Heprnro Htt:>Ke rpa

HlfUhI ,D;eI<:OH(paHHMeHTa H npe,D;Ha3HaqeH ,ll;JIR R,D;epHhIX HCCJie,ll;OBaHHH. 

Pa3BHTHe CHHxpocpa30TpOHa I<:aI<: yc1<:opttTeJIR peJIRTHBHCTCI<:HX R,D;ep 

n03BOJIHJIO BhIBeCTH ero Ha ae,D;ymee noJIO)l(:eHtte B Mttpe. IlapaMeTphI nyq. 
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B JIB3 pa3pa6oTa.Ha cJie,r:i;yrom;aH nporpaMMa HCCJie,r:i;oaaHHH c HCil0Jih-

30BaHHeM nyqI<:OB pemITHBHCTCKHX R,r:i;ep. B TeqeHHe 6JimKafturnx 4-5 JieT 

6y,r:i;yT MaKCHMaJibH0 HCil0Jib30BaTbCR nyqKH peJIRTHBHCTCKHX R,r:i;ep CHHXpo

cpa30TpOHa pe1<op,r:i;Hb1x :meprHH ,r:i;o 5 r3B/HYKJIOH. O6JiacTh 3HeprHH Bbnue 

3,5 r3B/HYKJIOH (onpe,r:i;eJIReMaH HallrnM KpHTepHeM b I II> 5 ) noI<a He 

,ll;0CTHrHyTa B ,r:i;pyrHX ycI<opHTeJibHbIX QeHTpax, 0Ha 0,ll;H0BpeMeHH0 RBJIReT

CR o6JiaCTblO, r,r:i;e y:>Ke HaCTynaeT ,r:i;eKOHq>aHHMeHT H np0HCX0,ll;HT nepecTpOH

Ka I<BapK0BbIX CTpyKTYP a,r:i;poHHbIX CHCTeM. IlJiaHHpyeMoe ycI<opeHHe Jier

KHX R,r:i;ep B 3ana,r:i;HbIX YCI<0pHTeJibHbIX QeHTpax ,ll;0 3HeprHH Bbillle 

5 r3B/HYKJIOH He npHBe,r:i;eT I< Il0Tepe ,ny6HOH KOHI<ypeHTOCnoco6HOCTH 

B HCCJiell0BaHHRX no peJIRTHBHCTCKQH R,r:i;epHOH q>H3HI<e, TaK Ka I< npH 3Hep

rHH Bbillle 5 r3B/HYKJIOH ceqeHHR npoQeCC0B ( corJiaCH0 H3JI0:>KeHHbIM Bblllle 

pe3yJihTaTaM) BbIX0,ll;RT Ha aCHMilTOTHqecKHH pe:>KHM H l\1eHRIOTCR oqeHb CJia-

60. 
KaK Il0I<a3aH0 Bblllle, 0CH0BHbie BbIB0,ll;bl 06 aT0MHbIX R,r:i;pax KaK 

I<BapK-rJIIO0HHbIX CHCTeMax 6bIJIH noJiyqeHbl Ha CHHxpocpa30TpoHe B ,ny6He, 

a Ha KpynHeHllIHX yCI<0pHTeJIRX MHpa 0HH noJiyqHJIH JIHlllb Il0,ll;TBep)K)];eHHe 

H noI<a HenoJIHoe. 

Ilo-BHAHMOMY, onTHMaJibHOH o6JiaCThIO 3HeprHH peJIRTHBHCTCKHX 

R,r:i;epHbIX CTOJIKHOBeHHH, C TQqKH 3peHHR H3yqeHHR I<BapKOBOH MaTepHH 

H xp0M0,ll;HHaMHKH 6oJibllIHX paCCTORHHH, RBJIReTCR o6JiaCTb 

4 ..,- 8 r3B/HYKJIOH. B JIB3 OH.RH rmaHHpyeTCR a 1<aqecTBe ,ll;aJibHettlllero 

pa3BHTHR ycI<0pHTeJibH0ro K0MilJieI<ca C03,ll;aHHe cneQHaJIH3Hp0BaHH0ro 

ycI<0pHTeJIR peJIRTHBHCTCKHX R,r:i;ep - "HyKJIOTpOHa" /1 7 / Ha 3HeprHIO 

6+ 7 r3B/HyKJioH. Co3,r:i;aHHe "HyKJioTpoHa" npe,r:i;noJiaraeT 3aMeHy K0JibQe

aoro MarHHTa Ha caepxnp0B0,ll;RIUYIO CHCTeMy THna ".l1:y6Ha" C HCil0Jib30Ba

HHeM cym;eCTBYIOIUeH IlJI0IUa,ll;KH, coopy:>KeHHH, 3I<CnepHMeHTaJibHbIX 3aJI0B, 

K0MilJieI<ca Me,r:i;JieHHoro BbIB0,ll;a H ,r:i;p. B MarHHTHbIX CHCTeMax THna ".l1:y6-

Ha" peaJIH3yeTCR H,ll;eR HCil0Jib30BaHHR 60JibllIHX IlJIOTHOCTeH T0I<a B caepx

np0B0,ll;HHI<ax ,ll;JIR MHHHaTIOpH3aQHH nonepeqttoro ceqeHHR yc1<opHTeJIR. 

HccJie,ll;OBaHHe MarHHTHbIX CHCTeM H C03,ll;aHHe M0,ll;eJibH0ro caepxnpoB0,ll;R

IUero CHHxpoTpoHa CTIHH 1181 no3B0JIHJI0 pellIHTb npaKTHqecKH ace TexHo

JiorHqecI<He npo6JieMbI H noI<a3aJI0 6oJihllIYIO 3K0H0MHqec1<y10 QeJiecoo6-

pa3H0CTh C03,ll;aHHR ycI<opHTeJieH, 0CH0BaHHbIX Ha 3T0M npHHQHne • .l1:oCTHr

HYTblli B KaMepe 3THX MarHHTHbIX CHCTeM BaI<yyM B MHJIJIH0H pa3 Jiyqllle, 

qeM B CHHXpocpa3oTpoHe, qTo Il03B0JIReT yc1<opRTb JII06bie H0Hbl. 

TaKHM o6pa30M, HCCJie,ll;0BaHHR peJIRTHBHCTCKHX R,ll;epHbIX CT0JIKH0-

BeHHH 0TI<pbIJIH npHHQHilHaJibH0 HOBbIH no,r:i;xo,r:i; I< CTPYI<Type aT0MHbIX 

R,r:i;ep, noI<a3aJIH rpaHHQbl npHMeHHM0CTH npoTOH-HeHTpOHHOH M0,ll;eJIH R,ll;pa. 

HecoMHeHHO, qTo H3yqeHHe I<BapK0BbIX CTeneHeH cao6o,r:i;bI aT0MHbIX R,ll;ep 

H R,r:i;epHbIX peaKQHH C0CTaBJIReT rJiaBHYIO nepcneKTHBY cpyH,r:i;aMeHTaJibHbIX 

HCCJie,r:i;oBaHHH a R,ll;epHoH q>H3HI<e. Ilpo6JieMaTHI<a 3TOH o6JiaCTH HayKH cTa

Jia oqeHb llIHpOKOH, 3aTparHBaIOIUeH cpyH,r:i;aMeHTaJibHbie npo6JieMbl KaK 

I<BaHTOBOH TeopHH Il0JIR, xpoM0,ll;HHaMHKH, TaK H q>H3HKH R,r:i;pa. Mo:>KHO 

yaepeHH0 nporH03Hp0BaTb Ha ,ll;JIHTeJibH0e apeMR 6ypHoe pa3BHTHe peJIRTH-

BHCTCKOH R,r:i;epHOH q>H3HKH KaK KpynHoro pa3,ll;eJia q>H3HKH MHI<p0MHpa. 149 
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TTEPBhlE H~EPHO-~M3HqECKME MCCRE~OBAHMH 

TTPM PERHTMBMCTCKMX 3HEPrMHX B OMHM 

B.CJIOB11HCK11, oo'KTOP gjuau"Ko-MaTeMaTulleC'KUX 1-1,ay'K 

B nocne,z:i;mrn ro,z:i;hI pemITHBHCTCKaR n,z:i;epHaR q>H3HKa nepe)KlfaaeT 

:nan lfCKnlOtruTenbHO 6ypHoro pa3BlfTHR. JJ:oCTlfiKeHHH B o6naCTlf 3KCnepn

MeHTanhHOH TeXHlfKlf, a oco6eHHOCTlf ycKopeHHe aTOMHbIX R,ll;ep ,ll;O penn

THBlfCTCKlfX 3Heprnii, 3neKTpOHHbie lf HeHTpHHHbie IlY-IIKlf 6onbWOH 3HeprHH 

lf HHTeHClfBHOCTlf, B03MOiKHOCTb ,ll;OCTaTOlllIO ToqHo lf3MepHTb 6onbWHe ne

pe,z:i;atru lfMnynhCOB pa3nlflIHbIM KOMilOHeHTaM peaKUlflf, Ha6nro,z:i;eHne lf lf3· 

MepeHHe xapaKTepHCTlfK MHO)KeCTBeHHOro, a TOM qncne CTpyHHoro o6pa-

30BaHlffl qaCTlfU npH BblCOKlfX 3HeprHRX, c,z:i;enann peanhHbIM BOnpoc 06 

nccne,z:i;OBaHlflf cy6a,z:i;pOHHbIX CTpyKTYP Me30HOB lf HyKnOHOB, a TaKiKe aTOM· 

HbIX n,z:i;ep. Cq>opMHpOBanlfCb OCHOBbI TeopeTnqecKoro OillfCaHlffl Ha6nro,z:i;ae

MbIX HBneHHH: KBaHTOBaR xpOMO,ll;HHaMHKa, HeCMOTpH Ha cym;eCTBYIOIUHe 

em;e cepbe3Hhie Tpy,z:i;HoCTH, npeTeH,z:i;yeT Ha KonnqecTBeHHoe 061,ncHeHne, 

B npHHUHne, BCeH COBOKYilHOCTlf lf3BeCTHbIX q>aKTOB, OTHOCHII.J;lfXCH 

K B3aHMO,ll;eHCTBHRM a,z:i;pOHOB lf CBOHCTBaM R,ll;epHOH MaTepHH. 

B HaCTOHm;ee apeMR, Kor,z:i;a ,ll;OCTaTOlllIO qeTKO BH,ll;eH Kpyr npo6neM 

n conYTCTayrom;nx HM Tpy,z:i;HocTeii B 3TOH o6nacTH, MoiKHo ,z:i;oniKHhIM o6pa-

30M oueHHTb 3HaqlfMOCTb Tex nepBbIX 3KCnepHMeHTanbHbIX pa6oT' B KOTO· 

pbIX Ha6nro,z:i;annch naneHHR, npnaneKaroIUHe HbIHe aceo6m;nii HHTepec, 

YiKe a 1956 ro,z:i;y M.r.Mem;epHKOBbIM n COTpy,z:i;HHKaMH 6hm BbIIlOn

HeH Ha weCTHMeTpOBOM. ClfHXPOUHKnoTpoHe 3KCnepnMeHT, B KOTOPOM lf3Y· 

qanlfCb npH IlOMOII.J;lf MarHHTHoro cneKTpOMeTpa C TenecKOilOM lf3 CUHHTlfn

nnunoHHbIX cqeTqlfKOB 3HepreTlfqecKHe cneKTpbI npOTOHOB C 3Heprneii 

100-700 M3B, ncnycKaeMblX no,z:i; yrnaMH 7°, 12,2°' 18°, 24° lf 30° lf3 

n,z:i;ep 6epnnnnn, yrnepo,z:i;a, Me,z:i;n n ypaHa no,z:i; ,z:i;eiicTBHeM npoTOHOB c 3Hep

rneii 660 M3B • .AHanH3 3KcnepnMeHTanhHhIX ,ll;aHHhIX, npoae,z:i;eHHhIH Ha oc

Hoae HMnynhCHOro npn6nlf)KeHHH c yqeTOM penHTlfBlfCTCKOH KHHeMaTHKlf, 

noKa3an, qTo nyqweii napaMeTpH3auneii HMnynhcHoro pacnpe,z:i;eneHHH 

BHyTpHR,z:i;epHbIX HyKnOHOB R,ll;ep 6epnnnHH n yrnepo,z:i;a HBnHeTCH rayccoB

CKaR .<l:>YHKUHH co 3HaqeHneM 1/e npn 3HeprHH npn6nH3HTenhHo 20 M3B 

Hnlf cynepn03lfUHR ,ll;Byx raycCOBCKlfX pacnpe,z:i;eneHHH, KOTOpaR nyqwe 

ytruTbIBaeT BbICOKOHMnynhCHYIO qacTb q>epMHeBCKoro ,ll;BlfiKeHHH HyKnOHOB 

B n,z:i;pe. IlonyqeHbI ,ll;aHHhie, Il03BOnRIOm;He oueHHTb lfMnynhCHOe pacnpe,z:i;e- 151 



neHHe nepmpep0:t1ec1rnx Hy:imoHoB B 6onee T.JDKeJibIX R,D;pax: Me.n;H H ypatta, 

KOTopoe COOTBeTCTByeT B OCHOBHOM PMHaJibHOH BOJIHOBOH cpyHKQHH 060-

JIOtietIHOH MO,IJ;eJIH C pa,D;HaJibHbIM KBaHTOBbIM tIHCJIOM n = 1. EbIJIO c,n;ena

HO BeCLMa cyrn;eCTBeHHOe 3aMetiaHHe, KOTopoe, KaK 0Ka3aJIOCI, BIIOCJie,IJ;CT

BHH, MO:lKHO OTHeCTH H KO MHOrHM 6onee II03,IJ;HHM aHaJIOrHtIHbIM HCCJie

,IJ;OBaHHRM. CyTb ero B TOM, tITO on;eHKH HMIIYJibCHoro pacnpe,n;eneHHR 

BHYTPHR,D;epHbIX HyKJIOHOB, OCHOBaHHbie Ha H3ytieHHH 3HepreTHtieCKHX 

cneKTpOB KBa3Hynpyro pacceRHHbIX a,n;poHoB, MoryT IIpHBeCTH K HeKOTO

poMy 3aBbIIIIeHHIO BbICOKOHMIIYJibCHOH tiaCTH 3Toro pacnpe,n;eneHHR, eCJIH 

He 6y,n;eT YtITeHo pacceRHHe Ha TeCHbIX ,IJ;ByHyKJIOHHbIX rpynnax H, B03MO)K

HO, 6onee TR)KeJibIX R,n;epHbIX IIO,IJ;CTPYKTypax. 

Pe3yJILTaTbI, OTHOCRrn;HeCR K cpepMHeBCKOMY )];BH)KeHHIO BHyTpHR,D;ep

HbIX HYKJIOHOB, HaIIIJIH IIIHpo:i<:oe OTpa)KeHHe He TOJibKO B Te:i<:yrn;eii HaytIHOH 

JIHTepaType, HO 0: B MOHorpacpHHX 0: yqe6HbIX noco6HRX·IIO CTpyKType aTOM

HbIX R,n;ep 0: R,D;epHbIM peaKIJ;HRM. OHH IIOCJIY)KHJIH TaK)Ke MR o6oCHOBaHIIB 

MO,IJ;eJIH BHyTpHR,D;epHoro Kac:i<:a,n;a, KOTOpaH OtieHb tiaCTO IIpHMeHReTCR 

B pa3JIHtIHbIX acne:i<:Tax IIpH aHaJIH3e 3KCIIepHMeHTaJibHbIX )];aHHbIX. 1103,IJ;Hee, 

KOr,n;a B3aHMO,IJ;eHCTBHR peJIRTHBHCTCKHX tiaCTHIJ; H R,D;ep C aTOMHbIMH R,D;pa

MH CTaJIH YHHKaJII,HbIM HCTOtIHHKOM CBe,n;eHHH O npou;eccax, npoTeKarorn;HX 

C ytiaCTHeM KOpOTKO)KHBYrn;HX traCTHIJ;, H O CIIeQHqJHtieCKHX JIOKaJibHbIX 

CBOHCTBax R,n;epHOH MaTepHH, Ha.n;e,1rnoe 3HaHHe ,IJ;BH)KeHHR BHyTpHR,D;epHbIX 

HYKJIOHOB KaK "KJiaCCHtieCKoro cpoHa" CTaJIO cpaKTOPOM, onpe,n;eJIHIOl.lJ;HM 

KOppeKTHOCTb 3THX HCCJie,IJ;OBaHHH. 

B 1957 ro,n;y 6bIJI BbIIIOJIHeH pR,D; 3KCIIepHMeHTOB, B KOTOpbIX H3Me

pRJIHCI, 3HepreTHtieCKHe CIIeKTpbl 77 + - H 77 - -Me30HOB, HCIIyc:i<:aeMbIX IIO)]; 

yrnoM 56° K nyt1:i<:y nepBHtIHbIX npoTOHOB c 3HeprHeii 670 MsB. Ta:i<:oe 3Ha

t1eH0:e yrna B na6opaTopHoii CHCTeMe oTctieTa cooTBeTCTBOBaJI0 yrny 

90° B CHCTeMe n;eHTpa Mace HYKJIOH·HYKJIOH. MHIIIeHblO 6bIJIH R,D;pa yrnepo

,n;a. IlonytieHbl 3HepreTHtieCKHe pacnpe,n;eJieHHR 3apR)KeHHbIX IIHOHOB, npo

CTHparorn;HeCR ,n;o 3HatieHHR 400 MsB, H He HCKJIIOtiaJiac:i, B03MO:lKHOCTI, Toro, 

lJTO BepXHHR rpaHHIJ;a 3HeprHH 3THX tiaCTHIJ; paBHa 470 MsB, KaK B cnyqae 

peaKQHH p + 12 C ➔ 77+ + 13C, EbIJI C,IJ;eJiaH BbIBO,IJ;, tITO ,Il;JIR 06'bRCHeHHR 

Ha6nro,n;aeMOH BbICOK03HepreTHtieCKOH tiaCTH cneKTPOB B paMKax HyKJioH-

- HYKJIOHHbIX BHyTpHR,n;epHbIX CTOJIKHOBeHHH Tpe6yeTCR ,IJ;OIIYCTHTb cyrn;ecT

BOBaHHe BHyTPH R,D;pa yrnepo,n;a HYKJIOHOB, o6na.n;arorn;HX HMIIYJibCOM He 

MeHee 350 MsB/c. 8To 3HatieHHe HMIIYJILCa BHyTpHR,n;epHoro HYKJIOHa MR 

yrnepo,n;a npeBbIIIIaeT 6onee t1eM Ha 100 MsB/c rpaHHtIHoe 3Hat1eH0:e, BbITe

:i<:arorn;ee H3 Mo,n;eJIH cpepMH-ra3a HeB3aHMO,IJ;eHCTBYIOID;HX HYKJIOHOB. Eonee 

,n;eCRTH JieT CIIYCTR Ta:i<:oro po,n;a 3MHCCHR tiaCTHIJ; B a,n;poH-R,D;epHbIX B3aHMO

,n;eiiCTBHRX, Kor,n;a tiaCTHIJ;bl HCIIYCKaIOTCR BHe o6naCTH, COOTBeTCTByrorn;eii 

KHHeMaTHKe a,n;poH-HYKJIOHHbIX CTOJIKHOBeHHH, CTaJia IIPHBJieKaTh BCeo6-

l.lJ;HH HHTepec B CBR3H C B03MO:lKHOCThlO H3ytiaTb TaKHM o6pa30M JIOKaJibHbie 

cBoiicTBa R,n;epHoii MaTepHH. 

O,n;HaKO BOIIpOC O TOM, IIpH KaKHX YCJIOBHRX MO:lKJ:10 ,IJ;OCTaTOtIHO y6e-

152 ,Il;HTeJibHO roBOpHTI, 0 IIpORBJieHHH HeTpHBHaJibHbIX, C TOtIKH 3peHHR R,D;ep-



HOH (pH3HKH, CBOHCTB aTOMHbIX H,D;ep, OKa3a.JICH 6oJiee CJIO:>KHbIM, 11eM 

ITpe,D;ITOJiara.JIOCb BHa11ane. B paMKax HeKOTOpbIX MO,D;eJibHbIX ITO,D;XO,D;OB 

6bIJIO ITOKaimHo, HaITpHMep, 11TO ,D;JIH Toro, 11T06bI BTOpH11HaH qacTHI.J;a, o6-

pa30BaHHaH B a,n;poH-H,n;epHbIX CTOJIKHOBeHHHX, ITpHo6peJia xapaKTepHCTH

KH, Haxo,n;mu;HeCH BHe KHHeMaTHlleCKOH o6JiaCTH, pa3peweHHOH MH CB0-

60,n;HbIX a,n;poH-HYKJIOHHbIX CTOJIKHOBeHHH ITPH TOH iKe 3HeprHH B HHTepBane 

3Ha11eHHH MaCWTa6HOH ITepeMeHHOH X .$ 2 • HeT Heo6xo,n;HMOCTH ITPHBJie

KaTb HOBbie ITpe,n;cTaBJieHHH O ITpHpo,n;e B3aHMO,D;eHCTBHH. He JIHWeHbl He

,D;OCTaTKOB H ,n;pyrHe KpHTepHH, CKopee BCero KatieCTBeHHOro xapaKTepa, 

HaITpHMep, 11T06bI ITepe,n;a11a HMITYJibCa 6bIJia He MeHbWe ~1 r3B/c HJIH 11T06bI 

3<p<peKTHBHaH Macca MHWeHH 6bIJia 6oJihWe MaCCbl ITOKOH HYKJIOHa H T.IT. 

HaH6oJiee apryMeHTHpOBaHHbIM TeopeTHtieCKH H 3KCITepHMeHTaJlbHO HBJIHeT

CH ITpe,D;JIOiKeHHOe He,n;aBHO A.M.Ban,n;HHbIM ycJIOBHe, ITPH BbIIIOJIHeHHH KO

Toporo MOiKHO c11HTaTh, 11To a,n;poHbI Boo6me, B TOM 11HcJie H BHyTpHH,n;ep

Hbie, yTpatIHBaIOT CBOIO HH,D;HBH,D;ya.JibHOCTb, TO eCTb pOJib KBa3H11aCTHI.J; H.n;ep

HOH MaTepHH, a HMeHHO: ITpe,D;ITOJiaraeTCH, 11TO ,D;JIH 3Toro Heo6xo,D;HM0,11T0-

6bI ITepe,n;aqa KBa,D;paTa qeTbipexcKopocTH BTOpH11HOH 11aCTHu;e 6bIJia He MeHb

rne 5. B YITOMHHYTOM 3KCITepHMeHTe 3Ta BeJIHllHHa, COOTBeTCTByromaH BbICO

K03HepreTH11eCKOH 11aCTH 3apHiKeHHbIX ITHOHOB, HCITYCKaeMbIX B o6JiaCTH 

<pparMeHTaI.J;HH H,n;pa-MHWeHH ' 3aMeTHO ITpeBbIWa.Jia 5. CJie,n;oBaTeJibHO, 

B 1957 r. B Ol1Jil1 BITepBbie tta6JIIO,D;a.JICH KatieCTBeHHO HOBbIH THIT HBJieHHH, 

H3ylleHHe KOTOpbIX CTaJIO OCHOBHbIM co,n;epiKaHHeM COBpeMeHHOH peJIHTH

BHCTCKOH H,n;epHOH (pH3HKH. 

BoJibWOe 3HatieHHe HMeJIO OTKpbITHe B 1957 ro,n;y M.r.MemepHKO

BbIM H COTPYAHHKaMH HBJieHHH IIpHMoro BbI6HBaHHH ,n;eHTpOHOB H3 aTOM

HbIX H,n;ep ITpoToHaMH c 3HeprHeH 657 M3B. B 3TOM 3KCITepHMeHTe ITy110K 

ITpOTOHOB CHHXpOI.J;HKJIOTpOHa O11Hl1 ITa,D;a.JI IT0011epe,D;HO Ha lVIHWeHH H3 

H 20, D2 0, Li, Be H C TOJilll;HHOH OT 1,1 ,n;o 3,4 r/cM 2. CHcTeMoH KOJIJIH

MaTopoB BbI,D;eJIHJIHCb HCITYCKaeMbie ITO,!]; yrJIOM 7 ,6 ° BTOpH11Hbie qacTHI.J;bI, 

KOTOpbIMH B OCHOBHOM 6hIJIH ITpOTOHbI. IlpH 06Jiy11eHHH BCeX MHWeHeH 

Ha6Jiro,n;anHcb ITHKH OT ,n;empoHoB c 3HeprHeH HeMHoro MeHhwe 675 M3B. 

AHanH3 3KCITepHMeHTa.JlbHbIX ,D;aHHbIX ITOKa3a.JI, 11TO perHCTpHpyeMbie arrrra

paTypoH ,n;eHTpOHbl He MQrJIH o6pa30BaTbCH HH B pe3yJihTaTe peaKI.J;HH ITO,D;

XBaTa HeHTpOHOB H3 H,D;ep ITa,D;aIOlll;HMH ITpOTOHaMH, HH B CTOJIKHOBeHHHX 

ITepBH11HbIX ITpOTOHOB C HeHTpOHaMH H,n;pa-MHWeHH. BbIJia TaKiKe OTBeprHy

Ta B03MO:>KHOCTb B03HHKHOBeHHH 3THX ,n;eHTpOHOB B 6oJiee CJIO:>KHbIX ITpo

u;eccax KaCKa,D;Horo THITa. O6HapyiKeHo, 11TO IIHKH B H3MepeHHbIX HMH 

HMITYJibCHbIX CITeKTpax ,n;eHTpOHOB 3Ha11HTeJibHO WHpe, 11eM ITHK, Ha6JIIO,D;ae

MbIH B yITpyroM pd-pacceHHHH. CtIHTaH 3TO ywHpeHHe o6yCJIOBJieHHbIM, 

B OCHOBHOM, pacITpe.n;eJieHHeM ITO HMITYJibCaM KBa3H,D;eHTpOHHbIX KJiaCTepoB 

B H,n;pax, M.r.MemepHKOB H coTpy,n;HHKH IToJiy11HJIH ou;eHKH cpe,n;tteH 3Hep

rHH ,n;BHiKeHHH 3THX KJiacTepoB B H,n;pax Li, Be, CH 0: 8, 11, 14 H 14 M3B 

COOTBeTCTBeHHO, a ITO C,D;BHry ITHKOB OTHOCHTeJibHO ITHKa OT pd -pacceH

HHH - 3HeprHIO CBH3H ,n;eHTpOHOB B HCCJie,D;OBaHHbIX H,n;pax: 9,5, 16,7, 
25,2 H 20,7 M3B, BbIJia ITOJiytieHa TaKiKe ou;eHKa ITOJIHoro ce11eHHH BbI6HBa- 153 



HHH ,D;eihpOHOB H3 H,!l;ep. B ,!l;aJibHei'uneM H3MepeHO ,!l;HcpcpepeHI.i;HaJibHOe ce

qeHHe BbI6HBaHHH ,!l;eHTpOHOB IlO,!l; pa3HbIMH yrnaMH B HHTepBaJie 6,5° -16 ° 

H H3yqeHa 3aBHCHMOCTb :noro ceqeHHH OT aTOMHoro HOMepa H,D;pa-MHWeHH. 

TaKHM o6pa30M, 6bIJI ,!l;aH H nepBbIH ,!l;OCTaToqHo IlOJIHbIH KOJIHqeCTBeHHblH 

3KcnepHMeHTaJibHblH aHaJIH3 o6Hapy'KeHHOro HBJieHHH H, CJie,!l;OBaTeJibHO, 

HBJieHHH KJiaCTepH3aIJ;HH H,!l;epHOH MaTepHH, KOTOpOMY y'Ke qepe3 HeKOTO

poe BpeMH CTaJIH IlOCBHI.IJ;aTb OT,!l;eJibHbie Me'1(,!l;yHapO,!l;Hbie KOHcpepeHI.J;HH. 

B 1967 ro,!l;y rpynnoii r.IIaneBCKoro Ha 6pyKxeiiBeHCKOM KOCMO

TpoHe 6bIJI BbIIlOJIHeH aHaJIOrHqHbIH 3KCnepHMeHT, B KOTOpOM npH 

IlOMOI.IJ;H MarHHTHOro cneKTpoMeTpa HCCJie,!l;OBaJiaCb peaKIJ;HH 

P+(A,Z) ➔ d+p +(A-2, Z -1) HaH,D;pax 4 He, 6 Li, 12c, 16 ottPb 

npH HMilyJibCe nepBH~blX np0TOHOB 1 r3B/c. H:cnycKaHHe ,!l;eH:TpOHOB Ha-

6mO,!l;aJIOCb IlO,!l; yrnaMH 5°' 10° H 15° (B JI.C.). C,D;eJiaHa OIJ;eHKa cpe,D;Heii 

KHHeTHqecKOH 3HeprHH ,!l;ByHYKJIOHHblX KllaCTepOB B H3yqeHHbIX H,D;epHbIX 

MHWeHHX, KOTOpaH oKa3anacb B IlOJIHOM cornaCHH C 6onee paHHHMH pe3yJib

TaTaMH, nonyqeHHbIMH B OHJIH. 
OTKpbITHe HBJieHHH npHMoro BbI6HBaHHH ,!l;eH:TpOHOB H3 aTOMHblX 

H,D;ep BbICOK03HepreTHqecKHMH npoToHaMH cyI.IJ;eCTBeHHO CTHMYJIHPOBaJIO 

HHTepec K HCCJie,!l;OBaHHIO CTpyKTYPbI aTOMHblX H,!l;ep. Bene)]; 3a 3KcnepH

MeHTaJibHblM Ha6mo,!l;eHHeM ,n:.H:.BJIOXHHIJ;eB Bbl,!l;BHHYJI KOHIJ;enIJ;m0 0 cy

I.IJ;eCTBOBaHHH cpnyKTYaIJ;HH H,!l;epHoro BeI.IJ;eCTBa, KOTopoii cy'K,!l;eHO 6bIJIO 

B03pO,!l;HTbCH B BH,D;e TaK Ha3bmaeMoH q>JiyKTOHHOH MO,!l;eJIH H,!l;pa npH 

o6'bHCHeHHH ")KeCTKOH" qaCTH HMilYJibCHblX cneKTpOB 1T -Me30H0B, o6pa-

30BaHHbIX B KYMYJIHTHBHOH o6JiaCTH B np0TOH-H,!l;epHbIX coy,D;apeHHHX npH 

3HeprHHX B HeCKOJibKO r3B. CJie,D;yeT TaK)Ke OTMeTHTb, qTo o6Hapy'KeHHblH 

3cpcpeKT BnepBbie yKa3aJI Ha peaJibHYIO B03MO)KHOCTb 3KCnepHMeHTaJibHOro 

HCCJie,!l;OBaHHH B3aHMO,!l;eH:CTBHH O,!l;HOBpeMeHH0 Tpex aAPOH0B Ha MaJibIX 

paCCTOHHHHX. 

Ll:aHHbie M.r .MeI.IJ;epHKoBa H coTPYAHHKOB BH0Bb o6paTHJIH Ha ce6H 

BHHMaHHe B Haqane 70-x ro,!l;OB, KOr,D;a IlOHBHJIHCb nyqKH nerKHx peJIHTH

BHCTCKHX H,!l;ep, B CBH3H C H3yqeHHeM KYMYJIHTHBHoro 3cpcpeKTa. B 1981 r. 

HBJieHHe npHMoro BbI6HBaHHH ,!l;eH:TpOHOB H3 aTOMHbIX H,D;ep BblCOK03Hep

reTHqeCKHMH npOTOHaMH 3aperHCTpHpOBaHo rocy,D;apCTBeHHblM KOMHTeTOM 

no ,D;enaM H3o6peTeHHH H oTKpbITHH CCCP KaK HayqHoe oTKpbITHe. 

Ll:aJibHeHWHe pa60Tbl 3TOH rpynnbl q>H3HKOB, BbIIlOJIHeHHbie Ha 

CHHxpocpa30TpOHe OHJIH C IlOMOI.IJ;bIO O,!l;HOilJieqeBoro MarHHTHoro cneKTpo

MeTpa c npOBOJIOqHbIMH HCKpOBbIMH KaMepaMH Ha JIHHHH c 3BM, HMeJIH 

CBOeii IJ;eJibIO IlO,!l;p06Hoe H CHCTeMaTHqecKoe H3yqeHHe HHKJII03HBHblX cneKT

poB 6blCTpbIX ,D;eH:TpOHOB tt npoTOHOB, HcnycKaeMbIX B CTOJIKHOBeHHHX 

,!l;eHTpOHOB H npOTOHOB C pa3JIHqHbIMH MHWeHHMH ( p , d , C , Al , Bi ) 
npH Tpex 3HaqeHHHX HMilYJibCa Ila,!l;aIOI.IJ;HX qacTHIJ;: 4,3; 6,3 H 8,9 r3B/c. 

Xopowee HMilYJibCHOe pa3peweHHe ,D;eTeKTOpa ( tip;p ::: ± 0,25%) H 60Jib

WaH CTaTHCTHKa HaKOilJieHHOro 3KCnepHMeHTaJibHOro MaTepHana ,!l;aJIH B03-

MO)KHOCTb IlO,!l;p06Ho HCCJie,!l;oBaTb CTPYKTYPY BbICOKOHMilYJibCHOH qacTH 

154 cneKTpa BTOpHqHbIX npOTOHOB H ,D;eHTPOHOB B HHTepBane nepe,!l;aHHbIX HM-



nyJihCOB 0,2 51 t I ;;; 0,8 (r3B/c) 2 • .ll:JI.FI aHaJIH3a noJiyqeHHOH HHcpopMa

UHH npHBJieKaJiaCh MO,D;eJih MHOroKpaTHoro ,D;HcppaKUHOHHoro pacce.FIHH.fl. 

IlpH 3TOM 6bIJI pa3BHT cpopMaJIH3M, no3BOJIHBlllHH npe,D;CKa3aTb nepexo,r:i; 

,r:i;ayxnHKOBOH CTpyKTYPhl ":>KeCTKOH" qaCTH cneKTpOB ,r:i;ettTpOHOB OT dd -
pacce.FIHH.fl B TpeXITHKOBYIO, Kor,r:i;a B03pacTaeT BeJIHqHHa nepe,r:i;aHHoro HM

nyJibCa. HaJIHqHe TaKoro npeapai:ueHH.fl no,D;TBep:>K,ll;eHo 3KcnepHMeHTaJibHO. 

B UeJIOM YAaJIOCb YAOBJieTBOpHTeJihHO aocnpOH3BeCTH H3MepeHHbie 

B BbICOKOHMnyJihCHOM HHTepaaJie cneKTpbI npOTOHOB H ,r:i;ettTpOHOB B paM

Kax KapTHHhl MHoroKpaTHOro ,D;HcppaKUHOHHOro pacce.FIHH.fl C npHBJieqe. 

HHeM H3BeCTHblX MO,D;eJieH pacnpe,r:i;eJieHH.fl HyKJIOHOB no HMnyJihCaM B ,r:i;eHT· 

poHe. B cJiyqae pacce.FIHH.fl ,r:i;ettTpOHOB Ha a,r:i;pax yrJiepo,r:i;a npH 6,3 

H 8,9 r3B/c H .FI,D;pax aJIIOMHHli.fl H BHCMyTa npH 6,3 r3B/c Ha6JIIO,D;aeMhie 

cneKTpbI MO:>KHO 6bIJIO o6'b.FICHHTh, npe,r:i;noJiaraa HaJIHqHe conyTCTBYIOIUero 

,r:i;ettTpOHaM HcnycKaHH.fl HYKJIOHOB B CB.fl3aHHhlX COCTO.fIHH.fIX, B BH,D;e cppar

MeHTOB. HeKOTOpoe npeBhlllleHHe 3KCnepHMeHTaJihHO Ha6JIIO,D;aeMOH BhlCO

KOHMnyJihCHOH qacTH BTOpH:qHbIX ,r:i;ettTpOHOB, HanpHMep H:3 peaKUHH 

d + C ➔ d + . .. npH 6,3 H 8,9 r3B/c, Ha,r:i; pe3yJihTaTaMH TeopeTHqecKoro 

aHaJIH3a, COCTaBJI.fIIOJ:Uee He 6oJiee HeCKOJibKHX npoueHTOB, MO:>KHO Ha,r:i;e

.fITbC.fl KOMneHCHpoaaTb paBHbIM o6pa30M KaK nyTeM no,r:i;6opa 6oJiee pacpH

HHpOBaHHhlX .FI,D;epHblX MO,D;eJieH H cnoco6oa yqeTa peJI.FITHBHCTCKHX 3cpcpeK

TOB, TaK H Ha OCHOBe npe,r:i;noJio:>KeHH.fl O HaJIH~H BHYTPH .fl,ll;pa-MHllleHH 

llleCTHKBapKOBhlX npHMeCeH. IlocJie,D;Hee He npoTHBopeqHT pa,r:i;y ,r:i;pyrHx, 

nO.fIBHBlllHXC.fl He,D;aBHO, 3KCnepHMeHTaJihHhIX ,ll;aHHhlX H, B npHHUHne, B03-

MO:>KHO no KpHTepHIO nepe,r:i;aqH qeThipexcKopoCTH. TeM He MeHee OKOHqa. 

TeJibHhlll BhIBO,ll; no ,D;aHHOMY Bonpocy MO:>KHO 6y,r:i;eT c,r:i;eJiaTh, Kor,r:i;a no.FI

BHTC.fl 6oJiee 6oraTa.FI, qeM HHKJII03HBHhie cneKTpbI, 3KCnepHMeHTaJibHa.FI 

HHcpopMaUH.FI. B qacTHOCTH, CJie,r:i;yeT cqH:TaTb nepcneKTHBHhIMH B 3TOH CB.fl3H 

KoppeJI.FIUHOHHhie 3KCnepH:MeHThI, B KOTOpbIX Hapa,r:i;y C HMnyJihCHhIMH 

pacnpe,r:i;eJieHH.fIMH peJI.fITHBHCTCKHX qacTHU, HcnycKaeMhlX anepe,r:i;, H3Me

p.FIIOTC.fl xapaKTepHCTHKH 6oJiee Me,D;JieHHblX conyTCTBYIOIUHX a,r:i;pOHOB, HC

nycKaeMhIX B lllHpOKOM HHTepBaJie yrJIOB B HanpaaJieHHH Ha3a,r:i; no OTHO

llleHHIO K nyqKy nepaHqHhlX qaCTHU. 

B HacToai:uee apeM.FI co3,r:i;aeTc.FI, B TOM qHcJie H a OIUU1, pa,r:i; 3KcnepFJ

MeHTaJihHhIX ycTaHOBO~, o6Jia,D;aIOIUHX TaKoro po,r:i;a B03MO:>KHOCT.fIMH. 

C HX noMOIUbIO MO:>KHO 6y,r:i;eT BHeCTH onpe,r:i;eJieHHyIO .fICHOCTb B 3aTparH:Bae

MYIO 3,r:i;ecb npo6JieMy. 
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TIPOHBREHME KPATHhlX 

HYKROH-HYK]OHHhlX COY~APEHMM 

B PACCEHHMM PE]HTMBMCTCKMX ~EMTPOHOB 

JI.C.AJKI'HPEE, 001-eTop if>uau1-eo-MaTeMaTu'lec1-eux 1-tay,c 

B Teqemrn ;r:vnueJibHOro BpeMeHH orrncrume aTOMHblX .H,n;ep TOJibKO Ha 

.fl3bIKe COCTaBJI.HIOmHx HX HYKJIOHOB .flBJI.flJIOCb IIJIO)];OTBOpHbIM H 3KOHOM

HbIM cnoco6oM o6'b.HCHeHH.H HX cTpyKTypb1, CHMMeTpHH H B3aHMo,n;eil:cTBHH. 

llpHMeHeHHe )];JI.fl .H,D;epHbIX HCCJie,D;OBaHHH qaCTHQ BCe 6oJiee BblCOKHX 3Hep

rHH BbIHy,K,D;aeT Hae, O,D;HaKo, BblHTH 3a paMKH 3TOH npOCTOH KapTHHbl 

H YqlfTbIBaTb B03M0)KHOCTb H ,n;pyrHX CTeneHeH CBo6o,n;bI B .H,D;pax. 3To CB.fl-

3aHO C TeM, qTo, Bo-nepBbIX, yBeJIHqeHHe nepe.n;aBaeMoro .H,n;py HMnyJibCa 

Il03BOJI.fleT 30H,D;HpOBaTb ero npocTpaHCTBeHHYIO CTPYKTYPY Ha paCCTO.flHH

.HX, CpaBHHMblX C pa3MepoM HYKJIOHa (HJIH )];a,Ke MeHbIIIe Hero); B0-BTO

pbIX, yBeJII:IqeHHe ,D;OCTYilHOH 3HeprHH npHBO)];HT K pO,K,D;eHHIO H pacnpOCTpa

HeHHIO B .H,n;pe HOBblX qacTHQ, TaKHX, KaK IlHOHbl H HYKJIOHHbie pe30HaHCbl. 

TaKHM o6pa3oM,.H,D;epHa.H q:>H3HKa IlOCTeneHHO 3BOJIIOQHOHHpyeT OT HCCJie,n;o

BaHH.fl npo6JieMbl MHOrHX HYKJIOHOB K HCCJie,n;oBaHHIO HOBOH o6JiaCTH, r,n;e 

Hap.HAY co CBOHCTBaMH MHoroa,n;poHHOH CHCTeMbl ,D;OJI)KHbl yqHTbIBaTbC.fl 

H BHyTpeHHHe CBOHCTBa Ka,K,D;oro a,n;poHa. llOH.flTHO, qTo )];JI.fl H3yqeHH.fl TOH

KHX 3cpcpeKTOB, CB.fl3aHHbIX C npO.HBJieHHeM BHyTpeHHHX CTeneHeH CBo6o,n;bI 

a,n;pOHOB B .H,n;pax, Heo6xo.n;HMO HMeTb ,n;ocTaToqHo IlOJIHOe npe,n;cTaBJieHHe 

0 .H,n;pe KaK MHOrOHYKJIOHHOH CHCTeMe; H3yqeHHIO 3Toro acneKTa H IlOCB.fl

meHbl OilHCbIBaeMbie HCCJie,n;oBaHH.fl. 

llo Mepe nepexo,n;a OT npoMe~ToqHbIX 3HeprHH K BblCOKHM a,n;poH

HYKJIOHHOe pacce.HHHe npHo6peTaeT BCe 6oJiee ,D;Hq:>paKQHOHHbIH xapaKTep. 

llpH 3TOM yrJIOBbie pacnpe,n;eJieHH.fl pacce.HHHbIX qaCTHQ xapaKTepH3YIOTC.fl 

pe3KO Bbipa,KeHHblM MaKCHMYMOM B HanpaBJieHHH Bnepe,n;. l103TOMY npH 

npoxo,K,D;eHHH a,n;poHa qepe3 H,n;po Bepo.HTHOCTb ero pacce.HHH.fl Ha 3a,n;aHHbIH 

yroJI 6oJiee qeM Ha O,D;HOM HYKJIOHe MO)KeT CTaTb cpaBHHMOH HJIH )];a,Ke 6oJib

IIIeH, qeM Bepo.HTHOCTb pacce.HHH.fl Ha 3TOT '1Ce yroJI TOJibKO Ha O,D;HOM HyK- , 

JIOHe. O6ma.H Teopll.H .H,D;epHbIX peaKQHH B ,n;HcppaKQHOHHOM npH6JIH)KeHHH, 

yqHTbIBaIOma.H KpaTHbie a,n;poH-HYKJIOHHbie pacce.HHH.fl, 6bIJia pa3BHTa 

rJiay6epoM /1/ H CHTeHKO 121• 

PaccMoTpHM npoQecc KBa3Hynpyroro (c pa3BaJIOM MHIIIeHH) pacce.H-

156 Hll.fl npocTeHIIIHX .H,n;ep-,n;eil:TpOHOB Ha ,n;eil:TpOHax. B paMKax MO,!J;eJIH KpaT-



MHWeHb 

DyqOK=#? m * PHc.1. CxeManNecKoe npe,n;cTaBJieHHe 

npm~eCCOB KpaTHbIX HyKJIOH·HYKJIOH· 

HbIX coy,a;apeHHH, npHBO,!l;HIUHX K KBa• 

3HynpyroMy ( C pa3BaJIOM ,a;eHTpOHa• 

MHWeHH) ,a;eHTpOH·,!l;eHTpOHHOMY pac

CeJl:HHIO. 

HbIX HYKJIOH·HYKJIOHHbIX · coy,D;apeHHH 3TOT npo1~ecc cxeMaTHtleCKH IlOKa3aH 

Ha pHc.1. J1HHHH npe,D;CTaI3JIHIOT co6oif HYKJIOHbl, a qepHbie Kpy:>KKH Ha nepe

ceqeHHH JIHHHH - HYK1IOH-HYK1IOHHbie CTOJIKHOBeHHH. qHCJIO qepHbIX Kpy:>K

KOB Ha KIDK,n;OH ,D;HarpaMMe xapaKTepH3yeT KpaTHOCTb coy,D;apeHHH - OT 

e,D;HHHIJ;bl ,D;O qeTbipex. J,fa pHCYHKa BH,D;HO, qTo B KBa3HynpyroM ,D;eHTPOH

,D;eHTpOHHOM pacceHHHH B03MO:>KHbl ,D;ByKpaTHbie HYKJIOH·HYKJIOHHbie 

CTOJIKHOBeHHH pa3Horo THna: O,D;HH H3 HYKJIOHOB HaJieTaro1IJ;ero ,D;eHTpOHa 

pacceHaaeTCH IlOCJie,D;oBaTeJibHO Ha o6oHX HyKJIOHax ,D;eHTpOHa MmIIeHH 

(pHC.lB); o6a HaJieTaIOlIJ;HX HYKJIOHa pacceHBaIOTCH Ha O,D;HOM H TOM :>Ke 

HYKJIOHe ,D;eHTpOHa MHIIIeHH (pHc.16); o6a HaJieTaIOlll;HX HYKJIOHa O,D;HO

BpeMeHHO pacceHBaIOTCH Ha pa3HbIX HYKJIOHax ,D;eHTpOHa MHIIIeHH (pHc.lr) • 

OKa3hmaeTCH, ~o ,D;eHTpOHbI, HCilbITaBIIIHe KBa3Hynpyroe pacceHHHe 

Ha ,D;eHTpoHax acne,D;CTBHe HYKJIOH·HYKJIOHHbIX coy,D;apeHHH pa3HOH KpaT

HOCTH, HMeIOT HMnyJibCHbie pacnpe,D;eJieHHH C MaKCHMyMaMH npH pa3JIHq

HbIX 3HaqeHHHX noTepH HMilYJihCa. TaK, eCJIH IlOTepro HMnyJibCa B pacceH

HHH, o6ycJIOBJieHHOM O,D;HOKpaTHbIM CTOJIKHOBeHHeM (,D;HarpaMMa a), 

o6o3HaqHTb qepe3 ~' TO K TaKOH :>Ke IlOTepe HMilYJibCa npHBe,D;eT H ,D;Har

paMMa 6; a cnyqae TpexKpaTHbIX coy,D;apeHHH (,D;HarpaMMa A) IlOTepH HM

nyJihCa COCTaI3HT 5 /),/8, a ,D;HarpaMMaM B, r H e 6y,D;eT COOTBeTCTBOBaTb 

noTepH HMilYJibCa ~/ 2. Il03TOMY HCCJie,D;OBaHHe BbICOKOHMnyJibCHbIX 

qacrnif cneKTpoa ,D;eHTpoHoa, KBa3Hynpyro pacceHHHbIX Ha ,D;eHTpoHax Ha 

MaJibie yrJibI, npe,D;CT~JifleT co6oif cneKTpOCKOilHIO KpaTHbIX HYKJIOH·HYK

JIOHHbIX nepepacceHHHH. 

3KcnepHMeHTbl no pacceHHHIO peJIHTHBHCTCKHX ,D;eHTpOHOB Ha H,D;pax 

6bIJIH BblilOJIHeHbl a 1973-1975 rr. Ha CHHXpoq:>a30TpOHe OHJIM. BTOpHqHbre 

,D;eHTpOHbI, HCilylIJ;eHHbie B pe3yJibTaTe ,D;eHTpOH-H,D;epHbIX B3aHMO,D;eHCTBHH, 

perHCTpHpOBaJIHCb IlO,D; q:>HKCHpOBaHHbIM yrnoM 103 Mpa,D; c IlOMOlIJ;blO 

O,D;HOilJieqeaoro MarHHTHOro cneKTpOMeTpa C npoaonoqHbIMH KaMepaMH, 

pa6oTaIJIIIero Ha JIHHHH c 3BM. 

M3MepeHHbie BbICOKOHMilYJibCHbie qacTH cneKTPOB ,D;eHTPOHOB OT 

,D;eHTpOH-,D;eHTpOHHbIX CTOJIKHOBeHHH npH 4,3, 6,3 H 8,9 r3B/c IlOKa3aHbl 

Ha pHc.2 181• Mccne,D;OBaHHbie o6naCTH HMnyJibCHbIX IlOTepb COOTBeTCTBY

IOT ynpyroMy H KBa3HynpyroMy pacceHHHHM. B cnyqae pacceHHHH ,D;eHT

pOHOB C HMilYJibCOM 4,3 r3B/c B cneKTpe BH,D;eH IlHK, Ha npaBOM CKJIOHe 157 
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PHc.2. 11Mnym,CHhie cneKTphl p;eihpOHOB, 3aperHCTpHpOBaHHhlX nop; yr
nOM 103 Mpa,I:1 e p;eihpoH-p;eihpoHHhlX B3aHMOl];eH:CTBHRX npH 4,3, 6,3 
H 8,9 r3B/c. Uml>ph1 - eapHaHThI pactieToe, BhmOnHeHHhIX e paMKax MO· 
p;enH MHOroKpaTHoro HyKnOH·HyKnOHHoro pacceHHHR, WTPHXOBhie KPH· 
Bhle - Bhl'IHCneHHhie BKna,I:lhl OT KBa3Hynpyroro pacceJIHWI e o6naCTH 
nHKOB, KHHeMaTHtiecKH OTBe'laIO~HX ynpyroMy pacceJIHHIO p;eHTPOHOB 
Ha p;eihpoHax. 

KOToporo 3aMeTeH npHmrn, yKa3bIBaIOIIUfH Ha HrumqHe BToporo cna6oro 

IlHKa, IlOJIO)KeHHe KOToporo COOTBeTCTByeT npHMepHO B,Il;BOe MeHbUJeii: 

noTepe HMnynhca HaneTarom;HM .n;eii:TpoHoM. IlpH 6,3 H 8,9 r3B/c o6a nHKa 

xopOlllO pa3,D;eJIHIOTCH H CTaHOBHTCH CpaBHHMbIMH no BeJIHqHHe. Bo acex 

cneKTpax IlOJIO)KeHHe JieBblX nHKOB KHHeMaTHqecKH CO0TBeTCTByeT KBa3H

ynpyroMy pacceHHHIO .n;empoHOB Ha HYKJIOHax, a IlOJIO)KeHHe IlHKOB npH 

6oJiblllHX 3HaqeHHHX HMnyJihCa - ynpyroMy pacceHHHIO .n;eii:TpOHOB Ha .n;eii:T

poHax. 

O6Hapy)KeHHaH CTPYKTypa BblCOKOHMilYJibCHblX qacTeii: cneKTpOB 

ynpyro H KBa3Hynpyro pacceHHHbIX .n;eii:TpOHOB aHaJIH3HpOBaJiaCb B paMKax 

MO,Il;eJIH MHoroKpaTHoro pacceHHHH, B KOTopoii: aMilJIHTy.n;a .n;eii:TpOH-.n;eii:T

pOHHoro pacceHHHH Bblp~aeTCH qepe3 aMnJIHTY,Il;bl ynpyroro HYKJIOH·HYK

JIOHHOro pacceHHHH H BOJIHOBYIO cpyHKIJ;HIO .n;eii:TpoHa, 6e3 .n;onOJIHHTeJibHblX 

CB060.n;HblX napaMeTpOB. BapHaHTbl pacqeTOB, OTMeqeHHhie U:Hq:>paMH Ha 

pHc.2, OTJIHqaJIHCb 3HaqeHHHMH napaMeTpa HaKJioHa )];Hq:>cpepeHn;HaJihHOro 

ceqeHHH H OTHoUJeHHH peaJihHOH H MHHMoii: qacTeii: aMnnHTYAhI HYKJIOH

HYKJIOHHoro pacceHHHH, BapbHpOBaBUJHMHCH B npe.n;enax ToqHOCTH HX 

3KCnepHMeHTaJibHOro onpe.n;eneHHH. BH.n;HO, qTo pe3yJibTaTbl pacqeTOB 6e3 

158 KaKHX-JIH6o )];OilOJIHHTeJibHbIX npe.n;noJIO)KeHHH KaqecTBeHHo BOCnpOH3B0-



)];HT OCHOBHbie oco6eHHOCTl1 113MepeHHblX pacnpe.n:eneHl1H .n:ei1TpOHOB' 

11 no3TOMY o6Hapy,iceHHyro CTPYICTYPY ecTeCTBeHHo 11HTepnpeT11poaaTh 

ICalC npOHBJieH11e 3cpcpelCTa ICpaTHblX ttylCJIOH·HYICJIOHHblX coy.n:apeHl1H. 

lhITepeCHO OTMeTl1Th, qTo pe3yJibTaTbl pacqeTOB ,ll;OBOJibHO qyBCTBl1TeJihHbl 

ICalC IC 3HaqeHl1lO napaMeTpa HalCJIOHa .n:11cpcpepeHI.J;l1aJihHoro ceqeHl1H ynpy

roro HylCJIOH·HYICJIOHHOro pacceHHl1H ( cp. aap11aHTbl pacqeTa 2 11 1)' TalC 

11 IC 3HaqeHl1lO OTHollleH11H peaJibHOH 11 MH11MOH qacTeH aMTIJil1TY,ll;bl ynpyro

ro HYICJIOH·HYICJIOHHOro pacceHHl1H (cp. Bap11aHTbl 2 11 3). l103TOMY ,ll;aH

Hbie no .n:ei1TpOH-,ll;eHTpOHHbIM coy.n:apeHHHM MoryT CJIY'1<11Tb TalC'1<e HOBblM 

11CToqHl11COM l1Hq:>OpMau1m O aen11q11He OTHOllleHl1H peanhHOH 11 MHl1MOH 

qacTeH aMnJil1TY,ll;bl HYICJIOH·HYICJIOHHOro pacceHHl1H, He 3aBl1CHI.IzylM OT 

,ll;aHHblX no HHTepcpepeHQl111 ICYJIOHOBCICoro 11 R,ll;epHoro pacceHH11H npOTO

HOB. 

l11ITepeCHOH oco6eHHOCTblO, OTJI11qarow:ei1 pacceHHl1e .n:ei1TpOHOB Ha 

.n:ei1TpoHax OT npOTOH-,ll;eHTpOHHOrO pacceHHHH, a o6JiaCTl1 nepe.n:aq 11MnyJih

COB 0,6-1,5 (r3B/c) .2 HBJIHeTCH TO, qTo HeCMOTpH Ha pbIXJiyro Cl1CTeMy 

.n:ei1TpoHa np11 onpe.n:eneHHhIX ycnoa11Hx ynpyroe pacceHH11e B cnyqae 60M-

6ap.n:11poa1C11 .n:ei1TpOHOB .n:ei1TpoHaMl1 OICa3bIBaeTCH OTHOCl1TeJibHO 6onee 

BepOHTHbIM, qeM B cnyqae 60M6ap.n:11p0B1Cl1 .n:ei1TpOHOB npoToHaMl1. 3To 

o6ycJIOBJieHo B03M0'1<HOCTblO pean113au1111 np11 .n:ei1TpOH-,ll;eHTpOHHOM pac

ceHHHH ,ll;BylCpaTHbIX coy.n:apeHl1H Ta1Coro T11na, 1Cor.n:a o6a HaJieTaIDI.IzylX Ha 

.n:ei1TpOH HYICJIOHa O,ll;HOBpeMeHHO pacce11aaroTCH 1Ca'1(,ll;hlli Ha O,ll;HOM 113 .n:ayx 

HYICJIOHOB Ml11IleH11 (.n:11arpaMMa r Ha p11c.l); TalCOH MexaHl13M ynpyroro 

pacceHHHH .n:onyc1CaeT B03MOJKHOCTb ,ll;OCTaToqHo 6oJihllll1X nepe.n:aq 11MnyJih

ca 06011M HYICJIOHaM .n:ei1TpOHa np11 cna6oM B03MyW:eHl111 11X BHYTPl1H,ll;epHo

ro OTHOCl1TeJihHOro ,ll;Bl1JKeHl1H. Mo'1<Ho npe.n:noJIOJKHTb, qTO cyw:ecTBOBaHl1e 

ICpaTHblX coy.n:apeHl1H Ta1Coro T11na ,ll;OJIJKHO np11B0,ll;l1Tb IC o6oraw:eHl1lO aepx

Hl1X yqaCTICOB cnelCTpOB .n:ei1TpOHOB 11 np11 .n:ei1TpOH-H,ll;epHOM pacceHH1111 

(113-3a pacceHHHH .n:ei1TpOHOB Ha rpynnax HYICJIOHOB BHYTPl1 H,ll;pa). 

BbICOICOl1MnyJihCHble qacT11 cnelCTPOB .n:ei1TpOHOB OT 11X pacceHH11H Ha 

yrnepo.n:e np11 3HaqeHHHX HaqaJibHblX 11MnyJihCOB 6,311 8,9 r3B/c np11ae.n:eHbl 

Ha p11c.3 141 ; CTpeJI1CaM11 nolCa3aHbl 3HaqeH11H 11MnyJihCOB, COOTBeTCTByro

w:11e ICl1HeMaT111Ce ynpyr11x pacceHHl1H .n:ei1TpOHOB Ha H,ll;pax BO,ll;Opo.n:a, .n:ei1-

Tep11H 11 yrnepo.n:a. B11.n:tto, qTo, .n:ei1CTBl1TeJibHO, MalCCl1MYMhl 3Tl1X cnelCTpOB 

3aMeTHO C,ll;Bl1HYTbl IC aepXHl1M rpaH11QaM cnelCTpOB OTHOCl1TeJibHO noJIOJKe

Hl1H n111COB, COOTBeTCTBYlOI.IzyIX ynpyroMy .n:ei1TpOH-npOTOHHOMY pacceHHl1lO. 

IllTp11XOBblM11 1Cp11BblM11 Ha p11c.3 nolCa3aHbl pe3yJihTaTbl pacqeTOB, BbITIOJI

HeHHbIX B paMICax MO,ll;eJil1 MHOrOICpaTHoro pacceHH11H B npe.n:noJIOJKeH1111, 

qTo Bb1611aaeMbie 113 H,ll;pa HaJieTaroW:11M .n:ei1TpOHOM HYICJIOHbl Hl11Ca1C He 1COp

pen11poBaHbl 11 He B3aHMO,ll;eHCTBYlOT B ICOHeqHOM COCTOHHl111 Me'1<,ll;y co6oi1. 

B11.n:Ho, qTo 11MeeTCH 6oJihlllOe pacxo'1<,ll;eH11e C 31CCnep11MeHTaJibHbIMl1 .n:aH

HbIMl1, oco6eHHO a o6JiaCTl1 MaJibIX noTepb 11MnyJihCa. 

Ha6nro.n:eHHbie 11MnyJibCHbie pacnpe.n:eneHl1H pacceHHHbIX .n:ei1TpOHOB 

y.n:aeTCH nyqllle Bocnpo113BeCTl1 Ha OCHOBe npe.n:noJI0'1<eH11H, qTo qacTb HYIC· 

JIOHOB, BbI611TbIX .n:ei1TpoHaMl1 113 H,ll;pa, BbIJieTaeT B CBH3aHHOM COCTOHHl111 159 
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PHc.3. CneKTpbI p;eirrpoHoe, HCny~eHHhIX nop; yrJI0M 103 Mpa,z:r; e coyp;a
peHWIX p;eirrpOHOB c np;paMH yrnepop;a npH 6,3 H 8,9 r3B/c. KpHBbie -
Pe3YJlhTaThI pacqeT0B B paMKax M0p;eJIH MH0r0Kpamoro HYKJI0H·HYKJI0H· 
Horo pacceHHHH 6e3 yqeTa (nITpHXOBbie) H c yqeToM (CnJIOWHhie JIHHHH) 
npep;noJiolKeHWI, qTo qaCTh HYKJI0H0B, BbI6HTbIX p;eihpoHaMH H3 np;pa, 
HcnycKaeTCH B CBH3aHH0M C0CT0HHHH. 

B BH,n;e H,n;ep .n;ei'rrepHH, TPHTHH li T.n.; 3TOT BapHaHT pactJeTOB noKa3aH Ha 
pnc.3 CilJIOlllHbIMli KpliBbIMli. OTMeTHM, lJTO OilliCaHHe 3KCnepHMeHTaJibHbIX 
)];aHHbIX B cnyqae pacceHHliH ,n;eH:TpOHOB Ha 6onee THiKeJibIX H.n;pax ( aJIIOMli
HHH, BliCMyTa) HBJIHeTCH MeHee y.n;oBJieTBOpHTeJibHbIM, OKOHtJaTeJibHaH 
liHTepnpeTaQHH 3THX pe3yJihTaTOB Tpe6yeT )];aJibHeH:Ulero pa3BHTHH Teope
TlitJeCKHX npe,n;CTaBJieHHH O B3aHMO,ll;eHCTBlili MHOrOHYKJIOHHbIX CHCTeM. 

TaKHM o6pa30M, npoBe.n;eHHbie liCCJie.n;oBaHHH noica3bIBalOT' lJTO 
B H,n;epHOM pacceHHlili peJIHTHBliCTCKliX ,n;eHTpOHOB' npn nepe,n;aqax liMilYJib
ca B o6JiaCTli 0,4-0,8 (r3B/c) 2, HpKO npOHBJIHIOTCH 3cpcpeKTbI KpaTHbIX 
HYKJIOH·HYKJIOHHbIX coy.n;apeHHH, npntJeM onpe.n;eneHHbie oco6eHHOCTli 
3TliX coy.n;apeHHH MoryT 6bITb H3ytJeHbl TOJibKO Tor.n;a, Kor.n;a o6e CTaJIKli
BaromnecH tJaCTHQbI HBJIHIOTCH CJIO'.>KHbIMli o6neKTaMH. 
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IlAPHhlE KOPPERHUl1M CBEPXTTPOBO~HmEro TMTTA 

M CTPYKTYPA CROXHhlX H~EP 

B.I'. COJIOBbEB, npo<fieccop 

H.H.MHXAfIJIOB, npo<fieccop 

O,n;HOH H3 ueHTpaJihHhIX npo6neM coapeMeHHOH q>H3HKH HBnHeTCH 

pemeHHe 3a,IJ;allll MHOrHX Ten. Mhl BCTynHnH B TaKOH 3Tan HCCne,n;oBaHHH, 

Kor,n;a Henh3H orpaHHtJHBaThCH npHeMaMH, CBO,D;HUJ;HMH TeopeTHtJeCKHe pac

CMOTpeHHH K 3a,IJ;atJe ,n;ayx Ten. Heo6xo,n;HMOCTh H3ytJeHHH B3aHMO,D;eHCTBHH 

MHOrHx tJaCTHU BbICTynaeT B pH,n;e pa3,n;enoa q>H3HKH. CaMbIH HpKHH H 60-

raTbIH npHMep CHCTeMbl CHJibHOB3aHMO,D;eHCTBYIOUJ;HX tJaCTHU - aTOMHOe 

H,n;po, HBnHrom;eecH xopOlllHM 06-beKTOM ,n;nH H3ytJeHHH 3a,n;atJH MHOrHx Ten. 

OHO He TaK aenHKO, KaK KOH,n;eHCHpOBaHHaH cpe,n;a, r,n;e MHKpOCTPYKTypa 

"3aMa3aHa". CTpyKTypa H,n;pa 6onee cno:lKHa, tJeM cTpyKTypa aToMa, y Ko

Toporo OCHOBHOH HCTOtJHHK CHnbI CKOHUeHTpHpOBaH B ueHTpe. vfaytJeHHe 

CTpoeHHH aTOMHOro H,n;pa H MexaHH3MOB H,n;epHbIX peaKUHH HMeeT npHHUH

IIHaJihHbIH HaytJHbIH HHTepec. 3TO CBH3aHO, BO-nepBbIX, C HCKnIOtJHTenhHO 

Ba:lKHOH ponhIO aTOMHbIX H,n;ep B npHpo,n;e H, BO-BTOpbIX, C TeM, tJTO H3yqeHHe 

CHCTeMbl CHnhHOB3aHMO,D;eHCTBYIOIUHX tJaCTHU, KaKOH HBnHeTCH aTOMHoe 

H,n;po, ,n;aeT 6onee nonHyIO HHq>opMaUHIO O CBOHCTBax tJaCTHU H CHCTeMbl no 

CpaBHeHHIO C H3ytJeHHeM 3neMeHTapHoro aKTa B3aHMO,D;eHCTBHH ABYX qac

THU. 

Pa3BHTHe MHKpOCKOnHtJeCKOH Teopmi HatJaJIOCh nocne nocTpoeHHH 

TeOpHH napHbIX KoppenHUHH caepxnpoao,n;Hm;ero THna B aTOMHbIX H,n;pax. 

Onpe,n;enHrom;ee 3HatJeHHe ,n;nH Pa3BHTHH MHKpOCKOIIHtJeCKOH TeOpHH HMeIOT 

MaTeMaTHtJeCKHe MeTO,D;hI, pa3BHTbie H.H.Boronro6oahIM B 1946 ro,n;y npH 

nocTpoeHHH TeopHH caepxTeKytJeCTH. BonhlllYIO ponh B pa3BHTHH 3Toro 

HanpaaneHHH CbirpaJIH pa60TbI .n,ic.Bap,D;HHa, Jl.Kynepa, ,n:,ic.llipHcpcpepa 

H H.H.Boronro6oaa no TeopHH caepxnpoao.n;HMOCTH H pa6oThI Jl.JlaH,n;ay no 

TeopHH cpepMH-'1CH,ll;KOCTH. 

H.H.Boronro6oa yKa3aJI Ha To, tJTO MaTeMaTHtJeCKHe MeTO,D;hI, pa3BH

Thie npH nocTpoeHHH TeopHH caepxTeKytJeCTH H caepxnpOBO,ll;HMOCTH, 06-

na,n;aIOT 6onhlllOH o6m;HOCThIO, no3TOMY HX cne,n;yeT npHMeHHTh ,D;JIH H3ytJe- 163 



HIDI cTpoeHIDI aToMHoro H,n;pa. H.H.Eoromo6oB ccpopMym1poBan ycnoBim 
cBepxTe1<:yqecn1 H,n;epHoii: MaTepmi. O.Eop, E.MoTTenhCOH H LJ:.Tiaii:c nocTa
BHnH B0npoc 0 cymecTB0BaHHH CBepxTeKyqHx COCTOHHHH B aT0MHbIX H,D;pax. 
TeopHH napHbIX KoppenHUHH CBepxnp0B0.IJ:Hmero THna B aT0MHbIX H,D;pax, 
nocTpoeHHaH He3aBHCHMo C.T.EenHeBhIM H B.r.ConoBheBbIM, nono:amna 
Haqano umpoKoMy H3yqemno H,n;epHoii: cTpyKTyphI, B TOM qHcne BH6p~HoH
HhIX COCTOHHHH Ha 0CH0Be MHKp0CK0nHqecKoro no,n;xo,n;a. 

TeopHH napHbIX KOppenHUHH HBHnacb TeM 0CH0BHbIM HanpaBneHHeM 
B pa;3BHTHH TeopHH aT0MHoro H,D;pa, K0T0poe npHBeno B K0HeqHoM HTore 
K C03,n;amno KpynHoro KonneKTHBa q>H3HKOB-H,D;epmHKOB. Pa3BHTHe H0Boro 
HanpaBneHHH - CBepxTeKyqei\: M0,IJ;enH H,D;pa - IlOTpe6oBanO H3BeCTHOH CMe
n0CTH, HacToii:qHBOCTH H 6onblllOro Tpy,n;a. B nepBoe BpeMH 6bmO lllHp0K0 
pacnpocTpaHeHo MHeHHe, qTo B paMKax cBepxTeKyqei\: Mo,n;enH H,n;pa He 
M0iKeT 6bITb peqH 06 0ilHCaHHH CBOHCTB K0HKpeTHbIX JI,n;ep. B OT,n;ene Teo
PHH H,n;pa 0,Il;HHMH H3 nepBbIX B MHpe npHMeHHnH CBepxTeKyqyro Mo.n;enh 
H,n;pa ,n;nH BbIH0nHeHHH K0nHqecTBeHHbIX pacqeT0B H,n;epHbIX xapaKTepHCTHK. 
YqeT napHblX KoppenHUHH Il03B0nHn ,n;eTanbH0 0ilHCaTb pH,n; CBOHCTB H,n;ep, 
K0T0pbie He yKna,IJ;bIBanHCb B paMKH paHee cymecTB0BaBlllHX MO,n;eneii:. TaK, 
pe3ynbTaTbI, 0TH0CHmHeCJI :k .IJ:BYXKBa3HqacTHqHbIM C0CT0HHHHM B qeTH0-
qeTHbIX ,n;ecpopMHpoBaHHbIX H,n;pax npH cpaBHHTenbH0 He6onhlllHX 3HeprHHX 
Bo36yiK,IJ;eHHH, nonyqeHHhie B 1960-1963 ro,n;ax (B.r.ConoBheB, T.IllHKnolll 
H ,n;p.) ' HalllnH 6necTHmee 3KCnepHMeHTanbH0e H0,Il;TBepiK,D;eHHe H B HaCT0H
mee BpeMJI xop0lll0 H3BeCTHbl. 

EonhlllOe BnHHHHe Ha ,n;anhHeii:U1ee pa3BHTHe TeopHH, oco6eHHO B 0HH
CaHHH BbIC0K0CilHH0BblX COCTOHHHH, Cbirpano BBe,n;eHHe 3cpcpeKTa 6noKH
p0BKH. A 0ilHCaHHe ycHneHHH a -pacna,n;a BCne,n;CTBHe yqeTa napHbIX K0ppe
nHUHH (B.r.ConoBheB) nocnylKHno ocHoBoii: ,n;nH BBe,n;eHHH O.BopoM 
napHO-BH6paUHOHHOH M0,Il;bl K0nneKTHBH0ro ,Il;BHiKeHIDI. Ba"1(HyIO ponb 
CbirpanH pa6oThi no npoBepKe T0qHQCTH npH6nHiKeHHbIX MeT0,Il;0B H ycoBep
llleHCTB0BaHHIO CBepxTeKyqei\: Mo.n;enH H,n;pa (I1.H.MHxaii:noB, B.Pb16apc1<:a, 
A.TiaBnHKOBCKH). 

KonneKTHBHoe ABHiKeHHe B CHCTeMax co cnapHBaHHeM npHo6peTaeT 
qepTbl 6e3BHxpeBoro ,Il;BHiKeHHH H,n;eanhHOH iKH,Il;K0CTH. YiKe nepBbie 3KCne
pHMeHTbI, B K0T0pbIX y,n;anocb 3aperHCTpHp0BaTb H,n;epHbie poTaUH0HHbie 
non0CbI, noKa3anH, qTo M0MeHTbl HHepuHH H,n;ep cymecTBeHH0 MeHhllle, 
qeM y TBep,n;oro Tena C 3KBHBaneHTHbIM pacnpe,n;eneHHeM MaCCbI. KonH
qecTBeHHblH TeopeTHqecKHH aHanH3 poT~H0HHbIX xapaKTepHCTHK H,n;ep 
0Ka3anCH B03M0iKHbIM T0nhK0 Ha 0CH0Be TeopHH cnapHBaHHH. 

EonhlllYIO ponh B TeopHH aT0MH0ro H.n;pa HrpaeT BapHaUHOHHbIH 
npHHUHil XapTpH - <l>oKa - Eoronro6oBa. OH cnylKHT ocHOBOH MHKpoc1<:o
nHqec1<:oro 0ilHCaHHH KonneKTHBHbIX BH6pauHOHHbIX COCTOHHHH KaK 
HH3KonelKamHx, TaK H rHraHTCKHX pe30HaHC0B, a TaKiKe B3aHMO,IJ;eHCTBHH 
MelK,Il;y cnoiKHbIMH H,n;paMH. Pa3pa6oTaHa o6maH TeopHH (B.r.ConoBheB, 
P .B.LJ:iKonoc) H,n;epHbIX BH6p~HH Ha ocHoBe MeTo,n;a caMocornacoBaHHoro 

164 nonH H.H.Eoronro6oBa. TioKa3aHo, qTo H3 ypaBHeHHH MeTo.n;a caMocornaco-



arumoro nonR B KatieCTBe qacTHoro cnyqaJI BhITeKaIOT ypaaHemm Teop1m: 

KOHel!HbIX cpepMH-CHCTeM. 

TpaKTOBKa R,D;epHoro poTaQHOHHOro ABH)KeHHR ll cnapHBaHHR OCHO

BaHa Ha MeTOAax, B KOTOpbIX 3aKOHbl coxpaHeHHR yrnoaoro MOMeHTa 

ll l!HCJia HYKJIOHOB BbIIIOJIHRIOTCH B cpe,D;HeM. MaTeMaTHl!eCKYIO OCHOBY 

MeTOAOB, HCnOJib3YIOI.QHX HapyrneHHR 3aKOHOB coxpaHeHHR, 3aJIO)KHJI 

H.H.Boronro6oa B pa6oTe "Kaa3Hcpe,D;HHe B 3a,D;atiax CTaTHCTHtiecKott Mexa

HHKH''. 

BOJibllIOe BJIHRHHe Ha npoae,D;eHHe 3KCnepHMeHTaJibHbIX HCCJie,D;OBa

Hllll oKa3aJIH pa6oThI BS.Conoabeaa, A.Co6HtieacKoro, B.B.IlarnKeBHtia no 

Bbll!HCJieHHIO paBHOBeCHbIX ,D;ecpopMaQHH R,ll;ep, H3ytieHHIO ll3OMepoB cpopMbl 

ll npe,D;CKa3aHHRM HOBbIX o6nacTett ,D;ecpopMHpOBaHHbIX R,D;ep. Ha OCHOBaHHH 

pactieTOB 6hIJia npe,D;CKa3aHa HOBaR o6naCTb ,D;ecpopMHpoaaHHbIX R,D;ep B patt

OHe A ~ 100. B 1970 ro,D;y noRBHJIOCb 3KCrrepHMeHTaJibHOe no,D;TBep)K,ll;eHHe 

cyI.QeCTBOBaHHR 3TOH o6JiaCTH ,D;ecpopMHpOBaHHbIX R,D;ep C napaMeTpaMH, 

6JIH3KHMH K pactieTHbIM. l1,D;eR O BO3MO)KHOCTH ll3MeHeHHR cpopMbl R,D;pa 

B B036y)K,ll;eHHOM COCTORHHH no cpaaHeHHIO C OCHOBHbIM (B.r .COJIOBbeB) 

Harnna lllllpOKOe 3KCnepHMeHTaJibHOe no,D;TBep)K,ll;eHHe. Pe3KaR3aBHCHMOCTb 

MOMeHTOB HHepQHH OT ,D;ecpopMaQHH, xapaKTepHaR AJIR noTeHQllaJibHOro 

ABH,KeHHR H,D;eaJibHOll )Kll,ll;KOCTH, CO3,D;aeT YCJIOBHR AJIR ll3MeHeHHR cpopMbl 

R,D;pa npH yaeJIHl!eHHH cnHHa, KOTOpoe MO)KeT 6hITb 3aMetieHo y)Ke B cneKTpe 

Hll)KattlllllX poTaQHOHHbIX COCTORHHH HeKOTOpbIX AOCTaTOl!HO "MRrKHX" 

RAep (B.B.IlarnKeBHtI, C.<l>payeH,D;opcp) • PactieTbI noKa3anH BO3MO,KHOCTb 

cocyI.QeCTBOBaHHR ccpepHtieCKOll ll ,D;ecpopMllpOBaHHOll cpopMbl y R,D;ep PTYTH, 

l!TO 6bIJIO no,D;TBep)K,ll;eHo 3KCnepHMeHTaJibHbIMH ,D;aHHbIMH. 

Ba)KHblM AOCTH)KeHHeM RBJIReTCH MHKpOCKOnHtieCKOe onHCaHHe 

Hll3KOJie)KaI.QHX BH6paQHOHHbIX COCTORHHH B tieTHO-tieTHhlX ,D;ecpopMHpOBaH

HbIX RApax (B.r.Conoahea, JI.A.Manoa, C.l1.<!>e,D;oToa). MHKpocKonHtie

cKoe onHCaHHe 11O3BOJIHJIO CBR3aTb nOJIO)KeHHe ll CTPYKTYPY an6paQHOH

HbIX COCTORHHH C noae,D;eHHeM OAHOl!aCTHl!HbIX ypoBHett cpe,D;Hero noJIR 

ll ABYXKBa3HtiaCTHl!HbIMH COCTORHHRMH. Ha OCHOBe MeTO,D;a npH6JIH)KeHHOro 

BTOplltIHoro KBaHTOBaHHR H3ytieHhl OAHO<pOHOHHbie KBa,D;pynOJibHbie ll OKTY

noJibHbie COCTORHHR ,tJ;ecpopMHpOBaHHbIX R,D;ep B o6naCTH pe,D;KHX 3eMeJib 

ll aKTHHOHAOB. B pe3yJibTaTe 3THX pactieTOB nonytIHJIH 061,RcHeHHe TaKHe 

AO 3Toro HeIIOHRTHbie cpaKThI, KaK BeCbMa CHJihHOe yMeHbllleHHe 3HatieHHll 

3HeprHH OKTYilOJibHblX COCTORHHH B ll3OTonax TOpHR, ypaHa ll nnyTOHHR 

ll 3HeprHH y -BH6paQHOHHbIX COCTORHHH Hll)Ke ypoBHR (3-BH6paQHOHHhIX 

B ll3OTOnax ,ll;HCnpO3HR ll 3p6HR. 

Pa3BHT MaTeMaTHqecKHtt annapaT B3aHMO,D;ettCTBHR KBa3HtiaCTHQ 

C <pOHOHaMH, ll noJiytieHO AOCTaToqHo npaBHJibHOe OilHCaHHe HepoTaQHOHHhIX 

cocToRHHtt HetieTHhIX ,D;ecpopMHpoBaHHhIX RAep (B.r.ConoBheB, JI.A.ManoB, 

C.l1.<!>e,D;OTOB). 

B CHCTeMax C napHbIMH KOppeJIRQHRMH HH)Kattllllle KOJIJieKTHBHbie 

COCTORHHR HaXOARTCH HH)Ke ABYXKBa3HqacTHl!HblX COCTORHHH. B R,D;pax, 

He OtieHb YAaJieHHhIX OT MarHqecKHX, HH)Kattllllle KOJIJieKTHBHbie B036y)K,D;e- 165 



Hlf.fI KBap;pynom,HOH CHMMeTpIDI OKa3hlBaIOTC.fl cna6o CB.fl3aHHhlMH C B03-

6y)K,l];eHH.flMH KBa3nqaCTlfqHoii: npHpO,D;hl, O,r:i;HaKo 3TH KOJIJieKTHBHhie 

B036y)K,l];eHH.fl TOJihKO B pe,D;KHX cnyqaJIX npoHBJI.fllOTC.fl KaK rapMOHlfqecKHe 

KOJie6aHH.fl. .AHrapMOHHqecKHe 3<p<peKThl B cneKTpe KOJIJieKTHBHhIX B03-

6y)K,l];eHHH y,r:i;aeTC.fl yqeCTh, OTKa3hIBa.flCh OT paCCMOTpeHH.fl CB.fl3lf KOJIJieK

THBHhlX M KBa3~aCTMqHhIX cTeneHeii: CBo6o,r:i;hI, HecMOTP.fl Ha cxeMaTMq

HOCTh TaKoro paCCMOTpeHH.fl OHO OKa3aJIOCh oqeHb noJie3HhIM ,D;JI.fl nOHMMa

HM.fl ycJIOBMH B03HMKHOBeHM.fl B JIApax KBaJJ;pynOJihHOH ,r:i;ecpopMau;MM. Hc

CJie,r:i;oBaHM.fl B 3TOM HanpaBJieHIDI (P .B.)])KOJIOC, ,n.HHcceH) nerJIM B OCHOBY 

MO,D;eJIH B3aMMo,r:i;eii:CTBYIOIIJ;MX 6o30HOB, nmpoKO MCnOJih3yeMyro B HaCTO.fl

ru;ee BpeMH AJI.fl aHaJIM3a CTpyKTYPhl JI,r:i;ep, B oco6eHHOCTH JI,r:i;ep nepexo,r:i;HOH 

o6JiaCTM Me)K,l];y ccpepMqecKHMH 0: ,r:i;ecpopMHpOBaHHhIMM. 

B pa6oTax no MHKpOCKOilliqecKOH TeopMM HeBM:6pau;MOHHhIX COCTO.fl

HMH (H.H.MMxaHJioB, E.Hap;'1G!KOB) 6Lma nocTpoeHa cxeMa OnHCaHH.fl 

.fl,D;epHhIX poTaI.l;MOHHhIX nonoc, KOTOpaH, no on;eHKe BH,D;HOro aMepMKaHCKO

ro q>H3MKa A.KJIHii:Ha, HBJIHeTC.fl o,r:i;HHM 0:3 HaM6onee cTporMx o6ocHoBaHMii: 

o6o6ru;eHHoii: TeopMM Bopa M MoTTem,coHa. Hccne,r:i;oBaHM.fl CTpyKTYPhI 

BhICOKOCnHHOBhix cocToHHHii: (B.B.IIarnKeBMq, C.<I>payeH,r:i;opcp, H.H.MMxaii:

JIOB, C.UirnK) np0:BeJIM K BhIBCHeHHIO MHOrMx KaqecTBeHHhIX H3MeHeHMii: 

B CBOHCTBax .fl,D;ep no Mepe yBeJIMqeHM.fl MOMeHTa (BbICTpaMBaHMe BHyTpeH

HMX yrJIOBhIX MOMeHTOB H CB.fl3aHHOe C HMM M3MeHeHMe npaBMJI BeTBJieHH.fl 

nepexo.r:i;oB, nepecTpoii:Ka BM6pau;0:oHHoro cneKTpa H ,r:i;p.). 

Ba:>KHyro pOJib ,D;JI.fl npoBe,r:i;eHH.fl KOJIHqeCTBeHHhIX pacqeTOB MMeeT 

pa3pa6oTKa MeTo,r:i;a BOCCTaHOBJieHH.fl CMMMeTpMM raMHJibTOHMaHa npM 

cnoHTaHHO HapyrneHHOH CMMMeTpHH caMocornacoBaHHoro non.fl (H.H.IIH

TOB' C .ra6paKOB) • 8TOT MeTOA ycnenrno npHMeHHeTC.fl AJI.fl napaMeTpH3a

I.l;MH OCTaToqHblX CHJI B3aMMo,r:i;eii:CTBM.fl Me)K,l];y HyKJioHaMM npH M3yqeHHM 

CTpyKTyphl JI,r:i;ep npH 60JiblllHX CnHHax. 

C pOCTOM 3HeprHH B036y)K,l];eHM.fl yBeJIMqMBaeTC.fl IlJIOTHOCTb ypoBHeii: 

B aTOMHhIX H,D;pax M ycJIO:>KH.fleTC.fl HX CTpyKTypa. Ocyru;eCTBJI.fleTC.fl nepexo,r:i; 

OT npOCThIX HH3KOJie:)KaIIJ;Mx COCTO.flHHH K oqeHb CJIO:>KHhlM COCTO.flHH.flM npM 

cpe,r:i;HMX H BhlCOKHX 3HeprMJIX B036y)K,l];eHH.fl. IIpaKTHqecKM HeB03MO:>KHO 

M3MepHTb M OnHCaTb xapaKTepMCTHKH Ka)K,l];oro l:13 MHOrHX ThICJiq ypoBHeii:, 

BOJIHOBhie cpyHKI.l;MM KOT0pbIX co,r:i;ep:)KaT 6oJiblllOe q0:cno KOMnoHeHT. 

Ilo3TOMY 3ap;aqa COCTOHT B BhIBCHeHMM 3aKOHOMepHOCTeii: ycno:>KHeHM.fl 

CTpyKTyphl COCTO.flHMH C pOCTOM 3HeprMH B036y)K,l];eHM.fl. IIepBblM rnaroM 

B perneHMH 3TOH 3ap;aqM .flBJI.fleTC.fl M3yqeHMe cpparMeHTan;MM O,D;HOKBa3M

qacTMqHhIX, ABYXKBa3MqacTMqHbIX M O,D;HO<pOHOHHhIX COCTO.flHHH • .nn.fl on0:ca

HM.fl xapaKTepMCTMK .fl,D;ep, onpe,r:i;eJI.fleMhIX cpparMeHTan;Meii: 3TMX COCTO.flHHH, 

6Lma ccpopMyJIMpoBaHa KBa30:qacTMqHo-cpoHoHHaJI Mo,r:i;enb H,r:i;pa (K<I>MH) 

(B.r .ConoBbeB) • Oco6eHHOCTH 0: npeMMyru;ecTBa K<I>MH cne.r:i;yroru;Me: 

1) MCnOJib30BaHHe B KaqecTBe 6a3MCa He o,r:i;HoqacTMqHbIX ( KaK 06h1qHo) ' 

a O,D;HO<pOHOHHhIX COCTO.flHMHj 2) OTBeTCTBeHHOCTb B3aMMo,r:i;eii:CTBM.fl KBa3H

qacTMI.I; C q>OHOHaMM 3a cpparMeHTaI.J;MIO KBa30:qaCTMqffOrO M KOJIJieKTHBHoro 
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C pOCTOM :meprllli B036y)K,!.J;emu1; 3) rrpe,n;cTaBJiemi:e BOJIHOBblX <PYHKQHH 

B036y)K,!.J;eHHblX COCTORHHH B BH,n;e pR,n;a ITO 1mcny orrepaTopoB (pOHOHoa; 

4) HCIIOJib30BaHHe MeTo,n;a CHJIOBbIX <PYHKQHH, 6naro,n;apR KOTOPOMY CTaJIO 

B03MO)K}{bIM BbltJHCJieHHe pa3JIHtJHbIX xapaKTepHCTHK MHOrHX R,n;ep, 

B paMKax K<I>MH B cq>epHtiecKHX H ,n;eq>opMHpoaaHHhIX R.n;pax pacctJH

TaHhI q>parMeHTau;HR O.D;HO- H .n;ayxKBa3HtJaCTHtJHbIX COCTORHHH; Heii:TpOHHbie 

s-, p- H d-CHJIOBbie <PYHKQHH, BKJilOtJaR CIIHHOBOe pacm;ermeHHe; pa,n;Ha

QHOHHbie CHJIOBbie <PYHKQHH H ceqeHHR (pOTorrornom;eHHR; IIOJIO:>KeHHe 

H lllHpHHbl rHraHTCKHX :,meKTpHtieCKHX H MarHHTHblX pe30HaHCOB, BKJilOtJaR 

3apR,n;oao-o6MeHHbie pe30HaHCbI (B.r.Conoahea, q,CToRHoa, JI.A.Manoa, 

A.11.B.n;oBHH, B.B.BopoHoa, ,[(.,[(aM6acypeH, qaH 3yii: KXh10Hr, B.IO.floHo

Mapea H .n;p.). 

IIlHpOKHH q>pOHT H BbICOKHH TeXHHtJeCKHH ypoBeHb 3KcrrepHMeHTaJib

HbIX HCCJie.D;OBaHHH Tpe6y10T .D;aJibHeii:rnero pa3BHTHR TeopHH aTOMHoro R.D;pa. 
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MIDOHHMM KATARM3 H~EPHMX PEAKIU1M CMHTE3A 

B.IJ.,lj)K.EJIEIIOB, q11,en-1'oppecnonoenT AH CCCP 

JI.H.IIOHOMAPEB, oo1'Top giu3u1'o-MaTeMaTuilec1'ux nay1' 

Cyll.UlOCTb .flBneHIDI MIOOHHoro KaTMH3a 3aKnIOtJaeTC.fl B TOM, lJTO 
OTpnu;aTenhHO 3apmKeHHbIH MIO0H /1 -, o6pa3y.fl C .fl,Il;paMH H30TOilOB BOAOPO
;a;a Me30MOneKyny' c6nmKaeT :HX HaCTOnhKO, lJTO OHR npaKTlflJeCKH MrHO
BeHHO cnHBaIOTC.fl B .H,D;po renIDI. BnepBbie TaKyIO peaKI.J;lflO, a HMeHHO 
KaTanH3 peaKu;HH cnH.flHIDI .H,n;ep Bo;a;opo;a;a n ;a;eifTepIDI 

Pµ ➔ dµ ➔ pdµ ➔ 3He + µ- + 5,5 M3B, (1) 

Ha6n10;a;an B ny3hiphKOBOH KaMepe Jl.AnhBapeu; c coTpy;a;HnKaMn B 1957 r. 
3a 3THM nocne;a;oBan KOpOTKHH nepno;a; 3HTY3Ha3Ma, KOTOpblli IlHTMC.fl 
Ha,D;e:>K,D;aMH ncnonh30BaTh 3TY peaKu;HIO, H3BeCTHYIO KaK "xono,D;HbIH Tep
MO.flA", ;a;n.fl npOH3BO,Il;CTBa .fl,Il;epHOH 3HeprHH B3aMeH TepMO.fl,D;epHbIX peaK
u;nif, HAYI.I.J;llX npn TeMnepaTypax B HeCKOnhKO MHnnHOHOB rpa;a;ycoB. O,D;Ha
KO 3KCnepnMeHTbI, BbIIlOnHeHHbie B 1957-1962 rr., noKa3anH, lJTO MIOOHHbIH 
KaTMH3 B ;a;eiiTepnn lf CMeCH BO,D;Opo;a;a lf ;a;eHTepH.H He3cpcpeKTHBeH, no
CKOnhKY CKOpOCTb o6pa30BaHIDI Me30MoneKyn pdµ lf ddµ CpaBHHMa co 
CKOpOCTblO pacna;a;a /1- -Me30Ha. A 3TO 03HatJano, lJTO B cpe;a;HeM 3a BpeM.fl 
jl(lf3Hlf MIOOHa OH MOjl(eT ocyI.QeCTBHTb He 6onee O,D;Horo aKTa KaTMH3a, 
a 3TOro .flBHO He,D;OCTaTOlJHO An.fl IlOKpbITIDI 3aTpaT 3Heprnn Ha po:>K,D;eHHe 
µ--Me3oHa. 

B O11:HH ;a;eTanhHOe 3KCnepnMeHTMhHOe H3ytJeHne .flBneHIDI MIOOHHO
ro KaTanH3a 6hmo HatJaTo nocne 1960 r. rpynnoii cpn3HKOB no;a; pyKoBo;a;cT
BOM B.II.,Il::>KenenoBa (II.<l>.EpMonoB, B.11.MocKaneB, B.B.<l>HnhtJeHKOB 
lf ;a;p.) • ):µ.fl 3TOH u;enn B Jla6opaTOpHH .fl,D;epHbIX npo6neM O11:HH 6bma 
C03,D;aHa HOBa.fl MeTOAHKa lf3MepeHH.fl xapaKTepHCTHK nccne;a;yeMoro .flBne
HIDI. TeopeTHtJeCKOe H3ytJeHne 3Toro .flBneHIDI HatJanOCh eI.Qe paHhllle: 
B 1954 r. H.B.3enhAOBHtJ ony6nnKoBan nepBbie ou;eHKH cKopocrnif o6pa3o-
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B 1957-1962 rr. B J1T<I> O11JU1, 3aJIOJKIDI OCHOBbI MeTO,IJ;OB, HCilOJib3yeMbIX 

H IlOHbIHe ,IJ;JI.fl OilHCaHH.fl npoQeCCOB MIOOHHoro KaTaJIH3a. 

C CaMoro HatiaJia 3a,z:i;aqa 3KCnepHMeHTaJibHbIX H TeopeTHtieCKHX HC· 

CJie,n;oBamm: cpopMyJIHPOBaJiaCb WHpe, tieM BbI.flCHeHHe Bonpoca o·npaKTHtie

CKOH 3HatIHMOCTH .flBJieHH.fl µ-KaTaJIH3a: 6bIJIO 3ailJiaHHpoBaHO BCeCTOpoH

Hee H3ytieHHe MHOrOtIHCJieHHbIX Me3oaTOMHbIX H Me30MOJieKyJIHpHbIX npo

QeCCOB, KOTOpbie JIHWb B COBOKYnHOCTH ,n;aroT IlOJIHOe npe,n;CTaBJieHHe O .RB· 

JieHHH µ -KaTaJIH3a. 

B 1962-1966 rr. 3KcnepHMeHTaTOpbI Jlflil O11.flH, H3YtiaH µ -KaTa

JIH3 B tIHCTOM ,n;eiiTepHH: 

ctµ - ddµ 
-<.He+n 

t + p ' 
(2) 

YCTaHOBHJIH, tITO CKOpOCTI, A ddµ o6pa30BaHH.fl Me30MOJieKyJI ddµ npH TeM

nepaType 240 K npHMepHO B ,n;eC.flTb pa3 npeBbIWaeT 3HatieHH.fl A dclµ• H3Me

peHHbie q:>H3HKaMH CIIIA H AlirJIHH B 1960 r. H 1963 r. COOTBeTCTBeHHO 

npH TeMnepaType 20 K. 8To 6hIJIO Heo,im,n;aHHO, IlOCKOJibKY xapaKTepHbie 

Me3oaTOMHbie 3HeprHH ( - 5 K3B) 6oJiee tieM B CTO TbIC.fltI pa3 npeBbIWaIOT 

TeilJIOBbie 3HeprHH Me30aTOMOB ( -0,03 3B) • 

Kat1eCTBeHHOe o6'bHCHeHHe noro 3KCnepHMeHTa B 1967 r. AaJI 

8.A.BecMaH (J1T<I> O11.flH). OH npe,n;noJim1am, tITo o6Hapy:aceHHoe pe3Koe 

pa3JIHtIHe Addµ npH YKa3aHHbIX TeMnepaTypax MOiKeT 6bITb o6'b.flCHeHO 

pe30HaHCHbIM MeXaHH3MOM o6pa30BaHH.fl Me30MOJieKyJI ddµ no cxeMe 

dµ + D 2 ---.. [(ddµ )d2e] * (3) 

C o6pa30BaHHeM B036y)K)];eHHoro Me30MOJieKyJIHpHoro KOMilJieKca, O,IJ;HHM 

H3 .fl,D;ep KOTOporo CTaHOBHTC.fl o6pa30BaBWa.flC.fl Me30MOJieKyJia ddµ ' HJIH, 

TOtIHee - Me30MOJieKyJIHpHbIH HOH (ddµ) +. 
,[L,IH peaJIH3aQHH yKa3aHHoro MeXaHH3Ma Heo6xo.n;HMO, O,IJ;HaKo, 

tIT06bI Me30MOJieKyJia ddµ MOrJia cyIQeCTBOBaTb B CJia6oCB.fl3aHHOM Bpa

IQaTem,HO·KOJie6aTeJibHOM COCTO.flHHH J = V = 1 C 3HeprHeH CB.fl3H 

I( 11 (ddµ,)I "' 2 3B • .D:o!(a3aTeJihCTBO cyIQeCTBOBaHHH 3Toro cocTOHHHH 

ddµ -MOJieKyJibI 6bIJIO noJiyqeHo TOJibKO B 1973 r. B pactieTax Jl.11.IloHOMa

peBa (J1T<I> O11.fIH) H 11.B.Ily3hIHHHa H T.Il.Ily3hIHHHon (J1BTA O11.flll), 

XOT.fl npe,n;nOJIOiKeHHe O ero cyIQeCTBOBaHHH 6bIJIO BbICKa3aHO eIQe 

B 1957 r. C.C.repWTeHHOM. 

BcJie,n; 3a 3THMH pactieTaMH 6bIJia npe,n;npHH.flTa HOBa.fl cepHH 3KCnepH

MeHTOB B Jlflil O11.flll. B 1974 r. rpynna 3KcnepHMeHTaTopoB B COCTaBe 

B.M.BbICTpHQKoro, B.Il • .D::aceJienoBa, B.B.<l>HJihtieHKOBa H ,n;p. H3MepHJia c1eo

poCTb o6pa30BaHH.fl ddµ-MOJieKyJI B ra30BOH MHWeHH BbICOKOro ,IJ;aBJieHH.fl 

npH KOMHaTHOH TeMnepaType (300 K) H no.n;TBep,D;HJia 3HatieHHe Addµ' no

JiytieHHoe B 1966 r. B ,IJ;Hq:>q:>y3HOHHOH KaMepe. 

IlapaJIJieJibHO c 3THM TeopeTHKH O11.flH (C.11.BHHHQKHH, Jl.11.IloHo-

MapeB, Jl.H.CoMoB, M.Il.<l>aiiq>MaH H ,n;p.) B co,n;py:acecTBe c MaTeMaTHKaMH 169 



(11.B.Ily3hlHHH, T.I1.Ily3hlHHHa, H.<l>.TpycKoBa) pa3BHBanH qHcrreHHhie Me
TOAhI rrpeIJ;H3HOHHOro peweHmI 3a,n;aqH Tpex Terr, C IIOMO~blO KOTOpbIX 
B 1977 r. 3Heprm=r crra6ocBH3aHHOro COCTOHHmI ddµ-MoJieKyJihl 6bma HaH
,n;eHa C ToqHOCTblO -0,1 3B Fl BhlIIOJIHeH rrepBblH KOJIHqecTBeHHhIH pacqeT 
CKOpOCTH ,\ddµ pe30HaHCHoro o6pa30BaHmI Me30MOJieKyJI ddµ. 

O,n;ttoapeMeHHo c 3THMH pacqeTaMH B JUIII O11.Rl1 (B.M.BhICTpmi;
KHH, B.IT.,U:lKerrerroB, B.11.IleTpyxHH, JI.H.CoMoB, B.M.Cyaopoa, B.B.<l>HJih
qeHKOB Fl ,n;p.) 6hma H3MepeHa TeMIIepaTypHaH 3aBHCHMOCTb ,\ dd µ (T) B llIH
pOKOM HHTepaane TeMrrepaTyp, KoTopaH xopowo corrracoBhIBanacb c cpop
MOH TeopeT~eCKOH 3aBHCHMOCTH ,ll;JIH ,\ ddµ (T). TeM caMhIM 6bIJIO TBep,n;o 
YCTaHOBJieHO cy~eCTBOBaHHe pe30HaHCHoro MeXaHH3Ma o6pa3oBaHHH Me3o
MOJieKyJI ddµ. 

B TeopeT~eCKHX pacqeTax 1977 r., BblIIOJIHeHHblX a O11.Rl1, 6bIJIO, 
KpoMe Toro, o6Hapy:lKeHo crra6oCBH3aHHOe COCTOHHHe Me3oMorreKyJihl 
dtµ C KBaHTOBhlMH qHcJiaMH J = V = 1 Fl 3HeprHeH CBH3H 
I E 11 (dtµ) I = 1 3B. Ha ocHoae 3THX pacqeTOB 6hma rrpe.n;cKa3atta 6orrhmaH 
CKOpOCTb ( ,\ dtµ -:. 10 8c -1) pe30HaHCHoro o6pa30BaHHH Me30MOJieKyJI 
d tµ B peaKIJ;HH 

tµ -t D2 - [(dtµ) d2e] * (4) 

Fl c,n;erratt BhlBO,ll; 0 TOM, qTo B CMeCH ,n;ei1Tepm=r Fl TpHTHH O,ll;HH µ -Me30H 
MO'.lKeT KaTanH3HpOBaTh -100 peaKIJ;HH CHHTe3a IIO cxeMe 

t 
➔ d µ ➔ tµ ➔ d tµ ➔ 4He + n 

• 

.. -' ,. _, 
I I + I µ ✓ 
... ✓ 1-

+ 17,6 M3B (5) 

H ocao6o.n;HTh :...2 r3B 3HeprHH H -100 HeHTpoHoB. 
3TOT TeopeT~eCKHH BblBO,ll; HHHIJ;HHpOBan 6oJibillOe qHCJIO 3KCIIepH

MeHTanhHbIX Fl TeopeTHqecKHX pa6oT KaK B CoseTCKOM Co103e, TaK Fl B ,n;py
rHx CTpaHax, IIOCKOJihKY OH B03p0,D;HJI Ha,D;e)K,ll;hl HCIIOJih30BaTh HBJieHHe 
MlOOHHOro KaTaJIH3a ,ll;JIH rrpOH3BO,ll;CTBa H,n;epHOH 3HeprHH. 

Ilepaoe 3KCIIepHMeHTanhHOe IIO,ll;TBep'.lK,ll;eHHe 60JibillOH CKOpOCTH 
'A dtµ o6pa30BaHHH Me30MOJieKyJI dt µ' HaH,D;eHHOH B TeopeTHqecKHX pac
qeTax, 6hmo rrorryqeHo B 1979 r. rpyrrrroi1 3KcrrepHMeHTaTopoa JI.HIT 
(B.M.BhICTpHIJ;KHH, JI.H.CoMoB, B.B.<l>HrrhqeHKOB H ,n;p.) rro,n; pyKoBo.n;cT

BOM B.IT.,U:lKerrerrosa H B.r .3HHoaa a co,n;py:lKeCTBe c yqeHhIMH BHl111HM 
(MocKBa). B 3THX OIIhITax arrepBbie B MHpe 6bIJia 3aperHCTpHpOBaHa rrocrre

,ll;OBaTeJihHOCTb peaKIJ;HH MIOOHHOro KaTanH3a ( 5) B CMeCH ,n;ei1Tepm=r Fl TPH-
THH Fl HaMeqeHhl rryTH ero ,n;anhHei1wero H3yqeHHH. 

TeopeTHqecKHe pacqeThI, BhIIIOJIHeHHhie B rrocrre,n;osaawee 3a 3THM 
IIHTHJieTHe (1979-1984 rr.) rpyIIIIOH TeopeTHKOB H MaTeMaTHKOB O11.RH 
(C.11.BHHHIJ;KHH, B.C.Merre'.lKHK, JI.11.IloHoMapea, 11.B.Ily3h1HHH, T.II.Ily-

170 3blHHHa, M.I1.<l>ai1<:pMaH Fl ,n;p.)' II03BOJIHJIH BbiqHCJIHTb 3HeprHH crra60CBH-



38.HHbIX COCTOHHHH C ToqHOCTblO ~ 0,001 3B, TO eCTb C OTHOCHTeJihHOH Toq

HOCTblO -10-6 • 3TH pe1wp,n;Hble no ToqHoCTH pacqeTbl no3BOJIHIOT ,n;aTb 

norrHoe KOJIHqecTBeHHOe onHCaHHe HBJieHHH MIOOHHOro KaTaJIH3a. B pa6oThl 

3Toro QHKJia BHecrrH BecoMhIH BKJia,n; yqeHbie H3 HPB .D;.BaKarroB H M.Kac

qlfeB. 

3KcnepHMeHTaJibHbie H TeopeTHqecKHe pa60Tbl no µ -KaTaJIH3Y, 

BbIIlOJIHeHHbie B .D;y6He, HHHQHHpOBaJIH HCCJie,n;oBaHHH B 3TOH o6rraCTH BO 

BCeM MHpe; B HaCTOHmee BpeMH HBJieHHe MIOOHHOro KaTaJIH3a H3yqaIOT 

B HHCTHTyrnx ClllA, IllBeHQapHH, KaHa,n;hI, <f>paHQHH, HnoHHH H T.,n;. 3Tou 

npo6rreMe 6hmH nocBHmeHhI ceKQHH Ha III Me:>K,n;yHapo,n;Hou KoHcpepeHQHH 

no HeTpa,ll;HQHOHHhIM HCTOqHHKaM 3HeprHH (XeJibCHHKH, 7-9 HIOHH 1983 r.) 
H cneQHaJibHblll CHMn03HYM no MIOOHHOMY KaTaJIH3Y ()];:>KeKCOH, BauoMHHr, 

ClllA, 8-9 HIOHH 1984 r.). 
PH,n; 3KCnepHMeHTaJibHbIX pe3yJibTaTOB norryqeH B 1983-1984 rr. rpyn

non q>H3HKOB H3 JU1H<I> HM.B.IT.KoHCTaHTHHOBa AH CCCP no,n; pyKoBo,n;

crnoM A.A.Bopo6beBa. B OHHH rpynna 3KcnepHMeHTaTopoB H3 JIB3 no,n; 

pyKoBo,n;cTBOM M.H.CorroBheBa Haqarra Hccrre,n;oBaHHH po:>K,n;eHHH 1r- -Me3o

HOB Ha nyqKe ,n;euTpOHOB C 3HeprHeU ~ 2 r3B, KOTOpbie He06XO,ll;HMbl ,ll;JIH 

onpe,n;erreHHH 3aTpaT Ha npOH3BO,ll;CTBO /1 -Me30HOB. 

l1cTopm1 H3yqeHHH HBJieHHH MIOOHHoro KaTaJIH3a B OHHH Mo:>KeT 

CJIY:>KHTb npHMepoM MHororreTHero IlJIO,ll;OTBOpHoro COTpy,ll;HHqecTBa Teope

THKOB H 3KcnepHMeHTaTopoB. KpoMe Toro, Ha 3TOM npHMepe xoporno 

BH,ll;HO, KaK cpyH,n;aMeHTaJihHbie HCCJie,n;oBaHHH B o6rraCTH q>H3HKH 3JieMeH

TapHbIX qaCTHQ co BpeMeHeM MOryT CTaTb OCHOBOH nOHCKOBbIX pa6oT no 

npaKTHqecKoMy HCnOJib30BaHHIO o6Hapy:>KeHHOro HBJieHHH. 
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H~EPHAH CTIEKTPOCKOTIHH HA TIYqKE TIPOTOHOB 

K.H.I'POMOB, npo<jjeccop 

I'.JIH3YPER, 001-eTop <jju3u1-eo-MaTeMaTur-tec1-eux 11.ay1< 

O,IJ;HHM H3 cpyH.n;aMeHTa.JlbHblX pe3yJibTaTOB H,D;epHOH q>H3HI<'.H CTa.JIO 

ycTaHOBJieHHe Toro cpaKTa, qTo 60JiblllHHCTBO aTOMHbIX R,D;ep npe,D;CTaBJIRlOT 

co60:0 CHCTeMbl H3 MHOrHX CHJlbHOB3aHMO,IJ;eHCTBYlOI.QHX qacTHI.J;-HYKJIOHOB, 

He no.n:.n:aroI.QHeCR ToqHoMy TeopeTHqecI<:oMy pacqeTy. TeopeTHqecI<:HH aHa

JIH3 ,IJ;aHHbIX O CBOHCTBax 11.n;ep o6hrqHo npoBO,IJ;HTCR Ha OCHOBe pH,D;a 11.n;ep

HblX MO,IJ;eJieH, onHCblBaIOI.QHX Bbr6paHHbie CBOHCTBa OT,IJ;eJibHblX rpynn 

11.n;ep/l/, B 3THX ycJIOBHRX oco6eHHO BaiKHO nonyqHTb HOBbie, ace 6onee 

noJIHbie H TOqHbie 31<'.CnepHMeHTa.JlbHbie ,IJ;aHHbie O B03MOiKHO 60JibllleM qHC

ne aTOMHhIX 11.n;ep pa3Horo copTa. Ha pellleHHe 3TOH 3a.n;aqH HanpaaneHbI pa3-

BHaaeMbre B p11.n;e HayqHbIX u;eHTpOB MHpa nporpaMMbl HCCJie,IJ;oBaHHR 11.n;ep, 

y.n;aneHHbIX OT nOJIOCbl /3-CTa6HJibHOCTH. Ce»qac H3BeCTHO H 6onee HJIH 

MeHee H3yqeHO 01<'.0JIO 2,5 TbICRq pa3HblX H30TOnOB. Ou;eHKH no cpopMyJiaM 

,IJ;JIR Mace H,D;ep noI<:a3bIBaIOT, qTo MOiKeT cymecTBOBaTb .n:o 7-8 TbICflq H30TO

noa, ycToHqHBbIX no OTHOilleHHIO I<'. MrHoBeHHOMY, 3a 11.n;epHoe BpeMR, 

HCnyCKaHHlO HYKJIOHa; TaKHM o6pa30M, none HCCJie,IJ;OBaHHH oqeHb BeJIHI<'.O. 

Y.n;aneHHe OT CTa6HJibHbIX 11.n;ep OTI<:pbIBaeT B03MOiKHOCTb ,IJ;JIR H3yqeHHR RB

JieHHH, HeB03MOiKHbIX B6JIH3H noJIOCbl CTa6HJibHOCTH, - TaKHX, Kai<'. HCnyc

I<'.aHHe qacTHI.J;, 3a,D;epiKaHHOe /3-pacna.n;oM, pa,D;HOaKTHBHbIH pacna.n; C Hcnyc

KaHHeM npOTOHOB H .n;p. 

IlpaKTHqecKH nepao» B MHpe IllHpo1<:o:0 nporpaMMOH Hccne.n;oaaHHR 

11.n;ep' y.n;aneHHbIX OT noJIOCbl /3-cTa6HJibHOCTH, CTa.JIH npOBO,Il;HBillHeCR 

B 1956-1968 rr. B JIHII OHHH no.n: py1<:oao.n;cTBOM qneHa-1<:oppecnoH.n;eHTa 

AH CCCP E.C.,[l;iKenenoaa Hccne.n;oBaHHR He»TpoHo.n;ecpHI.J;HTHbIX H30Tonoa 

pe,D;K03eMeJibHbIX 3JieMeHTOB. C caMoro Haqana ,IJ;JIR 3THX pa6oT 6bIJIO xa

paI<:TepHO IllHpo1<:oe MeiK,IJ;yHapo.n;Hoe coTpy.n;HHqecTBO. Ha 1<:aprn (pHc.1) 

noKa3aHbl ropo.n;a, 1<:y.n;a paCCbIJiaJIHCb ,IJ;JIR HCCJie,IJ;OBaHHH HeHTpOHO,IJ;ecpH

I.J;HTHbie H30TOnhI, nonyqeHHble npH o6nyqeHHH MHilleHeH H3 pa3HbIX Be

mecTB npoToHaMH c 3HeprHe» - 660 M3B Ha CHHxpou;HKJIOTpoHe OHHH. 

1 72 B 3TOM I.J;HKJie pa6oT 6bIJIO y6e.n;HTeJibHO ,IJ;OI<:a3aHO /2/, qTo peaI<:I.J;HH rny-
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PHc.1. KapTa paCCbIJIKH HeirrpoHogeqmQHTHbIX H30TonoB H3 JIHII OHHH 
B 1956-1970 rr. l130T0Ilbl nonyqaJIH npH 06ny11eHHH MHWeHeii Ha CHHXpO· 

QHKnoTpoHe OHHH. 

601<:oro pacmenrremm nma p, xp, yn .RBJI.RlOTC.R HaH6orree 3<p<peKTHBHhIM 

H YHHBepcarrhHbIM MeTO,Il;OM norrytieHH.R y,n;arreHHblX OT CTa6HJibHbIX HeiiTpo

Ho,n;e<pHQHTHblX H30TOITOB. 3To o6CTO.RTeJibCTBO 6bIJIO BilOCJie,IJ;CTBHH nmpo

I<O HCilOJib30BaHO npH npoeI<THpOBaHHH H pa3BHTHH nporpaMM HCCJie,n;oBa

HHH y,n;arreHHbIX OT IlOJI.OCbl /3·CTa6HJihHOCTH .R,n;ep Ha ycI<opHTeJI.RX npOTO· 

HOB cpe,n;HHX 3HeprHH B p.R,n;e nayqHbIX QeHTpOB MHpa. B 70-e rO,D;bl 3TO 

YTBep)K,Il;eHHe 6bIJIO pacwHpeHO H Ha HeiiTpOHOH36blTOqHbie H30TOilbl: rpyn

noii ISOLDE B EBponeiicI<oii opraHH3aQHH no .R,n;epHbIM Hccne,n;oBaHH.RM no

I<a3aHo, qTo peaI<QHH rny601<oro pacmermeHH.R H Bb1co1<03HepreTHqec1<oro 

,n;eneHH.R Ha npOTOHax cpe,n;HHX 3HeprHH .RBJI.RlOTCH HaH6onee MOmHbIM 

HCToqHHI<OM nonyqeHH.R y,n;arreHHbIX HeHTpOHOH36blTOqHblX H30TOITOB. 

,[(JIH Hccne,n;oBaHH.R cneI<TpOB .R,n;epHbIX H3JiyqeHHH B JI.Hll 011Jil1 
H COTpy,n;HmaromHx opraHH3aQH.RX HCilOJib30BaJIC.R WHpOI<HH Ha6op cneI<T· 

poMeTpOB pa3Horo THna. Cpe,n;H HHX - MarHHTHbie /3-cneI<TpOMeTpbI 

H cneI<Tporpa<pbl BbICOI<oro pa3peweHH.R, 6oJihWOH MarHHTHbIH a -cneI<Tpo

rpacp, y-cneI<TpoMeTpbI co CQHHTHJIJI.RQHOHHblMH H nonynpOBO,Il;HHI<OBblMH 

,n;eTeI<TOpaMH, ycTaHOBI<H ,Il;JIH H3MepeHH.R BpeMeH '1Gl:3HH B036y)K)];eHHbIX 173 



COCTOHHHH H H3yqeHHfl yrJI0BhIX yy- H ey-IWppenm~HH, nonynp0B0AHHK0-

Bhie /3-cneKTpOMeTphI, CBeT0CHJibHhie 6e3:>KeJie3Hhie /3-cneKTpOMeTpbI 

C T0p0H,ll;aJibHhIM noneM, ycTaH0BI<'.a ,ll;Jlfl HCCJie,z:i:oBaHHfl yrJI0BhIX pacnpe,z:i:e

JieHHH Y-H3JiyqeHHH OT H,z:i:ep, opHeHTHp0BaHHhIX npH CBepXHH3I<'.HX TeMne

paTypax H ,z:i:p. 

B 1969 ro,z:i:y B JI.fin OH.fll'.I 6bIJI nocTpoeH :meKTpOMarHHTHhIH Macc

cenapaTop, H BnepBhie B cTpaHax co~anHcTnqecKoro co,z:i:py:>KecTBa HaqaTo 

pa3,z:i:eneHHe 3HaqHTeJibHhIX I<'.0JIHqecTB pa,z:i:noaKTHBHhIX H30T0n0B. 8n1 pa-

6oThl nolllJIH oco6eHHO ycnelllH0 B CBH3H C C03,ll;aHHeM opHrHHaJibHoro 

BhlCOI<'.03cpcpeKTHBHOro Tpy6qaToro HCTQqHHI<'.a H0H0B C noBepXHOCTHOH 

HOHH3aunei11. 

8KcnepHMeHThl 1956-1969 rr. np0B0,ll;HJIHCb B pe:>KHl\1e ocpcp-naHH, 

TO eCTb MHilleHH o6nyqanHCb Ha BHyTpeHHeM np0T0HH0M rryqKe ycK0pHTeJIH, 

H3 o6nyqeHHOH MHilleHH MeTo,z:i:aMH "MOKpoi11" XHMHH BhI,ll;eJIHJIHCb cppaK~H 

H30T0n0B HCCJie,z:i:yeMoro XHMHqecKoro 3JieMeHTa, H3 I<'.0T0phIX roT0BHJIHCb 

HCT0qHHI<'.H ,ll;Jlfl cneKTpoMeTp0B H,z:i:epHoro H3JiyqeHHH. B 3THX 31<'.CnepnMeH

Tax ,ll;Jlfl HCCJie,ll;OBaHHH 6hIJIH ,ll;0CTYIIHhl H30T0IIhl C neptto,z:i:aMH nonypacna

,z:i:a -30 MHH H 6onee. OnHCaHHe MeT0,D;HI<'.H 3THX pa6oT ,ll;aH0 B CTaTbe /2/. 
HoBhIH 3Tan HaqancH B 1967-1969 rr., Kor,n;a B OH.fll'.I 6hmtt HaqaThI nccne

,z:i:oBaHHH no nporpaMMe .flCHATTTT (H,z:i:epHaH cneKTpocKonHH Ha nyqKe npo

TOHOB) • ~fl H3yqeHHH K0p0TI<'.0:>KHBYI.I.J;HX H30T0n0B no 3TOH nporpaMMe 

6bIJI C03,ll;aH cenapaTop H30T0n0B, I<'. H0HH0MY HCT0qHHKY I<'.0T0poro C no

M0I.I.J;bIO IIHeBM0noqThl nepe,z:i:aBanacb MHilleHb, o6nyqeHHaH Ha BhIBe,z:i:eHH0M 

nyqKe np0T0H0B, H, TaKHM o6pa30M, o6ecneqHBaJiaCb B03M0:>KH0CTb HCCJie

,ll;0BaHHH H30T0n0B C nepno,z:i:aMH nonypacna,z:i:a ,ll;0 1-2 MHH 
13

•41• 

Pe3yJibTaThl HCCJ1e,ll;OBaHHH ,ll;0I<'.Jla,ll;hIBaJIHCb Ha MH0rHX Me:>K,n;yHapo,z:i:

HhIX n HaQH0HaJibHhIX I<'.OHcpepeH~HHX, orry6JIHI<'.OBaHhl B ,z:i:eCHTKax CTaTeH. 

O63op nonyqeHHhIX pe3yJihTaT0B c,z:i:enaH B pa6oTax 12-4 ,,: He 0CTaHaBJIH

BaHCb 3,ll;eCb Ha no,z:i:po6HOM o63ope nonyqeHHhIX pe3yJibTaT0B, 0TMeTHM 

H np0HJIJIIOCTpHpyeM T0JibI<'.0 HeK0T0phie. OTKphITO 6onee 100 H0BhIX 

pa,z:i:HoaKTHBHhIX H30T0n0B C nepno,z:i:aMH nonypacna,z:i:a OT HeCK0JibI<'.HX ,ll;HeH 

,ll;0 HeCK0JibI<'.HX MHHyT. 8To qncno cne,z:i:yeT cpaBHHTb c npHMepH0 700-800 

H30T0naMH, 0TKphIThlMH 3a TOT :>Ke nepH0,ll; BO BCeM MHpe. TTonyqeH 6oJib

IllOH o6'beM H0BhIX ,ll;aHHhIX 0 cxeMax pacna,z:i:a H,z:i:ep, B nepByro oqepe,z:i:b 06 

HHTepeCHOH o6nacTH ,z:i:ecpopMHpOBaHHhIX H,z:i:ep pe,z:i:Ko3eMeJibHOH o6naCTH 

C aT0MHhIM BeC0M 150 -:-190. HOBhie ,ll;aHHhie 06 3HeprHHx, CIIHHax, qeTH0CTH 

B036y:>K,n;eHHhIX COCTOHHHH, Bep0HTH0CTHX 3JieKTp0MarHHTHhIX H {3-nepe

X0,ll;0B Me:>K,n;y HHMH n03B0J1HJ1H nocTp0HTb ,z:i:ecHTI<'.H cxeM pacna,z:i:a, co,z:i:ep

:>Kam;HX poTaQH0HHhie ypoBHH, ypoBHH /3· tt y-KOJie6aHHH, 0,ll;H0-, .ll:BYX-., 

Tpex- H qeThipexKBa3HqacTnqHhie ypoBHH, npoBeCTH aHaJIH3 Hx CTPYKTYPhI. 

TTpnBe,z:i:eM ,z:i:Ba npnMepa nonyqeHHOH HHcpopMa~H. 

Ha pttc.2 CHCTeMaTH3Hp0BaHhI nonyqeHHhie CBe,z:i:eHHH 06 0,ll;HoqacTHq

HhIX np0T0HHhIX C0CT0HHHHX B HeqeTHhlX H30Tonax TYJIHH / 41 • XopOillO 

BH,ll;H0 CHCTeMaTnqecI<:oe H3MeHeHHe 3HeprHH 0,ll;H0I<'.Ba3HqacTHqHb1X C0CT0H-

174 HHH no Mepe yBennqeHHH qHcna nap HeHTpOHOB B 0CT0Be H,ll;pa. TTpH cpaB-
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PHc.2. CHCTeMaTHKa :=mepnm o;a;HOKBa• 
3IB!aCnf'IHhIX ypoBHeH B 11;a;pax TYJIHH 
( Z = 69) c HetleTHhIM A. • - ;a;ocTO· 

BepHO, 0 - ape;a;noJIO:>KHTeJibHO ycTa· 
HOBJieHHhie COCTORHWI, ■ - o;a;HO'laC• 
nf'!Hhie :=meprHH cpe;a;Hero noJIR, pac
C'IHTaHHhie no CBepxTeKy'leH MO;a;eJIH 
R;a;pa. 

Hemm 3THX 3KCITePHMeHTaJlbHbIX 

,rr;a.HHbIX C pacqeTaMH ITO KBa-

3IfqaCTifqHo-cpoHOHHOH Mo,rr;enlf 111 

06Hapym1rnaeTCH xopowee corna

CHe KaK ITO TeH,rr;eHI:.J;lflf lf3MeHe

HlfH 3HeprHH ypoBHe:a, TaK If B 

ITpe,rr;enax ToqHoCTH Mo,rr;enH ITO 

BenlfqlfHe 3HeprHlf ypOBHe:a. 

Ha pHc .3 ITpe,rr;CTaBneHa cxeMa 

pacITa.rr;a OTKpbITOro B 3THX lfC· 

cne,rr;oBa.HHHX H,rr;pa 162 Tm. qeT

KO ITpOHBnHI0TCH poTaI.J;HOHHbie 

ITOnOCbI OCHOBHOro COCTOHHHH, 

y(900 K3B). If /3 (1087 K3B). 

BH6paI.J;HOHHbIX COCTOHHlfll, Co-

CTOHHHH 1352, 1505, 1572 If 

1595 K3B, BepoHTHo, ,rr;ayxKBa3H· 

qacTifqHbie, Ilpe,rr;CTaBnHeT lfHTepec 
. o+ BblHCHeHHe ITpHpO,rr;bI BT0poro • 

COCTOHHHH (1420 K3B), 

IIonyqeH 6onhwo:a 061,eM Hoao:a 3KcITepHMeHTaJibHO:a HHcpopMaI.J;HH 

0 CBOHCTBax B036y)K,l];eHHbIX COCTOHHHH H,rr;ep: BpeMeHa )Klf3Hlf ypoBHe:a, 

aepoHTHOCTH a-, /3· If y-ITepexo,rr;oa Me)K,l];y HHMH. AHaJIH3 3THX cae,rr;e

HHH ITOTpe6oaan a pH,rr;e.cnyqaea YTOqffeHHH ITapaMeTpOB TeOplflf. 

C Haqana 70-x ro,rr;oa H,rr;epHbie CITeKTpocKoIIHCTbI JIHII O11fll1 rrpHHH· 

MMlf yqacTHe B pa3pa6oTKe HeK0TOpbIX y3nOB 3KCITepHMeHTaJibHOro KOMIT· 

neKca 11Pl1C ,rr;nH HCCne,rr;oBaHHH H,rr;ep, y,rr;aneHHbIX OT ITOnOCbI CTa6HnbHOCTlf, 

a JleHHHrpa.rr;cKoM HHCTHTYTe H.rr;epHo:a cpH3HKH AH CCCP, a c MOMeHTa ero 

rrycKa B 1975 ro,rr;y - B 3KCITepHMeHTaJibHbIX lfCCne,rr;oaaHHHX Ha HeM. 

Bbm C03AaH 3KCITepHMeHTMbHblll KOMIIneKc, B KOTOpOM o6nyqaeMaH 

npoToHaMH C E p = 1 r3B MmueHb COBMeU.J;eHa B o,rr;HH y3en C lfOHHbIM lfC· 

ToqHifKOM, If, TaKHM o6pa30M, BITepBbie B C0I.J;lfaJilfCTifqecKHX CTpaHax 6bmlf 

C03,rr;aHbl ycnoBHH ,rr;nH lf3yqeHHH KOPOTKO)KlfBYU.J;lfX H,rr;ep C nepHo,rr;aMH no

nypacna,rr;a ,rr;o 0,1 c. 

OTMeTHM HeKOTOpbie pe3ynhTaTbl 3Toro COTpy,rr;HlfqecTBa. OTKpbITO 

20 HOBbIX lf30TOITOB C T 1/2 ,rr;o ,rr;one:a ceKyH.rr;bI. Ha 0CHOBe lf3MepeHHH 175 
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PHc.3. CxeMa pacna.n:a 11p;pa 162Tm. 

3Hepnm a -pacna,n;a 1:1 rpaHHqHhIX 3Hepraa (3+ -cneKTpoa anepBbre nonyqeHhI 
3KCnep1:1MeHTanhHbie ,!l;aHHbie O Maccax 6onee 40 KOpOTKOilmBym;HX R,ri;ep, 
a TOM q1:1cne R,ri;ep, pacnono:>KeHHbIX y rpaHHW,I o6naCTH, r,z:i;e npOHCXO,!l;HT 
PMHOaKTHBHblll npoTOHHblll pacna,n;. ,Il;aHHhie O Maccax R,ri;ep Il03BOnHnH 
onpe,z:i;enHTb 3Heprmo CBR3H npoToHa B pR,ri;e R,ri;ep H YCTaHOBHTh, qTo OTKpbl
Thie paHee H30TOilbl - a-pacna,n;qHKH (pttc.4) - RBnRIOTCR O,!l;HOBpeMeHHO 
npoTOHHO-pa,n;HOaKTHBHblMH 151• BnepBbie onpe,z:i;eneHo nono:>KeHHe npoTR
:>KeHHOro yqacTKa rpaHHW,I npOTOHHOH ycTottqHBOCTH R,ri;ep. OHa npoXO,!l;HT 
B 3TOH o6nacTH KapTbI H3oTonoB qepe3 R,ri;pa 1 78 Au, 172 Ir , 167Re, 161 Ta , 
156 Lu H 151 Tm. 

B xo,z:i;e MeTo,ri;~ecKHX pa3pa6oToK, o6ecne~arrmx ycnex R,!l;epHo-
1 76 cneKTpocKonHqecKHx Hccne,z:i;oaaHHtt B n.Hn O11:HH, 6hmH nonyqeHhr pe-
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PHc.4. <l>parMeHT ;a;uarpa.MMbI HyKJm;a;os: • - .II;a;pa, MaCCbI K0T0pbIX onpe

;a;eneHhI Ha 3KCnepHMeHTaJibH0M K0MDJieKce 11:PMC; 0 - .II;a;pa C paeee 
H3BeCTHbIMH MaccaMH; • - CTa6HJibHbie .II;a;pa; ¼ - .II;a;pa, npOTOHHbIB 
pacna;a; K0T0pbIX ycTaH0BJieH ea;a;e:>KHo; fl - npe;a;noJIO:lKlfTeJihH0 (3Hep-

~ 
I'H.II CB.II3H np0T0Ha 6JIH3Ka K eymo) • 

3YJibTaThI, HMeIOI.I.Uie caM0CT0HTeJibH0e cpyH,n;aMeHTaJibHOe H npmcna,n;Hoe 

3HaqeHHe. OTMeTHM cpe,n;H HHX cne,n;yrow;He: 

HCCJie,D;0BaHHH B o6naCTH XHMHH pe,n;I<:o3eMeJibHbIX :meMeH

T0B /6/ H acTaTa; 

pa3pa6onca MeT0,D;0B nonyqeHHH pe,n:1mx pa,D;H0H30T0TI0B ,D;JIH 

Me,D;HUHHCKHX H ,n;pyrHX ueneii; 

- pa3pa60TKa MeT0,D;HK H3r0T0BJieHHH nonynp0B0,D;HHK0BbIX ,n;eTeK

T0p0B H,D;epHoro H3JiyqeHHH /7 1; 
- pa3pa6oTKa MeT0,D;0B npeUH3HOHHOH cneKTp0CK0TIHH H,n;epHbIX 

H3JiyqeHHH C Il0M0lll;blO nonynp0B0,D;HHK0BbIX ,n;eTeKT0p0B /7 I; 
- H3,D;aHHe aTJiaca cneKTp0B H,D;epHbIX H3JiyqeHHH /s~ 

B HacToHw;ee apeMH B JI.HIT O11.HH co3,n;aeTcH HOBhIH KPYTIHhIH 

3KCnepHMeHTaJibHhIH K0MTIJieKc ,D;JIH HCCJie,D;0BaHHH H,D;ep, y,n;aneHHbIX OT 

noJI0CbI crn6HJibHOCTH, - .HCHAITIT-2. Ey,n;yT o6ecneqeHbI ycnoBHH .D:JIH no

nyqeHHH H HCCJie,D;0BaHHH H,D;ep CT 1/2 ,n;o 0,1 CC HCTI0Jib30BaHHeM B pe)KHMe 

OH-JiaHH HHTeHCHBHoro np0T0HHoro nyqKa cpa3oTpoHa O11.HH. C03,D;aHHe 

K0MTIJieKca .HCHAITIT-2 0TKpoeT ,n;JIH yqeHbIX cTpaH-yqacTHHU O11.HH H0Bhie 

B03MQ)KHQCTH ,D;JIH HCCJie,D;OBaHHH B 3TOH HHTepeCHOH o6JiaCTH H,D;epHOH 

q>H3HKH. 177 



JluTepaTypa 

1. ConoBbeB B.r. TeopH.R aToMHoro H.n;pa. H.n;epHbie Mo.n;enH. 3HeproH3.n;aT, 
M., 1981. 

2. rpoMoB K.H., ,U:>KenerroB B.C. A3, 1969, T.26, c.362. 
3. ApnhT P. H .n;p. 3qAf1, 1974, T.5, c.843. 
4. rpoMOB K.H. H .n;p. 3qAH, 1975, T.6, c.971. 
5. Anxa3oB r.,u. H .n;p. l13B. AH CCCP, cep.qrn3., 1984, T.48, c.834. 
6. MonHap <I>., XanKHH B.A., XeppMaHH 3. 3qAf1, 1973, T.4, c.1077. 
7. BhrnOB 1(. H .n;p. CrreKTpbI H3nyqeHH.R pa.n;HoaKTHBHhIX HYKJIH.D:0B. 

"<l>aH", TalllKeHT, 1980. 
8. Vylov Ts. et al. ZfK-399, 1980; ZfK-505, 1983, Rossendorf, DDR. 

~o-





CTATMCTMqECKAH MEXAHMKA B OMHM 

H. TOHlJEB, 1<a1-touoaT <pU3Ul<O-MaTeMaTUtteC7<UX 1-tay1< 

A.C.mYMOBCKHPl, 001<:rop <fiuau1<0-MaTeMaTuttec1<ux 1-tay1< 

B 1946 r. Ha co6pamm Oni:erremm q:i11s111<:o-MaTeMan1qec1<:11x HayK 

AH CCCP H.H.Boromo6oB BbicTyn11rr c µ;01<:rranoM, B KoTopoM BnepBbie 

6hIJIO naHO 06'bJICHeH11e JIBJieHll.fI CBepxTeJ<:yqeCTll Ha MllKpOCKon11qeCKOM 

ypoBHe 111. 

Ilp11 paspa6oTKe Teop1111 3Toro HBrreH11JI H.H.Boromo6oBbIM 6bIJill 

llCnOJib30BaHbl )];Ba cpaBHllTeJibHO npOCTbIX C MaTeMaT11qecKOH ToqJ<:11 3peHll.fI 

nplleMa. 3TO ynpomeH11e raMllJibTOHllaHa CllCTeMbl (nepexon K TaK Ha3hIBae

MOMY Mo)];eJibHOMY raMllJibTOHllaHY, B KOTOpOM ocymecTBJieH "cp;Bllr Ha 

KOHCTaHTy" BOJIHOBOH q:>yHKIJ;llll) ll peweHlle 3aµ;aq11 0 Bbiq11crreHllll CTa

TllCTllqecKOH cyMMbI nyTeM cneu:11q:i11qec1<:oro npeo6pasoBaHllJI nepeMeH

HhIX 
11

•2 /. Ilpenrro)KeHHbie MeTO)];bl OKa3aJillCb BeCbMa yno6Hb1Mll )];JIJI q:Jll-

3llqecKoro nOHllMaHll.fI .fIBJieHll.fI CBepxTeJ<:yqeCTll. 

,[(arrhHeiiwee pa3BllTlle CTaTllCTllqecKOH MeXaHllKll noKa3arro Heo6bI

qaifHyIO nrronoTBopHoCTb 11.neii, BhI)];BllHYThIX H.H.Bororr1060BhIM B CBH3ll 

C nocTpoeHlleM MllKpoc1<:on11qec1<:oH Teopllll CBepxTeJ<:yqecTll. qepe3 necJITb 

rreT npeµ;cTaBrreHll.fI O CBepxTeJ<:yqeCTll CllCTeMbl 113 CBJI3aHHbIX nap 3JieKTpo

HOB rrerrrll B OCHOBY MllKpOCKOn11qec1<:oH Teopllll CBepxnpOBO)];llMO

CTll 13, 5 / Ilpll 3TOM TaK)Ke WllpOKO 6bIJill llCnOJib30BaHbl MaTeMaT11qe

CKlle MeTO)];bI, CB.fI3aHHbie C BBe)];eHlleM MonerrbHblX raMllJibTOHllaHOB ll Ka

HOHllqecKllM npeo6pasoBaH11eM B ororr1060Ba. 

3Tll pa6oTbl no CBepxnpoBO)];llMOCTll 13- 5/ JIBllJillCb nepBblMll llCCJie

)];OBaHll.fIMll B o6rracni CTaTllCTHqecKoH MexaHllKll,BhITIOJIHeHHbIMll B OHHH. 

Bbl)];BllHYTbie B 3TllX pa6oTaX ll)];ell ll pa3BllTbie B HllX MeTO)];bl BO MHoroM 

onpenerrllJill nyTll narrbHeiirnero pa3BllTll.fI CTaTllCTllqecKOH MeXaHllKll 

B OHHH 11 01<:asarr11 saMeTHoe BosneiicTBlle Ha npyr11e 06rracT11 q:i11s111<:11. 

TaK, ll)];eJI O cnapllBaHllll CBepxnpOBO)];JIIIJ:ero Tllna B CllCTeMe HYKJIO

HOB 16 / rrerrra B OCHOBy COBpeMeHHOH Teopllll .Hp;pa /? /, a Bap11au:110HHbIH 

npllHIJ;lln XapTpH - <l>oKa - Bororr1060Ba /S, 9 -' CTarr ee Ba)KHbIM MeTO)];OM. 

MonenbHbie saµ;aq11 CBepxnpoBop;Hmero Tllna HaWJill CBoe np11MeHeH11e 

TaK)Ke B KBaHTOBOH Teopllll non.fl /lO/ 

B 1958 r. H.H.Bororr1060B 3a pa6oThI no pa3BllTlllO HOBoro MeTona, 

np11Benwero K 06ocH0BaHlllO TeopHH cBepxTe1<:yqecT0 11 cBepxnpoBon11Mo-

cT11, 6hIJI ynocToeH JleHllHCKOH npeMllll. 181 



CJio:>KHBllleecH B Jla6opaTop1m Teopen111eCKOH qm:3HKH Hay11Hoe 

HarrpaaJieHHe MO)KHO oxapaKTepH3OBaTh KaK pa3BHTHe MeTO,D;OB CTaTHCTH

tieCKOH MeXaHHKH H HX rrpHMeHeHHe B pa3JIHIIHhlX o6naCTHX <pH3HKH. 

HmKe Mhl IIOIIhITaeMCH ,r:i;aTh KpaTKHH o63op OCHOBHhIX ,D;OCTHiKeHHH, 

CBH3aHHhIX c pa3BHTHeM 3Toro HarrpaaneHHH B Ol1JU1. 
B rrpoQecce IIOCTpoeHHH MHKpOCKOIIHlleCKOH TeopHH CBepxrrpoBO,D;H

MOCTH H.H.Boromo6oa rrp0Uien K cpopMyJIHpOBKe cpyH,r:i;aMeHTaJihHOH 

KOHQerrQHH KBa3HCpe,D;HHX /l l, 121, Hrparom;eiI HCKJIIOIIHTeJibHO Ba)KHyIO 

pOJib B TeopHH CHCTeM C 6ecKoHetIHhIM IIHCJIOM cTerreHeH cao6o,D;hl • .Il:eno 

B TOM, IITO BaKyyM B TaKHX CHCTeMaX BblpOiK,D;eH, H ,D;JIH O,D;HO3HallHOro 

orrpe,r:i;eneHHH COCTOHHHH TaKoe BblpOiK,D;eHHe Ha,D;O CHHTb (TO ecTb CIIOH

TaHHO HapyUIHTb CHMMeTpHIO HCXO,D;Horo raMHJibTOHHaHa)' HarrpHMep, rry

TeM BBe,D;eHHH B raMHJibTOHHaH ,D;OIIOJIHHTeJihHOro orrepaTOpHoro BblpaiKe

HHH - "HCTOIIHHKOB", rrporropQHOHaJibHhIX MaJIOMY rrapaMeTpy. KoHQerr

QHH KBa3HCpe,D;HHX He TOJibKO KOHCTPYKTHBHO pa3peUiaeT rrpo6JieMy Heo,r:i;

HO3HallHOCTH BhI6opa rrpocTpaHCTBa COCTOHHHH MaKpOCKOIIHlleCKOH CHCTe

MhI, HO H ycTaHaBJIHBaeT rrpHHQHIIHaJihHYIO CBH3b MeiK,D;y TepMO,D;HHaMH-

11eCKHM IIOHHTHeM <pa3hl, YCJIOBHHMH YCTOHIIHBOCTH paBHOBeCHoro COCTOH

HHH H MHKpOCKOIIHlleCKHM OIIHCaHHeM, CBH3aHHhIM C paccMOTpeHHeM 

B3aHMO,D;eHCTBHH H HX CBOHCTB CHMMeTpHH. 

3HalleHHe KOHQeIIQHH KBa3Hcpe,D;HHX TPYAHO rrepeoQeHHTb. Bo-rrep

BhIX, 3Ta KOHQeIIQHH CJIYiKHT OCHOBOH COBpeMeHHOH TeopHH <pa30BhIX 

rrepexo,r:i;oa • .Il:anee, Heo6xo,r:i;HMOCTh Bhixo,r:i;a 3a rrpe,r:i;enhI o,r:i;Horo rrpocT

paHCTBa COCTOHHHH, 3aJIOiKeHHaH B KOHQeIIQHH KBa3HCpe,D;HHX, rrpHBeJia 

K paCUIHpeHHIO Tpa,D;HQHOHHoro cpopMaJIH3Ma rrpocTpaHCTBa <l>oKa H CTHMY

JIHpoBaJia pa3BHTHe anre6paH11ecKoro rro,r:i;xo,r:i;a B rrpo6neMe cnoHTaHHhIX Ha

pyUieHHH B CTaTHCTHtieCKOH MexaHHKe H KBaHTOBOH TeopHH IIOJIH 113, 14,,: 

0 BJIHHHHH pa6oT no CIIOHTaHHhlM HapyllleHHHM CHMMeTpHH, CBH3aH

HhIX C H,D;eeiI O KBa3Hycpe,r:i;HeHHH, Ha KBaHTOBYIO TeOpHIO IIOJIH CBH,D;eTeJibCT

ByeT, a 11acTHOCTH, B caoeiI Ho6eneacKOH neKQHH C.BairH6epr 1151: "KaK-To 

B 1960 r. HJIH B Ha11ane 1961 r. H IIO3HaKOMHJICH C H,D;eeiI, KOTopaH BHatiane 

IIOHBHJiaCb B TeopHH TBep,r:i;oro Tena, a 3aTeM 6hma rrpHBHeceHa B <pH3HKY 

tiaCTHQ TeMH, KTO pa6oTaJI B o6eHx o6JiaCTHX <pH3HKH. 3To 6hIJia H,D;eH 

O "HapyUieHHH CHMMeTpHH", 3aKJIIOtiaBUiaHCH B TOM, IITO raMHJihTOHHaH 

H KOMMyTaQHOHHbie COOTHOUieHHH KBaHTOBOH TeopHH MoryT o6na,r:i;aTb 

TOIIHOH CHMMeTpHeH H TeM He MeHee <pH3HtieCKHe COCTOHHHH MoryT He OT

BetiaTb rrpe,D;CTaBJieHHHM 3TOH CHMMeTpHH. B tiaCTHOCTH, MOiKeT OKa3aTbCH, 

IITO CHMMeTpHH raMHJibTOHHaHa He HBJIHeTCH CHMMeTpHeH BaKyyMa". 

.lJ:aJibHeHUiee rrocne,r:i;oBaTeJibHOe pa3BHTHe 3THX H,D;eH B KBaHTOBOH 

TeopHH IIOJIH H <pH3HKe 3JieMeHTapHbIX tJaCTHQ rrpHBeJIO K IIOCTpOeHHIO Teo

PHH 3JieKTpoMarHHTHhlX H cna6bIX B3aHMO,D;eHCTBHH 1151• 

B CBH3H c cpopMyJIHpoaKoiI MeTo,D;a KBa3Hcpe,r:i;HHX H.H.Boronro6o

BhIM 6hma TaKiKe ,lJ;OKa3aHa <pyH,r:i;aMeHTaJibHaH TeopeMa 1121 ' corJiaCHO 

KOTOpOH B CHCTeMe rrpH CIIOHTaHHOM HapyUieHHH HerrpephIBHOH CHMMeTpHH 

182 BO3HHKaIOT 3JieMeHTapHbie B036yiK,D;eHHH C 3HeprHeH, CTpeMHI.QeHCH K HYJIIO 



B ,n;mmH0B0JIH0B0M npe,n;ene (TeopeMa "06 oco6eHHOCTHX 1 / q 2") • )J;pyni:
MH CJI0BaMH, HMeeT MeCT0 n0HBJieHHe 6e3MaCCOBh!,X B036y:m:,n;eHHH - I<BaH
T0B THna cpoToHa HJIH cpoHoHa, o6MeH 1<0TophIMH npHB0AHT I< B3aHMo.n;eifcT
BHIO 6ec1<0HeqHoro pa,n;Hyca. 3TOT pe3yJihTaT 6bIJI, B qacTH0CTH, HCn0Jib30-
BaH npH HCCJie,n;oaaHHH aeCbMa CJI0'.lK'.Horo Bonpoca 06 0TCYTCTBHH ".n;aJibHero 
nopH.n;I<a" B CTaTHCTHqecI<HX CHCTeMax 0,IJ;Horo H ,n;ayx H3MepeHHH 1161• 

HeCI<OJibI<O n03:>Ke aHaJI0r TeopeMhl "06 oco6eHHOCTHX 1 / q 2 " 6bIJI 
ycTaHoaneH H a I<BaHTOBOH TeopHH noJIH a pa6oTax )J;:>K.ron,n;cToyHa, A.Ca
naMa, C.Bai1:H6epra, Il.XHrrca. 

Ba'.lK'.HhIM :nanoM B pa3BHTHH CTaTHCTHqecI<oH MeXaHHI<H HBHJI0Cb 
aae,n;eHHe B 1959 r. H.H.Boron1060BhIM H C.B.TH6JIHI<OBhIM cpopMaJIH3Ma 
,n;ayxapeMeHHblX TeMnepaTypHblX cpyHI<QHH rpHHa /l? /. B coe.n;HHeHHH 
C TeXHHI<OH cneI<TpaJibHblX pa3JIO:>KeHHH 3T0T MeT0,IJ; 0I<a3aJICH YHHBepcanb
HbIM cpe,D;CTB0M H3yqeHHH CHCTeM MH0rHX B3aHMO,IJ;eHCTBYIOI.QHX qacTHQ 
H nonyqHJI urnpo1<oe pacnpocTpaHeHHe a q>H3HI<e 1<0H.n;eHcHp0BaHHhIX cpe,n;. 

B qacTH0CTH, Ha ocHoae 3Toro MeTo,n;a C.B.TH6JIHI<OBhIM Hero yqeHH
I<aMH (T.IIIHI<JioIIIeM, r.KoHaeHTOM, H.M.Ilna1<H,IJ;ott) 6bIJI nonyqeH pH,n; 
npHHQHnHaJibHbIX pe3yJibTaT0B B I<BaHTOBOH TeopHH MarHeTH3Mal181. Ta1<, 
a pa6oTax C.B.TH6JIH1<oaa H r.KoHaeHTa 1191 6hma npe.n;no:>KeHa H0BaH 
TeopHH cnHH-q>OHOHHoro B3aHMO,IJ;eHCTBHH B rei1:3eH6eproBCI<OM cpeppoMar
HeTHI<e. 3Ta TeopHH B ,Il;aJibHeHIIIeM nonyqHJia .n;eTaJibH0e pa3BHTHe B pa6oTax 
r.KOHBeHTa, H.M.IlnaI<H,IJ;bl H ,n;pyrHX 1201 • 

C.B.TH6JIHI<OB 3a pa6oTbI no pa3BHTHIO MeTo,n;oa I<BaHTOBOH TeopHH 
MarHeTH3Ma y,n;ocToeH B 1970 r. rocy,n;apcTBeHHOH npeMHH CCCP. 

B pa6oTax H.M.IlnaI<H,IJ;hI H T.IIIHI<JioIIIa 1211 6hm npe.n;no:m:eH MeTo.n; 
caMocornacoaaHHoro pacnermeHHH nenoq1<H ypaaHeHHH ,n;JIH cpyHI<QHH 
rpHHa, Ha 0CH0Be I<0Toporo YAaJI0Cb nocTp0HTb TeopHIO CHJibH0aHrapM0HH
qecI<HX I<pHCTaJIJI0B. Pa3pa6oTI<a 3TOH TeopHH npHBeJia I< pa3BHTHIO MeTo,n;a 
CaM0C0rJiaC0BaHHblX q>OHOHOB B q>H3HI<e TBep,n;oro Tena (H.M.IlJiaI<H,IJ;a, 
T.IIIHI<JIOIII, r.KoHaeHT, B.Jl.A1<ceHoa, C.CTaMeH1<oaHq), no3B0JIHBIIIero 
HCCJie,n;oBaTb npo6JieMy ycToifqHBOCTH I<pHCTaJIJI0B H CTpyI<TypHbie cpa30-
Bbie nepexo,n;hI. 3ToT MeTo.n; nonyqHJI IIIHpo1<oe npHMeHeHHe a 3a,n;aqax 
0 MarHHTH0M H cerHeT03JieI<TpI:1qec1<0M ynopH,D;oqeHHH H nocny:>KHJI 0CH0-
BOH ,IJ;JIH noCTaH0BI<H H TeopeTHqec1<oro aHaJIH3a 3I<CnepHMeHT0B no pacceH
HHIO Hei1:TpoHoa, ocyI.QeCTBJieHHhIX Ha ycTaH0BI<ax JIH<l> 0HHH 1221. Ilo,n;
qep1<HeM, qTo 3T0 Ba:JK'.H0e HanpaaJieHHe HCCJie,n;oaaHHH ycneIIIH0 pa3BHBaeT
CH a JIT<l> 0HHH Ha npoTH:>KeHHH y:m:e noqTH ,n;ayx ,n;ecHTHJieTHH. 

KoHQenQHH I<Ba3HCpe.n;HHx Boron106oaa nonyqHna 3cpcpe1<THBHoe 
npHMeHeHHe B HepaBHOBeCHOH CTaTHCTI:1qec1<0H MexaHHI<e B CBH3H C pa3pa-
6oTI<OH MeTo.n;a HepaaHoaecHoro cTaTHCTHqec1<oro onepaTopa a pa6oTax 

)J;.H.3y6apeaa H ero yqeHHI<0B (K.BanHce1<a, A.Jl.Ky3eMc1<oro H ,n;p.) 123/ • 
IlpHJIO:>KeHHH :noro MeT0,IJ;a CBH3aHbl C TeopHeH H.n;epHoro MarHHTHoro pe3o
HaHCa B I<pHCTaJIJiax, TeOpHeH cnHH -peIIIeToqHoH penaI<CaQHH 3JieI<TP0H0B 
npoB0,IJ;HM0CTH H npHMeCHbIX QeHTpoa, a TaI<:>Ke c PHA0M ,n;pyrHX npo6JieM 
q>H3HI<H HepaBH0BeCHoro C0CT0HHHH. 183 



Eme o,IUio Hanpaanem1e, HHTeHCHBHo pa3BHBaeMoe B JIT<I> O:HJII1, 
CBSI3aHO C MeTO,ll;OM annpOKCHMHpyiolI(HX raMHJlbTOHHaHOB, pa3BHTbIM 

B pa6oTax H.H.Boromo6oaa (MJJ.), ero yqeHHKOB H COTPYAHHKOB (A.C.llly

MOBCKoro, 0:.Bpamcoaa, H.ToHqeaa, B.H.nneqKo, B.A.3arpe6HoBa 

H ,n;p.) 
1247• ~e.fl 06 annpoKCHMHpyromeM raMHJlbTOHHaHe, BOCXO,JJ,.fllI(aSI 

K pa6oTaM H.H.BoroJ11060Ba no TeopHH caepxTeKyqecTH 11,21, no3BOJ1HJ1a 

noJiyqH:Tl, ToqHoe peweHHe MO,ll;0JibHOH 3~tm TeopHH CBepxnpOBO)];HMO

CTH 1251 npH HyneBOH TeMnepaType. PacCMOTpeHHe CJIYllaSI npoH3BOJibHbIX 

TeMnepaTyp npHBeJIO H.H.Boronro6oBa (MJI,) K q>OpMyJIHpOBRe TeopeMbI 

06 acHMilTOTHlleCROH 6JIH30CTH cso6o)];HbIX 3Hepr:utt, BbillHCJieHHblX Ha oc

HOBe MO,ll;8JlbHOrO H "ynpomeHHoro" annpOKCHMHpyromero raMHJibTOHHa

HOB 1241, 3Ta TeopeMa, Jie:>KalI(aSI B OCHOBe M8TO)];a H B 3HallHT8JlbHOH Mepe 

onpe,n;emmwaSI ,IXMbH8HWee pa3BHTHe KOHCTPfl<THBHbIX HCCJienoBaHHH 

KBaHTOBO-CTaTHCTHll8CKHX CHCTeM, YTBep~aeT B03MO:>KHOCTb annpoKCHMa

IJ;HH )];JIJI WHpOKoro KJiacca CHCTeM C "oTpHu;aTeJlbHbIM" B3aHM0)];8HCTBHeM. 

B AMbHetiweM B paMKax MeTona annpOKCHMHPYIOll.UiX raMHJibTOHHaHOB 

6bIJI o6ocHOBaH sapl-iaUHOHHbIH npHHI.lHil MHHHMaKca H.H.Boronro6o

Ba (MJI.), Il03BOJIR:IOW:HH noJiytmTb aneKBaTHbie q>H3Hll0CKH0 pesym,TaTbI 

)];JISI CHCT8M co B3aHMoneHCTBH0M qacTHIJ; pa3HOro 3HaKa, B qacTHOCTH,B sa

naqax Teop1m aHTHq>eppoMarHeTHKOB H aHTHCerH0T03Jl0KTpmcoB. 0Ka3a

Jl0Cb, llTO 3TOT npHHIJ;Hn Il03BOJI.fl8T noJiyllHTb KoppeKTHbie q>H3~8CKH8 pe-

3YJibTaTbl H B Tex CJIYtJaSIX, Korna CTaH)];apTHbIH IlOAXO,n;, CBR3aHHbIH C MHHH

MH3aUH8H CB06o,n;HOH 3HeprHH, npHBO,ll;HT I( Hapywemuo npHHUHilOB TepMO
,IXHHaMHKH /27 /, 

MeTon annpOKCHMHPYIOII(HX raMHJlbTOHHaHOB H.H.Boromo6osa (MJI.) 
)];aeT B03MO:>KHOCTh aCHMilTOTHqecKH TO'l'.HO BblqHCJIR:Tb MaKpOCKOnHll0CKHe 

xapaKTepHCTHKH KBaHTOBO-CTaTHCTHll8CKHX cnc·reM - TepMO,ll;HHaM~eCKHe 

noTeHUHMbI, speMeHHbie KoppeJIRUHOHHbie q>yHKI.lHH H q>yHKUHH rpHHa. 

Ha ero OCHOBe y,n;anoc1, HCCJie,n;osaTb CBOHCTBa psma q>H3HqecKH sa:>KHbIX 

MO,D;8JibHbIX CHCT8M B paMKax CTpororo MaTeMaTnqecKoro paCCMOTpe

HHSI 128•801 • B qacTHOCTH, npH 3TOM 6bIJI pa3BHT HOBbIH MeTO,ll; onpe,n;ene

mm KBa3HCpe,n;miX, CBS13aHHbIH C .FlBHbIM BB8,ll;8HH0M YHHTapHO•H83KBHBa

Jl0HTHbIX npei];CTaBJI8HHH KaHOHH'l'.8CKHX nepecTaHOBOllHbIX COOTHowe
HHH /24-8 2/, 

ITpHHI.llinHMLHbIH war B pa3BHTHH M0TO,IJ;a annpoKCHMHpylOII(HX 

raMHJlbTOHHaHOB 61,m cnenaH B pa6oTe 1291, B KOTopoti BnepBble y,n;MOCb 

HCCJie,n;oBaTb CHCT8Mbl co B3aHMO,Il;8HCTBH8M, nocTpoeHHblM Ha HeorpaHH

qeHHblX onepaTopax. 8TO npHBeJio, B qaCTHOCTH, K TOllHOMY peweHHIO 

Ba:>KHOH q>H3HqecKOH npo6neMbI paBHOB8CHbIX xapaKTepHCTHK CBepx

H3JiytlaT8JlhHbIX CHCTeM. B ,ll;MbH0HW0M 3TOT no,n;xo,u; 6bIJI pacnpocTpaHeH 
Ha WHpOKHH KJiacc sa,u;aq, onHCbIBalOll.UiX B3aHMO,ll;0HCTBH8 "MaTepHH" 
C 6030HHbIMH IlOJIRMH 180,81/, 

nocne.i:xyrow;ee pa3BHTH8 M0TO,IJ;a CB.Fl3aHO co CTpeMJieHHeM ycTaHO

BHTh H MaKCHMMhHO pacwHpHTh Te KJiaCCbI MO,Il;8JibHblX CHCTeM CTaTHCTH

'l'.0CKOH M8XaHHKH, KOTOphl8 ,u;onycKaroT aCHMilTOTHll8CKH TOllHOe peweHHe 

184 B T8pMO,ll;HHaMHll8CKOM npe,D;eJie /88, 84/, 



I.J)um pa6oT H.H.Boromo6oaa (MJI.) H B.H.Ca,n;oBHHKOBa, BKmot1aro

UJ;HH MeT0A annpoKCHMHpyrom;HX raMHJibT0HHaH0B, Y.U0CTOeH B 1983 r. 

rocy,n;apcTBeHHoH npeMHH CCCP. 

<l>yH,n;aMeHTaJibHbIH BKJia,n; B o6oCHOBaHHe H pa3BHTHe HepaBHOBec

HOH cTaTHCTHtiecKoii MexaHHKH BHeCJIH pa6oTbI H.H.Boronro6oaa, nocaH

m;eHHbie HCCJie,ll;OBaHHIO CTOXaCTHtieCKHX npou;eccoB B ,n;HHaMHtieCKHX CHCTe

Max, B3aHMo,n;eHCTBYIOUJ;HX C TepMOCTaTOM 1351• Em;e B 30-e ro,ll;bl npo6ne

Ma onHCaHHH CTOXaCTHtieCKHX npou;eccoB B .n;HHaMHtieCKHX CHCTeMax npH

BJieKJia BHHMaHHe H.H.Boronro6oaa H H.M.Kphmoaa 1361 , pa3pa6oTaBIIIHX 

MeTo,n;, no3BOJIHIOUJ;HH y:>Ke B nepBOM npH6JIH:>KeHHH noJiytiaTb ypaBHeHHe 

<l>oKKepa - TinaHKa. B ,n;aJibHeHIIIeM ycHJIHH 6bmH HanpaaneHbI Ha MaTeMa

THtieCKH CTporoe o60CHOBaHHe 3TOrO MeTo,n;a, ero paCIIIHpeHHe Ha CJiyqaif 

KBaHTOBblX CHCTeM H ycTaHOBJieHHe CBH3H C MeTO,ll;OM cpyHKD;HH rpHHa. 

TIOMHMO o6oCHOBaHHH CTaTHCTHtieCKOH MeXaHHKH 3TOT MeTo,n; HMeeT 

H 60JibIIIOe npHKJia,n;Hoe 3HatieHHe, HanpHMep, B 3a,n;at1ax q>H3HKH rma3Mbl. 

3a pa6oTbl no TeOpHH CTOXaCTHtieCKHX npou;eccoB B ,n;HHaMHtieCKHX 

CHCTeMax H.H.Boronro6oay B 1983 r. Tipe3H.n;HYMOM AH CCCP npHCy:>K,Il;eHa 

3oJIOTaH Me,n;aJib HM.M.A.JlaapeHTbeBa. 

B 1979 r. B CBH3H c HCCJie,n;oaaHHeM AHHaMHKH nonHpoHa H.H.Boro

nro6oa H H.H.BoroJII06oB (MJI.) 137 •381 Cq>OPMYJIHpOBaJIH HOBblH MeTO,n; 

nocTpoeHHH KHHeTHtieCKHX ypaBHeHHH ,ll;JIH CHCTeM, B3aHMo,n;eHCTBHe B KO

TOpbIX CBH3aHO C npou;eccaMH O,ll;H06030HHoro o6MeHa. B OCHOBe MeTo,n;a 

Jie:>KHT cnen;HaJibHblH npHeM, no3BOJIHIOUJ;HH onpe,n;eJIHTb cpe,n;HHe OT 6030H

HblX nepeMeHHbIX no cpyHKD;HH pacnpe,n;eJieHHH ,ll;JIH HatiaJibHOro COCTOHHHH. 

B pe3yJibTaTe H3 ypaBHeHHH ,ll;BH:>KeHHH ,ll;JIH cpe,n;HHX y,n;aeTCH noJIHOCTbIO 

HCKJIIOtIHTb 6o30HHbie nepeMeHHbie H noJiytIHTb u;enotIKY HHTerpo,n;Hcpcpe

peHD;HaJibHblX ypaBHeHHH ,Il;JIH cpe,n;HHX OT onepaTopoB, onHCbIBaIOUJ;HX Ma

TepHaJibHYIO no,n;CHCTeMy. 

OTMeTHM, tITO yKa3aHHblli MeTOA, pa3BHTbIH nepBOHatiaJibHO ,Il;JIH 

KOHKpeTHOH 3a,n;atIH q>H3HKH TBep,n;oro Tena, HMeeT 60JibIIIYIO o6UJ;HOCTb 

H OKa3hIBaeTCH npHrO,ll;HbIM ,ll;JIH H3ytieHHH ,ll;HHaMHtieCKHX CBOHCTB IIIHpo

Koro Kpyra CHCTeM, B3aHMO,ll;eHCTBHe B KOTOpbIX JIHHeHHO no 6o30HHbIM 

nepeMeHHbIM. B tiaCTHOCT_H, Ha OCHOBe 3Toro no,n;xo,n;a BnepBbie y,n;aJIOCb 

noJiytIHTb TOtIHYIO HepapXHIO KHHeTHtieCKHX ypaBHeHHH ,Il;JIH npo6JieMbl 

caepXH3JiytiaTeJibHOH reHepan;HH KorepeHTHblX 3JieKTpOMarHHTHbIX noJieH 

(H.H.Boronro6oa (MJI.), <l>aM Jle KHeH, A.C.IllyMOBCKHH) 139, 401 • 8Ta 
HepapxHH n03BOJIHJia HCCJie,D;oBaTb BpeMeHHbie 3aBHCHMOCTH napaMeTpOB 

caepXH3JiytiaTeJibHbIX Jia3epoB Ha OCHOBe ABYX· H TpexypoBHeBhlX CHCTeM. 

KpoMe Toro, YAaJIOCb CTporo onHCaTb npou;eCCbl reHepan;HH KorepeHTHoro 

H3JiytieHHH B noJIHpHbIX ,Il;H3JieKTpHKax 1411 Ha OCHOBe npHHD;HI1HaJibHO HO· 

Boro q>H3HtiecKoro MexaHH3Ma HepaBHOBeCHOH caMOKOppeJIHD;HH ,Il;HnOJieH, 

npe,n;no:>KeHHoro paHee B pa6oTax Tex :>Ke aBTopoa. 

H3ytieHHe q>H3HtieCKH Ba:>KHbIX npou;eccoB ,n;ayxcpoToHHoro H3JiytieHHH 

H HaKatIKH noTpe6oBaJIO cym;eCTBeHHOH MO,Il;Hq>HKan;HH MeTo,n;a H npHBeJIO 

K pa3pa6oTKe TaK Ha3bIBaeMoro MeTo,n;a tiaCTHtIHoro HCKJIIOtieHHH 6o30H- 185 



HhlX nepeMeHHhIX 1421• IloMHMO yi<:a3aHHhIX npou;eccoa 3TOT MeTo.n; no3BO

JIJieT TaJ<:)Ke onHChIBaTb HBJieHHH 1<:0M6HHaI.J;HOHHOro pacceHHHH, H3JiyqeHHH 

BTOpOH rapMOHHKH H pacceHHHe MaH,D;eJiblllTaMa - BpHJIJII03Ha, qTo 

oco6eHHO Ba)KHO )];JI.fl pacqeTa xapa1<:TepHCTH1<: Jia3epOB C 1<:pHCTaJIJIHqec1<:HM 

pa6oqHM TeJIOM. 

Ba)KHhle pe3yJibTaTbl 6bIJIH norryqeHhl Tai<:)Ke B CBH3H C pa3JIHqHbIMH 

npHJIO)KeHHHMH CTaTHCTHqeci<:oH MeXaHHI<:H. 

B 1974 r. no HHHu;HaTHBe B.A.3arpe6Hoaa H B.B.IlpHe3)Keaa, npe,n;rro

)KHBlllHX MaTeMaTHqeci<:yIO MO,D;eJib ,D;JIH ou;eHI<:H cppai<:u;HH 603e-1<:oH.n;eHCaTa 

a He II Hee TeMnepaTypHoH 3aBHCHMOCTH HH)Ke 1<:pHTHqeci<:011 Toqi<:H, B JIH<l> 

Ol1JU1 6hIJIO ocyII.J;eCTBJieHO 31<:CnepHMeHTaJibHOe HCCJie,D;OBaHHe, no.n;Taep

,D;HBlllee npaBHJibHOCTb TeopeTHqec1rnx ou;eHOK 1431. 3THMH )Ke aBTOpaMH 

6hIJI o6ocHoBaH H ,n;pyroif Ba)KHhIH 31<:cnepHMeHT no· onpe,n;erreHHIO aepxHeH 

rpaHHI.J;hl cppai<:u;HH 6o3e-1<:0H,D;eHCaTa C noMOII.J;blO pacceHHHH HeHTpOHOB Ha 

cMecH 3 He- 4He /44/. 

HanpaarreHHe, CBH3aHHOe C HCCJie.n;oBaHHeM 3Jie1<:TpOHHOH CTpyi<:Typhl 

TBep,n;hIX Terr, Ha npoTH)KeHHH pH,n;a rreT pa3BHBaeTcH B JIT<l> Ol1Hl1. 3ToH 

o6rracTH nocBHII.J;eHhI pa6oThI TI.UHllle H ero coTpy,n;HHKOB (B.EHa, IO.Illpaif-

6epa H ,n;p.) 1451• CoTpy.n;HHl<:OM JIT<l> Ill.-JI.,Upe1<:crrepoM pa3pa6aThlBaIOTCH 

BOnpoChl BJIHHHHH <pOHOHHhIX aHOMaJIHH Ha noae.n;eHHe 3Jiei<:TpOHOB B caepx

npOBO,D;HH1<:ax, B qacTHOCTH, eMy y,n;arrocb Hccrre,n;oaaTb aHOMaJibHhIH H3OTO

nHqeci<:HH 3<pcpei<:T B coe,n;HHeHHHX THna Pd x (Dx). 
Ilo,n;xo,n; 1<: caMocorrracoBaHHOMY onHCaHHIO 1<:oppeJIHI.J;HOHHhIX 3cpcpei<:

TOB B HeH,n;eaJibHhIX cpepMH-CHCTeMaX C CHJibHhlM B3aHMO,D;eHCTBHeM pa3BH

BaJICH B pa6oTax A.JI.Ky3eMci<:oro, 3.IleTpy H .n;p. 
146•471• 3ToT no,n;xo,n; 

nO3BOJIHeT HCCJie,D;oBaTb Ba)KHYIO npo6rreMy cocyII.J;eCTBOBaHHH MarHeTH3Ma 

H CBepxnpoBO,D;HMOCTH, nocTpOHTb TeopHIO caepxnpOBO,Il;HMOCTH B pa3yno

pH.n;oqeHHhIX cnrraaax, a TaJ<:)Ke npoaeCTH 1<:0JIHqecTBeHHhIH aHaJIH3 31<:CnepH

MeHTOB no ,D;H<ppai<:u;HH HeHTpOHOB B nepexo,n;HhlX MeTarrrrax. 

Tpa,n;HI.J;HOHHhIMH a JIT<l> HBJIHIOTCH HCcrre.n;oBaHHH a o6rraCTH o6ocHo

BaHHH CTaTHCTHqeci<:oH MeXaHHKH H CTporHX pe3yJihTaTOB B npo6rreMe cpa-

3OBhlX nepexo,n;oB. 

B.B.IlpHe3)KeBhIM npe,n;rro)KeH HOBhIH no,n;xo,n; 1<: Hccrre.n;oBaHHIO 

npo6rreMbl ,D;HMepoB, n03BOJIHBlllHH norryqHTb ToqHoe Bblpa)KeHHe ,D;JIH CTa

THCTHqeci<:oH cyMMhl MO,D;eJIH ,D;HMepoB Ha TpexMepHOH pellleTi<:e THna arr

Ma3a 1431 H onpe.n;eJIHTb 1<:pHTHqec1<:y10 Toqi<:y B ,D;ByMepHOH MO,D;eJIH 3aMi<:Hy

ThlX nOJIHMepoB C HCJ<:JIIOqeHHhIM o6'beMOM 1491• 

UHKJI pa6oT no HCCJie.n;oaaHHIO CHCTeM c CHHryrrHpHblM noTeHI.J;HaJIOM 

B3aHMO,D;eHCTBHH B 1<:JiaCcHqec1<:0H H 1<:BaHTOBOH CTaTHCTHqeci<:OH MeXaHHJ<:e 

6hIJI BhIIIOJIHeH B.A.3arpe6HOBhIM 15ol. KpoMe Toro, HM 6hma Hccrre,n;oaaHa 

npo6rreMa nocTpoeHHH npe.n;eJibHhIX rH66cOBC1<:HX COCTOHHHH HenpephIBHhIX 

CHCTeM H CTpyi<:TyphI cnei<:Tpa 1<:oppeJIHI.J;HOHHhlX onepaTopoB THna KHpK

ay,n;a - 3arrhu;6ypra /51-521. 

CHCTeMbl C HenpepbIBHOH CHMMeTpHeH H qHCThIMH cpa3aMH, pa3,n;e-

186 rreHHhIMH ,D;OMeHHOH CTeHOH 1<:0HeqHoH TOJIII.J;HHhI, paccMaTpHBaJIHCb B pa6o-



Tax H • .AHrerrecKy 153 ,'; B K0T0phIX Ha rrpHMepe H30TOITHOH D-aeKTopHoH 

M0,D;eJIH y,n;aJI0Cb A0Ka3aTh HeB03M0)KH0CTb cyru;eCTB0BaHmI rro,n;o6HblX 

COCTOHHHH. 

B pa6oTax B.H.IIrreqKo rrorryqeHhI H0Bhie cooTH0IIIeHHH AJIH HHAeK

coa rrorapmpMHqecKHX rrorrpaB0K K CTerreHHhIM KpHTifqeCKHM aCHMITT0TH

KaM 15 4/ H rrpe,D;JI0)KeH HOBblH 110,D;X0A B AByMepHOH M0,D;eJIH l13HHra, 0CH0-

BaHHbIH Ha 3epKaJibHOH rpaccMaHOBOH cpaKTOpH3aIIHH MaTpHIIhl 11JI0TH0-

CTH /S 5 ~ 

TeopHH a.n;Ha6aTHqecKHX HHBapHaHT0B, pa3BHBaBIIIaHCH B pa6oTaX 

r .HeHqy, 1103B0JIHJia H3yqHTb AHHaMHKY :meKTp0H0B Erroxa B 110CT0HHH0M 

3JieKTpHqecK0M rrorre H CTporo A0Ka3aTb ( C0BMeCTH0 C A.HeHqy) cyru;ecT

B0BaHHe rrecTHHqHoH CTPYKTyphI crreKTpa 1561• 
B CBH3H C 6ypHbIM pa3BHTHeM HeJIHHeHHOH TeMaTHKH B q>H3HKe K0H

.n;eHCHpoBaHHbIX cpe,n; B JIT<D ae,n;yTCH 11erreHarrpaarreHHbie HCCJie,n;oaaHHH 

B 3TOH o6rracTH. 

B pa6ornx B.K. <Pe.n;HHHHa H ,n;p. ( CM. o63op 1571) BhmorrHeH IIHKJI 

HCCJie,D;OBaHHH, 110CBHll.l;eHHhIH H3yqeHHIO HeJIHHeHHbIX B036y)K)];eHHH B cpep

poMarHeTHKax, 0ITTifqecKHX cpe.n;ax, 6HOI10JIHMepax H T • .n;. H rrpoaHaJIH3H

p0BaHbl B03M0)KH0CTH H3yqeHHH TaKHX B036y)K)];eHHH Ha 6a30BbIX ycTaH0B

Kax O11Hl1. 

B pa6oTax 11.roqeaa IT0CTpoeHa KBaHT0BaH TeopHH HeJIHHeHHhlX 

B036y)K)];eHHH B CITHHOBOH 11e11oqKe. Haii.n;eHbl JI0KaJIH30BaHHhie C0CT0HHHH 

H0Boro THrra - HeCTaIIH0HapHhie JI0KaJIH30BaHHbie C0CT0HHHH, HBJIHIOru;HeCH 

KorepeHTHblMH AJIH yKa3aHHOH CHCTeMbl. 11x M0)KH0 rrpe,n;cTaBHTb TaK)Ke 

KaK HepaCI1JihIBaroru;HecH rraKeTbl CITHH0BhIX K0MI1JleKC0B. Ycpe.n;HeHHe orre

paTopHbIX ypaaHeHHH ABH)KeHHH rrpH 110M0ll.l;H HaH,D;eHHbIX COCTOHHHH rrpH

B0AHT K ypaBHeHHHM KJiacc11qecKOH TeopHH MarHeTH3Ma 15 8 , 59/. 

B n;HKJie pa6oT B.Jl.AKceHoaa pa3BHTa TeopHH cTpyKTypHhIX cpa3o

BhIX rrepexo.n;oB B HeyrropH,n;oqeHHhIX CHCTeMax. B qaCTH0CTH, H3yqeHo AHHa

MifqecKoe rroae.n;eHHe H ITHHHHHr C0JIHT0H0B B M0,D;eJIH c ,n;ecpeKTaMH 160 I . 
CoaMeCTHO C M.Eo6eTOM rrpe,n;JI0)KeHa H H3yqeHa Mo,n;eJih CTpyKTypHoro 

CTeKJia B CTpyKTypHO-HeycToHqHBhlX KpHCTaJIJiax 1611 

B.Jl.AKceHOBhIM coaMeCTH0 c coTpy,n;HHKaMH JIH<P 6hm BhmorrHeH 

IIHKJI pa6oT 110 HCCJie.n;oBaHHIO 3JieKTp0HHbIX H q>OHOHHhIX crreKTp0B HHTep

MeTaJIJIHqecKHX H pe,n;K03eMeJihHbIX coe,n;HHeHHH. Ebma TeopeTHqeCKH 

rrpe.n;cKa3aHa H 3aTeM 3KcrrepHMeHTaJibH0 110,D;TBep)K)];eHa rH6pH,D;H3aIIHH cpo

H0H0B H KBa.n;pyrroJihHbIX 3KCHT0H0B B PrNi5, a TaK)Ke ,n;aH0 TeopeTHqecKoe 

061,HCHeHHe TeMrrepaTypHOH 3aBHCHM0CTH IIIHpHH JIHHHH MarHHTHblX 3KCH

T0H0B B Pr Al 2 • 

OcHOBHhie pa60Tbl H. ToHqeaa CBH3aHbl C HCCJie,n;oaaHHeM 3KCHT0HH0-

ro cpa3oaoro rrepexo,n;a B cpe,n;ax c MarHHTHhIMH H caepxrrpoao,n;Hru;HMH 

caoucTBaMH. CoaMeCTHO c H.AHrerrecKy H r.HeHqy HM H3yqeH cpa3oBhIH 

rrepexo.n; B 3KCHT0HHoe C0CT0HHHe rrpH HaJIHqHif "3JieKTpOHHoro pe3ep

ayapa" rrpOH3B0JlbHOH M0ll.l;H0CTH /'62/. BrrepBbie. TeopeTHqeCKH o6oCHOBa-

Ha B03M0)KH0CTh "y3Koro" cpa3oaoro rrepexo.n;a rrepaoro po,n;a B Mo,n;errHx, 187 
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HCl10Jib3yeMbIX B TeopHH Cr Hero Cl1JiaBOB.11ccne.n;oBaJIIDI B3aHMo.n;eHCTBHH 

Me:lK,n;y 3KCHTOHHbIM H CBepx11pOBO)];HI.U;HM cpa30BbIMH 11epexo,n;aMH B Me

TaJIJiax C KOHrpy3HTHbIMH yqacTKaMH 110BepxHOCTH <l>epMH, BblllOJIHeHHbie 

COBMeCTHO C fl.BpaJIKOBbIM, 1103BOJIHJIH H3yqHTb KOHKypeHLi;mo TaKHX 11e

pexo,n;oB B 3aBHCHMOCTH OT 11apaMeTpOB KOHKpeTHOH CHCTeMbl 1631. 
H.M.IlJiaKH.n;oii: H H. ToHqeBhIM c 110MOI.U;hIO MeTo,n;a a1111poKCHMHpyro

I.U;HX raMHJihTOHHaHoB H.H.Boronro6oBa (MJI.) ttccne,n;oBaJia D-MepHaH 

MO,D;eJib CTPYKTypHoro 11epexo,n;a cpeppO,D;HCTOpCHOHHoro THrra. MaTeMan:1-

qeCKH CTporo H3yqeHa TepMO)];HHaMHKa B TaKOH MO)];eJIH 1641• 

Ba:lKHbie Hccne,n;oBaHIDI oco6eHHOCTeii: CTPYKTypHoro 11epexo,n;a 

B cy11epHOHHbIX 11pOBO,D;HHKax, 11pHBe.n;urne K 110CTaJIOBKe B 1984 r. 3KC11e

pHMeHTOB Ha peaKTope HBP-2, BhlllOJIHeHhI H.M.IlJiaKH,n;OH 1651• 

PH,n; HCCJie.n;oBaHHH 110 TeopHH KaHaJIHpOBaJIHR 3apH:lKeHHbIX qacnm; 

B MOHOKpHCTaJIJiax, CBH3aJIHbIX C 3KC11epHMeHTaMH, BblllOJIHHBllIHMHCH 

B J1B8, 6bIJI 11poBe,n;eH r.A.n;aMOM, C.A,n;aM, r.M.raBpHJieHKO, ,U.MHXaJiaKe, 

B.K.<l>e.n;HHHHbIM H ,n;p. 166•671• B qacTHOCTH, HMH H3yqeHbl HeKOTOpbie 

oco6eHHOCTH I-13JiyqeHHH, B03HHKaIOI.U;ero 11PH KaHanHpoBaHHH 1103HTpOHOB. 

,U.Bap,n;oUieM H r .M.raBpHJieHKO pa3pa6aThIBaeTCH TeopIDI HBJieHHH 

TOpMO:lKeHHH 3JieKTpOHOB B MeTanJiax )];JIH ,n;Ha11a30Ha 3Hepni:ii: 

0,1-30 M3B/HyKJI. B CBH3H C 3KC11epHMeHTaMH 110 HCCJie,D;OBaJIHIO H3MeHeHHH 

MeXaJIHqecKHX CBOHCTB MeTaJIJIOB 11pH o6nyqeHHH HOHaMH, BblllOJIHHeMbIMH 
B J1HP 1681. 

IlpHMeHeHHe MeTo.n;a KOHTHHYaJibHOro HHTerpttpoBaHIDI )];JIH pH,n;a 

MO,D;eJibHbIX 3a,n;aq CTaTHCTlfqeCKOH MeXaJIHKH paccMaTpHBaJIOCb B pa6oTax 

K.Po.n;pttreca, B.K.<l>e,n;HHHHa H ,n;p. 1691• 
,U.CBeToropCKHM BblllOJIHeHbl HCCJie,D;OBaJIIDI 110 CTaTHCTHqecKOH 

MeXaJIHKe I.J;ellHblX MOJieKyJI, B KOTOpbIX, B qacTHOCTH, BIIepBbie 6bIJI KOp

peKTHO paccqHTaJI CTaTHCTttqeCKHH HHTerpan MOJieKyJibl C :lKeCTKHMH CBH-

3HMH Me)K)];y 3BeHbHMH /70 I. 
TeopHH B3aHMO,D;eHCTBHH CHJibHbIX 3JieKTpoMarHHTHblX 110JieH C 110Jiy-

11pOBO,D;HHKOBblMH KpHCTaJIJiaMH pa3pa6aThIBaJiaCb Bo XoHr AHb /7l/, B pa-

6oTaX KOTOpoii:, B qacTHOCTH, 6hIJIO HCCJie,D;OBaHO HBJieHHe B036y)K)];eHHH 

110BepxHOCTHblX 110JIHpHTOHOB Jia3epHbIM H3JiyqeHHeM. 

BOJibllIOH I.J;HKJI pa6oT 110 HCCJie,n;oBaHHIO MarHHTHblX CTpyKTyp Me

TO)];OM ,n;HcppaKI.J;HH HeHTpOHOB 6hIJI BblllOJIHeH B.CHKOpOH H ,n;pyrHMH. 

HallHCaJIHaH Ha OCHOBe 3THX HCCJie.n;oBaHHH MOHorpacpHH 1721 HBJIHeTCH 

OCHOBHblM c11paBoqHblM 11oco6HeM 110 yKa3aHHOH 11po6JieMe. 

,U.IlyUIKapoBblM pa3BHBaeTCH HOBbIH KBa3HqacTHqHblH 110,n;xo,n; 

K TeOpHH ,n;ecpeKTOB B KBaJITOBblX KPHCTaJIJiax 1731, a TaK:lKe K 011HCaJIHIO 

KBaHTOBoro 110Be.n;eHHH HeJIHHeHHbIX B036y:lK,n;eHHH COJIHTOHHoro THl1a 

H HX B3aHMo,n;eHCTBHH C ,n;pyrHMH 3JieMeHTapHbIMH B036y:lK.n;eHHHMH B TBep

)];blX H HH3Kopa3MepHblX MarHHTHbIX CHCTeMax /74, 75/, 1103BOJIHBllIHH 011H

caTb 30HHyro CTPYKTYPY H KHHeTHKY HOBbIX KBa3HqacTHU - ,n;ecpeKTOHOB 

H COJIHTOHHbIX BOJIH. 

HoBbIH 110.n;xo,n; K 011HCaJIHIO reTepocpa3HbIX COCTOHHHH B q>H3HqecKHX 

CHCTeMax, OCHOBaHHbIH Ha 110CJie,n;oBaTeJibHOM 11pHMeHeHHH KOHI.J;e11-



QHH I<BaaHcpe,n;mcr H.H.Boromo6oBa, pa3BHBaeTcH B pa6oTax B.I1.I0KaJioBa 
H A.C.IIIyM0Bc1<oro 1'16 , 7 71• B paMKax noro no,n;xo,n;a y,n;anoch omcaTh 
HBJieHHe 3apO,D;bIWeo6pa30BaHHH npH KpHCTaJIJIH3aI(HH H IlJiaBJieHHH, pH,n; 
aH0MaJihHbIX CBOHCTB CBepxnp0B0,D;HHK0B, llaCTHIIH0 pa3ynopH,D;0lleHHbIX 
MarHeTHK0B H cerHeT03JieKTpHK0B, a TaK:>Ke Il0CTp0HTb M0,D;eJih B03HHKH0-
BeHHH MYJibTHKBapKOBOH K0Mil0HeHTbI B H,n;epHOH MaTep:0:0 /'ISi, CBH3aH
HYIO C HHTepnpeTaQHeH 3KcnepHMeHT0B, BhIIl0JIHeHHbIX B paMKax C0Tpy,n;
HHtieCTBa OI1.RI1-U:EPH. 

A.Xonac pa3pa6aThIBaJI Teop:010 np0CTblX MeTaJIJI0B Ha 0CH0Be K0H
uenQHH nceB,D;0il0TeHQHaJia, a TaK:>Ke Te0pHIO nepexo,n;HhIX MeTaJIJI0B Ha 
0CH0Be np:06JIH:>KeHHH CHJibH0CBH3aHHbIX 3JieKTp0H0B /'/9/, 

TeopHH M0,D;eJIH AH.n;epcoHa B npHMeHeHHH K HBJieHHIO xeMocop6u:0H 
pa3pa6aTbIBaeTCH JI:0 BeH I1poM. 

I1ccne.n;oBaHHH B o6JiaCTH CTaTHCTHlleCKOH MeXaHHKH :0 ee npHJI0JKe
HHH Be.n;yTCH B OI1.RI1 B TeCH0M co,n;py:>KeCTBe C Be.n;yI.UHMH HaytIHbIMH 
ueHTpaMH CTpaH-ytiaCTHHU, TaKHMH, KaK I1HCTHTYT <pH3HKH TBep,n;oro Tena 
BAH H I1HcTHTYT MexaHHKH H 6:00MexaHHKH BAH, CocpHHCKHH yHHBepcH
TeT (HPB) , U:eHTpaJibHbIH HHCTHTyT <pH3HtieCKHX HCCJie,n;oBaHHH BAH 
(BHP), I1HcTHTYT <pH3HKH (CPB), TexH:0t1eCKHH yH:0BepcHTeT (,[l;pe3.n;eH), 
J1ei1nu:0rcKHH YHHBepCHTeT, BepJIHHCKHH YHHBepCHTeT (r,[l;P)' raBaHCKHH 
yH:0Bepc:0TeT (Ky6a), BpounaBCKHH yHHBepcHTeT, BpounaBCKHH ne,n;arorH
t1eCKHH HHCTHTYT, I1HCTHTYT H.n;epHOH <pH3HI<H (KpaKOB) (TTHP), U:eHT
paJibHblH HHCTHTYT <pH3HKH :0 U:eHTpaJihHhIH HHCTHTYT <pH3HKH H,n;pa (CPP), 
<l>:03:0t1eCKHH HHCTHTYT CAH (qCCP) , MaTeMaT:0t1ecKHH HHCTHTYT AH CCCP, 
MocKoBCKHH rocy,n;apcTBeHHhIH yHHBepc:0TeT, I1HCTHTYT TeopeTHtiecKoii 
cpH3HKH AH YCCP, I1HcTHTYT <pH3HKH MeTaJIJI0B YHU: AH CCCP ( CBep,n;
JIOBCK) ,I1HcTHTYT npHKJia,D;HOH <pH3HKH AH MCCP H MHorHMH ,n;pyrHMH. 

B pa3H0e BpeMH B JIT<I> pa6oTaJIH HJIH 6bIBaJIH C ,n;eJI0BhIMH BH3HTaMH 
0:.BnaxoB, B.KapaHBaHOB, 0:.KoueB, I1.J1anoB, ,[l;.MapBaKoB, M.IlpHMaTa
poBa, I1.CTOHHoBa, ,[l;.Y3yHoB (HPB), 3.IlpaBeQKH, E.IIIoiiaM (BHP), 
Y.Bea, B.Bennep, ,[l;.I1Jie, A.KneMM, A.KroHeJih, B. H 3.Konneii, <I>.KpHc
Tocpcp, P.JiopeHu, H.YJihMaHH, B.IIIHJIJiep, B.86en:0ar (r,[l;P), B.BecTBaHCKH, 
3.ranHCeBHll, .R.KOBaJibCKH, C.KweMHHCKH, 3.CTpbIXapCKH, A.IlO,D;OJihCKa
CTpbIXapcKa, T.IlawKeBHtI, K.IlapnHHCKH, E.IlwHCTaBa, E.qepBoHKo, A.Xo
nac, E . .RHHK (TTHP), A.Kopt1aBei1, n.rproacpenh,n;, r.Me3HHt1ecKy (CPP), 
M.Bna:>KeK, B.,[l;pxan, I1.KapacoBa, M.Konap, I1.Kyp,n;yHoBcKH, H.IIIyp,n;a, 
III.IIIyHH (qCCP) H MHorne ,n;pyme. 

CoBMeCTHhie pa6oThI Be,D;yTCH TaK:>Ke C ytiaCTHeM cneQHaJIHCT0B H3 
C<I>PIO, I1Tan:0:0, IIIBeiiuapHH, <I>Pr H ,n;pyrHX cTpaH. , 

Tpa,n;HQHOHHO np0X0,D;HI.UHe B ,[l;y6ae Me:>K,D;yHapO,D;Hhie CHMil03HYMhl 
no H36paHHhIM npo6neMaM CTaTHCTHtieCKOH MeXaHHKH Il0CBHI.UeHbI o6cyJK
,n;eHHIO Ha:06onee BaJKHhIX npo6neM 3TOH o6JiaCTH <pH3HKH. B HX pa6oTe npH
HHMaIDT yt1aCTHe Be.n;yI.UHe cneQHaJIHCThI :03 CTpaa-yt1aCTHHU, a TaK:>Ke ABcTpa
JIHH, AHrn:0:0, ,[l;aHHH, McnaHHH, I1TaJIHH, HH.n;epnaH,n;oB, CIIIA, <l>paHQHH 
H ,n;pyrHx CTpaH. KaK Il0Ka3hIBaeT 0ilhIT' TaKHe CHMil03HYMhl 0Ka3hIBaIDT 189 



CTHMYJIHpyrom;ee B03,!J;eHCTBHe Ha pa3BHTHe HCCJie,!J;OBaHHH B HaH6onee Ba:>K
HbIX H nepcneKTHBHbIX HanpaBJiemmx. 

Hccne,n;oBaHHH B o6naCTH CTaTHCTHqecKOll MeXaHHKH, Be,n;ym;HeCH 
B OH.RH, 3acny:>KHJIH Bh1co1<:y10 ou;eHKy Me:>K,!J;yHapo,n;Hott HayqHott o6m;ecT
BeHHocTH. Pa60Th1 coTpyAHHKOB JIT<I> OH.RH nrnpoKo I.J;HTHpy10TcH B Hayq
Hott JIHTepaType. MoHorpacpHH, aBTopaMH KOTOpbIX HBJIHIOTCH COTPYAHHKH 
JIT<I>, nepeBO,!J;HTCH Ha HHOCTpaHHbie H3bIKH H nepeH3,!J;aIOTCH BO MHOrHx 
CTpaHax MHpa. 

B 3aKJI10qeHHe em;e pa3 no,n;qepKHeM, qTo pa3BHTHe MeTO,!J;OB H HCCJie
,!J;OBaHHH B o6naCTH npHJIO:>KeHHll CTaTHCTHqeCKOll MeXaHHKH COCTaBJIHIOT 
Ba:>KHhIH pa3,n;en npo6neMHo-TeMaTHqec1<:oro nnaHa HayqHo-Hccne,n;oBaTeJib
c1<:Hx pa6oT OH.RH H CBH3aHhl KaK C cpyH,n;aMeHTaJihHblMH HCCJie,!J;oBaHHHMH, 
TaK H C IlJiaHHpOBaHHeM, IlOCTaHOBKOH H o6pa60TKOH 3KcnepHMeHTOB Ha 
pH,n;e 6a30BhIX ycTaHOBOK HHCTHTyTa. 
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CBEPXTH~ERME 3REMEHTM 

I'.H. <PJIEPOB, a,caoeMU"IC 

I'.M. TEP-AKOIIbHH, 001eTop ifju3u1eo-MaTeMaTU1lec1eux 1-tay,c 

ll03HaHHe XHMHqec1rnx :meMeHTOB, COCTaBJIJIIOl.I.UfX MHoroo6pa3He 

OKpyiKaror.u;ero Hae MHpa, c rny6oKOH .n;peBHOCTH IIpHBJieKano BHHMaHHe 

JIIO.D;eH H CTaJIO BIIOCJie,D;CTBHH O.D;HHM H3 rnaBHbIX HarrpaaJieHHH HayqHoro 

HCCJie,D;OBaHIDI IIpHpO.D;bI qeJIOBeKoM. 0 pocTe qifCJia H3BeCTHbIX XHMHqecKHX 

:meMeHTOB a lllKaJie HCTOpHqec1<oro apeMeHH roaopHT pHc.1, Ha KOTOPOM 

IIOKa3a.Ha CBH3b :noro rrpou;ecca C HeKOTOpbIMH 3TaIIaMH pa3BHTIDI HayKH 

H TeXHHKH. Er.u;e coaceM He,D;aBHO, B Haqane Halllero CTOJieTIDI, 3aKoHqHJIOCb 

3aIIOJIHeHHe acex KJieTOK rrepHo,n;HqecKOH CHCTeMbI ,Il;.ll.MeH.n;eneeaa, IIpli

Ha,D;JieiKaI.U;HX CTa6HJibHbIM XHMHqeCKHM 3JieMeHTaM. Co6bITHeM, OKa3aBlllHM 

rny601<oe BJIHHHHe Ha pa3BHTHe HayKH H TeXHHKH Halllero CTOJieTHH, HBH

JIOCb oTKpbITHe rronoHHH H pa.n;HH, c.n;eJiaHHoe a KoHu;e XIX ae1<a MapHeif 

H llbepOM KropH. C 3TOro OTKpbITHH, KaK H3BeCTHO, Haqanacb HCTOPHH 

H,D;epHOH (pH3HKH. B o6naCTH HCCJie,D;oBaHHH XHMHqeCKHX 3JieMeHTOB OHO 

IIOJIOiKHJIO Haqano IIOJiyqeHHIO H H3yqeHHIO CBOHCTB pa.n;HoaKTHBHbIX HYKJIH

.D;OB H, B KOHe~oM cqeTe, Bbl.D;BHHYJIO 3a,n;aqy 06 H3yqeHHH rrpe.n;eJIOB CTa-

6HJibHOCTH XHMHqecKHX 3JieMeHTOB, cne.n;yror.u;Hx 3a ypa.HoM, pellleHHe KO

Topoif rrpe,D;CTaBJIHeT rrpq6neMy IIPHHI.J;HIIHaJibHOro H rrpaKTHqecKoro 3Ha

qeHHH. 

llepBbIH TpaHcypa.HoBhIH 3JieMeHT (HemyHHH) 6bm CHHTe3HpoaaH 

B peaKI.J;HH 3axBaTa HeHTpoHa H.n;paMH ypaHa. 3aTeM IIOCJie.n;oBaTeJibHO B pa3-

JIHqHbIX peaKu;HHX, rrpoTeKaror.u;HX a IIOTOKax nerKHX 6oM6ap.n;Hpyror.u;Hx 

qaCTHI.J; (HeHTpOHOB, .n;eifTpOHOB, H.n;ep reJIHH), 6bIJIH IIOJiyqeHbI .n;pyrHe 

Tpa.HcypaHOBbie 3JieMeHTbI BIIJIOTb .n;o MeH.n;eneBHH - 3JieMeHTa C aTOMHbIM 

HOMepoM 101. llonyqeHHe 3THX 3JieMeHTOB He OCTaBHJIO Ha,D;eiK.D;bI Ha B03-

MOiKHOCTb HX o6HapyiKeHIDI B IIpHpo.n;e, TaK KaK HX BpeMH iKH3HH oKa3a

JIOCb cyr.u;eCTBeHHO MeHbllle B03pacTa COJIHeqHQH CHCTeMbI (4,6 MJip,n;.JieT). 

3TH HCKJIIOqHTeJibHO TOHKHe 3KCIIepHMeHTbI, HbIHe CTaBlllHe KJiaCCHqecKH

MH, 6bIJIH BbIIIOJIHeHbI a copOKOBbIX-IIHTH.D;eCHTbIX ro.n;ax rpyIIIIOH aMepH-

KaHCKHX (pH3HKOB IIO.D; pyKOBO.D;CTBOM r.CH6opra. 195 
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PHc.1. PocT q0cna H3BeCTHbIX :meMeHTOB B HCTOpHqecKOM BpeMeHH. 

CttHTe30M IVieH,IJ;eJieBHJI 3a:KoHqHJICH nepBbIH 3Tan HCCJie,IJ;oBaHHH 

TpaHcypaHOBbIX 3JieMeHTOB. ,[(aJibHeiiume 3KCnepttMeHTbI B 3TOH o6naCTH 

IlpOBO,lJ;HJIHCb Ha nyqKaX Tff>KeJibIX HOHOB. B weCTH,IJ;eCHTbie ro,IJ;bl a ,[(y6He 

Ha IJ;HK'.JIOTpoHe TH:>KeJibIX HOHOB Y-300 IlOCJie,IJ;oBaTeJibHO 6bIJI ocym;eCTBJieH 

CHHTe3 3JieMeHTOB C aTOMHbIMli HOMepaMH 102, 103, 104 H 105/1/. MbI 

Ha3BaJIH "KypqaToatteM" 104-ii ::1neMeHT a qecTb H.B.KypqaToaa - BhI,IJ;aro

m;erocH yqeHoro coapeMeHHOCTH, KnaccttqecKtte pa6oThI KoToporo HBHJIHCb 

cpyH,IJ;aMeHTOM AJIH pH,D;a aKTyaJibHbIX HanpaaneHHH H,IJ;epHOH q>H3HKH, Ta

KHX, KaK li30MepHH H,D;ep, HeHTpOHHaH q>H3HKa, q>H3H:Ka ,IJ;eJieHHH H T .,IJ;. 

KypqaTOBHH - nepabIH H3 TpaHcypaHOBhIX ::1neMeHToa, He npHHa,D;-

196 Jie:>KaJ.IJ;HH XHMHqecKOH rpynne aKTHHOH,IJ;OB. Ero XHMHqecKoe Il0,IJ;06He 6nu-



:JKaihneMy Jier~oMy rOMOJiory - raq>HIUO 6bIJIO ,n;oKa3a.HO B 3KCnepHMeHTax:, 

npoBe,D;eHHbIX B )];y6He 11.3BapoH c COTPYAHHKaMH /U. .AIIaJIOrllqHbIM MeTo

,D;OM 6bIJia npoBe,n;eHa ll XllMllqecKaH ll,D;eHTllq>HKau;HH 105-ro 3JieMeHTa -

HllJihC60pllH /J/. 
CHHTe3 3JieMeHTOB 102-105 no3BOJIHJI noJiyqHTb pH,n; cyr.u;eCTBeHHbIX 

pe3yJihTaToB, Ha OCHOBa.HIDI KOTOpbIX BnepBbie npe,n;CTaBHJiaCb B03MO)K~ 

HOCTb ,n;eJiaTb BblBO,D;bl O npe,n;eJiax: CTa6HJibHOCTll TH)KeJibIX aTOMHbIX H,D;ep. 

Hatt6oJiee Ba)KHOH B 3TOM OTHOIIIeHHll 6hIJia HHq>OpMaD;HH O cnoHTaHHOM 

,n;eJieHHll Tpa.HcypaHOBbIX HYKJIMOB. CnoHTa.HHoe ,n;eJieHHe 6bIJIO OTKpblTO 

O,D;HllM ll3 aBTOpOB 3TOH CTaTbll (r .H.<l>JiepOBbIM) BMeCTe C K . .A.IleTp:IKaKOM 

B 1940 ro,n;y. OHO Ha6mo,n;aJIOCb KaK pe,n;KaH BeTBb pa,n;HOaKTllBHOro pacna

,n;a H,n;ep ypa.Ha. Ypa.H OKa3aJICH e,n;HHCTBeHHbIM 3JieMeHTOM, KOTOpbIH llCilbl

TbIBaeT 3TOT Bll,D; PMHOaKTHBHOro pacna,n;a. TpaKTOBKa 3Toro HBJieHHH Ha 

ocHoBe Mo,n;eJIH *MKOH KarmH, npe,n;Jio:JKeHHaH H.BopoM H .[l;:JK.YHJiepoM 

ll H.11.<l>peHKeJieM, ,n;aBaJia BeCKHe OCHOBaHHH ,D;JIH npe,n;noJio:JKeHHH O TOM, 

qTo nepHO,D;bl noJiypacna,n;a a,n;ep ,D;OJI)KHbl HeyKJIOHHO yMeHblllaTbCH no Mepe 

B03paCTa.HllH aTOMHoro HOMepa. CorJiaCHO 3TOH MO,D;eJIH BpH,n; Jlll MO:lKHO 

6bIJIO Ha,n;eHTbCH Ha noJiyqeHHe aTOMOB KypqaTOBHH, HMelOI.D;llX BpeMH :lKll3-

Hll, ,D;OCTaToqHoe ,D;JIH llX Ha6JIID,D;eHHH. 

O,n;HaKO pe3yJihTaTbI, noJiyqeHHbie B .[l;y6He, onpoBeprJIH 3TH neCCHMll

CTHqecKHe BblBO,D;bl. ATOMbl KypqaTOBHH, HllJihC6opHH tt ,n;pyrHX TH:lKeJiblX 

3JieMeHTOB HMeJili ,D;OCTaToqHo 60JibIIIOe BpeMH )Kll3Hll, a 3aBHCllMOCTb llX 

nepHO,D;OB noJiypacna,n;a OT qllcJia HeHTpOHOB B H,n;pe CBll,D;eTeJibCTBOBaJia 

0 CllJibHOM BJIHHHllll 3cpcpeKTOB HeHTpOHHbIX o6oJioqeK Ha BeJIHqllHY noTeH

D;llaJibHOro 6apbepa, npenRTCTByror.u;ero ,n;eJieHHlO. CHJibHOe BJIHHHHe 3q>q>eK

TOB o6oJioqeK Ha BeJIHqllHy ll cpopMy 6apbepa ,n;eJieHHH HpKO OTpa3HJIOCb 

B cpaKTe cyr.u;eCTBOBa.HHH cnoHTa.HHO ,n;eJIHJ..U:llXCH ll30MepoB' KOTOpbie 6bIJill 

OTKpbITbl B .[l;y6He B npou;ecce 3KCnepHMeHTOB no CllHTe3y KypqaTOBllH / 4/ • 

Ha OCHOBa.Hllll ,D;a.HHbIX H3yqeHHH 3Toro npHHu;HnllaJibHO HOBoro BH,D;a ll30Me

pllll r .H.<l>JiepoB H O .Bop npe,n;noJIO)KllJIH /5/, qTo oH CBH3a.H c o6pa30Ba.HH

eM MeTaCTa6HJibHOro COCTOHHHH, B KOTOpOM cpopMa H,n;pa OTJillqaeTCH OT 

q>OpMbl B OCHOBHOM COCTOHHllll, 

IlpHqHHbI noHBJieHHH H3oMepoB cpopMbI 6bIJIH BbIBBJieHhI B.M.CTpy

THHCKHM, KOTOpblH pa3BHJI TeopeTHqecKHH MeTO,D; pacqeTa noTeHD;llaJibHOH 

3HeprHH ,n;ecpopMau;HH a,n;pa (MeTo,n; o6oJioqeqttOH nonpaBKH) H noJiyqHJI 

.n;Byrop6yro CTPYKTYPY 6apbepa .n;eJieHHH. 

B KOHD;e IIIeCTll,D;eCHTbIX ro,n;oB 3TOT MeTO,D; 6bIJI npHMeHeH ,D;JIH ou;eH

Kll ycToHqllBOCTll a,n;ep B lllllpOKOM ,D;Hana3oHe aTOMHblX HOMepoB ll Macco

BbIX qHceJI, BbIXO,D;HI.D;eM ,n;aJieKO B o6JiaCTb HeH3yqeHHbIX a,n;ep. BoJibIIIHe 

6apbepbl ,n;eJieHHH 6bIJill noJiyqeHbl ,D;JIH u;eJIOH rpynilbI HYKJIH,D;OB, pacnoJia

raror.u;HXCH OKOJIO MarHqecKHX qHCeJI Z = 114, N =184 (CM. pllc.2). TaK 

B03HHKJia rHnoTe3a O HOBOM OCTpOBe CTa6HJibHOCTll CBepxTH:lKeJiblX 3JieMeH

TOB (CT3). TeopeTHqeCKHe ll 3KCnepHMeHTaJibHbie pa6oTbI, OTHOCHI.D;HeCH 

K npo6JieMe CT3, paccMoTpeHhI no,n;po6Ho B HaIIIeM o63ope /6/, .[l;Jla a,n;ep, 

Hax:o,n;m.u;HXCH B u;eHTpe 3Toro OCTpOBa, BblCOTa 6apbepa ,n;eJieHHH ou;eHHBa- 197 
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Puc.2. KapTa TmKeJibIX HyKJill,D;OB. B JieBOM HH)Kl{eM yrny IlOKa:3aHa rpaHH· 
u;a H3BecTHbIX HyKJill,D;OB, B KOTOpoii: OTMe'leHbI o6nacrn CllHTe3a B IlOTOKaX 
Heii:TpOHOB, .o;eii:TpOHOB, 4He u T.,o;. e peaKil;WIX ropH'lero u XOJIO,!J;HOro 
CJIHHHHH. IlYHKTHpHOli JillHHeii: o6ee,n;eHa o6naCTb 6y.o;yllUfX 3KcnepuMeH· 
TOB Ha nyqKax HOHOB Ar, Ca, Sc, Ti. B npaeoM eepXHeM yrny yKa3aHa 06-
nacTb rnnoTeTH'leCKHX CT3. KoHTypbI 3TOii: o6JiaCTH OTMe'leHbI TO'IKaMH, 
IlJIOTHOCTb KOTOpbIX npn6JIH3HTeJibHO OTpIDKaeT H3MeHeHHe JiorapmpMa 
( cKopee, norapmpMa norapmpMa) nepno.o;a nonypacna.o;a HyKJin.o;oe. 
IloKa3aH yqacTOK OCTpoea CTa6HJibHOCTH, KOTOif.bili npe.o;cTaBJIHeTCH ,!l;O· 
CTYilHbIM ,!l;JIH 3KCnepHMeHTOB Ha nytJKe HOHOB 4 Ca. 

rracb BeJIIfqHHOH 6orree 10 M3B, T.e. OHa 3aBe.D;OMO 6oJibIIIe BblCOTbl 6apbepa 

.n;erreHHH ypaHa (6 M3B). BpeMH )KH3HH H.n;pa, HMew~ero TaKOH 6aphep, 

MO)KeT 6bITb oqeHb rrpo.D;OJI)KHTeJibHbIM. PacqeTbI .D;alOT rrepHO.D;bl rrorrypacrra

.n;a CT3 OT HeCKOJibKHX qacoB .n;o BeJIHqHH, COH3MepHMblX C B03paCTOM Corr

HeqHQH CHCTeMbl, Heorrpe.n;erreHHOCTb 3THX ou;eHOK oqeHb BeJIHKa: .n;eHCTBH· 

TeJihHbie rrepHO.D;bl rrorrypacrra.n;a MOrYT 6hITb Ha MHoro rropH.D;KOB BeJIHqHHbl 

6oJihIIIe HJIH MeHbllle pacqeTHblX BeJIHqHH. 3Ta Heorrpe.n;erreHHOCTb MO)KeT 

6hITb ycTpaHeHa JIHlllb B pe3yJibTaTe o6Hapy)KeHHH CBepxTH)KeJibIX aTOMHbIX 

H.n;ep. Il03TOMy CHHTe3 H IIOHCK B rrpHpo.n;e XHMHqeCKHX 3JieMeHTOB, rrpHHa.D;· 

Jie)Ka~HX rHIIOTeTHqecKOMY OCTpOBY CTa6HJibHOCTH, rrpe.D;CTaBJIHeT HCKJIIO· 

198 qHTeJibHO Ba)KHYIO H aKTYaJibHyIO 3a.n;aqy, 



Ilpo6neMa CHHTe3a CT3 nu;aTenhHo 1::13yqanacb 1::1 npo.n;on)KaeT 1::1ccne

.n;oaaTbCH B O11Hl1, a TaK)Ke B HecKonhKHX na6opaTopH.Hx B <l>Pr, ClIIA 

1::1 <l>paH~H, pacnonaraIOI.Ql::IX MOI.QHblMl::I ycKOpl::ITenHMl::I TH)KenbIX l::IOHOB. 

UeHTpanhHoe MecTo B He:0: 3aH1::1MaeT aonpoc o cn1::1HH1::11::1 .n;ayx cno)KHhIX 

H,D;ep, KOTopoe MO)KeT npHBeCTl::I K o6pa30BaHl::llO KOMnayH.n;-H.n;pa, He oqeHb 

.n;aneKo OTCTOHI.Qero OT u;eHTpa OCTpOBa CTa61::1nbHOCTl::I. Ilocne.n;HeMy ycno

Bl::110 B HaH6onhllleH CTeneHH y.n;oaneTBOpHeT cnHHHl::le H,D;ep KIOpl::IH ( z = 96) 
1::1 KanbIJ;l::IH ( Z = 20) c MaCCOBblMl::I q1::1cnaM1::1 248 1::1 48, 1::1n1::1, KaK npl::IHHTO 

roaopHTb, peaKIJ;l::IH cnHHHl::IH 
248

cm + 48 
Ca. 3Ta peaKIJ;l::IH BbirO,Il;HO oTnl::1-

qaeTCH OT .n;pyr1::1x no.n;o6HblX eiI peaKIJ;l::IH TaK)Ke 1::1 no TOH np1::1q1::1He, qTo, 

6naro.n;apH 6onhllIOH 3Hepr1::11::1 CBH31::1 HYKnl::l,Il;OB B ,Il;Ba)K,Il;bl Mar1::1qecKOM H,D;pe 
48

Ca, ,Il;OCTHraeTCH yMeHb1IIeH1::1e 3Hepr1::11::1 B036y)K,IJ;eHHH KOMnayH,IJ;-H,D;pa, 

a cne.n;oBaTenhHO, nOBbIIIIaeTCH ero ycToHql::IBOCTb. 

3KcnepHMeHTbl no Cl::IHTe3y CT3 B peaKIJ;l::11::1 
248

cm + 48
Ca 6hml::I 

BblilOnHeHbl B 1976 ro.n;y B ,Uy6He, 3aTeM OHl::I npOBO,Il;Hnl::ICb B BepKnl::I 

(ClIIA) 1::1 cpaBHHTenhHO He.n;aBHO B ,UapMIIITa.n;Te (<l>Pr) • K co)KaneHl::llO, HH 

o,n;Hott 1::13 rpynn He y.n;anocb .n;o61::1TbCH nonO)Kl::ITenhHoro pe3ynhTaTa. O.n;HaKo 

3TO Hl::I B KoeM cnyqae He MO)KeT cny)Kl::ITb OCHOBaHl::leM .n;nH COMHeHHH OTHO

Cl::ITenbHO cyI.QeCTBOBaHl::IH OCTpOBa CTa61::1nbHOCTl::I CT3. KaK B1::1,Il;HO 1::13 p1::1c.2, 

.n;a)Ke a cnyqae peaKu;1::11::1 
248

Cm + 48 
Ca O)KH,IJ;aeMbie 11.n;pa-npo.n;yKThI y.n;a

neHhI OT u;eHTpa OCTpoBa CTa61::1nhHOCTH, no3TOMY l::IX nepl::10,Il;bl nonypacna.n;a 

Morn1::1 6bITb CJil::IIIIKOM KOpOTKl::IMl::I a cpaBHeHl::11::1 c 6bICTpOTOH .n;eHCTBl::IH 

np1::1MeHHBIIIl::IXCH 3KCnep1::1MeHTanbHbIX MeTO,Il;OB. Ho npe)K,Il;e qeM BHOCl::ITb 

l::13MeHeHH.H B MeTO,Il;HKY C u;enhlO cyI.QeCTBeHHOro yaen1::1qeHHH ee 3KCnpecc

HOCTH, Heo6xo,IJ;l::IMO BblHCHl::ITb HeKOTOpbie .n;eTanl::I MeXaHl::13Ma Cnl::IHHl::IH 

cnO)KHblX H,D;ep. B caMOM .n;ene, .n;nH Cl::IHTe3a HOBbIX 3neMeHTOB np1::1MeHH

nl::ICb TaK1::1e peaKu;1::11::1 (Hanp1::1Mep, 
24 2Fu + 22

Ne, 
249 Bk + 15

N, 
246

cm + 
+ 180 1::1 .n;p.)' B KOTOpbIX acne.n; 3a nepeKpbITl::leM .n;mpcpy3HbIX noaepxHOCT

HblX cnoeB CTanKHBaIOI.Ql::IXCH H,D;ep aBTOMaT1::1qeCKl::I npo1::1cxo.n;1::1no o6pa30Ba

Hl::le KOMnayH.n;-H.n;pa. O.n;HaKO no Mepe B03paCTaHl::IH aen1::1q1::1Hbl np01::13Be.n;e

Hl::IH nopH,Il;KOBblX HOMepoB H.n;ep Ml::lllleHH 1::1 60M6ap.n;1::1py101.Qero l::IOHa 6a

nattc Cl::ln (KynoHOBCKOH 1::1 H.n;epHOH) CTaHOBl::ITCH ace 6onee HeBbirO,Il;HblM 

.n;nH cnHHHl::IH. B KOHIJ;e KOHIJ;OB ,Il;On)KHa HacTyill::ITb Kpl::ITHqecKaH CHTyau;HH, 

Kor.n;a nepeKpbITl::I.H ,Il;Hcpcpy3HblX cnoeB He,IJ;OCTaToqHO .n;nH o6pa30BaHl::IH 

KOMnayH.n;-H.n;pa. qT06bI npeo.n;oneTb 6apbep Cnl::IHHHH, Heo6xo,IJ;HMO 3Haq1::1-

TenhHO TecHee c6nl::131::1Tb CTanKl::IBaIOI.Ql::leCH H.n;pa, a 3TO Tpe6yeT .n;ononHH

TenhHOH 3Hepr1::11::1, KOTopaH acne,IJ;CTBl::le .n;ettCTBl::IH c1::1n TpeHHH pacxo.n;yeTCH 

Ha HarpeB Cl::ICTeMbl, l1Hb1Ml::I cnoBaMH, cnHHHl::110 11,n;ep npenHTCTByeT He 

TOnbKO KynoHOBCKHH, HO 1::1 .n;ononHHTenbHbIH ,IJ;HHaMuqecKl::IH 6apbep, 

o6ycnoaneHHhIH c1::1naM1::1 TpeHHH. He 1::1cKn10qeHo, qTo B cnyqae peaK~H 
248 Cm + 48 Ca aepoHTHOCTh o6pa30BaH1::1H 11.n;ep CT3 cyI.QecTBeHHo CHH

)KeHa no 3TOH npuq1::1He. 

,UnH 1::13yqeHHH MexaHl::13Ma peaKIJ;l::11::1 cnl::IHHH.H cnO)KHblX H.n;ep, a TaK)Ke 

.n;nH BblHCHeHHH CBOHCTB HOBblX TH)KenbIX HyKnl::l,Il;OB 6onhllIOe 3HaqeH1::1e 

l::IMen MeTO,Il; xono.n;Horo Cl::IHTe3a H,D;ep, npe.n;no)KeHHblH 1::1 pa3B1::1TbIH B O11Hl1 199 



I0.1(.OraHeCHHOM /7 1• B peaKQlliIX CJilliIHHH TmKeJibIX H0H0B 54 Cr, 55Mn 
c H,n;paMH CBHHQa tt BHCMyTa c n0M0I..QblO :noro MeTo.n;a B .[(y6He B cepe,n;H:He 

ceMH:,n;eCHTbIY/ro,n;oB 6hIJIH nonyqeHbI 3JieMeHTbI C nopH.D;K0BbIMH H0MepaMH 

106 H 107 ;8 • He.n;aBHO B 3KcnepttMeHTax5 np0B0.D;HBlllHXCH napanJieJibH0 

B .[(y6ue H f.apMlllTa,n;Te, Ha nyq1<:e H0H0B 8:Fe 6hIJIH nonyqeHhI 3JieMeHTbI 

108 H 109 'lO/. B pe3yJihTaTe 6bIJIO ycTaH0BJieHo, qTo 0CH0BHbIM BH.D;0M 

pacna,n;a BH0Bb CHHTe3Hp0BaHHbIX HyKJIH.D;0B HBJIHeTCH a-pacna,n;. 3To r0B0-

pHT 06 HX cpaBHH:TeJibH0 BbICOKOH CTa6HJibHOCTH no 0TH0llleHHIO K cn0HTaH

H0MY ,n;eJieHHIO, qTo CJIY:>KHT BeCKHM apryMeHT0M B n0Jib3Y cyw;ecTB0BaHHH 

0CTp0Ba CTa6HJibHOCTH CT3. B 0TH0llleHHH MeXaHH3Ma CJIHHHHH CJI0)l(HbIX 

H,n;ep cyw;ecTBeHHbIM HBJIHeTCH pe3yJihTaT' y1<:a3bIBaIOI.I.J;HH Ha o6pa30BauHe 

cna6oB036y)K.D;eHHbIX (XOJIO.D;HbIX) K0MnayH,n;-H,n;ep B y1<:a3aHHbIX KOM6H

HaQHHX MHUleHeii: H 6oM6ap.n;ttpyrom;HX H0H0B. BMecie C TeM B 3THX 31<:Cne

pHMeHTaX 6hIJIO ycTaH0BJieHo, qTo npH nepexo,n;e OT Z = 107 K Z = 109 

Bep0HTH0CTb o6pa30BaHlliI H0BbIX HYKJIH.D;0B pe3K0 yMeHhlllaeTCH. flo-BH

.D;HM0MY, B 3T0M np0HBJIHeTCH ,n;eii:CTBHe ,n;onoJIHHTeJibH0r0 .D;HHaMHqec1<:oro 

6apbepa, o6ycJIOBJieHHOro CHJiaMH TpeHHH. l'.lcnOJih3YH caMhIH MOI..U;HbIH ny

qoK H0H0B 58Fe, KOTOpbIH HMeeTCH B .[(y6He Ha QHKJI0Tp0He Y-400, y,n;aaa

JI0Cb nonyqHTb B cnyqae 109-ro 3JieMeHTa He 6onee o.n;Horo aToMa B ,n;eHh. 

IT03TOMY 1<:a)KeTCH, qTo B03M0)KH0CTH 3T0ro MeTo,n;a .D;JIH CH:HTe3a H0BbIX 

3JieMeHT0B npaKTHqecKH HcqepnaHhI. 

flo HallleMy MHeHHIO, .D;aJibHeii:Ulee pa3BHTHe pa6oT no CH:HTe3y H0BbIX 

3JieMeHT0B ( Z =110, 111, 112) 6y,n;eT 0CH0BaH0 Ha npHMeHeHHH lllHP0K0ro 

1<:nacca H,n;epHhix peaKQHii: THna 230 , 232 Th + 48 Ca, 2 3 1 Pa + 48 Ca, 
233· 238U + 48 Ca, 230,232Th + 50Ti, 230,232Th + 45 Sc /11/ . .[(o no-

cne.n;Hero BpeMeHH 3THM peaKQHHM He y,n;eJIHJI0Cb .D;0CTaToqHo BHHMaHHH, 

TaK KaK corJiaCH0 npoCTbIM )KH)];K0KaneJihHbIM 0QeHKaM B HHX .D;0JI)l(Hbl 

nonyqaTbCH CpaBHHTeJibH0 CHJibH0 B036y)K,D;eHHbie K0MnayH,n;-H,n;pa. O,n;HaKO 

npH 0CT0p0)KH0M c6JIH)KeHHH .n;Byx H,n;ep, K0Topoe M0)KH0 ocyw;eCTBHTb npH 

3HeprHH coy,n;apeHHH, HaMH0ro MeHbllleii: KYJI0H0BCK0ro 6apbepa, 3cpcpeKTbI 

06onoqe1<: MoryT o6nerqmh CJIHHHHe. K ToMy )Ke 3TH peaKQHH, no-BH.n;HM0-

MY, cao6o,n;HhI OT npoHBJieHHH ,n;HHaMHqec1<:oro 6apbepa, KOTOpbIH npHB0.D;HT 

K orpaHHqeHHIO MeTo,n;a X0JI0,n;Horo CHHTe3a. TaKHM o6pa30M, M0)KH0 npe,n;

Il0JiaraTh, qTo X0TH 6bI B HeK0T0pbIX H3 YKa3aHHbIX BbIUle peaKQHH M0)KeT 

H.D;TH CJIHHHHe C o6pa30BaHHeM K0MnayH,n;-H,n;pa, HMerow;ero He oqeHb BbIC0-

KYIO 3HeprHIO B036y)K.D;eHHH. 

flpHMeHeHHe B 1<:aqecTBe 6oM6ap.n;HpyIOIQHX H0H0B CTa6HJibHbIX H30-

T0TI0B aproHa, CKaH.D;HH, KaJibQHH H THTaHa no3B0JIHT H3yqHTb HeCK0JibK0 

,n;eCHTK0B KOM6HHaQHH CTaJIKHBaIOI..U;HXCH H,n;ep, .D;0B0JibH0 CHJibH0 pa3JIH

qarom;HXCH no CTPYKType HyKJI0HHbIX 06onoqe1<:. <l>H3HKO-XHMHqecI<:He 

CBOHCTBa MHllleHeii: H3 T0pHH, npoTaKTHHlliI H ypaua ,n;onycKaroT HX .D;JIHTeJib

H0e o6nyqeHHe nyq1<:aMH TH)KeJihIX H0H0B c npe.n;eJibH0 BbICOKOH HHTeHCHB

H0CTblO. flo3TOMY qyBCTBHTeJibH0CTb TaKHX 31<:CnepHMeHT0B M0)KeT 6bITb 

Il0BbIUleHa B 50-100 pa3 no cpaaHeHHIO C TOH, K0T0paH 6bIJia .D;0CTHrHyTa 

200 npH Il0ilbITKaX CHHTe3a CT3. B pe3yJihTaTe M0)KH0 paccqHThIBaTb Ha cyw;ecT-



BeHHoe npo,n;amKeHife e o6naCTb HYKJIH)];OB, Henocpe,n;CTBeHHO npHMbIKaro
myro K OCTpoey CTa6HnbHOCTH (CM. pHc.2). BMeCTe c TeM 6y,n;yT nonyqeHbl 
pe3ynhTaThI, nponHearo~e ceeT Ha MexaHH3M peaKn;Hif CHHTe3a CT3. 

IlocTaHOBKa sKcnepHMeHTOB no noHcey CT3 B npHpo,n;e, B cymHoCTH, 
no,n;o6Ha nocTaHOBKe KnaccHqecKHX OilhITOB cynpyroe KropH, npHee,n;nmx 
K OTKpbITHIO pa,n;mi: H nonOHHH. B HX OCHOBe ne)KHT noHCK TaKHX reonorH
tieCKHX HnH KOCMonorHqecKHX o6'beKTOB, ,n;nR KOTOpbIX Ha6nro,n;aeMaH 
CKOpOCTb ClleTa co6bITHH cnoHTaHHoro ,n;eneHHH H,n;ep npeBbIWaeT ypoBeHh, 
O:lKH,n;aeMbIH 3a cqeT pacna,n;a npHMeCH ypaHa. TaKoe npeBbIWeHHe MOiKeT 
6bITb o6HapyiKeHo, ecnH ,n;eifcTBHTenbHO KpoMe ypaHa B npHpo,n;e cymecT
eyeT XOTH 6bI O)];HH HYKnHA, HCnbITbIBaIO~H cnOHTaHHOe ,n;eneHHe. EcnH 
eepHa rHnOTe3a O cymecTBOBaHHH HOBoro OCTpOBa CTa6HnbHOCTH, 3TOT 
HYKnHA 6y,n;eT npHHa,n;neJKaTb o,n;HoMy H3 CT3, HMeromeMy nepHo,n; nony
pacna,n;a OKono o,n;Horo MHnnHap,n;a neT, COH3MepHMblH C B03paCTOM ConHetI
HOH CHCTeMhl. 

B ,IJ;y6He 6bIDH C03,ll;aHbl npHHI.J;HilHanbHO HOBbie ,n;eTeKTOpbI, ,n;eifCTBHe 
KOTOpbIX OCHOBaHO Ha perHCTpaI.J;HH MHOiKeCTBeHHbIX HeHTPOHOB, HcnycKae
MblX npH cnoHTaHHOM ,n;eneHHH aTOMHoro H,n;pa. TaKirn ,n;eTeKTOpbI no3BOnH-
10T o6HapyiKHTb HCKnlOllHTenhHO pe,n;KHe aKTbl pacna,n;a - ,n;o o,n;Horo ,n;ene
HHH B MeCHI.J; B o6pa3n;ax Maccoif B 10-20 Kr. HoBblH sneMeHT MOiKHO o6Ha
PY)KH:Tb, ,n;aJKe ecnH ero KOHI.J;eHTpan;HH COCTaBnHeT 10- 15 OT MaCCbl HCCne
,n;yeMoro o6pa3n;a. 

,Il;nH Hccne,n;oeaHHH HaMH 6hmH B3HTbl o6pa3I.J;bl HeKOTOpbIX KaMeH
HbIX MeTeopHTOB H XHMHtieCKHe cppaKI.J;HH, BbI,n;eneHHbie H3 TepManbHbIX 
BO)];HblX HCTOllHHKOB B paifoHax rny6HHHbIX pa3nOMOB 3eMHOH KOpbI. 
TaKoif BhI6op o6'beKTOB H3ytieHHH 6hm He cnyqaifHhIM. KaMeHHhie MeTeopH
TbI no COBpeMeHHbIM npe,n;cTaeneHHHM OTHOCHTCH K HaHMeHee ,D;HcpcpepeH
I.J;HpOBaHHbIM o6pa30BaHHHM ConHetIHOH CHCTeMhI, TO eCTb HX XHMHtieCKHH 
COCTaB e HaH6onbWeif CTeneHH OTpaiKaeT pacnpocTpaHeHHOCTb sneMeHTOB 
B eemecTBe ConHetIHOH CHCTeMbl. TepManhHbie BO)];bl, BbI6paHHbie ,n;nH H3y
qeHHH, KOHI.J;eHTpHpyroT pe,n;KHe THiKenhie sneMeHTbI, KOTOpbie nocTynaroT 
B HHX B pe3ynhTaTe BbimenatIHBaHHH rny6HHHbIX nopo,n; H npH B03rOHKe ee
meCTBa eepxHeif MaHTHH,. 6nH3Koro, KaK nonararoT' no CBOeMy COCTaBY 
K eemecTBY KaMeHHbIX MeTeopHTOB. 

B H3ytieHHbIX o6pa3n;ax MeTeopHTOB H rH,n;pOTepM 6hmH o6HapyiKeHbI 
co6bITUSI cnOHTaHHOro ,n;eneHUSI, CKOpOCTb cqeTa KOTOpbIX e 20-30 pa3 npe
BbIIIIana q:>OH OT ypaHa. BcH COBOKYilHOCTb ,D;aHHbIX HCCne,n;oBaHUSI 3TOro 
HBneHHH noKa3hIBaeT' qTo pellb ,n;eifCTBHTenbHO H,n;eT O Ha6nro,n;eHHH HOBOro 
np0po,n;Horo cnoHTaHHO ,n;enHmerocH HyKnH,n;a. Cne,n;yro~M waroM ,n;onJKHa 
6bITb a,n;eHTH<pHKaI.J;HH noro HYKnH,n;a, TO eCTb ycTaHOBneHHe ero aTOMHOro 
HOMepa H Maccoeoro q:Hcna, ,n;eTanbHOe H3ytieHHe CBOHCTB pa,n;HoaKTHBHoro 
pacna,n;a. 0,n;HaKO 3TH 3a,D;atIH CHnbHO ocnoJKHeHbI H3-3a OlleHb HH3KOH KOH
n;eHTpaI.J;HH 3Toro HyKnH,n;a e o6pa3n;ax MernopHTOB (10- 14 r/r) H rH,n;po
TepM (10-

16 
- 10-15 r/r). Ilo3TOMY ,n;nH HX peweHHH a ,IJ;y6He pa3pa6oTa

Hbl H npHMeHHIOTCH B noneBbIX ycnoBHHX (Ha YCTbHX rH,n;poTepManbHbIX 201 



CI<:Ba:>KIIB) 3cp<pe:KTHBHhre MeTO,Il;bI BbI,D;eJieHHH H KOHI.J;eHTpHpOBaHHH pe,D;KHX 

3JieMeHTOB H3 o6'beMOB TepMaJihHbIX BO)];, ,Il;OCTHraIOII.J;HX MHOrHX ;::i;ecHTKOB 

Ky6HqecKHX MeTpOB. ,iljrn onpe,D;eJieHHH MaCCbI aTOMOB HCCJie;::i;yeMoro HYK

JIH,D;a C03,D;aeTCH YHHKaJibHbIH npH6op - yJibTpaqyBCTBHTeJibHbIH Macc

cneKTpoMeTp, paccqHTaHHbIH Ha o6Hapy:>KeHHe O,D;Horo aTOMa HOBoro HYK

JIH,D;a cpe;::i;H 10 14 noCTOpOHHHX aTOMOB, HaqaThI pa6oTbI no C03,D;amuo 

rHraHTCKoro ;::i;eTeKTopa MHO:>KeCTBeHHbIX HeiiTpOHOB, KOTOpbIH n03BOJIHT 

H3yqaTh cnoHTaHHoe ;::i;eneHHe B reonorHqecKHX npo6ax Maccoii ;::i;o 1000 Kr. 

Oco6oe MeCTO B npo6neMe noHcKa CT3 B npHpo;::i;e 3aHHMaIOT KOCMH

qecKHe JiyqH, ,z:t;eJio B TOM, qTo B KOCMHqecKOM H3JiyqeHHH npe,D;CTaBJieHbI 

aTOMHhie H,D;pa Bcex H3BeCTHbIX XHMHqeCKHX 3JieMeHTOB, HyKJieOCHHTe3 

KOTOpbIX npoHCXO,Il;HT B MHoroqHcJieHHbIX H pa3Hoo6pa3HbIX 3Be3,D;HbIX 

o6neKTax HaIIIeii f'anaKTHKH. Bo3paCT 3THX 3JieMeHTOB COCTaBJIHeT B cpe;::i;

HeM 10 MJIH.JieT. 3TO nOBbIIIIaeT IllaHCbI HaXO)K,Il;eHHH H,D;ep CT3 B KOCMHqe

CKHX Jiyqax no cpaBHeHHIO C Bern;eCTBOM CoJIHeqffOH CHCTeMhI. 

,z:t;JIH noHCKOB CBepxTH:>KeJibIX H,D;ep B KOCMHqeCKHX nyqax MbI HCnOJib-

30BaJIH 3aMeqaTeJibHbie B03MO:>KHOCTH, KOTOphre C03,Il;aJia caMa npHpo;::i;a. 

H;::i;pa TH:>KeJihIX 3JieMeHTOB, nocTynarorn;He C KOCMHqecKHMH nyqaMH B npe

;::i;eJihI CoJIHeqHoH CHCTeMhI, HMeIOT CKOpOCTh, 6JIH3KYIO K CKOpOCTH CBeTa. 

Ilona;::i;aH B He60JibIIIHe He6eCHhie TeJia - acTepoH,D;bI 3TH H,D;pa npOHHKaIOT 

Ha rny6HHY 5-15 CM H TOpM03HTCH, OCTaBHB B KOHn;e CBoero nyTH noBpe:>K

;::i;eHHH CTPYKTyphr B HeKOTOpbIX MHHepanax, BXO,Il;HII.J;HX B COCTaB Bern;ecTBa 

acTepoH,D;OB. 3TH noBpe:>K,D;eHHH, TaK Ha3hIBaeMhie JiaTeHTHhie, HeBH,Il;HMbre 

TpeKH, coxpaHHIOTCH ;::i;eCHTKH H COTHH MHJIJIHOHOB JieT. OHH MoryT 6bITb 

npeBparn;eHhI B BH,Il;HMbie TpeKH B pe3yJII,TaTe o6pa6oTKH 3THX MHHepanoB 

cnen;HaJibHbIMH paCTBOpaMH. ,lJ;JIHHa 3THX TpeKOB pe3KO B03pacTaeT C yBeJIH

qeHHeM aTOMHoro HOMepa H,D;pa, OCTaBHBIIIero CBOH CJie,D; B MHHepane. 

OcTaeTCH Bonpoc, KaK ,Il;OCTaBHTb B Jia6opaTOpHIO npo6bI Bern;ecTBa 

acTepoH,D;OB. 3Ta npo6JieMa BnOJIHe pa3peIIIHMa, TaK KaK TaKHMH npo6aMH 

HBJIHIOTCH MeTeopHTbI, nepHO,Il;HqecKH na;::i;arorn;He Ha 3eMJIIO. B MHpe cyrn;ecT

ByeT HeMaJIO KOJIJieKI.J;HH MeTeopHTOB, KOTOpbre BCeCTOpOHHe HCCJie,D;yIOTCH 

yqeHhIMH pa3HbIX cneI.J;HaJibHOCTeii. 

K HacToHrn;eMy BpeMeHH B ,z:t;y6He B.II.IlepenhrrHHhIM c coTpy;::i;HHKa

MH npoBe;::i;eHa o6pa6oTKa H npocMOTp KPHCTaJIJIOB OJIHBHHa - BeCbMa 

pacnpocTpaHeHHoro Mllliepana, Bxo;::i;Hrn;ero B cocTaB :>KeJie3oKaMeHHhIX 

MeTeopHTOB. BbIJIO o6Hapy:>KeHo ceMb TpeKOB, ,Il;JIHHa KOTOpbIX 

(0,35-0,4 MM) npHMepHo B,Il;BOe npeBhIIIIaJia ,Il;JIHHY TpeKOB H,D;ep ypatta. 

MbI paccMaTpHBaeM 3TH TpeKH KaK nepcneKTHBHhie I<:aH,D;H,D;aThI B TpeKH 

CBepxTmKeJihIX H,D;ep. 

qTO Hy:>KHo, qTo6bI oT6poCHTb CJIOBO "KaH,Il;H,D;aT", nOJIHOCTblO y6e;::i;HB

IIIHCb B TOM, qTo MbI ;::i;eiiCTBHTeJibHO BH,Il;HM CJie,D;bI, OCTaBJieHHbie CBepXTH

:>KeJihIMH H,D;paMH? 3;::i;ecb HMeeTCH HeCKOJibKO rryTeii, cpe,D;H KOTOpbIX OTMe

THM HaH6onee nepcneKTHBHbIH. 3To nOHCK CJie,D;OB OCKOJIKOB ;::i;eJieHHH 

aTOMHbIX H,D;ep CT3, KOTOphre ,Il;OJI:>KHbI HaxO,D;HTbCH He;::i;aneKo OT KOHn;a 
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naTh 10aem1pHy10 pa6oTy, 06ecrreq11a B03M0:>KH0CTb 113611paTeJibHoro rrpo
HllKH0BeHllfl paCTB0pllTeJIH a :ny o6naCTb KpllCTaJIJia 0JillBllHa. Ecn11 y,D;aCT
Cfl o6Hapy)KHTb cne,D;hl 0CK0JIK0B ,D;eJieHllfl, 0TITMYT ace C0MHeHllfl a TOM, 
qTo Haii,geHHhie aH0MaJibH0 ,Zl;JillHHbie Tpe:Kll rrpllHa,D;Jie:>KaT H,D;paM CT3. 
TOJib:KO ,Zl;Jifl 3TllX fl,D;ep Cil0HTaHHoe ,D;eJieH11e M0:>KeT rrpe,D;CTaBJiflTb OCHOBHOII 
BH,D; pa,D;11oa:KTllBHoro pacrra,D;a. MR H,!l;ep ypatta, a Ta:K:>Ke AJIH acex TpaHc
ypaH0BhIX H,!l;ep, K0T0pbie MoryT rrp11cyTCTB0BaTb B K0CMllqec:KllX nyqax, 
0CH0BHbIM Bll,!l;0M pa,D;ll0aKTllBH0CTll flBJifleTCfl a -pacrra,!l;, a Cil0HTaHH0e ,D;e
JieH11e M0:>KeT rrp0llCX0,Zl;llTb Jllllllb B 0,!l;H0M cnyqae Ha MllJIJill0Hbl pacrra,D;0B. 

Mbl pacc:Ka3aJill B 3TOH CTaTbe 0 Tpex 0CH0BHbIX HarrpaaneHllflX 
llCCJie,!l;OBaHllH rrpo6neMhl CBepXTH:>KeJibIX 3JieMeHT0B - 3TO CllHTe3 3JieMeH
T0B Ha rryq:Kax Tfl:>KeJihlX ll0H0B, Il0llCKll CT3 B 3eMHblX o6pa3u;ax 11 MeTeo
p11Tax 11 rro11c:K11 H,!l;ep CT3 B K0CM11qecK11x nyqax, KaJK,D;oe 113 n11x Harrpaa
neHllH llMeeT llHTepeCHbie rrepcrreKTllBbl a 6y.D;yiu;eM. 

11ccne,D;OBaHHR B o6naCTll CllHTe3a H0BblX 3JieMeHT0B B rrocne,!l;Hlle 
ro,!l;bI 0T0,1l;B11Hyn11 rpatt11u;y rrep110,D;11qec:KoH c11cTeMbI ,Zl.11.MeH,!l;eneeaa 
BilJI0THYIO I( aT0MH0MY H0Mepy 110. PeaJibHOH 3a,D;aqeif CTaJI CHHTe3 3Jie
MeHT0B 110-112, KOTOpbIH Il03B0JillT BblflCHllTb CBOHCTBa Tfl:>KeJibIX HYKJill
,!l;0B, cyru;eCTBeHHhie ,!l;Jifl HalllllX rrpe,D;CTaBJieHllH 06 0CTpoae CTa611JibHOCTll 
CT3. 

,ZlnH rrpo6neMbI CT3 6onhlllOe 3HaqeH11e 11MeeT 3a,D;aqa 11,D;eHTmp11Ka
UHll H0B0ro rrp11po,D;Horo Cil0HTaHH0 ,D;eJIHiu;erocH HyKJI11,D;a. Ecn11 6y.D;eT 
,1l;0Ka3aHa ero rrpHHa,D;Jie:>KH0CTb I( 0CTpoay CTa611JibHOCTll, Il0flBllTCfl peanb
Hafl B03M0'.>KH0CTb Bhl,1l;eneHllfl BeC0BblX K0JillqecTB H0Boro 3JieMeHTa. 

O6Hapy:>KeH11e H,!l;ep CT3 B K0CM11qeC:KllX nyqax 6y,D;eT llMeTb rrpllHll;ll
IlllaJibH0e 3HaqeH11e ,Zl;Jlfl Teop1111, OilllCbIBaIOiu;eH CTa6llJibHOCTb Tfl'.)KeJibIX 
HYKJill,Zl;0B. 
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CttHTE3 HOBhlX 3REMEHTOB TABRttUhl MEH~EREEBA 

JO.a. OI' AHECHH, npogjeccop 

A.A.Ill/EBE, 1ea1touoaT (PU3U1CO-MaTeMaTU'-leC1CUX ttay,c 

rpeqec1rne cnoao synthesis 03HaqaeT coe,n;Hliemrn H3BeCTHbIX · 3Jie

MeHToa n nonyqeHHe HOBOI'O o6'beKTa, o6na,n;aromero KaqecTBeHHO HOBbIMH 

CBOHCTBaMH. 11HTepecHeHWHe HCCJie.n;oaaHI:UI B H,n;epHOH (pH3HKe - CmiTe3 , 

HOBblX 3JieMeHTOB - IlOJIHOCTbIO COOTBeTCTByroT H 3TOMY onpe,n;eJieHHIO, 

H HeyTOJIHMOMY CTpeMJieHHIO qenoaeKa K Il03HaHHIO HOBOI'O. 

B 1934 I'. 8.<l>epMH, npoao,n;H OilbITbl no B3aHMo,n;eiicTBHIO HeHTpOHOB 

C pa3JilfqHblMH aemecTBaMH, npe,n;JIO)KHJI MeTO,!l; CHHTe3a 93-ro 3JieMeHTa 

npH o6nyqeHHH ypaHa HeHTpoHaMH. O,n;HaKO ,n;o npeTaopeHHH 3TOH n,n;eH 

a mH3Hb npowno eme oKono wecTH neT. IlepahIH ycnewHhIH 3KcnepnMeHT 

y,n;anocb npoaeCTH MaKMHJIJiaHY n 8n6ncoHy TOJibKO a 1940 r., Kor,n;a 

aBTOpbI, o6nyqaH 238 u HeHTpOHaMH, Ha6JIIO,!l;aJIH o6pa30BaHHe 239 Np 111• 

Cym;HOCTb 3TOI'O MeTo.n;a CmiTe3a CBO,!l;HTCH K TOMY' qTo /3-CTa6HJib

Hoe H,n;po, 3axBaThlBaH HeHTpOHbI, y,n;anHeTCH OT o6naCTH /3 -CTa6HJibHOCTH. 

Bb16paCblBaH 3JieKTpOH, H,n;po B03BpamaeTCH B o6JiaCTb /3-cTa6HJibHOCTH, 

HO npH 3TOM ero nopH,!l;KOBblH HOMep yaennqnaaeTCH Ha e,D;HliHIJ;Y. TaKHM 

o6pa3oM, 3axBaT HenTpoHoa H u;enoqKa nocne,n;oaaTeJibHbIX /3-pacna,n;oa 

n03BOJIHIOT HaKanJIHBaTb pa3JIHqHbie H30TOilbl TpaHcypaHOBblX 3JieMeHTOB. 

Ilocne C03~aHHH H,n;epHblX peaKTOpOB C HX noMOllJ;bIO 6bIJI ocym;ecT

BJieH CmiTe3 
23 Pu B KOJilfqecTae, ,!l;OCTaToqHoM ,!l;JIH HCTTOJib30BaHHH ero 

a KaqecTBe HCXO,!l;HOI'O MaTepHana ,!l;JIH HaKonneHHH 6oJiee TH)KeJibIX TpaHC

ypaHOBbIX 3JieMeHTOB B H,n;epHbIX peaKTOpax. 8THM MeTO,!l;OM y,n;anocb 

npO,!l;BmiYTbCH ,n;o 100-ro 3JieMeHTa - cpepMHH. O.n;HaKo npo,n;BH)KeHHIO 

B TpaHccpepMHeayro o6JiaCTb npenHTCTByeT MaJIOe. apeMH )Kl:13HH H30Tona 
258 Fm, KOTOpbIH, HCilbITbIBaH 6bICTpoe cnoHTaHHOe ,n;eneHHe, HCKJIIOqaeT 

o6pa30BaHHe {3-HeycToiiqHaoro H30Tona 
259 Fm. Ilo,n;po6Hee c 3THM aonpo

coM MO)KHO 03HaKOMHTbCH B pH,n;e o63opoa H MOHOrpacpHH • 

.IJ:pyl'HM MeTO,!l;OM CmiTe3a TpaHcypaHOBbIX 3JieMeHTOB, KOTOpbIH 

npHMeHHeTCH B na6opaTopHHX, HBJIHeTCH o6nyqeHHe Jiel'KHMH 3apHmeHHbl- 205 



MM qacTm.J;aMM (ITpOTOHaMM, ,n;eihpoHaMM M a .qacTmi;aMM) T.fDKeJihIX Mmne

HeH, ITorryqeHHhIX M3 pea1<:Topa. 8To KOM6MHMpoaaHHhIH MeTO,D;, MCITOJlh3YIO· 

II.J;MH ycKopMTeJIM M peaKTOphI. Ero porrh 6hma oco6eHHo 6orrhlllOH ITPM OT· 

KpbITMM M30TOITOa M :meMeHTOa aITJIOTb ,n;o MeH,n;erreamI (101-H 3JieMeHT). 

MeTO,D; OCHoaaH Ha n:,n;epHbIX peaKIJ;MRX TMITa (d, xn) M (a , xn). 3axaaT 

TRiKeJihIM R,D;pOM-MMllleHblO ,n;eifTpoHa MJIM a-qacTMIJ;hI C 3HeprMeH 20-40 M3B, 

ITpeahilllaIOII.J;eH KYJIOHOaCKMH 6apbep, ITpMaO,D;MT K o6pa3oaaHlflO ao36yiK

,n;eHHOro COCTaBHOro R,n;pa, KOTopoe "ocThIBaeT", ab16paCbIBaR O,D;lfH MJIH 

HeCKOJlbKO HeHTpOHoa. B pe3yJibTaTe TaKMX R,n;epHbIX peaKIJ;MH o6pa3yeTCR 

HOaoe R,n;po C ITOpR,D;KOabIM HOMepoM Ha O,D;Hy MJIM ,n;ae e,n;MHMIJ;hI 60Jibllle. 

8TMM MeTO,D;OM 6hIJIM ITorryqeHhI ITOCJie,n;oaaTeJibHO TpaHcypaHOahie 3JieMeH

ThI ,n;o MeH,n;erreaMR (101-ro) aKrrroqMTeJibHO. B 3TOH pa6oTe 3KCITepMMeHTa--- . 
TOpbI aITepabie CTOJIKHYJIMCb C Tpy,D;HOCTblO lf,D;eHTmpMKaIJ;MM HOaoro 3Jie-

MeHTa ITO cqMTaHHOMy qMcrry aTOMOa (acero a ITepahIX OITbITax 6hIJIO CMHTe-

3MpoaaHo 17 aTOMOa 101-ro 3JieMeHTa). 8Ta Tpy,n;HOCTb CTarra 3aTeM xapaK

TepHOH ,n;rrn: aceif TpaHccpepMMeaoif o6rraCTM. 

Ilo Mepe ITpo,n;aMiKeHMR a o6rraCTb 6orree TRiKeJibIX 3JieMeHToa CTaHO· 

aMJIOCb oqeaM,D;HhIM, qTo M 3TOT MeTO,D; MMeeT ITpe,n;err, o6ycrroarreHHhIH He,n;o

CTYITHOCTblO ,D;OCTaToqHo TRiKeJihIX MMllleHeH. Bee ITOIThITKM CMHTe3MpoaaTb 

6orree TRiKeJihie 3JieMeHThI Ha YCKOpMTeJIRX, a TaKiKe a R,n;epHbIX a3phIBax 

OKa3aJIMCb 6e3yCITelllHhIMM. 

.l1:JIR ,D;aJibHeH1IIero ITpo,n;aMiKeHMR 6hIJIM HYiKHhI HOahie M,D;eM, HOahie 

MeTO,Il;hI CMHTe3a. YcKopeHHhie TRiKeJibie MOHhI MOrJIM IT03aO.TIMTb CKaqKoM, 

cpa3y Ha HeCKOJibKO e,D;MHMIJ;, yaeJIMqMaaTb 3apn:,n; (ITopR,D;KOabIH HOMep) 

n:,n;pa. r .H.<l>rrepoa, pa60Taa1IIMH Tor,n;a a 11HCTMTYTe aToMHoif 3Heprlflf, 

cpa3y ITOHRJI, _qTo 6y,n;yniee TpaHcypaHoahIX 3JieMeHTOa caR3aHo C TRiKeJibI· 

MM MOHaMM, M cyMeJI y6e,n;MTb a 3TOM 11.B.KypqaToaa. 11, KaK a caoe apeMR 

ITPM OTKpbITMM CITOHTaHHOro ,n;erreHMR, KypqaToa M <l>rrepoa pelllmm, qTo 

HYiKHO "6pocMTb ace M 3aHMJV!aT:&~R TOJibKO 3TMM". 

CHaqarra Haxo,n;MJIOCb !-1Horo CKeITTMKOa. He aepMJIM a ao3MOiKHOCTb 

ITorryqeHMR MOHOa C 6oJiblllMM 3apR,D;OM ,D;JIR 3cpcpeKTMaHoro ycKopeHMR -

3Ta 3a,n;aqa 6bIJia pellleHa a KOJIJieKTMae aKa,n;eMMKa JI.A.ApIJ;MMoa0qa 

a 11HCTMTyTe aTOMHOH 3HeprMM. AaTopMTeTbI cqMTaJIM, qTo a IJ;MKJIOTpoHe 

ace ycKopReMhie MOHhI pacTaopRIOTCR - CJIHIIIKOM ,Il;JIMHeH ITYTb. ycKopeHMR. 

r .H.<l>rrepoa CJIOaOM M ,n;erroM y6e,n;MJI a o6paTHOM: a 1956 ro,n;y a 11A8 

6bIJI ycKopeH ITyqoK MOHOa KMCJIOpo,n;a, a MMJIJIMOHhI pa3 6orree MHTeHCMa

HhIH, qeM ITorryqeHHhIH ,n;o 3Toro a AHrrrMM, 3aTeM yrrrepo,n;a, a3oTa. EhIJIM 

HaqaThI OITbIThI Ha ITyqKax, a KOTOpbIX ITOCTeITeHHO ITOJiyqMJIM ace TpaHcypa

HOabie 3JieMeHThI, paHee CMHTe3MpoaaHHhie a peaKTopax. 3aTeM ITepelllJIM 

K OITbITaM ITO ClfHTe3y 102-ro 3JieMeHTa ITPM o6rryqeHlflf MMllleHM M3 ITJIYTO· 

HMJI ycKopeHHhIMM MOHaMM KMCJiopo,n;a. Pa60ThI ITpoao,n;MJIMCb rpyITITOH MO· 

JIO,D;hIX cpM3MKOa ITO,D; pyKoao,D;CTaOM r.H.<l>rrepoaa. 11MeHHO a 3TMX pa6o

Tax 6bIJIM ITOJiyqeHbI ITepabie OITpe,n;erreHHhie ,n;aHHhie O caoHCTaax Hoaoro 

3JieMeHTa - M30TOITa 252102. 8THM 6bIJIO 3KCITepMMeHTaJibHO ,n;oKa3aHO, 
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3H CHHTe3HpoBaTb ,n;pyrHMH MeTO,Il;aMH (B peaKTopax, Ha yCKOpHTeJrnX 

nerKHX qaCTHU H T.,n;.). 11,u,eH BhI,Il;ep)KaJia HCnhITaHHe onhITOM. 

CneuHaJIH3HpOBaHHhIH ycKopHTeJib TH)KeJihlX HOHOB 6bIJIO perneHo 

CTpOHTb B .[{y6He. 1957 ro.n CtIHTaeTCH ro,n;OM po)K)];eHHH Jia6opa-ropHH 

11,n;epHhIX peaKUHH: .[{.H.Bnox11HueB, B TO BpeMH ,n;11peKTOp OH.f:IH, no,n;n11-

can np11Ka3 0 C03,Il;aHHH B IiHCTHTyTe HOBOH na6opaTOpHH. B TetieHHe Tpex 

neT YCKOpHTeJib TH)KeJiblX HOHOB, KpynneHillHH B MHpe UHI<'.JIOTpOH Y-300, 

6bIJI pa3pa6oTaH, co3,n;aH 11 3anyI..UeH. 

B pe3yJibTaTe HCCJie,n;OBaHHH C nytiKaMH TH)KeJibIX HOHOB, HatiaThIX 

25 neT Ha3a,n; B OHHH 12< a 3aTeM B CI.UA, <I>pattu1111, <I>Pr, B03HHKno 11 pa3-

BHnocb uenoe HanpaBJieHHe H,n;epHOH q:>H3HKH - q:>H3HKa TH)KeJiblX HO}lOB. 

CHHTe3HPOBaHhl HOBbie :meMeHThI, H3ytieHbl MexaHH3Mbl peaKUHH Me)K)];y' 

CJIO)KHbIMH H,n;paMH, OTKpbIThl HOBhie HBJieHHH. HarnH npe,n;CTaBJieHHH O H,Il;

pax, oco6eHHO TH)KeJihIX, cyI..UeCTBeHHO H3MeHHJIHCb. O,n;HaKo co BpeMeHH 

OTKpblTHH BhIHy)K)];eHHoro ,n;eneHHH (O.ratt 11 <I>.lIITpaccMaH, 1939 r.) 

11 cnoHTaHHoro .neneHHH ypatta (r.H.<I>nepoB, K.A.IleTp)KaK, 1940 r.), 

TeoperntieCKHX pa6oT H.Bopa 11 .[{.Y11nepa (1939 r.), H.A.<I>peHKenH 

(1939 r.) 11 .no KOHUa nHTH,Il;eCHThlX ro,Il;OB TH)KeJioe .n;eJIHI..UeecH H,D;p0 pac

CMaTpHBaJIOCb KaK 6eccTpyKTypHaH )KH,Il;I<'.aH KanJIH c oco6hIMH H,D;epHblMH 

CBOHCTBaMH, H Ha 3TOH OCHOBe Mo.n;enHpOBaJIHCb ero xapaKTepHCTHI<'.H B OT

H01lleHHI1 .neneHHH, Ha6mo,n;aBillHeCH B 31<'.CnepHMeHTaX (BepOHTHOCTb cnoH

TaHHoro ,n;eneHHH, .neneHHH B H,n;epHOH peaKUHH H T.,n;.). 

CHHTe3 HOBhlX 3JieMeHTOB H H30TOnoB, HaKonneHHe H CHCTeMaTH3a

UHH ,Il;aHHhlX no HX cnoHTaHHOMY .neneHHIO nocTeneHHO MeHHJIH 3TY KapT,H

Hy: o6Hapy)KHBaJIHCb OTKJIOHeHHH OT ")KH,Il;KOKanenbHhIX" CBOHCTB fIJl,ep. 

B CHCTeMaTHKaX nepHO,Il;OB cnoHTaHHoro .neneHHH (HX 3aBHCHMOCTH OT MaC

COBOro tJHCJia n1160 tIHCJia HeHTpOHOB B H,n;pe) Ha6nIO,Il;aJIHCb CKatJKH H 113-

JIOMhI, B OTJIHtJHe OT IlJiaBHhlX MOHOTOHHhlX H3MeHeHHH, COOTBeTCTBYIOI..UHX 

MO,n;enH ")KH,Il;KOH Kann11". 3TOT cpaKT CBH,Il;eTeJibCTBOBaJI O Ba)KHOH pOJIH 

BHyTpeHHeH CTPYKTYPhI np11 ,n;eneHHH 11 Ha ocHoBaHHH 061..UHX coo6pa)KeHHH 

no3BOJIHJI npe,n;nonaraTb, tiTo BpeMeHa )KH3HH nocne.nyroI..UHX Tpattcypatto

BhIX 3JieMeHTOB MoryT OKa3aTbCH CyI..UeCTBeHHO Bhlllle O)KH,Il;aBillHXCH. Ha 

3TOH OCHOBe 6hIJIO BhI6paHO HanpaBJieHHe HCCJie,n;oBaHHH no ,Il;aJibHeHilleMy 

CHHTe3y H H3ytieHHIO CBOHCTB TH)KeJibIX TpaHcypaHOBhlX 3JieMeHTOB, HanpaB

neHHe, KaK Mhl YBH,Il;HM .nanee, BeCbMa TIJIO,Il;OTBOpHoe. 

Tpa,D;HUHOHHO CHHTe3 HOBhIX 3JieMeHTOB, H,Il;eHTHq:>HKaUHH H H3ytieHHe 

HX q:>H3HtieCKHX CBOHCTB conpOBO)K,Il;aJIHCb XHMHtJeCKHMH HCCJie,n;oBaHHHMH. 

O.n;HaKO CHCTeMaTHtJeCKOe yMeHbllleHHe BpeMeHH )KI13HH 6onee TH)KeJiblX 

H,n;ep H cetieHHH HX o6pa3oBaHHH B peaKUHHX CHHTe3a (B onhITax npHXO,Il;H

JIOCb HMeTb .neno co CtJHTaHHhIMH aToMaMH) 3aCTaBHJIH CMOTpeTb Ha ,n;eno 

HHatie. K TOMy )Ke cnOHTaHHOe ,n;eneHHe np1106peTano BCeBo3pacTaIOI..UYIO 

pOJib B pacna,n;e 6onee TH)KeJibIX H,n;ep. B 3THX YCJIOBHHX HaH6onee 3cpcpeK

THBHhIM cnoco6oM o6Hapy)KeHHH H H,Il;eHTHq:>HKaUHH HOBhIX 11,n;ep HBJIHeTCH 

perHCTpaUHH HX cnoHTaHHoro .neneHHH. l103TOMY 6bIJia pa3pa6oTaHa u co-
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Te3a 11 113yqeHl1.fl CBOHCTB H0BblX TpaHcypaH0BbIX :meMeHT0B ITO CIT0HTaH

H0MY AeneH11IO. 

Pa6oTbl ITO Cl1HTe3y H0BbIX 3JieMeHT0B BeAyTC.fl B J1a6opaTop1111 

H,nepHblX peaKQ11H co AH.fl ee 0CH0BaHH.fl. C11cTeMaT11qecK11e 0ITblTbl ITO Cl1H

Te3y 104-ro 6bIJil1 HaqaTbl cpa3y IT0CJie rrycKa UHKJI0Tp0Ha Y-300. 3Ty 

ITepByIO 3a,naqy, IT0CTaBJieHHYIO r .H.<l>nepOBblM ITepen K0JIJieKTl1B0M Jl.fIP, 

,[(.M.Bnox11HQeB Ha3Ban ",n11IIJIOMHOH pa6oToi1:" MOJIOAOH na6opaTop1111. 

3,necb C0BITaJI0 ITO BpeMeH11 MH0ro H0Boro: H0Ba.H na6opaTOpl1.H, 

HOBbIH K0JIJieKT11B, HOBblH ycKop11TeJib T.fl:>KeJibIX 110H0B Y-300, H0Ba.H 

3KCITep11MeHTaJibHa.fl aITITapaTypa. EcTeCTBeHHO, B pa6oTe 6bIJIO MHoro Tpy,n

HOCTeii: Bee H0B0e KaK pa3 C03,!J;aBaJI0Cb, cpopM11pOBaJIOCb, CTaH0Bl1JI0Cb. 

ilp11 BC.flK0M IT0l1CKe qero-To H0Boro Heo6xo,n11Mo BbI6paTb HaIIpaB

neH11e IT0l1CKa, 11 3T0 oqeHb Ba:>KHbIH M0MeHT. B HallleM cnyqae HY:>KH0 6bIJIO 

BbI6paTb peaKQl1IO Cl1HTe3a, oueHl1Tb ee Bepo.HTH0CTb. Ilonyq11Tb X0Tb KaKoe

T0 ITpeACTaBneH11e 06 o:>KH,naeMhIX CBOHCTBax 104-ro - CITOC06ax pacITa,na, 

BpeMeHl1 :>KH3Hl1 11 Ha 3TOH 0CH0Be BbI6paTb MeT0A per11cTpaUI111, CK0HCTpy11-

poBaTb 11 113r0T0Bl1Tb 3KCITep11MeHTaJibHYIO ycTaH0BKY. Ha116onee He.HCHbIM 

6bIJI B0ITpoc 0 BpeMeH11 :>KI13H11. 

B cp11311Ke Ji,npa HeT cTporoi1: rnop1111. EcTb Mo,nenoHbie ITpeAcTaaneH11.H, 

r0,!J;Hbie B orpaH11qeHH0M n11aITa30He ITapaMeTp0B, 11 ITp11eMbl 11X 3KCTpaITo

JI.flQl111 B He11ccne,noBaHHyro o6nacTb • .[(JI.fl ,nen.HIUHXC.H .H,nep Moienr,ro 6bma 

:>KH,nKa.H KaIIJIH, Ho TYT oueHKl1 MR T 112 104-ro naaan11 10-
1 

. c. ,[(pyra.H 

B03M0:>KH0CTb - 3KCTpaIT0JI.flQl1.fl 3MITl1p11qeCKOH Cl1CTeMaTl1Kl1 ITep110A0B 

ITonypacITa,u;a TpaHcypaH0BbIX 3JieMeHT0B 0TH0Cl1TeJibH0 CIT0HTaHHoro nene

Hl1.fl, 11 3T0 oKa3aJI0Cb 6onee o60CHOBaHHbIM. ilp.HMa.H 3KCTpaIT0JI.flQl1.fl ,naBa

na ,!J;JI.fl 1130T0IT0B 104-ro 3JieMeHTa 3Haqemm T 1/2 = 10-7 C 11 MeHbllle. 

O,u;HaKo, ITp11Hl1Ma.H BO BHl1MaHl1e cyru;eCTBeHHyro CTa611Jil1311pyroru;yro p0Jib 

BHyTpeHHeH CTPYKTYPbl HApa, Mbl coqn11 3Tl1 oueHKH He6e3yCJIOBHblM11 

11, B0ITpeK11 ITeCCl1Ml1CT11qecK11M ITpe,ncKa3aH11.HM, pellll1Jil1 HaqaTb IT0l1CK 

B o6naCTl1 ,noneii ceKyH,!J;bl. il03TOMY 3KCITep11MeHTaJibHa.H YCTaH0BKa 6bIJia 

paccq11TaHa Ha per11cTpaUHIO peAK11X co6bITl1H CIT0HTaHHoro AeneHl1.fl 104-ro 

3JieMeHTa 3a BpeM.fl OT Ml1JIJil1CeKyH,n 11 Bblllle C M0MeHTa .HAepHOH peaK

U1111 C11HTe3a. 

Haqan11cr, 0ITblTbl. J13yqanacb peaKQ11.fl 

242 22 260 
94 Pu + 10Ne ➔ 104 + 4n, 

B KOTopoii cyMMapHoe (cocTaBHoe) H,npo 
264

104, B03Hl1Karoru;ee B ReaK

u1111, B036y:>K,neHo, 11CITycKaeT 4 HeHTpOHa 11 ITepeX0Al1T B MP0 
26 

104, 

Haxo,u;Hru;eec.fl B 0CH0BH0M (HeB036y:>K,neHHOM) C0CT0.flH1111. 

Ilocne yITopHoii 6opb6b1 c IT0MexaM11 B per11cTp11pyroru;ei1: aITITapaTy

pe cpe,n11 ITpo,nyKT0B .H,nepHblX peaKUHH 6bIJI o6Hapy:>KeH CIT0HTaHH0 nen.H

l.ll;l1HC.fl 113nyqaTenr, c T 112 = 0,014 c. HeMeAneHHo 6bIJil1 c,nenaHhI K0HT

poJibHbie 0ITblTbI: 113yqeHbl 6n113K11e peaKQ1111, He ITP11B0AHIUHe K cyMMapH0-
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KB KHHen11IeCKOH ::mepr:111'.l; ll yrJI0BhIX pacnpe.n:enemi:if .n:emU.UMXC.fl .fl,Il;ep • 

.UaHHhie 3TMX 0nhIT0B noKa3aJIH, lIT0 B peaKU:ll.flX C T.fl)KeJihlMM ll0HaMM 

HOBhIH ll3JiyliaTeJib o6pa3yeTC.fl He npM noJIH0M CJIH.flHMH CTaJIKMBaIOII.J;HXC.fl 

.fl,Il;ep, a B pe3yJibTaTe nepe.n;atIM JIHIIlb HeCK0JibKHX HYKJI0H0B, 3HalIHT, 3T0 

He 104-ii, a H.n;po 6onee nerKoro 3JieMeHTa. TTepeKpecTHhie peaKU:MM 

C a-liaCTBU:aMH, .n:eifTpoHaMH, HaKoHeu, HeHTPOHaMM no3B0JIMJIM H,Il;eHTMqm-
242 . 

U:Hp0BaTb 3T0 .H,Il;p0. OKa3aJIOCb, lIT0 3T0 H.n;pa Am. 

lfraK, Ha6mo.n:aeTC.fl He HOBhIH 3JieMeHT' a HO Boe CBOHCTBO ll3BeCTHbIX 

TmKeJihlX .fl,Il;ep. BHeIIIHe OHO npo.HBJI.fleTC.fl B cyrn;eCTB0BaHMH y 0,Il;Horo H.n;pa 

.IJ:BYX (HJIH 6onee) CHJibH0 pa3JIHlialOII.J;MXC.fl nepH0,Il;0B cnoHTaHHoro .n:ene

Hll.fl. B .n;aHH0M cnyqae 3T0 6bIJIO .H,Il;p0 242A.m; Bnocne,Il;CTBHB TaKMX .fl,Il;ep 

6bIJIO o6Hapy)KeHo M M3ytieHo HeCK0JibK0 .n;ec.HTK0B cpe.n;M M30T0n0B 

U 7 Cf /'JI, 

Ho notieMy .n:eneHHe 3Toro "cTpaHHoro" H.n;pa ycKopeHo 6onee tieM 

B 10 20 pa3 no 0TH0IIIeHHIO K H0pMaJibHhIM .H,Il;paM aMepHUM.H? Bo36y)K,Il;eH

H0e C0CT0.flHHe, ll30Mep? B nopor0BhlX peaKUM.flX 243 Am(n,2n) 242, 242fAm 

6bIJia onpe.n;eneHa era 3HeprM no 0TH0IIIeHHIO K 0CH0BH0MY C0CT0.flHMIO: 

2,9 M3B. CTana KatieCTBeHH0 noH.flTHa n0BhIIIIeHHa.fl .n;eJIHM0CTb, HO B03HHK 

.n:pyroif napa.n;0KC: CT0Jib BhIC0K0Jie)Karn;ee C0CT0.flHMe B .H,Il;pe He M0)KeT )KHTb 

TaK .n:onro - 10-2 c! OHO o6H3aHO 3a BpeM.fl -1O- 12c MCnyCTHTb cepMIO 

raMMa-KBaHT0B ll nepeHTH B 0CH0BH0e C0CT0.flHHe. qTO )Ke era y.n;ep)KHBaeT? 

Bo3MQ)KHO, KaKHe-To He06bilIHbie "3anpeTbI"' CB.fl3aHHbie C rny6oKOH BHyT

peHHeH nepecTpOHKOH, BhIC0KHM cnHH0M M T • .n;. B 3T0M cnyqae Bhixo.n: M3JIY

tiaTeJI.fl ,Il;QJI)KeH 0lieHb pe3K0 3aBMCeTb OT ycJIOBHH peaKUMH, KBaHT0BhIX 

xapaKTepHCTMK HatiaJibHhIX ll B03HllKaIOII.J;MX B peaKQHM B036y)K.IJ:eHHbIX 

H,Il;ep. Ho 3Toro He Ha6JIIO,Il;aJIOCb, H B np0CThIX, ll B CJIQ)KHblX peaKUM.flX 

OTHOCHTeJibHhIH BhlX0.IJ: 0CTaBaJIC.fl HeH3MeHHhIM. 

HttKaKHe cyrn;eCTB0BaBIIIMe Tor.n:a TeopMH aT0MH0ro .H,Il;pa He M0rJIM 

o6'b.flCHMTb noro .flBJieHM.fl. r.H.<l>nepoB HHTYHTHBH0 n0H.flJI, lIT0 0TKpbIT0e 

HBJieHHe - HOBhIH BM,Il; .fl,Il;epHOH l'.130MepHM, TaK)Ke o6ycnoBJieHHhIH BJIH.fl

HHeM BHyTpeHHeH CTpyKTYPbl .H,Il;pa, HO C0BepIIIeHH0 oco6hIH, np0.HBJI.fll0-

11.J;HHC.fl B .n;eneHHH. BMecTe c O.BopoM OH BhI.IJ:BHHYJI 141 rMnoTe3y 06 M30-

Mepttll cpopMhI, TO eCTb 0 ~yrn;eCTB0BaHHM y .n;eJI.flll.J;MXC.fl .fl,Il;ep ,Il;0Jir0)KMBY-

11.J;llX cocToHHHH co 3HatIHTeJibHOH .n;ecpopMaUMeif. 

3Ta M,Il;e.fl HaIIIJia no,Il;TBep)K.IJ:eHMe a TeopeTHlieCKHX pa6oTax 

B.M.CTpyTHHCKoro, anepBhie nonytIHBIIIero pactieTHhIM nyTeM CJI0)KHyro 

CTPYKTypy 6apbepoB .n:eneHH.fl c npoMe~T0lIHhlMH MMHHMyMaMM noTeH

QllaJibHOH 3HeprHH .n:ecpopMaQMH .H,Il;pa npH .n:eneHMB. CTaUHOHapHbie C0CT0.fl

Hll.fl BO BT0pMlIHhIX MHHMMyMax M 6hIJIM TeMM caMbIMll ".n;eJI.flll.J;MMMC.fl l'.130-

MepaMH cpopMhI", a BHyTpeHHMH nMK .n:ayrop6oro 6apbepa .n:eneHM.fl npen.HT

CTB0BaJI raMMa-pacna.n:y. BhIBO.IJ: 3T0T 6bIJI B CK0p0M BpeMeHM no.n;TBep)K.IJ:eH 

B MH0r0tIHCJieHHhIX 3KCnepMMeHTaJibHblX M TeopeTHlieCKHX pa6oTax. 

Ba)KHeHIIIHM CJie,Il;CTBHeM 3Toro 0TKpbITM.fl 6bIJIO 3KcnepMMeHTaJibH0e 

o6Hapy)KeHBe cyrn;ecTBeHHOH pontt BHyTpeHHeif cTpyKTYPhI T.fl)KeJihIX .H.IJ:ep 

a cpopMllpOBaHHH 6apbepa cnoHTaHH0ro .n:eneHM.fl. Ha TeopeTMlieCKMX pacqe- 209 



Tax, yquThIBaromux TaKue 3cpcpeKThI, OCHOBfilibl B HaCToHmee BpeMH ou;eH

KlI CBOHCTB TmKeJihlX lI caepxTmKeJihlX TpaIIcypaIIOBhlX 3JieMeHTOB. 

,[(enmu;uecH u3oMephI o6pa3yroTcH rryTeM peaKu;utt rrepe,n;aqu HyKJio

HOB (3TH peaKll;lllI acer,n;a corrpoBOJK,n;aIOT JII06yro peaKll;lIIO IIOJIHOro CJilIH

HlIH ,n;ayx CTaJIKHBaIOI.QlIXCH H,n;ep) c OTHOCHTeJibHO 6oJibllllIM BbIXO,UOM 
-2 -10 

lI BpeMeHaMH )KH3HH, Jie)Kal.QlIMlI B IIIHpOKlIX rrpe,n;enax OT 10 ,n;o 10 ·. c. 

IT03TOMY lIX pacrra.n; C03,n;aeT cpoH rrpu perHCTpau;uu CIIOHTaHHoro ,n;eneHHH 

ClIHTe3HpyeMhIX TpaHcypaHOBblX 3JieMeHTOB. C 3TlIM q>OHOM IIplIIIIJIOCb 

6opOTbCH, lI 3TO o6CTOHTeJibCTBO ClIJibHO OCJIO)KHlIJIO 3a,n;aqy CHHTe3a lI u,n;eH

Tllq>HKau;uu HOBbIX H,n;ep lI 3a,n;ep)KaJIO ClIHTe3 104-ro 3JieMeHTa, HO HeHa

,n;onro. Bhma co3,n;aHa eme 6onee qyacTBHTeJibHaH u 6onee tt36upaTeJibHaH 

arrrrapaTypa, u B 1964 r. cpu3HKH rronyqunu rrepBhie orrpe,n;eneHHhie yKa3aIIHH 

Ha o6pa30BaIIHe 104-ro 3JieMeHTa C MaCCOBblM qUCJIOM 259-260 lI apeMeHeM 

)KlI3HlI rropH,n;Ka ceKyH,ll;bl - ,n;oneu ceKyH,ll;bl. 

ITepuo,n;uqecKuu 3aKoH MeH,n;eneeaa rrpe,n;cKa3hIBaJI, qTo, HaquHaH co 

104-ro, XlIMHqecKue CBOHCTBa TpaIIcypaHOBhIX 3JieMeHTOB ,ll;OJI)I(Hbl pe3KO 

lI3MeHHTbCH, OTJillqaHcb OT CBOHCTB rrpe,n;bI.n;YI.QlIX aKTlIHOlI,ll;OB. 3To IIOBbl

lllaJIO Ha,n;e)KHOCTb lI u;eHHOCTb XlIMHqeCKOH u,n;eHTHq>HKau;uu. IT03TOMY, He

CMOTpH Ha KOpOTKOe apeMH )KH3Hll, 6bIJia c,n;enaIIa IIOIIbITKa BepHyTbCH 

K XlIMlllI, XOTH lI HeCKOJibKO Heo6hiqHoH. BhIJia pa3pa6oTaIIa 6bICTpo.n;eucT

BYIOI.QaH MeTO,ll;HKa C rrpuMeHeHHeM ra30BOH XlIMHH, a ycTaIIOBKa OTJia)KeHa 

C IIOMOI.QblO pa,n;HOH30TOIIOB racpHHH, XlIMHqecKoro aIIanora 6y,n;ymero 

104-ro. 

OrrhITbl C ra30BOH XlIMHett II03BOJilIJilI OKOHqaTeJibHO u.n;eHTllq>llll;Hpo

BaTb HOBblH 3JieMeHT, IIOKa3aB, qTo ero XlIMHqecKue CBOHCTBa .n;ettCTBHTeJib

HO aHanoruqHbl CBOHCTBaM racpHHH lI B Ta6nuu;e 3JieMeHTOB MeH.n;eneeaa OH 

,ll;OJI)KeH 3aIIHMaTb MeCTO C HOMepoM 104 15•61 • TaKHM o6pa30M, 6bIJIO 

IIOKa3aIIO, qTo, .n;ettCTBHTeJibHO, KaK Mbl lI Ha,ll;eHJilICb, apeMH )KH3Hll 104-ro 

3JieMeHTa cymecTBeHHO OTJIHqaeTCH OT pe3yJibTaTOB 3KCTpaIIOJIHll;lIH ( CM. 

BhIIIIe). HOBbIH 3JieMeHT, rrepBblH TpaHCaKTlIHOH,n;, 6hIJI Ha3BaH "KypqaTOBlI

eM" (Ku) B qecTb l1ropH BaclIJiheauqa KypqaToaa. 

Co3.n;aHHaH MeTO,ll;HKa, cplI3HqecKaH lI XHMuqeCKaH, II03BOJIHJia ClIHTe-

3HpoBaTb lI 6onee TH)KeJibie 3JieMeHThl. HarrpuMep, 105-H 3JieMeHT - HlIJibC-

6oputt 6bIJI rronyqeH rrpu 3aMeHe H,n;pa-MuIIIeHH 
242 Pu Ha 

243 Am 15•
61 

B ,ll;aJibHettIIIeM Mbl HeO,n;HoKpaTHO B03BpamanHCb K CBOHCTBaM KypqaTOBHH. 

ITptt6JIH3HTeJibHO B TO )Ke apeMH B JI.RP 6bIJI OKOHqaTeJibHO u.n;eHTlI

cpuu;upoBaH 102-tt 3JieMeHT, a BIIOCJie,ll;CTBlllI 6bIJilI rronyqeHbl 103-tt u MHoro

qucneHHbie H30TOIIbl 102-ro 7 105-ro 3JieMeHTOB KaK B ,[(y6He, TaK 

u B BepKnu. 

To o6cTOHTeJibCTBO, qTo ll30TOII 260·Ku oKa3aJICH B .n;ettCTBHTeJibHOCTlI 

cymeCTBeHHO CTa6HJibHee, qeM rrpe,n;cKa3h1BaJilI 3KCTparroJIHll;lllI, ,n;aaano 

210 Ha,n;eJK,n;y' qTo lI30TOIIbl cne.n;yromux, 6onee Tfl)KeJiblX 3JieMeHTOB OKa)KyTCH 



,!l;OCTaToqHo ,n;onro:>KiiBYIUHMH ,n;n.H 3KCrrepHMeHTanbHoro H3yqeHH.H. OcTa

aanc.H, o,n;HaKo, He.HCHbIM Borrpoc BbI6opa peaKu;HH CHHTe3a. 

Tpa.n;HIJ;HOHHO 3KCIIepHMeHTaTOpbl CTpeMHnHCb HCIIOnb30BaTb ,!l;n.H 

u;eneii: CHHTe3a MHilleHb H3 HaH6onee T.H:>Kenoro H3 ,!l;OCTYIIHbIX 3neMeHTOB 

H H30TOIIOB H COOTBeTCTBYIOill;HH BH,!l; T.H:>KenblX HOHOB. <PH3HKH B EepKnH 

pacrronaranH HecKonbKO 6onee "T.H:>KenbIMH" MmneH.HMH, LI:y6Ha HMena 

rrpeHMym;eCTBO a HHTeHCHBHOCT.HX rryqKoB H a Ha6ope ycKop.HeMbIX T.H:>Ke

nhIX HOHOB. O,n;HaKo o6w;eif oco6eHHOCTblO acex peaKu;HH rrpH TaKOM rro,n;

xo,n;e 6bmO 6bICTpoe (rroqTH 3KCIIOHeHu;HanbHoe) yMeHbllleHHe aepo.HTHOCTH 

CHHTe3a rrpH rrepexo.n;e K 6onee T.H:>KenbIM CHHTe3HpyeMbIM .H,n;paM. IlpHH

u;HrrHanbHa.H rrpHqHHa 3Toro .HBneHH.H - 6hICTPO B03paCTaIOill;a.H',n;enHMOCTb 

6onee T.H:>KenhIX .H,n;ep, oco6eHHO B B036y:>K,n;eHHOM COCTO.HHHH. Ilpaa.n;a, 

rpyrrrra a LI:y6He HMena TO rrpeHMym;eCTBO, qTo ,n;n.H H,n;eHTHq:>HKau;HH HOBbIX 

3neMeHTOB OHa HCIIOnb30Bana MeTO,!l;bI, OCHOBaHHbie Ha perHCTpau;HH aKTOB 

crroHTaHHoro ,n;eneHH.H. (B EepKnH Hcrronb3oaanc.H a -pacrra.n;). ArrrrapaTy

pa, OCHOBaHHa.H Ha 3TOM rrpHHu;Hrre, KaK y:>Ke roaopHnOCb, BeCbMa qyacTBH

TenbHa H rrpaKTHqecKH He HMeeT Heq:>H3HqecKoro cpoHa, qTo .HBn.HeTc.H orrpe

,n;en.H10m;HM rrpH perHCTpau;HH oqeHb pe,n;KHX co6bITHH pacrra,n;a. TeM He Me

Hee K 1973 r. Ha CHHTe3e 105-ro 3neMeHTa Tpa,!l;Hu;HOHHblH MeTo,n; rrpaKTHqe

CKH Hcqeprran ce6.H. Hy:>KeH 6bm HOBbIH rro,n;xo,n; K rrpo6neMe peaKu;Hif CHH

Te3a. 

PellleHHe rrpo6neMbI 6bmo Haif.n;eHo o.n;HHM H3 aaTopoa (IO.U.O.), 

rrpe,n;no:>KHBillHM Hcrronh3oBaTb TaK Ha3hIBaeMhie "peaKu;HH xono,n;Horo CHH

Te3a" 171 . .Ueno B TOM, qTo B xo,n;e peaKu;HH CHHTe3a aepo.HTHOCTb o6pa30Ba

HHH KOHeqHoro H,n;pa B OCHOBHOM COCTOHHHH orrpe.n;enHeTC.H aepOHTHOCTblO 

cnHHHHH .n;ayx HCXO,!l;HblX .H,n;ep H ''Bbl:>KHBaeMOCTblO'' rrpoMe:>KyToqHoro 

B036y:>K.n;eHHoro H,n;pa OTHOCHTenbHO pa3,n;eneHHH Ha ,n;aa OCKOnKa. "BbI:>KH

aaeMOCTb" orrpe,n;enHeTCH 3HeprHeH B036y:>K,n;eHHH. qeM 6onbllle 3HeprHH 

B036y:>K,n;eHH.H, TeM Bblllle ,n;enHMOCTb, T.e. OTHOilleHHe aepoHTHOCTH. pa3,n;e

nHTbCH K aepoHTHOCTH HCIIYCTHTb HeHTpOH, coxpaHHB cyMMapHblH 3apH,n; 

(HOMep 3neMeHTa) • KpoMe Toro, rrpH 6onbllleH 3HeprHH B036y:>K,n;eHHH .H,n;po 

.n;on:>KHO HCIIYCTHTb 6onbllle HeHTPOHOB, qTo6bI "ocTbITb", H Tor,n;a KOHKY

peHu;HH ,n;eneHHH rrpOHCXO,!l;HT MHOrOKpaTHO. l103TOMY peaKu;HIO CHHTe3a 

cne,n;yeT BbI6HpaTb TaK, qTo6bI 3HeprHH B036y:>K,n;eHH.H rrpoMe:>KyToqHoro H,!l;

pa 6bma MHHHManbHOH, PeaKu;HH TaKoro THIIa rronyqHnH Ha3BaHHe "xono,n;
HbIX" peaKu;Hif. 

KoHeqHo, He 6hmo HCHO arrpHOpH, HaCKOnbKO MO:>KeT 6bITb 3cpcpeK

THBHbIM TaKOH BbI6op. OTBeT Ha 3TOT aorrpoc ,n;an 3KCrrepHMeHT 171. Ehlno 

rroKa3aHO, qTo, HarrpHMep·, peaKu;HH 
208 

Pb( 40 Ar, xn) 248"-x Fm, r,n;e MHHH

ManbHa.H 3HeprHH B036y:>K,n;eHHH rrpoMe:>KyToqHoro H,n;pa COCTaBnHeT acero 

26 M3B, HAYT C .n;ocTaToqHo 6onblllOH aepoHTHOCTbIO, HeCMOTpH Ha TO, qTo 

H,n;pa H30TOIIOB Fm o6na.n;aIOT BbICOKOH ,n;enHMOCTbIO, oco6eHHO B B036y:>K

.n;eHHOM COCTOHHHH • .Ueno B TOM, qTo rrpH cnHHHHH .n;ayx "MarHqecKHX" 211 
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PHc.1. 3aBHCHMOCTb MHHHMaJibHOH 3HeprHH 

B036y)K,ll;eHWI COCTaBHbIX JI,ll;ep Tpaecypaeo

BbIX 3JieMeHTOB, o6pa3yro~XCJI B pa3JIHll· 

HbIX KOM6HHaIJ;HJIX MHWeHb·'laCTH,a, OT 

MaCCbI 6oM6ap,zi;Hpyrow;ero HOHa 111 • 

R,D;ep * 208
Pb H 

40
Ar 06pa3yeTCR 

cpaBHHTeJII,HO HeIIJIOTHaR CHCTeMa 

HYKTIOHOB 
248

Fm. IlpH 3TOM KHHe

THqecKaR 3HeprHR CTanKHBaIOllUfXCR 

R,D;ep B 3HaqHTenhHOH CTeneHH lf,Il;eT 

Ha H3MeHeHH~ CTpyKTYPhl, TaK qTo 

Ha ,Il;OJIIO BHyTpeHHeH 3HeprHH B03-

6y)K,Il;eHHR OCTaeTCR He6onhlllaR qacTb 

nonHoH 3HeprHH peam:.J;HH. '.:ho 06-

CTORTenhcTBO OTpameHO Ha pHC.l, 

HnmocTpHpyrom;eM TaKme cnoco6 Bbl· 

6opa OITTHManhHOH peaKI.J;HH CHHTe3a 

H30TonoB Fm H Ku. 

HoBhlH MeTO,Il; CHHTe3a OTKpbm ,Il;Opory K 106-My H 6onee TRmenbIM 

3neMeHTaM, O,Il;HaKO ,Il;nR 3Toro lf,Il;eIO Hymtto 6bmo OIDITb BOIIJIOTHTh B TeXHH

qeCKHe peIIIemm. EcnH, HanpHMep, HCilOnh30BaTb B KaqecTBe MHIIIeHH ,D;Bam

,Il;bl MarHqecKHe H,D;pa 208 Pb (Z = 82), To ,D;nR CHHTe3a 106-ro 3neMeHTa 

HymHbl ycKopeHHbie HOHbl xpoMa (Z = 24). Ilo3TOMY Heo6xo,Il;HMO 6hmo 

ycKopHTb HOHhI MeTannoB, TaKHX, KaK Ca, Ti, Cr, Mn, Fe, Ni H T,,D;,, npHqeM 

onpe,D;eneHHbIX HX H30TOilOB, 

IIpo6neMOH RBnRnOCh nonyqeHHe ycKopeHHblX MHOr03apR,Il;HblX HO

HOB MeTannoB, TaK KaK pattee I.J;HKnOTPOHHbie HCTQqHlfKH HOH OB pa6oTanH 

nHIIIh Ha ra3006pa3HOM "TonnHBe". Ilpo6neMoH 6bmo nonyqeHHe caMHX 

H30TOilOB ycKopReMblX 3neMeHTOB - HeKOTOpbie H3 HHX co,D;epmaTCH B ec

TeCTBeHHOH CMeCH B ,Il;OnRX npoI.J;eHTa. 3,D;eCb HeoI.J;eHHMYIO IlOMOlli;b HaIIIeH 

na6opaTopHH OKa3anH rocy,D;apcTBeHHhIH KOMHTeT CCCP no Hcnonh30BaHHIO 

aToMHOH 3HeprHH H roccpoH,D; cTa6HnhHhIX H30TonoB CCCP, 3a qTo MbI HM 

qpe3BbiqaHHO npH3HaTenhHbl. 

Ilpo6neMy me ycKopeHHR HOHOB 3neMeHTOB, HaxO,D;HllJ;HXCH B TBep

,Il;OM COCTOHHHH, npHIIInOCb peIIIaTb caMHM. B Jia6opaTopHH R,D;epHbIX peaK-

1.J;HH 6hln pa3pa60TaH H C03,Il;aH HOBbIH THil HCToqHHKa MHOr03apR,Il;HbIX HO

HOB C pa6oqHM Bem;eCTBOM B TBep,D;OM COCTOHHHH 181• B OTnlfqHe OT HCToq-

* Ilo,zi;o6Ho 060Jio'le'IHOH CTPYKType B CHCTeMe aTOMHbIX 3JieKTpOHOB, Hawe,zi;weii: 

CBOe OTpIDKeHHe B nepHO,IJ;H'IHOCTH XHMHllecKHX CBOHCTB 3JieMeHTOB H cyw;ecTBOBaHHH 

nepHO,IJ;H'leCKOH CHCTeMbI Mee,zi;eneeBa, B JI,!J;pax TaK)Ke cyw;ecTByeT CHCTeMa o60JIO'leK 

,IJ;JIJI HyKJIOHOB. H,zi;pa C 3aMKHYThIMH o60JIO'IKaMH npoTOHOB HJIH Heii:TpOHOB Hae6onee 

212 DJIOTHO ynaKOBaHbI H Ha3bIBaIOTCJI "MarHllecKHMH", 



mrn:a C ra30M, HOBhIH HCToqHifK HMeeT B nrra3MeHHOH KaMepe ,n:onoJIHHTeJih

HhIH TpeTHH :meKTpo,n:, co,n:ep)Kam;HH pa6oqee Bem;eCTB0. )])m H3r0T0BJieHHR 

H KpenrreHHR 3JieKTp0.D:0B 6hma pa3pa6oTaHa cneu;HaJibHaR TeXH0JI0rHR, 

o6ecnequaarom:aR MeXaHHqecKyIO If T2pMHqecKyIO npoqH0CTb npH HCil0Jib-

30BaHHH pa6oqero Bem;eCTBa B BH,n:e MeTaJIJI0B, 0KHCJI0B, corre:ii: If T.,n:. HoBaR 

K0HCTPYKU:HR H H0Bhie pe)KlfMhl pa6oThl HCT0qHHKa o6ecneqHBaJIH BhlCOKHH 

BhlX0.D: MHoro3apR,n:HhlX H0H0B H qpe3BhlqaHHO 3K0H0MH0e pacxo,n:0BaHHe 

,n:oporoCT0Rm;HX pa3,n:erreHHhIX H30T0il0B. Bhma npe,n:yCM0TpeHa TaK>Ke 

B03M0)KH0CTh c6opa H MHoro1<:paTHOH pereHepau;HH pa6oqero aem:ecTaa. 

TaKHM o6pa30M, 6hma C03.D:aHa npHHu;HilHaJibHaR B03M0)KH0CTb ycK0pRTb 

H0Hhl npaKTHqecKH rrro6oro 3JieMeHTa Ta6rrHU:hI MeH,n:erreeaa. 

3TH JJ:0CTH)KeHHR Il03B0JIHJIH pacumpHTb HCCJie,n:oaaHHR Ha acex Ha

npaarreHHRX (pH3HKH TR)KeJihlX H0H0B, BKJIIOqaR npHKJI8.,n:Hhie 3a,n:aqH, H pe-

3YJihTaThl HX TPY.D:H0 nepeou;eHHTb. Tenepb BO acex R,n:epHblX rra6opaTOpHRX 

MHpa, HMerom;Hx ycKopHTeJIH TR)KeJihIX HOH OB, HCil0Jih3yeTCR 3T0T npHHu;Hn 

H0HH3all;HH aT0M0B, 

Cpa3y nocrre BBo.n:a B CTpOH TBep,n:oTeJibH0ro HCTQqHHKa H0H0B 6bIJIH 

ycKopeHhl H0Hhl 48 Ca - caMoro 3K30TlfqecKoro R,n:pa Ta6JIHll;hl H30T0il0B. 

3TO R,n:po co,n:ep)Kl:IT Ha 8 HeHTpOHOB 6oJihllle, qeM ,n:Ba)KJJ:hl "MarHqecKoe" 

R,n:po 40 Ca, H caM0 RBJIReTCR ,n:Ba)KJJ:hl "MarHqeCKHM"; a ecTeCTBeHH0e co

,n:ep)KaHHe ero B CMeCH H30T0il0B C0CTaBJIReT acero 0,19%. B peaKu;HRX C Ta

KHM 3K30THqecKHM H0H0M crre,n:oaarro 0)KH,n:aTb He MeHee 3K30THqecKHX 

pe3yJibTaT0B, I1: Ha;:i:e)KJJ:hl onpaa,n:aJIHCb, 

KaK npHMep "xorro,n:Ho:ii:" peaKU:HH 6bIJI H3yqeH CHHTe3 H3BeCTHoro 

H30T0na 102-ro 3JieMeHTa C MHllleHRMH H3 pa3,n:erreHHhlX H30T0il0B CBHHu;a: 

204+ x Pb( 48 
Ca, xn) 

252
102 (x = 0 + 4 ). 

208 
IlpH 3T0M, B crryqae Pb, 3HeprHR B036y)K,n:eHHR cyMMapHoro R,n:pa, 

B03HHKaIOm;ero B peaKU:HH CJIHRHHR, acero 18 M3B! OKa3aJIOCb, qTo, HanpH

Mep, peaKu;HR C BhIJieT0M ,n:Byx HeHTpOHOB (x = 2) B 40 pa3 6orree aepoRT

Ha, qeM peaKll;HH C H0HaMH 180 If 22 Ne, npHB0.D:Rm;He K T0MY )Ke npo,n:yK

Ty. 

Tenepb CTaJI0 RCH0, qTo BhI6paHHOe HanpaarreHHe nepcneKTHBH0, 

H M0)KH0 6bIJIO .D:BHraTbCR no IlYTH yaerrHqeHHR MaCChl If 3apR,n:a H0H0B, 

C TeM qTo6bI CHHTe3Hp0BaTb 6orree TR)KeJihie 3JieMeHThl. O,n:HaKO B03M0)K

H0CTH Y-300 6bIJIH Ha npe,n:erre. 

,l{JIR paCUIHpeHHR ,n:Hana3oHa ycK0pReMhlX H0H0B B CT0p0HY 6oJibllIHX 

Mace H Il0BhlllleHHR HHTeHCHBH0CTH nyqKoB B JI.RP 6bIJI pa3pa6oTaH If co-

3,n:aH HOBhIH, caMhIH MOm;HhIH B MHpe U:HKJmqecKH:ii: yc1<:opHTerrh TR)KeJihIX 

H0H0B Y-400 c ,n:HaMeTp0M Il0JIIOC0B 4 M / 9 /_ OH cnoco6eH ycK0pRTb H0Hhl 

c MaCCOH .n:o 100 aT0MHhIX e,n:HHHU:; HHTeHCHBH0CTH nyqKoB C0CTaBJIRIOT 

,n:eCRTKH H C0THH MHKp0aMnep. 

C Il0M0m;bIO "xorro,n:HhIX" peaKu;HH a KOpOTKHH cpoK a ,l{y6He 6bIJIO 

CHHTe3Hp0BaH0 5 H30T0il0B Ku. ,l{eTaJibHhie HCCJie.D:0BaHHR HX CBOHCTB 213 
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Pnc.2. C0cTeMan1Ka nepuo.a;oB cnoH

TaHHoro ,a;enemm 11erno-11ernbrx .fI,a;ep 

T.fI)KeJJbIX 3JJeMeHTOB (nepHO,D;bI nony

pacna,a;a B 3aBHCHMOCTH OT 'IHCJJa 

Hei:\:TpoHoB B .fI,a;pe). Ha np0Mepe 

H3OTonoB Cm-No xopowo npo.fIB· 

JJ.fieTC.fI CTa6HJJH3Hpyrow:ee BJJH.fIHHe 

HeHTpOHHOH 06ono11KH N = 152 

(cM. IlpHMe'laHHe Ha c. 212). B TO 

me BpeM.fI BH,D;HO, 'ITO BepO.fITHOCTH 

CilOHTaHHoro ,a;eJJeHH.fI H3OTOilOB Ku 
(3KcnepuMeHT H TeopH.fI) H 6onee 
T.fI)KeJJbIX 3JJeMeHTOB (TeOpH.fI) no.a;· 

'IHH.fIIOTC.fI COBepweHHO HHOH 3aKO· 

HOMepHOCTH /l1/, 

no3Bonttntt COCTaBHTb npHHD;H

nttanbHO HOBYIO CHCTeMaTHKY 

nepttOAOB cnoHTaHHoro i:i;eneHHH 

TH)KenhIX TpaHcypaHOBbIX 3ne

MeHTOB /10/ (pttc.2). 

J,fa pttcym~a BHAHO, tITO ne

pttO)];bl cnoHTaHHoro i:i;eneHHH 

H30TOnOB KyptiaTOBHH nO)];tIHHH

IOTCH COBeprneHHO HOBOH 3aKo

HOMepHOCTH, a H30TOn 26° Ku 
OKa3MCH )];a)Ke 6onee ycTOHtIHBbIM, tieM H30TOn 102-ro :meMeHTa C TeM )Ke 

tIHCnOM HeHTpOHOB. 3To npOTHBopetittno npttBbltIHbIM npei:i;cTaBneHHHM 

0 i:i;enttMOCTH Tfl)KenhIX H)];ep, OAHaKO H 3TO o6CTOHTenbCTBO, H Beeb Heo6hitI

HblH XOA 3aBHCHMOCTH T SF (N) AnH H30TOnOB KyptiaTOBHH 6bmtt noHHTbl 

11 o6'bHCHeHbl cneu;mptttieCKHM BnHHHHeM BHyTpeHHeif CTpyKTypbl H)];pa Ha 

cpopMy 6apbepoB i:i;eneHttH 1101• Ha pttc.2 noKa3aHbI nocneAHtte TeopeTtttie

CKtte ou;eHKH nepttOAOB cnoHTaHHoro i:i;eneHHH HAep B TpattcypaHOBOH 06-

naCTH. 

K HaCTOHlll;eMy BpeMeHH H3BeCTHO 10 H30TOnOB KyptiaTOBHH. Hx 

BpeMeHa )KH3HH ne)KaT B HHTepBane OT 0,5 MC (MaCCOBoe tittcno 254) AO 

65 c (MaCCOBOe tittcno 261). 

,lJ:anee B ,lJ:y6He 6bmtt HatiaTbl onhITbl no CHHTe3y 6onee TH)KenbIX 

3neMeHTOB B "xonOAHbIX" peaKD;HHX H nonytieHbl HOBbie pe3ynbTaTbl no 

106-My H 107-My 3neMeHTaM. CrrycTH nHTb neT nocne ero pa3pa60TKH 

B ,lJ:y6He MeTOA "xonoi:i;Horo" CHHTe3a 6bm npHHHT B 3apy6e)KHbIX HAepHbIX 

u;eHTpax, npe)K)];e Bcero B ,lJ:apMrnTai:i;Te. Ilptt o6nytieHtttt MttrneHeif tt3 Pb, 
Bi ycKopeHHhIMH ttoHaMtt Cr, Mn, Fe B cpaBHHTenhHO KopoTKHH cpoK 6hmtt 

nonytieHbl 3 H30TOIIa 106-ro 3neMeHTa, 2 H30Tona 107-ro, 3 H30Tona 108-ro, 

1 H30TOn 109-ro. K HaCTOHlll;eMy BpeMeHH, B HTOre i:i;ecHTttneTHeH pa60TbI, 
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B pe3ynhTaTe 3THX HCcne;::i;oBaHHH BbUICHHnOCh, tJTO 31<:CnepHMeHTMh

HO o6HapyJKeHHaR Ha npHMepe 1<:yptiaTOBHR ;::i;ononHHTenhHaR YCTOHtJHBOCTh 

TRJKenblX R,D;ep B OTHOIUeHHH CilOHTaHHoro ;::i;eneHHR npOCTHpaeTCR H ,D;Mhllle. 

,UaJKe B tJeTHO-tJeTHhIX H30Tonax 106-ro H 108-ro 3neMeHTOB, r;::i;e )KH,Il;I<:OI<:a

nenbHhIH 6apbep ;::i;eneHHR npaI<:THtJeCI<:H OTCYTCTByeT H YCTOHlJHBOCTb 1<: ;::i;e

nemno onpe;::i;enReTcR cTpy1<:TypHhIMH 3cpcpe1<:TaMH, anhcpa-pacna;::i; ycnelllHO 

I<:OHI<:ypHpyeT co CilOHTaHHbIM ;::i;eneHHeM. CTano RCHO, tJTO Heo6hitJHbie 

CBOHCTBa H30T0Il0B 1<:yptiaTOBHR - He HCI<:nIOtJeHHe, a HOBaR 3aI<:OHOMep

HOCTh B CBOHCTBaX R,D;ep TpaHcypaHOBbIX 3neMeHTOB. 

Ho ,D;aJKe H B "xono;::i;HoM" CHHTe3e cetJeHHR pea1<:IJ;HH nonHoro cnHR
HHR Ila,D;aIOT ;::i;nR 6onee TRJKenblX 3neMeHTOB. B ,Uy6He npoae;::i;eHO CHCTeMa

THtJeCI<:Oe H3ytJeHHe cetJeHHH peaI<:IJ;HH, ae;::i;yI.IJ;HX I<: HaH6onee TR)KenbIM R,D;

paM. Ha OCHOBaHHH nonytJeHHbIX pe3ynhTaTOB Mhl OiKH,D;anH, tJTO ;::i;nR cne
.D:YIOI.IJ;ero, 110-ro 3neMeHTa cetJeHHR pea1<:u;HH CHHTe3a 6y;::i;yT tipe3BhitJaHHO 

MMbI. B ,UapMlllTa,D;Te 6hma c;::i;enaHa IlOilbITI<:a o6HapyJKHTh ero c BpeMeHa-
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MH )KH3HH BilnOTh )];O C H nonytJeH OTpHIJ;aTenhHbIH pe3ynhTaT. 

Pa6oThI no 109-110 3neMeHTaM no;::i;aenH Hae annoTHyro I<: 3a;::i;aqe 

CHHTe3a caepxTRJKenhIX R,D;ep. Co6CTBeHHO roaopR, Mbl yJKe ,Il;OCTHrnH 6e

peroB "ocTpoaa cTa6HnhHOCTH", Tai<: 1<:a1<: pactJeTHhie npe;::i;c1<:a3aHHR o6nacTH 

caepxTRJKenblX R,D;ep OXBaThIBaIOT ,D;Hana30H z = 110-126. EcTeCTBeHHO, 

HeTepneHHe Hccne;::i;oBaTeneii HaHTH OTBeT Ha aonpoc: ecTI, caepxTRJKenbie 
HnH HeT? - npHBO,D;HT I<: IlOCTaHOBI<:e ;::i;nHTenbHbIX, HanpR)KeHHbIX 31<:CnepH

MeHTOB. O;::i;HaI<:o IlOilhITI<:H CHHTe3HpOBaTh :meMeHTbI 110-114 Ha yc1<:opHTe

nRX no1<:a He ,D;MH nonOiKHTenbHbIX pe3ynhTaTOB. 

PaHhllle Mbl OTMetJanH )];Be B03MOJKHbie npHtIHHhI: nH6o nepHO,D;bI 

nonypacna;::i;a CHHTe3HpyeMhIX R;::i;ep Tai<: ManhI, tJTO neJKaT 3a npe;::i;enaMH 

B03MOJKHOCTeH HCilOJih3yeMOH 31<:CnepHMeHTMhHOH annapaTyphI, JIH6o 

CJIHlllI<:OM MMbI aepORTHOCTH )];OCTYnHbIX Ha yc1<:opHTeJIRX peaI<:IJ;HH. O;::i;Ha

I<:O Teneph IlOJIOJKeHHe CTMO 6onee onpe;::i;eneHHbIM. 

CyI.IJ;eCTBOBaBWHe JIHWb B TeopHH (TOtJHee, ,D;aJKe He B TeopHH, a B no

JIY3MilHpHtieCI<:HX Mo;::i;enhHbIX npe,D;CTaBJieHHRX) CTPYKTypHbie 3cpcpeI<:ThI, 

onpe;::i;eJIRIOIIJ;He CBOHCTBa caMhIX TRiKenblX R,D;ep, IlOJIYtJHJIH 31<:CnepHMeH

TMhHOe IlO)];TBep,K,D;eHHe • • Bonee Toro, HX BJIHRHHe OI<:a3anOCh pelllaIOI.IJ;HM 

a OTHOllleHHH cnoco6HOCTH 1<: CilOHTaHHoMy ;::i;eJieHHIO - cpyH,D;aMeHTMhHOMy 

CBOHCTBY R,D;pa, I<:OTOpoe onpe;::i;enReT rpaHHIJ;y nepHO,D;HtJeCI<:OH CHCTeMbI co 

CTOpOHbI TRJKenblX R,D;ep. IlocI<:oJihI<:Y npHl!HHbI )];OilOJIHHTeJihHOH YCTOHtJHBO· 

CTH ;::i;aneI<:HX TpaHcypaHOBbIX 3neMeHTOB I<:atJeCTBeHHO Te JKe, tJTO o6ycJiaB

JIHBaIOT, no1<:a, npaa;::i;a, B TeopHH, cyI.IJ;eCTBOBaHHe rHilOTeTHtJeCI<:HX CBepx

TRJKeJihIX R,D;ep, ycnexH, )];OCTHrHyTbie B CHHTe3e ,D;aJieI<:HX TpaHcypaHOBhIX 

3neMeHTOB, ;::i;enaroT IlOilhITI<:H CHHTe3a CBepxTRJKeJibIX R,D;ep 6onee OilTHMH

CTHtJeCI<:HMH B OTHOWeHHH HX BpeMeHH )KH3HH. 

Tor;::i;a u;eHTp TRJKeCTH npo6neMhI CMeI.IJ;aeTCR: 6onhlllero BHHMaHHR 

Tpe6yeT ;::i;pyroii ee acneI<:T - 3cpcpeI<:THBHOCTh HCI<:YCCTBeHHOro CHHTe3a. 

3;::i;ech HaM Heo6xo;::i;HMo ;::i;ocTHl!h 6onee rny601<:oro noHHMaHHR npou;ecca 

1<:pynH0MaClllTa6HOH nepecTpOHI<:H R,D;ep npH CJIHRHHH C yqacTHeM KYJIOHOB- 215 



CKHX H H,Il;epHblX CH.JI, :k:OTOplUI .n;om1rn:a npHBeCTH K pmK.n;eHHIO CBepxnrn,:e

JIOro .H,Il;pa. MHor11e npo6neMHbie CTOpOHbl peaKUHH CHHTe3a npo.HCH.HIOTC.H 

B lllHpOKOM Kpyre HCCJie.n;oBaHHH, KOTOpbIMH 3aHHMaIOTC.H MHOrHe rpynnhI, 

OCHameHHbie nepBOKJiaCCHOH MeTO,Il;HKOH. 0.n;HaKo HCTHHHoe noHHMaHHe 

np11.n;eT, no-BH)];HMOMY, no3.n;Hee, H Mbl Ha.n;eeMC.H, tffO :no 6y.n;eT 6onee 

rny6oKoe nOHHMaHHe KaK CBOHCTB .H.n;ep, TaK 0 npouecca HX cpyH.n;aMeH

TaJibHOH nepecTpOHKH • 

Ha 3TOM nyTH noHa.n;o6.HTC.H HOBbie 11.n;eH, HOBbie rttnoTe3bI, HOBbie 

3KcnepHMeHTaJibHhie ycTaHOBKH, HOBbie ycKopHTeJIH. Cero.n;m1 B Jla6opa

TOPHH R.n;epHbIX peaKUHH "n0.n;ep" - UHKJIOTpoH Y-400, cnoco6HbIH ycKo

p.HTh HOHbl C MaCCOH AO 100 aTOMHbIX e.n;HHHU, Harne 3aBTpa-ycKopHTeJih

HbIH KOMnneKc Y-400 - Y-400M, HOHhI npaKTtttieCKH Bcex 3JieMeHTOB 

Ta6JIHUhl MeH.n;eneeBa, HOBlUI o6naCTb 3HeprHH. 

TaKHM o6pa30M, B pe3yJihTaTe 3KCnep11MeHTOB no CHHTe3y TpaHcypa

HOBblX 3JieMeHTOB B peaKQH.HX C TmKeJibIMH HOHaMH 3HaqHTeJibHO pacrnttpH

JiaCb o6naCTb H3BeCTHbIX 3JieMeHTOB H H30TOnOB KOHQa nep00.n;11qecKOH 

Ta6JIHUhl MeH.n;eneeBa. CymecTBeHHO H3MeHHJIHCb HallIH npe.n;cTaBJieHH.H 

06 HX CBOHCTBaX H npe:>K,ll;e BCero O npttpo.n;e H CBOHCTBax 6apbepa .n;ene

HH.H, 6naro.n;ap.H qeMy OTKphITa HOBa.H o6nacTb ttccne.n;oBaHHH B cptt3HKe T.H

)KeJibIX HOH OB. 3TO - ycnex Bcero HanpaBJieHH.H .H.n;epHOH cpH3HKH, 0 KOTO

poM 0.n;eT pe% - cpH3HKH T.H)KeJihlX HOHOB. 3Ta o6naCTb .H.n;epHOH HayKH llIH

pOKO pa3BHBaeTC.H KaK B cpyH.n;aMeHTaJibHhIX, TaK H npHKJia)];HblX acneKTax 

H B HaCTo.Hmee BpeM.H 3aHHMaeT cymecTBeHHoe MeCTO B nporpaMMax HC

cne.n;oBaHHH Kpyntthix .HayqHbIX ueHTpOB CIIIA, c:I>Pr, c:I>paHUHH, KttTaJI. B He

.n;aneKoM 6y.n;ymeM HCCJie.n;oBaHH.H, npOBO)];HMbie 6onee umpoKHM cppoHTOM, 

n03BOJI.HT' no HallleMy MHeHHIO, .n;aTb 6onee onpe.n;eneHHbIH OTBeT Ha Bonpoc 

0 npHHUHnHaJibHOH B03MO)KHOCTH HCKYCCTBeHHOro CHHTe3a CBepXT.H)KeJihlX 

.H.n;ep. 

He HCKJIIOqeHo' qTo nepHO,Il;bl nonypacna.n;a 6onee T.H)KeJihlX H30TOnOB 

CBepXT.H)KeJihlX 3JieMeHTOB, CHHTe3 KOTOpbIX Boo6me HeB03MO)KeH Ha ycKo

pHTeJI.HX, B .n;eHCTBHTeJihHOCTH BeJIHKH H cpaBHHMbl C B03paCTOM CoJIHeqHQH 

CHCTeMhI, H B .n;pyr11x peaKUH.HX, HMeBllIHX MeCTO npH HyKneoCHHTe3e H HaM 

no Ka He.n;ocTynHhIX, Bepo.HTHOCTH HX o6pa30BaHH.H 3Haq0TeJibHbl. TI03TOMY' 

6e3yCJIOBHO, cne.n;yeT npo.n;OJI)KHTb pa60Tbl no noHCKy CBepXT.fI)KeJihlX 3Jie

MeHTOB B 3eMHOH Kope H KOCMHqecKHX 061,eKTax. 

ECJIH KaKa.H-Jitt6o OTpaCJib HayKH HHTeHCHBHO H nJIO)];OTBOpHO pa3BH

BaeTC.H, ee KOHKpeTHbie pa3pa6oTKH BCer.n;a opttrHHaJihHbl, YHHKaJibHhI, Bbl

nonHeHhl Ha OCHOBe HOBeHllIHX )];OCTH)KeHHH B CMe)l(HbIX o6naCT.HX HayKH 

H TeXHHKH. Ha HHX 3aTpaqHBaIOTC.H 6oJibllIHe MaTepttaJibHbie H qenoBeqecKHe 

pecypCbI, H CTOHMOCTb HX, KaK npaBHJIO, qpe3BbiqaHHO BblCOKa. B OTJIHqHe 

OT npoMhlllIJieHHblX pa3pa6oTOK OHH He paccqHTaHbl Ha Henocpe.n;CTBeHHblH 

3KOHOMHqeCKHH 3cpcpeKT, Ho B03MO)KHOCTH HX HCnOJib30BaHH.H BeJIHKH, 

npaB.n;a, B CBOeH Y3KOH o6naCTH. l13BeCTHO, qTo .n;a)Ke He6oJihllllUI )];OJI.ff Hayq-
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"cero,D;H1IIIIHIOIO" OKynaeMOCTb. IT03TOMY oqeHb Ba:>KHo llCKaTb ll HaXO,D;llTb 

np11MeHeH11e HayqHO-TeXHnqeCKllX ,D;OCTmKeHllll (pa3pa6oToK) B CMe:>KHhIX 

o6nacrn:x. 

Pa6oTa HaIIIett na6opaTOpllll Ha nepe,D;HeM Kpae H,D;epHOH (pll3llKll Ha

lllllX )];Hett BhI3BaJia K )Kll3Hll u;enhIH pH,D; npe,D;eJibHO qyBCTBllTeJibHhIX 

ll 3KCnpeCCHhIX 3Kcnep11MeHTaJibHhIX MeTo,D;oB: 3JieMeHTHOro ll ll30TOTIHOro 

aHaJill3a, per11cTpau;1111 ll3JiyqeHHH, TeXHllKll nonyqeHHH ll yc1<:opeHllH llOHOB, 

113yqeHllH B3fil.lMO,D;ettCTBllH llOHOB C BeI.I.J;eCTBOM. Ha 3TOH OCHOBe 6hIJill lllll

pOKO pa3BepHyThI npllKJia,D;Hhie llCCJie,D;OBaHHH, pe3yJibTaTbI KOTOphIX y)Ke 

cero,D;HH Haxo,D;HT npttMeHeHHe B Hapo,D;HOM X03HHCTBe CTpaH-yqacTHllI.J; 

011.Hil. Pa3pa6oTKll MeTO,D;OB aHaJill3a npo,D;yKTOB peaKI.J;llll ll npHMeceu 

B MllllleHHX Il03BOJillJill pa3BllTb MeTO,D;hI aKTHBaI.J;llOHHOro aHaJIH3a COCTaBa 

BeI.I.J;eCTBa Ha OCHOBe peHTreHOBCKOro, HettTpOHHOro ll y -ll3JiyqeHllll. 8n1 
MeTO,D;hI iraIIIJill lllllpOKOe np11MeHeH11e B reonor1111, 611onor1111, ceJibCKOM 

X03HHCTBe, 3KOJior1111, npOMhIIIIJieHHOCTll. 

Pa3BllTlle 3KcnepttMeHTaJibHOH TeXHllKll per11cTpau;1111 pe,D;KllX co6hI

TllH CTIOHTaHHoro ,D;eJieHHH C IlOMOI.I.J;bIO TBep,D;OTeJibHhIX TpeKOBhIX ,D;eTeKTO

poB npttBeno K C03,D;aHllIO B HaIIIeH na6opaTopllll nopllCThIX MeM6paH -

TaK HU3bIBaeMhIX H,D;epHhIX (pllJibTpOB, HaXO,D;HI.I.J;llX Bee 6onee IIIllpOKOe np11-

MeHeH11e B Me,D;llI.J;llHe, 611onor1111, B TeXHOJIOrllll oco6o qllCThIX BeI.I.J;eCTB 

ll T.,D;. 

l13yqeH11e npo6neMhI pa,D;HaI.J;llOHHOH CTOHKOCTll MllllleHett TIO)]; B03-

,D;ettCTBlleM llHTeHCllBHbIX nyq1<:0B TH)KeJihIX llOHOB B OilbITax no CllHTe3y 

TpaHcypaHOBbIX 3JieMeHTOB ,D;aJIO OCHOBY ,D;JIH pa3BllTllH pa,r:i;11au;110HHoro 

MaTep11anoBe,D;eH11H. 

Ha OCHOBe MllKpoTpOHHOH TeXHllKll nonyqeHHH llHTeHCllBHhIX IlOTO

KOB y-KBaHTOB, pa3BllTOH B na6opaTop1111 ,D;JIH llCCJie,D;OBaHllH CTpyKTYPhI 

6apbepoB ,D;eJieHHH TpaHcypaHOBhIX 3JieMeHTOB, OTpa6oTaHa TeXHOJIOrllH 

nonyqeHHH PMllOll30TOilOB )];JIH Me,D;llI.J;llHhI (tto,D;a, llH,D;llH ll ,D;p.). 

Ycnexll B pa3BllTllll TeXHllKll nonyqeHllH ll ycKopeHHH MHOr03apH,D;

HhIX llOHOB Il03BOJillJill C03,D;aTb OCHOBhI TeXHOJIOrllll llOHHOH llMTIJiaHTaI.J;llll 

,D;JIH u;eneHanpaBJieHHoro ll KOHTpon11pyeMoro ll3MeHeHHH CBOHCTB nony

npOBO,D;HllKOB, TOHKllX nneHOK, IlOBepXHOCTeH, omnqecKHX cpe,D; ll T.,D;. 

B HaCTOHI.I.J;ee BpeMH. B J1a6opaTopllll H,D;epHhIX peaKI.J;llH 113yqaroTCH 

HOBhie nepcneKTllBHhie HanpaBneHHH pa3Bll7llH {pll3llKll TH)KeJihIX llOHOB 

ll llCTIOJib30BaHllH H,D;epHO-(pll3llqecKHX MeTO,D;OB B Hapo,D;HOM X03HHCTBe. 
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ITO]YqEHME H~EP nErqAfilliMX 3]EMEHTOB, 

PACITORO*EHHhlX BBRM3M rPAHMU 

H~EPHOM CTABMRbHOCTM, B PEAKUMHX 

C TH*EAhlMM MOHAMM 

JO. 3.IIEHHOH)KKEBHl/, 001<mp <fiu3u1<0-MareMaTU1Jec1<ux Hay1< 

O;:i;HOH H3 HaH60Jiee Ba)KHblX H HHTeHCHBHO pa3BHBaeMhlX 3a,n;aq 

COBpeMeHHOH R;:i;epHOH (pH3HKH .fl:BJIReTC.fl: CHHTe3 HOBhIX R,!l;ep. IlepBblH 

3KCnepHMeHT no HCKyCCTBeHHOMy CHHTe3y He cyrn:ecTBYIOrn:ero B npHpo;:i;e 

pa,!l;HOaKTHBHoro H30Tona 6bIJI ocyrn:ecTBJieH B Jia6opaTopHbIX YCJIOBH.fl:X 

60Jiee 50 JieT Ha3a.n; HpeH H <l>pe;:i;epHKOM )KoJIHO-KIOpH, noJiyqHBillHMH 

/3-pa;:i;HoaKTHBHoe R;:i;po 30P B peaKQHH 27Al( a, n). B ;:i;arr1,HeifllleM, no Me

pe pa3BHTH.fl: .A:,!l;epHOH TeXHHKH, )];JI.fl: noJiyqeHH.fl: HOBblX pa.n;HoaKTHBHbIX 

H30TOnOB H 3JieMeHTOB HaqarrH HCnOJib30BaTbC.fl: HHTeHCHBHbie nyqKH ycKo

PHTerreif 3apmKeHHblX qaCTHQ BTIJIOTb ,!l;O peJIRTHBHCTCKHX 3HeprHH, HeHT

poHHhie nOTOKH MOlli;HbIX peaKTOPOB H .A:,!l;epHbIX B3pblBOB, TOpM03HOe 

y-H3JiyqeHHe ycKopHTeJieH 3JieKTpOHOB, HHTeHCHBHhie nOTOKH ir-Me30HOB. 

B HaCTORrn:ee BpeM.A: H3BeCTHO OKOJIO 2000 pa.n;HoaKTHBHbIX H30TOnOB cy

rn:ecTByIOrn;Hx H He cyrn:ecTBYIOrn:Hx B npHpo;:i;e 3JieMeHTOB. MHorHe H3 3THX 

H30TOnOB npoH3BO,!l;.fl:TC.fl: B 6oJiblllHX KOJIHqecTBax B npOMbllllJieHHOM 

MaCillTa6e. O;:i;HaKo 3a,n;aqa CHHTe3a HOBbIX pa,!l;HOaKTHBHbIX H30TOnOB ;:i;arre

KO ern:e He HcqepnaHa, TaK KaK corJiaCHO cyrn:eCTBYIOrn;HM OQeHKaM qHCJIO 

R,!l;epHO-cTa6HJihHbIX H30TOnOB ,!l;OCTHraeT ~5000 . .[{aHHaR QHcppa MO:>KeT 

6bITb He,!l;OCTaToqHo Toq~IOH, TaK KaK rpaHHQbl HYKJIOHHOH CTa6HJibHOCTH 

R,!l;ep, TO eCTb HX ycToifqHBOCTH K pacna;:i;y C HCnycKaHHeM npoTOHOB H HeHT

poHOB, noKa 3KCnepHMeHTaJibHO He onpe;:i;eJieHhl. l13yqeHHe CBOHCTB HYKJIH

,!l;OB, pacnoJio:>KeHHbIX B6JIH3H rpaHHQ CTa6HJibHOCTH, ;:i;aeT B03MO)KHOCTb 

HCCJie,!l;OBaTb .A:,!l;epHyIO MaTepHIO B 3KCTpeMaJibHbIX COCTO.fl:HHRX, npH KOTO

pbIX npORBJI.fl:IOTC.fl: ee HOBhie CBOHCTBa, B TOM qHCJie HOBbie BH,!J;bl pa,!l;HO

aKTHBHoro pacna.n;a, H noJiyqaTb 3KcnepHMeHTaJihHYIO HHcpOpMaQHIO )];JI.fl: 

npoBepKH Tex HJIH HHbIX MO,!l;eJihHbIX npe;:i;cTaBJieHHH O CTpyKType R,!l;pa, Ha 

OCHOBe KOTOpbIX ;:i;eJiaeTC.fl: npe;:i;cKa3aHHe CBOHCTB R,!l;ep B pa3JIHqHblX 06-

JiaCT.fl:X Mace. Ilpo6JieMa HCCJie,!l;OBaHHR CBOHCTB .A:,!l;ep B6JIH3H rpaHHQ .A:,!l;ep

HOH CTa6HJibHOCTH HMeeT 60JiblllOe 3HaqeHHe He TOJibKO )];JI.fl: R,!l;epHOH (pH3H

KH, HOH )];JI.fl: paCillHpeHHR Halllero no3HaHH.fl: MaKpOMHpa. TaK, noJiyqeHHe 

H H3yqeHHe CBOHCTB TaK Ha3bIBaeMbIX HeifTpOHHhIX R;:i;ep ( 6 n, 6H, 1°He) 219 
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I103BOJIHeT rronyq1ub HHq:>OpMau:mo H MO,!l;err1::1poBaTb rrpouecCbI, rrpoHCXO,!l;H

m1::1e Bo BcerreHHOH. 

B CBH3H C 3THMH rrpo6rreMaMH 6oJiblllOH HHTepec rrpe,!l;CTaBJIHeT CHH

Te3 H 1::13yqeHHe CBOHCTB He0:TpOH006orameHHblX H,!l;ep nerqaHillHX 3JieMeH

TOB' r,!l;e rpaHHUa H,!l;epHOH CTa6HJibHOCTH rrpaKT1::1qec1rn y:>Ke ,!l;OCTHrHyTa. Ha 

p1::1c.l rrpe,!l;CTaBJieHa 3KCrrepHMeHTaJibHO orrpe,!l;eJieHHaH JIHHHH CTa6HJibHOCTH 

HeHTpOHOH36bITOqHbIX H,!l;ep nerqaHillHX 3JieMeHTOB. Borrpoc O CTa6HJibHO

CTH HeKOTOpbIX HeHTPOHOH36bITOqHbIX H,!l;ep nerqaHillHX 3JieMeHTOB ,!l;O CHX 

rrop He pellleH O,!l;H03HaqHo. B qacTHOCTH, 3TO OTHOCHTCH K HYKJIHAY 
10 

He, 

CTa6HJibHOCTb KOToporo y:>Ke 6orree 15 rreT HCCJie,!l;yeTCH TeopeT1::1qeCKH 

H 3KcrrepHMeHTaJibHO. B TeopeTHqecKHX pa6oTax 6bIJIO IIOKa3aHO, qTo yc

TOHqHBOCTb 3Toro H,!l;pa oTHOCHTeJibHO pacrra,!l;a 10He ➔ 8He + 2n cymecT

BeHHo 3aBHCHT OT ueHTpaJibHoro IIOTeHUHaJia B3aHMO,!l;eHCTBHH ABYX HyKJIH· 

,!l;OB. <l>opMa 1::1 Berr1::1q1::1Ha 31'oro rroTeHu1::1ana orrpe,!l;errHeTcH HeToqHo, aero He-

60JibII1oe H3MeHeH1::1e, ue rrpoTHBOpeqamee ,!l;aHHbIM no NN-pacceHHHIO, MO

:>KeT rrpHBO,!l;HTb rrpH pacqeTax K ycToHqHBOCTH He TOJibKO H,!l;ep lO He, HO 

H 6onee TH:>KeJiblX H30TOI10B renHH. lfa 3Toro rrp1::1Mepa BH,!l;HO, ~o TeopeTH

qecKHe oueHKH H 3KCTpaIIOJIHUHH Ha OCHOBe 3KcrrepHMeHTaJibHbIX ,!l;aHHbIX 

MoryT ,!l;aBaTb pa3JIHqHbie 3HaqeHHH Mace H,!l;ep B o6naCTH nerKHX H,!l;ep 

H HeO,!l;H03Haquo orrpe,!l;eJIHTb rpaHHUY H,!l;epHOH CTa6HJibHOCTH. OTBeT Ha 

Borrpoc O CTa6HJibHOCTH 3THX H,!l;ep MO:>KeT ,!l;aTb TOJibKO 3KCI1ep1::1MeHT. O.ll;Ha

KO 3,!l;eCb HMeIOTCH rrpHHUHIIHaJibHhie Tpy,!l;HOCTH, CBH3aHHbie C rrpo6rreMOH 

220 CHHTe3a H,!l;ep B6JIH3H rpaHHU CTa6HJibHOCTH B H,!l;epHblX peaKUHHX, BBHAY 



MaJioro ceqemrn HX o6pa30B8.HHH B 60JiblllHHCTBe HCnOJib3yeMblX AJIH 3THX 

ueJieii HAepHbIX peaKI.J;Htt. BoJihlllOH nporpecc B 3TOM HanpaBJieHHH 6hm AO

CTHrHyT C HCnOJib30BaHHeM HHTeHCHBHblX nytJKOB ycKopeHHblX TH)KeJiblX 

HOHOB AJIH CHHTe3a HOBblX HettTpOHOH36bITOllHblX H30TOnOB JierllaHillHX 

3JieMeHTOB. ITepBble 3KCnepHMeHTbI, npoBeAeHHbie B 1969 rOAY B J1a6opa

TOpHH HAepHblX peam:.J;HH, n03BOJIHJIH noJiytJHTb OKOJIO 30 HOBblX H30TOnOB. 

B 3THX OnbITax HCnOJib30BaJIHCb peaKI.J;HH MHOrOHYKJIOHHblX nepeAatJ nOA 

AettCTBHeM ycKopeHHhIX HOHOB 15N, 18 0, 22Ne, 40Ar /1/, BLmo noKa-

3aHo, llTO cetJeHHe o6pa30B8.HHH pa3JIHllHblX H30TOnOB B 3THX peaKI.J;HHX HB

JIHeTCH cpyHKI.J;HeH BeJIHllHHbl Q peaKI.J;HH (pa3HOCTH Mace HAep BO BXOAHOM 

H BblXOAHOM KaHaJie peaKI.J;HH). Me)K)];y TeM AaJibHettlllee npOABH)KeHHe 

K o6JiaCTH HYKJIOHHOH CTa6HJibHOCTH HAep c noMOIIJ;blO peaKI.J;HH MHoroHyK

JIOHHblX nepeAall oKa3aJIOCb MeHee 3cpcpeKTHBHblM. OnpeAeJieHHbie 3KCnepH

MeHTaJibHO aepxHHe rpaHHI.J;bl cetJeHHH o6pa30BaHHH CJia6oCBH38.HHblX HAep 
11 Li(B 2n = 0,16 M3B) H 14Be (B 2 n = 0,21 M3B) B 3THX peaKI.J;HHX oKa-

38.JIHCb HaMHOro HH)Ke Toro, llTO O)KHAaJIOCb H3 3KCTpanOJIHI.J;HH no BblXOAaM 

OCTaJibHblX H30TOnOB JIHTHH H 6epHJIJIHH C HCnOJib30BaHHeM 3aBHCHMOCTH 

OT BeJIHllHHbl Q peaKI.J;HH. TaKHM o6pa30M, cetJeHHe o6pa3oBaHHH CJia6o

CBH3aHHblX HAep B peaKI.J;HHX MHOrOHYKJIOHHblX nepeAall OKa3a.JIOCb 3HatJH

TeJibHO HH)Ke O)KHAaeMoro, llTO MO)KHO 6bIJIO ofo,HCHHTb nepeAatJett o6pa-

3YIOIIJ;HMCH npOAYKTaM peaKI.J;HH OTHOCHTeJibHO BblCOKOH (60Jiblllett, tJeM 

3HeprHH CBH3H HYKJIOHOB B HApe) 3HeprHH B036y)KAeHHH. 

BOJiblllOH HHTepec AJIH noJiytJeHHH "xoJIOAHbIX" HAep B6JIH3H rpaHHI.J; 

HYKJIOHHOH CTa6HJibHOCTH npeACTaBJIHIOT npHMbie peaKI.J;HH, npoTeKaIOIIJ;He 

npH B3aHMOAeHCTBHH TH)KeJiblX HOHOB C 3HeprHett -10 M3B/HyKJioH C HApa

MH MHilleHH. K TaKHM peaKI.J;HHM npe)K,Il;e acero OTHOCHTCH peaKI.J;HH, conpo

BO)K,Il;aIOrn;HeCH BbIJieTOM BblCOK03HepreTHlleCKHX llaCTHI.J; H HAep. 11ccJieAO

B8.HHIO MexaHH3Ma 3THX peaKI.J;HH noCBHIIJ;eHO 6oJiblllOe KOJIHtJeCTBO 3KCne

pHMeHTaJibHblX H TeopeTHlleCKHX pa6oT. 11HTepeCHbie pe3yJibTaTbl npH H3Y

tJeHHH 3MHCCHH BblCOK03HepreTHlleCKHX llaCTHI.J; B peaKI.J;HHX C TH)KeJiblMH 

HOHaMH 6bIJIH noJiytJeHbl B J1a6opaTOpHH HAepHblX peaKI.J;HH. B 3KCnepHMeH

Tax HCnOJib30BaJICH MarHHTHblH cneKTpOMeTp, pacnoJiaraBillHHCH noA yr

JIOM 0°, c CHCTeMoii (l\ExE)-AeTeKTopoB. CneKTpoMeTp c CHCTeMoii pe

rHCTfaUHH no3BOJIHJI C BblCOKOH llYBCTBHTeJibHOCTblO (BnJIOTb AO 

10 - M6/cp) Ha,IJ;e)KHO BbIAeJIHTb H HAeHTH(pHI.J;HpOBaTb npOAYKTbl HAepHblX 

peaKI.J;HH. ITpH 3HeprHHX 6oM6apAHpyrorn;Hx HOHOB - 7-10 M3B/HYKJIOH 

B BblXOAHOM KaHaJie peaKI.J;HH noA yr JI OM O O 
no OTHOilleHHIO K HanpaBJieHHIO 

nytJKa Ha6JIIOAaJIHCb a -tJaCTHI.J;bI c 3HeprHeii AO 30 M3B/HYKJIOH H 6oJiee. 

l13MepeHHH 3HepreTHlleCKHX cneKTpOB a -tJaCTHI.J; noKa3aJIH, llTO HX rpaHHll

HaH 3HeprHH npaKTHtJeCKH AOCTHraeT MaKCHMaJibHO B03MO)KHOH AJIH AaHHOH 

peaKI.J;HH 3HeprHH, TaK Ha3bIBaeMoro KHHeMaTHtJeCKoro npeAeJia. BbIJIO 

o6Hapy)KeHo TaK)Ke, llTO AJIH B~ex HCCJieAOBaHHblX peaKI.J;HH c OTHOCHTeJibHO 

60JiblllOH BepoHTHOCTblO Ha6JIIOAaeTCH BbIJieT H APirHX JierKHX 3apH)KeHHblX 

tJaCTHI.J; H HAep ( 1•
2

•
3

H, 
3

• 
4

• 
6• 8

He, 
6•7

•
8 

Li, •
9
Be HAP,) co cKopocTH

MH, B HeCKOJibKO pa3 npeBbIIllaIOrn;HMH CKOpOCTb 6oM6apAHPYIOIIJ;HX HOHOB 221 
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(CM. pHc.2). MaKCHMa.JlbHaJI 3Hepnm Ha6mo.n;aeMbIX qacTHI.J; COOTBeTCTBY

eT npaKTHqeCKH IlOJIHOH nepe.n;aqe HMilYJibCa Ha.JieTaIOI.U;ero HOHa qaCTHI.J;e. 

TaKHM o6pa30M, BbIJieT qacTHI.J; C MaKCHMa.JlbHO BO3MO)KHblMH 3HeprmIMH 

,ll;OJiiKeH npHBO,ll;HTb K o6pa3oBaHHIO ABYX "xoJIO,ll;HbIX JI,ll;ep". PeaKI.J;HH C Bbl

neTOM 6bICTpbIX 3apJiiKeHHbIX qacTHI.J; 6bIJIH HCilOJib3OBaHbl )];JI.II nonyqeHH.ll 

JI.n;ep lO He. Ha OCHOBaHHH H3MepeHHJI BbIXO,ll;OB H3OTOilOB B He B pa3JIHq

HhIX peaKI.J;HJIX 6hmo noKa3aHO, qTo B peaKI.J;HH 232 Th + 11B oH HaH6onh-

222 lllHH. 3KCTpanOJI.III.J;H.ll ,ll;aHHhlX no ceqeHH.IIM o6pa30BaHH.ll nerKHX H3OTOilOB 
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Maccoeoe q11cno H30Tona remm 

remm (pHc.3) noKa3ana, tJTo cetJe

HHe o6pa30BaHHR R,n;ep 10He s 3TOH 

peam:.vm ,n;omKH0 C0CTaBJIRTb 

5 •10 - 3 M6/cp. 3a speMR 3KcnepH-

MeHTa 6bIJIO 3aperHCTpHp0BaH0 

1,5 · 10 6 
R,n;ep 8He. B TO me 

BpeMR He 6hIJIO o6HapymeHO HH 

o,n;Horo co6bITHR, C00TBeTCTBYlO

w;ero o6pa30BaHHIO R,n;ep 10 He. 

IloJiytJeHHaR TaKHM o6pa30M sepx

HRR rpaHHIJ;a o6pa30BaHHR R,n;ep 
10 He C0CTaBJIRJia 5 · 10-7 M6/cp. 

ToT cpaKT, tJT0 Bhixo,n; 10.He oKa-

3aJICR HaMHoro MeHbllle 0'1<:H,n;ae

Moro, CBH,!l;eTeJibCTByeT, no-BH,n;H

M0MY' 0 HeCTa6HJibHOCTH R,n;ep 
10 He. O,n;HaKo ,!l;JIR 0,!l;H03HatJH0ro 

0TBeTa Ha Bonpoc 0 CTa6HJibHOCTH 

R,n;ep, pacnoJiomeHHbIX s6JIH3H rpa

HHIJ; R,n;epHOH CTa6HJibHOCTH, Heo6-

X0,!l;HMbIM RBJIReTCR H3MepeHHe 

HX II36bITKa Mace, Ha 0CH0BaHHH 

qero M0'1CH0 c,n;eJiaTb BbIB0,!l; 06 HX 

CTa6HJibHOCTH no 0TH0llleHHIO K TO

MY HJIH HH0MY BH.n;y pacna,n;a. 

11MeHHO TaK 6bma onpe,n;eJieHa He

crn6HJihHOcTb R,n;ep 6 H u2/ B pe

aKIJ;HRX C ycKopeHHbIMH HoHaMH 
7Li H R,n;ep 9He B pea1<:u;HRX 

c 77--Me3oHaMH hi, 
.[{JIR 3TOH u;eJIH HaH6oJiee 3cp

cpeKTHBHbIMH MoryT RBHTbCR pe-

aKIJ;HH nepe3apR,!l;KH C TR'1CeJibIMH 

H0HaMH. Oco6bIH HHTepec C T0tJKH 3peHHR noJiytJeHHR R,n;ep B6JIH3H rpaHHIJ; 

H,n;epHOH CTa6HJibHOCTH npe,n;CTaBJIRlOT peaKIJ;HH MHoroKpaTHOH nepe3apR,n;

KH - 3apR,!l;OBO-o6MeHHbie npou;eccbI, K0T0pbie MoryT H,!l;TH JIHlllb npH 

B3aHMO,!l;eHCTBHH CJI0mHbIX R,n;ep. PeaKIJ;HH nepe3apR,!l;KH npHB0,!l;RT K o6pa-

30BaHHlO K0HetJHbIX npo.n;yKT0B B 0CH0BH0M C0CT0RHHH. IlepBbie 31<'.CnepH

MeHTbI no H3ytJeHHID cetJeHHH peaKu;HH .n;BOHHOH nepe3apR.n;KH, npose,n;eHHbie 

B ,UapMlllTa,n;Te (<l>Pr), J:3epKJIH (ClllA) H B ,Uy6He, noKa3aJIH, tJTo HX cetJe

HHe M0'1CeT ,!l;0CTHraTb HeCK0JibKHX MHKpo6apH, H OHO cym;eCTBeHH0 3aBHCHT 

OT 3HeprHH 60M6ap.n;Hpy10m;Hx H0H0B H BeJIHtJHHbI Q peaKIJ;HH ( CM. Ta6JIH

u;y). YrJiosoe pacnpe,n;eJieHHe npo,n;yKT0B peaKIJ;HH nepe3apR,n;KH HMeeT 

CHJibHYID HanpasJieHH0CTb snepe,n;, tJT0 xapaKTepHo ,!l;JIR npRMoro npou;ecca. 

11:ccJie,n;osaHHR CTa6HJibHOCTH HeHTpOHOH36bITOtJHbIX R,n;ep JiertJaHlllHX 

3JieMeHT0B (H30TOnOB B0,n;opo,n;a, reJIHR, 6epHJIJIHR) np0B0,!l;RTCR B J1a6opa- 223 
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PeaKl.1"1A EL Q dD. 

(M3B) (M3B) cM2/cp·1030 

A 4oca(14c 140 l4oA 3.7 5 10 Jloc-AnaMocl980 

B 42Co(48Ti 48cr)'2A 6.0 10 4.5 ,[(apMWTa,IJ;T 19B2 

C 42ea(i.8ri 48 Co )'-2Ti 6.0 18 <.4 
_,,_ 

D 24Mg(1aO 1aNe )2'-Ne 6.9 15 0.B BepKnn 197B 

E 26Mg(l8o 18c) 48Ti 6.9 22 <0.1 
__ ,, __ 

F 48('o(18o 1aC )48Ti 5.5 21 0.04 -,,--
6.2 21 0.4 

G 4Bea(14c 11.Be)4BTi 6.2 33 <0.04 Opce 19B2 

I 9Be(14c 140) gHe 11.5 35 0.4 I ,[(y6Ha 19B3 

9Be(n-, 11•) 9He 190 30 0.04 

10Be(14C,14O) ,oHe 11.5 40 

10Be(48Co 48Ti) 10He 7.0 30 

\B,• o 0 ( 10 "'·'"' I - /' I ( 10·' "" • I 
f3(0.55) 

li,tl.6 · 106 ner 

T0pHH H,n;epHblX peaKUHll C HCTI0Jib30BaHHeM nyqKQB pa,n;11oaKTHBHblX H,D;ep 
14C, ycKopeHHbIX Ha UHKJI0TpoHe Y-300 ,n;o 3Hepr11n 11,5 M3B/HyKJioH. 

O6pa3y10m11ecH B peaKUHHX nepe3apH,D;KH no,n; ,n;ettCTBHeM ycKopeHHbIX 

H,n;ep 14c npo,n;yKTbl o6na,n;aIOT y,n;o6Hb1Ml1 ,n;mI HX per11cTpau1111 CBOllCTBa

MH. TaK, B peaKUHH ,n;ByKpaTHOll nepe3apH,D;KH o6pa3yIOTCH H,n;pa 140, 

113yqaH 3HepreT11qecK11tt cneKTp KoTophIX B6JIH3H MaKCHMaJibHbIX 3Heprttn, 

C00TBeTCTBYIOI.UHX 0CH0BH0MY C0CT0HHHIO H,D;pa, M0iKH0 onpe,n;eJIHTb era 

Macey. IlepBbitt Bo36y)K,Il;eHHhitt ypoBeHh B H,n;pe 140 cocTaBJIHeT ~ 5 M3B, 

224 TI03T0MY ,D;IDKe np11 3HepreTITTeCK0M pa3perneHHH MeT0,Il;HKH xy,ice 1 % B03· 



MArH~THbliil cnEKTPOMETP 

I 
\ c!E/dx 
\140 _.. E 

/ X 

10He / Mo:~~~~~oHHa,. 

Si(Au)-AeTe1nopb1 

_qg_ ~E 
c!x 

Pnc.4 

MOiKHO pa3,D;eJIIITh C xoporneH ToqHoCThlO TIIIKII B :mepreTIIqecKOM cneKTpe 
140, COOTBeTCTBYIOI..Wie 3HepreTIIqeCKIIM ypoBHHM 3TOro H,D;pa II OCHOBHO

MY COCTOHHIIIO IICCJie.n;yeMoro H,D;pa. TaKIIM o6pa30M, B peaKUIIII 
9Be ( 14c, 140) 9He 6hm II3MepeH II36hITOK Macchi H.n;pa 9 He II no.n;TBep)K

.n;eHhI nonyqeHHhre B Jloc-AnaMoce (ClllA) B peaKUIIII nepe3apH,D;KII Ha 

77--Me30Hax ,D;aHHbie O HeCTa6IIJihHOCTII 3Toro H,D;pa OTHOCHTeJihHO HeHTPOH

Horo pacna.n;a. O.n;HaKo ceqeHIIe ,D;BOHHOH nepe3apH,D;KII B peaKUHII C IIOHaMII 
14C OKa3aJIOCh Ha nopH,D;OK Bhlllle ceqeHIIH Ha 77-•Me3oHax II COCTaBIIJIO 

0,4 MK6/cp. TaKIIM )Ke o6pa30M Be,D;yTCH 3KCnepIIMeHTbl no II3MepeHIIIO 

II36hITKa MaCCbl H,D;pa 10He. CxeMa 3TOro 3KcnepIIMeHTa npe,D;CTaBJieHa Ha 

pIIc.4. Hccne.n;yeTCH peaKUIIH ,D;BOHHOH nepe3apH,D;KII 
10

Be ( 
14c, 14

0) 
10

He. 

B CBH3II C Heo6xo,D;HMOCThlO perIICTpauIIII npo.n;yKTOB peaKUIIII TIO)]; yrnaMII 

BbIJieTa Bnepe.n; B OTibITax IICTIOJ1h3yeTCH MarHIITHblH cneKTpoMeTp, TI03BO

JIHIOIUIIH Ha,D;e)KHO pa3,D;eJIHTh npo.n;yKTbl H,D;epHOH peaKUIIII II pacceHHHhIH 

nyqoK. 3a MarHIITHbIM cneKTpoMeTpOM pacnonaraeTCH .n;eTeKTOp ,D;JIH II3y

qeHIIH 3HepreTIIqecKoro cneKTpa HeHTpOHOB. B cnyqae KOpOTKoro BpeMeHII 225 



)Kl13HH H.n;pa lO He (10- 21 • 10-22 c) OHH 6y.n;yT pacna.n;aThCH Ha H.n;pa 8 Hi~ 
H 2n. l13MepeHHe ::rnepreT11qec1mx cneKTpOB HeihpOHOB B COBna.n;eHHH C H.!1:

paMH 8He, per11cTp11pyeMbIMH B cpOKaJihHOH TTJIOCKOCTH MarHHTHOro cneKT

poMeTpa, .n:aeT B03MO)KHOCTh BhI.!1:eJIHTh no 3HeprHH Heii:TpOHbl, HMnyJihC KO

TOpbIX cooTBeTCTByeT HMnyJihCY H.n;ep 
10 

He. MmneHh 113 
10

Be H3rOTaBJIH

BaeTcH nyTeM pa3.n;eJieHHH Ha Macc-cenepaTope H30TonoB 6epHJIJIHH H3 6e

p11JIJI11eBoro o6pa3ua, o6orameHHoro .n:o 10-
3 

H30TonaM11 10Be. TaKoe 

o6orameHHe .n:ocTHrHyTo 6Jiaro.n:apH .n;JI11TeJihHOMY 06JiyqeH1110 o6pa3ua 6e

p11JIJIHH B aKTHBHOH 30He MOIUHOro peaKTOpa ( CM. Ta6JIHUY) • B peaKUHHX 

.n;Boii:Hoii: nepe3apH.!1:KH c 110HaMH 14 C 6 •7 Li( 14 C, 14 0) 11ccJie.n;yeTCH cTa-

6HJihHOCTh H.n;ep 6 • 7H. 

EOJihlllHe nepcneKTHBbl OTKpbIBaIOTCH B o6JiaCTH HCCJie.n;oBaHHH 

CBOHCTB H.n;ep B6JIH3H rpaHHU H.n;epHOH CTa6HJibHOCTH C TTOHBJieHHeM nyqKoB 

TmKeJihIX HOHOB c 3Hepr11eii: 100 M3B/HyKJIOH H 6oJiee. IlepBb1e 3Kcnep11-

MeHThI, npoBe.n;eHHhie BO '<l>paHUHH Ha ycKop11TeJihHOM KOMnJieKce GANIL, 

Il03BOJIHJIH noJiyqHTh npH o6JiyqeHHH MHilleHH H3 TaHTaJia ycKopeHHbIMH HO

HaMH aproHa c 3Hepr11eii: 60 M3B/HYKJIOH ueJihIH pH.n; HOBhIX H30TonoB a3o

Ta (BnJIOTh .n:o 23 N). 11HTepnpeTHpyH npouecc o6pa30BaHHH 3THX H30TOTTOB 

KaK peaKUHIO cpparMeHTaUHH, aBTOpbI noKa3aJIH 60JiblllHe B03MO)KHOCTH 

3THX peaKUHH He TOJihKO .!1:JIH noJiyqeHHH HOBblX HYKJIH.!1:0B, HO H H3yqeHHH 

HX CBOHCTB. BeChMa npHHUHTTHaJihHbIM HBJIHeTCH BOnpoc HHTeHCHBHOCTH 

nyqKoB ycKopeHHblX HOHOB. Ilo3TOMy C03.n;aHHe B Jia6opaTOpHH H.n;epHblX 

peaKUHH UHKJIOTPOHHoro KOMnJieKca Y-400 - Y-400M, KOTOpbIH no3BOJIHT 

noJiyqaTb nyqKH ycKopeHHbIX TH)KeJihIX HOHOB BbICOKOH 3HeprHH H 60JihlllOH 

HHTeHCHBHOCTH, HBHTCH Ba)KHbIM 111aroM Ha nyTH CHHTe3a H HCCJie.n;oBaHHH 

CBOHCTB H.n;ep B6JIH3H rpaHHU H.n;epHOH CTa6HJihHOCTH. 11cnoJih30BaHHe 60Jih

IllHX HHTeHCHBHOCTeH nyqKOB ycKopeHHblX TH)KeJihlX HOHOB TT03BOJIHT noJiy

qaTh BTOpHqHbie nyqKH 3K30THqecKHX H.n;ep. TaK, npH 60M6ap.n;11poBKe MH-

111eH11 HOHaMH 14c C HHTeHCHBHOCThlO 10 MKA MO)KHO noJiyqaTb BTop11qHbie 

nyqKH H.n;ep 
6

He H 
8

He C HHTeHCHBHOCThlO 108 c- 1 H 10 6 c- 1 COOTBeTCT

BeHHO. 11cnoJih30BaHHe BTOpHqHbIX nyqKOB 3K30THqecKHX H.n;ep HBHTCH Ba)K

HblM 111aroM B HCCJie.n;oBaHHH B3aHMo.n;eHCTBHH CBepxHeii:TpOHOH36bITOqHbIX 

H.n;ep, a TaK)Ke B onpe.n;eJieHHH 3HeprHH CBH3H HeCTa6HJibHhIX o6pa30BaHHH. 
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~YHAAMEHTAnbHhlE ~M3MqEcKME MCCnEAOBAHMH 

C TTOMOmbID MMnYnbCHhlX PEAKTOPOB MBP 

/0.A.AJIEKCAHEPOB, 1<:a1-touoaT <jJu3u1<:o-MaTeMaTU1Jec1<:ux 1-tay1<: 

B.II.AJI<PHMEHKOB, 1<:a1-touoaT <jJu3u1<:o-MaTeMaTu1Jec1<:ux 1-tay1<: 

B.H.JIYIIl,HKOB, 1<:a1-touoaT <jJu3u1<:o-MaTeMaTu1Jec1<:ux 1-tay1<: 

B 1982 ro,n:y 11cnoJIHl1JI0Cb 50 JieT co AHH 0TKpbITlfH Heii:TpoHa. 3a 

11CTeKume noJIBeKa HaKonneH orpoMHbIH 3KCnep11MeHTaJibHbIH MaTep11an 

0 CBOHCTBaX Heii:TpoHa 11 Bbl3bIBaeMbIX 11M H,n:epHbIX peaKI.J;lfHX. Heii:TpOHHoe 

l'.13JiyqeHl1e CTaJI0 11cn0Jib30BaTbCH He T0JibK0 AJIH Hay'IHbIX na6opaTOpHbIX 

11ccne,n:0BaH11H, HO 11 B TeXHl1Ke, B nepayro oqepe,n:b B H,n:epHOH 3HepreT11Ke. 

O,n:HaKO Mbl eme ,n:aneKl1 OT nonHoro n0Hl1MaHl1H CTPYKTYPbl Heii:Tpo

Ha 11 MexaHl13Ma era B3al1MO,n:eii:CTBl1H C BeII.J;eCTB0M. Bo3Hl1KaJOII.J;l1e Bonpo

Cbl TeCH0 CBH3aHhl C cp11311KOH 3JieMeHTapHbIX qaCTl1I.J;, C npe,n:CTaBJieHl1HMl1 

0 cpyH,n:aMeHTaJibHbIX 0CH0Bax M11Kp0M11pa. I1MnyJibCHbie peaKT0pbl I1EP, 

HBJIHHCb BeCbMa 11HTeHCl1BHbIMl1 l1CT0'IHl1KaM11 HeHTpOHOB B ump0K0M ,n:11a

na3oHe 3Hepr11ii: 11 o6na,n:aH YHl1BepcaJibHOH B03M0:>KH0CTblO cneKTp0MeTp1111 

no BpeMeH11 nponeTa, no3B0JIHIOT BbITI0JIHl1Tb PHA YHl1KaJibHbIX 11ccne,n:0Ba

Hl1H BeCbMa T0HKl1X xapaKTep11CTl1K HeHTpOHa. 

XoTH 0CH0BHhIM .11CTQqH11K0M 11HcpopMau;1111 0 CTPYKType 3JieMeHTap

HbIX qaCTl1I.J; HBJIHeTCH (p11311Ka BbIC0Kl1X 3Hepr11ii:, B Heii:TpOHHOH (p11311Ke 

Hl13Kl1X 3Hepr11ii: cymecTayeT no Kpaii:Heii: Mepe ,n:ae npo6neMhI, Henocpe,n:

CTBeHHo CBH3aHHbie C BHyTpeHHeii: CTPYKTypoii: Heii:TpoHa. O,n:Ha H:3 HHX -

onpe,n:eneHue cpe,n:HeKaa,n:paT11qecKoro pa,n:uyca pacnpe,n:eneHlfH 3JieKTpuqe

cKoro 3apH,n:a B Heii:TpOHe. HecMOTpH Ha TO, qTo HCCJie,n:oaaHlfH B 3T0M Ha

npaBJieHl1H ae,n:yTCH y:>Ke 0K0JI0 40 JieT (Haqano HM 6hIJIO noJio:>KeHo 3.<I>ep

Ml1 B 1947 r.)' pe3yJihTaTa, He BbI3blBaJOII.J;ero C0MHeHlfH, HeT AO CHX nap. 

TipaKTH:qecK11 3a,n:aqa CB0AHTCH K H3MepeHHJO aMnJIHTYAbl pacceHHHH Me,n:

JieHHbIX Heii:TpOHOB Ha 3JieKTp0Hax, BX0AHII.J;HX B C0CTaB aToMa-pacceuaaTe

JIH (aMnJil1TYAhI TaK Ha3bIBaeMoro (n-e)-B3aHMO,n:eii:CTBHH), rnaBHaH 3KCne

p11MeHTaJibHaH TPYAH0CTb - MaJiaH ( s 0,5%) aenuquHa HCK0Moro 3cpcpeKTa 

no cpaaHeH11JO c CHJibHbIM Heii:TpOHHO-H,n:epHbIM pacceHHl1eM. OCHOBHOH 229 



BKJIM B aMnJIHTYAY (n-e)-B3aHMO,IJ;eHCTBHH BH0CHT MarHHTHblH peJIHTHBHCT

CKHH 3cpcpeKT (3cpcpeKT <l>OJIAH), paccqHTbIBaeMblH TeopeTHqecKH, no3T0MY, 

qTo6bI roaopHTb 0 ,n:pyroM BKJia;::(e, o6yCJIOBJieHHOM pacnpe,n:eneHHeM :meKT

pHqecKoro 3apH,n:a B HeHTpoHe, Heo6xo,n:HMO BeCTH H3MepeHHH C BblCOKOH 

TQqHQCTblO (c norpelllH0CTblO MeHee 1-2%). 

B Jia6opaTOpHH HeHTpOHHOH q>H3HKH O11.HH 6bIJI HaH,IJ;eH no,n:xo,n:H-

1..I.J;HH AJIH npoae,n:eHHH HCCJie,n:oBaHHH pacceHBaTeJib, HMeIOI..U;HH npH6JIH3H

TeJibH0 B 100 pa3 MeHblllee ceqem1e H,n:epHoro pacceHHHH, qeM 06h1qHbie 

HYKJIH,IJ;bl. 3To 
186W. Bnaro,n:apH era YHHKaJibHblM H,n:epHbIM xapaKTepH

CTHKaM OTHOCHTeJibHbIH BKJIM 3cpcpeKTa (n-e )-B3aHMO,IJ;eHCTBHH B03poc B ,n:e

CHTKH pa3 H ,IJ;0CTHr 20-30%, qTo n03B0JIHJI0 onpe,n:eJIHTb aMnJIHTYAY (n-e)

B3aHMO,IJ;eHCTBHH C BbICOKOH CTaTHCTHqecKOH TQqHQCTblO ( C norpelllH0CTblO 

==1 % ) • Hccne,n:oBaHHH np0B0AHJIHCb MeT0A0M ,n:HcppaKQHH Me,n:neHHblX HeHT

poH0B Ha M0H0KpHCTaJIJiax, Bbipai.u:eHHbIX H3 BOJibcppaMa, o6orai.u:eHHOro 

H30T0n0M 186w. ITocKOJibKY MeTaJIJIHqecKHH BOJibcppaM - napaMarHeTHK, 

Q)KH,IJ;aJI0Cb, qTQ MarHHTH0e pacceHHHe He 6y,n:eT ,n:aBaTb BKJia,n:a a ,D;HcppaK

UH0HHbie nHKH. B xo,n:e 3KCnepHMeHTa ycTaH0BJieHo, qTo noMHM0 He6onb

lll0ro H,n:epHoro pacceHHHH H pacceHHHH, o6ycnoBJieHHOro HCK0MbIM 

(n-e)-B3aHMO,IJ;eHCTBHeM, B AHq>paKUHOHHbie nHKH ,n:aeT BKJIM He60JiblllOH 

,n:onoJIHHTeJibHblH 3cpcpeKT. BbIHCHeHHIO npHp0,D;bl 3T0ro 3cpcpeKTa cnoco6cT

B0BaJIH 3KCnepHMeHTbl C nonHpH30BaHHbIMH HeHTpoHaMH, npoae,n:eHHbie 

B co,n:py)KeCTBe C q>H3HKaMH 11.H<I> (P)Ke)K, qccP) H JIHH<I> (raTqHHa) • 3TH 

HCCJie,IJ;0BaHHH ,IJ;aIOT 0CH0BaHHH nonaraTb, qTo npHpo,n:a ,n:onoJIHHTeJibH0ro 

3cpcpeKTa - BCe-TaKH MarHHTHaH. ITo-BHAHMOMY, HeHTpOHbl pacceHBaIOTCH 

Ha CBoero po,n:a MarHHTHbIX KJiacTepax, o6pa3yIOI..U;HXCH B MeTaJIJIHqecKoM 

BOJibcppaMe, B03M0)KH0, Ha oqeHb K0p0TK0e BpeMH. BepoHTHaH npHqHHa 

o6pa30BaHHH no,n:o6HbIX KJiaCTepoB - npHMeCb aT0M0B K06aJihTa, HMeI0-

1..I.J;HXCH a HCCJie,n:yeMbIX M0H0KpHCTannax a K0JIHqecTBe 3~5 Ha 1000 aT0M0B 

BOJibq>paMa. KaKOB MexaHH3M o6pa30BaHHH KJiaCTepoB - 3T0 Bonpoc, 

Tpe6yroi.u:HH ,n:anhHeHlllHX Hccne,n:oBaHHH. 
BTopaH npo6neMa, CBH3aHHaH co cTpyKTypo:0 HeHTpoHa, - npo6neMa 

era 3JieKTpHqeCKOH nonHpH3yeM0CTH. ITonHpH3yeMOCTb xapaKTepH3yeT 

cnoco6HOCTb HeHTp..9Ha ,n:ecpopMHpoBaTbCH no,n: ,n:eHCTBHeM BHelllHero 3JieKT

p11qecKoro nonH E, 6naro,n:apH qeMy JieHTPOjl npHo6perneT Haae,n:eHHbIH 

3JieKTp11qecKHH ,n:11nonhHbIH M0MeHT D = aE, r,n:e a - K03q>q>HUHeHT 

3JieKTpHqecKOli.. nonHpH3yeM0CTH - HBJIHeTCH O,IJ;HOH 113 cpyH,n:aMeHTaJibHblX 

xapaKTepHCTHK HeHTpoHa. ITpe,n:cTaBJieHHH 0 nonHpH3yeM0CTH HeHTpoHa 

6bIJIH BBe,n:eHbl B pa6oTax C0BeTCKHX q>H3HKOB 0K0JI0 30 JieT T0MY Ha3a;::( 

B CBH3H C paCCM0TpeHHeM B0npoca 0 pacceHHHH HeHTpOHOB B KYJI0H0BCK0M 

none TH)KeJibIX H,n:ep. B 1965-1966 rr. a JIH<I> O11.HH Ha HMnyJibCH0M peaK

Tope HBP-30 MeT0,IJ;0M BpeMeHH nponeTa npoae,n:eHbl onbITbl no H3yqeHHIO 

pacceHHHH HeHTpOHOB CBHHU0M B KHJI03JieKTpOHBOJibTHOH o6nacTH 3Hep

rHH. B 3THX onh1Tax nonyqeHa oueHKa aenHqHHbI a:-4,7·10- 42 .$ a .::; 
~ 6,1·10-42 CM 3 (c aep0HTH0CTblO ~70%). 

B nocne,n:HHe r0,IJ;bl 6naro,n:apH pa3BHTHIO TeXHHKH 3KCnepHMeHTa 

230 cyi.u:ecTBeHH0 n0BblCHJiaCb TQqHQCTb onpe,n:eneHHH noJIHblX HeHTPOHHblX ce-



qeHHH a tot ll aMrrJIHTY.D: 1wrepeHTHoro pacce.RHHH bKor B o6nacTH 3Heprua 

1rn:>Ke 20-50 3B. B 0T,D;eJibHbIX cnyqa.Rx rrorpeIIIH0CTb H3MepeHHH He rrpeBhI

UiaeT HeCK0JibKHX coThIX ,Il;OJieH rrpoueHTa. B JIH<l> OHHH rrpe,D;no:>KeH Me

TOA orrpe,D;eJieHH.R BeJillqllHbl a, OCHOBaHHbIH Ha ll3MepeHllll 3HepreTttqe

CKOH 3aBllCllM0CTll BeJillqllH a tot ll b Kor TH:>KeJibIX H,D;ep. O6pa6oTKa ll3-

BeCTHbIX ll3 JIHTepaTypbI rrpeQH3ll0HH0 ll3MepeHHbIX IIpll 3Heprll.RX HeHTpo

H0B 1,26, 5,19 tt 10,1 3B II0JIHbIX ceqeHHH tt aMIIJIHTy,D; KorepeHTHoro pac

ceHHll.R X0JI0,Il;HbIX HeHTpOHOB CBllHU0M ll BllCMYT0M rrpttBeJia K 3HaqeHlllO 

a = (13±8). 10-
42 

CM
3 • ,UanbHeHIIIlle ll3MepeHHH II0JIHblX ceqeHHH 

a tc..t ll aMIIJIHTY.D: bKor CBllHUa ll BHCMyTa B o6naCTH 3HeprttH ,D;o 50 3B 

MoryT cymeCTBeHH0 yToqHllTb 3HaqeHtte a . TaKtte ll3MepeHHH B HaCT0Hmee 

BpeM.R Be,D;yTcH Ha HMIIYJihCHhIX peaKTopax HEP-30 H HEP-2. 

BbICOKaH CBeT0CHJia ll xop0Uille crreKTp0MeTpttqecKHe xapaKTepHCTll

Kll llMIIYJibCHoro peaKT0pa B o6JiaCTll MaJibIX 3HeprllH 0,1-10 3B II03B0Jill

Jill o6Hapy:>KHTb rrpoueccbI c HecoxpaHeHtteM rrpocTpaHCTBeHHOH qeTH0CTll. 

Borrpoc 0 TOM, CTporo Jlll coxpaHHeTCH rrpocTpaHCTBeHHaH qeTH0CTb BO 

B3aHMO,D;eHCTBllll Me:>K,D;Y HYKJI0HaMH, B03HllK B 1957 r. II0CJie o6Hapy:>Ke

HH.R Q.By HapyUieHHH rrpocTpaHCTBeHHOH qeTH0CTll B cna6bIX B3aHMO,D;eHCT

Bll.RX. B C00TBeTCTBllll C rttrroTe30H 06 YHHBepCaJibH0CTll cna6oro B3allM0-

,D;eHCTBll.R Me)K,Il;y cpepMHOHaMll qeTH0CTb He ,Il;0JI:>KHa coxpaH.RTbC.R ll B HYK

JI0H·HYKJI0HHblX B3allMO,D;eHCTBll.RX. Mo,D;eJibHbie oueHKll MaCIIITa6a TaKoro 

HecoxpaHeHH.R BO B3allMO,D;eHCTBllll Me)K,Il;y ,D;BYMH HYKJI0HaMll ,D;aBaJia 

rrpaKTllqecKH Heo6Hapy:>KHMbie BeJillqllHbl 10-7 - 10-
6 • B TaKHX YCJI0Bll.RX 

ecTeCTBeHHhIMll oKa3aJillCb II0llCKll CHTyauttH, B K0T0pbIX P-HeqeTHbie 3cp

cpeKTbl BO B3allMO,D;eHCTBllll Me)K,Il;y HYKJI0HaMll II0 KaKOH-JIH6o rrpllqllHe 

6hIJill rro,D;qepKHYTbI, YCHJieHhl. B 1964 r. 3TH II0llCKll yaeHqaJillCb rrepBblM 

ycrrexoM - rpyrrrroH IO.r.A6oaa 61,ma o6Hapy:>KeHa P-HeqeTHaH acttMMeTpttH 

BbIJieTa y-KBaHT0B, B03HllKaJOIUHX rrpll pa,D;HaUH0HH0M 3axBaTe TeIIJI0BbIX 

HeHTpOHOB H,D;paMH 
113

Cd, 0TH0CHTeJibH0 HarrpaaneHHH CIIllH0B 3aXBaTbl

BaeMbIX HeHTpoHoB. Ilo3:>Ke 6bIJIH o6Hapy:>KeHhI H ,D;pyrtte P-HeqeTHhie 3cp

cpeKThI B Heyrrpyrttx B3allMO,D;eHCTBll.RX TeIIJI0BblX HeHTpOHOB co CJIQ)KHblMll 

H,D;paMH. Bee Ha6JIJO,D;aBUilleCH 3cpcpeKTbl HMeJIH rrop.R,D;0K 10 -
4 ' TO eCTb 

B cpaBHeHllll C 3cpcpeK"raMH, 0:>Kll,D;aeMbIMll B HYKJI0H·HYKJI0HHbIX B3allM0-

,D;eHCTBll.RX' 6hIJill yc1meHbl B 10 
2- 10 

3 
pa3. 

11 II0llCKll P-HeqeTHbIX 3cpcpeKTOB B CJI0:>KHbIX H,D;pax, ll llHTeprrpeTa

UHH II0JiyqeHHbIX pe3yJihTaT0B rrp0ll3B0,Il;llJillCb C llCII0Jib30BaHHeM M0,D;eJIH 

CMeUIHBaromttXCH II0 qeTH0CTll (3a cqeT cna6oro Me:>KHyKJI0HHoro B3allM0-

,D;eHCTBllH) B036y)K,Il;eHHbIX COCTOHHllH .R,D;ep. O,D;HaKo rrp.RMoro II0,Il;TBep:>K

,D;eHHH crrpaae,D;JillB0CTll TaKOH M0,D;eJill He 6bIJIO. B 1980 r. a TeopeTHqeCKOH 

pa6oTe O.II.CyIIIKoBa H B.B.<l>naM6ayMa 61,mo rroKa3atto, qTo a cooTBeTCT

BHH C 3TOH M0,D;eJiblO B II0JIHbIX HeHTpOHHbIX ceqeHll.RX CJI0:>KHbIX H,D;ep B6JIH-

3ll p-pe3oHaHC0B rrpll orrpe,D;eJieHHbIX YCJI0Bll.RX ,Il;0JI:>KeH Ha6JIJO,D;aTbC.R 3Ha

qJiTeJibH0 YCHJieHHblH ll pe3oHaHCH0 3aBHCHmHH OT 3Heprllll HeHTpOHOB 231 



P-HeqeTHbIH 3cpq:>eKT. Peqb 11}];eT 0 3a.Bl1Cl1M0CTl1 II0JIHbIX HeM:TpOHHbIX ceqe

Hl1H HenonHp1130BaHHbIX H}];ep OT HanpaBJieHHH CIIl1H0B HeHTpOHOB no 0TH0-

rnemno K 11x HMnynhcy ( OT cn11panhH0CTH Heii:TpoHoB) • Y)Ke B cne,n;yromeM 

ro,n;y TaKOH 3cpcpeKT Ha6n10}];anCH AJIH p-pe3oHaHca c 3HeprHeH 1,3 3B H,n;pa 
11 7 Sn. 3Kcnep11MeHT 6hm npoae,n;eH B Jla6opaTop1111 Heii:TpOHHOH cp11311K11 

OH.fU1 Ha yHHKaJihH0M nonHp113oBaHH0M nyqKe HeHTpoHoB peaKTopa 

HBP-30. ilo3)Ke, TaK)Ke B JIH<I> OH.HM, 6hIJIH o6Hapy)KeHbI aHanor11qHhie 

3cpq:>eKThI AJIH p-pe30HaHC0B H,n;ep 139La, 81 Br 11 11 1Cd. KopoTKO on11-

rneM yKa3aHHhie 3KCrrep11MeHTbl 11 np11ae}];eM nonyqeHHbie pe3yJibTaTbl. 

3ttepreTHqecKaH 3a.Bl1Cl1M0CTb II0JIHbIX HeHTpOHHbIX ceqeHliH 11ccne,n;o

BaJiaCb MeT0A0M BpeMeH11 nponeTa. H3MepeHl1H rrp0B0AliJil1Cb Ha nponeTHOH 

6a3e 60 M, np11qeM B 3aa11c11MocT11 OT Tpe6y10merocH 3HepreT11qecKoro 

pa3perneHHH 11CII0Jib30BaJICH JIH6o 6ycTepHbIH pe)Kl1M pa60Tbl peaKTopa 

C AJI11TeJibH0CTblO Heii:TpOHHOH BCIIbllllKl1 .:: 4 MKC, n1160 6onee 11HTeHCliB

HbIH, co6CTBeHHO peaKTOpHbIH pe)Kl1M c AJIHTeJibH0CTblO HeHTpOHHOH 

BCIIbllllKli "" 70 MKC. Heii:TpOHHbIH nyqoK II0JIHpli30BaJICH C II0M0IUblO pa3-

pa6oTaHHoro B Jla6opaTop11H Heii:TpOHHOH q:>li3HKH OH.HM MeTo,n;a rrpo

nycKaH11H qepe3 II0JIHp1130BaHHYIO rrpoT0HHYIO Ml1llleHb. ilpli 3T0M liC

II0Jib3YeTCH TO o6cTOHTeJibCTBO, qTo AJIH HeHTpOHOB B llllipOKOH o6-

JiaCTl1 3HeprliH ceqeH11e c11HrJieTHoro pacceHH11H Ha rrp0T0Hax 3HaqlfTeJibH0 

npeB0CX0}];l1T ceqeH11e Tp11nJieTHoro pacceHHl1H, II03T0MY q:>l1JibTpau;11H HeHT

p0HHoro nyqKa qepe3 II0JIHp1130BaHHYIO rrp0T0HHYIO M11llleHb IIpliB0A11T 

K II0JIHp113au;11li nyqKa B TOM )Ke HanpaBJieHl1li, qTo Ii II0JIHp113au;11H np0T0-

H0B B MlillleHl1. nonHp113au;11H TaKoro nyqKa ecTeCTBeHH0 pacTeT C p0CT0M 

T0JIIU11Hbl MlillleH11, 0.D;HaK0 npli 3T0M na.n;aeT era liHTeHCl1BH0CTb. MaKCl1-

MaJibHYIO CTaTl1CT11qecKy10 ToqHQCTb nonyqaeMhIX pe3yJihTaT0B 06ecneq11aa

eT MlillleHb OIITl1MaJibHOH T0JIIUliHbI, ocna6JIHIOIUaH nyqoK IIpHMepH0 

B 7 pa3. ilp11 3T0M II0JIHp113au;11H npoq:>11JibTpOBaHHOrO nyqKa npH6Jil13liTeJib

H0 paBHa II0JIHpH3au;1111 np0T0H0B B Ml1llleH11. B 3KCIIep11MeHTax liCII0Jib30-

BaJiaCb }];11HaM11qecK11 II0JIHp1130BaHHaH npoT0HHaH M11llleHb C pa6oqlfM Be

mecTB0M 113 M0H0Kp11CTaJIJia ABOHHoro JiaHTaH-MarH11eaoro H11TpaTa. ilno

ma,n;h M0H0Kp11CTaJIJia C0CTaBJIHJia 30 CM 2 ' II0JIHpli3au;11H np0T0H0B B HeM -

0K0JI0 60%. ilyqoK, npoq:>11JibTpoaaHHbIH qepe3 TaKyIO Ml1llleHb, liMeJI no

nepeqHyIO II0JIHpli3aIJ;l1IO. ilpo,n;OJibHO-IIOJIHpli30BaHHbIH nyqoK, TO eCTb ny

qoK c onpe,n;eneHHOH cn11panhHocTh10, rronyqancH nocpe.n;cTB0M a,n;11a6aTH

qecKoro II0B0p0Ta HeHTpOHHOH II0JIHpH3au;1111 B Be,n;ymeM MarHl1TH0M none. 

B 3KcnepHMeHTax 113yqanacb. 3aBliCliM0CTb npo3paqHQCTli liCCJie.n;ye

MbIX M11rneHei1: oT cnHpanhH0CTH He11TpoH0B • .D:nH 3Toro npo,n;onhHo-nonH

pH30BaHHhIH nyqoK nponycKaJICH qepe3 M11llleHb Ii per11cTp11p0BaJICH HeHT

poHHhIM ,n;eTeKT0p0M. BpeMHnponeTHhie cneKTpbI AJIH ABYX crr11paJibHOCTeH 

HeM:TpOHOB, II0JiyqaeMhie np11 peaepce II0JIHp113au;1111 nyqKa, HaKaIIJIHBaJil1Cb 

B attan11311py10me11 c11cTeMe, co3.n;aHHOH Ha octtoae 3BM CM-3. 3Ta CHCTeMa 

aBT0MaT11qeCKli ynpaBJIHJia peaepcoM II0JIHp113aIJ;l111 nyqKa, npHqeM AJIH no

BbillleH11H ToqHQCTli pe3yJihTaT0B II0JIHpli3au;l1H nyqKa peaepc11poaanacb qe-

232 pe3 Ka)K,ll;bie 0,5-1 Ml1H. 
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3KcnepHMeHTaJibHbie pe3yJihTaTbl, 

IlOJiytieHHbie npH HCCJie)J;OBaHHH p. 
HeqeTHOB 3aBHCHMOCTH IlOJIHOro 

Heii:TpOHHOro ce11emm: OT CnHpaJib· 

HOCTH Heii:TpOHOB )];JI.II .11p;pa 139La. 

rro ropH30HTaJibHOB OCH - BpeM.II 

nponeTa (HoMep BpeMeHHoro Ka· 

Hana aHaJIH3aTopa), 3p;ech me -
COOTBeTCTBYIOIUHe 3HeprHH Heii:TpO· 

HOB B 3B. BBepxy - 3KCnepHMeH· 

TaJibHblll BpeM.IInpoJieTHblll cneKTp; 

p-pe3OHaHCY c 3HeprHeii: 0,75 3B 

COOTBeTCTByeT He60JiblllOB npOBaJI. 

BHH3Y - 3cpcpeKT nponycKaHH.II, 

nponOpllJlOHaJibHblll H3MeHeHHIO 

noJIHoro Heii:TpoHHoro ceqeHH.II npH 

peBepce cnHpaJibHOCTH Heii:TpOHOB, 

AHaJil:I3HpyH pe3yJibTaTbI 

l:I3MepeHI:IH rrpo3paqHoCTl:I Ml:I

rneHI:I C l:ICIIOJib30BaHI:IeM ,rr;aH

HhIX O TOJIIUI:IHe Ml:IIlleHI:I, ner

KO orrpe,rr;eJII:ITb 3HaqeHI:Ie IIOJI

Horo HettTpOHHoro ceqeHI:IH HC-

cne,rr;yeMbIX H,rr;ep. 81wrrepI:I

MeHTaJihHO rronyqeHHhie IIOJI

Hhie HettTpOHHbie ceqeHI:IH l:ICCJie,Il;OBaHHbIX H,rr;ep ,rr;eHCTBI:ITeJibHO OKa3aJil:ICb 

pa3HhIMl:I ,Il;JIH HettTpOHOB pa3HbIX CIII:IpaJibHOCTeH. 8To pa3JII:Iql:Ie I:IMeJio 

pe30HaHCHhIH 3HepreTI:Iqec1m0 IIl:IK B o6naCTl:I p-pe30HaHCOB, qTo HBl:IJIOCb 

y6e,rr;I:ITeJibHbIM apryMeHTOM B IIOJib3Y rrpHMeHHMOCTl:I MO,Il;eJII:I CMeillI:IBaIO

IUHXCH no qeTHOCTl:I H,rr;epHbIX COCTOHHI:IH ,Il;JIH 061,HCHeHI:IH YCHJieHHbIX P-He

tieTHhIX 3cpq:>eKTOB B CJIO)KHbIX H,rr;pax. 8cpcpeKThI CJIO)KHblM o6pa30M 3aBI:I

CHT OT CTpyKTypbl CMeillI:IBaIOIUHXCH H,rr;epHbIX COCTOHHI:IH. Teopl:IH ,rr;aeT 

Jil:IIllb CTaTHCTI:IqecKI:Ie ou;eHKl:I 3Tl:IX BeJII:Iql:IH. TionyqeHHhie 3KCrrepI:IMeHTaJib

Hhie ,Il;aHHbie cornacyIOTCH C Hl:IMl:I. Oco6eHHO 6oJihllil:IM ,Il;OJI)KeH 6hITb 3q:>

cpeKT' Kor,rr;a CMeilll:IBaIOTCH ypoBHH, COOTBeTCTBYIOIUI:Ie 6JII:I3KO pacnono

)KeHHbIM cna6oMy p-pe3oHaHcy H CHJihHoMy s-pe3oHattcy. TaKott cnyqai1 

peaJII:I3yeTCH B 
139 

La, r,rr;e I:IMeIOTCH cna6hIH p-pe3oHaHC npl:I 3Heprl:Il:I 

0,75 3B H He,rr;aneKo CHJihHhIH oTpHu;aTeJibHhIH s-pe3oHaHc. B 3TOM cnyqae 

IIOJIHOe HettTpOHHoe ceqeHI:Ie, CBH3aHHOe C p-pe30HaHCOM, l:I3MeHHeTCH npl:I 

peaepce CIII:IpaJibHOCTl:I HettTpOHOB Ha 15%, 3TO CaMhIH 6oJihillOH l:I3 l:I3BeCT

HhIX P-HeqeTHbIX 3cpq:>eKTOB. 8KcnepI:IMeHTaJibHbie pe3yJihTaTbI ,Il;JIH 
139 

La 

np1rne,rr;eHbl Ha pHCYHKe. 

Be3yCJIOBHO, Marl:ICTpaJibHhIH nyTb K IIOHl:IMaHl:IIO 3aKOHOB Ml:IKpo

MI:Ipa CBH3aH C 3KCnepI:IMeHTaMI:I npl:I BCeB03pacTaIOIUl:IX 3HeprI:IHx, TeM 

He MeHee npl:IHll;l:IIIl:IaJibHO HOBbie HBJieHHH o6Hapy)Kl:IBaIOTCH H npl:I ,Il;Bl:I)Ke- 233 



HIDI B ITpOTHBOITOJIOiKHOM HaITpaBJieHHH I< MaJibIM H YJibTpaMaJibIM :meprH

HM B3aHMO,n;eiiCTBHH. HpI<HM ITPHMepoM TaI<HX HBJieHHH MOiKeT CJIYiKHTb 

BITepBbie ITpo,n;eMOHCTpHpOBaHHaH B JIH<I> B03MOiKHOCTb xpaHeHHH B 3aMI<

HYTbIX o6'beMax He:i1TpOHOB i<pa:i1He HH3I<Hx 3HeprH:i1 .s:10- 7 
3B. 3rn B03-

MOiKHOCTb CBH3aHa C TeM, qTo ,Il;JIH HeHTpOHOB MaJibIX 3HeprHH C ,Il;JIHHOH 

BOJIHbI, 3HaqHTeJibHO ITpeBbilllaIOme:i1 MeiKaTOMHbie paCCTOHHHH, ,Il;HCI<peTHaH 

aTOMHaH CTpyi<Typa BemeCTBa CTaHOBHTCH HecymeCTBeHHOH H ,Il;JIH TaI<HX 

HeHTpOHOB BCe BemecTBO ITpe,n;cTaBJIHeT co6o:i1 I<aI< 6bI e.n;HHoe rHraHTCI<Oe 

H,n;po. O,n;HaI<O cpe,n;HHH IIJIOTHOCTb 3TOro H,n;pa 3HaqHTeJibHO, ITOqTH Ha 15 ITO

pH,Il;I<OB, MeHbllle 06b1qHoH ITJIOTHOCTH HYI<JIOHOB B H,n;pe, ITOCI<OJibi<y pa3Me

pbl H,D;ep ( ~ 10 - 13 CM) HaMHOro MeHbllle pacCTOHHHH MeiK,IJ;y H,D;paMH 

( -10- 8 
CM). Tai<oe rHraHTCI<Oe, HO pbIXJIOe H,n;po B 6oJiblllHHCTBe CJiyqaeB 

cna6o OTTaJii<HaaeT He:i1TpOHbI, a ,n;JIH HettTpoHoB c ·3Hepr0:e:i1 S 10 - 7 3B 

(Tai< Ha3hIBaeMbIX YJibTpaXOJIO,Il;HbIX HeHTpOHOB) CTaHOBHTCH ITOJIHOCTblO 

HeITpOHm~aeMbIM. OTCIO,IJ;a H CJie,n;yeT B03MOiKHOCTb xpaHeHHH ra3a H3 

YJibTpaXOJIO,Il;HbIX HeHTpOHOB B repMeT0:qec1<HX cocy,n;ax. He:i1Tp0Hbl I<aI< 6bI 

OI<a3bIBalOTCH 3aITepTbIMH BHYTPH orpOMHOro ITOJioro H,n;pa, ccpopMHpOBaH

Horo CTeHI<aMH cocy,n;a. 3I<CITepHMeHTaJibHOe ,Il;OI<a3aTeJibCTBO HeITpOHH:u;ae

MOCTH BemecTB ,Il;JIH YJibTpaxoJIO,Il;HblX HeHTpOHOB ITpoae.n;eHo B 1968 ro,n;y 

rpyITITOH <I> .JI.IllaIIHpo Ha peai<Tope I-IBP. CJIOiKHOCTb 3I<CITepHMeHTa 3aI<JIIO

qanacb B TOM, qTo aTOMHbIH peai<Top HCITyci<aeT JIHlllb O,Il;HH YJibTpaXOJIO,Il;

HblH He:i1TpOH Ha 10 12 06b1qHbIX, Tai< Ha3bIBaeMbIX TeITJIOBbIX HeHTpOHOB. 

IiMITYJibCHblH peiKHM pa60Tbl peai<Topa I-IBP IT03BOJIHJI yaepeHHO Bbl,Il;eJIHTb 

ITO MeTo,n;y BpeMeHH ITPOJieTa YJibTpaxoJIO,Il;Hbie HeHTpOHbl H3 orpoMHoro 

ITOTOI<a 6onee 6bICTpbIX HeHTpOHOB. 

XpaHHIUHHCH B cocy,n;ax HettTpOHHbIH ra3 (BpeMH xpaHeHHH - He

ci<oJibI<O MHHYT' ITJIOTH0CTb ra3a - ITPHMepHO 10 3 
HeHTpOHOB Ha JIHTp 

o6'beMa) MOiKeT 6bITb HCITOJib30BaH (H y:>Ke HCITOJib3yeTCH) ,Il;JIH ITOHCI<a CJia-

6bIX 3Jie1<Tp0:qeci<0:x cao:i1cTB He:i1TpoHa, cymecTBOBaHHe I<oTopbIX ITpe,n;ci<a-

3bIBaeTcH HeI<OTOpbIMH MO,IJ;eJIHMH H,n;epHbIX B3aHMO,IJ;eHCTBHH. 

EcJIH y,n;aCTCH ITOJiyqHTb eme 6onee Me,n;JieHHbie HeHTpOHbl C 3HeprHeH 

-10-12 3B, TO B rpaBHTa:u;HOHHOM ITOJie 3eMJIH OHH 6y.n;yT o6pa30BbIBaTb 

I<BaHTOBbie CJIOH, paCITOJIOiKeHHbie Ha ropH30HTaJibHOH ITOBepXHOCTH. 

B CJIOiKHOM ITpouecce ,n;eneHHH aTOMHblX H,n;ep, pa3birpblBaIOIUeMCH 

B aTOMHOM peai<Tope, MoryT pOiK,IJ;aTbCH He TOJibI<O HOBbie H,n;pa-OCI<OJII<H, 

HeHTPOHbl H HeHTpHHO, HO H 1<a1<0:e-H0:6y,n;b 3I<30TlfqeCI<He, eme He H3BeCT

Hbie Hayi<e neri<He qacTHI.J;bl. CoBpeMeHHbie TeopHH o6'be,IJ;HHeHHH B3aHMO

,n;eHCTBHH BO MHOrHX BapHaHTax ITpe,n;c1<a3bIBalOT cymecTBOBaHHe HOBbIX 

TPYAHOYJIOBHMbIX qaCTHU, IiMITYJibCHbIH peaI<TOp MOiKeT cymecTBeHHO 06-

JierqHTb ITOHCI< TaI<HX qacTHU, Tai< I<aI< HX ITOHBJieHHe ,Il;OJiiKH0 6bITb CTporo 

CHHXpOHHbIM c pa6oTOH peai<Topa. B 1982-1983 rr. Ha peai<Tope HBP-2 
6bIJIH BbIIIOJIHeHbl 3I<CITepHMeHTbl ITO ITOHCI<Y rHITOTeT0:qec1<0H HeihpaJibHOH 

qacTHI.J;bl - aI<CHOHa, cymecTBOBaHHe I<OToporo IT03BOJIHJIO 6bI o6'bHCHHTb 

BblCOI<YlO CTeITeHb coxpaHeHHH ITpOCTpaHCTBeHHOH qeTHOCTH B CHJibHbIX 

234 B3aHMO,IJ;eHCTBHHX. Ilpe,n;ci<a3blBaJIOCb, qTo aI<CHOHbl ,Il;OJiiKHbl H3JiyqaTbCH 



B036y'1Q];eHHbIMH OCKOJIKaMH ,n;emn~HXC.fl .fl.D;ep, CBo6o,n;Ho rrpomrn:aTb qepe3 

6eTOHHYIO 3~HTY peaKTopa Ii 3aTeM pacrra,n;aTbC.fI Ha ,IJ;Ba y-KBaHTa. TiapHoe 

ITO.fIBJieHHe y-KBaHTOB MO:>KeT 6hITb BbI3BaHO Ii ,n;pyrHMH rrpHqHHaMH -

ecTeCTBeHHOH pa,n;HoaKTHBHOCTblO BemecTB, KOCMJiqecKHM q>OHOM Ii TaK 

,n;anee. O,n;HaKO B OTJIJiqJie OT 3THX (pOHOBbIX co6bITHH, peaJIH3yromHXC.fI 

paBHOMepHO BO BpeMeHH, rrapbI y-KBaHTOB OT aKCHOHOB ,Il;OJIJKHbI ITO.fIBJI.fITb

C.fI TOJibKO BO BpeM.fI KOpOTKHX ( ~ 0,2 MC) BCITbIIIleK MOmHOCTH HMITYJibC

Horo peaKTOpa. Tipe.n;cKa3bIBaBllmec.fI aKCHOHbI C BbICOKOH CTerreHblO ,Il;OCTO

BepHOCTH o6Hapy:>KeHbI He 6bIJIH. 

IlpHBe.n;eHHbie Bbillle rrpHMepbI HCITOJib30BaHH.fI HMITYJibCHbIX peaKTO

pOB ,Il;JI.fl HCCJie,n;oaaHH.fI cpyH.n;aMeHTaJibHbIX rrpo6JieM COBpeMeHHOH cpH3HKH, 

KOHeqHo, He HcqeprrbIBaIOT aecb rrepeqeHb aHanorHqHbIX 3a,n;aq, H oqepe,n;Hbie 

3KCrrepHMeHTbI B 3THX HarrpaBJieHH.fIX y:>Ke roTOB.fITC.fI K ITOCTaHOBKe Ha HO

BOM MomHoM peaKTope HBP-2. 
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HEMTPOHOrPA~MH KOH~EHCMPOBAHHhlX CPE~ 

B OMHM 

A.M.BAJIAI'YPOB, Ka1-tduoar fPU3UKO•MaTeMarui1.ecKux 1-tayK 

H.HATKAHEII,, Ka1-tduoar ¢uauKo-MaTeMaTui1.ecKux 1-tayK 

10.M. OCT AHEBHlf, doKTop ¢uauKo-MaTeMaru11,ecKux 1-tayK 

He:ifrpoHorpaqnui: KoH,r:i;eHcHpoBaHHhIX cpe,r:i; B nocne,r:t;HHe ,r:t;Ba ,r:i;ecRTH

neTHR nonyqHna MHpOBOe npH3HaHHe KaK O,Il;HH H3 HaH6onee 3cpq>eKTHBHhIX 

H npRMhIX MeTO,Il;OB 3KcnepHMeHTaJihHoro HCCne,r:i;oBaHHR MHKpocKonHqe

CKHX CBOHCTB TBep,r:t;hIX Ten, )KH,Il;KOCTett, paCTBOpOB, a TaK>Ke 6HonorHqe

CKHX MaKpOMOneKyn H opraHenn. Me,r:i;neHHhie HettTpOHhI o6na,r:i;ruoT y,r:i;aq

HhIM coqeTaHHeM xapaKTepHCTHK ,r:i;nR TaKHX HCCne,r:t;OBaHHtt: BhICOKOH npo

HHKarom;eu cnoco6HOCThlO, qyBCTBHTenbHOCTblO K MarHHTHhIM CBOHCTBaM 

Bem;ecTBa H TennOBOMY ,r:t;BmKeHHlO aTOMOB. B OTnHqHe OT peHTreHOBCKHX 

nyqeu, HettTpOHhI "pa3nHqruoT" H3OTOnhI, nerKHe aTOMbI Ha cpoHe TfflKenhIX 

H aTOMhI C 6nH3KHMH aTOMHhIMH HOMepaMH. Bee 3TH CBOHCTBa HettTpOHHoro 

H3nyqeHHR no ,Il;OCTOHHCTBY 6hIJIH oueHeHhI em;e B 5O-e ro,r:t;hI, a C Haqana 

6O-x ro,r:i;oB BO BCeM MHpe y)Ke Benach HHTeHCHBHaR pa6oTa no CO3,Il;aHH10 

HettTpOHHbIX HCTOqHHKOB H cneKTpoMeTpOB, npe,r:i;Ha3HaqeHHhIX ,r:t;nR npoBe

,r:i;eHHR HettTpOHorpacpHqecKHX 3KCnepHMeHTOB. 

Hccne.r:i;oBaHHR KOH,r:t;eHCHpOBaHHbIX cpe,r:i; B nocne,r:i;Hee BpeMR RBnRlOT

CR ,Il;OMHHHpyrom;HMH B q>H3HKe (no HeKOTOphIM ,Il;aHHhIM, ,r:i;o 80% q>H3Hqe

CKHX HCCne,r:t;OBaHHH) • MO)KHO yKa3aTh ,r:t;Be OCHOBHhie npHqHHhI CTOnh 6onh

rnoro HHTepeca. IlepBaR CBR3aHa C TeM, qTo HCCne,r:i;oBaHHR B o6nacTH q>H3H

KH KOH,r:t;eHCHpOBaHHhIX cpe,r:i; OTnHqruoTCR 6bICTpOH H 3cpq>eKTHBHOH OT,r:i;aqeu 

,r:i;nR npoMhilllneHHOCTH H ,r:i;pyrHX Hy)K,Il; Hapo,r:i;Horo X03RHCTBa. BTopaR npH

qHHa COCTOHT B aKTYaJibHOCTH 3THX Hccne,r:i;oBaHHH MR pa3BHTHR HayKH 

B uenoM, nocKonhKY H3yqruoTCR OCHOBononarruom;He 3aKOHOMepHOCTH, 

onpe,r:i;enRrom;He CTPYKTYPHYlO opraHH3aIJ;HlO MaTepHaJihHhIX o6'beKTOB oKpy

)Karom;ero Hae MHpa. H:MeHHO no3TOMY ycnexH 3Toro pa3,r:i;ena q>H3HKH Haxo

,r:t;RT )KHBettrnm1 OTKnHK BO MHOrHx CMe)KHhIX o6naCTRX HayKH, B nepBylO 

236 oqepe,r:t;h B XHMHH H 6HonorHH. 



B CBeTe 3THX 3aMeqaHHH CTaHOBHTC.fl IlOH.fITHOH pom, HCcne,n:oBaHHH 

B o6naCTH q:>H3HI<'.H I<'.OH,D;eHCHpOBaHHbIX cpe,n: B HayqHOH nporpaMMe O6'be,D;H

HeHHOr'O HHCTHTYTa tt 6onbwoe BHHMaHHe, I<'.OTopoe y,n:en.FieTC.fl HX pa3BHTlllO. 

OcHOBHbIM MeTOAOM 3THX ttccne,n:oBaHHH B OH.RH cTana HeHTpoHorpaq:>H.FI 

Ha KPYilHblX 6a30BblX ycTaHOBKax - HMnynbCHbIX peaKTopax. OCHOBHa.FI 

opraHH3aUHOHHa.FI cpopMa npoae,n:eHH.FI 3THX HCCne,n:oBaHHH - Me:>1<,n:yHapo,n:

Hoe COTPYAHHqecTBO co cneuttaJIH3HpOBaHHblMH HHCTHTYTaMH CTpaH-yqacT

HHU, Bna,n:erow;HMH Kai<'. ttccne,n:yeMbIMH o6'beKTaMH, Tai<'. tt ,n:ononHHTenbHbl

MH I<'. HeHTpoHorpaq:>HH MeTo,D;aMH. 

HeHTpOHOrpaq:>H.fl Il03BOn.fleT nonyqaTb 31<'.CnepttMeHTaJibHYIO HHq:>op

MaQlllO ABYX THilOB: 0 npocTpaHCTBeHHOM pacnono:>KeHHH H O 3al<'.oHax ABH

:>KeHH.FI aTOMOB, 06pa3yrow;HX H3yqaeMbIH o6'beKT. I1pH 3TOM OI<'.a3bIBaeTC.fl, 

qTo ynpyro pacce.FIHHbie HeHTpOHbl B OCHOBHOM HecyT CTPYKTYPHYIO HHq:>op

MaUHIO, a HeHTPOHbI, H3MeHHBWHe CBOIO 3Heprmo npH pacce.FIHHH, - HHq:>op

MaUHIO O AHHaMHqecKHX CBOHCTBax. XOT.fl o6a 3TH acneKTa oqeHb TeCHO 

CB.fl38.Hbl, H3yqeHHe AHHaMHI<'.H 6onee Tpy,n:oeMKO, BblilOnHeHO Ha MeHbllleM 

I<'.OnHqecTBe o6'bel<'.TOB; ,n:anel<'.O He acer,n:a y,n:aeTC.fl IlOCTpOHTb e,D;HHbie OilH

CaHH.fl o6ottx acnel<'.TOB, Il03TOMY Mbl pacCMOTpHM HCCne,n:oBaHH.fl CTpyKTy

pbl H AHHaMHI<'.H pa3,n:em,Ho. 

1. CTPYKTYPHA.R HEfITPOHOrP A<I>H.R 

CTpyKTypHyro HeHTpoHorpacpttro ycnoaHo MO:>KHO pa3,n:enHTb Ha ,nae 

o6naCTH: BbICOI<'.Or'O H HH31<'.0r'O pa3peweHH.FI. 3a,n:aqa nepBOH - BOCCTaHOB

neHHe cTpyKTYPbI o6'beK'ia c ToqHoCTbIO, ,n:ocTaToqHoH An.FI noKantt3aUHH 

OT~enbHbIX aTOMOB, npocTpaHCTBeHHOe pa3peweHHe npH 3TOM - 01<'.0no 
1 A. BbICOI<'.Oe pa3peweHHe AOCTHraeTC.fl TOnbl<'.O B HCCne,n:oaaHH.fIX MOHO

KpHCTaJinOB H npOCTbIX nonHKpHCTaJinHqecKHX aew;eCTB. ,Un.FI HeKpHCTaJI

nH3YIOw;HXC.fl o6'bel<'.TOB' Kal<'.HMH .FIBn.fIIOTC.fl MHOr'He 6ttonorttqeCI<'.He Tena, 

nonHMepHbie MaTepHaJibI, paCTBOpbl H T,A,, npHXOAHTC.fl orpaHHqHBaTbC.fl 

6onee HH3KHM pa3peweHtteM ( ~ 10 A). CTpyKTYPHa.FI Mo,n:enb npH 3TOM 

xapaKTepH3yeT npocTp,ilHCTBeHHOe pacnono:>KeHHe AOCTaToqHo 6onblllHX 

"KttpnttqeH"' o6pa3yIOw;HX HCCne,n:yeMbIH o6'bel<'.T' HanpHMep ptt6oHyKneH

HOBbIX I<'.HCnOT tt 6enKOB a ABYXKOMilOHeHTHbIX I<'.OMilJieKcax. HaKoHeu, 

eCTb 6onblllOH Knacc Bew;eCTB, OTHOC.fllll;HXC.fl K aMopq:>HbIM ( CTeKJia, '1lliA

I<'.OCTH, paCTBOpbI, aMopq:>Hbie MeTaJinbI, "cnHHOBbie CTeKJia" H T.,n:.). CTpyK

TYPY 3THX Bew;eCTB npHXOAHTC.fl HHTepnpeTHpoBaTI, Ha aepO.FITHOCTHOM .fl3bl

Ke C IlOMOlll;bIO cpyHKUHH IlJIOTHOCTH pacnpe,n:eneHH.fl Me)KaTOMHbIX paCCTO.fl

HHH. 3,n:ecb npocTpaHCTBeHHOe pa3peweHHe HrpaeT oqeHb Ba:>KHYIO ponb, 

H TOnbl<'.0 C IlOMOlll;bIO HeHTpOHorpaq:>HH B nocne,n:HHe ro,D;bl ero YAaJIOCb A0-
0 

BeCTH AO 0,1 A, nocne qero CTaJIO B03MO:>KHbIM pa3peWHTb napUHaJibHbie 

napHbie Koppen.FIUHH MHoroaTOMHbIX CHCTeM. 

Hccne,n:oaaHH.FI Ha nonttKpHCTannax B OH.RH Haqanttcb ew;e 
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B nepBbIX HCCJieAOBamrnx, npoBeAeHHbIX noA PYKOBOACTBOM <I>.JI.IllanHpo, 

YAarrocb BhUIBHTh npHHu;HnHaJihHhie AOCTOHHCTBa CTPYKTYPHOH HeiiTpoHo

rpaq>HH no MeTOAY BpeMeHH nporreTa. K HX lJHCJIY OTHOCHTCH: 

- 3q>q>eKTHBHOe HCnOJih30BaHHe npaKTHtJeCKH acero cneKTpa Tenrro

BbIX HeHTpOHOB OT HCTOlJHHKa H, KaK crreACTBHe, CBeTOCHJia MeTOAa; 

OAHOBpeMeHHOCTb H3MepeHHR BCeH AHq>paKD;HOHHOH KapTHHbl npH 

nOJIHOM OTCYTCTBHH MeXaHHtJeCKHX nepeMew;eHHH 06pa3u;a H AeTeKTOpa; 

- otJeHb xopOlllaR pa3pelllaIOW:aR cnoco6HOCTb B o6rraCTH 6oJiblllHX 

Me)KnJIOCKOCTHblX paCCTOHHHH, 

TorAa ,Ke 6hIJIO OTMetJeHo, lJTO HOBhlH MeTOA OtJeHb YA06eH AJIH HC

CJieAOBaHHH BJIHHHHR 6oJibllIHX HMnyJibCHbIX 3JieKTpHtJeCKHX, -MarHHTHbIX 

HJIH ApyrHX BHelllHHX B03AeHCTBHH Ha KpHCTaJIJI, a TaK,Ke pemiKcau;HOHHbIX 

npou;eccoB MaJIOH AJIHTeJibHOCTH. B nocJieAy10w:e:0, BOT y)Ke ABaAu;aTHJieT

HeH pa6orn, npoBOAHBllleiicH KaK B JIH<I> 011JH1, TaK H B ApyrHx na6opaTo

pHHX, 3TH BbIBOAbl noJIHOCTblO noATBepAHJIHCb, H MeTOA BpeMeHH nponeTa 

CTaJI B AHq>paKD;HOHHbIX 3KCnepHMeHTax 3q>q>eKTHBHbIM cpeACTBOM H3ytJe

HHH aToMHOH CTpyKTYPhI aew:ecTaa. 

CpeAH nepBblX HCCJieAOBaHHH, B KOTOpbIX B nOJIHOH Mepe npOHBH· 

JIHCb nepetJHCJieHHbie AOCTOHHCTBa, CJieAyeT OTMeTHTb ycTaHOBJieHHe Mar

HHTHOH cTpyKTYPhI B KpHCTarrrrax BiFeO 3 , Pr F 3 , Pr FeO 3 H N dFeO 3 . 

OtJeHb Ba)KHblMH B MeTOAHtJeCKOM OTHOllleHHH 6bIJIH pa60Tbl no pa3-

BHTHIO "MeTOAa q>oKyCHpOBKH HeHTpOHOB no apeMeHH"' BblilOJIHeHHbie 

a JIH<I> a 1966 7 1968 rr. B HHX 6hIJI HaHAeH otJeHb 3q>q>eKTHBHbIH nyTb no

BblllleHHH CBeTOCHJibl AHq>paKTOMeTpa 6e3 YXYAllleHHH pa3pell1a10w:e:0 cno

co6HOCTH. MeTOA BpeMeHHOH q>oKycHpOBKH oKa3aJICH HaCTOJibKO 3q>q>eK

THBHbIM H npoCTblM B pearrH3au;HH, lJTO ycnelllHO npHMeHHeTCH AO HaCTOH· 

w:ero apeMeHH. 

B KOHu;e 60-x roAOB B JIH<I> 6hma pearrH30BaHa ew:e OAHa H3 ynoMH· 

HaBlllHXCH Bblllle oco6eHHOCTeH MeTOAa BpeMeHH nporreTa - B03MO)KHOCTb 

3q>q>eKTHBHoro HCCJieAOBaHHR HBJieHHH, B03HHKaIOW:HX npH B03AeHCTBHH 

Ha o6pa3eu; CBepXCHJibHbIX BHelllHHX noneii. I1MnyJihCHhIH xapaKTep o6ny

tJeHHH o6pa3u;a HeHTpOHaMH n03BOJIHeT H BHelllHee none npHKJiaAhIBaTb 

B BHAe KOpOTKHX HMnyJibCOB, CHHXpOHH3HpOBaHHblX no BpeMeHH B03· 

AeHCTBHH c npHJieToM - Ha 06pa3eu; HeiiTpoHoB onpeAeJieHHOH 3HeprHH. Ec

TeCTBeHHO, lJTO C03AaHHe OtJeHb CHJibHbIX HMnyJibCHbIX noneii, AeHCTBYIOW:HX 

JIHlllb KOpOTKOe BpeMH, HBJIHeTCH 6onee npOCTOH 3a,!l;atJeH, tJeM C03AaHHe 

CTOJib )Ke CHJibHbIX CTaD;HOHapHbIX noneii. B 1968 r. B JIH<I> 6bIJia C03AaHa 

HMnyJibCHaH MarHHTHaH ycTaHOBKa, n03BOJIHIOW:aH B03AeHCTBOBaTb Ha o6-

pa3eu; B TetJeHHe ~ 3 MC MarHHTHblM noJieM HanpH,KeHHOCTblO AO 120 K3, 

B TO BpeMH KaK HanpH,KeHHOCTb CTau;HoHapHoro noJIH AJIH aHarrorHtJHblX 

3KCnepHMeHTOB He YAaBaJIOCb nOAHHTb Bblllle 45 K3. B 3KCnepHMeHTax 

C reMaTHTOM a -Fe 203 Ha6JIIOAaJIHCb HHTepeCHbie HBJieHHH B nOJIHX C Ha

npH,KeHHOCTblO a HHTepaarre OT 50 AO 120 K3: nepecTpOHKa AOMeHHOH 

CTpyKTypbl KpHCTaJIJia, noaopoT BeKTopa aHTHcpeppoMarHeTH3Ma, aHOMaJib· 
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H TaK ,D;anee. AHanorHtIHbie 3KCnepHMeHThI ycneurno npo,ll;0JIJKaJIHCb Bno

CJie,ll;CTBHH, a B HaCT0HI.Qee BpeMH Ha 116P-2 C03,D;aeTCH H0BaH HMnyJihCHaH 

MarHHTHaH yCTaH0BKa, C noM0I.QblO KOTop011: y,D;aCTCH yBeJIHtIHTb HanpmKeH

H0CTb n0JIH ,ll;0 250 Ko. 

B 70-e ro,D;hI B nH<I> 6hmH pa3pa6oTaHhI ,D;Ba H0BhIX MeTo,D;a cTpyK

TypHoH Hel1:TpoHorpaqmH - MHoroMepHaH HeHTpOHHaH ,ll;Hq>paKToMeTpHH 

M0H0KPHCTruIJI0B H ManoyrJI0B0e pacceHHHe HeHTpOHOB no BpeMeHH npo

neTa. O6a 3TH MeTo,D;a pa3pa6aThIBruIHCb BnepBbie B MHpOBOH npaKTHKe, 0HH 

0TJIHtiaIOTCH BhICOKOH 3cpcpeKTHBHOCTblO ,ll;JIH HMnyJibCHbIX HCT0tIHHK0B 

HeHTpOHOB. 113 tIHCJia q>H3HtieCKHX HCCJie,ll;OBaHHH noro nepHo,ll;a cne,D;yeT 

0TMeTHTb onpe,D;eJieHHe KaK noJI0)KeHHH aT0M0B ,D;el1:TepHH B KpHCTruIJie 

La2Mg 3 ' (NO 3) 12 • 24D 20, TaK H CHMMeTpHH H pa3MepoB 3JieMeHTapHOH 

Ht1el1:KH ,ll;JIHHHonepHO,ll;Hol1: cTpyKTYPhI TlGaS 2, Hccne,D;oBaHHH ,D;oMeHHOH 

cTpyKTYPhI KD 2PO4 H o6mero BMa aHTH-dnp-aHTHTen, a TaK)Ke Ha6n10,D;e

HHe rH,ll;paTau;HH noJIHH0H0B C n0M0I.QblO ManoyrnoBoro pacceHHHH HeHTpo

H0B. 

B 1978 r. B nH<I> BnepBhie 6hmo ocymecTBJieHo cot1eTaHHe Hcnonh3o

BaHHH MeTo,ll;a BpeMeHH nponeTa H no3HQHOHHO-tIYBCTBHTeJibHOH ,D;eTeKT0p

HOH CHCTeMbI. HeCMOTpH Ha cpaBHHTeJibH0 He6oJibWHe pa3MepbI nepBbIX 

no3H~0HHbIX ,D;eTeKT0p0B YAruI0Cb cpa3y B HecK0JibK0 ,D;eCHTK0B pa3 yBe

JIHtIHTb CK0p0CTb 3KCnepHMeHTa, Co3,ll;aHHaH B nH<I> ABYXK00p,ll;HHaTHaH 

MH0r0HHTeBaH KaMepa n03B0JIHJia ocymeCTBHTb perHCTpa~IO TpexMepHbIX 

HeHTpOHOrpaMM, tIT0 pe3K0 C0KpaTHJI0 npo,ll;0JI)KHTeJihH0CTb H ynytIWHJI0 

KatieCTB0 ,ll;HcppaKQH0HHbIX 3KCnepHMeHT0B. 

B 1982 r. Hatianacb CHCTeMaTHtieCKaH pa6oTa Ha H0B0M BhIC0K0n0T0tI

H0M HMnyJibCH0M HCT0tIHHKe HeHTpOHOB - peaKTope 116P-2. CymecTBeHHO 

6oJibWHH noT0K HeHTpOHOB, ynyt1weHHaH "opraHH3aQHH" nytIK0B H C0Bpe

MeHHbie 3JieKTp0HHbie cpe,D;CTBa ynpaBJieHHH 3KCnepHMeHT0M 06ecnet1HJIH 

KatieCTBeHH0 H0Bble B03M0)KH0CTH ,ll;JIH CTpyKTYPHOH Hel1:TpoHorpacpHH. 

OTO npHBeno K 3HatIHTeJihH0My o6HOBJieHHIO TeMaTHKH, B nepBylO oqepe,ll;b 

3a CtieT npHMeHeHHH H0BbIX CJI0)KHbIX KpHCTaJIJI0B H 6HonorHtieCKHX o6'beK

T0B, TaK, ycnewH0 6bIJIH HCCJie,ll;0BaHbl cerHeT03JieKTpHtieCKHe H cerHeTo-

3JiacmtieCKHe KpHcTaJIJihI KD 3(SeO3 ) 2 H LiKSO 4, KpHCTaJIJihI CsH(D)SO 4, 

HCnhIThIBaIOI.QHe cpa30BhIH nepexo,ll; B cynepH0HH0e C0CT0HHHe npH 

T = 412 K; reKcacpeppHThI mna M Ba(TiCo)x • Fe 12_ 2x·O19 H 

Pb Ga x · Fe l 2-x • 0 19 , o6na,D;aIOI.QHe ,ll;JIHHHonepHO,ll;HOH MarHHTHOH cTpyK

Typol1:; M0,ll;eJibHhie H 6HOJIOrHtieCKHe JIHnH,ll;Hhie MeM6paHbI, Ha MyJibTH

CJI0HX K0T0pbIX H3yqaeTCH KHHeTHKa npoQeCC0B B0,ll;Horo o6MeHa. HaKOHeQ, 

npoBe,D;eHbl nepBbie npo6Hbie 3KCnepHMeHTbl no ,ll;HcppaKQHH HeHTpOHOB Ha 

M0H0KpHCTaJIJie MbIWetIHoro 6enKa MHOrno6HHa. 

He3aBHCHMbIM, opHrHHaJibHbIM H nepcneKTHBHblM HanpaBneHHeM 

CTpyKTYPHhIX HCCJie,ll;OBaHHH HBJIHIOTCH HCCJie,ll;0BaHHH TeKCTYP MaTepHaJI0B 

H H3,D;eJIHH MeTo,D;oM BpeMeHH nponeTa. TeKcTypHaH HeHTpoHorpacpHH BhI

ro,D;Ho 0TJIHtiaeTCH OT C00TBeTCTBYIOI.QHX peHTreH0BCKHX HCCJie,ll;OBaHHH TeM, 
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pa3l.l;DB u peanhHbIX H3Aenuif 6onhlllOH ITnouwAu, Pa3BHTbIH a O11.HH aa
pum-IT uccneAOBaHIIB TeKCTYP, KpOMe Toro, IT03BOmieT uccneAOBaTb MaTe
puanbI C Hli3KOH CTeITeHblO CliMMeTplili (reKcaroHanbHOH, MOHOKITliHHOH 
u T,A,), KOTOpbie AO CliX ITOp 6bmli ITpaKTuqeCKli HeAOCTYIIHbIMli AITR acex 
Apyrux MeTOAOB. 3ToT MeTOA y:>Ke ITonyqun Mttpoaoe ITptt3HaHHe u ITpe
AYCMaTpuaaeTCR B ITporpaMMax acex BHOBb co3AaaaeMhIX uccneAOBaTenh
cKux liMITYITbCHhlX liCToqHliKOB HeHTpOHOB. O6naCTb ITpttMeHeHHH 3TliX liC
cneAoBaHHH Heo6h1qaifHo lllttpoKa: oT MeTannyprlili AO reHe3uca ropHhIX ITO
poA, BKnIOqaR ITpliKITa,ll;Hhie uccneAOBaHliH. 

2 . .D,HHAMHKA KOH.D,EHCHPOBAHHhIX CPE.l( 

Pa3pa6oTKa MeTOAliKli 3KCITepuMeHTOB ITO HeyITpyroMy pacceHHlilO 
HeHTpOHOB Haqanacb OAHOBpeMeHHO c ITYCKOBhlMli pa6oTaMli Ha peaKTOpe 
HEP B 1960 r., u y:>Ke qepe3 ABa-Tpu roAa 6hmtt ITonyqeHhI ITepBhie pe3ynh
TaThI ITO uccneAOBaHlilO AliHaMHKli BOAhI Ha CITeKTpOMeTpe XOITOAHhIX HeHT
poHOB c 6epunntteBhlM qrnnbTpOM a ITpHMOH reoMeTplili u AHHaMHKli BOAO· 
POAa B rHApli,ll;e IJ;lipKOHliR Ha ABOHHOM CITeKTpoMeTpe ITO MeTOAY BpeMeHH 
ITponern C CliHXpOHHhIM ITpephIBaTeneM ITyqKa ITepeA o6pa3IJ;OM. OcHOBHOH 
3a,IJ;aqeif 3TOro 3TaITa 6hmo OThICKaHHe rnaBHhIX HaITpaaneHHH li aAeKBaTHhIX 
MeTOAOB uccneAOBaHHH. 

BMeCTO CITeKTpOMeTpa XOITOAHhIX HeHTpOHOB BCKope 6hm C03AaH 
CITeKTpoMeTp o6paTHOH reoMeTplili, B KOTOpOM o6pa3eIJ; YAaJIHeTCR Ha OITpe
AeneHHOe paCCTOHHlie OT liMITYITbCHoro liCToqHuKa u o6nyqaeTCH ITOITHhIM 
CITeKTpOM HeHTpOHOB, a AITH MOHOXpOMaTtt3aIJ;lili pacceHHHhIX HeHTpOHOB 
Me)K)];y o6pa3IJ;OM li AeTeKTOpOM ITOMemaeTCH 6epunnueBhIH qmnbTp • .D,anb
HeHllllie MOAHCPli:KaIJ;Hli 3Toro CITeKTpoMeTpa (Ao6aaneHue KpttcTannuqe
cKoro aHaJIH3aTopa, OAHOBpeMeHHaR perucTpaIJ;ttH HeyITpyroro u yITpyroro 
pacceRHHH) ITpuaenu K co3AaHHIO cITeKTpoMeTpa K.D,COr, KoTophIH cTan 
OCHOBHhIM liHCTpyMeHTOM Ha peaKTope HEP-30 AITR uccneAOBaHHR HeyITpy
roro HeKorepeHTHoro pacceHHliR HeHTpOHOB. CoaepllleHCTBOBaHue MeTOAOB 
perucTpaIJ;lili AaHHhIX, ITOCTyITaIOUiliX OT MHOrOAeTeKTOpHhIX ycTaHOBOK, 
IT03Bonuno co3AaTb Ha peaKTope HEP-2 yHuKanhHhIH cITeKTpoMeTp 
K.D,COr-M, ycITelllHO ITpttMeHHeMhIH Hhrne AnH pellleHttH lllttpoKoro Kpyra 
3Maq, Tpe6yIOUiliX u3yqeHHH HeyITpyrux u KBa3ttyITpyrux ITpoIJ;eccoa pacceH
HHR C OAHOBpeMeHHhIMli uccneAOBaHHHMli cpa30BOro COCTOHHliH o6pa3IJ;a. 

MeTOA o6paTHOH reoMeTplili a OCHOBHOM qyBCTBHTeneH K ITpOIJ;eC
caM, B KOTOphIX HeHTpOH ITpli pacceRHlili TepReT 3HepruIO. Bo MHorux cny
qaHX liHTepec ITpeACTaBITHIOT ITpOIJ;eCChI, B KOTOphIX 3HepruIO TepHeT u3yqae
MhIH o6pa3eIJ;, a HeifTpoH - ITpuo6peTaeT • .[l,nH uccneAOBaHHR TaKux ITpoIJ;ec
coa Ha peaKTopax HEP-30 u HEP-2 3cpcpeKTHBHO HCITOITb3YIOTCH CITeKTpo
MeTphI TliITa .D.HH, C03AaHHhie COBMeCTHO C <l>H3liK0-3HepreTHqecKHM liHCTli
TYTOM (O6HliHCK). B 3TliX CITeKTpOMeTpax AITH MOHoxpoMaTtt3all;lili liCITOITb-
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ITynhCHbIM HCTOtIHHKOM. Cne,n;yeT 3aMeTHTb, tITO 3TH )];Ba THITa CITeKTpoMeT
poB He KOHKypttpyroT' a y,n;atIHO ,lJ;OITOnHRIOT ,n;pyr ,n;pyra. 

TpeTHH THIT cITeKTpOMeTpa HeyITpyroro pacceRHHR - "Koppenm.J;HOH
HbIH" - pa3pa6aTbIBaeTCR Ha ITpOTRiKeHHH pR,n;a neT rpyITITOH BeHrepCKHX 
yqeHbIX. 3TOT BeCbMa CBoeo6pa3HbIH MeTO,lJ; ,n;oniKeH COtieTaTb B ce6e HeKo
TOpbie B03MOiKHOCTH o6ettx o6cyiK,lJ;aBIIIHXCR BbIIIIe MeTO,lJ;HK H o6na,n;aTb 
KaK BbICOKOH CBeTocttnoif, TaK H xopoIIIeif pa3peIIIarorn;eif CIToco6HocThIO. 
Cne,n;yeT TaKiKe oTMeTHTh co3,n;aHHe Ha peaKTope HBP-30 B coTpy,n;HuqecTBe 
c 11Hl1 B CBepKe (TIHP) KpttcTanntttiecKoro CITeKTpoMeTpa BKCH-300 .n;nR 
H3ytieHirn <pOHOHOB B MOHOKpHCTannax MeTO,D;OM KorepeHTHoro HeyITpyroro 
pacceRHHR HeHTpOHOB. He6onbIIIaR CBeTOCHna ycTaHOBKH He II03BOnHna 
pa3BHTb HCcne,n;oBaHHR B 3TOM HaITpaBneHHH, O,D;HaKo H,D;eR MeTo,n;a ITOny
tIHna pa3BHTHe Ha COBpeMeHHblX HMrrynhCHbIX HCTOtIHHKax HeHTpOHOB. 

TiepBbie 3KcnepHMeHTbI, IIOCTaBneHHbie ITO)]; PYKOBO)];CTBOM <l>.JI.Illa
ITHpO u E.A.HHHKa ITO HeyITpyroMy H KBa3HyITpyroMy pacceRHHIO HeHTpo
HOB Ha BO,D;e H HeKOTOpblX opraHHtieCKHX Bern;eCTBax, OITpe,n;enunH TeMaTHKY 
ttccne,n;oBaHHH Bo,n;opo,n;co,n;epiKarn;Hx MaTepttanoB: HeopraHHtieCKHX H op
raHtttiecKHX KpHCTannoB H iKH,lJ;KOCTeH. B HCCne,D;OBaHHRX ,lJ;HHaMHKH MOne
KynRpHblX rpynIT NH3 , NH 4, CH 3, H 2O, H 3O+ H ,n;p. MeTOAOM HeyITpyroro 
HeKorepeHTHOro pacceRHHR HeHTpOHOB ITonytieHbl ,n;aHHbie O tiaCTOTax m16-
paI.J;HH HJIH poTaI.J;HH 3THX rpyITIT BO MHOrHX KpHCTannax, HaITpHMep B aMMO
HHeBbIX conRx THITa NH 4X, r,n;e X = CI, Br, J, NO 3 H ,n;p. AHanH3 KBa3HYIT
pyroro pacceRHHR B 3aBHCHMOCTH OT ITepe,n;atIH HMITynhca HeHTpOHa II03BO
nttn ITonytIHTb HHcpopMaI.J;HIO O BpeMeHHbIX H reoMeTpHtieCKHX ITapaMeTpax 
peopueHTaI.J;HH ,n;ttcpcpy3Horo xapaKTepa. TipttMepoM MoiKeT cnyiKHTh oITpe
,n;eneHue xapaKTepa MoneKynRpHblX peopHeHTaI.J;HH H HX CBR3H C cpa30BhlMH 
nepexo,n;aMH B "ITnacTtttiecKux KpttcTannax" THITa (CH 3) 3 · CX (r,n;e 
X = CI, Br, NO2, CN). 

CttcTeMaTHtieCKHe HCCne,n;oBaHHR MeiKMOneKynRpHOH ,lJ;HIIaMHKH 
B PRAY opraHHtieCKHX KpHCTannOB B03pacTarorn;eif cnoiKHOCTH, TaKHX,KaK 
6eH30n H HaqnanHH, 6bmH ITpe,D;ITpHHRTbl B COTPYAHHtieCTBe C yqeHhIMH 
11:HCTHTYTa cpH3HKH TBep,n;oro Tena AH CCCP. BhmonHeHHe MHoroneTHeif 
nporpaMMbl 3THX HCCm(l,lJ;OBaHHH, ITpOBO,lJ;HMbIX qacTHtIHO H Ha peaKTope 
ILL B rpeHo6ne, ,n;ano ITOnHoe ITOHHMaHHe ,lJ;HHaMHKH MoneKynRpHbIX KpH
CTannoB co cTeneHhIO cnoiKHoCTH KaK y HacpTanHHa. Tiepexo,n; K eme 6onee 
cnOiKHbIM KpHCTannaM: aHTpa1.1;eHy H ,D;HcpeHHny, ITocnyiKHn TOntIKOM K pa3-
BHTHIO ,lJ;HHaMHtieCKOH MO,D;enH KPHCTannoB 6e3 3HepreTHtieCKOH menH MeiK
AY BHyTpHMoneKynRpHbIMH tt MeiKMOneKynRpHblMH Kone6aHHRMH. TipH 
3TOM ,n;nR ,n;mpeHHna y,n;anocb ,n;aTb TeopeTHtieCI<:oe OITHCaHHe Hecopa3MepHo
ro cpa30Boro ITepexo,n;a, KOTOpbIH CBR3aH C rtt6pH,D;H3aI.J;HeH TOpCHOHHbIX 
Kone6aHHH MoneKynhI c TpaHCnRI.J;HOHHbIMH KOne6aHHRMH peIIIeTKH. 

B ITocne,D;HHe ro,D;bl ITpOBO,lJ;HTCR H3ytieHHe KOMITneKCHbIX coe,n;uHeHHH 
THITa [Me(NH s)6] · (NO3)2, iKH,lJ;KOKpHCTannHtieCKHX aMopcpHKOB H HOH
HblX ITpOBOAHHKOB THITa CsHSO 4. B pe3ynhTaTe o,n;HoBpeMeHHhix ttccne,n;o
BaHHH ,D;HcppaKI.J;HH, KBa3HyITpyroro H HeyITpyroro pacceRHHR HeHTpOHOB 241 
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3THX coe,n;HHeHHH o6Hapy:>KeHa TeCHaH CB.fl3b Me)K)];y ,D;HHaMHKOH MOJieKy

JI.flpHbIX rpynn H CTpyKTYPHbIMH <pa30BbIMH nepexo,n;aMH, KOTOpbie HMelOT 

MeCTO B 3THX Bem;eCTBax. 

,[(pyraH npo6neMa, HCCJie.n;oBaHHaH B O11.f.111: c IlOMOIIJ;blO pacce.flHH.fl 

HeHTpOHOB, CB.fl3aHa C ,ll;HHaMHKOH KBaHTOBOH :>KH,ll;KOCTH - CBepxTeKytiero 

reJIH.fl. ,[(Be pa3Hbie 3KCnepHMeHTaJibHbie 3a,D;atJH 6bIJIH peweHbI C IlOMOIIJ;blO 

cneKTpoMeTpa ,[(11H-1 Ha peaKTope HBP-30: HCCJie,D;OBaHH.fl cneKTpa 3Jie

MeHTapHbIX B036y)K)];eHHH H IlOHCK 6o3e•KOH,D;eHCaTa. IlepBaH H3 HHX OTHO· 

CHTC.fl K tJHCJIY KJiaCCHtJeCKHX, KOTOpbIMH B pa3Hoe BpeM.fl 3aHHMaJIHCb 

HeCKOJibKO HCCJie,D;oBaTeJibCKHX na6opaTOPHH, ,[(y6HeHCKHe HCCJie.n;oBaHH.fl 

npHBHeCJIH B peweHHe 3TOH 3a,D;atJH pH,n; HOBbIX pe3yJibTaTOB: onpe.n;eneHHe 

BpeMeHH :>KH3HH pOTOHOB npH 6oJibWHX HMilYJibCax KBa3HtJaCTHU H o6Hapy

:>KeHHe pH,n;a TOHKHX oco6eHHOCTeH B cneKTpax B036y,i<.n;eHHH npH IlOBbIWeH

HbIX 3HeprH.flX B036y:>K,n;eHHH. 

IlOHCK 6o3e-KOH,D;eHCaTa 6bIJI YHHKaJibHbIM 3KCnepHMeHTOM, AO CHX 

nop He IlOBTOpeHHbIM Ha CTaUHOHapHbIX peaKTopax. CyTb ero CBO)];HJiaCb 

K HCCJie,D;OBaHHIO HMilYJibCHOro pacnpe.n;eneHH.fl aTOMOB reJIH.fl B6JIH3H p = 0 

B CBepxTeKytJeM COCTO.flHHH. EcnH npH 3THX yCJIOBH.flX peaJIH3yeTC.fl 6o3e

KOH,D;eHCaUH.fl, HeKOTOpaR tJaCTb aTOMOB reJIH.fl ,ll;OJI:>KHa HaxO,D;HTbC.fl B co

CTO.flHHH IlOKO.fl. 3KcnepHMeHTbI C pacce.flHHeM HeHTpOHOB Il03BOJIHJIH ycTa

HOBHTb cym;eCTBOBaHHe KOMilOHeHTa C HyneBbIM HMilYJibCOM H HCCJie.n;oBaTb 

ero TeMnepaTypHyro 3aBHCHMOCTb. XOT.fl B HaCTO.flIIJ;ee BpeM.fl HeT TeopeTH· 

tJeCKHX npe,n;CTaBJieHHH O CB.fl3H Me)K)];y CBepxTeKytJeCTblO H 6o3e•KOH,D;eHca

UHeH, Ha6nro.n;aeTC.fl KOppeJI.flUH.fl Me:>K,n;y IlJIOTHOCTblO CBepxTeKytiero KOMilO· 

HeHTa, onpe.n;en.fleMoro MaKpOCKOnHtJeCKHMH MeTo,n;aMH, H IlJIOTHOCTblO 

6o3e-KOH,D;eHCaTa, HaH,D;eHHOro no HeynpyroMy pacce.flHHIO HeH:TpOHOB. 

CaMOCTO.flTeJibHOe H OtJeHb HHTepeCHOe HanpaBJieHHe CB.fl3aHO C HCCJie

)];OBaHH.flMH 3<p<peKTOB KpHCTaJIJIHtJeCKoro IlOJI.fl B HHTepMeTaJIJIHtJeCKHX 

pe.n;Ko3eMeJibHbIX coe,n;HHeHHRX MeTo.n;oM Heynpyroro pacce.flHH.fl HeiiTpo

HOB. Ilpe,n;MeTOM Ha6nro,n;eHH.fl 3,D;eCb .flBJI.fllOTC.fl 3JieKTpOHHbie ypOBHH napa

MarHHTHbIX HOH OB pe.n;KHX 3eMeJib, BXO,ll;.flIIJ;HX B COCTaB HHTepMeTaJIJIHtJe

CKHX coe,n;HHeHHH. B~aHMO,D;eHCTBHe 3THX HOHOB C pH,D;OM IlO,ll;CHCTeM (KPH· 

CTaJIJIHtJeCKHM 3JieKTpHtieCKHM noneM, 3JieKTpOHaMH npOBO)];HMOCTH), 

a TaK:>Ke MarHHTHbie ,ll;HilOJib·)];HilOJibHbie B3aHMO,D;eHCTBH.fl C coce.n;HHMH aTO· 

MaMH npHBO,ll;.flT K pacm;enneHHIO 3JieKTpOHHbIX ypoBHeH, 3aceneHHIO OT· 

,n;eJibHbIX no.n;ypOBHeH 3JieKTpoHaMH C BOJIHOBbIMH <pyHKUH.flMH pa3JII1tJHOH 

CHMMeTpHH, tJTO, B KOHetJHOM CtJeTe, onpe.n;en.fleT Heo6bitJaHHOe MHOroo6pa-

3He CBOHCTB pe,n;Ko3eMeJibHbIX coe,n;HHeHHH. Heynpyroe MarHHTHOe pacce.fl

HHe HeHTpOHOB B 3THX CHCTeMaX oKa3aJIOCb OCHOBHbIM H otJeHb 3<p<peKTHB· 

HbIM MeTO,ll;OM HCCJie,D;OBaHH.fl. O.n;HHM H3 3aMetJaTeJibHbIX pe3yJibTaT0B 

B 3TOH o6naCTH .flBJI.fleTC.fl 3KcnepHMeHTaJibHOe pro.n;eneHHe BKJia,D;OB perneT

KH H 3JieKTpOHOB npOBO,ll;HMOCTH B cyMMapHoe pacm;enneHHe (BbinOJIHeH

Hoe BnepBbie B MHpe B 1983 r.). 

B KatJeCTBe npHMepa 3a,D;atJH, Haxo.n;.flm;eHC.fl B rnaBHOM pycne pa3BH· 

242 TH.fl COBpeMeHHOH TeXHOJIOrHH, yKa:>KeM Ha HCCJie,D;OBaHH.fl ,ll;HHaMHKH BO,ll;O· 
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po,n;a B rH,D;pH,n;ax MeTaJIJIOB. Bo,n;opo,n; HBmieTCH nepcneKTHBHbIM BH,lJ;OM 
roproqero, a TeXHOJIOrHqeCKaH npo6JieMa COCTOHT B HaxO:>K,D;eHHH y,n;o6Horo 
cnoco6a ero XpaHeHHH. MHOrHe yqeHbie CBH3blBalOT perneHHe 3TOH npo6ne
Mbl co cnoco6HOCTblO pH,n;a MeTaJIJIOB pacTBOpHTb B TBep,n;oi1: cpa3e 3HaqH
TeJibHOe KOJIHqecTBO BO,ll;Opo,n;a H Bbl,ll;eJIHTb ero npH yMepeHHblX B03,ll;eHCT
BHHX. Il03TOMY H3yqeHHe MHKPOCKOnHqecKHX CBOHCTB Bo.n;opo,n;a B MeTaJI
Jiax HBJIHeTCH oqeHb n;eHHbIM, B nepByro oqepe,n;h ,ll;JIH perneHHH 3a,n;aq 3Hep
reTHKH 6y,n;yw;ero. 3TH HCCJie,D;OBaHHH BeJIHCb c caMoro Haqana pa6oTbl 
pea1<Topa MBP, npo,n;oJI)KaJIHCb B 70-x ro,n;ax Ha pea1<TOpe MBP-30 H B no
cne.n;Hee BpeMH nonyqHJIH pa3BHTHe Ha pea1<Tope MBP-2. 

3aKaHqHBaH 3TOT ,D;aJieKO He noJIHblH o63op pa3BHTHH HeH:TpOHorpa
qmqecKHX HCCJie,D;OBaHHH KOH,D;eHCHpOBaHHblX cpe,n;, Heo6xo,n;HMO OTMeTHTb, 
qTo 3TO HanpaBJieHHe cei1:qac, nocne OCBOeHHR peaKTopa MBP-2, nonyqHJIO 
HOBbie npeBOCXO,ll;Hbie B03MO:>KHOCTH ,ll;JIH ,D;aJibHei1:lllero pa3BHTHH KaK B 06-
JiaCTH q11cTo HayqHblX 3a,n;aq, TaK H 3a,n;aq, npH6JIH:>KeHHblX K "ropHqHM Toq
KaM" COBpeMeHHoro MaTepHaJIOBe,D;eHHH H TeXHOJIOrHH. 

Bonee no,n;po6HaH HH<pOpMan;HH 06 HCCJie,D;OBaHHHX, BblilOJIHeHHblX 
B JIH<l> OM.RM ,n;o 1970 r., co,n;ep:>KHTCH B o63ope M.M.<l>paHKa 111 11 cTaTbHX 
<l>.JI.IllanHpO 12( IlapaMeTpbl 3KCnepHMeHTaJibHbIX yCTaHOBOK Ha peaKTope 
MBP-2 H pe3yJibTaTbl nepBbIX 3KCnepHMeHTOB Ha HHX np11Be,n;eHbl B MaTepHa
Jiax IV IIIKoJibI no Hei1TpOHHoi1: <pH3HKe 131• 

JluTepaTypa 

1. <l>paHK M.M. sqA.R, 1972, T.2, c.807. 
2. IllanHpo <l>.JI. Hei1:TpOHHbie 11ccne,n;oaaHHH. "Hay1<a", M., 1976, T.2. 
3. C6opHHK "IV IIIKoJia no Hei1:TpoHHOH <pH3HKe". OM.RM, ,U3,4-82-704, 
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3~~EKThl CBEPXTOHKHX 83AHMO~EHCTBHH 

8 HEHTPOHHhlX PE30HAHCAX 

JI.E.IIHKEJibHEP, 001-crop ¢uaw-co-MaTeMaruriec,-cux 11,ay,-c 

OnmrM H3 BaJKHeHlllHX HarrpaBJieHHH <pH3HKH aTOMHoro H)];pa HBJIHeT

CH H3ytieHHe B036y)K,!];eHHblX COCTOHHHH H)];ep. OCHOBHbie rrapaMeTpbI, xa

paKTepH3YIOIJ.J;He TaKHe COCTOHHHH, - 3TO 3HeprHH B036y)l()];eHHH, BpeMH 

)l(H3HH, rrapQHaJibHbie lllHPHHbI, tieTHOCTb, CIIHH, MarHHTHblH MOMeHT, cpopMa 

H)];pa. Bee 3TH BeJIH1IHHbl HCCJie)];yIOTCH MeTO)];aMH H)];epHOH crreKTpOCKOIIHH, 

a caMH H)];pa B B036y)K,!];eHHblX COCTOHHHHX rronyqaIOTCH B pe3yJibTaTe H)];ep

HblX peaKQHH pa3JIH1IHoro THIIa. Jlyqrne BCero H3y1IeHbl HH3KHe COCTOHHHH, 

Xy)l(e - BbICOKOB036yiK,ll;eHHbie. Cym;ecTByeT' O)];HaKO, o6JiaCTb )];OBOJibHO 

BbICOKoro B036y)K,!];eHHH, H3y1IeHHaH 01IeHh rronpo6Ho. TaKyIO B03MOJKHOCTb 

naeT HeHTpOHHaH crreKTpOCKOIIHH, HCIIOJib3YIOIJ.J;aH B3aHMO)];e:ikTBHH Me)];

JieHHbIX HeHTpOHOB C H)];paMH. Ll:JIH cpe)];HHX H Tfl)l(eJiblX H)];ep rrpH 3HeprHH 

Bo36y)K,!];eHHH 6-8 M3B, o6ycnoBneHHOH 3HeprHeH CBH3H iieifTpoHa, cpenHee 

paCCTOHHHe Me)l(ny ypoBHHMH COCTaBJIHeT e)];HHHQbl - necHTKH 3JieKTpOH

BOJibT. 3To II03BOJIHeT' HCIIOJih3YH HeHTpOHbl C 3HeprHeH no KHJI03JieKTpOH

BOJibTa, H3y1IaTb )];JIH Ka)K,!];oro H)];pa necHTKH, a HHorna H COTHH ypOBHeH. 

OnHaKo H3 Ha3BaHHbIX Bblllle rrapaMeTpOB OCTaBaJIHCb He)];OCTYIIHblMH Mar

HHTHbie MOMeHTbl H cpenHeKBanpaTH1IHbie panHyCbl KOMIIayH)];-COCTOHHHH 

H)];ep, o6pa3yIOIJ.J;HXCH rrpH 3axBaTe HeHTpOHOB. 

B rrocne)];HHe ro)];bI B Jla6opaTopHH HeHTpOHHOH <pH3HKH O11Hl1 6hIJIH 

rrpe)];JI0)l(eHbl H peaJIH30BaHbl MeTO)];bl H3MepeHHH 3THX BeJIH1IHH, OCHOBaH

Hbie Ha HCIIOJib30BaHHH 3cpcpeKTOB CBepxTOHKoro B3aHMO)];eHCTBHH B HeHT

poHHbIX pe30HaHCax. 

MArHl1THhIE MOMEHTbl HEfITPOHHbIX PE3OHAHCOB 

BrrepBbie Ha B03MOJKHOCTb H3MepeHHR MarHHTHbIX pe30HaHCOB yKa3aJI 

cI>.JI.IIIarrHpO. MeTO)]; OCHOBaH Ha TOM, 1ITO 3HeprHH H)];epHblX ypoBHeH )];JIR 
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ne HeCKOnbKO pa3nHtJaIOTCJI • .D:eHCTBHTenbHO, ecnH noMeCTHTb a;a;pa co cnH

HOM 1 H MarHHTHblM MOMeHTOM µ 0 B MarHHTHOe none H, TO npOH30H)];eT 
pacmenneHHe ypoaHa Ha 21 + 1 no;a;ypoaHeH . .D:na HenonapH30BaHHbIX 
a;a;ep 3TH no;a;ypoBHH 3aceneHbl paBHOMepHo, ecnH :>I<e a;a;pa nonapH30BaHbl 
3a CtJeT )];OCTaTOtJHO HH3KOH TeMnepaTypbl npH )];aHHOM MarHHTHOM none, 
TO 3acenaIOTCJI npeHMymeCTBeHHO HH31IIHe no;a;ypoBHH. TipH 3TOM u;eHTp 
Ta)KeCTH ypoaHa cMemaeTca . .D:na HeHTpoHHoro pe30HaHca, ao36y)K)];aeMoro 
npH B3aHMo;a;eHCTBHH HeHTpOHOB C a;a;paMH, MO)KHO 3anHCaTb, onycKaa He
cymecTBeHHbie ;a;eTaJIH, Bbipa)KeHHe ;a;na H3MeHeHHJI tiEo pe3oHaHCHOH 3Hep
rHH HeHTpoHa: 

(1) 

r;a;e f N - nonapH3au;Ha a;a;ep H µb - MarHHTHblH MOMeHT KOMnayH)];-COCTOJI
HHJI a;a;pa. }fa Bbipa)KeHHJI (1) BH)];HO, tJTO, H3MepHB C)];BHr pe3oHaHca H 3Haa 
OCTaJibHbie BenHtJHHbI, MO)KHO onpe;a;enHTb MarHHTHbIH MOMeHT µo pe30HaHC
Horo COCTOJIHHJI. CnO)KHOCTb 3KcnepHMeHTa o6ycnoaneHa KpaHHeH Ma
noCTbIO aenHtJHHbl tiEa, ,[(eHCTBHTenbHO, npH fN = l, MarHHTHOM none 
H = 10 63 H pa3HOCTH µb - µo, paBHOH O)];HOMy a;a;epHOMY MarHeToHy, 
C)];BHr pe30HaHCa tiE O COCTaanaeT 3 · 10 - 6 3B. TI pH 3TOM Ha;a;o HMeTb B BH;a;y' 
tJTO co6CTBeHHaa lllHpHHa ypoBHJI COCTaanaeT OKono 0,1 3B. 0Tcro;a;a BH)];HO, 
lJTO a KatJeCTBe o6'beKTa HCCne;a;oBaHHH MoryT 6hITb npHrO)];Hbl TOnbKO a;a;pa 
pe;a;Ko3eMenhHbIX 3neMeHTOB, y KOTOpbIX BHyTpeHHHe nona Ha a;a;pax )];OCTH
rruoT 7 • l O 6 3 H HMeIOTCJI HH3K03HepreTHtJeCKHe HeHTpOHHbie pe3oHaHCbl. 
O;a;HoapeMeHHO 6onbll1He nona Ha a;a;pax no3BonaroT nonytJHTb BblCOKYIO 
nonapH3au;HIO a;a;ep, xoTa )];a)Ke B 3TOM cnytJae Tpe6yeTca TeMnepaTypa no
pa;a;Ka coThIX ;a;oneif rpa;a;yca KenhBHHa. 

3:KcnepHMeHTbI, BbITTOnHeHHhie B Jia6opaTOpHH HeHTpOHHOH q:>H3HKH 
OHJll1, npoao;a;HnHCh Ha nytJKe HeHTpoHoB HMnynhcHoro peaKTopa MEP-30. 
Tio MeTo;a;y apeMeHH nponeTa H3Mepanocb nponycKaHHe HeHTpOHOB tJepe3 
nonapH30BaHHYIO H HenonapH30BaHHYIO MHllleHb H onpe;a;enanca 3HepreTH
tJeCKHH C)];BHr pe30HaHCOB nyTeM cpaaHeHHJI ;a;ayx TaKHX cneKTpOB. B Ka
tJeCTBe MHllleHeH HCnonb30BaJIHCb MeTannHtJeCKHe cponbrH H3 pe;a;Ko3eMenb
HbIX 3neMeHTOB Tb, Dy, Ho, Er, cpeppoMarHHTHhie np0 HH3KHX TeMnepaTy
pax, 06na;a;arom0e MarHHTHhIM noneM ( 3-:- 7) . 10 6 3 . .D:na oxna)K)];eHHa o6-
pa3u;oa npHMeHanca pecppH)KepaTop c pacTaopeHHeM 3He B 4He, 06ecne
tJHBruom0if TeMnepaTypy OKOno 30 MK B CTaU:HOHapHOM pe)KHMe, n03BonaB
rneM npOBO)];HTb MHorocyTOtJHbie H3MepeHHJI. YKa3aHHbie nona H TeMnepa
Typa ;a;aaanH nonap03au;HIO a;a;ep, 6nH3Kyro K e;a;HHHu;e. 

ManoCTb H3ytJaeMblX 3cpcpeKTOB noTpe6oaana He TOnbKO ;a;nHTenbHblX 
H3MepeHHH ;a;na o6ecnetJeHHJI BbICOKOH CTaTHCTHtJeCKOH TOtJHOCTH cneKTpOB, 
HO H npoae;a;eHHJI u:enoro pa;a;a KOHTpOnbHbIX 3KcnepHMeHTOB, noKa3aBlllHX 
OTCYTCTBHe nO)KHblX 3cpcpeKTOB. 245 
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B pe3yJihTaTe cep:i-m: ::rn:crrepHMeHToB 6bIJIH rrorryqeHbI 3HaqeHHH Mar

HHTHbIX MOMeHTOB pH,r:i;a KOMIIaYHA·COCTOHHlfH yKa3aHHbIX H,D;ep, rrpHae,r:i;eH

Hbie B Ta6rr.1. 3,r:i;ech :ace YKa3aHbl 3HaqeHHH 3HepreTH:qecKoro C,ll;BHra pe-

3OHaHCOB. BH:AHO, qTo 3KCrrepHMeHT IIO3BOJIHeT lf3MepHTb C,ll;Blfr C Toq

HOCTbIO OKOJIO 10-5 
3B. Tpy,r:i;Ho paccqlfTbIBaTh Ha 3aMeTHOe yaerrHqeHH:e 

Ta6nm_\a 1 
3KcnepHMeJITaJibHbie ):\aHHbie no MarHHTHblM MOMeJITll.M pe30HaHCOB 

KoMnaYHA ·JIAPO 3HeprHJI ~Eo MarHHTHbIH MOMeJIT 

pe3oHaHca 10-6 3B µb JigepH.MarHeTOH 

E O' 3B 

160Tb 3,35 19+9 -0,2~1 ,0 -
4,99 -20+33 4,3~3,7 -

1 1 , 1 31+39 -1, 7~4,4 -
162Dy 2, 72 1,3~8,9 -0,4~0,7 

3,69 -16,1~10,7 -1,8~0,9 

4,35 11, 4~14 ,8 0,5~1,2 

164Dy 1 , 71 -28,2~5,9 2,8~0,5 

166Ho 3,93 36+12 1 ,8~0, 7 -
12,7 4+30 3,9~1,9 -

168Er 0,46 27+7 0,9~0,4 -
0,58 44+16 1,8~0,9 

ToqHOCTlf B rro,r:i;o6HblX 3KcrrepH:MeHTax, If 6e3 Toro BeCbMa CJIO:a<HbIX. B CBH-

3lf C 3TlfM If Ollllf6Klf MarHHTHbIX MOMeHTOB BeJIHKlf, O,ll;HaKo He crre,r:i;yeT 

3a6bIBaTb, ~o peqb lf,D;eT O BblCOKOB036y:ac,r:i;eHHblX COCTOHHHHX TH:a<eJibIX 

H,D;ep (3HeprHH B036y:ac,r:i;eHHH 6+ 8 M3B) C apeMeHeM )Klf3Hlf rropH,D;Ka 

10 - l 5 C. HH OAHH lf3 ,r:i;pyrHX cymecTayromHx MeTO,ll;OB He MO:a<eT 6bITb rrpH

MeHeH AJIH lf3MepeHHH MarHHTHblX MOMeHTOB TaKHX COCTOHHHH, IIO3TOMY 
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coo6pa3HO COIIOCTaI3HTb C TeopeTHqecKHMH ou;eHKaMH. PacCMOTpeHHe B paM

Kax CTaTHCTHqecKOH MO,D;eJrn IIOKa3aJIO, qTo cpe,n;Hee 3HaqeHHe g-cpaKTopa 

(g = µ/I) )];JUI BbICOKOB036y~eHHbIX COCTO.FlHHH 6JIH3KO K BeJIHqHHe 

Z/ A, TO ecTb OTHOlllemno 3ap.H,n;a K MaCCOBOMY qHCJIY • .[(JI.Fl HCCJie,D;OBaHHbIX 

H,n;ep 3TO COCTaI3JIHeT OKOJIO 0,4. 8KcrrepHMeHT .n;aeT < g> = 0,34± 0,22. 
,[(pyraH rrpe,n;cKa3bIBaeMa.H xapaKTepHCTHKa - 3TO cpe,n;HeKBa.n;paTHqHoe OT

KJIOHeHHe OT,D;eJibHbIX 3HaqeHHH g OT cpe,n;Hero • .[(JI.fl Hee H TeopH.H H 3KCIIe

pHMeHT ,1l;aIOT ou;eHKY ~g ::: (0,3 +0,5). TaKHM o6pa30M, MO)KHO 3aKJIIO

qHTb, qTo OIIHCaHHe MarHHTHbIX MOMeHTOB KOMrrayH.n;-cocTOHHHH JI,n;ep 

B paMKax CTaTHCTHqecKOH Mo,n;eJIH H,n;pa HBJIHeTCH rrpaBoMepHbIM. 

113MEPEHl1E CPE.[(HEKBA.[(PATHqHoro PA.[(HYCA 
3APH.[(A H.[(PA ITPH 3AXBATE HEfITPOHA 

B 3KCIIepHMeHTax no orrpe,n;eJieHHIO MarHHTHblX MOMeHTOB KOMrrayH.n;

COCTOHHHH H,n;ep 6bIJIO HCIIOJib3OBaHO BJIH.flHHe caepxTOHKOro MarHHTHoro 

B3aHM0,1l;eHCTBH.fl Ha IIOJIO:lKeHHe HeHTpOHHoro pe3OHaHCa. PacCMOTpHM 

Terrepb .n;pyroif 3cpcpeKT: BJIHHHHe 3JieKTpOCTaTHqecKoro caepxTOHKOro 

B3aHM0,1l;eHCTBHH Ha 3HeprHIO HeifTpOHHoro pe3OHaHCa, KOTOpblH IIO3BOJIHeT 

IIOJiyqHTb em;e o,n;Hy xapaKTepHCTHKY H,n;ep - H3MeHeHHe cpe,n;HeKBa.n;paTHq

Horo pa,n;ttyca 3apH,1l;a H,D;pa ~<r ij > rrpH B036y~eHHH ,1l;O 3HeprHH CBH3H 

HeifTpoHa. 

u; ~-----... ---

w_ 

u* 
-.----..... 0 

2 

Puc.l. CxeMa, 061,JICHHIOIQlUI npupo-

11.Y XHMH'JeCKoro ClJ.BHra lllJ.epHoro 

ypOBHll. OcHOBHOe H B036y)KlJ.eHHOe 

/J.0 3HeprHH W COCTOllHHll lllJ.pa, DOJI· 

HOCTblO JIHllleHHoro 3JieKTpOHHOll 060-

JIOqKH, DOKa3aHbl DYHKTHpOM. Peanh· 

Hoe lllJ.pO B BeIQeCTBe OKpy)KeHO 

3JieKTpOHHOii: o6onoqKoii:, H ero no

TeHI.UiaJihHlUI 3Heprlill YMeHblllaeTCll Ha 

BeJIHqHHy U O • EcJIH q>OpMa H pa3Mep 

llll.pa B OCHOBHOM H B036~):leHHOM 

COCTOllHHllX OlJ.HHaKOBhl, TO U O = U~ 
H pa3HOCTh 3Heprlill 3THX COCTOllHHll 

no-npe=eMy W. Pa3nuque B reoMeT-

pHH Hgpa npHBOAHT K TOMY, qTo 

uo 1- ·u~' a, CJiegosaTeJibHO, 3Heprlill nepexoga Me)KlJ.y ypOBHllMH 6ygeT OTJIHqHa OT W. 
TipoBOAHTb cpasHeHHe C lllJ.pOM, DOJIHOCTblO JIHllleHHblM 3JieKTpOHOB, HeB03MO)KHO, HO 

eCJIH HCDOJih30BaTb gsa pa3HhlX XHMlfqeCKHX coegHHeHHll, cogep)KaIQHX HCCJiegyeMOe llg

po, TO pa3JIHque B 3JieKTpOHHOM OKpy)KeHHH npHBOAHT K pa3JIHqHIO B 3HeprHH nepexo

ga: ~E = (U*o- Uo) 1 - (U"'o - U o> 2· 247 



3KcnepHMeHTaJibHOe HCCJie,n;oaru-me 11<r ~ ,ll;JIH ypoaHeii: C B036y)K,r:t;e

HHeM B HeCK0JibK0 ,n;eCHTK0B KHJI03JieKTp0H-B0JibT Il0JIYlIHJI0 WHpoKoe pac

npocTpaHeHlie cpa3y Il0CJie 0TKpbITIDI 3cp<peKTa Mecc6ay3pa. OtJeHb BbIC0-

Koe 3HepreTHtJecKoe pa3peweHHe Il03B0JIHJI0 H3MepHTb H30MepHbIH XHMH

tJeCKHH C,ll;BHr y-JIHHHH, KOTOpbIH Henocpe,n;cTBeHH0 CBH3aH C 11<r 8>- O,n;

HaK0 B03M0)KHQCTH MeTo.n;a orpaHHlIHBaIOTCH yKa3aHHOH HH3KOH 3HeprHeii: 

B036y)K,ll;eHIDI. 

B Jia6opaTopHH Heii:TpOHHoii: <pH3HKH OH.HH B.K.HrnaToBHtJ, IO.M.Oc

TatteBHtJ H JI.qep yKa3aJIH Ha B03M0)KHQCTb npoae.n;eHHH attanorHtJHbIX HC

CJie,r:t;OBaHHH C pe30HaHCHbIMH Heii:TpoHaMH. PHc.1 Il0HCHHeT, KaK CBH3aHbI 

Me)K,ll;y co6oii: cpopMa H,r:t;pa H Il0JI0)KeH.He H,r:t;epHoro yp0BHH. H3MeHeHHe pe-

30HaHCHOH 3HeprHH Heii:TpOHOB (XHMHtieCKHH C,ll;BHr pe30HaHca) 0ilHCbIBaeT

CH Bbipa)KeHHeM 

~ 0 = : rre 2 z !1pe (O)ti<r ~ >. (2) 

3,n;ecb e - 3apH,r:t; 3JieKTp0Ha, z - lJHCJI0 np0T0H0B B H,n;pe, tip e (0) - pa3-

H0CTb IlJIOTHOCTeii: 3JieKTp0H0B B MeCTe pacnoJI0)KeHIDI H,n;pa ,ll;JIH ABYX HC

cne,n;yeMbIX XHMHtieCKHX coe,r:t;HHeHHH. H3 Bbipa)KeHHH (2) BH,ll;H0, lJT0, H3-

MepHH 11E O H 3HaH BeJIHlIHHY tip e<O), K0T0paH noJiytJaeTCH H3 0T,r:t;eJibHbIX 

pactJeTHbIX H 3KCnepHMeHTaJibHbIX AaHHbIX, M0)KH0 Il0JIYlIHTb 11<r~. OnTH

MHCTHtJeCKHe ou;eHKH Il03B0JIHJIH Q)KH,ll;aTb BeJIHlIHHY C,ll;BHra 10-~10-
4 

3B. 

TaKaH T0lJH0CTb 6bIJia paHee ,ll;0CTHrHyTa B H3MepeHHHX MarHHTHbIX M0MeH

T0B, HO B H3MepeHHHX 11<r ~ 3KCnepHMeHT ycJIQ)KHHJICH TeM, lJT0 pa3HbIM 

XHMHtJeCKHM coe,n;HHeHHHM C00TBeTCTBYIOT pa3JIHlJHbie ,n;onnep0BCKHe ywH

peHHH pe3oHaHC0B. TaKoe pa3JIHtJHe B Ha6mo,n;aeMOH cpopMe pe30HaHCa 

M0)KeT npHB0,ll;HTb K JI0)KHbIM 3cpcpeKTaM, H Il03T0MY ,ll;0JI)KH0 cneu;HaJibH0 

HCCJie,n;oBaTbCH. 3KcnepHMeHTaJibHOe H3ytJeHHe XHMHtJeCKHX C,ll;BHr0B Heii:T

p0HHbIX pe30HaHC0B np0B0,ll;HJI0Cb Ha HMilYJibCH0M peaKTope HBP-30. 

B KatJeCTBe H3ytJaeMbIX H,r:t;ep 6bIJIH BbI6paHhI H30T0ilbI ypatta, y,n;o6Hbie 

60JibWHM z. HaJIHtJHeM HH3K0B0JibTHbIX pe30HaHC0B H 6oraThIM Ha6opoM 

XHMHtJeCKHX coe,r:t;HHeHHH pa3HOH BaJieHTH0CTH. H3MepHJIOCb nponycKaHHe 

Heii:TpOHOB pa3HbIMH XHMHtJeCKHMH coe,n;HHeHHHMH ypatta. O6pa3IJ;bI CMeHH

JIHCb 1Iepe3 Ka)K,r:t;bie 5 MHH, lJT06bI ycTpaHHTb B03M0)KHbie annapaTypHbie 

OWH6KH. HaKormeHHbie cneKTpbI 3a cyMMapHoe apeMH H3MepeHHH 

200-300 1I o6pa6aThIBaJIHCb AJIH onpe,n;eJieHHH XHMHtJecKoro C,ll;BHra pe3oHaH

ca. Cyru;ecTBeHHOH tJaCTblO HCCJie,r:t;0BaHIDI HBJIHJI0Cb 3KCnepHMeHTaJibH0e 

H TeopeTHtJeCK0e H3ytJeHHe 3cpcpeKTOB, CBH3aHHbIX C KOJie6aHIDIMH KpHCTaJI

JIHtJeCKOH peweTKH B pa3HbIX o6pa3u;ax, onpe,n;eJIHIOlll;HX ,n;ormep0BCK0e 

yw0:peHHe pe30HaHC0B. 

B pe3yJibTaTe npoae,n;eHIDI 6oJibWOro IJ;HKJia 3KCnepHMeHT0B 6bIJIH 

248 Il0JiytJeHhI 3HatJeHHH /1<:r ~>, C00TBeTCTByIOru;He H3MeHeHm0 cpe,n;HeKBa,r:t;pa-



TH'IHoro pa,n:0:yca 3apH,z:i;a H,ri;pa npH 3axaaTe He:ifrpoHa a pe3oHaHcax 
234U, 

235 U H 
238u. ITocne Bblt!HTaHHH H30TOnHoro BKJia,n;a, COOTBeTCTByIOrn;ero 

yaeJIH'l!eHHIO H,ri;pa-MHIIIeHH Ha O,!J;HH He:ifrpoH, OCTaeTCH 3HatieHHe L\<r i>B' 

CBH3aHHOe TOJibKO C B036ym,z:i;eHHeM H,ri;pa. B Ta6n.2 npHBe,!J;eHbl 3TH BeJIH

t!HHbl ,!J;JIH acex HCCJie,!J;OBaHHbIX pe30HaHCOB. O6iflarn;aeT Ha ce6H BHHMaHHe 

3HatIHTeJibHOe yMeHbllleHHe <r t>B B pe30HaHCe -
38u . .[(JIH ,z:i;pyrHx pe3oHaH

COB TO:>Ke B 6oJibIIIHHCTBe CJiytiaea <r ~> B yMeHblllaeTCH C B036ym,ri;eHHeM, 

XOTH H He TaK 3aMeI!!Q._,_Cpe,z:i;Hee 3HatieHHe, Ha.H,!J;eHHOe no 8 pe3oHaHCaM 
235 -;;2--:::- 2 u, COCTaBJIHeT L\<r p>B = (-0,18± 0,10) q:>M • 

Ta6mu~a 2 
l13MeHemrn cpemteKBa.n;paTB'IIHbIX pa,n;uycoB Jigep npu B036y'.lKgeHBB, 

onpege.rilJeMOM 3axBaTOM pe30HaHCHbIX Heii:TpOHOB 

H,npo·MBWeHb 3aeprlilI pe3oHaaca, E 0, 3B 

5, 16 

1, 14 

2,03 

3, 15 

3,61 

4,85 

8, 77 

11,67 

12,39 

6,67 

-0 ,46 .:!:.O, 25 

-0,09~0,22 

-0,23~0,21 

+0,10~0,48 

-0,08~0,25 

-0 ,62~0, 25 

-0,01~0,26 

-0,34~0,29 

+0,15~0,31 

-1,7~0,5 

ITpe,ri;CTaBJIHeT HHTepec Bonpoc O KOppeJIH~HH L\<r ~>BC ,!J;eJIHTeJibHbl

MH IIIHpHHaMH pe30HaHCOB f'r. Ha pHC.2 noKa3aHbl 3KcnepHMeHTaJibHbie 

,!J;aHHbie ,!J;JIH acex pe3oHaHCOB, BKJIIO'l!aH npaKTH'l!eCKH He,ri;eJIHUJ;HeCH pe3o

HaHCbl 
234U H 

238u, BH,ri;HO, t!TO ,!J;JIH MaJibIX f' f cpe,z:i;HeKBa,n;paTH'l!HblH 

pa,n;Hyc yMeHblllaeTCH no cpaaHeHHIO C ero 3HatieHHeM ,!J;JIH OCHOBHoro co

CTOHHHH H,ri;pa. 

ll!l ill: i\l iii l iiliil .... ,.,., .... ,.u 

,.,_,.,., .. ,,,.,.,.I·b 
~ 1;~ :~: i ;:; :: t niH1i;: 
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t.(r2). 
B 

q>M2 

1,0 

0, t 
-1.0 r it 

-2.0 r f 

0 20 40 60 

•- 235 U 
._234u 

0
_ 238 U 

so 100 r r• M3B 

Pnc.2. lfaMeHeHne cpe;:i;HeKea.a;paTITTHoro 
pa.a;nyca 3apH.a;a H.a;pa n3oTonoe ypaHa 
npn eo36ym.a;eHnn, CBH3aHHOM c 3axea
TOM pe3OHaHCHbIX HeHTpOHOB, Ilo OCH 
a6CI.lllCC - BeJIITTHHa rf - .a;eJIH:TeJibHaR 
wnpHHa pe3OHaHCa, 'lepe3 KOTOpbIH o6-
pa3OBaJIOCb COCTaBHOe H.i:lpo. 

B 3aKmoqemrn MO:>KHO OTMeTHTb, qTo H3yqeHHe 3cpcpeKTOB caepXTOH· 

KHX B3aHMO,D;eHCTBHH B HeHTpOHHbIX pe30HaHCax II03Bonm10 rronyqHTb HO· 

BYIO HHq:>opMaIJ;HIO O CBOHCTBax B036y:>K,n;eHHbIX COCTOHHHH H.n;ep, a pa3pa6o

TaHHbIH MeTo,n; H3MepeHHH ManbIX C,!l;BHrOB pe3oHaHCOB HBnHeTCH rrepcrreK

THBHbIM ,n;nH umpoKoro Kpyra HCCne,n;oaaHHH. 

~o --





MATEMATHqECKOE MO~E]HPOBAHHE 
H~EPHO-~H3HqECKHX TTPOUECCOB, 

HHHUHHPYEMhlX qACTHUAMH BhlCOKHX 3HEPrHfi 

B.C.BAPAlllEHKOB, npo<fieccop 

Eme COBCeM He.n;aBHO cpH3HKa BbICOKHX ::meprHH rrpe,D;CTaBmma co6oii 

Ka3aBIIIHHCH Ol!0Hb .n;aneKHM OT rrpaKTHKH pa3,D;0JI "tIHCTOH HayKH". Cero.n;HH 

pactieT n.n;epHo-cp1:131:1qecKHX rrpon;eccoB, . rrp0Te1earom1:1x rro.n; .n;eiicTB»:eM 

BbICOK03HepreTHl!eCKOro H3JiytieHHH, Heo6xo.D;HM ,ll;JIH perneHHH BaiKHbIX 

rrpHKJia,D;HbIX 3a.n;aq - rrporH03HpOBaHHH H on;eHKH pa.n;1:1an;HOHHOH o6CTaHOB

KH Ha 60JibilIHX BbICOTax H BOKpyr YCKOpHTeJieii, C03.D;aIDmHx MomHbie rryq

KH rrpOHHKaIDmero H3JiyqeHHH; orrpe.n;eneHHH )];03 H rro6oqHblX 3cpcpeKTOB 

rrpH M030TeparrHH pa1ea; Hapa6oTKH C I10MOmblO ycKopHTeJieH 60JiblliHX 

KOJIHqecTB HOBbIX H30TOI10B, rrpHMeHHeMbIX B Me,D;Hl.l;HHe H B H,D;epHOH 3Hep

reTHKe, H TaK .n;anee. 

BMecTe c TeM nccne.n;oBaHHe rrpon;eccoB, rrp0Te1earomnx rro.n; .n;eiicT

BHeM BbICOK03HepreTHtieCKHX qacTHl.l; B aTOMHbIX H.n;pax, a TaK>Ke cpoTo-

3MYJibCHOHHbIX "3Be3.n;" H rnnpo1enx aTMoccpepHbIX JIHBHeii, rropom.n;eHHhIX 

KOCMHqecKHMH qacTHl.l;aMH CBepXBblCOKHX 3Heprnii, .n;aeT HCKJilOl!HTeJibHO 

BaiKHbie cBe.n;eHHH o CBOHCTBax rny6HHHbIX "3Ta)Keii" 01epy)Karorn;eii Hae 

rrpHpO,D;bl, 

XapaKTepHOH oco6eHHOCTblO H,D;epHo-cpH3Hl!0CKHX rrpon;eccoB, CBH-

3aHHblX C BbICOK03HepreTHtieCKHM H3JiyqeHHeM, HBJIHeTCH 6oJibilIOe l!HCJib 

H IlIHpOKHH 3HepreTHqel::KHH crreKTp BOBJietieHHblX B rrpon;ecc qacTHl.l;. Ha

rrpHMep, rrpH CTOJIKHOB0HHH rrpoToHa C H,D;pOM yprum rrpH T = 1 r3B* 

B cpe.n;HeM pom.n;aeTCH OKOJIO 25 BTOpHl!HbIX tiaCTHU, B TOM qncne 20 H0HT

POHOB, KOTOpbie, pacrrpOCTpaHHHCb B BemecTBe, MHoroKpaTHO "pa3MHO

)KalOTCH" B cepHH CTOJIKHOB0HHH C H,D;paMH; HX 3HeprHH OXBaTblBalOT 06-

JiaCTb OT T0I1JIOBblX .n;o 3HatieHHH, 6JIH3KHX IC 3HeprHH rrepBHl!HOH qacTHl.l;bl. 

TipH T ~ 10 3 r3B B H,D;epHOM CTOJIKHOBeHHH B03MOiKHO pom.n;eHHe cpa3y 

HeCKOJibKHX COTeH qacTHl.l;. B pa3BHBaIDmHHCH 3aTeM KaCKa,D; (JiaBHHY) 

* 3i:i;ec& H ne3i::,;e i::,;anee T - KmteTii'lecKaJI :mepnm eaneTaro~eii qacm~r B na6o
paTopeou CHCTeMe K00p,D;mtaT. 253 



po)K)J,aIOI.ll;:HXCH ll paccellBaIOI.ll;llXCH B Bem;eCTBe qacTm:J; ,ll;aIOT BKJia,n: cym;ecT

BeHHO pa3JlllqHbie no CBOeii npnpo;::i;e H,n:epHbie peaKD;llll. 

B 3THX ycnoBHHx Hatt6onee a,n:ei<:BaTHhIM cnoco6oM TeopeTnqeci<:oro 

aHanll3a npe,n:cTaBnHeTCH CTaTHCTllqeci<:oe MO,n:ennpoBaHlle HBneHllfl Ha OC· 

HOBe MeTo,n:a MoHTe-Kapno. Tipll 3TOM y,n:aeTCH He TOnhKO yqecTb pa3HOo6-

pa3Hbie ;::i;eTanll H,n:epHbIX B3allMO)];eHCTBllll, HO ll MO,n:ennpoBaTb cneu;mpnqe

CKlle oco6eHHOCTll KOHKpeTHbIX ycTaHOBOK ll 3KCnepnMeHTOB. 

MeTo,n: cTaTHCTnqeci<:oro Mo,n:ennposaHHH pa3nnqHbIX npou;eccoB, 

CBH3aHHbIX C pacnpocTpaHeHtteM BblCOK03HepreTHqecKllX qacTlll.1; ll H,n:ep 

B KOH,n:eHCllpOBaHHbIX ll ra3oo6pa3HbIX cpe.n:ax, B TeqeHne pH,n:a neT pa3pa6a

ThIBaeTCH B O11JU1 B COTpy,n:HnqecTBe c BbeTHaMCKllMll, HeMell;KllMll n py

MbIHCKllMll yqeHblMll., B 3TllX pa6oTax npllHllMaIOT yqacTne q>ll3llKll ll3 llH

CTllTYTOB MnHci<:a, KttIIIHHeBa, TaIIIKeHTa, O6HHHCKa n ,n:pyrnx ropo,n:os 

CoBeTcKoro Co103a. 

3a,n:e:i1CTBOBaHHbie Ha 3BM naKeTbl nporpaMM Il03BOnHIDT aHanll3ll

poBaTb B3allMO)];eHCTBllfl a,n:pOHOB ll nerKHX H,n:ep C reTeporeHHblM sem;ecT

BOM npaKTnqecKll npOll3BOnbHOll reoMeTpllll ll COCTaBa B llHTepsane 3Hep

rnii OT .n:oneii 3B (nyqKll HH,n:yu;npOBaHHbIX TeilnOBbIX HeiiTpOHOB) ll .n:o He

CKOnbKllX ,n:eCHTKOB r3B. Hcnonh30BaHlle Mo;::i;eneii KBapK-rnIOOHHbIX 

CTPYH - HOBbIX KOpOTKO)KllBym;nx q>ll3llqecKllX o6'beKTOB, o6pa3yIOm;llXCH 

npll B3allMO,n:eiicTBllHX 6hICTpbIX a,n:pOHOB' - Il03BOnHeT pacnpocTpaHllTb 

pacqeTbl Ha em;e 6onee BblCOKlle 3Heprllll. Pa3pa6oTaHHbie MeTO,ll;bl AaIOT 

B03MO)KHOCTb paccqllThIBaTb llHTeHCllBHOCTb ll cneKTpbl qacTlll.1; pa3nllqHblX 

TllilOB BHYTPll n BHe o6nyqaeMoro sem;eCTBa, npocTpaHCTBeHHOe pacnpe,n:e

neHtte n napaMeTpbI npo,n:yKTOB 11,n:epHbIX peaKu;nii, pacnpe,n:eneHne Tenno

BhI,n:eneHHH. 

MaTeMaTnqecKoe Mo,n:ennposattne 11,n:epHo-cpn3nqec1<:nx npou;eccoa 

,n:aeT Ba)KHyIO llHq>OpMall;lllO ,n:nH npoeKTllpOBaHllfl cnO)KHblX 3KCnepnMeH

TanbHbIX ycTaHOBOK, C03,n:aaaeMblX B OH.RH 6onhIIIllMll llHTepHau;noHanb

HblMll KonneKTllBaMll, o6nerqaeT llHTepnpeTaD;lllO BbinOnHHeMbIX Ha HllX 

H3MepeHnii. 

B3attMo,n:eiiCTBlle BblCOK03HepreTHqecKOll qaCTllll;bl C aem;eCTBOM 

npe,n:cTaBnHeT co6oii 6bICTpo pa3BllBaIOI.ll;llllCH co BpeMeHeM naBHHoo6pa3-

Hblll npou;ecc: "KacKa,n:Hoe ;::i;epeso" c oqeHh 6onhIIIHM qncnoM "seTaeii" 

( npll B3allMO,n:eiicTBllll npoToHa C 3Heprneii 1 r3B C ypaHOBOll llnll CBllHl.1;0-

BOll MllIIIeHblO qncno "BeTaeii" )];OCTttraeT MHOrllX TbICflq) ll H,n:epHblMll 

B3attMo,n:eiicTBHHMll B ero "y3nax". 

H3 pnc.1 Bll,ll;HO, qTo pacqeT llMeeT ll;llKnllqecKllll xapaKTep ll CBO,ll;HT

CH K MHoroKpaTHOMY IlOBTopeHHIO HeCKOnbKllX OCHOBHblX 6noKOB. Tiocne 

Toro KaK paccqnTaHO O)];HO KaCKa,ll;HOe ,n:epeso, BbiqncneHllfl nOBTOpHIOTCH 

;:i;nR HOBOH nepsnqHoii qacTHD;hI, 3aTeM ,n:nH cne,n:y10m;eii n TaK ;::i;anee. Pac

cqnThIBaIDTCH MHOrtte ,n:eCHTKll, a llHOr,n:a n COTHll ,n:epeBheB ,n:nH Toro, qTo6bI 

yMeHblllllTb CTaTHCTllqecKHe cpnyKTYall;llll ll3yqaeMblX sennqnH. TaKOll no.n:-
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P0c.l. IlpHHllHilHan&HaJI cxeMa pactJeTa MelK'hR:;a;epHoro 1<:acKa;a;a 
B Bew;eCTBe: 1 - p03birpbIW 3HeprHH H ;a;pyrHX napaMeTpOB 
nepBH'IHOH qaCTH~I, 2 - npoBepKa, R:BnR:eTCR: nH 'laCTHQa 
17·Me30HOMj ecnH ;a;a, TO npOBOl];HTCR: pac'leT BepOR:THOCTH ee 
pacna;a;a, 3 - 'laCTHQa He pacnanac&, pactJeT ee npo6era, 4 -
pactJeT R:;a;epHoro B3aHMo;a;eii:CTBHR:; onpe;a;eneHHe xapaKTepH· 
CTHK pOJK;a;aIOw;HXCR: qacTHQ H OCTaTO'IHOrO R:;a;pa (HnH ero OC· 
KOnKOB npH ;a;eneHHH) , 5 - 'laCTHQa pacnanac&, BbI6op HOBOH 
qacTHQ&I; ecnH paccMaTpHBanac& nepBH'IHaJI qacTHQa, TO nepe
xo;a; K 6noKy 1 ( noKa3aHO IlYHKTHpoM) • Pean&HaJI cxeMa pac
'leTOB BKmoqaeT B ce6R: MHoro ;a;ononHHTen&HbIX ;a;eTaneii:, H Il03· 
TOMY OHa 3Ha'IHTenbHO cnoJKHee. 

B npHpO,D;e, r,D;e pe3ynhTHPYIOW:HH 3cpcpeKT COCTaBmieTCH H3 He3aBHCHMhlX 

BKna,D;oB 6onhworo tmcna 1<ac1<a,D;OB. 

PactieT "y3noB" 1<ac1<a,D;Horo ,D;epeBa - HRH6onee cno'1rna.R: H Tpy,D;o

eMKaH tIRCTh 3a,D;RtIH, B npHHI.J;Hne, ,D;nR OTIHCaHHH 3THX "y3noB" M0'1CHO BOC· 

nonh30BRThCH cpeHoMeHonorHtieCKHMH annpoKCHMRI.J;HHMH H3BeCTHblX 

3KCnepHMeHTanhHblX ,D;aHHblX, TaKHM o6pa30M notITH BCer,D;a y,D;aeTCH xo

powo onHCRTh ynpyrHe CTOnKHOBeHH.R:, I<Or,D;a H3MeHHIOTCH nHWh HMnynhCbl 

CTRnKHBRIOW:HXCH H,D;pa H tIRCTHI.J;bl, a BCe OCTRnhHbie HX CBOHCTBa coxpaHH· 

IOTCH, qTO ,Ke KacaeTCH HeynpyrHX CTOnKHOBeHHH, CBOHCTBa KOTOpblX 

cyw;ecTBeHHO 3RBHCHT OT 3HeprHH tIRCTHI.J;bl H THna H,D;pa-MHWeHH, TO cpeHo

MeHonorHtieCKHe annpOKCHMRI.J;HH OKR3bIBaIOTCH 3cpcpeKTHBHblMH TOnhKO 

B HeKOTOpblX tIRCTHblX cnytiaHX (HanpHMep, I<Or,D;a HHTepecyIOTCH ycpe,D;

HeHHblMH xapa1<TepHCTHKRMH H3nytieHHH H MHWeH.R:MH npocToro XHMHtie

CKOro COCTaBa), XOTH H B 3THX cnytiaHX no,D;rOTOBKa cpeHOMeHonorHtieCKHX 

annpoKCHMau;HH .D;nR WHpo1<oro HHTepBana 3HeprHH caMa no ce6e otieHh 

Tpy,D;Ha.R: 3a,D;atia, onpaB,D;aHHaH nHWh B cnyqae MHOrOKpaTHOro IlOBTopeHHH 

pactieTOB ,D;nR Bew;eCTBa ,D;aHHoro COCTaBa. 

OpHeHTHpyHCh Iia pa3Hoo6pa3Hbie 3a,D;RtIH, Mbl C caMoro Hatiana OT

Ka3anHCh OT TaKoro TIO,D;XO,D;a, BbmonHHH BMeCTO 3Toro B KR,i(,D;OM "y3ne" 

pactieT ynpyroro HnH Heynpyroro H,D;epHoro B3aHMO,D;eiicTBHH. Hc1<mot1eHHe 

COCTRBn.R:eT nHWh o6naCTh 3HeprHH, KOTOpbie MeHhWe 10,5 M3B, r,D;e BCe 

BbltIHcneHHH Me)K'bH,D;epHoro KRCI<a,D;a BbinOnHHIOTCH Ha OCHOBe H3BeCTHOH 

28-rpynnOBOH CHCTeMbl KOHCTaHT JI.I1.A6ar.R:H H ,D;p/1/ *. 

* ,llnR: reTeporeHHbIX cpe;a; BeC&Ma 3cpcpeKTHBHbIM OKa3bIBaeTCR: "no;a;rpynnOBOH 
MeTo;a; ", Il03BOnmow;Hii: Y'IHTbIBaTb pe30HaHCHbie B3aHMo;a;eHCTBHli HH3K03HepreTH'le
CKHX HeHTJ)OHOB, He npHBneKaJI l];eTMbHbIX CBe;a;eHHH 06 3HepreTH'lecKOH 3aBHCHMOCTH 
ce'leHHH /1,2( 255 

ili!I! ii •i • l lili lilll 

: ~! l i 111 I i!!li 



B HaCTOHI..Qee BpeMH H3BeCTHO MHoro Mo;::i;enen H,D;epHbIX B3aHMO

;::i;ettCTBHll npH BbICOKHX 3HeprHHX, no cpopMe H ;::i;eTaJIHM qacTo BeCbMa 3Ha

qHTeJibHO OTJIHqaIOI..QHXCH O)];Ha OT ;::i;pyrott. O;::i;HaKo B HX OCHOBe, KaK npa

BHJIO, Jie)KHT O)];HH H3 ABYX MexaHH3MOB BHYTPHH,D;epHbIX B3aHMO,D;ettCTBHH: 

KaCKa,D;Hblll MeXaHH3M, Kor;::i;a B3aHMo;::i;ettCTBHe paccMaTpHBaeTCH KaK pa3-

BeTBJieHHaR nOCJie,D;oBaTeJibHOCTb HeKorepeHTHbIX B3aHMO,D;ettCTBHll 6bICT· 

pbIX qacTH:Q C OT,D;eJibHbIMH BHyTpHH,D;epHbIMH HYKJIOHaMH, H KOJIJieKTHBHbIH 

MeXaHH3M, npH KOTOpOM B3aHMO,D;ettCTBHe 6bICTpOH qacTH:Qbl npOHCXO)];HT 

KorepeHTHO cpa3y C HeCKOJibKHMH BHYTPHH,D;epHbIMH HYKJIOHaMH, 3TH )];Ba 

THna B3aHMO,D;ettCTBHll, KOHeqHo, He HBJIHIOTCH a6coJIIOTHO H30JIHpOBaHHbIMH 

H MoryT nepexo;::i;HTb o,D;HH B ;::i;pyron no Mepe Toro, KaK KorepeHTHoe B3aH

Mo;::i;ettcTBHe, peaJIH3yror.u;eecH B oT;::i;eJibHhIX "y3nax" KacKa;::i;Horo ;::i;epeaa, 

nocTeneHHO 3aXBaTbIBaeT BCe 3TO ;::i;epeBo (HJIH, Hao6opoT, Kor;::i;a e;::i;HHoe 

KOJIJieKTHBHOe B3aHMO,D;eHCTBHe pacna;::i;aeTCH Ha OT,D;eJibHbie o6oco6JieHHbie 

6JIOKH). B HaWHX nporpaMMax HCnOJib3yeTCH "KacKa,D;HO-HCnapHTeJibHaR" 

MO,D;eJib H,D;epHbIX peaK:QHll 13- 5/. B COOTBeTCTBHH C onhITOM cqHTaeTCH, 

qTo HeynpyrHe B3aHMO,D;eHCTBHH qacTH:Q C 3HeprHHMH, KOTOpbie MeHbWe 

HeCKOJibKHX ;::i;eCHTKOB M3B, conpOBO)K,D;aIOTCH o6pa30BaHHeM TaK Ha3bIBae

MOro "KOMnaYH,D;-H,D;pa" - CHJibHO B036y)K)];eHHOH CHCTeMbI, pacna;::i;aIOr.u;en

CH C HcnycKaHHeM O,D;Horo HJIH ABYX HettTpOHOB HJIH y-KBaHTa. IlpH 3Hep

rHRX, KOTOpbie 6oJibWe HeCKOJibKHX ;::i;eCHTKOB M3B, npe;::i;nonaraeTCH, qTo 

HeynpyrHe B3aHMo;::i;ettCTBHH npoTeKaIOT B TpH cne;::i;yroI..QHe ;::i;pyr 3a ;::i;pyroM 

CTa,D;HH. Ilpo:Qecc HaqHHaeTCH c 6hlCTpO npoTeKaIOr.u;ett "KaCKa,D;HOll CTa,D;HH", 

Kor;::i;a H3 H,D;pa BbIJieTaIOT BHOBb po,D;HBWHeCH qacTH:Qbl H BbI6HTbie BHYTPH

H,D;epHbie HYKJIOHbI, a H,D;po OCTaeTCH B CHJibHO B036y)K,D;eHHOM COCTOHHHH. 

Ha BTOpOll CTa,D;HH npOHCXO)];HT npo:Qecc penaKCa:QHH noro H,D;pa AO paBHO· 

BeCHoro COCTOHHHH ( npH 3TOM TaK)Ke MoryT HcnycKaTbCH OT,D;eJibHbie 

6bICTpbie qacTH:QbI, YHOCHI..QHe 60JibWYIO ,D;OJIIO 3HeprHH B036y)K)];eHHH). 

B3aHMO,D;ettCTBHe 3aBepwaeTCH cpaBHHTeJibHO Me,D;JieHHO npoTeKaIOI..QeH 

"pacna;::i;Hott cTa;::i;Hett", Kor;::i;a H;::i;po TepHeT 3HeprHIO B036y)K)];eHHH nocpe;::i;cT

BOM KOHKYPHPYIOI..QHX Me)K)];y co6ott npo:QeCCOB HCnapeHHH qacTH:Q H ;::i;ene

HHR H,D;pa (o6pa3yIOI..QHeCH OCKOJIKH ;::i;eneHHH, KaK npaBHJIO, TaK)Ke CHJibHO 

B036y)K)];eHbl H TepHIOT CBOIO 3HeprHIO nyTeM HcnapeHHH qacTH:Q) • Pacna;::i;

HaR CTa,D;HH 3aBepwaeTCH HCnycKaHHeM y-KBaHTOB, nocne qero H,D;po OKa3bl

BaeTCH B )];OJirO)KHByr.u;eM COCTOHHHH. 

B CBOeM pa3BHTHH KaCKa,D;HO-HcnapHTeJibHaR MO,D;eJib npowna He

CKOJibKO 3TanoB - OT O,D;HOMepHoro HepeJIHTHBHCTCKOro KaCKa,D;a B nepBbIX 

pa6oTax )];O TpexMepHOH peJIHTHBHCTCKOH KapTHHbl B H,D;pe C ,D;Hcpcpy3HOH 

nJIOTHOCTblO pacnpe;::i;eneHH.fI HYKJIOHOB, H3MeH.HIOI..QeHC.fI B npo:Qecce B3aHMO

;::i;ettCTBH.fI. 

B 061..QHX qepTax pacqeT BHyTpHH,D;epHoro KacKa;::i;a, B qacTHOCTH 

onpe;::i;eneHHe ,D;JIHHhI cao6o;::i;HhIX npo6eroa qacTH:Q, 6JIH30K K pacqeTy 

KaCKa,D;a B BeI..QeCTBe; cyr.u;eCTBeHHOe OTJIHqHe COCTOHT JIHWb B ;::i;onoJIHH· 

TeJibHOM yqeTe B aer.u;eCTBe HOHH3a:QHOHHblX noTepb 3HeprHH H pacna,D;OB 

256 KaCKa,D;HblX qaCTH:Q. IlpH 3HeprHRx, KOTOpbie 6oJihWe HeCKOJibKHX r3B, 



cne,n;yeT npHHHMaTh BO BHHMaHHe BbI6HBaHHe HyKnOHOB H3 H,n;ep naBHHOH 

6bICTpbIX KaCKa,ll;HbIX qacTm.~; npeHe6peiKeHHe 3THM 3cpcpeKTOM npHBO,ll;HT 

K 3HaqHTenbHOMY 3aBhIIIIeHl:UO MHOiKeCTBeHHOCTH poiK,n;aIOmHXCH qacTHU, 

TipH MO,n;enHpOBaHHH BHYTPHH,n;epHoro KaCKa,n;a HH<pOpM~HH O Me-

30H·HYKnOHHblX H HyKnoH-HyKnOHHbIX B3aHMO,ll;eHCTBHHX 3a,n;aeTCH cpeHo

MeHonorHqecKH a BH,ll;e aHanHTHqecKHX H Ta6nHqHbIX pacnpe,n;eneHHH, no 

KOTOpbIM npOH3B0,ll;HTCH p03birpbllll xapaKTepHCTHK poiK,ll;aIOmlfXCH qac

THU, no cpaBHeHHIO C a,n;poH-H,D;epHblMH B3aHMO,ll;eHCTBHHMH HH<pOpMaUHH 

0 CTOnKHOBeHHHX 3neMeHTapHbIX qaCTHU He CTOnh MHOro<paKTOpHaH ( MeHh· 

we qHcno pa3nHqHbIX THnoa "y3noa" KacKa,n;Horo ,n;epeaa), H ee MOiKHO 

KOMnaKTHO H B TO iKe BpeMH ,ll;OCTaToqHo ToqHo annpOKCHMHpOBaTh aHanH

THqecKHMH BblpaiKeHHHMH C Ta6nHqHblMH K03<p<pHUHeHTaMH, rro.n;o6paHHbl· 

MH no COOTBeTCTBYIOIUHM 3KCnepHMeHTanhHbIM ,ll;aHHbIM. B HallleM pacno

pHiKeHHH HMeIOTCH ,ll;OCTaToqHo ToqHbie annpOKCHMaUHH a,n;poH-a,n;pOHHblX 

B3aHMO,ll;eHCTBHH, rrpHMeHHMbie BIInOTb ,n;o HeCKOnhKHX TbICHq f'3B 
13•61• 

CpaBHeHHe C OnbITOM noKa3hIBaeT, qTo B cnyqae a,n;poH-H,D;epHbIX 

B3aHMO,ll;eHCTBHH KaCKa,ll;HO·HCnapHTenhHaH MO,n;enh npHrO,n;Ha BIInOTb ,n;o 

3HeprHH T = 10 f'3B. TipH cTonKHOBeHHH ,n;ayx H,n;ep o6nacTh ee npHMeHH· 

MOCTH MeHhllle: T = 1-2 f'3B/HyKn. HaneTaromero nerKoro H,n;pa, H eme 

MeHbllle npH CTOnKHoBeHHH THiKenbIX H,n;ep 171. TipH 6onhlllHX 3HeprHHX 

MHOiKeCTBeHHOCTb pOiK,ll;aIOJUHXCH HH3K03HepreTHqeCKHX qacTHU, xapaKTe

pH3YIOIUaH pa3BeTaneHHOCTb ("MOIUHOCTb") TeopeTHqecKoro KacKa.n;a, 

npeBOCXO,ll;HT 3KCnepHMeHTanhHYIO H ,ll;OBOnhHO 6bICTpO B03pacTaeT rrpH 

yaenHqeHHH 3HeprHH. 

A.HanH3 noKa3an, qTo 3TO npoTHBopeqHe o6ycnoaneHo npeiK,ll;e acero 

npeHe6peiKeHHeM npocTpaHCTBeHHO·BpeMeHHOH 3BOnIOuHeH a,n;poH-a,n;poH

HbIX B3aHMo.n;eifcTBHH BHYTPH H.n;pa IS·lO/, Hx Henh3H cqHTaTh MrHoBeH

HhIMH; Heo6xo,D;HMO onpe,n;eneHHOe BpeMH ,n;nH cpopMHpOBaHHH BTOpHq

HblX qaCTHU, B TeqeHHe KOToporo BHYTPH H.n;pa pacnpoCTpaHHIOTCH KBapK

rnIOOHHbie o6'beKTbI, eme He ycneBIIIHe cpparMeHTHpOBaTh a a,n;pOHbl. 

Cpe.n;H 6onhllloro qHcna o6cyiK,ll;aIOIUHXCH a nHTepaType no,ll;XO,ll;OB 

K onHCaHHIO npocTpaHCTBeHHO·BpeMeHHOH 3BOnIOUHH a,n;poH-a,n;pOHHOro 

B3aHMO,ll;eHCTBHH, noiKanyif, HaH6onee MHoroo6emaromHM BbirnH,ll;HT no,n;

xo,n;, no.n;cKa3hIBaeMbIH TononorHqecKHM pa3noiKeHHeM 6HHapHOH KBapK

rnIOOHHOH aMIInHTYAhl a,n;pOHHOro B3aHMO,D;eHCTBHH. EcnH B 3TOM pa3noiKe

HHH orpaHHqHTbCH TOnhKO IInaHapHbIMH H UHnHH,ll;pHqeCKHMH ,ll;HarpaMMa

MH, OTBeqaroIUHMH t-KaHanhHOMY o6MeHy COOTBeTCTBeHHO nonrocaMH 

Pe,n;iKe H nonIOCOM TioMepaHqyKa, TO MOiKHO cq0:TaTh, qTo B MOMeHT coy,n;a

peHHH rrepaHqHbIX qacTHU rrpOHCXO,ll;HT nH6o aHHHrHJIHUHH Me.n;neHHbIX Ba

neHTHbIX KBapKOB C o6pa30BaHHeM O,ll;HOH KBapK-rnIOOHHOH CTPYHhI, JIH6o 

uaeToBaH rrepe3apH,n;Ka rryTeM o6MeHa rnrooHaMH, Kor,n;a o6pa3yIOTCH ,n;ae 

KBapK-rnIOOHHbie CTPYHhI, pa3neTaIOIUHeCH B CHCTeMe ueHTpa Mace CTan

KHBaIOmlfXCH a,n;pOHOB B rrpOTHBOIIOJIOiKHbIX HarrpaaneHHHX. KaK IIOKa3hl

BaeT aHanH3, KHHeMaTHqecKHe CBOHCTBa 3THX CTPYH cymecTBeHHO pa3nHq

HhI, H HX MOiKHO paccMaTpHBaTb KaK He3aBHCHMbie <pH3HqecKHe o6'beKTbl. 257 



B ,n;arrhHeihneM 1<:aap1<:-rmooHHbie CTPYHbI pa3pbIBaIOTCH aa1<:yyMHbIMH 

KBapK-aHTHKBapKOBblMH rrapaMH, rropO)K)];aH JIHBHH a,n;p0HOB, - rrpOHCXO

,Il;HT rrpoQecc cpparMeHT~HH HaxO,D;flmHXCH Ha KOHQax CTpyH KaapKOB 

(aHTHKBapKOB) HJIH KBapKa H ,Il;HKBapKa B a,n;poHbl. 

BHyTpH H,n;pa KBapK-rJIIOOHHbie CTpyHbl ae,n;yT ce6H KaK CaMOCTOH

TeJibHbie (pH3Hqec1<:He 061,eKTbI, KOTOpbie MoryT pacrraCTbCH ( cpparMeHTH

poaaTb) Ha a.n;pOHbl HJIH iKe ycrreTb rrpOB3aHMo,n;eii:CTBOBaTb C BHyTpHH,n;ep

HbIMH HYKJIOHaMH. 

O6pa30BaHHe KBapK-rJIIOOHHbIX CTpyH B CTOJIKHOBeHHH ,n;ayx a,n;po

HOB H HX pacrrpocTpaHeHHe BHYTPH H,D;pa ,n;o pacrra,n;a HJIH B3aHMO,n;eii:CTBHH 

MOiKHO paccMaTpHBaTb c rroMOlllbIO MeTo.n;a MoHrn-Kaprro /11- 131 • IlpH 

yMeHbllleHHH 3HeprHH, KOr,n;a KBapK-rJIIOOHHbie CTpyttbl pacrra,n;aIOTCH rrpaK

TlfqecKH cpa3y iKe rrocrre HX o6pa30BaHHH, KaCKa,D;HlUI MO,D;eJib co CTpyHaMH 

aBTOMaTHqecKH rrepexo,n;HT B 06b1qHy10 1<:ac1<:a,n;Hy10 MO,D;eJib C pe30HaHCaMH. 

IlpH eme MeHblllHX 3HeprHHx, Kor,n;a H pe30HaHCHbie qacTH~I pacrra,n;aIOTCH 

B6JIH3H ToqeK HX poiK,n;eHHH, 'OCTaeTCH JIHillb ITHOH-HYKJIOHHblH 1<:ac1<:a,n;. 

K COiK8.JleHHIO, B HaCTOHlllee BpeMH HeT ,Il;OCTaToqHo y,n;oarreTBOpH

TeJibHOH ,Il;HHaMHqeCKOH TeopHH, KOTOpaH IT03BOJIHJia 6bI KOJilfqecTBeHHO 

paccqHTbIBaTb rrpoQecc pacrra,n;a KBapK-rJIIOOHHOH CTpyHbl Ha a,n;pOHbl H ee 

B3aHMO,n;eii:CTBHH C HYKJIOHOM. Kac1<:a,D;Hy10 Mo,n;errh co CTpyHaMH cero,n;HH 

CKOpee crre,n;yeT paccMaTpHBaTb KaK pellleHHe o6paTHOH 3a,n;aqH: rrorryqHTb 

cae,n;eHHH O CBOHCTBax KBapK-rJIIOOHHbIX CTpyH, CpaBHHBaH pe3yJihTaTbl 

pacqeTOB C OilbITOM. 

BMecTe c TeM crre,n;yeT 3aMeTHTh, qTo 6rraro,n;apH ycpe,n;HeHHHM H,n;ep

Ho-cpH3HqecKHe rrpoQeCCbl B cpe,n;e ,Il;OBOJibHO crra6o qyaCTBHTeJibHbl K ,n;e

TaJIHM BHYTPHH,n;epHblX B3aHMO,n;eii:CTBHH H ,n;aiKe 06b1qHafl KaCKa,D;HO-Hcrra

pHTeJibHaH MO,n;errh, He yqHTbIBaIOlllaH KBapKOBblX 3cpcpeKTOB, IT03BOJIHeT 

paccqHTbIBaTb (pH3HqecI<:He HBJieHHH B cpe,n;ax ITO Kpaii:Heii: Mepe ,n;o 3Hep

rHii: ITOpH,D;Ka HeCKOJibKHX ,n;eCHTKOB r3B, 

PacqeT 1<:ac1<:a,n;a qacTHQ B cpe,n;e cymecTaeHHo ycrroiKHHeTcH, ecrrH 

rro,n; ,n;eii:CTBHeM H3JiyqeHHH cpe,n;a H3MeHHeT CBOH CBOHCTBa, HarrpHMep, rrpH 

oqeHh HHTeHCHBHOM o6rryqeHHH, Kor,n;a C 60JiblllOH CKOpOCTblO rrpOHCXO,Il;HT 

HapaCTaHHe KOHQeHTp~HH OCKOJIKOB pacmerrrreHHH H,n;ep, HJIH B .n;eJIHmlfXCH 

cpe,n;ax, r,n;e KaiK,n;aH rrepaHqHaH qacTHQa c 3HeprHeii T = 1 r3B rropoiK,n;aeT 

B cpe,n;HeM OKOJIO COTHH Me,n;rreHHblX Heii:TpOHOB, o6pa3YIOmHX HOBbie H,n;

pa /14-16/, 

B KaqecTBe rrpHMepa MOHTe-KapJIOBCKoro MO,n;errHpOBaHHH rrpoQeC

COB, rrpOHCXO,Il;HmlfX B cpe,n;ax rro,n; ,n;eii:CTBHeM ITOTOKOB BbICOK03HepreTH

qecKHX qacTHQ, Ha pHC.2 rrpHBe,n;eHa BbICOTHaH 3aBHCHMOCTb ,Il;03bl o6rryqe

HHH He3alllHllleHHOro qerroaeKa rrpoTOHaMH, Heii:TpoHaMH H 17-Me30HaMH, 

reHepHpoaaHHbIMH B aTMOCcpepe rra,n;aIOlllHM Ha 3eMJIIO KOCMlfqecKHM H3-

rryqeHHeM 1161. .[Lr:rn HarJIH,Il;HOCTH ,Il;03a o6rryqeHHH, rrorryqeHHaH B TeqeHHe 

qaca Ha orrpe,n;erreHHOH BblCOTe D r qac] ' rrpHBe,n;eHa B OTHOilleHHH K aerrlfqlf-

258 He cpe,n;HecyToqHoii: ,D;03bI Dcamn' rrpHHHTOH ,n;rrH JIHQ, pa6oTaIOI.QHX c pa-
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PHc.2. ,[(03a o6nyqemm Ha pa3mr11H&1x 
BblCOTax Ha.a; ypOBHeM MOpH Ha no
moce, WHpoTe 42 ° H 3KBaTope. 
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PHc.3. 3HepI'eTH'leCKHH cneKTp HeHTpOHOB 
B aTMOC<pepe Ha BblCOTe 4,12 H 50 KM H8,ll; 
ypoeHeM MOpH (reorpaq>HtleCKaH WHpOTa 
MecTHOCTH 42°). CnnowaaH I'HCTOI'paM
Ma - Haw pac11eT, nyHKTHPHaH - pacti:eT 
T.ApMcTpoHra /18/, KpHBaH - 3KcnepH
MeHTanhH&ie ;D;aHHble. 

,ll;liOaKTl:IBHblMl:I l:13JIYtieHIDIMl:I *. ,UaHHbie 0TH0CHTCH K CJiyqaro, Kor.n;a Ha 

CoJIHI..J;e HeT 3HatIHTeJibHbIX xpoMoccpepHbIX BCilbillleK. Ilpl:I TaKHX BCilbllll

Kax ,ll;03a o6nyqemm M0:>KeT B03paCTl:I B ,n;eCHTKH, C0THH, a l:IH0r.n;a .n;a:>1<e 

B TbICHtil:I pa3. IlpH oco6eHHO M0II.l;HbIX xpoMoccpepHbIX BCilbIIIIKax 

(K CtiaCTblO, 0HI:I ,ll;0B0JibH0 pe.n;KH) 3a HeCK0JibK0 qacoB Il0JieTa Ha 6oJibllll:IX 

BbIC0TaX M0:>KH0 Ha6paTb ,ll;03Y' K0T0pyro Jil:11.J;aM, pa60TaIOII.J;l:IM C pa.n;1:1oaK

Tl:IBHbIMl:I npenapaTaMH, pa3pe1IIaeTCH Il0JIYlll:ITb JII:llllb B TetieHHe ro.n;a. 

J,fa.3a CJI0:>KHblX 3cpcpeKTOB pacceHHl:IH l:I 0Tpa:>KeHIDI KaCKa,ll;HbIX qac

Tl:11.J; ,ll;03a 06nyt1eHIDI 3aBl:ICl:IT OT K0Jil:ltieCTBa l:I paCil0JI0:>KeHHH T0ilJIHBa 

B caM0JieTe l:I OT .n;pyr1:1x ,n;eTa.JieH, K0T0pbie M0:>KH0 yqecTb npl:I M0,ll;eJIHpo

BaHl:ll:I, 

Ha pl:IC.3 noKa3aH 3HepreTHtieCKl:IH cneKTp HeiiTpOHOB, np1:1cyTCTBYIO

II.J;l:IX B aTMOCcpepe B YCJI0BIDIX CilOKOHHoro CoJIHI.J;a/17/, ,unH CpaBHeHHH 

npHBe,n;eHbl 3KCne pHMeHTaJibHbie ,ll;aHHbie l:I pe3yJibTaTbl pactieT0B OK-

* Cne;a;yeT HMeTb B BH;a;Y, 'ITO CaHHTapHble npaeHna ycTaHaBnHBaIOT He;a;enhHyro 
H ro;a;oeyro npe;a;en&HO ;a;onycTHM&re ;a;o3&1 o6nyti:eeHH. .[(nH He6on&WHX HHTepeanoe 
epeMeHH ;a;onyCTHMble CaHHTapHblMH npaeHnaMH ;D;03bI MOI'YT BO MHOI'O pa3 npeeocxo
;D;HTb cpe;a;moro, 259 



Ta6mrua 

XapaKTepHCTHKH B3aHMO,lleH:CTBH.fl npOTOHOB H ,lleH:TpOHOB C MHWeHhlO H3 ecTecmeHHOro 

ypaHa. MHWeHh HMeeT QJOpMy UHJlHH,llpa ,llJlHHOli 90 CM, ,llHaMeTpOM 120 CM. TiyqoK 

nepBH'IHblX 'laCTHU nona,llaeT B Y3KYIO oceBYIO I.UeJlh rny6HHOH: 26 CM. Bee ,llaHHbie 

B pac11eTe Ha O,llHY nepBH'IHYIO 'laCTHUY, CTaTHCTH'lecKHe owH6KH - OKOJlO 5%. 

lIHCJlO pOiKAalOI.UHXC.fl 

HeH:TpOHOB 

tIHcno o6pa3YIQI.UHXC.fl 

.fl,llep 239Pu 

TennOBbl,lleJleHHe B MHWeHH 

(r3B), B TOM 'IHCJle 

3a C'leT HOHH3auHOHHbIX 

noTeph 

6,6 
5/+ 
t.,2 

3 
1,B 
0,6 

0 
0,5 1 1,5 2 

T, r3B 

T = 1 r3B T = 2 r3B 

p d p d 

89 98 197 205 

82 90 181 187 

4,6 5,1 10,1 10,2 

0,60 0,64 0,93 0,93 

PHc.4. .[{on.fl 3HeprHH, B03BpaI.UaeMOli B 3JleKTpOCeTh 

3JleKTpOH,llepHOH: YCTaHOBKOH:, HCil0Jlh3YIQI.UeH: npOTOHbl 

C 3HeprHen T: A - ecTecTBeHHa.fl CMeCh H3OTOilOB ypaHa; 

6 - 'IHCTblli 238 U. 

pH.JJ;)KCKOH na6opaTopHH B CIIIA, r.ne co3,na.Ha a.HanorHtIHaH rrporpaMMa 

MOHTe-KapJIOBCKoro Mo,nenHpOBa.HIDI 11 8-1 9 1. KaK BH.D;HO, pa3JIHlIHbie 

.D;a.HHbJe cornacyIOTC.R a HHTepaane 6onee ,neC.RTH rrop.R.D;KOB BeJIHlIHHbl. 

3To HBJIHeTC.R xopornett HJIJIIOCTpa:1.i;HeH TOlIHOCTH Mo,nenHpOBa.HHH. 

Ta6nmi;a HJIJIIOCTpHpyeT pe3yJibTaTbl MO.D;eJIHpOBa.HIDI H,nepHO-q>H3H

qecKHX rrpou;eccoa B TfflKeJiblX cpe.nax 
1151• no.n .n;eHCTBHeM liaCTHU C 3Hep

rtteH T ~ 1 r3B rrpottcxo.n;HT 6hICTpaH Hapa6oTKa .R.D;ep 
239 

Pu , KoTophrn, 

KaK H 235 U, MoryT HCIIOJib30BaTbC.R B 3HepreTmeCKHX ycTaHOBKax B Ka

lieCTBe H,nepHoro roproqero. ,Ua)Ke 6e3 c:amraHIDI 3THX H,nep BhI,nenHIOI.UaHCH 

B MHilleHH 3HeprHH .neneHH.R BO MHOro pa3 rrpeBOCXO.D;HT 3HeprHIO rrepBHlI

HbIX qaCTHl.J;. MHilleHb MO)KeT CJIY)KHTb MOI.l.l;HbIM HCTOlIHHKOM TeIIJIOBOH 

3HeprHH H O.D;HOBpeMeHHO 3q>q>eKTHBHblM Hapa60TlIHKOM H,nepHoro roproqe-
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THBHOCTH O,UHOH H3 Ta1rnx 3Jie.KTpOR,UepHblX YCTaHOBO.K ( C yqeTOM .K.n.,u. 

npeo6pa3oaaHHR :me.KTpHqec.Koif 3HeprHH a 3Heprmo nyq.Ka yc.KopeHHhIX 

qacTHU, .K.n.,D;. TenJIOBOH 3Jie.KTpOCTaHUHH, B03Bpaw;arow;eif 3HeprHIO B CeTb, 

M T.,D;.) /14,20/, PacqeTbl no.Ka3hIBaIOT, qTo 3Jie.KTpOR,D;epHblH 6pH,D;MHr -

O,!J;HO H3 HaH6oJiee nepcne.KTHBHhlX HanpaaJieHHH .fl,D;epHOH 3HepreTH.KH 
6y,D;yw;ero /14.16/, 

B pa6oTe 1211 MO,D;eJIMpOBaJIC.fl npou;ecc Ha.KonneHH.fI H30TOTIOB, 06pa-

3yrow;HXC.f! B MeTeopMTe no,D; ,T.J;eHCTBHeM noTO.KOB qacni:u; B .KOCMHqec.KOM 

npoCTpaHCTBe. KoHu;eHTpau;1rn M pa,D;HanhHOe pacnpe,D;eJieHHe 3THX H30TOilOB 

MoryT MHoroe pacc.Ka3aTh o aapMau;HRX .KOCMHqec.KHX Jiyqeif 3a nocJie,D;HHe 

COTHH MHJIJIHOHOB M ,D;aiKe MHJIJIMap,D;bl JieT. XoT.FI BHeWHHe CJIOH MeTeopMTa 

croparoT a aTMOC<pepe 3eMJIH, cpaaHeHHe pa,D;HOXHMHqec.KHX ,D;aHHhlX )];JI.FI 

BHyTpeHHHX CJIOeB C pe3yJihTaTaMH MO,D;eJIMpoaaHH.FI, BhinOJIHeHHoro npM 

pa3JIHqHhlX npe,D;TIOJIOiKeHHHX, ,D;aeT BaiKHYIO HH<popMau;mo. 

3TO TOJib.KO He.KOTOpbre, HaH60Jiee xapa.KTepHhie npMMephl B03MOiKHO• 

CTeH MOHTe-.KapJIOBC.Koro MO,D;eJIMpoaaHH.fl <pH3Hqec.KHX npou;ecCOB Ha 3BM. 

Bo MHOrHX CJiyqa.f!x MaTeMaTHqec.Koe MO,D;eJIHpoaaHHe CJIOiKHOH raMMbl 

npOHCXO,!J;.f!w;HX .fIBJieHMH Il03BOJIHeT. cyw;ecTaeHHO yMeHbWHTb BpeMH MX 

aHMH3a M C3.KOHOMHTb 3HaqHTeJihHbie cpe,D;CTBa, IlO,!J;C.Ka3hlBa.FI. HaH60Jiee 

3<p<pe.KTHBHbie nyTH 3.KcnepMMeHTMbHhlX HCCJie,D;OBaHHH M Il03BOJI.f!.f! HHOr,D;a 

aoo6w;e o6oiITHCb 6e3 npoMeiKyToqHhlX Ma.KeTHhlX pa6oT. 

ToqHoCTb BeJIHqHH, IlOJiyqaeMblX Ta.KHM nyTeM, .Ka.K npaBMJIO, O.Ka3bl· 

aaeTC.fI B npe,D;eJiax ToqHoCTH coapeMeHHhlX 3.KcnepMMeHTMbHhlX ,!J;aHHhIX. 

qTO .KacaeTC.fI apeMeHH pacqeTa, TO )];JI.FI Ta.KHX BeJIHqHH, .Ka.K HHTerpanhHbie 

cne.KTphr qacTHU BHYTPH 3aw;HThI, cne.KTphI qacTHU 3a 3aw;HTOH c ToJiw;HHOH 

a ,D;eC.FIT.KH CaHTHMeTpoa, pacnpe,D;eJieHHe TenJIOBhI,D;eJieHHH, apeMH Ha 3BM 

c 6bICTpo,D;eHCTBHeM O.KOJIO MHJIJIHOHa onepauHH a ce.KyHAY COCTaBJI.f!eT 

o.KoJio 30-60 MHH. BpeM.FI cqeTa cyw;ecTaeHHo ao3pacTaeT npM nepexo,D;e 

.K oqeHb TOJICThlM CJIO.HM aew;ecTaa; B 3THX CJiyqa.fIX u;eJiecoo6pa3HO HCilOJib-

30BaTh .KOM6HHHpoBaHHblH cnoco6 pacqeTa, .KOr,D;a pe3yJihTaThl CTaTHCTHqe

C.Koro MO,D;eJIMpOBaHH.fI Bhl,!J;aIOTC.fI Ha He.KOTOpyro npocTyro noaepxHOCTb 

M paccMaTpMBaIOTC.fl ,D;anee .Ka.K HCToqHH.KH B COOTBeTCTByrow;eM .KHHeMaTH· 

qec.KoM ypaaHeHHH. 

BpeM.fl ,pacqeTa .KaCKa,D;OB B aTMOC<pepe C Il.flTHnpou;eHTHOH ToqHOCTblO 

B HHTerpanbHhlX cne.KTpax qacTHU COCTaBJI.fleT O.KOJIO qaca. IlporpaMMbl 

MOHTe-.KapJIOBC.KHX Mo,D;eJieif R,D;epHO-<pH3Hqec.KHX npou;eccoa, pa3pa6oTaH

Hbre a OHS:111, HCTIOJib3YIOTCR ao MHOrHx HHCTHTyTax CCCP M ,upyrHx CTpaH

yqacTHHU 011.HH. 

Jlureparypa 

1. A6arRH JI.IT. M AP· rpynnoahre .KoHcTaHThr ,unR pacqeTa pea.KTopoa 

M 3aw;HThr. 3HeproH3,D;aT, M., 1981. 

2. HH.KoJiaea M.H. MAP, A3, 1971, T.30, c.426. 261 



262 

3. BaparneHKOB B.C., ToHeea B . .z:t:. B3ru:i:Mo,n;eifcTBHe BhICOK03Heprerttqe. 
CKHX qacTm~ If aTOMHbIX H,n;ep C H,n;paMH. ATOMH3,D;aT, M., 1972. 

4. BaparneHKOB B.C. H ,n;p. Y<l>H, 1973, T.109, c.91. 
5. Barashenkov V.S. et al. Nucl.Phys., 1980, vol.A338, p.423. 
6. BaparneHKOB B.C., CJJaaHH H.B. 3qAJI, 1984, T.15, c.997. 
7. BaparneHKOB B.C. H ,n;p. O11Jil1, P2-83-117, .z:t:y6Ha, 1983; JI<I>, 1984, 

T.39, c.1133. 
8 . .z:t:aatt,n;eH:r<:o r.B., HttKoJJaea H.H. JI<I>, 1976, T.24, c.77. 
9. JieaqeHKo B.B., HHKOJJaea H.H. JI<I>, 1983, T.37, c.1016. 

10. Chin C.B. et al. Phys.Rev., 1982, vol.D25, p.2911. 
11. AMeJJHH H.C. H ,n;p. O11JI11, P2-83-769, Ll:y6Ha, 1983. 
12. AMeJJHH H.C., BaparneHKOB B.C. O11Jil1, P2-83-770, .z:t:y6Ha, 1983. 
13. AMeJJHH H.C. H ,n;p. O11Jil1, P2-84-369, .z:t:y6Ha, 1984. 
14. BaparneHKOB B.C. 3qAJI, 1978, T.9, c. 871. 
15. BaparneHKOB B.C. H ,n;p. O11Jil1, 2-84-391, .z:t:y6Ha, 1984. 
16. Alsiller F.S. et al. ORNL/TM-7528, Oak Ridge, 1981. 
17. BaparneHKOB B.C. H ,n;p. A3, 1974, T.36, c.224. 
18. Armstrong T.W. et al. J.Geophys.Res., 1973, vol.73, p.2715. 
19. Armstrong T.W., Moran H.S. Nucl.Sc. and Eng., 1970, vol.42, p.41. 
20. Baparn~HKOB B.C., lllMaKoB C.IO. Tpy,n;hI Me)K)];yHapo,n;Horo coae~aHHH 

no rrpo6JJeMaM MaTeMaTifqec:r<:oro MO,D;eJJHpOBaHHH B H,D;epHO·!plf3Hqe. 
CKHX HCCJJe,D;OBaHHHX. O11Jil1, LI:10,11-81-622, .z:t:y6Ha, 1981. 

21. BaparneHKOB B.C. tt ,n;p. reoXHMHH, 1972, T.11, c.1325. 

I 
\ 

I 

--j 



PA3BMTME ~MAROrOBMX CPE~CTB 

MCTTORb30BAHMH 38M 

B.E.AHHXOBCKHfl, MIWOUlUU 1tay1a-tblU corpyottwc 

B.B.I'AJIAKTHOHOB, 1ea1touoar gju3u1eo-MaTeMaTurlec1eux ttay,c 

C.I'.KA,aAHaEB, KaHOUOaT (PU3U1CO-MaTeMaTUlleC1CUX ttay,c 

B.B.KOPEHbKOB, M1zaouiuu 1tay1t1tbzu corpyottu,c 

E.10.MA3EIIA, M1zaoutuu 1tay1t1tbzu corpyottu,c 

B.II.lllHPHKOB, 001erop gju3u1eo-MaTeMaTU1tec1eux ttay,c 

HcTopHH umpoKoro HCIIOnb30BaHHH :meKTpOHHblX BblqHCnHTenbHbIX 

MallIHH HacqHThIBaeT HeMHOrHM 6onee 30 neT' HO 3a 3TO KOpOTKOe BpeMH 

OHH CTanH HaCTOnbKO Heo6xo,n;HMblM HHCTpyMeHTOM ,n;nH rrpoBe,n;eHHH Hayq

HbIX HCCne.n;oBaHHH, pellleHHfl 3a,n;aq yrrpaBneHHfl H Hcrroni.30BaHHH B rrpo

MbilllneHHOM rrpOH3BO,ll;CTBe, HaCTOnbKO 6hICTpO pacTyT Tpe6oBaHHfl K CKO

pOCTH pa6oTbl 3THX MallIHH, OCHam;emno HX BHellIHHMH ycTpOHCTBaMH .n;nH 
xpaHeHHfl 6onbllIHX o6'beMOB HHcpopMan;HH H rrpe,n;oCTaBneHHIO 3cpcpeKTHB

HblX H y.n;o6HbIX cpe,n;CTB .n;ocTyrra, qTo H3rOTOBHTenH o6opy.n;oBaHHfl H rro

CTaBI.I.J;HKH 8BM no Ka. He ycrreBaIOT y.n;oBneTB0pHTb TaKHe Tpe6oaaHHH. 

CKa3bIBaeTCfl H TO o6CTOHTenbCTBO, qTo BO MH0rHX opraHH3aD;HHX, B TOM 

qHcne H B OHHH, HapH,n;y c HOBbIMH em;e pa6oTaIOT MallIHHhI rrpoH3Bo.n;cTBa 

60-x ro,n;oB, TO eCTb Toro apeMeHH, Kor.n;a OCHOBHbIMH cpe,n;CTBaMH BBO,n;a 

HHcpopMan;HH a 8BM 6hmH ycTpOHCTBa cqHTbIBaHHfl c rrepcpoKapT H MarHHT

HblX neHT. BrrpoqeM, .n;o CHX rrop 3aBO,ll;CKaH KOMrrneKTaD;Hfl BHOBb IIOCTaB

nHeMbIX 8BM BKnIOqaeT nHlllb HeCKOnbKO rrpocTeHllIHX noKanbHblX TepMH

HanOB (.n;Hcrrneea c KnaBHaTypon) ,n;nH opraHH3aD;HH rrpHMoro ,n;ocTyrra 

H .n;Hanora rronh30BaTenH C MallIHHOH. Cne.n;oBaTenhHO, MaCCOBbIH rronb30Ba

Tenb BhIHyiK,ll;eH ocpopMnHTb CBOH 3a,n;aqH Ha rrepcpoKapTax, KOTOpbie 3aTeM 

BBO,ll;HTCH B 8BM orrepaTopaMH 3KCrrnyaTaD;HOHHOH cny:>K6bI BblqHcnHTenb

Horo u;eHTpa c rrocne,n;y10m;en BbI,n;aqeu pacrreqaTKH pe3ynhTaTOB rrporrycKa 

3a,n;aq Ha rreqaTaIOI.I.J;HX ycTpOHCTBax, TaK:>Ke o6cny:>KHBaeMblX orrepaTopaMH. 263 



TeM caMblM nOJib30BaTeJih "0Tt1yJK,Il;eH" OT caoeii nporpaMMbl Ha BpeM.fI ee 

BblilOJIHeHH.fI B MaWHHe, He HMeeT B03MOiKHOCTH CJie)];HTh 3a npoMe:>KyTO'll

HbIMH pe3yJihTaTaMH C'lleTa H B03)];eHCTBOBaTb Ha XO)]; pact1eTOB B )];HHaMHKe; 

3aTpy;::i;H.ReTC.fI nocTpoeHHe nporpaMMHbIX cnpaBO'llHblX CHCTeM, pe3KO na;::i;a

eT 3cpcpeKTHBHOCTb OTJIR)];KH nporpaMM H T .n. ECTb H ;::i;pyra.R CTOpOHa 3TOH 

npo6neMbI: nocTaBJI.fieMbie nporpaMMHbie H TeXHH'lleCKHe cpe)];CTBa He YHH

q>HD;HpOBaHbI, B pe3yJihTaTe t1ero, CKa:>KeM, TepMHHaJibl cepHH EC He pac

C'llHTaHbl Ha no;::i;KJirot1eHHe K MaWHHe B3CM-6 HJIH CDC-6500, a WHpoKo 

npHMeH.ReMbie ;::i;HcilJleH THna "BH;::i;eoToH" H MERA .fIBJI.RIDTC.fI t1y:>Kepo;::i;HhI

MH )];JI.fl EC 3BM. Pe3KO pa3JIH'llaIDTC.fI H nporpaMMHbie cpe;::i;cTaa, B TOM tIHC

ne .fI3bIKH o6meHH.fI t1epe3 TepMHHaJibl C MaWHHOH Toro HJIH HHOro THna. 

,no .. 1979 ro;::i;a ocHoBHhie BhI'llHCJIHTeJihHbie Mo~ocTH OIUU1 6bIJIH 

npe;::i;cTaaneHhI ;::i;ayM.R He3aBHCHMO pa6oTRBWHMH 6a3oBbIMH 3BM B3CM-6 

H CDC-6500; c 1981 ro;::i;a aae;::i;eHa a 3KcnnyaTaIJ;Hro 3BM EC-1060, a B 

1984 ro;::i;y :HHcTHTYT nonyt1HJI EC-1061. B3CM-6 B nepahie ro;::i;hI 3KCilJlya

TaIJ;HH 6bIJia OCHameHa TepMHHaJiaMH "BH;::i;eoTOH-340", Hanp.RMYlO nO)];KJilO

tieHHblMH K HeH C noMO~lO TenerpacpHbIX JIHHHH (tITO npHBO)];H11-0 K 3a

MeTHbIM TpaTaM BpeMeHH MRWHHbl Ha Henocpe;::i;CTBeHHOe ynpaaneHHe 

TepMHHaJiaMH npH npHeMe H BbI)];a'lle HHq>OpMRD;HH) • TepMHHaJibl o6cny:>KH

BaJIHCb nporpaMMHOH CHCTeMOH, He HMeBWeH y;::i;o6HblX cpe;::i;CTB pe;::i;aKTH

pOBaHH.fI TeKCTOB nporpaMM, BBO)];HMbIX nOJih30BaTeJieM C TepMHHaJia. 

OTCYTCTBHe TaKHX cpe;::i;CTB Ha coapeMeHHOM ypoaHe opraHH3RIJ;HH 

)];HaJiora C 3BM C'llHTaeTC.fI coaepweHHO He;::i;onycTHMbIM. Pa6oTa noJib30Ba

TeJI.fI npH BBO;::i;e nporpaMMbl c TepMHHaJia noxo:>Ka Ha pa6oTy MaWHHHCTKH: 

OH Ha6HpaeT Ha KJiaBHaType TeKCT caoeii nporpaMMbI, HanHCaHHOH t1ame 

acero Ha anropHTMH'lleCKOM .fI3bIKe <l>opTpaH, CTpoKa 3a CTpOKOH (tiaCTO He 

nOJih3Y.fICb npe;::i;aapHTeJihHOH 3anHChlO Ha 6yMare, a 3TO yaeJIH'llHBaeT aepo

.fITHOCTb one'llaTOK H OWH6oK). MawHHa )];OJiiKHa BocnpHHHMaTh 3TH CTpOKH 

H HaKailJIHBaTh B caoeii onepaTHBHOH HJIH BHewHeH )];HCKOBOH naM.RTH, 

o6pa3y.R "cpaiin". Ka)K)];a.R cTpoKa no Mepe Ha6opa oTo6pa:>KaeTc.R Ha 3KpaHe 

TepMHHana, H, eCJIH noJih30BaTeJih 3aMeTHJI one'llaTKY HJIH nponycK KaKOH-TO 

6yKBbI, OH )];OJI:>KeH HMeTh B03MOiKHOCTb ;::i;aTb MaWHHe npHKa3 Ha HCnpaane

HHe 3TOH onetiaTKH. no OKOH'llaHHH Ha6opa acero TeKCTa :>KeJiaTeJibH0 CH0Ba 

3anpoCHTb ero BbI)];atiy Ha 3KpaH, tIT06bI y6e;::i;HThC.fI, 'llTO MaWHHa npaBHJihHO 

B0CnpHH.fIJia ero H HeT co6cTBeHHblX OWH6oK. TIOJib30BaTeJib MO:>KeT o6Ha

py:>KHTb H0Bhie onet1aTKH, nponycK IJ;eJibIX CTpOK, MOiKeT B03HHKHYTb Heo6-

XO)];HMOCTb 3aMeHHTb KaKHe-To CTp0KH HJIH HCnOJih30BaHHOe B nporpaMMe 

o6o3HatieHHe, HanpHMep MaTpHIJ;bI A Ha MATR no aceMy TeKcTy q:>aHJia. 

TiporpaMMHa.R CHCTeMa B MaWHHe, opraHH3yromaH o6cny:>KHBaHHe TepMHHa

JIOB, )];OJliKHa yMeTb BblilOJIHHTb no;::i;o6Hbie HCnpaBJieHHH H 3aMeHbl no npo

CTbIM K0MaH)];aM noJih30BaTeJIH; HeJih3H 3aCTaBJI.fITb ero caMoro BbIHCKH

BaTh CTpOKH, B K0TOpbIX BCTpet1aeTCH o6o3Ha'lleHHe A, H npaBHTb HX, Xopo-

264 Wa.R CHCTeMa )];OJiiKHa noHHMaTb npHKa3 THna "3aMeHH o6o3HatieHHe A Ha 



o6o3HatJeHHe MATR no BCeMy TeKcTy cpaibrn" (mm B KaKoM-TO onpeAerreH

HOM AHana30He CTpOK). Y6eAHBl.llHCb B BHAHMOH npaBHJibHOCTH OTpeAaKTH

pOBaHHOro TeKCTa, nOJib30BaTeJib MO:lKeT AaTb MalllHHe npHKa3 (RUN) 

npoH3BeCTH npo6HbIH ctJeT no AaHHOMY BapHaHTY nporpaMMhI c BhIAatJeii 

Ha 3KpaH pe3yJihTaTOB 3TOro CtJeTa (npoMe:lKYTOtJHbIX H OKOHtJaTeJihHbIX). 

Ha OCHOBaHHH HX npOCMOTpa MO:lKeT B03HHKHYTb Heo6XOAI1MOCTb B AOnorr

HHTeJibHblX npaBKax TeKCTa nporpaMMbl. MalllHHa AOJI:lKHa coxpaHHTb Ba

pHaHTbl TeKCTa B CBOeM apXHBe Ha AHCKax HJIH MarHHTHblX rreHTax, noKa 

nOJib30BaTeJib He yKa:lKeT eii, tJTO KaKHe-To TeKCTbl eMy 60Jibl.lle He HY:lKHbl. 

EcrrH MHCTHTYT HMeeT pa3HOTHTIHbie 8BM (KaK B HallleM crrytJae), 

TO :lKeJiaTeJibHO HaytJHTb HX eAHHOMY AHaJieKTY H3bIKa 061.QeHHH C nOJib30Ba

TerreM npH npoBeAeHHH nOA06HbIX ceaHCOB CBH3H, tJTO H CTaJIO OAHOH H3 

HalllHX 3MatJ. YtJHTbIBaH TO o6CTOHTeJibCTBO, tJTO HaH60JiblllHH OTiblT AHa

rroroBOH pa6oTbI 6hm norrytJeH Ha 8BM CDC -6500, rAe cneu;HaJihHaH npo

rpaMMHaH CHCTeMa INTERCOM 111 o6crry:lKHBarra AHcnrreH H YAaJieHHbie 

rpynnOBbie CTaHu;HH BBOAa H BbIBOAa HH<popMau;HH H HMerra BCe cpeACTBa 

MH npoBeAeHHH onHCaHHbIX Bbil.lle ceaHC0B CBH3H, u;errecoo6pa3HO 6hIJIO 

B KatJeCTBe YHH<pHu;HpOBaHHoro H3bIKa AHaJIOra C pa3HOTHnHbIMH 8BM 

(B TOM tJHcrre B8CM-6 H EC 8BM) BhI6paTh H3hIK INTERCOM. )]jrn 
CDC-6500 ocTaBarrach, npa.BAa, Hepel.lleHHOH crreAyIOI.QaH npo6rreMa: ee 

o6opyAOBaHHe no3BOJIHJIO HCnOJib30BaTb He 6orree 16 TepMHHaJIOB, H B pe-

3YJibTaTe MHOrHe KpynHhie noApa3AerreHHH OM.HM norrytJHJIH AOCTyn K Ma-

1.llHHe JIHl.llb no OAHOH-ABYM JIHHHHM CBH3H. B 3TOM TIJiaHe eI.Qe xy:lKe o6CTOH

JIO Aerro c 8BM EC-1060, rAe B CTaHAapTHOM KOMTIJieKTe 6bIJIO norrytJeHo 

TOJibKO 4 TepMHHarra EC-7906, Hecnoco6HbIX pa6oTaTb Ha 6oJiblllOM pac

CTOHHHH OT 8BM. 

O6paTHM BHHMaHHe H eI.Qe Ha OAHO o6CTOHTeJibCTBO. B npHBeAeHHOM 

npHMepHOM onHcaHHH ceaHca CBH3H BCH pa6oTa Mal.llHHbl CKJIMbIBaeTCH, 

C OAHOH CTOpOHbI, H3 BBOAa, HaKonrreHHH B naMHTH H peAaKTHPOBaHHH TeK

CTOBOH HH<popMau;HH, a c Apyroii - H3 nepeBOAa no KoMaHAe RUN TeKcTo

Boro npeACTaBJieHH.R nporpaMMbl B MalllHHHOe H BblTIOJIHeHHH norrytJeHHOH 

nporpaMMbl. ITepBaH tJaCTb pa60Tbl HBJIHeTCH HenpOH3BOAHTeJibHOH TpaTOH 

BpeMeHH MOI.QHOH 8BM, c HeIO BnOJIHe MO:lKeT cnpaBJIHTbCH Ael.lleBaH H ·He-

6oJibllla.R MalllHHa, OCHaI.QeHHaH co6CTBeHHOH BHelllHeH naMHTblO AJIH xpaHe

HHH TeKCTOBblX <paHJIOB H coeAHHeHHaH KaHaJIOM CBH3H C rJiaBHbIMH 8BM. 

MMeHHO n03TOMY HaMH 6bIJia peaJIH30BaHa nOACHCTeMa KOJIJieKTHBHOro 

nOJib30BaHHH, npeACTaBJieHHa.R Ha pHCYHKe, KOTOpaH XOTH 6b1 tJaCTHtJHO 

no3BOJIHJia cnpaBHTbCH C npo6rreMaMH, OTMetJeHHblMH Bbil.lle/2-7/. 

EC-1010 C noMOI.QblO cneu;HaJibHO pa3pa6oTaHHoro MH Hee TeXHHtJe

CKoro H nporpaMMHoro o6ecnetJeHHH B3.RJia Ha ce6.R cpyHKI.l;HH HenocpeACT

BeHHoro o6crry:lKHBaHHH AOnOJIHHTeJibHOH rpynnbI H3 16 TepMHHaJIOB: Ha

KOnJieHH.R H peAaKTHpOBaHHH nocTynaIOI.QHX OT noJib30BaTerreii TeKCTOB, 

xpaHeHH.R H BbIAatJH Ha TepMHHaJibl pe3yJibTaTOB npOXO)I(AeHHH 3MatJ Ha 

6orrblllHX 8BM. OHa He BbITIOJIHHeT caMa KOMaHAbI THna RUN. TaK, ecrrH 265 



nporpaMMa HanpaamrnTCH ,n;nH BhITIOJIHemrn Ha B3CM-6, TO EC-1010 
roTOBHT 3a,n;aHHH B B11,D;e, noHHMaeMOM B3CM-6; MH 3Toro cpopTpaHHhIH 
TeKCT aBTOMaTWieCKH o6paMJIHeTCH ynpaBJIHIOIIJ;HMH .n;11peKTHBaMH, TIOHH
MaeMhIMH nporpaMMHhIM 06ecneqeH11eM B3CM-6. 3Ta me ManrnHa BhITIOJI
HHeT 11 u;eJihIH pH,n; .n;pyr11x KOMaH,D;, KOTOpbie, B qacTHOCTH, TIOMoraroT TIOJib-
30BaTeJIIO cne,n;HTb 3a npoxoiK,D;eHHeM ero 3a,n;aq11 Ha OCHOBHOH pacqeTHOH 
3BM. 

B3CM-6 

7-ii KaHan 

KoMMyTaTop 
Bbiq,MaIIIHH 

.[{HCKH 

TT T 

BnoK 

CBH3H 

TT 

MHKponpotiec
C0pHbIH 6JIOK 

CBH3H 

IlepcoHaJihHble 3BM 

CDC-6500 

DSC-6671 

KAMAK

K0MMyTaTop 

KM-001 

I 
TTTT 

BnoK-cxeMa TepMHHaJibHOH Il0,ll;CHCTeMbl K0JIJieKTHBH0r0 Il0Jih30BaHHH, 

,UnH EC-1060 3a,n;aqa pacurnpeHHH cpe,n;cTB .n;ocTyna K HeH qepe3 Tep
MHHaJihI TeXH11qecK11 peIUanacb no-,n;pyroMy. C OCBOeHHeM MHKponpou;ec-
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3BM H TepMHHaJI0B, B KatJeCTBe o,z:i;Hoii H3 nepBhIX peanH3an;Hii TaKHX B03· 
MO:lKIIOCTeii B JIBT A 6bm paapa6oTaH H BBe,z:i;eH B 3KcrmyaTan;mo nporpaMM
Ho-ynpaBmieMhIH TepMHHaJihHbIH K0HTpomrep .z:i;mr 16 TepMHHaJI0B, no.z:i;
KJIIOlleHHbIX qepe3 3T0T K0HTporrrrep K KaHarry EC-1060. rrraBHbIM ero K0H
CTPYKTHBHbIM 3JieMeHT0M CTaJia MHKpoMallIHHa C npoQeccopoM 
11HTEJI-8085A H co6CTBeHHOH naMHThIO ,ll;Jiff nporpaMM ynpaBJieHHH H ,z:i;aH
HhIX, nepenpaBrraeMhIX OT TepMHHaJI0B 6oJihllIOH MallIHHe H o6paTHO. iUHa

rror c noJih30BaTerreM no.z:i;.z:i;epiKHBanca c noM0II.J;hIO coa,z:i;aHHOH .z:i;rra EC 3BM 
nporpaMMHOH no,z:i;cHCTeMbI TERM, noHHMarorn;eii H3hIK INTERCOM. Ee 
B03M0:lKII0CTH, K0HellH0, JIHlllh B KaKOH·TO CTeneHH xapaKTepH3YIOTCff npH
Be,IJ;eHHbIM HaMH npHMepoM. TaK, cpe,z:i;cTBaMH TERM Mo:lKIIo BhI3BaTh 
C TepMHHaJia cnpaB0llHYIO CHCTeMy' K0Topaa BbIIl0JIHffeT crre.z:i;yrorn;He oc
H0BHbie cpyHKQHH: 

1. BbI,IJ;alla HH(pOpMaQHH no BCeM BbIIl0JIHffeMbIM B MallIHHe 3a,IJ;aHHffM 
H npoQe.z:i;ypaM (HanpHMep, BpeMH Hallana BbIIl0JIHeHHff Toro HJIH HHoro 3a
,ll;aHHH, o6'beM HCilOJih3yeMOH npH ero BbIIl0JIHeHHH naMHTH 3BM, BpeMa, 
0CTaBUieeca ,ll;0 3aBepllleHHff lllara 3a,IJ;aHHH,•XapaKTepHCTHKa HCil0Jih3yeMhIX 
BHell!HHX ycTpOHCTB H HHcpopMaQHOHHbIX cpaHJIOB) ' a TaKJKe ee BhI,IJ;alla Ha 
BHellIHHe ycTpOHCTBa. 

2. BbI,IJ;alla HHCTpyKQHH (MH HallHHaIOII.J;HX pa6oTaTh Ha EC-1060 
norrhaoBaTerreii, onepaTopoB; onHCaHHH cnoco6oB Hcnorrh30BaHHH caMoro 
TERM HJIH cneQHaJihHoro TeKCT0Boro pe,z:i;aKTopa TEXTA H T • .z:i;.) H 3KC
npecc-HHcpopMaQHH (HOBOCTH nporpaMMHoro o6ecnetJeHHH Ha Bcex 6aao
BhIX 3BM O11Hl1) . 

3. Bbl30B K0MilJieKca cpe,z:i;CTB ,ll;Jiff CHCTeMHoro nporpaMMHCTa; 
:::na B03M0:lKII0CTh npe,z:i;oCTaBJieHa ,ll;Jiff norryqeHHff HHcpopMaQHH 06 HCil0Jih-
30BaHHH QeHTpanbHoro npoQeccopa EC-1060, o pacnpe.z:i;erreHHH ee onepa
THBHOH naMHTH, pa6oTe ycTpOHCTB BB0,IJ;a•BblB0,IJ;a H T.,ll;. TaKJKe B paMKax 
TERM norrh30BaTerr10 .z:i;aeTca Ha6op no.z:i;nporpaMM, o6parn;aach K KoTophIM 
nocpe,z:i;CTB0M 6orree o6rn;HX cpopTpaHHbIX nporpaMM, OH caM M0iKeT opraHH-
30BaTh o6MeH HHcpopMaQHeH C HeCK0JihKHMH TepMHHaJiaMH. 

YKa3aHHblMH cnoco6aMH 6bIJI BHe,z:i;peH e,z:i;HHhlH ,ll;HaJIOrOBhIH ff3bIK 
o6rn;eHHH C 0CH0BHbIMH_ 3BM O11Hl1 (HanpaMyIO HJIH qepe3 nocpe,z:i;HHK0B 
THna EC-1010)' CHHTa C HHX llaCTh Harpy3KH H yBeJIHlleHo K0JIHlleCTB0 
TepMHHaJI0B, B TOM llHCJie HMeIOII.J;HX O,ll;HOBpeMeHHblH ,ll;0CTYil K pa3HbIM Ma
llIHHaM. 3TH paapa60TKH HallIJIH npHMeHeHHe H B .z:i;pyrHx HHCTHTyTax CTpaH
YllaCTHHQ. KoHetJHO, 3T0 JIHlllh qaCTHllH0e peUieHHe npo6rreMhl o6ecnetJeHHff 
3cpcpeKTHBHoro npaMoro ,ll;0CTyna K 3BM. TOT cpaKT, llT0 c CDC-6500 
CTaJia B03MO:lKIIOH pa6oTa C 31-ro TepMHHaJia BMeCT0 16, He y,ll;0BJieTB0pHJI 
peaJibHOH Il0Tpe6HOCTH no.z:i;paa.z:i;erreHHH 11HCTHTyTa. 11MeHHO Il03T0MY npH 
HallleM yqacTHH, C0CT0ffBllleM B C03,ll;aHHH Heo6xo,IJ;HMOro nporpaMMHoro 
o6ecnelleHHH, B Jia6opaTopHH a.z:i;epHbIX npo6rreM H OT,z:i;erre H0BbIX MeT0,ll;0B 
ycKopeHHH O11Hl1 6hma npoBe,z:i;eHa TeXHHllecKaa npopa6oTKa npoQecca HC
norrh3oBaHHH THnoBoro KAMAK-KoMMyTaTopa KM -001 c ynpaBJIHIOII.J;HM 
MHKponpoQeccopoM THna 11HTEJI-8080 .z:i;rra no,z:i;KJIIOlleHHH HeCK0JihKHX .z:i;o- 267 



norrHHTeJihHhIX TepMHHaJIOB i<: MYJihTHrrrrei<:copy CDC-6500 qepe3 o,ri;Hy 
BXOAHYIO JIHHHIO ( ce:0qac OH y:>Ke HaXOAHTCH B 31<:CnrryaTaQHH, CM.pHCyHoi<:) • 
Ha 6a3e c,z:i;erraHHoro npo.ri;yMhIBaIOTCH H HaqHHaIOT pa3pa6aTbIBaTbCH H APY· 
rHe cpe,ri;CTBa ,!J;JIH C03,!J;aHHH 6orree o6mei1 BblqHCJIHTeJibHOH ceTH. 

B o6ecneqeHHH ,z:i;ocTyna H cpe.ri;cTB .ri;Harrora norrh30BaTerrH c 3BM 
ecTb eme o,ri;Ha npo6rreMa: neperpy3i<:H 3BM H 3aMe,ri;rreHHe norryqeHHH OT 
Hee OTBeTOB, i<:or,z:i;a qpe3MepHO yBeJIHqHBaeTCH qlfCJIO noJih30BaTerreii, O,!J;HO
BpeMeHHO pa6oTaIOrn;Hx C TepMHHaJIOB' eCJIH 3TO TepMHHaJlbl npocTeH
rnero THna, Hecnoco6Hhie caMH BhIITOJIHHTh i<:ai<:yro-To pa6oTy, i<:poMe nepe
,z:i;aqH HJIH npHeMa TeI<:CTa. no 3TOH np11q11He ai<:TYaJibHblM CTaHOBHTCH npH
MeHeHHe "HHTerrrrei<:TyaJihHbIX TepMHHaJIOB ", I<:OTOpbie caMH no ce6e HB
JIHIOTCH MalllHHaMH, HO MaJiblMH, HHAHBHAYaJibHoro nOJib30BaHHH. ArrH 
ceTH, npe,ri;cTaBrreHHOH Ha p11cyH1<:e, 6hma npoBe.ri;eHa pa3pa6oTi<:a no MOHTa
:>Ky' no,ri;i<:rrroqeHHIO H nporpaMMHOMY CBH3HOMY o6ecneqeHHIO ,!J;JIH ABYX 
THnOB TaI<:HX nepCOHaJibHbIX 3BM-TepMHHaJIOB: nepBblH 6bIJI yi<:oMrrrrei<:To
BaH Ha 6a3e cepHHHoro ,z:i;11crrrre:0Horo Bb1qHcrr11TerrhHoro i<:oMrrrrei<:ca L(BK-1, 
,z:i;onorrHeHHOro r116I<:HM AHCI<:OM H MaTpHqHOH neqaTbIO, a B J<:aqecTBe BTO
poro HcnoJih30BaHa HnoHCI<:aH ycTaHoBi<:a CANON c MHi<:ponpoQeccopoM, 
o6'beMOM onepaTHBHOH naMHTH 64 i<:6aHT, Hai<:onHTeJIHMH Ha AHC
i<:ax, ,z:i;11cnrreeM, neqaTbro H rpacponocTpo11rerreM. 3To y:>Ke HaCT0Hrn;He 
pa6oq11e CTaHQHH ,!J;JIH He6orrhlllHX rpynn nOJib30BaTerrei1 C co6CTBeHHbIMH 
cpe,ri;cTBaMH AJIH perneHHH He6orrhrnHx 3a,z:i;aq. Tio,ri;i<:rrroqeHHe i<: ceTH cymecr
BeHHO pacrnHpHeT HX B03MO:>KHOCTH: B TeX crryqaJix, i<:or,z:i;a 3a,z:i;aqa CJIHlllI<:0M 
Tpy,z:i;oeMI<:a AJIH aBTOHOMHoro perneHHH, M0:>KHO o6paTHTbCH no JIHHHH CBH3H 
I<: OAHOH H3 60JiblllHX MalllHH. EcrecTBeHHO, qTo HY:>KHa opraHH3aQHH o6MeHa 
HHq>OpMaQHeH Me)K,!J;y ,!J;HCI<:OBblM apXHBHbIM X03HHCTBOM nepcoHaJibHOH 
3BM 11 BHelllHeH naMHTbIO 6oJihlllHX MalllHH HJIH HX nocpe.ri;HHI<:a ( CM. pH
cyHoi<:). Tio3TOMY nocrre no,ri;i<:rrroqeHHH MOAHq>HQHPOBaHHoro L(BK-1 H ycrn
HOBOI<: CANON HX BHyTpeHHee nporpaMMHoe o6ecneqeHHe 6hmo pacrnHpeHo 
Heo6xo,ri;HMblMH nporpaMMaMH AJIH. no,z:i;o6HOH nepei<:aqJ<:H cpaHJIOB. 

Tipo6rreMa lllHpoi<:oro BHe,ri;peHHH xoporno OCHarn;eHHblX TepMHHaJIOB 
THna nepcoHaJibHbIX 3BM, BI<:JIIOqeHHbIX B o6myro BblqHcJIHTeJibHYIO CeTb 
11HCTHTyTa, o6'be,!J;HHHIOll.J;YIO TepMHHaJibl H MalllHHbl 11 npe,ri;oCTaBJIHIOrn;yro 
n0Jib30BaTeJIHM YHHq>HQHpOBaHHbie ,!J;HarrorOBbie cpe,ri;CTBa H H3bII<:H npo
rpaMMHp0BaHHH, - BOT QeJih, Ha rryTH I<: !(OTOpOH c,z:i;erraH nepBblH war, 
0 I<:OTOpOM pacci<:a3aHo B AaHHOH CTaThe. 
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HETTPEPhlBHhlM AHAnor METO~A HbIDTOHA 

B HEflMHEMHhlX 3A~AqAX 

MATEMATMqECKOM ~M3MKM 

E.IVKH,ll,KOB, nporjjeccop 

11ccne,n;oaamuo HemmeHHbIX 3a,n;aq MaTeMani:qecKOH q>H3HKH a rrocne,n;

HHe ro,n;bI BO aceM MHpe y,n;emieTCH 60JihlllOe BHHMaHHe. Ilpe)K)];e acero 

3T0 BbI3BaH0 TeM, qTo MaTeMaT0:qec1<:0:e M0,D;eJIH, C II0M0UJ;hIO K0T0pbIX rrpH

X0,D;HTCH 0:3yqaTh pa3JIHgttbie q>H3HqecKHe HBJieHHH (H He T0JihK0 q>H3Hqe

CKHe) , coaepllleHCTBYIOTCH 0: ycJio:>KHHIOTCH c QeJibIO 6onee a,n;eKBaTHoro 

oIIHCaHHH Ilp0:po,n;b1. JlHHeiiHhie MaTeMaT0:qec1<:0:e Mo,n;en:0 qacTo Y*e He 

ycTpaHBaIOT HCCJie,n;oaaTeneii, TaK KaK 0HH He MoryT 0IIHCaTh rropoii caMbIX 

Ba)l(HbIX ( orrpe,n;eJIHIOUJ;HX) CBOHCTB 0:3yqaeMoro 06-beKTa. IlpHHQHII cyrrep

II03HQHH, HCIIOJih3yeMbIH B JIHHeHHbIX M0,D;eJIHX, B HeJIHHeHHbIX M0,D;eJIHX 

M0iI<eT rrpHBeCTH K HeaepHbIM JIH6o rpy6bIM pe3yJibTaTaM. IloHBHJiaCb Heo6-

X0,D;HM0CTb BMeCT0 Tpa.n;HQH0HHbIX MaTeMaT0:qeCKHX MeT0,D;0B, rrpHMeHHe

MbIX B JIHHeHHbIX M0,D;eJIHX, C03,n;aaaTh H0Bbie KaK aHaJIHTHqecKHe, TaK 

H q0:cneHHbie MeT0,D;bl pellleHHH HeJIHHeHHbIX 3a,n;aq. 

C ,n;pyroii CT0p0HbI, 6ypHoe pa3BHTHe BblqHCJIHTeJibHOH TeXHHKH 

B rrocneaoeHHbie ro,n;bI ,nano B PYKH HCCJie,n;oaaTeJIH MOUJ;HblH HHCTpyMeHT, 

C II0M0UJ;bIO K0Toporo y,n;aeTCH pa3pa6oTaHHbie BbiqHCJIHTeJibHbie MeT0,D;bl 

pellleHHH CJI0iI<HbIX HeJIHHeHHblX 3a,n;aq rrpHMeHHTh Ha rrpaKTHKe H HCCJie,n;ye

Mbie 3a,n;aq0: ,D;0B0,D;HTh ,n;o q0:cneHHblX ,D;aHHbIX. PaHbllle TaKHe MeT0,D;bl rrpaK

THqeCKH He M0rJIH 6bITh HCII0Jih30BaHbl H3-3a 6oJihlllOro o6neMa BblqHCJIH

TeJihHOH pa6oThI. 

TaKHM o6pa30M, pa3BHTHe BblqHCJIHTeJibHOH TeXHHKH crroco6cTBOBa

JI0 6ypHOMY pa3BHTHIO MeT0,D;0B pellleHHH HeJIHHeHHbIX 3a,n;aq MaTeMaTHqe

CKOH cpH3HKH c 0:crronh30BaHHeM 3BM. 
B O11Hl1 6oJihlllHHCTBO 3a,n;aq, rro,n;,n;arom;HXCH MaTeMaT0:qecK0My M0-

,n;enHpoaaHHIO, HBJIHIOTCH HeJIHHeHHbIMH. Ilo3TOMY ecTeCTBeHH0, qTo HCCJie

,n;oaaHHIO HeJIHHeHHbIX 3a,n;aq B 11HCTHTyTe KaK B TeopeTU\JeCK0M, TaK 

H B BbiqHCJIHTeJibH0M acrreKTe acer,n;a y,n;eJIHJI0Ch cepbe3H0e BHHMaHHe. 

3a,n;aq0: TeopeT0:qecKOH q>H3HKH, C03,D;aHHH KPYIIHblX q>H3HqecKHX ycTaH0B0K 

(ycKqpHTeJIH, peaKTOpbI)' o6pa6oTKH 3KCrrepHMeHTaJihHbIX ,n;aHHbIX IlpHB0-
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HCCJie,D;OBaHIUI KOTOpbIX H pa3pa6aTblBaJIHCb HOBbie aHaJIHTHqec:i<:He H BbJqHc

JIHTeJibHbie MeTO.D;bl. 

3.n;ecb Mbl ocTaHOBHMC.R JIHlllb Ha O.D;HOM no.n;xo.n;e :i<: perneHHIO HeJIH

HeHHbIX 3a.n;aq MaTeMaTHqec:i<:oH <pH3HKH - HenpepbIBHOM aHanore MeTo.n;a 

HblOTOHa. 3TOT MeTO.D; pa3BHBaeTC.R MaTeMaTHKaMH O11.HH Ha npoT.R:>KeHHH 

MHOrHX neT H y:>Ke ycnernHo npHMeHeH K lllHpOKOMY :i<:pyry HeJIHHeHHbIX 

3a.n;aq, CB.R3aHHbIX C npo6neMaTHKOH 11HCTHTyTa. ,Upyroif npHqHHOH, no6y

.D;HBllleH onHCaTb B HaCTO.Rill;eH CTaThe HMeHHO 3TOT MeTo.n;, .RBJI.ReTC.R ero 

6oJihIIIa.R YHHBepcanbHOCTb. Ha ero OCHOBe ner:i<:o nonyqaroTC.R qHcJieHHbie 

MeTO.D;bI .n;n.R pellleHH.R lllHpo:i<:oro cne:i<:Tpa HeJIHHeHHhIX 3a.n;aq Ha 3BM. 

B HaCTO.Rw;ee BpeM.R xoporno H3BeCTHO, qTo qHcJieHHbie MeTO.D;bl .RBJI.RIOTC.R 

Ha.H6onee 3cpcpeKTHBHbIMH npH perneHHH CJIO'.>KHbIX 3a.n;aq cpH3HKH. 

qaCTO pellleHHe 3a.n;aqH qHCJieHHbIM MeTO.D;OM C HCnOJib30BaHHeM 3BM 

.RBJI.ReTC.R e.n;HHCTBeHHOH B03MO'.>KHOCTblO .n;oBeCTH HCCJie.n;oBaHHe .n;o qHCJieH

HbIX pe3yJihTaTOB. A.HaJIHTHqec:i<:He MeTO.D;bl xopOIIIH JIHIIIb npH HCCJie.n;oBa

HHH npOCTblX MaTeMaT~eCKHX Mo.n;enefi. IIepefi.n;eM Tenepb K OnHCaHHIO 

HenpepbIBHoro aHanora MeTo.n;a HblOTOHa H ero npHMeHeHHIO B HeJIHHeH:HbIX 

3a,D;aqax MaTeMaTHqeCKOH <pH3HKH, onyc:i<:a.R .n;eTaJIH. 

11TaK, nycTb Tpe6yeTC.R pelllHTb HeJIHHeHHOe ypaBHeHHe 

¢(x) = 0, (1) 

r.n;e HeJIHHeHHbIH onepaTop y = ¢ (x) oTo6pa:>KaeT npocTpaHCTBO BaHaxa 

X(x G- X) B 6aHaXOBO npocTpaHCTBO Y (y ~ Y). ,UpyrHMH CJIOBaMH, Tpe6y

eTC.R HaHTH TaKHe 3JieMeHTbl X * ~ X, KOTOpbie nepeBO.D;.RTC.R onepaTOpOM 

¢(x) B HyneBOH 3JieMeHT npocTpaHCTBa Y. 
YpaBHeHHe (1) onHCbIBaeT oqeHh lllHpOKHH Knacc HeJIHHeHHbIX 

ypaBHeHHH MaTeMaTHqec:i<:oii cpH3HKH. ECJIH l'OBOPHTb JIHlllb O 3a.n;aqax 

3KcnepHMeHTaJibHOH H TeopeTHqeCKOH cpH3HKH, TO ypaBHeHHeM (1) MO'.>KHO 

onHcaTh MarHHTHbie nOJI.R B yc:i<:OpHTeJI.RX H .n;pyrHx :i<:pynHbIX cpH3HqeCKHX 

ycTaHOBKax, TpaeKTOPHH 3ap.R:>KeHHbIX qaCTHU: B yc:i<:opHTeJI.RX. 3To H ypaB

HeHH.R qy - Jloy, H o6paTHa.R 3a.n;aqa TeopHH pacce.RHH.R, H 3a.n;aqa Ha co6cT

BeHHhJe 3HaqeHH.R .n;n.R ypaBHeHHH THna ypaBHeHHH Illpe.n;HHrepa, H ew;e u;e

JihIH p.R.n; .n;pyrHX 3a.n;aq, nepeqHcneHHe KOTOpbIX 3aH.RJIO 6bI CJIHlllKOM MHOro 

MeCTa. 

B .D;aJibHeiillleM Mbl onHllleM MeTo.n; pellleHH.R ypaBHeHH.R, HOC.Rill;HH 

Ha3BaHHe HenpepbIBHoro aHanora MeTo.n;a Hb10T0Ha • 

.ll:n.R pellleHH.R ypaBHeHH.R (1) npHMeHHM MeTo.n; BBe.n;eHH.R .n;onoJIHH

TeJibHOrO HenpepbIBHoro napaMeTpa t , H3MeH.RIOw;eroc.R B HHTepBane 

0 $. t < + ""· IlOJib3Y.RCb cpH3HqeCKOH TepMHHOJIOrHeii, Mbl XOTHM "cTa

U:HOHapHyIO" 3a,D;aqy (1) 3aMeHHTb "3BOJIIOI.J;HOHHOH" 3a.n;aqeii, npHqeM pOJib 

"BpeMeHH" 6y.n;eT HrpaTh .n;onoJIHHTeJihHbIH napaMeTp t • 

Mo:>KHO 6ecqHCJieHHbIM MHO:>KeCTBOM cnoco6oB BBO.D;HTb napaMeTp t . 
Cyw;ecTBeHHO JIHIIIb Tpe6oBaHHe, qTo6bI B npou;ecce "3BOJIIOI.J;HH" (npH 

t ➔ + 00) X (t) HMeJIO npe.n;en X *' .RBJI.RIOill;HHC.R pellleHHeM ypaBHeHH.R (1) . 
11TaK, Mbl npe.n;nOJIO'.>KHM, qTo X ~x 3aBHCHT OT HeoTpHu;aTeJibHOro Bew;ecT- 271 



272 

aeHHoro napaMeTpa t TaKHM o6pa30M, qTo YAOB!IeTBopHeTCH ,ll;H<pq>epeH
LU'fa!IhHOe yprumeHHe 

dcj{x(tll_ 
dt = - cp[x(t)] (2) 

H!IH 

cp'(x) dd\t) = - cp(x). 

YpaaHeHHe (3) nepenmneM a BH,ll;e 

~ = _ ¢'(x)-1 ¢ (x), 
dt 

(3) 

(4) 

r,D;e ¢'(x) - npoH3BO,ll;HaH <l>pellle onepaTopa cp(x), npe,D;cTaa11H10maH co-
6oi% nHHeHHhIH onepaTop, ,1J;eHCTay10m11ft H3 X B Y. Ec1111 orpaHHqHThCH 
cnyqaeM, Kor,D;a y = ¢ (x) - q>yHKLU'fH o,D;HOH aemecTBeHHOH nepeMeHHOH, 
TO cp (x) - 06h1qHaH npOH3BO,ll;HaH q>yHKUHH y = ¢(x). Bbipa:>KeHHe (4) 
npe,D;cTaanHeT co6oi% ,D;Hq>q>epeHLU'fMhHoe ypaaHeHHe B npocTpaHCTBe Batta
xa X. 

3a,D;a,D;HM ,ll;!IH 3Toro ypaaHeHHH HaqanhHoe yc11oa11e 

x(t) I t=O = xo. (5) 

Bbipa:>KeHHH ( 4) , ( 5) npe,D;CTaB!I.fIIOT co6oi% 3a,D;aqy KolllH ,ll;!IH a6cTpaKTHOro 
,ll;Hq>q>epeHQHa!IhHOro ypaaHeHHH. BMeCTO ypaBHeHHH (1) Mbl 11 6y,D;eM pac
CMaTpHBaTh 3a,D;aqy KolllH ( 4) ' ( 5) . Ero OilHCbIBaeTCH HeKOTOpbIH "3B01IIO
UHOHHbIH" npouecc X = X (t)' Xo HrpaeT PO!Ih Haqanhli:oro np1161111:>KeHHH 
pellleHHH ypaaHeHHH (1). YKa3aHHblH cnoco6 BBe,D;eHliH ,ll;OilO!IHHTe!IhHOro 
napaMeTpa t xapaKTep113yeT HenpepbIBHblH aHanor MeTo,D;a HhlOTOHa 11· 41 . 

3a,D;aqa ( 4) , ( 5) HMeeT nepBblH HHTerpan 

-t ¢[x(t)] = ¢(x
0

~ , (6) 

H3 KOToporo cpa3y cne,D;yeT, qTo 

lim 11¢(x(t))II = O. (7) 
t ➔ +oo 

B cnyqae q>yHKUHH O,ll;HOH aemecTaeHHoif nepeMeHHOH 3HaK HopMbI cne,D;yeT 
3aMeHHTh Ha 3HaK MOAYJIH, 11 MbI 6y,D;eM HMeTh 

lim 1¢(x (t)) I = O. (8) 
t ➔+oo 

ECJIH cymecTByeT npe,D;eJI lim X (t) = X *' TO H3 Bbipa:>KeHHH (7) HJIH (8) 
t ➔ +oo 

HCHO, qTo x * HBJIHeTCH KOpHeM ypaaHeHHH (1). 

.. 



3THM 0ITpaB.ZWH0 0III-ICaHH0e BBe.n;eHHe .D;0IT0JIHHTeJibH0r0 ITapaMeTpa, 

xapaKTepH3yromee HeITpepbIBHhIH aaanor MeTo.n;a HbroToHa. K:0He1mo, 3.n;ecb 

HeT B03M0)KH0CTH ITPHB0.D;HTb CTp0rHe YTBep?K.n;eHHH 0 CX0.D;HM0CTH MeTo.z:i;a • 

.[(rrH CX0.D;HM0CTH Tpe6yeTCH HaKJia,!J;hIBaTb HeK0T0pbie ycJI0BHH Ha 0ITepaTop 

¢(x), era ITP0H3B0.D;HYIO rf,'(x), HaqaJibH0e 3HaqeHHe X o• OT BblII0JIHeHHH 

K0T0pblX cymecTBeHH0 3aBHCHT CX0.D;HM0CTb MeTo.n;a. KpoMe Toro, ypaaHe

HHe (1) M0?KeT aoo6me He HMeTb perneHHH HJIH HMeTb HeCK0JibK0 perneHHH. 

OKa3brnaeTcH, ITPH TeopeTHqecKHx paccMoTpeHHHX HeITpephrnHoro aHanora 

MeTo.n;a HbIOTOHa y.n;aeTCH IT0JiyqHTb He oqeHb o6peMeHHTeJibHbie ycJI0BHH Ha 

0ITepaTop cf, (x) H HaqanbH0e ycnoBHe Xo. npH K0T0pbIX M0?KH0 rapaHTHpo

BaTb KaK cymecTB0BaHHe perneHHH ypaBHeHHH (1) , TaK H CX0.D;HM0CTb K He

MY 0IIHCaHHoro MeTo.n;a. Oco6eHHO Ba?KH0, qTo cymecTB0BaHHe perneHHH 

H CX0.D;HM0CTb K HeMy HeITpepbIBHoro aaanora MeTo.n;a HbIOTOHa M0?KH0 yc

TaH0BHTb .D;JIH llIHP0K0ro Kpyra 3a,z:i;aq <pH3HKH, HrparomHx Ba?KHyro P0Jib 

a Hccne.n;oaaHHHX, ITpoao.n;HMhIX a OM.RM. 
<l>opMaJibHO OITHCaHHbIH MeTo,z:i; IT03B0JIHeT 3aMeHHTb ypaaHeHHe (1) 

3BOJIIO[(HOHHOH 3a,z:i;aqeif C HaqaJibHbIM ycJI0BHeM ( 4) - ( 5) . OKa3bIBaeTCH, 

3B0JIIO[(H0HHbie 3a,z:i;aqH B KaKoM-T0 CMbICJie ITpome, qeM CTa[(H0HapHble • 

.[(rrH .D;0CTaToqHo CJI0?KHbIX MaTeMaTHqecKHX MO,z:i;eneif HBJieHHH <pH3H

KH 3a,z:i;aqa KollIH ( 4) - ( 5) ' TaK ?Ke, KaK H 3a,z:i;aqa (1) ' He IT0.n;,n;aeTCH TQqHoMy 

perneHHIO, H IT0HBJIHeTCH Heo6xo.n;HMOCTb ee qlfcJieHHoro perneHHH c HCIT0Jib-

30BaHHeM 3BM. 

3.n;ecb H ITP0HBJIHeTCH ITpeHMymeCTB0 "3BOJIIO[(HOHHOH" 3a,z:i;aqlf 

(4)-(5) ITepe.n; "cTa[(HoHapHoif" 3a,z:i;aqeif (1). ,lvIH Toro qT06h1 .n;HcKpem-

3HpoaaTh 3a,z:i;aqy ( 4) - ( 5) ' BbI6epeM HeKOTOpbIH He6oJibllIOH mar r ITO ITe

peMeHHOH t. CqmaJI, qTo Ha ITpoMe?KyTKe .D;JIHHbl r rf,(x(t)) H cf, '(x(t))-1 
MaJI0 MeHHIOTCH, Mbl M0?KeM pernaTb 3a,z:i;aqy ( 4 )- ( 5) ' .D;BHraHCb He6oJibllIH

MH rnaraMH r ITO ITepeMeHHOH t : . 

(9) 

<l>opMyJihl (9) 0mICbIBaIOT MeTo.n; 3ifnepa ITpH6JIH?KeHHoro perneHHH 3ap;aqlf 

(4)-(5). Mo?KHO ITpe.n;no?KHTb pH,z:i; .n;pyrHX, 6onee TQqHbIX, ,D;HCKpeTH3a[(HH 

3ap;aq!f ( 4) - ( 5) . 
MeTo,!J;bI perneHHH 3a,n;aqH KornH .n;nH .n;mpcpepeHQHaJibHhIX ypaaHeHHH 

.n;ocTaToqHo xoporno pa3pa6oTaHhI, H aMecTo cxeMhI 3unepa (9) Mo?KeM 

HCIT0Jib30BaTb JII06oif .n;pyroif MeTo.n; ITpH6JIH?KeHHOro perneHHH .n;HcpcpepeH

[(HaJibHblX ypaaHeHHH. Ba)KHOH oco6eHHOCTbIO 6oJibllIHHCTBa 3THX MeT0,!J;0B 

HBJIHeTCH TO, qTo 0HH o6na,z:i;aroT BblCOKOH TQqHQCTbIO, a IT0BbillleHHe Toq

H0CTH ITpH6JIH?KeHHoro perneHHH He Tpe6yeT HHKaKHX HHTeJIJieKTyaJibHbIX 

YCHJIHH. Bee .n;eno CB0.D;HTCH K yMeHbllleHHIO rnara HHTerpHp0BaHHH r, qTo 273 



He oTpa:>KaeTcH ;::i;a:>Ke Ha rrporpaMMe, HarrncaHHOH mrn 3BM, a anetJeT 3a co-

6oi! yaem:1qemi:e 3aTpallHBaeMoro MaurnHHoro apeMeHH H rraMHTH 3BM. IlpH 

.11CIIOJib30BaHHH ;::i;pyrHX MeTO,Il;OB pellleHHH HeJIHHeHHbIX 3a,D;all tJaCTO Ka:>K

,D;bIH cne;::i;yrorn;HH :narr, IIOBhllllaIOlll;HH TOllHOCTb pellleHHH 3a,D;atJH, Tpe6yeT 

Tpy;::i;oeMKOH TBOplleCKOH pa6oThl. HarrpHMep, rrpH HCIIOJib30BaHHH MeTO,D;a 

TeopHH ao3Myrn;eHHH rronytJeHHe Ka:>K,D;oro cne;::i;yrorn;ero rrpH6JIH:>KeHHH o6hill

HO CBH3aHO C 6oJihlll.11Ml1 TPYAHOCTHM.11. 

KaK y:>Ke OTMetJaJIOCb, OilliCaHHhlH MeTO,D; 6bIJI ycrrelllHO rrpHMeHeH 

B u;eJIOM pH;::i;e HeJIHHeHHbIX 3a,D;all 3KCrrepHMeHTaJibHOH l1 TeopeTHlleCKOH qrn-
3HKH. EhIJI.11 pellleHbl 3a,D;alll1 TeopH.11 ycKOPHTeJieiI: paclleT IIOBTOpHO-q>OKY· 

CHpyrorn;Hx CHCTeM TpaHCIIOpTHpOBKH l1 q>OpMbl 3JieKTpOHHOro KOJibu;a BO 

BHelllHeM MarHHTHOM rrone, HCCJie,D;oBaHHe op6HT 3apH:>KeHHbIX llaCTHl.l; 

a CHHxpoq>a3oTpoHe OHHH, orrpe;::i;eneHHe rrapaMeTpoa MarHHTHOH CHCTeMhI 

,D;JIH C03,D;aHHH O,D;HOpO,D;Horo MarH.11THoro IIOJIH l1 T.rr. 

,n:pyroil KJiacc 3a,D;all, pelllaeMbIX OIIHCaHHhIM MeTO,D;OM, OTHOCHTCH 

K TeopeTHlleCKOH q>H3HKe. 3To llHCJieHHOe pellleHHe 3a;::i;aq Ha co6CTBeHHbie 

3HatJeHHH ,D;JIH HHTerpo;::i;.11q>q>epeHu;.11aJibHblX ypaaHeHHH B TeopHH H,D;pa, 

llHCJieHHOe pellleHHe o6paTHOH 3a,D;alll1 TeopHH pacceHHHH, HCCJie,D;oaaHHe 

ypaaHeHHH Jloy, aHaJIH3 crreKTpaJibHhIX 3a,D;all B MaTeMaTHlleCKHX MO,D;eJIHX 

MIOOHHoro KaTaJIH3a l1 T.II. qTO KacaeTCH o6paTHOH 3a,D;atJH TeopHH pacceH

HHH, TO OHa OTHOCHTCH K KJiaccy TaK Ha3hIBaeMbIX HeKoppeKTHbIX sa;::i;aq, 

.il:JIH ee HCCJie,D;OBaHHH HapH,D;y C HerrpepbIBHbIM aHaJIOrOM MeTo,D;a HhIOTOHa 

HCIIOJib3yeTCH MeTO,D; THXOHOBa pellleHHH HeKoppeKTHO IIOCTaBJieHHbIX 3a

,D;all. 

3;::i;ecb rrepellHCJieH ;::i;aneKo He 11.0JIHhIH rrepelleHb HeJIHHeHHbIX 3a,D;all 

MaTeMaTHlleCKOH q>H3HKH, ,D;JIH pellleHHH KOTOpbIX MO:>KHO ycrrelllHO IIpHMe

H.11Tb HerrpepbIBHhIH aHanor MeTo;::i;a HhIOToHa. OcHOBHOH BKJia;::i; a pa3pa6oT

KY H pa3BHTHe HerrpephIBHoro aHanora MeTo;::i;a HhIOTOHa BHeCJIH H.B.Ily3hI

H.11H, E.X.XpHCTOB, E.H.XopoMCKHH H aaTop 3THX cTpoK. 
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CMHXPO~A30TPOH KAK YCKOPMTEnb 

PEnHTMBMCTCKMX H~EP, 

Ero ~AnbHEttlliEE PA3BMTME 

H.H.CEMEH/OfilKHH, 1ea1-1,dudaT ¢uau1eo-MaTeMaTw1ec1<:ux 1-1,ay,c 

JI.I'.MAKAPOB, 1ea1-1,dudaT TexHul.lec1<:ux 1-1,ay,c 

H.A.filEJIAEB, do1<:TOp Tex1-1,ul.lec1eux 1-1,ay,c 

B 1944 ro,ri:y BhIAaIOU(HHCH coBeTCKHH yqeHbIH aKa,ri:eMHK B.11.BeK

cnep ccpopMyJIHpOBaJI npHHIJ;HTI aBTOcpa3HpOBKH npH ycKopeHHH 3apH:>KeH

HbIX qacTm~ B IJ;HKJIHqecKHX pe3oHaHCHhIX ycKopHTeJIHX. 3To HCKmoqHTeJib

Hoe no 3HaqHMOCTH OTKpbITHe CHHJIO orpaHHqeHHe Ha nonyqeHHe peJIHTH

BHCTCKHX qacTHIJ; B na6opaTopHbIX ycJIOBHHX H TIOCJIY:>KHJIO OCHOBOH AJIH 

C03.D:aHHH MHOrHX TIOKOJieHHH YHHKaJibHbIX q>H3HqeCKHX npH6opoB -

ycKOpHTeJiett 3apH:>KeHHbIX qacTHIJ; - OCHOBHblX HHCTpyMeHTOB AJIH HCCJie

AOBaHHH cTpyKTYPhI MaTepHH. 

Bcero TPH ro,ri:a, Ho KaKHX TPYAHhIX AJIH Harnett CTpaHhI, npoxo,ri:HT 

nocne OTKpbITHH npHHIJ;Hna aBTocpa3HpOBKH, a B.M.BeKcnep H He6onhIIIOtt 

KOJIJieKTHB yqeHblX H HH:>KeHepoB <l>MAH y:>Ke 3aBeprnaIOT pa60TbI, COBeprneH 

HaCTOHIIJ;HH HayqHblll TIOABHr - BnepBbie B MHpe 3apa6oTaJI ycKopHTeJih, 

C03.D:aHHblH Ha OCHOBe HOBoro npHHIJ;Hna, - ::meKTpOHHblll CHHxpo'rpoH Ha 

3HeprHIO 35 M3B. A erue qepe3 ,ri:Ba ro,ri:a (HeBH.D:aHHhIH TeMn!) 3anymeil 

3JieKTpOHHblH CHHXpOTpOH Ha 250 M3B, Ha KOTOpOM 6bIJIO OTKpbITO q>OTO

po:>K,ri:eHHe Me30HOB H TIOJIO:>KeHo Haqano HCCJie,ri:oBaHHHM Ha ycKopHTeJIHX 

B o6JiaCTH 3JieKTpOMarHHTHbIX B3aHMO.D:ettCTBHH 3JieMeHTapHbIX qacTHIJ; 

H H,ri:ep. CepHH 3JieKTpOHHbIX ycKopHTeneu, co3,ri:aHHaH B.M.BeKcnepoM, 

TI03BOJIHJia npHCTYTIHTb K pa3pa6oTKe npoeKTa CHHXpocpa30TpOHa Ha 3Hep

rHIO npOTOHOB 10 r3B. 

LJ:y6HeHCKHH CHHXpocpa30TpOH, C03,ri:aHHblH no,ri: PYKOBO.D:CTBOM 

B.M.BeKCJiepa, B 50-e ro,ri:hI 6hIJI KpyTIHettIIIHM npOTOHHbIM ycKOpHTeJieM. 

HecMoTpH Ha To, qTo nocne 3anycKa ycKopHTeJIH npornno noqTH 30 neT, 

H cero,ri:HH B pacnopH:>KeHHH 3KcnepHMeHTaTopoB HMeIOTCH YHHKaJibHbie 

nyqKH qacTHIJ;. 3To CTaJIO B03MO:>KHbIM nocne BblXO,ri:a CHHXpocpa3oTpoHa 

B Haqane 70-x ro,ri:oB B He OCBOeHHblll paHee 3HepreTHqecKHH .D:Hana30H ycKo- 277 



peHHbIX H)J,ep. IlOHBHJHICb 3KCrrepH:MeHTa.JibHbie B03MO)KHOCTH )J.nR 6bICTporo 

pa3BHTHH HCCne,lJ,oBaHHH B HOBOM HayqHoM HarrpaaneHHH: - penHTHBHCTCKOH 

H,lJ,epHOH <pH3HKe, B CTaHOBneHH:11 KOTOpOH OCHOBOIIonararoIIJ;yIO ponh Cbirpa

n11 pa6oThI aKa,1J,eM11Ka A.M.Ea.JI,lJ,HHa. 

OTKpbITl1e B ,l],y6He KyMynHTl1BHoro 3<p<peKTa B H)J,epHbIX peaKI.J;l1HX, 

B03MO)KHOCTb 113yqeHHH CBOHCTB KBapKOBOH MaTepHH, rrpOHBnHIOIIJ;HXCH 

rrp11 3Hepr11H 3,5 r3B/HyKnOH (o6nacTb rrpe,l1,enbHOH cpparMeHTaI.1;1111 H,l1,ep)' 

IIOCTaB11no CHHXpocpa3oTpOH 6onee qeM Ha 10 neT B l1CKnroq11TenhHOe rrono

:lKeH11e e,1J,11HcTaeHHoro B MHpe ycKop11TenH, 06na,1J,aroIIJ;ero 3Hepr11e0: rryqKoB 

H)J,ep Bblllle 3TOH rpaH11I.J;bl, 

Ilocne rronyqeH11H B cHHxpocpa3oTpoHe ycKopeHHoro rryqKa ,1J,ei:'upo

HOB 6hmo )J,OKa3aHo, qTo HeT rrp11HU:11IIHa.JibHbIX rrpo6neM )J,nR ycKopeH11H 

11 6onee TH:lKenhIX H,l1,ep. O,lJ,HaKO )J.nR pea.Jil13au;1111· TaKl1X B03MO:lKHOCTeH 

Heo6xo)J,HMO 6hmo pellll1Tb pH)], cnO)KHbIX cpH311qecKHX 11 HH:lKeHepHo-TeXHH

qecK11x 3a,1J,aq, rnaaHhie 113 HHX - rronyqeH11e Ha 11H:lKeKTope ,lJ,OCTaToqHo HH

TeHc11aHh1x rryqKOB H)J,ep 11 ycKopeH11e H,lJ,epHbIX rryqKoB Ha CHHXpocpa30-

TpOHe. 

· 11H:lKeKTop cHHxpocpa3oTpoHa - nHHettHhIH ycKopHTenb JIY-20 paccq11-

TaH Ha rronyqeH11e rrpoTOHOB c 3Hepr11e0: 20 M3B. Ero ycKopHIOIIJ;aH CTPYKTY

pa, B rrp11Hu;11rre, MO:lKeT 06ecrreq11Tb 11 ycKopeHH:e H)J,ep, ecn11 11X CKOpOCTb 

B rrpou;ecce Ha6opa 3Hepr110: 6y,1J,eT paaHa 11nH B u;enoe qifcno pa3 MeHhUie 

CKOpOCTl1 rrpoTOHOB. Ha cyIIJ;eCTBYIOIIJ;eM 11H:lKeKTope HeT B03MO)KHOCTH 

06ecrreq11Tb CKOpOCTb H,l1,ep Ha BXO)J,e B JIY-20 11 B rrpou;ecce ycKopeHHH, paB

HyIO CKOpOCTl1 rrpoTOHOB, II03TOMY ycKopeH11e )J,On)KHO Haq11HaTbCH co CKO

poCTl1, KOTOpaH B 2 pa3a MeHbUie, 11 3Hepr11H H,l1,ep Ha BbIXO)J,e JIY-20 COCTaB

nHeT 5 M3B/HyKnoH. 

,l],nH rronyqeHl1H H,l1,ep Hn11 BblCOK03apH,l1,HblX 110HOB B na6opaTOp11H 

6bml1 pa3pa6oTaHbl 11 Terrepb 11CIIOnh3YIOTCH Ha Cl1HXpocpa30TPOHe TPH T11rra 

op11r11Ha.JibHblX HCTOqH11KoB: Kp11oreHHblH 3neKTpOHHo-nyqeBOH 11CTOqH11K 

,l],oHu;a, na3epHbIH, rronHpl130B8.HHhIX )J,eHTpOHOB. 

Kp11oreHHhIH 3neKTpOHHo-nyqeaoH 11cToqHHK KPl1OH 11MeeT peKopA

Hhie rrapaMeTphI, qTo o6ecrreqHaaeT rronyqeH11e H,lJ,epHbIX rryqKoB, BKnIOqaH 

KPl1IITOH, 11 HOHOB Xe 52+. B na3epHOM l1CTOqH11Ke 110Hbl BblCOKOH 3apH,l1,

HOCTl1 o6pa3yIOTCH rrp11 B3al1MO)J,eHCTBl111 113nyqeHHH co 2•na3epa C MH

UieHbIO. Ha BbIXO)J,e HCTOqH11Ka rronyqeHhl 11HTeHCl1BHbie rryqK11 H,l1,ep BIInOTb 

,lJ,o <pTopa, 110HhI Mg lO+, Si lO + 11 AP· Ha.JI11q11e ,lJ,Byx 11cToqHHKOB BhICOK03a

pH,l1,HhIX HOHOB II03BOnHeT YCKOpHTb B 11H:lKeKTope nerK11e H,l1,pa BIInOTb 

)J,O cpoccpopa, a rrp11 pa6oTe C 11CTOqHl1KOM "IIonHpHc" - Ii rronHp1130BaHHbie 

,lJ,eHTpOHbI. 

,l],nH o6ecrreqeHHH ycKopeHHH H)J.ep B c11Hxpocpa3oTpoHe rroTpe6oaa

noch rrpoaeCTl1 peKOHCTPYKU:1110 ycKopHIOIIJ;eH BbICOKoqaCTOTHOH Cl1CTeMbl 

ycKop11TenH, OCHaCTl1Tb ycKop11Tenb ,lJ,OIIOnHl1TenbHbIMl1 ,lJ,HarHOCTl1qecK11MH 

,1J,aTq11KaM11, II03BOnHIOII.1;11MH KOHTpon11poaaTb rrpou;ecc ycKopeH11H B lll11p0-

KOM )J,Harra3oHe 11HTeHCl1BHOCTeH ycKopF:teMbIX qacTHU:, ynyiillll1Tb BaKyyM 
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Ilpa1<:THtJec1rn: ace <pH3HtJeCKiie HCCJie.n;oaaHH.fl, BblIIOJIH.fleMbie Ha 

CMHXpo<pa3oTpOHe, npoBO)];.flTC.fl Ha BbIBe.n;eHHOM H3 yc1<:opMTeJI.fl nyq1<:e. 

BbIBO)]; tJaCTHU, yc1<:opeHHbIX .n;o Tpe6yeMOH 3HeprHH, ocymeCTBJI.fleTC.fl no

CJie.n;oBaTeJibHO no )];BYM HanpaBJieHH.flM B O)];HOM UHKJie pa60TbI yc1<:opMTe

JI.fl. Ilo Hanpaanemno 1 o6ecnetJHBaeTc.fl Me.n;JieHHhIH BhIBo.n; nytJ1<:a a TetJe

HHe 500 MC c 3<p<pe:KTHBHOCTblO 6oJibllle 90%. 3TO HanpaaJieHHe I1CnOJib-

3yeTC.fl )];JI.fl <popMHpOBaHH.fl B 31<:CnepnMeHTaJibHOM 3aJie IlJIO!Qa)];blO 6000 M 2 

BOCbMH nytJKOB C 3Heprneii: tJaCTHU BilJIOTb .n;o MaKCIIMaJibHOH, Ha KOTOpbIX 

MoryT O)];HOBpeMeHHO pa6oTaTb OT 2 .n;o 4 (pH3HtJeCI<:HX YCTaHOBOK. Ilo Ha

npaaJieHHIO 2 npOBO)];HTC.fl 6hICTpbIH ( < 1 MC) BbIBO)]; tJaCTHU C 3Heprneii: 

BilJIOTb .n;o MaKCIIMaJibHOH Ha o.n;Hy H3 .n;ayx ny3blpb:KOBbIX KaMep ( O)];HO

MeTpoayro iKH.n;1<:oao.n;opo.n;Hyro HJIH .n;ayxMeTpoayro nponaHoayro) • HMeeTc.fl 

TaK»Ce B03MO)KHOCTL BblBO)];HTb no 3TOMY HanpaaJieHHIO tJaCTHQbl cpe.n;HHX 

3Hepmii: (0,3-:-1 r3B/HyKJioH) 3a 500 MC. 

B HaCTO.flIQee BpeM.fl a Jia6opaTOpHM HMeeTC.fl 12 KaHaJIOB tJaCTIIU, 

Ha 1<:0Toph1x pa6oTaroT 16 ycTaHOBOK na6opaTopI1ii: OMHM M .n;pyrnx opraHil-

3aQHH. B TetJeHHe ro.n;a cHHxpo<pa3oTpoH pa6oTaeT 01<:ono 4000 qacoa 5 ceaH

caMH, 70% BpeMeHH - a pe)KHMe yc1<:opeHH.fl .fl.n;ep. OCHOBHbie xapa1<:TepI1-

CTHKH BLIBe.n;eHHbIX· H3 CMHxpo<pa30TpoHa nytJKOB npHBe.n;eHbI B Ta6JI.1. 

KaK BH)];HO Il3 H3JI0'1CeHHoro BbIIlle, CI1HXpo<pa30TpoH 06ecnetJI1BaeT 

)];OCTaTOtJHO llIHPOKHH 1<:pyr (pH3IltJeCI<:HX HCCJie)];OBaHHH C nOMOIQblO nytJKOB 

peJI.flTHBHCTCI<:HX .fl.n;ep. IlapaMeTpbI ero nytJKOB n03BOJI.flT npoBO)];HTb 

KOHKypeHTocnoco6Hbie HCCJie)];OBaHH.fl a TetJeHI1e He MeHee 10 JieT. TeM He 

MeHee yc1<:opI1TeJibHblH KOMnJie:KC Hy,ic.n;aeTC.fl B HenpepbIBHOM pa3BHTHII 

II onTIIMI13aQIIII ero 31<:CnJiyaTaQHH. 

Ilo3TOMY a JIB3 Ha npoT.fl'1CeHHH nocne.n;HIIX .n;ec.flTH JieT 3HeprHtJHo 

pa3BIIBaeTC.fl nporpaMMa BHe.n;peHH.fl caepxnpOBO)];IIMOCTH B yc1<:opMTeJILHyro 

TeXHHKY. OcHOBHa.fl ueJIL 3TOH nporpaMMbl - pe3KOe CHH'1CeHHe pacxo.n;oB 

Ha H3rOTOBJieHile M 31<:CnJiyaTaQHIO yc1<:opI1TeJI.fl. B xo.n;e ee peaJIH3aQHH BbI

noJIHeH 60JibllIOH 061,eM npoe:KTHOH M KOHCTpy1<:TOpC1<:0H pa6oTbl no H3ro

TOBJieHIIIO II 31<:CnepIIMeHTaJibHOMy IICCJie.n;oaaHHIO caepxnpOBO)];.flIQHX Mar

HIITOB, 1<:pMOCTaTOB, 1<:pI1oreHHblX reJIHeBblX YCTaHOBOK n .n;pyroro o6opy

)];0BaHH.fl. Ba)KHbIM 3TanoM 3TOH nporpaMMhI .flBJI.fleTC.fI co3.n;aHHe B JIB3 

Mo.n;eJibHoro caepxnpoao.n;Rmero cnHxpoTpoHa - ycTaHOBKII CIIHH. 

CIIHH nocTpoeH c ncnoJIL30BaHHeM opnrHHaJILHhIX caepxnpoao.n;R

milx MarHHTOB, pa3pa6oTaHHblX B JIB3 II noJiytJHBllIIIX Ha3BaHile MarHIITOB 

",lzy6Ha". M&.rHIITbI 3Toro Tilna o6ecnetJHBaIOT noJiytJeHne pa6otJero non.fl no

pH.n;1<:a 2,1-2,3 T II Bbiro.n;Ho OTJIIltJaIOTC.fI Ka:K OT o6bitJHbIX TenJiblX MarHII

TOB C noJieM 1,8-2,0 T, Ta:K M OT pa3pa6oTaHHblX B .n;pyrnx Jia6opaTOPH.flX 

caepxnpoBO)];.fIIQHX MarHHTOB c noJieM 4,0-5,0 T. 

BbICOI<:a.fl IlJIOTHOCTb TOI<:a a CBepxnpoBO)];.HIQeH o6MOTI<:e - nop.H.n;Ka 

600 A/MM 2 - no3BOJI.fieT notJTH B 20 pa3 CHil3HTb Bee caepxnpoBO)];.HIQero 

MarHHTa no cpaBHeHHIO C TenJibIM TOH )Ke anepTypbI, B pe3yJibTaTe tJero 

Tpy.n;oeMKOCTb H3rOTOBJieHH.fI CBepxnpoBO)];.fIIQIIX MarHHTOB ".[{y6Ha", .n;a,ice 

C ytJeTOM renI1eBoro 1<:pIIOCTaTa, OKa3bIBaeTC.fI cymecTBeHHO HH'1Ce Tpy.n;oeM- 279 



Ta6nmi;a 1 
OcHOBHbie xapaKTepHCTHKH BbIBe,rJ;eHHbIX H3 CHHXpocpa3oTpOHa ny'IKOB 

BbIBeJ:J;eHHbie 

H3 YCKOpHT8JI1l '18CTHIJ;bI 

p 

d 

dt 

n 

3 
He 2+ 

4 
He 2+ 

L,3+ 
6 I 

L,3+ 
7 I 

12 
c6+ 

16 
08+ 

19 
F9+ 

22 
Nel0+ 

M 12+ 
24 g 

8.14+ 
28 I 

3Hepnm 
r3B 

9 

8,2 

8,2 

4,1 

17,2 

16,4 

24,6 

23,9 

49,2 

65,6 

73,1 

81,0 

98,4 

114,8 

l1HTeHCHBHOCTb (qacT./HMil,) 

1980 I'. 

4.1012 

4.1011 

109 

2,1010 

2 ·10 6 

5,103 

1984 I', 

4•1012 

l •1012 

5. 108 

1010 

2, 1010 

5·1010 

1,5 • 10 8 

2,109 

5 -108 

5 ·10 7 

1,5 ·10 7 

10 4 

105 

10 3 

KOCTH H3rOTOBnemrn TennblX MarHHTOB. BnaroAap.H CBepxnpoBOAHMOCTH 

MOIIJ;HOCTb CHCTeMbl nHTaHH.H ycKopHTen.H H BenHqHHa TIOTpe6n.HeMOH 

3neKTpo::meprHH TaK:>Ke 3HaqHTenbHO yMeHbIIIalOTC.H. 

B MarHHTax THna ".D:y6Ha" 6nH3KO pacnono:>KeHHoe CTanbHOe .HpMO -

nO3BOn.HeT npHMepHO BABOe yMeHbllIHTb q0cno aMnep-BHTKOB o6MOTKH. 

HpMO MarHHTa o6ecneqHBaeT TaK:>Ke BbICOKYIO OAHOPOAHOCTb MarHHTHoro 

non.II H <pHKCHpyeT reoMeTpHIO o6MOTKH. .il:n.H cpaBHeHH.H OTMeTHM, qTo 

B CBepxnpOBOA.HIIJ;HX MarHHTax YCKOpHTen.H <l>HAJia BKna)]; HMerorn;erocH 

CTMbHOro 3KpaHa COCTaBn.HeT BCero 15% OT o6rn;eH BenHqHHbl non.II nop.HA

Ka 4,3 T. KpoMe Toro, An.II YAep:>KaHH.H o6MOTKH B HHX Heo6xoAHMO H3ro

TaBnHBaTb AOBOnbHO cno:>KHbIH H BbICOKOTOqffblH CHnOBOH 6aHAa:>K H3 IIIHX

TOBaHHOH Hep:>KaBerorn;ett cTanH. 3Haq0TenbHhIH o6'beM MarHHTa <l>HAJia 

3aH.HT non.HMH pacce.HHH.H, qTo npHMepHO B 10 pa3 noBhIIIIaeT 3HeprHIO, 3ana

ceHHYIO Ha e)];HHHD;Y AnHHbl MarHHTa. TaKHM o6pa30M, MarHHTbl "Ay6Ha" 

npH yMeHbllleHHH non.II BCero B )];Ba pa3a oKa3bIBalOTC.H Ha nop.HAOK MeHee 

280 MaTepHanoeMKHMH, HMelOT cyrn;ecTBeHHO 6onee npocTyro H Ha)];e:>KHylO TeX-



Honormo, ,IJ;JUI HX HCnonh30B8.HIDI Tpe6yIOTCH MeHee 3HeproeMKHe CHCTeMbl 
IlHTa.HHH H oxna:>K,IJ;eHHH. 

lfaroToaneHHe cepHH MarHHTOB ",Uy6Ha" ,n;nH ycTa.HOBKH CTTl1H y6e
,IJ;HTenhHO noKa3ano, tJTO npHHHTaH TeXHOnorHH o6ecnetJHBaeT BbICOKYIO 
BOCnpOH3B0,IJ;HMOCTb napaMeTpOB MarHHTOB ,IJ;a;Ke npH H3rOTOBneHHH HX 
a na6opaTopHbIX ycnoBHHX. 

YcTaHOBKa CTTl1H npe,n;cTaanHeT co6on: ;KeCTKoq:>oKycHpyrom;Hn: 
caepxnpOBO,IJ;HI.I.J;Hll CHHXpOTpOH C pa3,n;eneHHbIMH cf:>YHKI.J;HHMH noaopoTa 
H q:>OKYCHpOBKH ycKopHeMbIX tJaCTHI.J;. TTpH o6m;eM nepHMeTpe ycKopHTenH 
54 M KOHetJHaH :meprHH npOTOHOB COCTaBnHeT 1500 M3B, H,n;ep -
526 M3B/HyKnoH, a TH;Kenhrx HepenHTHBHCTCKHX HOHOB - 2700 (Z/A)2 , 

r,n;e Z/A- OTHoIIIeHHe 3apH,n;a HoHa Kero Macce. 
MarHHTHaH CHCTeMa CTT11Ha BKnrotJaeT B ce6H 48 ,n;HnonhHbIX MarHH

TOB C HOMHHanhHbIM noneM 22,7 K3, 58 KBa,n;pynonhHbIX nHH3 C rpa,n;HeH
TOM 8,7 K3/CM H ,IJ;Ba ,n;eBHTHMeTpOBbIX npHMOnHHeHHbIX npoMe~TKa. 
lliI;KeKTopoM CTTl1Ha cny;KHT HMnynhCHbIH 3neKTpocTaTHtJecKHn: ycKopH
Tenh c noTeHu;HanoM 0,75 M3B, pa3Mem;eHHhIH BHYTPH Konhu;a cHHxpoTpoHa. 
B TOM ;Ke 3,n;aHHH Ha paccTOHHHH 60 M OT CTTl1Ha ycTa.HoaneHa KpynHaH re
nHeaaH ycTa.HOBKa l(rY-1600 / 4 ,5, o6ecnetJHaarom;aH oxna:>K,IJ;eHHe CTTl1Ha 
,n;o 4,2 K H no,n;,n;ep;KaHHe pa6otJen: TeMnepaTyphr. 

Pa6oThI no C03,IJ;a.HHIO ycTa.HOBKH CTT11H no3BOnHnH peIIIHTh MHorHe 
TexHonorHtJeCKHe H KOHCTPYKTOpCKHe BonpoCbl no H3rOTOBneHHIO H 3K
cnnyaTau;HH caepxnpoao,n;Hm;Hx ycKopHTenen: H nepen:TH K pa3pa6oTKe 
KpyTIHoro ycKopHTenH, Ha3Ba.HHoro "HyKnOTpOHOM". 

Coopy;KeHHe "HyKnoTpOHa" HBHTCH O,IJ;HOBpeMeHHO Mo,n;epHH3au;Hen: 
H pa3BHTHeM CHHXpoq:>a30TpOHa. 3aMeHa ero MarHHTHOH CHCTeMbl Ha CBepx
npoBO,IJ;HI.I.J;He MarHHTHbie 3neMeHTbl no3BOnHT nonytJHTb ycKOpHTenb C 60-
nee BbICOKOH KOHetJHOH 3HeprHen:, C nytJIIIHMH OCHOBHbIMH 3KcnnyaTaI.J;HOH
HbIMH xapaKTepHCTHKaMH H napaMeTpaMH nytJKOB. 

"HyKnoTpOH" Ilna.HHpyeTCH pa3MeCTHTb B HMeIOm;eMCH KOnbu;eaoM 
TOHHene BOKpyr q:>yH,n;aMeHTa ,n;en:CTByIOm;ero CHHXpoq:>a30TpOHa. MaKCH
ManbHOe Hcnonh30Ba.HHe ,n;en:CTBYIOI.I.J;HX npOH3B0,IJ;CTBeHHbIX noMem;eHHH, 
3HepreTHtJecJCoro H Kpa.Hoaoro xo3HHCTBa Kopnyca CHHxpoq:>a3oTpoHa 3Ha
tJHTenhHO CHH3HT KanH'tanhHbie 3aTpaTbl Ha coopy;KeHHe ''HyKnoTpOHa''. 
TTpHMeHeHHe HOBettIIIHX ,IJ;OCTH;KeHHH B TeXHHKe caepxnpoBO,IJ;HMOCTH H co
BpeMeHHOH 3neKTpOHHKe TaK;Ke npHBe,IJ;eT K CHH;KeHHIO 3KCnnyaTau;HOHHblX 
pacxo,n;oa. 

"HyKnoTpoH" 6y,n;eT npe,n;CTaBJUITb co6on: ;KeCTKOq:>OKYCHpyIOm;Hn: 
CHHXpOTpOH C pa3,n;eneHHbIMH q:>yHKI.J;IDIMH, ero o6m;aH ,n;nHHa 250 M. ,UHa
MeTp Hapy;KHoro Kpyrnoro aaKyyMHoro 6aKa He npeahICHT 0,7 M . .D:nH Mar
HHTHOH CHCTeMbl 6y,n;yT HCnonh30B8.Hbl MarHHTbl THna ",Uy6Ha" H3 Tpy6tJa
Toro caepxnpOBO,IJ;HHKa, KOTOpbre pa3pa60Ta.Hbl H onpo6oBa.Hbl B JIB3. 

Oxna:>K,IJ;eHHe MarHHTHbIX 3neMeHTOB 6y,n;eT npOH3B0,IJ;HTbCH ,n;ayxcf:>a3-
HblM renHeM. KpHoreHHblll KOMnneKC "HyKnoTpoHa" 6y,n;eT COCTOHTb H3 
2-3 THnOBbIX ycTa.HOBOK KrY-1600/4,5. 3KcnepHMeHTanhHaH npoaepKa 281 
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pa60Tocrroco6HOCTH MarHHTOB THIIa ".[(y6Ha" II03BOJIHeT c,n;eJiaTb BbIBO,n;, 

qTo Ha llX OCHOBe MO:>KHO C03,D;aTb ycKopHTeJib, pa6oTaIOII.J;llH C qacTOTOH 

0,5-1 ru, c rrp:0eMneMbIMH pacxo.n;aM:0 Ha Kp:0oreHHoe 06ecrreqeH:0e. HeKo

TOpbxe rrapaMeTpbl "HyKJIOTpOHa" rrpHBe,n;eHbl B Ta6n.2. 

OCHOBHbie npoeKTHbie napaMeTpbi "HyKJIOTpOHa" 

N£N£ 

nn 

IIapaMeTpbI 

1. MaKCHMMbHafl 3Hepnm 
2. qaCTOTa ll;HKJI0B 
3. l1HTeHCHBHOCTb nyqKa: 

geihpOHOB 

Mg12+ 

0 82+ 

4. I1oTpe6mieMafl M0I.IJ;H0CTb 
5. I1oTpe6mieMruI 3Heprm1 

( 4000 q pa60Tb1 B rog) 

6. MaKCHManbeoe none B gunom1x 
7. KonuqecTBO gunonen 

8. MaKCHMMbHblll rpagHeHT 
B KBagpynoJIHX 

9. KonuqecTBO KBagpynonen 

Egmuw:a 
H3Mepemm 

r3B/eyKnoe 

rri: 
qacT. 3a IJ;HKJI 

MBT 

MJIH KBT,q 

T 
IIIT, 

T/M 
IIIT, 

Ta6mui:a 2 

BenuqHHa 

7 

0,571 

3· 1012 

1· 1011 

1 -109 

1,5 

4,5 

2,2 

96 

38 
64 

8Kcrrep:0MeHTaJibHOe llCCJie,D;OBaHHe rrpoueccoB CTOJIKHOBeHHH peJIHTll

BllCTCKHX H,n;ep HMeeT rrpHMOe OTHOllleHHe K cpyH,n;aMeHTaJibHbIM rrpo6neMaM 

COBpeMeHHOH (pll3:0Kll. 8Ta o6JiaCTb (pll3JiqecKHX HBJieHHH oqeHb CJIO:>KHa 

Ii MHoroo6pa3Ha, TaK qTo C03,l'.l;aHHe "HyKJIOTpOHa" 06ecrreq:0BaeT ,l'.l;JIHTeJib

HYIO rrepcrreKTHBY Ba:>KHbIX HCCJie,n;oBaHHH ,l'.l;JIH 6oJiblllllX llHTepHaQHOHaJib

HbIX KOJIJieKTHBOB (pll3llKOB. 



PA3BMTME KORREKTMBHMX METO~OB YCKOPEHMH 

... 8 OMHM 

B.II. CAPAHUEB, nporjJeccop 

HCTOpHH B03HHKH0BeHHH H pa3BHTHH K0nneKTHBHbIX MeT0,D;0B ycKo

peHHH TecHo CBH3atta c ttcTopueii OHHH. Pa6oThI, BhmonHeHHhie B HttcTH

TyTe, He T0nhK0 nocny)KHnH HaqaJibHbIM TonqK0M pa3BHTHH H0Boro Hanpaa

neHHH ycKOpHTenbHOH HayKH, HO H Ha npoTH:>KeHHH MH0rHx neT ero CTaH0B

neHHH onpe,D;enHJIH nepe,D;HHH Kpaii 3THX HCCne,D;OBaHHH. 

IlepBbie npe,D;no:>KeHHH 06 ucnonh30BaHHH co6CTBeHHblX noneii qaCTHI.J; 

,D;nH ycKopeHHH H cpoKycttpOBKH 6hIJIH C,D;enaHhl H3BeCTHblMH C0BeTCKHMH 

cptt3HKaMH B.H.BeKcnepoM, r.H.By,D;1cepoM H H.B.<l>aiiH6eproM Ha KoHcpe

peHu;HH B )KeHeBe (1956 r.). B TO BpeMH y:JKe MHoroe 3HaJIH 0 HenpHHTH0-

CTHX, K0T0pbie Bbl3blBaIOT co6CTBeHHbie nonH 3apH'.lKeHHbIX qacTHI.J; B npou;ec

ce HX ycKopeHHH. MHoro, ,D;a:JKe CnHIUK0M MHoro, 3HanH 0 HeycToifqHBOCTHX 

nna3Mbl BO BHeIUHHX nonHX. HMeHHO 3TH o6cTOHTenhCTBa npttBenH K HeKo

T0pbIM necCHMHCTHqecKHM B3rnH,D;aM npH paCCM0TpeHHH B03M0:>KH0CTH 

peaJIH3aI(HH BbICKa3aHHblX npe,D;no:>KeHHH, IlepBbie :>Ke onhITbl no ycKopeHHIO 

TIJia3Mbl 3neKTpoMarHHTHOH BOnHOH noKa3aJIH, ~o peaJIH30BaTh BnpHMYIO 

npe,D;no:>KeHHH HeBo3M0:>KHo. Ha,D;o oT qero-To 0TKa3aThCH. OT qero? BoT 

HMeHH0 B 3T0T M0MeHT H 6bIJI C,D;enatt, no:>Kanyii, caMbIH Ba:>KHblH 111ar' 

H c,D;enatt OH 6bm cptt3HKaMH OHHH. Ha nepBhIH B3rnHA Ka3anoch, qTo oH 

He HMeeT 0TH0llleHHH K CTaH0BneHHIO H0BblX MeT0,Il;0B ycKopeHHH. Ilpe,D;Jio

)KeHHe npe,D;yCMaTpHBaJI0 C03,D;aHHe K0nhu;eaoro cryCTKa 3neKTp0H0B 3a 

cqeT a,D;tta6aTuqecKoro H3MeHeHHH napaMeTp0B B pacTym;eM MarHHTH0M 

none. Co6CTBeHHOe none K0nhu;a 3neKTp0H0B M0:>KH0 cym;ecTBeHH0 yMeHb

lUHTb 3a cqeT ,D;o6aaneHHH B K0nhl.J;0 nono:>KHTenhH0 3apH:iKeHHbIX H0H0B. 

Bo3pa:iKeHtte, KaK roaopHTCH, ne:>KHT Ha noaepXH0CTH - K0nhl.J;0 CTaH0BHTCH 

TIJia3MeHHbIM co BCeMH BbITeKaIOI.ll;HMH 0TCIO,D;a HenpHHTH0CTHMH. Ho 6hIJia 

B npe,D;no:>KeHHH He6onhlllaH T0HK0CTb: 3neKTp0Hbl 6epyTCH C caMoro Haqana 

penHTHBHCTCKHMH, TO ecTI, ycKopeHHbIMH AO 3HaquTenhHblX 3Heprttii, H Tor

,D;a ,D;nH K0MneHCaI(HH HX noneii ,D;0CTaToqHo He6onh111oro KonuqecTBa H0H0B, 

CKa:JKeM, 0,D;Horo npou;eHTa OT qucna 3neKTp0H0B. Ilo,D; TIJia3MOH :JKe noHHMa

lOT 3neKTpuqecKH HeHTpaJibHOe o6pa3oBaHHe H3 3neKTp0H0B H H0H0B. 283 



A 3neKTpoHoa 6epeTCH CTOnbKO, CKOnbKO pa3pernaeT (pl:13l:1Ka ycKOpHTeneii: 
c yqeTOM cna6oro a03MymeHI:lfl aHernHero· MarHHTHoro nonH. Xoporno, 
npe,r:r;nonmKHM, qTo Mbl Halllnl:I cnoco6 nonyqeHI:lfl 3neKTpOHHO-l:IOHHOro 
crycTKa, HO KaKoe 3TO l:IMeeT OTHOllleHHe K KorepeHTHblM MeTo,r:r;aM YCKO
peHI:IR? llo:>Kanyii:, q1:1cno 1:10Hoa Marro, 1:1, KoHeqHo, npHHu;Hn KorepeHTHO
CTH, Kor,r:r;a cymecTayeT npHMaR 3aBI:ICI:IMOCTb ycKopmomero nonH OT q1:1cna 
ycKopHeMhlX l:IOHOa, 3,z:r;ecb He ahmonHHeTCH. B TO apeMH, OnRTb-TaKI:I yqe
HhlMI:1 OlUU1, 6hm c,r:r;enaH cne;:i;y10m1:1ii: aa:>KHhIH rnar - 6hmo perneHo oTKa-
3aTbCH OT KorepeHTHOCTI:I. A qTo :>Ke OCTaeTcH? OcTaeTCH none, ,r:r;eHCTay10-
mee co CTOpOHhl acex 3neKTpOHOa Ha ace l:IOHhl, OHO MO:>KeT ,r:r;oCTHraTb 
106- 10 7 aonbT Ha caHTHMeTp. 11 3TO none Heo6xo,r:r;HMO 3aCTaBI:ITb pa6o
TaTb Ha ycKopeHI:le l:I y,r:r;ep:>KaHHe ycKopHeMbIX l:IOH0a. 3a,r:r;atia a 06m1:1x qep
Tax 6hIJia noHHTHa. Ha 3T0M 3Tane l:I a03Hl:IKJia a O11Hl1 rpynna l:ICCne,r:r;oaa
Teneii:, KOTOpaR anocne,r:r;cTaI:1I:1 ab1pocna a OT,r:r;en HOabIX MeTo,r:r;oa ycKope
Hl:IH. 

Ceii:qac Tpy,r:r;Ho ,r:r;a:>Ke nepeq1:1cnI:1Tb Te aonpOChI, KOT0pbie ao3Hl:IKJII:I 
nepe,r:r; rpynnoii: a npou;ecce cpI:13IfqecKoro o6ocHoaaHHH Hoaoro MeTo,r:r;a 
ycKopeHI:lfl. 6hIJia pa3pa6oTaHa TeopeT1:1qecKaH MO,r:r;enb T0HK0ro ,r:r;ayXKOM
noHeHTHoro K0nhu;a, K0T0paR no3a0nl:lna a nHHeHHOM np1:16n1:1:>KeHI:1l:I pac
CMOTpeTb MH0rHe ycnoal:IH CTa6HJibHOro cymecTaoaaHI:IH TaKoro crycTKa 
l:I onpe,r:r;enl:ITb paMKI:1 3Kcnepl:IMeHTaJibHhIX 1:1ccne,r:r;oaaHI:1H, 

KaK ycKopHTb TaKOH crycToK? Mo:>KHo nH 06ecneq1:1Tb cpoKyc1:1poaKy 
a npou;ecce ycKopeHHH 1:1 Hy:>KHo n1:1? Bo3MO:>KHO n1:1 a 3Kcnep1:1MeHTe 06ec
neq1:1Th 6e3 ao3MymeHHH a,r:r;1:1a6aT1:1qecKoe H3MeHeH1:1e pa3Mepoa Konhu;a? 

ilpHHI.J;l:ITII:laJibHbie nono:>KHTenbHhie 0TaeThl Ha 3TH aonpOChl 6bIJII:I 
nonyqeHhI K 1967 ro,r:r;y. Mo:>KHo ahIHTI:1 Ha cy,r:r; Ml:lpoaoii: 06mecTaeHHocT1:1-
1:1 3T0 6hmo c,r:r;enatto a 1967 ro,r:r;y a KeM6p1:1,r:r;:>Ke Ha Me:>K,r:r;yHapo,r:r;HoH KoHcpe
peHI.J;HH no ycK0pl:ITenHM. KaK Ha3aaTb Hoaoe HanpaaneHI:le a ycKOPHTenHx? 
11MeHHO Tor,r:r;a l:I noHal:ln0Cb Ha3aaHI:le - KOnneKrnaHhIH YCKOpl:ITenb l:IOHOa. 
B 3T0 Ha3aaHHe Mhl ano:>Kl:lnl:I He TOnbKO npl:IHI.J;l:ln ycKopeHI:IH - ycKopeHI:le 
nonHMI:I, C03,r:r;aaaeMhIMI:I KonneKTHa0M qaCTI:II.J;, - HO l:I qyacTaO y,r:r;oaneT
aopeHHOCTI:I pa6oTOH KonneKTI:laa yqeHhlX 1:1 l:IH:>KeHepoa Ha,r:r; HOaOH cxeMOH 
ycKopeHHH. 11 XOTH anocne,r:r;cTaHI:1 MHoro noHanHJIOCb pa3HhIX Ha3aaHHH, 
HO ace-TaKI:I nepaoe ,r:r;o Cl:IX nop 3HaMeHyeT Hoaoe HanpaaneHHe a pa3aHTHH 
ycKopHTeneii: - KOnneKTHaHbie MeT0,r:r;hI ycKopeHI:lfl. 

Bo3apamaHCb K KOHcpepeHI.J;HH no ycKopHTenHM 1967 ro,r:r;a, fl He Mory 
OnHCaTb peaKI.J;l:ll:I Ha HalllH npe,n;no:>KeHI:lfl, B CHny pa3HhlX npHql:IH Hl:IKTO l:13 
OT,n;ena a pa6oTe 3TOH KOHcpepeHI.J;HH He yqacTaoaarr. Mbl ,r:r;onro He peIIIaJII:ICb 
nocnaTh ,r:r;oKna,r:r; 6e3 ,r:r;oKJia,z:r;q1:1Ka. Pa6oTa 6hma c,r:r;enatta 6onhrnaR, H Hy:>KHo 
6bIJIO 3a Hee oTqHTaTbCH. 3TH ,r:r;oao,r:r;hl 6bIJIH - 3a. Ho 6bIJII:I H np0THa -
a a,r:r;pyr He nOHMYT 1:1 o6'bHCHI:1Tb 6y,r:r;eT HeKoMy? 3To a ,r:r;arrhHeii:rneM np1:1ae
no 6hI K npe,r:r;a3HTOMY OTHOllleHHIO Ha MHOrHe ro,r:r;hl. Be,r:r;b KOHcpepeHI.J;l:IH 
6bIBaIOT nl:llllb o,r:r;HH pa3 a Tpl:I ro,n;a. 

11 ace-TaKH nocnarrH ! BonHa peaKI.J;HH Ha ,r:r;oKna,r:r; a nonHOH Mepe ,r:r;o-
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H3BeCTHbie yc1<0pHTenbllUHrn H crreUHanbH0 o6cy,nHnH c,nenaHHbie HaMH 
rrpe,nno)KeHUfl. Ha 0TKpbITHli 3Toro C0BeI.I.J;aHUfl - 3T0 6hm rrepBblH CliM
II03liYM ITO KonneKTHBHbIM MeTo,naM ycKopeHH.fl - li3BeCTHblH aMepM:KaH
CKHH cpH3HK 3.MaK-MHnnaH cKa3an, qTo a EepKnH rrpoae,neHo TeopeTHqe
cKoe pacCM0TpeHM:e H0B0ro rrpHHnHrra ycKopeHUH Ii He Hatt,neHo BliAliMbIX 
He,noCTaTK0B. 3neraHTHbIH rrpHHnHrr ycKopeHH.fl 3HaMeHyeT co6ott coaep
rneHH0 HOBblH Knacc ycKopM:Teneii, HCIIOnb3yIOI.I.J;liH 6onbllllie non.fl rrna3-
MeHH0ro THrra. Ilpe,nrronaraeTc.H, qTo B 6ntt)Kattrnee apeM.H B EepKnH HaqHyT
C.fl 3KCrrepM:MeHTbl ITO cpopMiipOBaHHIO 3neKTp0HHbIX Konen C liCII0nh30Ba
HlieM HHAYKnH0HH0ro YCK0pM:Ten.H 3neKTp0H0B - YCTaH0BKli "AcTpoH". 

3HaqHT, II0H.flnli H oneHHnli. Mano Toro, HaqanH pa60Thl BO MH0rliX 
cTpaHax. Terrepb Ha,no 6hmo rroKa3aTh pa60Tocrroco6HocTb Hoaoro MeTo,na. 
11 He xornnoch, qT06h1 no c,nenanH ,npyrHe. Ilpaa,na, y Hae 6bm 3a,nen -
M0,nenb CliCTeMbl cpopMiipOBaHUfl Konen. Ho, KaK II0T0M CTano .HCH0, BO 
BpeMeHH0M 0TH0llleHlili OH C0CTaBn.Hn T0nhK0 rronro,na. He TaK y)K Ii Mano, 
ecnH pa6oTa ,nenaeTC.H KonneKTHB0M crreUHanHCT0B, oT,narom;Hx ce6.H ne
nHK0M 3TOH pa6orn. 3HTY3Ha3Ma 6bmo xoTh oT6aan.HH, Ho MacrnpcTaa He 
xaaTano. KoMrreHcHpoaanH Ha rrepBbIX rropax BhIAYMKott. Heo6xo,nHMO 
6bmo Hap.HAY c rrpoaepKOH 0CH0BHblX rrpHHnHII0B H0B0ro MeTo,na ycKope
Hli.fl co3,naTh KonneKTHB crrenHanHCT0B caMoro pa3Horo rrpocpttn.H, crroco6-
HbIH pernaTh 3a_naqli Ha CaM0M rrepe,nHeM Kpae HayKH Ii TeXHliKli. 

11 rrepaa.H 3a,naqa 6bma perneHa ycrrernHo. B 196'9 ro,ny B O11.Rl1 arrep
Bbie rronyqHnH cpoTorpacpHH 3neKTpoHHbIX Konen. KoHeqHo, c rro3HUHH ce
ro,nH.HlllHero YP0BH.fl OHM: Ka)KyTC.fl IIn0XliMH, HO OHM: 6hmli rrepBbIMli, 
B 1971 ro,ny 6bmH rronyqeHbI ycKopeHHhie a-qacTHnh1. Heperyn.HpHo, cny
qaiiHo, Ha Mo,nentt, TeXHM:qecKH ,naneKo He coaeprneHHOH, Ho rronyqeHhI 
0II.flTh-TaKli BrrepBbie. TaKHM o6pa30M, rrpH0pM:TeT O11.Rl1 B C03AaHM:li H0B0-
ro crroco6a ycKopeHH.fl qacTHn HeocrropHM. Ilo,no6Hhie orrhITbI B raprnM:Hre 
(<l>Pr) y,nanoch B0CIIp0ii3BeCTH T0nhK0 B 1975 ro,ny. Ho TeM He MeHee, 

ace, ~o 6bmo ,no 3Toro apeMeHH, - 3T0 MaKeThI, Mo,nenH. Hy)KeH 6bm yc
KopttTenh. 11 BOT 3,nech Ha rrepBbIH rrnaH BbIX0AHna TeXHHKa, CaMa.H pa3Ha.H: 
cna6oToqHa.f1 Ii ClinhH0TQqHa.fl 3neKTp0HHKa, liMIIynhCHa.H TeXHHKa, MarHHT
HbJe non.fl, liMrrynhCHbie H CTanHoHapHbie, ynhTpaBbIC0K0BaKyyMHa.H TeXHli
Ka, 3neKTpoTeXHHKa. He MeHhlllyro, a rro,nqac H orrpe,nen.Hrom;yro ponh ttrpana 
rrpammhH0 Ii panHoHanbH0 BbI6paHHa.H K0HCTPYKUH.fl Ii, K0HeqHo, rrp0li3B0A
CTB0. Bee 3T0 Ha,no 6bmo c,nenaTh HaqHHa.H c Hyn.H.11 ecnH cero,nH.H roaopHTh 
06 ycrrexax OHMY B o6ocHOBaHlili H co3,naHHH Hoaoro Tttrra ycKopHrnneii, 
TO Heo6xo,nM:MO BCII0MHM:Th a rrepayro oqepe,nh M:MeHH0 3TaIIbl cpopMHpoBa
HH.fl BCeCT0p0HHe TeXHlf'IIeCKli rpaM0THoro KonneKTHBa. ,[(JI.fl HnnIOCTpanHH 
0CTaH0BnIOCh 6e3 oco6bIX K0MMeHTaptteB Ha TOM, KaK BliA0li3MeH.Hnach 
K0HCTpyKnH.H BaKyyMHOH KaMepbI a,nre3aTopa. Ilepexo,n OT rrepBOH M0,nenh
HOH CliCTeMbl K HOBOH AHKT0BanC.H, a 0CH0BH0M, Heo6xo,nHMOCThIO MaKCH
ManhH0r0 3aXBaTa 3neKTp0H0B Ha op6HTY Ii rronyqeHH.fl BbIC0Koro BaKyyMa. 
3To 03Haqano, qTo CTeHKH HY)KH0 MaKCHManhH0 rrpM:6nH3liTh K rryqKy' 
a MarHHTH0e none ,non)KH0 rrpoxo,nHTh CKB03h CTeHKY 6e3 HCKa)KeHHH. Tpe- 285 
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6oaamrn otiem, cno:>KHhre. Pernanacb 3a,n;aqa nocne,D;oaaTeJibHo: cHatiana Ka

Mepa, apMHp0BaHHa.H ,D;eJibTa-,D;peaeCHHOH, 3aTeM KaMepa H3 TOHKOH Hep:>Ka

aerom;eif CTaJIH H, HaK0Heu, THTaH0Ba.H. Em;e 0,!l;HH npHMep - yCK0PHTeJib 

3JieKTp0H0B. IlepBhlH 6bIJI np0MhllllJieHHhIM, HO OH He ycTpaHBaJI Hae no 

MH0rHM npHtIHHaM: He,D;0CTaT0tIHa.H HHTeHCHBH0CTb nytIKa, 60Jibllla.H ,!l;JIH

TeJibH0CTb HMnynhca, ycrnpearna.H K0HCTPYKUIDI reHepaTopoa. CHJIYH,[{ -

CHJibHOTOtIHhIH HMnynhCHhIH JIHHeHHhIH ycKopHTenb HaHoceKyH,D;Horo ,D;Ha

na3oHa - TaK Ha3hlBaJICR HOBhlH ycKopHTeJib 3JieKTp0H0B. 3To 6bIJia 

npHHQHnHaJibH0 H0Ba.H ycTaH0BKa. ,[{ocTaTOtIHO CKa3aTb, tIT0 HH,!l;yKT0pbl 

C,D;eJiaHhl C HCn0Jib30BaHHeM cpeppHTa, ,D;pyroif reHepaTop, HHatie cpopMHpy

eTCR MarHHTH0e none, HOBhlH npHHQHil pa60Thl HCT0tIHHKa 3JieKTp0H0B. 

H HaKoHeu, nocne,D;HHH ycKopHTenh - CHJIYH,[{-20. 3TO ao acex 

0TH0llleHIDIX YHHKaJibHhlH ycK0pHTeJib. A Be,D;b pa3pa6oTaH OH H C,!l;eJiaH 

nonHoCTblO CHnaMH cneuHanHCT0B OHMY. K T0MY :>Ke M0m;HocTb nytIKa 

3Toro ycKopHTeJIR Ha nopR,!l;0K Bhlllle. TOJibKO noCTORHHhlH pocT KBaJIHq:JH

KaQHH TeXHHtieCK0ro nepcoHana no3B0JIHJI B HaytIH0M rmaHe 0CTaBaTbCR ace 

3T0 apeMR Ha caM0M BhIC0K0M B MHpe yp0BHe. ECJIH roaopHTb K0HKpeTH0 

0 ,!l;0CTH:>KeHHRX B pa3BHTHH K0JIJieKTHBH0ro MeTo,D;a ycKopeHHR, TO 06 3T0M 

KpacHopetIHB0 CBH,D;eTeJibCTBYIOT pe3yJihTaThl Me:>K,!l;yHap0,!l;HhlX CHMn03HY

M0B H KOHcpepeHQHH. Mo:>KHO K0p0TK0 pe3IOMHp0BaTb 3TH pe3yJihTaTbI: 

a O6'be,!l;HHeHHOM HHCTHTyTe R,D;epHhIX HCCJie,!l;OBaHHH npe,!l;Jlo:>KeH HOBhlH 

cnoco6 ycKopeHHfl TR:>KeJiblX tiaCTHQ. B pa6oTax Ha np0T0THne K0JIJieKTHB

Horo ycKopHTeJIR 3KCnepHMeHTaJibH0 n0Ka3aHhl B03M0:>KH0CTH H0B0ro 

MeTo,D;a ,!l;JIR ycKopeHHR aT0M0B a30Ta, aproHa, KCeH0Ha. ,[{oCTHrHyThie 

TeMnhI ycKopeHIDI B ,D;eCRTKH pa3 npeBbilllalOT nonytieHHhie Ha caMhlX co

BpeMeHHhlX ycKopHTeJIRX TR:>KeJiblX H0HQB. Hccne,D;OBaHIDI no K0JIJieKTHB

H0MY MeTo,D;y ycKopeHHR 0TKphIJIH C0BeprneHH0 H0B0e HanpaaneHHe B Tex

HHKe ycKopHTenei1:. Enaro,D;apR H0B0MY no,D;X0,!l;Y B nepe,D;atie 3HeprHH OT 

nerKHX tiaCTHU K Tfl)KeJihlM B03HHKJI0 H0B0e HanpaaneHHe B ycKopHTeJibHOH 

TeXHHKe, K0T0poe M0:>KH0 o6'be,D;HHHTb 061.U;HM Ha3BaHHeM, - H0HHbie nytIKH 

60JiblllOH M0I.U;H0CTH, no3B0JIHBlllHe reHepHp0BaTb HMilYJibChl nytIK0B qac

THU, no M0I.U;H0CTH cpaBHHMhie C M0I.U;H0CTblO Jia3epoB. 

KoHKpeTHhie nyTH peaJIH3aQHH H0Boro no,D;X0,!l;a K npo6neMe ycKope

HIDI tiaCTHQ nopo,!l;HJIH a pa3HhlX CTpaHax HaCT0JibK0 o6HJibHOe tIHCJI0 M0,!l;H

cpHKaQHH K0JIJieKTHBHoro MeTo,D;a, tIT0 3T0MY HanpaBJieHHIO n0CBRID;alOT 

y:>Ke uenhre KoHcpepeHQHH. 

B OH.RH co3,D;aHHe nepaoro ycKopHTeJIR ae,D;eTCR He pa,D;H oTpa6oTKH 

H0B0ro MeTo,D;a, a ,!l;Jlfl HCn0Jib30BaHHR B HCCJie,!l;0BaHHRX B o6naCTH R,D;epHOH 

q:JH3HKH. B 3T0M ycK0pHTene npe,D;nonaraeTCR peaJIH30BaTb ace HJIH, T0tIHee, 

Il0tITH ace B03M0:>KH0CTH K0JIJieKTHBHoro MeTo,D;a, a HMeHH0: ycKopRTb ace 

H0Hhl BilJI0Tb ,!l;0 ypaHa, o6ecnetIHTb BhlC0KYIO 3cpcpeKTHBHOCTb ycKopeHHR 

(npHMepHO B 20 pa3 Bhlllle, tieM B caMblX C0BpeMeHHhIX JIHHeHHhlX yCK0pH

TeJIRX TR:>KeJihlX HOHOB) , ,!l;0CTaT0tIHYIO cpe,D;HIOIO HHTeHCHBH0CTb H0H0B 3a 

CtieT 6oJiblllHX qaCT0T Il0BTopeHHR. ronOBHa.H tiaCTb TaKoro YCK0PHTeJIR 
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TOl!HHKOB HeHTpa.TibHbIX aTOMOB, OT ra3oaoro KTiarraHa ,n;o na3epHoro HC· 

TOl!HHKa, ,n;aeT B03MO:>KHOCTb rrony11aTb B HY:>KHhIX KOnHl!eCTBax ,n;eHCTBHTenb

HO mo6bie HOHbI. 

Bee CHCTeMbI YCKOpHTem:1 C03,D;alOTC.R H3 pacl!eTa pa6oTbI C l!aCTOTOH 

20 rQ, B TO BpeM.R KaK MaKCHMa.TibHa.R l!aCTOTa MO:>KeT ,D;OCTHraTb 50 rQ. 

B O,D;HOM QHK!Ie ycKopeHH.R ycKop.ReTC.R 6 . 10 11 HOHOB a30Ta, HnH 

1,5 . 10 11 HOH OB :>Kene3a, HnH 7 . 10 10 HOH OB KCeHoHa, HnH 4 . 10 lO 0:0HOB 

ypaHa. CooTBeTCTByroru;He HHTeHCHBHOCTH, yMHO:>KeHHbie Ha l!aCTOTY IIOBTO· 

peHH.R, ,D;aIOT rrpe,n;cTaaneHHe O B03MO:>KHOCT.RX yCKOpHTen.R. EcnH K 3TOMY 

,n;o6aaHTb, l!T0 3HeprH.R 20· M3B/HYKTIOH ,D;OCTHraeTC.R Ha .n;nHHe 20 M, TO 

CTaHeT .RCH0, l!T0 H rrapaMeTpbI, xapaKTepH3yroru;He TeMrr ycKopeHH.R B TaKOH 

CHCTeMe, HerrnoxHe. 

l1c11epIIbIBaIOTC.R nH 3THM B03M0:>KHOCTH KonneKTHBHOro MeTo.n;a? 

Ha rrocne,n;HeM K0HKypce Mono,n;hIX y11eHbIX OH.fU1 Ha ny11rnee rrpe,n;no:>Ke

HHe no 3KcrrepHMeHTaM OT OHMY c,n;enaHo rrpe,n;no:>KeHHe no yM~HbrneHHIO 

pa3MepoB 3neKTpOHH0·H0HHoro K0nbQa B a,n;re3aTope. Pea.TIH3aQH.R 3Toro 

rrpe,n;no:>KeHH.R rrpHae,n;eT K yaenHl!eHHlO 3cpcpeKTHBHOCTH ycKopeHH.R II0l!TH 

Ha rrop.R,D;0K. 3To T0nbK0 0,Il;HH H3 rrpHMepoB, IIOKa3bIBaIOII.l;HH, l!T0 oana

.n;eHHe ,n;aHHbIM MeTonoM ycKopeHH.R B K0pHe H3MeHHT MHOrHe YCTO.RBlllHe

CH rrpe,n;cTaBneHHH B q>H3HKe ycKOpHTeneif. 
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PEAKTOP l1BP-2 - 3TO HOBhIE B03MO)KHOCTl1 

B HEI1TPOHHhIX l1CCJIE~OBAHl1HX 

B.,a.AHAHbEB, uiaattbZU UHJ1Ce1tep peaKTopa HBP-2 

H.M.<I>PAHK, aKaaeMuK 

E.ll.lllABAJIHH, Kanauoar rexHUl./,eCKUX 11,ayK 

Co3,n;rurne peaKTopa 11BP-2, npHHHToro B 3Kcnrryarnu;mo a 1984 r., 

6hmo .n;rrHTeJibHOH H CJIO)KHOH pa6oTOH. Otta He 6bma crrytJaHHOH. Beeb 

npe.n;IlleCTBYlOlUHH nyTb pa3BHTHH na6opaTopHH HeHTpOHHOH (pH3HKH 

O11.HH 3aKOHOMepHbIM o6pa30M npHBeJI K TOMY' 'IJT06bI 3Ta YCTaHOBKa 

6bma co3.n;atta. 

XopOillO H3BeCTHO, 'IJTO OCHOBOH TeMaTHKH O6'be.D;HHeHHoro HHCTHTY

Ta H.n;epHbIX HCCJie.n;oBaHHH C MOMeHTa ero C03,Il;aHHH CTaJIH cpytt.n;aMeHTaJib

Hbie HCCJie.n;oBaHHH B o6rracTH H,n;epHOH (pH3HKH. TaKHe HCCJie.n;oaaHHH 

C noMOlUblO 3apH,KeHHblX tJaCTHIJ;, ycKopeHHbIX .n;o BbICOKHX 3HeprHH, y)Ke 

BeJIHCb B na6opaTopHH H,n;epHblX npo6rreM H na6opaTopHH BbICOKHX 3Hep

rHH, BOille,D;IllHX B COCTaB 11HCTHTyTa npH ero B03HHKHOBeHHH. IlepcneKTHB

HbIM npe.n;cTaBJIHJIOCb H HCITOJib30BattHe ,ll;JIH H3ytJeHHH H,n;ep HeHTpOHHoro 

H3JiytJeHHH. HeHTpoH He HMeeT 3JieKTpHtJec1wro !:lapH.n;a. Ott HHTeHCHBHO 

B3aHMO,n;eHCTByeT C H,n;paMH ,n;a)Ke npH MaJihIX 3HeprHHX. BbIJIO H3BeCTHO, 

'IJTO 3TO B3aHMO.D;eHCTBHe aecbMa CJIO)KHO 3aBHCHT OT 3HeprHH HeHTpOHOB: 

tta6rrro.n;aroTCH TaK Ha3hIBaeMbie "tteHTpOHHbie pe3oHaHCbI"' B KaKOH-TO Me

pe ttanOMHHaIOm;He cneKTparrbHbie JIHHHH aTOMOB B onTHKe. BbIHCHeHHe 

H H3ytJeHHe 3THX oco6ettHOCTeH - npe.n;MeT HeHTpOHHOH cneKTpOCKOilHH 

H,n;ep. B nepHo,n; cTattoarreHHH O11.HH B 3TOH o6rracTH H,n;epttoH <pH3HKH MHO

roe eme npe,n;CTOHJIO BhIHCHHTb, .n;a H ceHtJaC eme 3,n;ecb HMeeTCH IllHpOKOe 

none ,n;eHTeJibHOCTH ,Il;JIH 3KcnepHMeHTaTopa. B pa3BHTHH TaKHX HCCJie.n;oaa

HHH MO)KHO 6hIJIO nOHTH Tpa,n;HIJ;HOHHbIM ,Il;JIH HeHTpOHHOH (pH3HKH nyTeM 

norrytJeHHH HeHTpOHHblX nytJKOB c nOMOlUblO ycKopHTerreii HJIH o6bI'IJHbIX 

Hccrre.n;oaaTeJibCKHX peaKTopoB. O.n;HaKO nepBblH .n;HpeKTOp O11.HH tJJieH

Koppecrrott.n;eHT AH CCCP .[(.11.Brroxlittu;ea ttacToHrr Ha coopy,KeHHH peaK

Topa coaepllleHHO HOBoro THna, npHHu;Hn KOTOporo OH pa3pa60Tarr BMeCTe 
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TYTa B O6HHHCKe. 11 B 1960 r. B L(y6He ricTyrmrr B CTpoil: nepBbIH B MHpe 

HMnyrrbCHbIH peaKTOp nepHO,ll;WieCKOrO ,D;eHCTBHH, HrrH nyrrbcHpyIOI.UHH pe

aKTOp, HEP. OH npoH3BO,ll;Hrr Heil:TpOHbI KOpOTKHMH HMnyrrhcaMH BbICOKOH 

HHTeHCHBHOCTH, KOTOpbre crre,D;OBaJIH ,ll;pyr 3a ,ll;pyroM nepHO,ll;HqeCKH C pery

rrHpyeMbIM HHTepBaJIOM OT 0,01 ,ll;O 0,2 c. Cpe,D;HHH HHTeHCHBHOCTb H3-

rryqeHHH H MOI.UHOCTb peaKTOpa (1 KBT) 6bIJIH HeaerrHKH, qTo oqeHb o6rrer

qaJio ero TeXHHqecKoe o6crry)ICHBaHHe. A HMnyrrhCHbIH noTOK Heil:TpOHOB, 

KOTOpbIH Ba:>KeH ,ll;rrH BbIIIOrrHeHHH HCcrre,ll;OBaHHH Ha HeHTpOHHbIX nyqKax 

peaKTOpa no MeTO,ll;Y BpeMeHH nporreTa, COOTBeTCTBOBaJI noTOKY B HCcrre,ll;o

BaTerrbCKHX peaKTopax MeraaaTTHOH MOI.UHOCTH 10 13 HeHTp./cM 2 -c. IlpH 

3TOM HMeHHO MeTO,ll; BpeMeHH nporreTa HBrrHeTCH OCHOBHblM B Heil:TpOHHOH 

cneKTpOCKOnHH. 

OcHar.ueHHe O6ne,ll;HHeHHOro HHCTHTyTa eme B Haqarre ero pa3BHTHH 

ycTaHOBKOH coaeprneHHO HOBoro THna 6bIJIO npeKpaCHOH H,D;eeil: y:>Ke CaMO 

no ce6e; K TOMY :>Ke OKa3aJIOCb, qTo H H,ll;eH nyrrbCHpyromero peaKTOpa 

BeCbMa nrro,ll;OTBOpHa. 11ccrre,D;OBaHHH H,ll;ep MeTO,ll;OM Heil:TpOHHOH cneKTpO

CKOnHH He TOrrbKO pa3BepHyrrHCb, HO H ycrtelllHO npo,D;orr:>KaIOTCH ,ll;O CHX 

nop. Y:>Ke B nepBbie rO,ll;bl pa60Tbl 11EPa <PH3HKH nOHHrrH, qTo Hcnorrb30Ba

HHe nyrrbcHpyromero rroToKa oqeHb 3cpcpeKTHBHo ,D;rrH H3yqeHHH cTpoeHHH 

TBep,D;oro Terra H :>KH,ll;KOCTeH. Heil:TpOH, KOTOpbIH "c6pocHJI" CKOpOCTb ,ll;O 

ypOBHH Tenrroaoro ,ll;BH:>KeHHH, B3aHMO,ll;eHCTBYH C aemecTBOM, "qyBCTByeT" 

KOrre6aHHH aTOMOB H OT3bIBaeTCH Ha HHX H3MeHeHHeM CKOpOCTH. l13MepHH 

CKOpOCTb Heil:TpOHa ,ll;O H nocrre B3aHMO,D;eHCTBHH (qTo oqeHb rrerKO ,D;erraTb 

C Hcnorrb30BaHHeM HMnyrrbCHOro noTOKa no MeTo,ll;y BpeMeHH nporreTa), 

MO)KHO norryqHTb HCHYIO KapTHHY BHyTpeHHero ,ll;BH:>KeHHH aTOMOB. CTpyK

Typa aemecTBa, nopH,ll;OK pacnorro:>KeHHH aTOMOB BbIHBrrHIOTCH B OilbITax no 

,ll;HcppaKI.J;HH Heil:TpOHOB. Me,D;rreHHbIH HeHTpOH B3aHMO,ll;eHCTByeT C KpHCTaJI

rrHqecKOH perneTKOH (HrrH ,D;pyroil: ynopH,D;oqeHHOH cTpyKTypoil:) TaK :>Ke, 

KaK peHTreHOBCKHe rryqH. B JIH<I> a 1964 r. 6hIJIH npoBe,D;eHbl nepBbie a MH

pe onbITbl no ,ll;HcppaKI.J;HH Heil:TpOHOB MeTO,ll;OM BpeMeHH nporreTa. IlpHMe

HeHHe HeHTpOHHblX MeTO,ll;OB ,ll;JIH H3yqeHHH CTpoeHHH H CBOHCTB TBep,D;bIX 

H :>KH,ll;KHX Terr a TO BpeMH 6bIJIO eme COBepllleHHO HOBbIM a MHpOBOH HayKe. 

MeTo,ll; apeMeHH nporreTa ,D;rrH 3TOH u;errH anepabre 6bm Hcnorrb30Baa B JIH<I>. 

OCHOBOnorrarawr.uHMH 3,ll;eCb 6bIJIH B nepayro oqepe,ll;b pa6oTbl qrreHa-Koppec

nOH,ll;eHTa AH CCCP <l>.JI.IllanHpo. Tenepb nrro,ll;OTBOpHoCTb 3Toro MeTo,D;a 

o6r.uenpH3HaHa, B pacqeTe Ha Hero CTpOHTCH HMnyrrbCHbie HCTOqHHKH HeHT

pOHOB. TaKHM o6pa30M, y:>Ke B Haqarre 60-x ro,D;OB HeHTpOHHaH <PH3HKa 

B JIH<I> nepecTarra 6bITb TOrrbKO H,ll;epHOH <PH3HKOH - OHa CTarra crry)KHTb 3a

,D;aqaM <PH3HKH TBep,D;oro Terra (HJIH, ToqHee - <PH3HKH KOH,ll;eHCHpOBaHHOro 

COCTOHHHH aemecTBa). 

11,D;eH nyrrbCHpyromero peaKTopa OKa3arracb nrrO,ll;OTBOpHOH He TOrrbKO 

nOTOMY, qTo nOBblCHrra 3cpcpeKTHBHOCTb npHMeHeHHH MeTO,ll;OB Heil:TpOHHOH 

cpH3HKH. KoHCTPYKU:HH HMnyrrbCHoro peaKTopa HEP ,D;onycKarra ero ,ll;aJib

Heil:rnee pa3BHTHe, KOTopoe H Haqarrocb BCKope nocrre 3anycKa. CHaqarra 

6hma yaerrHqeHa MOI.UHOCTb peaKTopa B HeCKOrrbKO pa3. 3aTeM peaKTOp 6hlrr 289 



"cocThIKOBaH" C yc1<:op1neneM :mei<:Tp0H0B - MHKp0Tp0H0M. C lI0M0[UblO 
3TOH rH6pH.n;Hoi'f ycTirnoBKH (Ha3BaHHOH "6ycTepoM") y.n;anocb B .n;ecHTKH 
pa3 C0KpaTHTb ,n;nHTenbH0CTb Hei'fTpOHHOH BClihllllKH - C 40 .n;o 1 MKC, tIT0 
yBenHtIHno 31<:c11epHMeHTanbHhie B03M0)KH0CTH 11BPa .n;nH Hccne,n;oBaHHM 
B o6nacTH H,n;epHoi'f q:>H3HKH. Pa6oTa 110 co3,n;aHHIO 11BPa H 6ycTepa 6hma 
y.n;ocToeHa B 1971 r. rocy.n;apcTBeHHOM 11peMHH CCCP; B i<:onnei<:THBe nay
peaToB 6hmO 7 C0TPYAHHK0B O11.fll1. 

B cepe.n;HHe 60-x ro,n;oB Hat1anHch 11epc11eKTHBHhie pa3pa6oTKH HM-
11ynbcHoro peaKT0pa THlia 11BP H0Boro 1101<:oneHHR, KOTOphiir CM0r 6bI 
,n;aTb pei<:op.n;HhIM .n;nH HCCne,n;oBaTenhCKHX peaKT0p0B lI0T0K HettTpOHOB -
10 16 HettTp./cM2c. MmKHO 0TMeTHTb, tIT0 3a 11ocne.n;HHe 20 neT Ha CTa~o
HapHhIX HCCne,n;oBaTenbCKHX peai<:Topax He y.n;anocb 110,ll;HHTb lI0T0K HeMT
p0H0B Bhlllle 1015 HettTp./cM 2c. 

Te11epb, BClI0MHHaH 11polllnoe, M0)KH0 CKa3aTb, tIT0 coopy)KeHHe 
11BP-2. (Tai<: Ha3BanH HOBhIM peai<:Top) oi<:a3anocb BechMa Heneri<:on 3a,n;a
t1en. 11H)KeHephI H yt1eHhie Ha Ka)K,ll;0M lllary CTanKHBanHCb C TPYAH0CTHMH, 
o6ycnoBneHHhIMH HeCTaH.n;apTHOM, opHrHHanbHOM KOHCTpyi<:n;HeM peai<:Topa. 
TipH HX pellleHHH B lIOnHOM Mepe 11p0HBHnCH HH)KeHepHhlM TanaHT ,[(.11.Bno
XHHIJ;eBa, KOTOphIH 6hm HaytIHhIM PYK0B0,ll;HTeneM 11poe1<:Ta. OH BCer.n;a Ha
CTaHBan, tIT06hI B peai<:Tope TaM, r.n;e 3T0 B03M0)KH0, 11pHMeHHnHCb y3nhI 
H 3neMeHThl a11po6HpoBaHHOM H xopolll0 3apeKoMeH,n;OBaBllleM ce6H K0H
CTPYKU:HH. Tai<: 6hma Bh16paHa ai<:THBHaH 30Ha peai<:Topa, aHanorHt1HaH 
aKTHBHOM 30He peai<:Topa BP-5 <1>311 (O6HHHCK), )KH,ll;K0MeTannHt1ec1<:oe 
HaTpHeBoe oxna)K.n;eHHe. 

O.n;HaKo 0tieHb cymecTBeHHhIM 3neMeHT peai<:Topa - ero 110,ll;BH)KHhIM 
0Tpa)KaTenb - 6hm C0BepllleHH0 H0BhlM y3noM, K0Toporo HeT HH Ha 0,ll;H0M 
H3 peai<:TopoB. Bonee Toro, Tpy.n;Ho ,n;a)Ke HattTH aHanorH 3TOM MalllHHhI 
B .n;pyrHx o6nacTHX TeXHHKH ' 1103T0My OH Tpe6oBan oco6oro BHHMaHHH. 
Ha3HatieHHe 110,ll;BH)KH0ro 0Tpa)KaTenH - IIRTh pa3 B cei<:yH.n;y BhlB0,ll;HTb 
peaKT0p a Ha.n;KpHTHtieCK0e C0CT0HHHe Ha 200-300 MKC, a TetieHHe K0T0phIX 
cpopMHpyeTCH 11epe.n;HHH cppoHT HMlIYnbca M0[UH0CTH. TipH yxo.n;e 0Tpa)Ka
TenH OT aKTHBHOM 30Hhl HMliynhC 3aTyxaeT. Tio,n;BH)KHhlM 0Tpa)KaTenb 11pe.n;
CTaBnHeT co6on 2 CTanbHhIX C00CHhIX poTopa cno)KHOM cpopMhl MaCCOM Ka)K
,ll;hIM B HeCK0nbK0 C0TeH KHnorpaMM0B, ,n;HaMeTp0M 2,5 M; 0,ll;HH H3 HHX 
BpamaeTCH co CK0p0CTblO 1500 06./MHH, BTOpon- Me,n;neHHee. 1111pH TaKHX 
11apaMeTpax CTa6HnbHOCTb 11ono)KeHHH p0T0p0B ,n;0n)KHa coxpaHHTbCH a 11pe
.n;enax coThIX .n;onen MHnnHMeTpa. K T0MY )Ke o6cny)KHBaHHe :noro y3na 
peai<:Topa B TetieHHe acero cpoi<:a cny)K6h1 (IIRTb neT) HeB03M0)KH0 H3 coo6-
pa)KeHHM pa.n;Han;HOHHOM 6e3011aCHOCTH. 3Ta cn0)KHaH 3a,n;aqa, KaK H MH0rHe 
.n;pyrHe, B03HHKlllHe 11pH 11poeKTHpoBaHHH peaKT0pa, 6hma pellleHa ycHnHH
MH C0Tpy,n;HHK0B JIH<I> O6'1,e,n;HHeHHOro HHCTHTyTa H,n;epHhIX HCCne,n;oBaHHM, 

y)Ke HMeBlllHX 0lihlT pa60Thl Ha 11epB0M 11BPe, H c11e~anHCT0B pH,n;a .n;pyrHX 
opraHH3a~M. OTBeTCTBeHHyIO pa6oTy 110 H3r0T0BneHHIO CHCTeMhl K0HTpo-
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B 1984 r. nocne KponoTITIIBOH pa60TbI no nycKy II IICcnenoaaHIIIO 

peaKTOp HBP-2 6brn c;::i:att a 3KcnnyaTaUIIIO. Ceti:trnc napaMeTpbr ero TaKOBhr: 

cpe;::i:mrn MomHoCTh - 2 MBT 

MomHOCTb B IIMnynhce 

npo;::i:omKIITenbHOCTb IIMnynhca 

6bICTpbIX HeHTpOHOB 

1500 MBT 

215 MKC 

qacTOTa nOBTopeHmI IIMnynhCOB 5 pa3 B ceKyH;::i:y. 

B aKTIIBHOH 30He peaKTopa "poiK;::i:alOTCH" 6hICTpbre HeHTpOHhI; Heo6-

XO):(IIMhie ):(ITH Heti:TpoHorpaqmqecKIIX IICcne;::i:oBaHIIH "TennOBbie" HeHTpOHbI 

o6pa3ylOTCH B OKpyiKaIOmIIx aKTIIBHYIO 30HY B0):(HHbIX KacceTax B pe3ynh

TaTe 3aMe;::i:neHIIH CK~pOCTII 6hICTpbIX HeHTpOHOB npII CTOITKHOBeHIIII IIX 

C npoTOHaMII MOneKyIThI B0):(bl. 3aTeM HeHTpOHbI pacnpocTpaHHlOTCH no Ba

KYYMIIpOBaHHbIM KaHanaM (IIx Ha HBP-2 14) K q>II3IItJeCKIIM ycTaHOBKaM, 

KOTOphre pa3Mema10TCH B nayx 6onbIIIIIX 3KCnepIIMeHTaJihHbIX 3anax II qac

TIItJHO B rraBIIITbOHax BHe 3TIIX 3aITOB. "CTapTyH" npaKTIItJeCKII 0):(HOBpeMeH

HO, B TetJeHIIe KOpOTKoro IIMnynhca MomHoCTII, HeHTpOHbI ):(OCTIIraIOT II3y

qaeMoro 06pa3ua B pa3HOe apeMH, B 3aBIICIIMOCTII OT IIX CKOpOCTII. TaK 

HeHTpOHbI pa3;::i:enHIOTCH no. CKOpOCTHM, II B 3TOM 3aKnIOtJaeTCH cyTh MeTO):(a 

apeMeHII nponeTa. Onpe;::i:enH10meti: BenIItJIIHOH KatJeCTBa IICTOtJHIIKa HeHT

pOHOB, IICnOITh3yeMoro ):(ITH 3KCnepII_MeHTOB no MeTo;::i:y BpeMeHII nponeTa, 

HBnHeTCH nnOTHOCTb IIOTOKa TennOBbIX HeHTpOHOB' II;::i:ymero B Heti:TpOHOBO

):(bI. 3Ta aenIItJIIHa B peaKTOpe HBP-2 ):(OCTIIraeT 3HatJeHIIH 10 16 Heti:Tp./cM 2c 

B IIIIKe IIMIIYITbCa. TaKaH BbICOKaH CBeTIIMOCTb IICTOtJHIIKa Me;::i:neHHbIX HeHT

pOHOB, nonytJeHHaH BnepBbie, n03BOITHeT ocymecTBITHTb 3KcnepIIMeHTbI no 

II3ytJeHIIIO CTpyKTypbI II ):(IIHaMIIKII OtJeHb CITOiKHbIX 061,eKTOB (TaKIIX, KaK 

6enKOBbie MoneKynhI II opraHIItJeCKIIe KpIICTannhI, iKII):(KIIe KpIICTannhr), 

paCIIIIIq>pOBKe TeKCTYPhI cnnaBOB II MIIHepanoB, KIIHeTIIKe 6hICTpbIX npo

ueccoB B aemecTaax II T .;::i:. 06 3TOM rronpo6Ho paccKa3hrnaeTCH B cTaThe 

A.M.Banarypoaa, H.HaTKaHua II IO.M.OcTaHeBIItJa, noMemeHHOH B 3TOH 

KHIIre. HaytJHhre IIccnenoaaHIIH Ha peaKTope HBP-2 yiKe BhIIIInII 3a rrpe;::i:enhr 

qJII3IIKII TBepnoro Tena; q>aKTIItJeCKII HeHTpOHHO-cneKTpOCKOnIItJeCKIIH Me

TO):( apeMeHII nponeTa npIIMeHHeTCH ):(ITH perneHIIH MHOrIIX 3a;::i:aq 6IIonorIIII, 

Me):(IIUIIHbI, reonorIIII, MeTannoae;::i:eHIIH II ;::i:pyrIIX HayK. 

Ilno;::i:oTBOpHOCTb IICnOJib30BaHIIH IIMnynhCHbIX HeHTpOHHbIX IICTOtJ

HIIKOB rrepIIO):(IItJecKoro neti:CTBIIH, KOTOpaH npIIBena K C03):(aHIIIO peaKTOpa 

HBP-2, He ocTanacb He3aMetJeHHOH 3apy6eiKHOH HayKoH. BMecTe c TeM 

peaKTOphr, nono6Hhre HBP-2, HIIr;::i:e He cTpOHTCH. Be;::i:ymIIe HaytJHhre ueHT

phr MIIpa, IIcnonh3YIOmIIe Heti:TpOHHhie MeTO):(hI, pa3BIIBaIOT ceti:qac 6a3y IIC

TOtJHIIKOB Ha OCHOBe CIIITbHOTOtJHbIX npoTOHHhIX ycKopIITeneti: Ha 3HeprIIIO 

0,1-1 r3B, TaK Ha3bIBaeMbIX "Me30HHbIX cf>a6pIIK", IIITII spallation neutron 

source (SNS). IlnoTHOCTh noToKa Heti:TpOHOB, nocTIIrHyTaH ceti:qac Ha 

SNS - 3 -10 14 Heti:Tp./cM 2c (ycrnHoBKa IPNS-1 a AproHHCKOH HaUIIOHanb-

Hott na6oparnpIIII CIIIA). B 1986 r. noniKeH 3aaeplllIIThCH nycK SNS 

B AHrnIIII (Pe3epcpop;::i:OBCKaH na6opaTopIIH)' rne OiKII):(alOT nOTOKa 
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BCTymIT B CTpOH "Me30HHbie cpa6pHKH"' K0T0pbie HeCK0JibK0 npeB30H

AYT HhIHell!HHe napaMeTphI HBP-2. O.n;HaKo K T0MY apeMem:1 H xapaKTepH

CTHKH peaKTopa HBP-2 6y.n;yT Bhillle 3a cqeT HaMeqeHHhIX Mo.n;epHtt3aUHH. 

Tpa,D;HUHOHHhie HCTQqHHKH HeHTpOHOB - CTaQH0HapHbie HCCJie.n;oBaTeJibCKHe 

peaKT0pbI - TaKme npo.n;onmaIOT HCil0Jib30BaTbCH ,ll;JIH 3KCnepHMeHT0B C no

M0I.UbIO Me.n;JieHHbIX HeHTpOHOB; PeaKTOpbI c 6oJibllll:IM Il0T0K0M HeHTpOHOB 

(a ILL B rpeHo6ne, a BpyKxeiiaeHCKOH na6opaTopHH CIIIA H .n;p.) HMeIOT, 

KaK npaattno, MHoroueneaoe Ha3HaqeHtte. CoopymeHHe H 3KcnnyaTaUHH Ta

Koro peaKTopa a 5-10 pa3 .n;opome, qeM HBP-2, a Mem.n;y TeM 3cpcpeKTHB

HocTh ero ,ll;JIH lllHp0K0ro KJiacca HCCJie.n;oaaHHH, B K0T0pbIX M0:>KH0 HCil0Jib-

30BaTb MeT0,ll; apeMeHH npoJieTa HeHTpOHOB, He npeB0CX0,ll;HT, KaK noKa3aJI 

onhIT, B03MO:>KHOCTeii HBP-2. Eme 6onee .n;oporHMH HBJIHIOTCH ynoMHHaB

ll!HecH paHee HCTQqHHKH Ha 0CH0Be np0T0HHhIX ycKopHTeJieH. TaKHM o6pa-

30M, nyTh pa3BHTHH HettTpOHHhIX HCToqHHK0B B OIUIH 6bm BhI6paH, 6e3yc

JI0BH0, npaBHJibH0. B TeqeHHe caoeii TpH.n;UaTHJieTHeH .n;eHTeJibH0CTH O61,e.n;H

HeHHbIH HHCTHTYT HMeJI H 6y.n;eT HMeTb B .n;aJibHettll!eM npeKpaCHbie B03M0:>K

H0CTH AJIH HayqHbIX HCCJie,noBaHHH C Il0M0I.UbIO HeHTpOHOB. 
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~ETEKTOPhl qACTHU, 3JIEKTPOHHAH 

l1 KPHOrEHHAH ATITIAPATYPA ~JIH ~YH~AMEHTAJibHMX 

l1 TIPHKJIA~HMX l1CCJIE~OBAHl1M 

10.B. 3AHEBCKHii, npo<jjeccop 

A.I'. 3EJib,aOBHlf, npo<jjeccop 

H.<P.KOJillAKOB, npo<jjeccop 

10.K.llHJIHflEHKO, 1<a1-touoaT TeX1-tUll€C'KUX 1-tay'K 

Ycrreurnoe pa3BHTHe MeTo,nmrn H cpe,ncTB aBTOMaTH3aQHH q:>H3HtieCI<:O

ro ::n~crrepHMeHTa B Jla6opaTOpHH BbICOKHX 3HeprHH OI-UU1 HBHJIOCb OCHO

BOH .D:JIH C03.D:aHHH 3KCrrepHMeHTaJibHblX ycTaHOBOK, rrpe,nHa3HatieHHbIX .D:JIH 

BbIIIOJIHeHHH umpOKOH rrporpaMMbl q:>H3HtieCKHX HCCJie,noBaHHH. KpyIIHbie 

aBTOMaTH3HpOBaHHbie YCTaHOBKH C HCIIOJib30BaHHeM MHoroKaHaJibHbIX .ne
TeKTHPYIOI.QHX CHCTeM pa6oTaJIH H rrpo,nomKalOT pa6oTaTb Ha CHHXpocpa3o

TpoHe, ceprryxoBCKOM H ,npyrHx ycKopHTeJIHX; K HHM OTHOCHTCH: 

"<l>oTOH" - qepeHKOBCKHH 90-KaHaJibHblH Macc-crreKTpoMeTp 

EHC-2 

CKM-200 

.[(HCK-2 

CHO 

H ,nayxrrnetieBaH ,neTeKTHPYIOI.QaH CHCTeMa H3 rrpOBO

JIOtIHbIX HCKpOBblX H rrporropQHOHaJibHblX KaMep .D:JIH 

H3ytieHHH 3JieKTpoMarHHTHOH cTpyKTypbI a,npoHoa; 

- 6eccpHJibMOBblH crreKTpoMeTp H3 rrporropQHOHaJibHbIX 

Ka!"lep, pa6oTaIOI.QHH no rrporpaMMe IIOHCKa HOBbIX 

OtiapoaaHHblX qaCTHQ Ha ceprryxoBCKOM ycKopHTene; 

- CTpHMepHaH .D:BYXMeTpOBaH KaMepa .D:JIH HCCJie,noaa

HHH B o6JiaCTH peJIHTHBHCTCKOH q:>H3HKH; 

- ycTaHOBKa H3 CQHHTHJIJIHQHOHHbIX H qepeHKOBCKHX 

CtieTtIHKOB C IIOBOpOTHblM IIJietIOM .D:JIH H3ytieHHH Ky

MYJIHTHBHOro o6pa3oBaHHH qacTHU; 

- crreKTpOMeTp C rrporropQHOHaJibHblMH H ,npeHq:>OBbIMH 

KaMepaMH .D:JIH HCCJie,noBaHHH yrrpyroro pacceHHHH 

peJIHTHBHCTCKHX H,nep H crreKTpa B036ym,neHHH MaJIO

HYKJIOHHblX CHCTeM; 

- crreKTpOMeTp H,nep OT,natIH C rronyrrpOBO.D:HHKOBblMH 
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"Tay" 

NA-4 

"KpHcTann" 

"Pe3oHaHc" 

MHllleHblO Ha BHyTpeHHeM nyqKe CHHxpocpa30TpOHa 

)];ITH Hccne.r:i;oBaHHH )];Hq:>paKLJ;HOHHOro B3aHMO)];eHCT

BHH npOTOHOB C nerKHMH H.r:i;paMH H cpparMeHTaLJ;HH 

H,r:i;ep; 

- cneKTpoMeTp C .r:i;peHq:>OBhIMH KaMepaMH H TOHKOH 

MHllleHblO Ha BHyTpeHHeM nyqKe cepnyxoBCKoro 

ycKopHTenH .r:i;nH IlOHCKa pacna.r:i;a HOBbIX KOpOTKO)KH

ByI.LJ;HX qacTeii; 

- TopoH,r:i;anbHhIH cneKTpoMeTp Ha ycirnpHTene SPS 

(UEPH) MH Hccne.r:i;oaaHHH rny6oKoHeynpyroro pac

ceHHHH MIOOHOB Ha ao.r:i;opo.r:i;e, .r:i;eifrepHH H yrnepo.r:i;e, 

a TaK)Ke )];ITH IlOHCKa HOBhlX qacTHu;; 

- cneKTpoMeTp C .r:i;peiicpOBbIMH KaMepaMH )];ITH H3yqe

HHH HBneHHH KaHanHpOBaHHH qacTHLJ; BbICOKHX 3Hep

rHH B MOHOKpHCTannax; 

- CTpHMepHaH KaMepa C )KH)];KOBo.r:i;opo.r:i;HOH MHllleHblO 

B MarHHTHOM none )];ITH H3yqeHHH pe.r:i;KHX npou;eccoa 

BO B3aHMO)];eHCTBHHX 3ITeMeHTapHblX qacTHLJ;. 

B na6opaTopHH co3.r:i;aeTcH MHorou;eneaoii cneKTpoMeTp c nponopu;Ho

HanbHhIMH KaMepaMH H qepeHKOBCKHM KanopHMeTpOM )];ITH 3KCnepHMeHTOB 

B o6nacTH penHTHBHCTCKOH H.r:i;epHOH q:>H3HKH. Cneu;HanHCTbl na6opaTopHH 

npHHHMaIOT yqacTHe B co3.r:i;aHHH ycTaHOBKH DELPHI .r:i;nH 3KcnepHMeHTOB 

Ha ycKopHTene LEP B UEPHe. 

K OCHOBHbIM HanpaaneHHHM MeTO,r:i;HqeCKHX Hccne.r:i;oBaHHH a na6opa-

TOpHH OTHOCHTCH: 

- pa3pa60TKH HOBhlX THilOB ,r:i;eTeKTOpOB qaCTHLJ;; 

- pa3pa6oTKH B o6naCTH 3neKTpOHHKH, aBTOMaTH3aLJ;HH H o6pa60TKH 

.r:i;aHHhIX; 

- pa3BHTHe KpHoreHHhIX npH6opoB H caepxnpoBO)];HI.LJ;HX ycTpOHCTB 

)];ITH H.r:i;epHO-q:>H3HqecKHX 3KcnepHMeHTOB. 

KOOP .[(11HA THbIE .[(ETEKTOPbl 

3neKTPOHHbie KOOp)];HHaTHhie .r:i;eTeKTOpbl qacTHLJ; - HCKpOBhie, CTpH

MepHhie, MHOronpoaonoqHhie KaMephl - ycnellIHO pa3pa6aTbIBaIOTCH B na-

6opaTOpHH BbICOKHX 3HeprHH B TeqeHHe .r:i;nHTenbHOro BpeMeHH. HaH6onee 

HHTeHCHBHoe pa3BHTHe a na6opaTopHH nonyqHnH MHoronpoaonoqHhie Koop

AHHaTHhie .r:i;eTeKTOpb1/1 ,21. 3.r:i;ecb anepBbie B CTpaHax-yqacTHHu;ax 011.811 

pa3pa6oTaHhl H npHMeHeHbl B 3KcnepHMeHTax Ha ITHHHH C 3BM npoaonoq

Hhle HCKpOBhie KaMepbI, a C 1970 r. ae.r:i;yTCH pa3pa60TKH nponopu;HoHanb

HhlX H .r:i;peiiq:>OBhIX KaMep MH q:>H3HqeCKHX 3KCnepHMeHTOB H )];HarHOCTHKH 

nyqKOB Ha CHHxpocpa30TpOHe H cepnyxoBCKOM ycKopHTene. Y)Ke B 1974 r. 
B na6opaTopHH 6hma BBe.r:i;eHa B CTpOH o.r:i;Ha H3 KpynHeHllIHX 3KcnepHMeH-
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.D;BYXKOop.n;1rnaTHhie HCKpOBhie KaMephI (lxl M 2)' 6 ITPOITOpQHOHaJibHhIX 

KaMep C :meKTpOHHOH CHCTeMOH CneMa H o6pa60TKH HHQ)OpMaQHH Ha JIHHHH 

c 3BM. IlpaKTHqecKH Bee 3KCITepHMeHTaJihHhre ycTaHOBKH 11a6opaTopHH 

OCHameHbl ITpOITOpQHOHaJlbHhIMH H .n;peii:cpOBhIMH KaMepaMH. 

B JIB3 pa3pa6oTaHhl .n;eTeKTOpbI C BhlCOKHM ITpOCTpaHCTBeHHbIM 

H 3HepreTHqecKHM pa3perneHHeM. 3KcITepHMeHThl Ha ycKopHTeJie B BaTa• 

BHH ITO OITpe.n;eJieHHIO 3JieKTpOMarHHTHhIX pa.n;HyCOB ITHOHa H KaOHa ITPH 

3HeprHH 100 H 250 r3B, a TaK:me 3KCITepHMeHThl ITO KaHanHpOBaHHIO BblIIOJI· 

HeHbl C ITOMom1,10 C03.D;aHHhIX B 11a6opaTopHH .n;peii:cpoBhIX KaMep C pa3perne

HHeM 60 MKM. ,[(JIH HOBOro BapHaHTa CITeKTpOMeTpa H.n;ep oT.n;aqH C03.D;aHa 

"BpeMH·ITpoeKQHOHHaH" KaMepa, H3MepHromaH ITpOCTpaHCTBeHHOe ITOJIO:>Ke

HHe TpaeKTOpHH qacTHQhl H ITJIOTHOCTb HOHH3aQHH, Pa3peuieHHe ITpH6opa 

ITO 3HeprHH H Macce, ITOJiyqeHHOe ITpH HCCJie.n;oBaHHHX Ha BTOpHqHoM ITyqKe 

CHHXpocpa30TpoHa, COCTaBJIHeT COOTBeTCTBeHHO 0,7 H 3%. TexHOJIOrHH 

C03.D;aHHH BhlCOKOTOqHhlX MHOrOITpOBOJIOqHblX .n;eTeKTOpOB, pa3pa6oTaHHaH 

B JIB3, ycITeUIHO HCITOJib3yeTCH B .n;pyrHX 11a6opaTOpHHX. Pa60Thl ITO CO· 

3.D;aHHIO MHOrOITpOBOJIOqHhlX .n;eTeKTOpOB Be.n;yTCH COBMeCTHO C I1.R<I> (Kpa

KOB) H [(I1<I>I1 (By.n;aITeillT). 

IlpOITOpQHOHaJlbHhie KaMepbI B coqeTaHHH C HOBeii:rneii: 3JieKTpOHHOH 

perHCTpHpyromeii: aITITapaTypoii: H BbiqHCJIHTeJibHOH TeXHHKOH MoryT HCIIOJib· 

~~1;:t.i:::;~i:i::r::~3r.~i~2~;;:::~::::~:~ 11111:11:111
1
111111111111: 

TeJihHO yMeHblllHTb pa.n;HaQHOHHhie Harpy3KH IIpH ITpOBe.n;eHHH HCCJie.D;OBa• mrnrnmtrn}[/ 
HHH H cymecTBeHHO yBeJIHqHTb ypoBeHb aBTOMaTH3aQHH • .[(eTeKTOpbI "H30· 

6pa'.lKeHHH" .D;JIH 6HOJIOrHH H Me.n;HQHHbl ycnelllHO pa3pa6aThIBaIOTCH B 11a60-

paTOpHH /3· 4 /. 

Ha OCHOBe ITponopQHOHaJibHhIX KaMep C03.D;aH ITpH6op HOBoro THIIa 

YP AH 
131 

.n;JIH .n;ByMepHoro aHaJIH3a pa.n;HoxpoMaTorpaMM H 3JieKTpocpope

rpaMM, II03BOJIHIOmHH B COTHH pa3 COKpaTHTb BpeMR aHaJIH3a. I1pH6op .n;aeT 

B03MO:>KHOCTb o6pa6aThIBaTb pa.n;HoxpoMaTorpaMMhl Hepa3pyrnaromHM Me

TO.D;OM, OH pa6oTaeT Ha JIHHHH c MHKpo-3BM, HHQ)OpMaQHH ITepe.n;aeTCR Ha 

QBeTHOH TeJieBH3HOHHhIH MOHHTOp. 3Ta pa6oTa y.n;ocToeHa 3oJIOTOH Me.n;anH 

B.[(HX CCCP. I1pH6op Hcno111,3yeTCH .n;JIH CHCTeMaTHqecKHX Hcc11e.n;oBaHHH 

B I1HCTHTyTe MOJieKyJIHpHoii: 6Ho11orHH AH CCCP. 

,[(JIH Hcc11e.n;oBaHHH CTPYKTYPhI MOHOKpHCTaJIJIOB 6e11K0B cITeQHaJIH· 

CTaMH ITB3 OI1HH H 11HCTHTYTa KpHcm1111orpacpHH AH CCCP co3.n;aH KPYIT· 

HeHUIHH B MHpe aBTOMaTH3HpoBaHHbIH peHTreHOBCKHH .n;HcppaKTOMeTp 

KAP,ZJ,3 /3, 41, B ocHoBy KOToporo Bxo.n;HT nponopQHOHaJihHaH KaMepa 

c 3JieKTpOHHKOH o6pa6oTKH HHcpopMaQHH B cmH.n;apTe KAMAK Ha JIHHHH 

c 3BM CM-2. BbicoKoe ITpocTpaHcTBeHHOe pa3pellleHHe .n;HcppaKToMeTpa 

II03BOJIHJIO B 50 pa3 ycKopHTb H3MepeHHe .n;HcppaKQHOHHOH KapTHHbI, ITOJIY· 

qaeMOH OT MOHOKpHCTaJIJIOB 6eJIKOB. Ilo CBOeH ITpOH3B0.D;HTeJibHOCTH 

ITpH6op ITpeBOCXO.D;HT H3BeCTHhie .n;HcppaKTOMeTpbI aHaJiorHqHoro Ha3Haqe-

HH.ff. C n0Mom1,10 .n;HcppaKToMeTpa KAP,U-3 no11yqeHbI .n;aHHhie .n;11H 30 KPH· 297 
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CTaJIJIOB, HCI10Jlb30BaHHbie ,n;m1 BbUICHeHHH CBH3H <PYHKIJ;HH 6enKa co 
cTpyKTypoif MoneKyn. AKa,n;eMHH HayK CCCP OTMeTHJia :ny pa6oTy KaK 
O,Il;HO H3 BIDKHeifumx ,Il;OCTH:>KeHHH 1982 r. 

BrrepBbie a MHpoaoif npaKTHKe a 1982 r. crreIJ;HaJIHCTaMH JIB3 rrpH 
yqacTHH BceCOI03HOrO HayqHo-Hccne,n;oaaTeJibCKOro HHCTHTyTa Me,D;HIJ;HH
CKoro rrpH6opocTpoeHHH co3,n;aHa raMMa-KaMepa Ha ocHoae MHororrpoao
noqHoro KOOp,D;HHanioro ,n;eTeKTopa131. no cpaBHeHHIO C Tpa,D;HIJ;HOHHbIMH 
C03,Il;aHHM raMMa-KaMepa o6na,n;aeT JiyqumM rrpocTpaHCTBeHHbIM pa3peIIIe
HHeM. IlpH6op HCIIOJib3yeTCH ,Il;JIH o6cne,n;oBaHHH nau;HeHTOB rrpH 3a6oneaa
HHHX rroqeK, roJIOBHOro M03ra, nerKHX. Paspa6oTKa y,n;oCTOeHa Cepe6pHHOH 
Me,n;anH B,UHX CCCP. 

3JIEKTPOHHKA, ABTOMATH3AUHH 3KCTIEPHMEHTA 
H OEP AEOTKA ,UAHHhIX 

Jla6opaTOpHH BbICOKHX 3HeprHH ,D;OCTHrJia 6oJibllIHX ycrrexoa B 06-
naCTH aBTOMaTH3aIJ;HH (pH3HqecKoro 3KCrrepHMeHTa. 3,n;ecb anepBbie B CTpa
Hax-yqacTHHu;ax cos,n;aH Ha6op Mo,n;yneif KAMAK, pa3pa6ornH rrepBbIH 
a OHHH MHKpOKOMIIbIOTep, rrpe,n;no:>KeH crreu;HaJIH3HpoaaHHbIH rrpou;eccop 
,D;JIH OT6opa co6bITHH, perHCTpHpyeMbIX crreKTpoMeTpaMH B 3KCrrepHMeH
Tax C 3JieMeHTapHbIMH qaCTHu;aMH, C03,D;aHbI KpynHeHUIHe B CTpaHax-yqacT
HHIJ;ax OHHH aaToMaTH3HpoaaHHbie CHCTeMbI c6opa H o6pa6oTKH HHcpopMa
U:HH, IIOCTyrraroll..(eH co crreKTpoMeTpOB /5-8/. 

B na6oparnpHH a TeqeHHe 1970-1984 rr. pa3pa6ornHo 178 Mo,n;yneif 
KAMAK ,n;nH 3KcrrepHMeHTOB, co3,n;aHbI ,n;ecHTKH aaTOMaTH3HpoaaHHbIX 
CHCTeM ,Il;JIH (pH3HqecKHX H HH:>KeHepHbIX YCTaHOBOK. TaK, ,Il;JIH crreKTpoMeT
pa EHC-2 c 10 Tb1c11qaMH KaHanoa rrporropu;HoHaJibHhIX KaMep paspa6oTaHa 
aBTOMaTH3HpOBaHHM CHCTeMa c6opa H o6pa60TKH ,n;aHHbIX, BKJIIOqaroll..(aR 
45 KpeifToB KAMAK Ha JIHHHH c EC-1040. 

BbICOKOH CTerreHblO aBTOMaTH3aIJ;HH OTJIHqaroTCH 6a30Bbie ycTaHOBKH 
na6opaTopHH. HaH6onee KPYIIHhie H3 HHx: 

- aBTOMaTH3HpOBaHHM CHCTeMa ynpaaneHHH pe:>KHMaMH pa60Tbl 
CHHxpocpa30TpoHa H Me,n;neHHbIM BblBO,Il;OM qacTHU: - HH(pOpMau;HOHHO
H3MepHTeJibHM H ynpaaJIHIOll..(aH CHCTeMa KAMAK Ha JIHHHH c 3BM 
EC-1010; 

- rrepaan a cTpaHax-yqacTHHu;ax OHHH aaTOMaTH3HpOBaHHM CHCTe
Ma ynpaaneHHH KpyIIHOH ycTaHOBKOH C HCIIOJ1b30BaHHeM :>KH,D;KOro reJIHH -
CHCTeMa KAMAK c MHKpo-3BM; 

- C03,D;aaaeMbIH B na6opaTOpHH anepBbie B CTpaHax-yqaCTHHIJ;ax 
OHHH caepxrrpoao,n;Hll..(HH CHHxpoTpoH, KoTopbIH TaK:>Ke o6ecrreqHaaeTCH 
aaToMaTH3HpoaaHHOH cHcTeMoif c MHKpo-3BM. 

Ilpo,n;OJI:>KaIOTCH pa60Tbl no C03,Il;aHHIO aBTOMaTH3HpOBaHHOH CHCTeMbl 
,Il;JIH "HyKJIOTpOHa", BHe,D;pHIOTCH ,Il;OCTH:>KeHHH MHKp03JieKTpOHHKH C HC-

298 I10Jlb30BaHHeM HOBbIX CTaH,n;apTOB MHKporrpou;eccopHbIX CHCTeM. 



B Jia6opaTopHH co3,D;aH BhitIHCJIHTeJihHhIH QeHTP c 3BM EC-1055M 

H EC-1040, ocHa~eHHhIH HOBeifrneif TeXHHKOH KOM6HHaTa "Po6oTpoH". 

UeHTp BKJIIDtiaeT B ce6J1 ceTb TepMHHaJI0B ,D;JI.R: o6pa6oTKH ,D;aHHhIX H pa6oT 

Ha JIHHHH co cneKTpoMeTpaMH. 

OnbIT HCTI0Jib30BaHH.R: aBT0MaTH3Hp0BaHHbIX CHCTeM ,D;JI.R: HCCJie,D;oBa

HHH B o6JiaCTH q:>H3HKH BblC0KHX 3HeprHH Bbl3bIBaeT HHTepec cneQHaJIHCT0B, 

3aHHMaIO~HXCH aBTOMaTH3aQHeH pa3JIHlIHbIX npoQeCC0B B Hap0,D;H0M xo-

3HHCTBe CTpaH-ytiaCTHHQ O11.RH. KpyTIHhIM pe3yJibTaT0M B o6JiaCTH npH

KJia,D;HblX HCcJie,D;oBaHHH .R:BJI.R:eTca pa3pa60TKa Mo,D;yJieif H cHcTeM KAMAK, 

K0T0pbie 6bIJIH BHe,D;peHbI BO MHorHx HHCTHTyTax H opraHH3aQHax CCCP 

H ,D;pyrHX CTpaH-ytiaCTHHQ. B qaCTH0CTH, C0BMeCTHhie pa3pa60TKH MO,lJ;yJieif 

H cHcTeM KAMAK npoB0,lJ;HJIHCb c o6oe,D;HHeHHeM "IloJioH", 11.R<I> (P)Ke:lK) 

H Ul1<1>11 (By,D;anernT) • 

KPHOrEHHhlE IIPHBOPhl 

11 YCTPOI1CTBA 

B Jia6opaTOpHH BblC0KHX 3HeprHH TI0,!1; pyK0B0,lJ;CTB0M npocpeccopa 

A.r .3eJib,lJ;OBHtia C03,D;aHa KpynHaa KpHoreHHa.R: 6a3a /9 ~ Ha 0CH0Be KOTOPOH 

BeJiaCb pa3pa6oTKa KpHoreHHbIX npH6opOB ,lJ;JI.R: .R:,D;epHblX HCCJie,lJ;OBaHHH 710 I. 
Co3,D;aHHa.R: B 1964 r. cneQHaJIHCTaMH Jia6opaTOpHH 0,lJ;H0MeTp0Ba.R: )KH,!1;K0-

B0,!1;0p0,!1;Ha.R: TIY3bipbK0Ba.R: KaMepa ,!1;0 HaCT0.R:~ero BpeMeHH HCTI0Jib3yeTC.R: 

B 3KCnepHMeHTax Ha CHHXpocpa30TpoHe. 3To np0CTa.R: no K0HCTPYKQHH 

H B TO )Ke BpeMH 0,D;Ha H3 CaMhlX T0lIHblX B MHpe KaMep. HaKOTIJieHHblH 

0ilblT HCTI0Jib30BaH npH pa3pa6oTKe ,D;ByxMeTpOBOH B0,!1;0p0,!1;HOH KaMepbl 

"JlID,D;MHJia". 

Pa3pa6oTaHHbie B JIB3 Q)KH)KHTeJIH B0,D;opo,D;a H reJIH.R: o6ecnetIHBalOT 

pa6oTy )KH,lJ;K0B0,D;0p0,D;HbIX KaMep H CHa6)KaIOT Q)KH)KeHHbIMH ra3aMH TI0,!1;· 

pa3,D;eJieHHH 11HCTHTyTa. 11ccJie,D;oBaHhl npoQeCCbl 0lIHCTKH ra3006pa3HOro 

H cpmn,TpaQHH )KH,lJ;K0ro B0,D;0p0,D;a. BnepBbie B CTpaHax-yqacTHHQax O11.RH 

HCCJie,D;0BaH npoQecc opT0- , napaK0HBepcHH B0,D;0p0,D;a, Haif,D;eHhl 3cpcpeK

THBHbie KaTaJIH3aT0pbI H l{aJia)KeH0 noJiytieHHe :iKH,D;Koro napaB0,D;0po,D;a 1151 . 
.[{JIH q>H3HtieCKHX 3KcnepHMeHT0B C03,D;aH0 0K0JI0 15 THTI0B pa3JIHlI

HbIX MHilleHeif, cpe,D;H HHX npeQH3H0HHbie, B K0T0pbIX K0JIHtieCTB0 B0,D;opo

,D;a yCTaHaBJIHBaeTC.R: C T0lIH0CTI,lO ,!1;0 0,05%. C03,D;aHbl Il0JIH0CTI,lO HeMeTaJI

JIHtieCKHe MHilleHH ,lJ;JI.R: pa60Tbl B CTpHMepHblX KaMepax. TaKHe MHilleHH 

H TIO,D;06Hble HM cocy,D;hl MoryT pa6oTaTb B 3JieKTpHtieCKHX H nepeMeHHblX 

MarHHTHbIX TI0JI.R:X, tIT0 HMeeT npHKJia,D;H0e 3HatieHHe /l l, 121. 11ccJie,D;oBaHa 

TenJionp0B0,lJ;H0CTb KpHoreHHOH TeTIJI0H30JIHQHH H npoHHQaeM0CTb HeMeTaJI

JIHtieCKHX TIJieH0K. J13yqeH npoQecc cpopMHpOBaHH.R: H YJiaBJIHBaHH.R: ra30BOH 

CTpyH B BaKyyMe. BnepBbie B MHpe pa3pa6oTaHbl CTPYHHbie B0,D;0p0,D;Ha.R:, 

,D;ettTepHeBaa H reJIHeBaa MHilleHH, K0T0pbie ycneillH0 HCTI0Jib30BaJIHCI, 

B 11<1>B3 (IIpoTBHHo, CCCP) H B nepBhIX coaMecTHhIX 3KcnepHMeHTax 

O11.RH-<l>HAJI nocJie 3anycKa ycKopHTeJia B BaTaBHH (CIIIA) 1131. 299 



Pa6oThl no HCCJie.U,OBaJU:UO CBepxnpoBO,lI,HMOCTH BeJIHCb KaK a Hanpaa
neHHH H3yqemrn: CBOHCTB caepxnpOBOMinHX MaTepHaJIOB, TaK H C03.U,aHHR 
caepxnpOBO,lI,RinHX MarHHTOB, a TaK)Ke ycTpOHCTB ,lI,JIR onpe.n,eJieHHR KpH
THtieCKHX TOKOB H H3MepeHHR :meKTpHqecKoro conpOTHBJieHHR H30JIR:QHH, 
TOKOBBO,lI,OB, HCTOtIHHKOB nHTaHHR H 3BaKyaQHH 3HeprHH. B nepetIHCJieHHhIX 
pa6oTax yqacTBOBaJIH COTPY.U.HHKH H3 HHCTHTYTOB cTpaH-ytiaCTHm~: H<PTT, 
Coqm11; YHHBepcHTeTa, By.n,anenIT; 03BM, BepJIHH; TY, .ll:pe3.n,ett; H<PTM 
n UH<P, ByxapecT; M0<P0, MocKaa; 3TH CAH, Bparncnaaa. C yqacrneM 
cneu;ttanncToB 3TH CAH qccP (BpaTHcnaaa) pa3pa6oTaHhI KanopHMeTpH
qecKHH H 3JieKTpHtieCKHH MeTO,lI,hl H3MepeHHR 3HepreTHtieCKHX noTepb 
B CBepxnpoBO.U,RinHX Ka6eJIRX, HaxO,lI,RinHXCR B nepeMeHHhIX MarHHTHhIX 
noJIRX. MeTO,lI, no3BOJIReT ynyqnrnTb napaMeTpbI Ka6eneii: H CHH3HTb noTepH 
B HMnyJibCHhlX cBepxnpoBO,lI,RinHX MarHHTax /l 71 . 

Ba)KHhlM HanpaBJieHneM pa3BHTHR ycKopHTeJibHOH TeXHHKH RBJIReTCR 
nonyqeHHe non11pn3oBaHHoro nyqKa. C yqacTHeM coTpy.n;uHKOB 11.FIH (Bap
rnaaa) nccne.n;oBaHhl npou;eCChl noJIRpH3aQHH aTOMOB H C03.U,aH ,lI,JIR CHHxpo
cpa30TpOHa KpHoreHHhlH HCTOtIHHK nOJIRpH30BaHHblX .n,eii:TpOHOB "IloJIR
pnc" /14/. 

Bae.n,eH B 3KcnnyaTau;mo nepBhIH 3K3eMnJIRP Kpyntteii:rneii: KpHoreH
HOH rentteaoii: ycTattOBKH KrY-1600/4,5, pa3pa6oTaHHOH B HTIO 'Tenttii:
Marn" (CCCP) c yqacTHeM nB:3116( Co3.n,aHa coapeMeHHaR cttcTeMa aaToMa
THqecKoro ynpaaneHHR ycTaHOBKOH. YcTaHOBKa KrY-1600/4,5 npe.n;Ha3Ha
qetta .U,JIR KPHOCTaTHpOBaHHR caepxnpoBO,lI,RinHX ycKopnTeJieii:. CoBMeCTHO 
c 0<PB3, HTIO "KpttoreHMarn", H003<PA (CCCP) na6opaTOpHR npHHHMaeT 
yqacTHe B npopa6oTKe KpttoreHHhIX cHcTeM YHK. Co3.n,aHHe KpyntthIX KpHo
reHHhIX ycTaHOBOK conpoBO)K,lI,aJIOCb . pa3pa6oTKOH TeXHOJIOrHtieCKHX 3Jie
MeHTOB - noprnHeBhIX .n,eTatt.n;epoa (c yqacTHeM coTpy.n,HHKOB HH<P, IlxeHh
RH)' cocy.n,oB .ll:bIDapa, CH<pOHOB, npe.n,oxpaHHTeJibHhlX KJianaHOB, aBTOMaTH
qecKHX ycTpOHCTB, TepMOMeTpOB, yKa3aTeJieH H peryJIRTOpOB ypoBHR, MHO
rHe H3 KOTOpbIX HCnOJib30BaHb1 .n,pyrHMH opraHH3aQHRMH. 
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METO~ TTOAYqEHHH CBEPXHM3KMX TEMTTEPATYP 

TTYTEM PACTBOPEHMH 3tte B 4He M Ero TTPMMEHEHME 

B ~M3MKE 3AEMEHTAPHhlX qACTMU 

B.C.HEI'AHOB, 001<:Top (jJuau1<:o-MaTeMaTuttec1<:ux itay,c 

CoBpeMeHHbie MeTO)];bl HCCJie)];OBaHIDI xapaKTepH3YIOTCR BCe 6onee 

HHTeHCHBHbIM BHe)];peHHeM B HHX HH3KOTeMnepaTypHOll KpHoreHHKH, 

nonyqHBllleH B nocne)];HHe )];eCRTHJieTHR cym;eCTBeHHOe pa3BHTHe. B CBR3H 

C llIHPOKHM npHMeHeHHeM renHeBbIX TeMnepaTyp H RBJieHHR CBepxnpOBO)];H

MOCTH B03HHKJia )];IDKe HOBaR o6naCTb HH)];ycTpHH. Bnaro)];apR OTKpbITHIO 

H HHTeHCHBHOMy HCITOJib30BaHHIO 3cpcpeKTOB Mecc6ay3pa H ,[()K03ecpcoHa 

npoH30llIJIH ITOHCTHHe q>aHTaCTHqecKHe H3MeHeHIDI B H3MepHTeJihHOH TeXHH

Ke. Cym;eCTBeHHblll nporpecc HaMeqaeTCR TaK)Ke B BbiqHCJIHTeJibHOH TeXHH

Ke. Ho BCe 3TO - Haqano peanH3aU:HH B03MO)KHOCTeii JIHlllb o6naCTH renHe

BbIX TeMnepaTyp. Tenepb y)Ke oqeBH)];HO, qTo OCBOeHHe O)];HOH 3TOH o6naCTH 

TeMnepaTyp cnoco6Ho npeo6pa3HTb COBpeMeHHblll MHp. TeXHHKH. 11HTepBaJI 

)Ke TeMnepaTyp, ne)Kalll;HH HH)Ke O)];Horo rpaAyca no UIKane KeJihBHHa, yc

JIOBHO Ha3hIBaeMhlll o6naCTbIO CBepxHH3KHX TeMnepaTyp H RBJIRIOlll;HHCR 

"6ecKoHeqHbIM" B TOM )Ke CMbICJie, B KaKOM "6ecKOHeqeH" HHTepBaJI CKO

pocTeii, H3yqaeMhlll C IlOMOlll;bIO cpe)];CTB ycKopHTeJibHOH TeXHHKH, TaHT 

B ce6e, ITO-BH)];HMOMY, He MeHbUiee MHoroo6pa3He RBJieHHH, peBOJIIOU:HOH

Hoe BJIHRHHe KOTOpbIX TaK )Ke HeB03MO)KHQ npe)];BH)];eTb, KaK ITOJIBeKa 

Ha3a)]; - BJIHRHHe OTKpbITHH B HCITOJib3yeMOH o6naCTH renHeBbIX TeMnepa

Typ. Pa3BHTHe R)];epHOH 3HepreTHKH, CTHMYJIHpyrom;ee npOMbIUIJieHHOe oc

BOeHHe o6naCTH renHeBbIX TeMnepaTyp, OTKpbIJIO nyTh H K OCBOeHHIO o6na

CTH CBepXHH3KHX TeMnepaTyp 6naro)];apR nonyqeHHIO B )];OCTaToqHOM KOJIH

qecTBe H30Tona 3 He. 

B HaCTORm;eii CTaTbe coo6m;aIOTCR pe3yJihTaThl pa3BHTHR H npHMeHe

HHR q>H3HKH H TeXHHKH CBepxHH3KHX TeMnepaTyp, OCHOBaHHOH Ha HCITOJib-

30BaHHH 3 He, B H3yqeHHH cpyH)];aMeHTaJibHbIX npou:eccoB MHKpOMHpa. }fa
naraeMblll HH)Ke MaTepHan RBJIReTCR KpaTKHM HTOrOM )];Ba)];D;aTHJieTHero 

OilbITa pa6oT, Be)];ym;HXCR B Jla6opaTopHH R)];epHbIX npo6neM OIUH1 B 3TOH 

o6naCTH. Cne)];yeT OTMeTHTb, qTo 3TO HanpaBJieHHe B CBoeii: HaqaJibHOH 

CTa)];HH 6hIJIO )];aJieKo OT TeMaTHKH 11HCTHTyTa. Pa3BHTHeM ero Mbl o6R3aHbl 
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B.TI.,[(:>Kenenoay, KOTOphIH oKa3aJI pe1mnenhHYIO H acecTopoHHIOIO noA
Aep:>KKY HCCJieAOBaHUHM H Ha KOTOpOM, ecTeCTBeHHO, Jie:>KaJia OTBeTCTBeH

HOCTb 3a HTOrH 3TOH pa6oThl. 
3a npoIIIeAIIIee apeMH B na6opaTopHH 6hm pa3pa6omH H BHeApeH 

HOBblH MeTOA nonytJeHlf.H CBepxHH3KHX TeMnepaTyp, OCHOBaHHhIH Ha HC

IlOJib30BaHHH 3cpcpeKTa oina)K,Il;eHlf.H npH paCTBopeHHH :>KHAKOro 3He 

a caepxTeKytJeM 4He, npeAcKa3aHHoro r.noHAOHOM B 1951 r. B HTore yAa
noch noHH3HTb npeAeJibHYIO TeMnepaTypy, AOCTHraeMyIO C IlOMOIUbIO :>KHA

Koro reJIHH, IlOlJTH B 500 pa3. 
CyIUHOCTb npouecca OXJia:>KAeHHH npH paCTBopeHHH 3He B caepxTe

KytJeM 4He TaK :>Ke npocTa, KaK H B o6hilJHOM cnoco6e, OCHOBaHHOM Hl'C HC
napeHHH HH3KOTeMnepaTypHbIX )Kll,Il;KOCTeH. KaK H KJiaCCHtJecirnH MeTOA, 

3TOT cnoco6 OCHOBaH Ha HCilOJib30BaHHH CKpbITOH TenJIOTbl nepeXOAa :>KHA

KOCTb-"nap ", TaK KaK npouecc paCTBopeHlf.H 3He B 4He, B COOTBeTCTBHH 

C TeopeTHtJeCKHMH MOAeJIHMH, MO:>KHO paccMaTpHBaTb KaK ucnapeHHe KBaH

TOBOH :>Kll,Il;KOCTH C nepeXOAOM ee B cpepMH-ra3. TipH 3TOM pOJib 4He B o6-

pa3yIOlUeMCH paCTBope H3-3a HyrreBOH 3HTponHH CBepxTeKytJero KOMilOHeH
Ta 4 He CBOAHTCH K pOJIH cocyAa C OCTaTOlJHblM (pOHOM 6o3eBCKHX KBa3H

tJaCTHU, TO eCTb K HeKOTOpOMY HOBOMY "BaKyyMy", B3aHMOAeHCTBHe C KO
TOpbIM aTOMOB 3He npHBOAHT JIHIIlb K HeKOTOpOH nepeHOpMHpOBKe 3cp
cpeKTHBHOH Macchi KBa3HtJaCTHU 

3
He. OtJeBHAHo, noAo6HhIH npouecc "uc

napeHttH" 6yAeT npoHCXOAHTb AO Tex nop, noKa o6pa3yIOIUHHCH paCTBOp 

He npeapaTHTCH a attarror HaChIIUeHHoro napa u CHCTeMa He 6yAeT npeACTaB

JIHTb co6ol1 paBHOaecue ABYX cpa3 - :>KHAKOCTH H ra3a. 3To HBJieHHe OTpa~ 

:>KaeT paccrroeHue pacTaopa, o6Hapy:>KeHHoe YorrTepoM H <l>ep6eHKOM 

B 1956 r. KpttTHtJecKoH TeMnepaTypoI1, npu KoTopoI1 nrroTHOCTb "napa" 

a :>KHAKOCTH CTaHOBHTCH OAHHaKOBOH u TeilJIOTa nepexoAa o6pamaeTCH 

B HYJih, oKa3aJIOCb 3HatJeHue 0,86 K. CooTBeTCTBYIOlUaH cpa30Ba.H AttarpaMMa 
pacTaopa, BhI.HCHeHHa.H no3AHee, npuaeAeHa Ha puc.1. ,[(uarpaMMa AaeT 
paBHOBeCHbie 3HatJeHHH KOHUeHTpaUHH paCTBOpOB XI H XII B o6rraCTH pac

CJIOeHHH cpa3 B 3aBHCHMOCTH OT TeMnepaTypbl paCTBOpa. Enaronplf.HTHOH 

oco6eHHOCTbIO HBJIHeTCH IlOlJTH 100% KOHQeHTpaulf.H 3He B rrerKOH Bepx
HeH cpa3e npu T - 0,2 K u KoHetJHa.H KOHUeHTpauuH 3He B TH:>Kerrol1 "ra3o
aol1" cpa3e npu T = 0, 06ecnetJuaa10ma.H pa60Tocnoco6HoCTb MeToAa npH 

CKOJib yrOAHO HH3KHX TeMnepaTypax H3-3a BbICOKOH paBHOBeCHOH ynpyro
CTH "napa" anrroTb AO T = 0. 

,[(JI.fl Toro tJT06hI npouecc paCTBopeHHH Mor npoTeKaTb C IlOCTOHHHOH 

CKOpOCTbIO, AOCTaTOlJHO HenpepbIBHO npOH3BOAHTb YAaJieHHe nepeIIIeAIIIHX 
B "napoayro cpa3y" aTOMOB 3He, HapyIIIa.H paBHOBecue cpa3 H Bhl3b1Ba.H 

HOBbie nepeXOAhI, KaK u a o6bitJHOM cnoco6e OXJia)K,Il;eHHH npH HenpephIB
HOH OTKatJKe napOBOH cpa3bl HM KHilHIUeH :>KHAKOCTbIO. CaMhIM 3aMetJaTeJib

HblM o6CTOHTeJibCTBOM, ynporuaIOIUHM ace Aerro, OKa3aJIOCb TO, lJTO 3TOT 

npouecc H3BJietJeHHH "ucnapHBIIIHXCH" aTOMOB 3He H3 o6neMa, 3aHHToro 
4He, TO eCTb aHaJior npouecca OTKatJKH napoBOH cpa3bl, MO:>KHO ocymeCTB
JIHTb C IlOMOIUbIO AHq>cpy3HOHHblX HaCOCOB, KaK H B o6bilJHOM cnoco6e ox- 303 
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~liC .1. <l>a30BaJl ,a;narpaMMa paCTBopa 3 He B 4 He. n3 li n 4 - IJliCJIO aTOMOB 
He li 4He e e,a;.o6'heMa. 

Jia)K,!J;eHHH • .D:rrH 3Toro ,!J;OCTaTOtIHO pa3,n;eJIHTb o6'beM 4He, co,n;ep)Kalll;HH 

"ra3oByro" cpa3y 
3 

He, Ha ,n;Be qaCTH, coe,n;HHHB HX Y3KHM KaHaJIOM. EcrrH 

3aTeM O,!J;HH H3 o6'beMOB, KOTOphlll Terrepb IIpHHHTO Ha3hIBaTb BaHHOH HCIIa

peHHH, HarpeTh ,n;o TeMrrepaTyphl OKOJIO 0,7 K, TO co,n;ep)Kalll;HllCH B paCTBO

pe 3He HatJHeT HHTeHCHBHO HcrrapHTbCH, B TO BpeMH KaK )KH,!J;KHll 4 He, aTo

Mhl KOToporo CBH3aHbl Me)K,n;y co6ou 60JibllIHMH CHJiaMH, 6y,n;eT HaXO,!J;HTbCH 

em;e B CBepxTeKytJeM COCTOHHHH. Co6HpaH OTKatJaHHhlll ,n;Hcpcpy3HOHHblM 

HaCOCOM 3He, MO)KHO 3aMKHYTb ~HKJI, rro,n;aBaH CHOBa CKOH,n;eHcHpOBaHHhlll 
3
He BO BTOpOll o6'beM, HMeIOlll;Hll 6orree HH3KYIO TeMrrepaTypy BCJie,!J;CTBHe 

rrorrrom;eHHH B HeM Terrrra rrpH rrepexo,n;e aTOMOB 3He qepe3 rpatt~y ,n;Byx 

cpa3 • .IJ:arrbHettIIIee ,!J;BH)KeHHe aTOMOB 
3
He B BaHHY HCIIapeHHH 6y,n;eT rrpOHC

XO,!J;HTb rro Y3KOMY coe,n;HHHTeJibHOMY KaHarry rro,n; ,n;ettCTBHeM rreperra,n;a 

ocMOTHtJec1<:oro ,n;aBrreHHH, BO3HHKarom;ero H rro,n;,n;ep)KttBaeMoro 6rraro,n;apH 

tterrpephIBHOtt OTKatJKe H3 3TOtt BaHHhI rrapoBott cpa3hI 3He. 
J, 

TaKHM o6pa30M, rrpo~ecc rrorrytJeHHH CBepxHH3KOll TeMrrepaTyphl 
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3 
He (JKuiJxocmo) 

t fl 

PacmBa 

]) 

PHc.2. IlpHH~IIHanhHa.s:r cxeMa 
CTyneHH paCTBOpeHHH 3 He a 
4He. 

HHTeHCHBHOe "HcrrapeHHe" B 

061:,eM, 3anoJIHJ'ieMhIH iKHA· 

KHM 4 He, H peaJIH3yeTC.fI 

HeKOTOpa.R BeChMa Mana.fl 

)];OJI.fl IlOJIHOH TeIIJIOThl Hcrra

peHH.fI, a 3aTeM IlpH cpaBHH· 

TeJibHO BhlCOKOH TeMrrepaTy

pe rrpOHCXO)];HT HCrrapeHHe 
3He H3 ero cna6oro pacTBO· 

pa B 
4
He H peaJIH3yeTc.fI 

OCTaJibHa.fI, rnaBHa.fI qaCTb 

CKphITOH TeIIJIOThl HCilape

HH.fI 3 He. CyMMa 3THX 3Ha

qeHHH TeIIJioThI (rrpH OAHOH 

H TOH iKe TeMrrepaType) 

paBHa TeIIJIOTe HcrrapeHH.fI 

qifcToro 3He B cpH3HqecKHH 

BaKyyM. qT06hI C)];eJiaTb 

rrpoQecc paCTBopeHH.fI He 

TOJibKO HerrpephIBHhIM, HO 

H 3cpcpeKTHBHhIM, Heo6xo)];H· 

MO B03Bparn;aeMhIH B BaHHY 

pacTBopeHH.fI iKHAKHH 3He 

OXJia)];HTb )];O TeMrrepaTyphI, 

6JIH3KOH K TeMrrepaType 

BaHHhl paCTBopeHH.fI. 3Ty 

cpyHKQHIO B pecppHiKepaTO

pax paCTBOpeHH.fI BhIIlOJIH.fI· 

eT TpeTHH rnaBHhIH HX 3Jie

MeHT - Terrnoo6MeHHHK, B KOTOphIH rrpeBparn;aroTC.fI )];Hq>cpy3HOHHhIH KaHan 

H KaHan BO3BpaTa iKH)];Koro 3He rryTeM CO3)];aHH.fI MeiKAY HHMH TeIIJIOBoro 

KOHTaKTa C )];OCTaToqHO pa3BHTOH IlOBepXHOCTbIO Terrnoo6MeHa. B 3TOM cny

qae IlOJie3Ha.fI TeIIJIOBa.fI Harpy3Ka HJIH XOJIO)];OilpOH3BO)];HTeJibHOCTh MOiKeT 

6b1Tb BhipaiKeHa oqeHh rrpocTOH cpopMynol1: q = 95Z(T 2 - T 5) BT, r)];e 

TO - TeMIIepaTypa paCTBopa rrpH OTCYTCTBHH BHenrnero Terrna, T - pa6o

qaJI TeMrrepaTypa, z - CKOpOCTb paCTBopeHH.fI. 

ITpHHQHilHaJibHa.fI cxeMa pecppmI<epaTopa C 3aMKHYThIM QHKJIOM 

pacTBOpeHH.fI 3He IlOKa3aHa Ha pHc.2. YcTpOHCTBO COCTOHT l'.13 BaHHhl HCila

peHH.fI A, rrpOTHBOTOqHoro TeilJI006MeHHHKa B H BaHHhl pacTBOpeHH.fI C. 

Haxo)];.filll;HHC.fI B BepxHeif qacTH BaHHhI C 
3 

He tterrpephIBHO paCTBOp.ReTC.fI 

Ha rpaHHQe pa3)];eJieHH.fI (pa3 D, rrepexo)];.fI B paCTBOp, 3aIIOJIH.fIIOlll;HH OCTaJib· 

.!1
1•!llllliliil !ii Iii Iii I!!! 
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Hyro qacTb BaHHhI C, o,z::i;HH H3 KaHarroB Tenrroo6MeHHHKa B H HeKoToRyro 

tJaCTb BaHHhI A. C TOH iKe cKopocTbIO npo11cxo,z::i;HT y,z::i;arreH11e napoB He 

113 BaHHbl A C IlOMOW:bIO BHernHero Hacoca, O'IIHCTKa H KOH,ll;eHCa[(HJI B KpHO

CTaTe H B03Bpaw;eHHe B BaHHY C qepe3 ,z::i;pyroii KaHaJI Tenrroo6MeHHHKa 

nocrre npe,z::i;Bap11TeJihHoro oxrraiK,z::i;eHHH B BaHHe A. CKopocTb oTKatJKH na

poB 
3
He, a crre.n:oBaTeJibHO, H CKOpOCTb UHPKYJIH[(HH 

3
He B CHCTeMe, onpe

.n:errHeTCH npOH3BO.D:HTeJibHOCTbIO HCilOJib3yeMblX HaCOCOB H ,z::i;aBrreHHeM na

poB 3He Ha,ll; ypoBHeM iKH,ll;KOCTH B BaHHe A, 3aBHCHW:HM OT KOH[(eHTpa[(HH 

H TeMnepaTypbI paCTBopa B HeH. Tiocrre.z:i;HHH napaMeTp MOiKeT 6bITb npOH3-

BOJibHO 3a.D:aH C IlOMOW:bIO HarpeBaTeJIH R, 'IITO H Il03BOJIHeT peryrrHpOBaTb 

CKOpOCTb [(HpKyJI~[(HH 3He Z H CBH3aHHYIO C HeH xorro,z::i;onpOH3BO,ll;HTeJib

HOCTb ycTaHOBKH q. 
TiepBaH 3KCnepHMeHTaJibHaH pa6oTa, ony6JIHKOBaHHaH HaMH 

B 1965 ro,z::i;ylil, cpa3y noKa3arra ocHOBHbie npe11Myw;ecTBa HoBoro cnoco6a 

H nocrryiKHJia TOJI'IIKOM K OCBOeHHIO ero BO MHOrHX HaytJHbIX [(eHTpax MHpa. 

CKopo 3TOT MeTOA IlOJIY'IIHJI MHpOBoe npH3HaHHe H lllHpOKOe npHMeHeHHe 

npeiK,n:e Bcero Henocpe,z::i;CTBeHHO B cpH3HKe CBepxHH3KHX TeMnepaTyp, npaK

THtJeCKH BbITeCHHB MeTOA a.n:11a6aTHtJeCKoro pa3MarHH'IIHBaHHH, HBJIHBlllHHCH 

paHee e,n:HHCTBeHHbIM cnoco6oM norrytJeHHH TeMnepaTyp HHiKe 0,3 K. MHHH

MaJibHaH TeMnepaTypa, ,ll;OCTHrHyTaH HaMH C IlOMOW:bIO 3TOro MeTo,z::i;a 

B 1968 r., 6hma paBHa 5,5 MK. B HaCTOHw;ee BpeMH 3THM MeTOAOM B CTa

[(HOHapHOM peiKHMe norrytJaIOT TeMnepaTypy AO 2 MK, H 6rraro,z::i;apH eMy <pH-

3HKa CBepxHH3KHX TeMnepaTyp BCTynHJia B HOBYIO cpa3y pa3BHTHH • 

KpoMe pa3BHTHH MeTo,z::i;a oxrraiK.z:i;eHHH Harneii 3a,z::i;aqeif 6bm, ecTecT

BeHHO, IlOHCK HaH6orree 3cpcpeKTHBHblX npHMeHeHHH ero B Hccrre.z:i;oBaHHHX, 

npOBOAHMbIX no nporpaMMe O6'be,z::i;HHeHHoro HHCTHTyTa H,z::i;epHblX HCCJie,z::i;o

BaHHH. OcHOBbIBaHCb Ha npeHMyw;ecTBax MeTo,z::i;a H npeiK,n:e Bcero Ha BbICO

KOH xorro,z::i;onpOH3BO,ll;HTeJibHOCTH, MOiKHO 6hIJIO Ha,z::i;eHTbCH, 'IJTO TaKOH 06-

rraCTbIO 6y,z::i;eT C03,ll;aHHe IlOJIHpH30BaHHbIX MHllleHeH C 6orree lllHpOKHMH 

B03MOiKHOCTHMH, Ha3bIBaeMbIX -Tenepb MHllleHHMH "3aMopoiKeHHoro" TH

na 121. TaKHe MHllleHH o6rra,z::i;aroT npe,z::i;eJibHOH CTeneHbIO IlOJIHpH3a[(HH, 

6JIH3KOH K 100%, CTa6HJibHOCTbIO BO BpeMeHH, B03MOiKHOCTbIO H3MeHeHHH 

HanpaBrreHHH BeKTopa norrHpH3a[(HH 11, tJTO HaH6orree cyw:ecTBeHHO, Bo3-

MOiKHOCTbIO npHMeHeHHH MarHHTHbIX CHCTeM C H3MeHHIOW:eHCH BO BpeMH 

onbITa anepTypoH, onpe.n:errHrow;e11 B 3HatJHTeJibHOH CTeneHH Kpyr 3a,z::i;aq, pe

rnaeMhIX C IlOMOW:bIO TaKHX MHllleHeH. HaMH 6bIJIH pa3pa6oTaHbl H BBe,z::i;eHbl 

B ,z::i;eHCTBHe ,ll;Be npOTOHHbie H ,z::i;Be ,n:eHTpOHHbie IlOJIHpH30BaHHbie MHllleHH 

"3aMOpoiKeHHoro" THna ,ll;JIH BblCOKHX H cpe.n:HHX 3HeprHH, ycnernHO HCilOJib-

3yeMbie B HacToHw;ee BpeMH B onh1Tax Ha ycKopHTerrHx 11<1>B3 (TipoTBHHO) 

H Jil1H<I> (raTtJHHa) ,ll;JIH H3ytJeHHH norrHpH3a[(HOHHbIX 3cpcpeKTOB. 

.IJ:pyrHM 3cp<peKTHBHbIM npHMeHeHHeM HOBOro MeTo,z::i;a OKa3aJICH cno

co6 IlOJIHpH3a[(HH KOpOTKOiKHBYW:HX H,z::i;ep, HMnJiaHTHpOBaHHblX B MarHHT

Hbie MaTpH[(bl, ycnelllHO HCilOJib3yeMbIH B Harneii rra6opaTOpHH 1.31_ J13yqe

HHe aCHMMeTpHH H3JiytJeHHH KOpOTKOiKHBYW:HX IlOJIHpH30BaHHblX H,z::i;ep B co-
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OTKpbIJIO HOBbie lll11pOK1-rn B03MO:>KHOCTH B H,n:epHOH cneKTpOCKOilHH. Hc
CJie,n:oBaHH.fl C opHeHTHpOBaHHbIMH pa,n:HoaKTHBHhIMH H,n:paMH npe,n:CTaBJIHlOT 
3HatJHTeJihHhIH HHTepec TaK:>Ke .D;JIH q:>H3HKH Taep,n:oro Tena. 

O,n:HaKo HaH6onee nepcneKTHBHbIM HCilOJib30BaHHeM pa3pa60TaHHOH 
TeXHHKH noJiytJeHHH caepxHH3KHX TeMnepaTyp ,ll;JIH q:>H3HKH :meMeHTapHbIX 
tJaCTHU HBJIHeTCH C03,ll;aHHe H30JIHpoaaHHhIX OT BHelllHHX B03,D;eHCTBHH 
caepxtJyBCTBHTeJibHbIX CHCTeM C MaCCOH nopH,n:Ka 100 Kr H 6onee / 4/. TaKHe 

CHCTeMbl MO:>KHO HCilOJib30BaTb, HanpHMep, ,ll;JIH H3ytJeHHH B3aHMo,n:eHCTBHH 
HeiiTpHHO C aem;eCTBOM B o6JiaCTH qpe3BhllJaHHO MaJihIX nepe,n:aq HMilYJibCa, 
He,n:ocTynHOH Ha6nro,n:eHHlO o6bitJHhIMH MeTo,n:aMH. <l>yH,n:aMeHTaJibHOH 3a,n:a
tJeH, pelllaeMOH C IlOMOill;blO H30JIHpOBaHHhIX CHCTeM, HBJIHeTCH o6Hapy:>Ke
HHe rpaaHTaUHOHHhIX BOJIH' H ,n:pyrHX B03MO:>KHhIX YJibTpacna6hIX B3aHMO
,n:eHCTBHH, eCJIH OHH cym;eCTBYIOT a npHpo,n:e. 8THM MeTO,ll;OM, IlO-BH,ll;HMOMY, 
Ha HOBOM ypoaHe MO:>KeT 6hITb HCCJie,n:oaaHa TaK:>Ke npo6JieMa ,ll;BOHHOro 
6e3HeHTpHHHOro {3-pacna,n:a H,n:ep 151• TaKHe OilbITbl Tpe6yroT ,ll;JIHTeJibHOro 
Ha6nro,n:eHHH 3a a,n:0a6aTHtJeCKOH CHCTeMOH npH TeMnepaType nop.H,n:Ka 
10 MK H HH:>Ke B YCJIOBHHX no,n:3eMHOH na6opaTOpHH, MaKCHMaJibHO H30JIH
poaaHHOH KaK OT MexaHHtJeCKHX H 3JieKTpOMarHHTHhIX B03,D;eHCTBHH, TaK 
H OT B03,D;eHCTBHH co CTOpOHhl KOCMHtJeCKoro H pa,n:HOaKTHBHoro H3JiytJe
HHH. Mo:>KHO Ha,n:eHTbCH, lJTO B 3THX YCJIOBHHX 6y,n:eT )J;OCTHrHyT nopor pe-

-22 
rHCTpaQHH TenJIOBhI,ll;eJieHHH a CHCTeMe Ha ypoaHe 10 BT/r. B 6JIH:>KaHlllHe 
ro,n:hI npe,n:nonaraeTcH HatJaTb 3TH 3KcnepHMeHThI. 
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PA38MTME 3KCTTEPMMEHTAAbHOM METO~MKM 

MCCAE~OBAHMM 3AEMEHTAPHblX qACTMU 

M PEAHTMBMCTCKMX H~EP 

H.A.I'OJIYTBHH, ooKTOp fPU3UKO-MaTeMaTu'-lecKux 1-tayK 

Ilporpecc B (pH3HKe :meMeHTapHbIX qaCTHQ BO MH0r0M onpenemieTCH 

MeTo.o;HqeCKHM o6ecneqeHHeM 3KcnepHMeHTaJibHbIX HCcnenoaaHHH. YaenH

qeHHe nocTynHOH Ha ycK0pHTenHX 3HeprHH qacTHQ HnH ycKopeHHe H0BbIX 

THTI0B qacTHQ Tpe6yroT peaJIH3aQHH B neTeKT0pax H0BbIX CBOHCTB H KaqecT

BeHHoro ynyqrneHHH paHee nocTyTIHbIX xapaKTepHCTHK. 3TOT npoQecc co

aeprneHCTB0BaHHH 3KcnepHMeHTaJibHbIX MeTo.o;oa np0HCX0AHT HenpepbIBH0. 

Oco6eHHo 6onhlrrne ycnexH nocTHrHyThI 3a nocne.o;Hee necHTHneTHe, Korna 

HMeHH0 BbICOKHH MeTO.o;HqecKHH ypoaeHb 3KCnepHMeHTaJlbHbIX ycTaH0B0K 

Il03B0nHn cnenaTb KpynHeHrnHe 0TKpbITHH B (pH3HKe. 

Pa3BHTHe 3KCnepHMeHTanhHbIX MeT0)];0B HCCnenoaaHHH 3neMeHTap

HbIX qacTHQ H penHTHBHCTCKHX 11.o;ep ·B TeqeHHe nocne.o;HHX 5-10 neT RBnR

nOCb 0)];HHM H3 rnaBHbIX HanpaaneHHH .o;eHTenbH0CTH OT.o;ena H0BbIX MeT0-

noa ycKopeHHH. Hap11ny C C03)];aHHeM HeCK0nbKHX KpynHbIX 3KCnepHMeH

TaJibHbIX YCTaH0B0K 6hm BbITI0nHeH 6onblllOH 06oeM HCCne.o;oBaHHH H pa3-

pa60TOK, HBnHIOIIJ;HXCH MeTo.o;HqE;!CKOH OCHOBOH H0Boro Il0K0neHHH 3KCne

pHMeHTaJibHbIX ycTaH0B0K •. TpH cpaKTOpa onpenenHnH ycnexH B 3TOH 06-

nacTH HccnenoaaHHH: 

- rny6oKaH HH)KeHepHaH npopa6oTKa H opHeHTaQHH Ha coapeMeH

Hyro rnxHonorHro; 

- HCTI0nb30BaHHe nocne.o;HHX nocTH)KeHHH 3neKTp0HHKH H BbiqHcnH

TenbHOH TeXHHKH; 

- Hepa3pbIBHaH CBH3b MeT0)];HqecKHX pa3pa60TOK C npoaeneHHeM 

3KcnepHMeHT0B Ha YCK0pHTenHx. 

3a 3T0 apeMH nonyqeHbI cnenyrom;He 0CH0BHbie pe3ynbTaTbI: 

- co3.o;aHhI KoopnHHaTHhIH neTeKTop ycTaH0BKH NA-4, MeTo.o;Hqe

CKaH 6a3a nnH pa3pa6oTKH, H3r0T0BneHHH H HCilbITaHHH npoaonoqHbIX 

nponopQH0HaJibHbIX H npeifcpOBbIX KaMep 6onblllOro pa3Mepa, npoae.o;eHbI 

peKoHCTPYKQHH 3KcnepHMeHTanhHOH ycTaH0BKH NA-4, nononHeHHe ee npy

rHMH THnaMH neTeKTopoa; 

- C03.o;aHbI npeifcpOBbie KaMepbI pa3MepoM 2x4 M nnH ycTaH0BKH 
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HOM npOH3B0,Il;CTBe O11.ffH; pa3pa6oTaHa MHOrOKaHaJibHaH 3neKTpOHHaH an

napaTypa ,ri;n.R CtJHTblBaHH.R HHq>OpMaQHH C ,ri;peHq>OBbIX KaMep, opraHH30Ba

HO ee THpa:>ImpoBaHHe ,ri;n.R HeCKOnbKHX TbIC.RtJ KaHaJIOB; 

- pa3pa6oTaHbl H Hccne,ri;oBaHbl pa3Hbie THilbl npoaonotJHbIX KaMep, 

o6ecnetJHBaIOlll;HX BblCOKyro TOtJHOCTb H BbICOKOe 6bICTpo,ri;ei:foTBHe, H3ro

TOBneHbl OilblTHhie napTHH 3THX KaMep; 

- pa3pa60TaH KOMIIneKC 3neKTpOHHKH An.R rrporropu;HoHanbHbIX Ka

Mep, H3rOTOBneHbl OilblTHbie rrapTHH rrpH6opoB, C03,IJ;aHa CHCTeMa aBTOMaTH

tJeCKOro KOHTpon.R H HCIIbITaHH.R 3neKTpOHHKH B rrpou;ecce H3rOTOBneHH.R 

Ha OCHOBe MHKporrpou;eccopHblX ycTpOHCTB; 

- Ha OCHOBe pa3pa6oTaHHbIX rrporropu;HOHaJibHblX KaMep H :meKTpo

HHKH rrpoae,ri;eHa peKOHCTpyKu;H.R H 3arrycK ycTaHOBKH "CHrMa" Ha rrytJKe 

ycKOpHTen.R M<I>B3 (IlpOTBHHO) ; 

- pa3pa6oTaHa MeTO,Il;HKa perHCTpau;HH pen.RTHBHCTCKHX .R,ri;ep Ha oc

Hoae rrponopu;HoHanbHbIX KaMep C ManhIM KOnHtJeCTBOM aew;ecTBa Ha IIYTH 

tJaCTHu;; 

- pa3pa60TaH HOBbIH MeTOA Hccne,ri;oaaHH.R .R,ri;epHbIX cpparMeHTOB 

Ha OCHOBe qepeHKOBCKHX CtJeTtJHKOB C TOHKHMH pa,ri;HaTopaMH; . 

- Ha nytJKe pen.RTHBHCTCKHX .R,ri;ep CHHXpocpa3oTpOHa C03,IJ;aHa HOBaH 

3KcnepHMeHTanbHaH YCTaHOBKa, Ha KOTOpOH IIpOH3Be,IJ;eHbl HCCne,ri;oaaHH.R 

rrpou;eccoa o6pa30BaHH.R H CBOHCTB pen.RTHBHCTCKHX .R,ri;epHbIX cpparMeHTOB. 

CO3L1:AHME 11 PEKOHCTPYKQMJI YCTAHOBKM NA-4 

B 1975 ro,ri;y 6hmo rro,ri;nHcaHo cornarneHHe o no,ri;roTOBKe H rrpoae,ri;e

HHH CHnaMH HeCKOnbKHX HHCTHTYTOB H3 pa3HbIX CTpaH MHpa * KpyrrHo

MaCIIITa6HbIX Hccne,ri;oBaHHH rrpou;eccoa rny6oKoHeyrrpyroro pacce.RHH.R 

MlOOHOB Ha pa3nHtJHbIX MHIIIeHHX Ha 400 r3B rrpOTOHHOM ycKOpHTene 

UEPHa (3KcnepHMeHT NA-4). B 1976 r. 6bmH HatJaTbI pa6oTbI no H3roTOB

neHHID y3nOB ycTaHOBKH, a B 1978 r. COCTOHnCH ee KOMrrneKCHblH 3anycK. 

B 1979-1980 rr. 6bmH rronytJeHbI 3KcrrepHMeHTanbHbie AaHHhie Ha yrnepo,ri;

HOH MHIIIeHH, B pe3ynbTaTe aHaJIH3a KOTOpbIX 

- ycTaHOBneHhl KOnHtJeCTBeHHbie xapaKTepHCTHKH rroae,ri;eHH.R He

ynpyrHX CTpyKTypHblX cpyHKQHH HyKnOHOB H H,ri;ep B 3aBHCHMOCTH OT rrepe

,ri;aHHoro HMnynhca H orrpe,ri;eneHo 3HatJeHHe HOpMHpOBOtJHoro rrapaMeTpa 

AQCD' Heo6XO,Il;HMOrO ,ri;nH coapeMeHHOH TeopHH CHnbHbIX B3aHMO,IJ;eHCT-

BHH; 
- onpe,ri;eneH aepxHHH npe,ri;en o6pa3oBaHHH T-tJaCTHQh1; 

- H3MepeHa CTPYKTypHaH cpyHKu;HH H,Il;pa IIpH rny6oKOHeynpyroM 

pacceHHHH MlOOHa Ha H,ri;pe a KyMynHTHBHOH o6naCTH. 

* 061,e;c;HHeHHhlH HHCTHTYT 11;c;epHhlX HCCJie;r:J;OB3HHH, ,D;y6aa; EaponeHCKa.11 opr3HH-
3a~m no 11;c;epHhlM HCCJie;c;oBaHHHM, iKeaeaa; HHCTHTYT q>H3HKH MroaxeacKoro yaHBep
CHTeTa, <I>Pr; l(eHTp 11;c;epHhlX HCCJie;r:J;OB3HHH, CaKJie, <l>paH~; HHcTHTYT q>H3HKH YHH
BepcHTeTa B BoJIOHhe, HTaJIHH. so1f 
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PHc.1. O611UfH Blm ycTaH0BKH NA-4. 1 - nyt10K, 2 - ct1eT'IHKH aHTecosnll,ll;e

HHHj 3 - 3KpaH H3 lKene3aj 4 - MHWeHHj 5,6,7 - nyqK0Bbie ro;tr;0CK0ilblj 

8 - reKcaroHanbHble KaMepblj 9 - TpHrrepHbie C'leT'IHKH M03aH'IHOH CTpyK

TYPblj 10 - cerMeHTHp0BaHHble TperrepHbie C'leT'IHKHj 11 - nponop~o

HanbHbie KaMepblj 12,13 - ny'IK0Bbie ro;i::r;0CK0ilblj 14 - 3KpaH. 

,na.rrhHeil:rnee yrny6nemie 3Hrumil: no H3yqaeMhIM npo6neMaM 6bmo He

B03MOiKHO 6e3 COBeprneHCTBOBamrn: 3KcnepHMeHTaJibHOH annapaTypbI. 

IT03TOMY B 1980-1981 rr. 6bma npoBe,n;eHa peKOHCTPYKIJ;H.R ycrnHbBKH 

C n;eJibl0 pacrnHpeHH.R KHHeMaTJ:iqeCKOH o6JiaCTH H nOBbillleHH.R ToqHoCTH H3· 

MepeHH.R ceqeHHH. HaqHHa.R C 1982 r. Beeb 3KCnepHMeHTaJibHbIH KOMnJieKC 

N A-4 pa6oTaeT B nOJIHOM o6'beMe B peiKHMe Ha6opa ,n;aHHbIX Ha pa3HbIX MH

rneH.RX. 

YcTaHOBKa B ee nocne,n;Heil: Komjmrypan;HH cxeMaTHqHo noKa3aHa Ha 

pHc.1. OHa COCTOHT H3 CHCTeMbI H3MepeHH.R nyqKOBbIX qaCTHIJ; H 3amHTbI OT 

<pOHa (nyqKOBbie r0,lJ;OCKOnbI 5,6,7 ,8,9 C o6mHM qJ:icnOM :meMeHTOB 400, 

cqeTqHKH aHTHCOBna,n;eHHH c o6meil: nnoma,n;bro 25 M 2) ; 8 cynepMo,n;yneil: 

(CM-1-;- CM-8)' o6pa3yromHx TOpOH.n;aJibHbIH cneKTpOMeTp, H cppOHTaJib

Horo cneKTpoMeTpa. 

B cynepM0JJ;YJI.RX ycTaHOBJieHo no 8 KOOp,n;HHaTHbIX nJIOCKOCTeH 

(Bcero 64)' Kam,n;a.R H3 KOTOpbIX o6pa3oBaHa H3 JJ;Byx nponopIJ;HOHaJibHbIX 

KaMep pa3MepoM 3xl ,5 M. .neTaJIH KOHCTPYKIJ;HH KaMepbI noKa3aHbI Ha 

pHc.2. KaMepa cocToHT H3 ,n;Byx caMono,n;,n;epiKHBaromHxc.R naHeneil:, .n;Byx 

pa3,n;eJIHTeJibHbIX paM C npHKJieeHHbIMH neqaTHbIMH nnaTaMH H CHrHaJibH0ro 

3JieKTpo,n;a H3 30JioqeHOH BOJib<ppaMOBOH npoB0JIOKH ,n;HaMeTpOM 20 MKM. 

ITpOBOJIOKH CHrHaJihHoro 3JieKTpo,n;a, HaT.RHYTbie B,lJ;0Jib 3-MeTpOBOH CTopo

HhI, HMelOT no,n;,n;epiKKH qepe3 KaiK,lJ;bie 60 CM H pacna.RHbI Ha neqaTHbIX nna

Tax. mar np0B0JioqeK 2 MM, 4-KOMilOHeHTHaH ra30Ba.R CMeCb HenpepbIBHO 

npo,n;yaaeTC.R qepe3 KaMepbI, KoHTpOJib C0CTaBa CMeCH ocymecTBJI.ReTc.R 

RBT0MRTHlleCKH c T0llH0CTblO nyqrne 1 %. 
Ha OAHOH CT0p0He KaMepbI pa3MemaeTC.R 11 KapT 3JieKTp0HHKH. 

O,n;Ha KapTa HMeeT 32 KRHana, KaiKAhIH H3 K0T0pbIX co,n;ep:>KHT YCHJIHTem,-

310 ,!J.HCKpHMHHRT0p C HH3KHM BX0,!J.HbIM conpoTHBJieHHeM, 3a K0T0pbIM cne,ny-
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PHc.2. ,[{eTaJIH K0HCTPYKQHH nponopQHOHaJihHOH KaMephI pa3Mep0M 3xl,5M, 
1 - ra3, 2 - pa3,!l;eJIHTeJihHbIH ynop; 3 - no,a;,a;eplKHBaIOIQHe npoB0JI0KH; 
4 - pa31>eMLI nepexo,a;a; 5 - 2 MM/4 MM nepe1<:mm1aTenL; 6 - KapTa C'lHTbI· 
eaHlm F6 2001 HJIH LRS 7700; 7 - ne'laTHaR: nnaTa; 8 - paMbI H3 eeTp0HH· 
Ta; 9 - 20 MKM np0B0JI0Ka li3 30JI0'leH0ro BOJihtppaMa; 10- np0B0,!l;HIQee 
Il0KpbITHe; 11 - IlaHeJlb C C0T0BbIM 3ail0JIHeHHeM. 

IOT .naa ycTpOHCTBa 3a,nep)KKlf Ha 470 ±10 HC, II0.Zl;KnIOqaeMbie K BbIX0,ny 
yc1rn1nem1 rrooqepe,nH0, qTo6bI yMeHhllllfTb He3cpcpeKTlfBHOCTb KaHana 3a 
cqeT "MepTBOro" BpeMeHH. I!_~lf Harpy3Ke 10 5 ClfrHan0B Ha KaHan He3cp
cpeKTlfBHOCTb MeHbllle 2,5x10 

IIIHpHHa rrnaT0 3cp<peKTlfBHOCTlf C0CTaam:reT HeCK0nhK0 C0TeH B0nhT. 
THrrlfqHbie KpHBbie 3a,nep)KaHHbIX coarra,neHHH II0Ka3aHbl Ha pHC.3. Ha pHc.4 
rroKa3aHo rrpe,ncTaaneHHe Ha .n;Hcrrnee THrrHqHoro co6h1Tmr rny6oKoHeyrrpy
roro pacceHHHH. 

B n;enoM BCH CHCTeMa rrporropn;HoHanhHbIX KaMep rroKa3ana rrpeaoc
xo,nHhie xapaKTepHCTHKH B TeqeHHe MHoroneTHero rrepHo,na Ha6opa .Zl;aHHhIX. 
Cpe.n;HHH qacToTa o6pbIBa rrpoaonoqeK cocTaaHna 3 H3 112640 B ro.n, a qlfc
no "IllYMHI.l.'(lfX" If "MepTBbIX" KaHan0B 3neKTp0HlfKlf He rrpeBbIIllano 20 
3a ,naa Mec11n;a tterrpepbIBHOH pa6oTbI. 311 
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PHc.3. 3aBHCHMOCTb 3q>cpeKTHBHOCTH nponopUHOHa.JlbHOH KaMep&I OT sa

Aep)KKH CTpo6a (KPHBIUI 3Mep)KaHHbIX COBllMeHHH) AJIH ABYX AJIHTeJI&HO· 

cTeH CTp06a - 100 HC (cnJIOII.UfaH JIHHHH) H 60 HC (nyHKTHpHaH JIHHHH). 

OcHOBY <ppoHTa.JlbHOro crie:i<:Tp0MeTpa C0CTaBJIHIOT rrporropQH0Ha.Jlb

HbJe KaMepbl reKcarOHa.JlbHOH Q)OpMbl, Ka:>K,D;aH H3 K0T0pbIX C0CT0HT H3 Tpex 

IIJIOCKOCTeH, II0BepHyTbIX Ha 60° no 0TH0UieHHIO ,o;pyr K ,o;pyry. TipH co-

3.D;aHHH reKcaroHaJibHbIX KaMep 6hm YtJTeH 0IIbIT' rrptto6peTeHHbIH B rrpo

necce pa3pa6oTKH rrporropQH0Ha.JlbHbIX KaMep T0p0H.D;a.JlbH0ro crreKTp0MeT

pa. CoxpaHeHbl 0CH0BHbie Tpe6oBaHHH: BbIC0KaH H,o;eHTHtJH0CTb tt Ha.o;e:>K

H0CTb; )KeCTK0CTb K0HCTpyKQHH; 0TCyTCTBHe MarHHTHblX MaTepHa.JioB; 

Ha.JIHtJHe T0tJHbIX perrepHblX OTBepcTHH .D;JIH IOCTHp0BKH; paCII0JI0:>KeHHe pe

rttcTpHpyromeif 3JieKTp0HHKH Herrocpe,o;CTBeHH0 Ha KaMepe; rrpoCT0Ta 

H TeXH0JI0rHtJH0CTb H3r0T0BJieHHH. 

OcHOBHbJe 3JieMeHTbl K0HCTPYKQHH KaMepbl II0Ka3aHbl Ha pHc.5. 

Oco6eHHOCTbIO KaMepbl HBJIHeTCH Ha.JIHtJHe Ha Ka:>K.D;0M KaTo.o;e ABYX tJYBCT

BHTeJII,HblX o6rracTeif: BHyTpeHHeH, ,o;HaMeTp0M 10 CM, tt BHeUIHeH, reKca

rOHa.JlbHOH <popMbI, C MaKCHMa.JlbHbIM pa3MepoM 220 CM. Ha 3TH o6rracTH 

rro.o;aeTCH pa3JIHlJH0e BbIC0Koe HarrpH:>KeHHe, lJT0 II03B0JIHeT B IIIHp0KHX rrpe

,o;errax yrrpaBJIHTb 3<p<peKTHBHOCTbIO perHCTpaQHH tJaCTHQ. TipocTpaHCTBeHHOe 



X·npoeKQHR 

PHc.4. PeKOHCTpyKIUm o noMOIQ&lO SBM TBilH'IHoro co6&ITBR rny6oKoHe
ynpyroro pacceRHBR (npe.D;CTaBneaee Ha .D;ecnnee). Ka)K,ll;&IH npnMoyron&· 
HOK npe,D;CTaBnReT co6oii O.D;BH cynepMO.D;yn&, KOpOTKee neaee BHYTPU 
npRMOyron&HUKOB o6o3Ha'lalOT cpa6aT&IBaHBR TperrepH&IX C'l8T'IUKOB (Ha 
60KOBOH npOeKQHB Cpa6aT&IBaHBR nonyKonen; DOKa3aH&I ,!l;Ba)K.D;bI, 'ITO OT
pa)KaeT Heonpe,D;eneHHOCTh BHq>OpMan;ee C TperrepH&IX C'leT'IBKOB) • IIepe
Ce'leHBR yKa3&IBalOT Ha cpa6aT&IBaHUe nponopQHOHan&HbIX KaMep. Cnnow
H&Ie neHee RBnRlOTCR npoeKIJ;BRMU peKOHCTpyepoeaaHoro TpeKa. 

pa3pernemie O,!J,HOH llJI0CK0CTH - Jiyqrne 0,7 MM, BpeMeHHoe pa3perneHHe 

(BKJIIQqruI 3JieKTpOHHKy) - nyqrne 35 HC. 

Be.fl CHCTeMa rrporropQH0HaJibHhIX KaMep T0p0H,!J,aJibH0ro crreKTpo

MeTpa 6bIJia pa3pa6oTaHa H H3r0T0BJieHa B TeqeHHe ,IJ,Byx JieT. Pa3pa6oTKa 

H H3r0T0BJieHHe reKcaroHaJihHhIX KaMep 110Tpe60BaJIH MeHee 0,IJ,Horo rona. 

3TO CTaJI0 B03M0'1rnhlM 6naronapR C03,!J,aHHIO B OT,IJ,eJie H0BhIX MeT0,!J,0B 

ycKopeHHR crreQHaJihHOH HayqHo-MeTO,!J,HqecKOH 6a3hl, BKJIIOqaro~eH K0Mll· 

JieKc TeXHOJIOrHqeCKOH 0CHaCTKH ,!J,JIR H3r0T0BJieHHR KaMep H o6opy,IJ,oBa

HHe ,!J,JIF{ HCllhITaHHH. 3Ta HayqHo-MeT0,!J,HqecKruI 6a3a B ,!J,aJihHeH:llJeM ll0CJIY· 

iKHJia OCHOBOH ,!J,JIR C03,IJ,aHHH pR,IJ,a KpyllHhIX 3KCrrepHMeHTaJibHblX ycTaH0· 

BOK ,!J,JIH q>H3HqecKHX HCCJie,IJ,OBaHHH. 313 
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PHc.5. 0CHOBHbie 3JieMeHTbl KOHCTpyKQHH reKCarOHaJibHOH KaMepbI: 1 -
paM&I; 2 - QeHTpaJibHruI 30Ha .dl00 MM; 3 - CHrHaJibHbie 3JI0KTpO,!l;bI, 4 -
ynop&1; 5 - naHeJIH TpeXCJIOHHOH CTpyKTypbl THila "C3H,[J;BH'I"; 6 - KpbIW· 

KH. 

ITPOITOPU11OHAJ1bHhIE KAMEPhl 

C MAJ1hIM KOJ111qECTBOM BEIUECTBA 

HA ITYT11 qACTl1U -

B OT,n;ene H0BblX MeT0,ll;0B ycKopeHIUI npoae,n;eHbl pa3pa6oTKH H H3-

r0T0BJieHa napTHH nponopu;H0HaJibHbIX KaMep C MaJibIM K0JIHqeCTB0M Be

m;ecTBa Ha nyTH qacTHIJ;, qTo HBJIHeTCH cym;ecTBeHHbIM ,ll;JIH 3KCnepHMeHT0B 

c ycKopeHHbIMH H.n;paMH. 11MeIOTCH ,n;Ba THna KaMep c qyBCTBHTeJibHOH IlJI0· 

m;a,n;bIO 896x1280 MM2 • OHH HMeIOT aHaJI0rHqHyIO K0HCTpyKD;HIO (pHc.6), 

HX 0CH0BHoe pa3JIHqHe 3aKJiroqaeTCH B Il0JI0:>KeHHH CHrHaJibHbIX np0B0JI0K. 

B X-KaMepe 0HH HaTHHYThI B,ll;0Jib KopoTKOH CTopoHhI, a B Y-KaMepe -

B,ll;0Jib ,ll;JIHHHOH. 113 3THX KaMep M0:>KH0 Ha6HpaTb pa3JIHqHbJe naKeTbl. CHr

HaJibHbJe np0B0JI0KH H3 Il030JIQqeHHoro BOJibq:>paMa ,ll;HaMeTp0M 20 MKM 

pacna.HHbl C rnaroM 2 MM H BbIBe.n;eHbl nooqepe,n;H0 Ha ,ll;Ba pH,n;a pa3'beM0B, 

pacnoJio:>KeHHblX Ha npoTHB0il0JI0:>KHblX CT0poHax KaMepbI. BbICOKOBOJibT

HbJe 3JieKTp0,ll;bl BbITI0JIHeHbl H3 aJIIOMHHHeBoH q:>OJibrH TOJIIIJ;HHOH 14 MKM, 

HaTHHYTOH c CHJIOH 1 Kr/cM (no nepHMeTpy). Me:>K3JieKTpo,n;HbIH 3a3op 

7MM. 
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PHc.6. KoHcTpyK~HR nponop~HOHaJibHOH KaMepbr pa3MepoM 0,9xl,3 M 

C BblC0K0B0JibTHblMH :meKrpop;aMH H3 aJIIOMHHHeBOH !pOJibrH. 1,13 - pa3'be· 

Mbl 3JleKTp0HHKH C'IHTblBaHHR; 2,7,11 ~ aJIIOMHHH3Hp0BaHHblH JiaBcaH; 

3,8,10 - aJIIOMHHHeBaJI !pOJibra 14 MKM; 4,9 - CHrHaJibHble np0B0JI0KH 

20 MKM; 5 - H30J1HPYIO~e BTYJIKH; 6 - ra30BblH K0JIJieKT0p; 12 -

ra3oBoe yrmoTHeHHe. 

TIYlJKOBbIE KAMEPbl 

Tiponopu;HOHaJibHbie KaMepbl Il03BOJUUOT npOH3BOAHTb H3MepeHHH 

Henocpe,ri:CTBeHHO B HHTeHCHBHblX nyqKax 3apmI<eHHbIX qaCTHl.l;. TioTepH 

3cpcpeKTHBHOCTH, CBH3aHHbie C o6pa3oBaHifeM npocTpaHCTBeHHOro 3apH,ri:a, 

HaqHHalOTCH npH IlJIOTHOCTHX IlOTOKOB qaCTHl.l; nopH,ri:Ka 104
qacT./MM 2 . c. 

I1MeHHO 3Ta BeJIHqHHa H orpa1mqHBaeT B03MO)KHOCTb perHCTpau;HH qacnru; 

C IlOMOl.l.l;blO nponopu;HoHaJibHbIX KaMep. 315 
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PHc.7. 3aBHCHMOCTb 3<p<peKTHBHOCTH perHCTpawm pa3JIH'IHbIX H~ep C no

MO~IO nyqKOBOH KaMepbI OT HanpH:m:eHHH Ha KaMepe. 

,ll;JIH pa60Tbl B rryqKax qacnm; u 11,n;ep BblCOKUX 3Hepruu C03,!l;aHo He

CKOJibKO TUIIOB rryqKOBblX KaMep C KaTO,!l;aMU U3 TOHKOH amoMUHUeBOH 

q:>OJibrU C ceKUUOHUpOBaHHbIMU KaTO,!l;aMU U3 MeTaJIJIU3UpOBaHHoro JiaB

CaHa u rnaroM curHaJibHbIX HUTeH 1 u 2 MM. KoHCTpyKTUBHO KaMepbl co

CTOHT U3 O,D;HOKOOp,!l;UHaTHbIX KpyrJibIX ceKQUH, KOTOpbie MOryT 6bITb co-

6paHbl B rraKeTbl rrpOU3BOJibHOH TOJill(UHbl C IIOBOpOTOM ,!l;pyr OTHOCUTeJibHO 

,n;pyra Ha 45, 60 u 90°. l'.13roTOBJieHO 6onee 50 TaKUX KaMep. OHU UCIIOJib-

30BaJIUCb ,D;JIH U3MepeHUH B rryqKax qacTUU u 11,n;ep Ha ycKopuTeJIHX 011.811, 

11<1>B3 u UEPHa. B KaqecTBe rrpuMepa Ha puc.7 rroKa3aHa 3cpcpeKTUBHOCTb 

perucTpauuu pa3nuqHbIX 11,n;ep, ycKopeHHbIX Ha cuHxpocpa3oTpoHe 011.811, 

C IIOMOll(blO rryqKOBOH KaMepbl B 3aBUCUMOCTU OT HarrpmKeHllH Ha KaMepe. 

)];BYXKOOP )];11HATHhIE IIPOIIOPU11OHAJibHhIE KAMEPI>I 

C KATO)];HhIM cql1ThIBAHl1EM 

B rrporropuuoHaJibHOH KaMepe rrpu ,!l;BU:>KeHUU JiaBUHbl B6JIU3U aHO,!l;

HOH HUTU Ha KaTO,!l;ax HaBO,D;UTCH UHAYUUPOBaHHbIH 3apH,D;. l13MepHH pacrrpe-

316 ,n;eneHue 3Toro 3ap11,n;a ITO IIJIOCKOCTU KaMepbI, MO:>KHO C 6oJibillOH ToqHOCTblO 



onpe,n;eJU:ITh MecTo npoxo)K,ll;emrn qacnu.J;hI. EbIJHI co3,n;aHhI 11 11ccne,n;oaaHhI 

pa3JilflIHbie Tlfllhl np116op0B, lfCilOJib3YIOI..QlfX 3TOT rrplfHI.J:lfil. TaK, Ha KaMepe 

pa3MepoM 3xl ,5 MM, KaTO,ll;hl KOTOPOH 6hIJilf BhlIIOJIHeHhl B Blf,D;e nonoc, 

HaHeceHHhlX npOBO,ll;HI..QeH KpacKOH, lf3yqeHa 3aBlfClfMOCTb TOtJ'.HOCTlf perlfCT

paI.J:HH JiaBlfHhl OT umpHHhl nonoc. Ilp11 umpHHe nonoc 18 If 36 MM TOIIHOCTb 

perttcTpaQlflf np11MepHO COBrra,n;aeT C TOIIHOCTbIO orrpe,n;eneHlfH KOOp,D;HHat 

a o6bIIIHhlX nponopI.J:lfOHaJibHhlX KaMepax c rnarOM 2 11 4 MM COOTBeTCT

BeHHO. 

IlponopI.J:HOHaJibHaH KaMepa co CIIlfThlBaHlfeM lfHq>opMaI.J:lflf C KaTo

,ll;OB, o6na,n;aH BCeMlf oco6eHHOCTHMlf o6hIIIHhlX nponopI.J:HOHaJihHhlX KaMep, 

Il03BOJIHeT IlOBhIClfTb TOIIHOCTb perlfCTpal.J:lflf TpeKOB 3apH)KeHHhIX qaCTlfl.J:. 

TaK, Ha KaMepax C llllfpHHOH nonoc 2 MM 6bma peanlf30BaHa TOIIHOCTb 

50 MKM. 

CtIHTbIBaHlfe lfHq>OpMaI.J:lflf C ,n;ayx KaTO,ll;OB KaMepbI HapH,n;y C per11cT

paQHeH CHrHaJIOB C aHO,ll;HhIX npoBOJIOK Il03BOJIHeT B O,ll;HOH KaMepe O,ll;HO

BpeMeHHO lf3MepHTb Tplf KOop,n;11HaThl, IITO oqeHb Ba)KHO np11 lf3ytieHlflf 

MHOrOTpeKOBbIX co6bITlfH. 

3JIEKTPOHl1KA .D:JIH ITPOITOP[(l1OHAJibHhIX KAMEP 

Co3,n;aHHe 60JibllllfX 3KCnepHMeHTaJibHhIX ycTaHOBOK C lfCilOJib30Ba-

nponopI.J:lfOHaJibHhlX KaMep rrpe,n;'bHBJIHeT oco6b1e Tpe6oBaHHH 

K 3JieKTpOHlfKe: 11,n;eHTlflIHOCTb KaHaJIOB If lfX B3alfM03aMeHHeMOCTb, BhlCO

KaH Ha,D;e)KHOCTh, npoCTOTa HaCTpOHKlf If peryn11pOBKlf. Pa3pa6oTaHHaH 

If C03,D;aHHaH B OT,n;ene HOBhlX MeTO,ll;OB ycKopeHHH 3JieKTpOHHaH annapa

Typa ,ll;JIH nponopI.J:HOHaJibHblX KaMep BKJIIOtiaeT B ce6H: 3JieKTpOHlfKY pe

r11cTpa1.J:Hlf; aBTOMaTlf311pOBaHHhIH CTeH,ll; HaCTpOHKlf per11cTp11py101..QeH 

3JieKTpOHlfKtt; c11cTeMy CIIHTbIBaHHH (EYC-IT) ; c11cTeMY Hlf3KOBOJihTHoro 

IlHTaHlfH 3JieKTpOHlfKlf; BhICOKOBOJlbTHOe IllfTaHlfe KaMep (Bl1HK.D:) 

(puc.8). 

PerttcTpupyIOI..QaH 3JieKTpOHHKa pacnonaraeTCH Ha KaMepax 11 npe,n;

CTaBJIHeT co6oiI Kapry C 32 KaHanaMlf, BhlIIOJIHeHHhIMH Ha 6a3e MlfKpoc:x:e

Mbl K405XIll. KoHcTpyKTlfBHoe 11cnoJih30BaH11e KapThI no3BOJIHeT orrepa

TlfBHO 3aMeHHTb HettcnpaBHhie KaHaJibl. IlapanneJibHaH 3aIIlfCb lfHq>OpMaQlflf 

Ha KapTe H nocne,n;oBaTeJibHhlH BhIBO,ll; ee C KaMephI 3Hal!lfTeJibHO yrrpoI..QaeT 

JllfHlfIO CBH3H OT KaMepHOH 3JieKTpOHlfKlf ,n;o 3JieKTpOHlfKlf CIIlfTbIBaHlfH 

If COKpaI..QaeT o6'beM 3JieKTpOHlfKlf CIIlfThIBaHlfH. 

OcHOBHhie xapaKTeplfCTlfKlf 3JieKTp0HlfKlf per11cTpaQlflf: JllfHeHHaH 

peryn11poBKa nopora cpa6aThIBaHHH OT 4 ,n;o 8 MKA; ,n;11ana3oH peryn11poa

KH BpeMeHlf 3a,n;ep)KKlf O,ll;HOBH6paTopa OT 250 ,n;o 950 He; MlfHlfMaJibHaH 

,ll;JIHTeJibHOCTb CTpo6a 3aillfClf 25 HC. 

EnoK Cl!lfThIBaHHH HHcpopMaI.J:lfH (EYC-Il) npe,n;cTaBJIHeT co6oii: ycT

poHCTBO c KO,D;lfpoBaHlfeM lfHcpopMal.J:lflf OT 2048 HlfTeH nponopI.J:HOHaJibHhIX 

KaMep, 06ecne1I1fBaIOI..Qee KJiaCTepHhlH pe)KlfM KO,ll;HpoBaHlfH KOOp,ll;HHaT. 317 
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P0c.8. CocTaB :meKTPOHHOH annapaTypbl ;a:mI nponopl.UfOHa.JibHblX KaMep: 

1 - HeperyJmpyeMblli Bb!IlpHMBTeJib; 2 - CTa6BJIB3aTOpbI; 3 - BblCOKO

BOJibTHOe nBTaH0e (BHHK.U); 4 - nponopi.UfOHa.JihHaH KaMepa; 5 - :meKT

poHBKa perBCTp~; 6 - CliCTeMhl Cl!liTbIBaHBH (BYC-11). 

11MeIOTCH )];Ba pe,KHMa cqHTbIBaHHH: HOpMaJihHbIH (3JieKTpOHHKa pacnoJia

raeTCH C O,ll;HOH CTOpOHbl KaMepbI) H MYJihTHilJieKCHblH (3JieKTpOHHKa 

pacnorraraeTCH c o6eHx CTOpOH). BpeMH cqHTbIBaHHH HHq:>OpMaQHH onpe,ne

JIHeTCH qaCTOTOH TaKTOBoro reHepaTopa H COCTaBJIHeT 400 MKC Ha 2048 Ka

HaJIOB perHCTpaQHH. YnpaBJieHHe pa6oTOH ycTpOHCTBa opraHH3yeTCH KaK no 

BHeIIIHHM CHrHaJiaM, TaK H no KOMaH,ll;e OT 3BM. floJIHaH cxeMa ycTpOHCT

Ba cqHTbIBaHHH pa3MeI..U;aeTCH B 6rroKe KAMAK ,ll;BOHHOH IIIHpHHbI c o,ri;Hoif 

MOHTa)KHOH nJiaToif. 

Co3,ll;aHHe perHCTpHpyIOI..U;eH 3JieKTPOHHKH ,ll;JIH ycTaHOBOK, co,nep

,KaI..I.J;HX TblCHqlf KaHaJioB, npaKTHqeCKH He npe,ncTaBJIHeTCH B03MO)KHbIM 6e3 

318 aBToMaTH3aQHH npouecca HacTpoifKH H npoaepKH. Pa3pa6oTaHHaH B OT,nerre 



HOBbIX M0TO,ll;OB yc1<:0pemrn aBTOMaTH3HpoaaHHaH CHCTeMa Il03BOJIH0T npo

H3BO,ll;HTb KOHT!)OJlb OCHOBHbIX 3JI0KTpOHHbIX KOMilOH0HT' no,D;6op 3JI0M0H

TOB C u;eJiblO IlOJiytieHHH OilTHMaJibHblX H H,ll;0HTHllHblX xapaKT0pHCTHK B Ka

Hanax, KOHTpOJib H HaCTpOHKY cpyHKI.J;HOHaJibHO 3aKOHll0HHbIX Y3JIOB. 

AnnapaTypHaH tiaCTb aBTOMaTH3HpOBaHHOH CHCT0Mbl BbIIlOJIHeHa 

B CTaH,D;apTe KAMAK Ha ocHoae MHKponpou;eccopHoro KOHTponnepa 

MHKAM-2. TiporpaMMHaH CHCTeMa xpaHHTCH Ha 6yMa:>KHoii neHTe H 3aHHMa

eT o6'beM naMHTH OKOJIO 5 K6aiiT. 

MO,UEPHl13AU:11.H YCTAHOBKH "CHrMA" 

BecHOH 1982 r. Ha Koop,D;HHau;HOHHOM coaeTe npH 11HCTHTyTe <pH3HKH 

BblCOKHX 3HeprHH (TipoTBHHO) 6hma YTB0p)K,ll;0Ha nporpaMMa 3KCnepHMeH

TOB no H3Yll0HHIO 3KCKJII03HBHOro o6pa3oBaHHH pe3oHaHCOB B pe,D;J<HX 

pacna,D;ax Ha ycTaHOBKe "CHrMa-M", BbIIlOJIHH0MbIX COBM0CTHblMH YCHJIHH

MH 11<1>B3 H 011.fIH. B COOTB0TCTBHH C COI"JiallleHH0M M0)K,ll;y HHCTHTyTaMH 

B OT,D;eJie HOBbIX M0TO,ll;OB ycKopemrn pa3pa6oTaHbI, li3rOTOBJl0Hbl H BBe

,ll;0Hbl B ,ll;0HCTBHe Ha ycKopHTeJie 11<1>B3 CJie,D;yIOI.I.J;He nponopu;HOHaJibHbie 

KaMepbI: 1400x2800 MM, Illar 2 MM - 4 IllT.; 900x1300 MM, Illar 2 MM -

6 IllT.; 64x64 MM, Illar 1 MM - 6 IllT., C 061.I.J;HM KOJIHll0CTBOM CHrHaJibHblX 

HHT0H (H COOTBeTCTB0HHO KaHaJIOB perHCTpau;HH) 8,5 TbICHll. 

Bae,D;eHHe nponopu;HOHaJibHbIX KaMep 60JiblllOH IlJIOI.I.J;a,D;H, 06na,D;a10-

1.I.J;HX BblCOKHM BpeMeHHbIM pa3peII1eHH0M H 6oJiblllOH 3arpy30llHOH cnoco6-

HOCTblO, Il03BOJIHJIO B H0CKOJibKO pa3 yaeJIHllHTb "cKOpOCTpeJibHOCTb" yc

TaHOBKH H ynytIIllHTh PH.D: ,D;pyrHx ee napaMeTpoa. TaK, pa6oTaH a npHMOM 

nytIKe npH MaKCHMaJibHO B03MO)KHOH HHT0HCHBHOCTH B KaHane 

(2-3)x10 6 tiaCT./c, KaMepbl coxpaHHIOT BblCOKYIO 3cpcpeKTHBHOCTb. Ha 

pHc.9 IlOKa3aHa 3aBHCHMOCTb 3cpcpeKTHBHOCTH perHCTpau;HH KaMepbI, Haxo

,ll;HI.I.J;eHCH B npHMOM nytIKe, OT HHT0HCHBHOCTH 3arpy3KH. 
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Puc.9. 3aBHCHMOCTh 3cpcpeKTHBHOCTH KaMep 

pa3MepoM 0,9xl,3 M OT HHTeHCHBHOCTH 

nyq:Ka. 319 
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,UPE0cI>OBbIE KAMEPbl 
,Ufl.R YCT AHOBKH "HE0TPHHHbI0 ,UETEKTOP" 

,UpeHq>OBbie KaMepbI, pa3pa6oTaHHbie B OT,nene HOBbIX MeTOAOB yc
Kopemrn:, npe,nHa3HatleHbl ,nmI ycTaHOBKH B MIOOHHOM cneKTpOMeTpe 
"HeirTpHHHoro ,neTeKTopa" OHHH-HCl>B3, a Tai<:,ice B MmneHHOH tJaCTH Ka
nopHMeTpa. B MIOOHHOM cneKTpOMeTpe ycTaHaBnHBaeTCH 36 ,npeHq>OBbIX 
KaMep pa3MepoM 2x4 M. KaMepbI TaKHX pa3Mepoa B CoaeTCKOM Co103e 
He H3rOTaBnHBanHCb. 06IllHH BHA KaMepbI noKa3aH Ha pHC.10. KaMepa CO· 
CTOHT H3 8 H,neHTHtJHbIX ,npeHq>OBbIX HtJeeK C ,nnHHOH npoaonotJHbIX 3neKTpo
AOB 4 M H ,npeHq>OBbIMH npo1y1e,icyTKaMH 120 MM. ,Un.fl perHCTpal.l;HH KOop
AHHaT TpeKOB HCilOnb3yeTCH CHrHanbHbIH :,meMeHT, cxeMa KOToporo noKa3a
Ha Ha pHc.11, pa3MellleHHbIH B u;eHTpe ,npeirq>oaoir atJeHKH H cocTOHillHH 
H3 4 CHrHanbHbIX npoaonoK ,nHaMeTpOM 50 MKM, nonepeMeHHO CMellleHHbIX 
OTHOCHTenbHO u;eHTpa 3neMeHTa Ha ± 0,75 MM, 10 KaTOAHbIX H 2 oxpaHHbie 
npoaonoKH ,nHaMeTpoM 200 MKM. CTpyi<:TypHbie :meMeHThI, q>HKCHPYIOillHe 
npoaonOKH, npe,ncTaBnHIOT co6oH nnaTbI c TOtJHbIMH OTBepCTHHMH, o6ecne
tJHBaIOillHe TOtJ:HOCTb He xy,ice 0,15 MM. Oco6eHHOCTblO KaMepbI HBnHeTCH 
Hcnonb30BaHHe B KatJeCTBe HecylllHX :meMeHTOB KOHCTPYKl.l;HH natteneir 
C COTOBbIM 3anonHeHHeM, tJTO o6ecnetJHBaeT xopowy10 TOtJHOCTb q>HKCal.l;HH 
CHrHanbHbIX 3neMeHTOB B o6'beMe KaMepbI, He3aBHCHMO OT HX tJHcna. 

H3rOTOBneHHe 6onbWHX ,npeHq>OBbIX KaMep Hana,iceHo B OnbITHOM 
npoH3Bo,ncrne OH.RH. 

3 

Pnc.10. O6~nii: Bli,ll; gpeii:q>OBOll KaMepbI pa3MepoM 4x2 M. 1 - ra30Bblll 
BB0Aj 2 - noggep,KHBaIO~e 3JieMeHThlj 3 - 3JieKTp0HHKa perncTpamm; 
4 - C0T0Bbie IlaHeJIH, 



~ 111111111111111111111111111111111111111 R 
• O 000 000 00 O 000 •• 0 ••••••••••••• • 0 

0 
0 1201.u, • • 
0----------i • 

0 

• • 
0 • • • . • _e . 
o lll'OeOAOKN· • lo • KAT04HMI 
O CNrNAAltHMI ! 6' O 

0 noAHltoll ~~ a 0 
0 • 0 

0 o O O 

0 0 O 

0000000000000000000000000000000 

~ 111111111111111 I I I I I I I I I I I I I I I I I I I I I I I I~ 

Pn:c.11. CxeMa gpeii:q>OBOii: JI'leii:KH n CHrHaJILHOro :meMeHTa gpeii:q>OBOii: 
KaMepbI pa3MepoM 4x2 M. 

3J1EKTPOHHKA .D:PE0<1>0BhIX KAMEP 

Ilporpecc B MHKpo:me1npomrn:e H ncnoJih30Battne coapeMeHHOH Tex
Honornn H o6opy,n;oaamrn c,n;enann B03MOmHhIM pernettne cnomHoH HHme
HepHOH 3a,n;aqn - C03,0:aHHe MHOrOTpeKOBOH perHCTpHpyrow:e:i:r 3JieKTpOHHOH 
annapaTyphI ,n;m1 6onhrnoro qncna ,n;pe:0cpoab1x JiqeeK. 

0CHOBHbie 3JieMeHTbl 3JieKTpOHHOH annapaTypbl ,n;peHq>OBbIX KaMep 
ycTaHOBKH ''HeHTpHHHhIH ,n;eTeKTop'' cne,n;yrow:ne: 

- Henocpe,n;cTBeHHO Ha KaMepax pacnonararoTcJI 4-KattanhHhie 
ycu.rtuTe11,u-,jjopMupoaaTe11,u (8 6noKoB Ha Kam,n;o:0 KaMepe), o6ecneqnaaro
w:ue ycnnettne cnrttanoa OT ypoBHII 0,8 MKA, cpopMnpyrow:ne CTaH,n;apTHYIO 
,O:JIHTeJihHOCTh (100 HC) H HMerow:ne ToqHyIO BpeMeHHYIO npHBJI3KY K BX0,0:
HbIM CHrHanaM. 

- Ha paCCTOJIHHH npH6JIH3HTeJibHO 10-20 MOT KaMep pacnonaraeTCJI 
CUCTeMa nUTallU.R, ycnmtTeJieH-q>OpMHpOBaTeJieH, COCTOJIW:aJI H3 Tpex IllKa
q>OB' Kam,n;hIH H3 KOTOpbIX o6ecneqnaaeT CTa6HJIH3HpOBaHHoe HanpIImeHHe 
±6 B MOW:HOCThIO He Mettee 1 KBT. 

- CnrttanbI c ycnnnTene:0-cpopMHpoaaTene:0 nepe,n;aroTcJI no Tene
cpoHHbIM Ka6eJIJIM ,O:JIHHOH 120 M B annapaTypy U3MepellU.R apeMellllblX Ull
Tepaa11,oa, pa6ornrow:yro Ha JIHHHH c 3BM CM-4. Ilpn ,n;anbHe:0rneM attaJIH3e 
3Ta IrncpopMaUHJI COilOCTaBJIJieTCJI C BpeMeHHOH H aMTIJIHTYAHOH HHq>opMa-
uneH, nonyqeHHOH co CUHHTHJIJIJIUHOHHbIX cqeTqHKOB. 

06w:ne xapaKTepncTHKH annapaTyphI: 
qHCJIO H3MepHTeJibHblX KaHaJIOB 
ToqHOCTb H3MepeHHJI BpeMeHHbIX HHTepBaJIOB -
MepTaoe apeMJI Kattana 
.D:uana3oH aennqnH H3MepJieMoro apeMeHH 

HeCKOJihKO TbICJiq, 
±6 HC. 
100 HC. 

,0:0 100 MKC . 321 
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AnnapaTypa nocTpoeHa no Mo,r:i:ynbHOMY npHHQimy. B OAHOM Kpeihe 
pa3MemaeTC.fl 256 H3MepHTenbHbIX KaHanoB. TaKHM o6pa30M, BC.fl CHCTe
Ma, co,r:i:ep:»CaI..Qa.fl 4000 KaHanOB, 3aHHMaeT 16 Kpeii:TOB. 

XapaKTepHCTHKH :meKTpOHHOH annapaTypbl H cxeMHO-TeXHHqecKHe 
perneHH.fl, nonoJKeHHbie B ee OCHOBY, no3BOn.HIOT H3Mep.HTb KOOPAHHaTbl Tpe
KOB C ToqHoCTblO nyqrne 0,25 MM, pa3pernaTb TpeKH, npoxo,r:i:HmHe Ha pac
CTO.flHHH 5 MM ,r:i:pyr OT ,r:i:pyra, H nonHOCTblO HCKnroqaTb noTepro 3cpcpeKTHB
HOCTH perHCTpaQHH npH nro6bIX HanoJKeHH.flX BXOAHbIX CHrHanOB. 

YCTAHOBKA nnH HCCnEnOBAHHH 
CElJ:EHHfI CHllhHOro B3AHMOnEfICTBHH 
<l>P ArMEHTOB PEllHTHBHCTCKHX HnEP· 
HA CHHXPO<l>A3OTPOHE OHHH 

3KcnepHMeHTbI, BbmonHeHHbie a 1980-1982 rr., a KOTOpbIX nony
qeHo yKa3aHHe Ha Heo6b1qHo 6onblllOe ceqeHHe B3aHMo,r:i:eii:CTBH.fl .H,r:i:epHbIX 
cpparMeHTOB BbICOKOH 3HeprHH C aemecTBOM, HHHQHHpOBanH HHTepec 
K npo6neMe aHOManOHa. nn.fl 3KCnepHMeHTanbHOrO HCCne,r:i:oBaHH.fl 3TOH 
npo6neMbI Ha CHHxpocpa3oTpoHe lla6opaTopHH BhICOKHX 3HeprHii: OHHH, 
Ha KOTOpOM nonyqeHbl peKop,r:i:Hbie 3HeprHH ycKopeHHbIX .H,r:i:ep, 6bma npe,r:i:
noJKeHa HOBafl MeTOAHKa H C03,r:i:aHa 3KCnepHMeHTanbHafl ycTaHOBKa, n03B0-
n.flIOI..Qa.fl Hccne,r:i:oBaTb .flBneHHe C xoporneii: CTaTHCTHqeCKOH TOqHoCTblO H no 
HeCKOnbKHM napaMeTpaM. 

11( 2 3 4 8 

C1 ...... -0.o 

Pttc.12. 06mmi BH,ll; yCTaHOBKH p;n.11 HCCne,!l;OBaHH.fl celleHHB CHilbHOI'O B33.H· 

MO,!l;eBCTBH.fl cpparMeHTOB pen.flTHBHCTCKHX .fl,!l;ep Ha CHHXpO<pa30TpOHe 

OHffH. 



OCHOBHbie Tpy;::r;HOCTH, C KOTOpbIMH CTaJIKHBalOTC.R 3KCnepHMeHTbI no 

nOHCKY aHOMaJIOHOB, CB.R3aHbI C H3MepeHHeM 3ap.R;::r;a cpparMeHTa, BbI3hIBalO

I.Qero BTOpHlIHOe B3aHMO)];eHCTBHe. Heo6xo;::r;HMO TaK?Ke OT)];eJieHHe B3aHMO

;::r;eHCTBHH Hccrre;::r;yeMoro cpparMeHTa oT B3aHMo;::r;e:0cTBHH conpoBo?K;::r;aromHx 

ero HYKJIOHOB H rrerKHX .R)];ep - npo;::r;yKTOB nepBHlIHOro B3aHMO)];eHCTBH.R. 

,I:{JI.R onpe;::r;erreHH.R 3ap.R;::r;a cpparMeHTOB H OT6opa co6bITHH C KpaTHbI

MH B3aHMO)];eHCTBH.RMH npe;::r;rro'.IKeHO HCnOJib30BaTb l!epeHKOBCR:oe H3Jiytie

HHe. 

CxeMa ycTaHOBKH noKa3aHa Ha pHc.12. OHa pacnorro'.IKeHa Ha BbIBe

;::r;eHHOM nytIKe .R;::r;ep CHHXpocpa30TpOHa na6opaTopHH BbICOKHX 3HeprHH 

OH.RH. IlaKeThr nponopu;HoHarrhHhIX KaMep Ill(l - Ill(4 H3Mep.RIOT Koop

;::r;HHaThI H yrrrhr nyt.JKOBOH tiaCTHU:hI. CtieTtIHKH S1 - S5 Bbrpa6aTbIBaroT 

TpHrrepHhIH cHrHarr. IlaKeThr nponopu;HoHaJihHhIX KaMep Ill(5 - Ill(8 npe;::r;

Ha3HatieHhI )];JI.R YTOlIHeHH.R KOOp)];HHaT B3am,10;::r;eHCTBH.R nepBHl!Horo .R;::r;pa 

H BTopHtIHhrx cpparMeHTOB. l(a'1<)];bIH H3 naR:eToB Ill(l - Ill(8 cocToHT H3 

Tpex O)];HOKOOp)];HHaTHbIX nponopu;HOHaJihHbIX KaMep, noBepHyThIX ;::r;pyr 

OTHOCHTeJibHO ;::r;pyra Ha 60 °. KaTO)];bI KaMep H3rOTOBJieHbI H3 aJIJOMHHHeBOH 

(pOJihrH TOJII.QHHOH 14 MKM, mar CHrHaJibHhIX npOBOJIOK 2 MM, 3a3op Me?K;::r;y 

3JieKTpo;::r;aMH 7 MM. Pa3Mep tJYBCTBHTeJibHOH o6rracTH KaMep Ill(l - Ill(4-

128 MM, Ill(5 H Ill(8 - 384 MM, Ill(6 - 640 MM H Ill(7 - 896 MM. 

OcHOBY YCTaHOBKH COCTaBJI.ReT ")KHBa.R" MHllieHb - ;::r;eTeKTOp H3 40 

qepeHKOBCKHX CtieTtIHKOB C pa;::r;HaTopaMH H3 nrreKCHrrraca TOJilllHHOH no 

nytIKY 5 MM H <I>3Y-84. B3aHMo;::r;e:0cTBHe nytIKOBoro .R;::r;pa B i-M ctieTtIHKe 

OTMel!eHo 3HatIHTeJibHOH pa3HHu;eH CHrHaJIOB a i -1 H a i + l B ;::r;Byx Cl!eTl!H

Kax - i-1 H i+ 1 (ai_/a i+ 1 = Z 2/~ z~.3;::r;ecb Z - 3ap.R;::r; nepBHtIHoro .R)];-
K 

pa, a Z K - 3ap.R)];bI BTOpHl!HhIX peJI.RTHBHCTCKHX tiaCTHu;.HanpHMep, )];JI.R pe-

aKU:HH 12Mg + A ➔ 11Na + p + ... HMeeM cKatioK cHrHarra 144/123, lITO 

rrerKO perHcTpHpyeTC.R. AHarrorHlIHO BbI)];eJI.RIOTC.R BTOpHl!Hhre B3aHMO)];eHCT

BH.R. CxeMa ;::r;eTeR:Topa-MmneHH H npHHu;Hn ee pa60TbI HJIJIIOCTpHpyroTCH 

pHc.13. TaM )Ke noKa3aHhI ;::r;Hcnrre:0 THnHtIHoro co6hrTH.R H cneKTP 3apH)];0B 

.R)];ep H q:>parMeHTOB, H3MepeHHbIH O)];HHM H3 Cl!eTl!HKOB (ctieTl!HK N2 22) 
npH o6rrytieHHH MHllieHH .R;::r;paMH MarHHH. 

3aMel!aTeJibHOH oco6eHHOCTbIO npH6opa HBJI.ReTC.R nol!TH nOJIHa.R He

lIYBCTBHTeJibHOCTb K Me;::r;rreHHbIM H CHJibHO HOHH3HPYIOlllHM BTOpHl!HbIM 

npo;::r;yKTaM, a TaK>Ke nOHH)KeHHa.R lIYBCTBHTeJibHO_CTb K peJIHTHBHCTCKHM 

l!aCTHn;aM, KOTOpbre 3HalIHTeJibHO OTKJIOHHJIHCb OT nytIKa. C nOMOlllblO ycTa

HOBKH MO)KHO 3q:>q:>eKTHBHO pa3;::r;eJI.RTI, cpparMeHThI, H3Mep.RTI, Bepo.RTHOCTI, 

po'1<)];eHH.R q:>parMeHTOB, BbI)];eJI.RTI, l!aCTHU:bI conpOB0'1<)];eHH.R II KaHaJihI pe

aKn;HH, H3Mep.RTI, C BbICOKOH TOlIHOCTI,10 cpe;::r;HHe )];JIHHbI CB06o;::r;Horo npo6e- 323 



ra .H,D;ep. 3cpcpeKTHBHOCTb pa3,D;eneHH.fl cpparMeHTOB HnmocTpHpyeTC.fl 
pHc.14 - 3ap.H,ll;OBbIMH crreKTpaMH .H,D;ep 12Mg Hero cpparMeHTOB BTOporo 
H TpeTbero IIOKoneHHU. BH,D;HO, qTo BhI,D;enmoTC.fl cpparMeHThl ,ll;O 5B BKnlO-

w 

S ·C4ETUl1Kl1 nK c. 

z2 

~ ~ i ffll-~ ---
Nt 

r-c 22 Z•l2 

100 200 KaHaJlbl 

Pn:c.13,, IlpmH.u-m pa6oThI ,o;eTeKTopa-MmneHn: ll3 40 qepeHKOBCKBX cqeTqn:
KOB (C 1 - C 40); ,o;n:crmeii: co6bITWI n: cneKTp 3ap11.o;q;i 11,o;ep n: cpparMeH· 
TOB, ll3MepHeMblH O,!J;HllM ll3 qepeHKOBCKllX cqeTqllKOB (C22). 

qHTenhHO. HarrpHMep, 3apH,D;oaoe pa3perneHHe 6nm1murnero cpparMeHrn 
BToporo rroKoneHH.H 11Na cocnumHeT O,le. 

Ha ycTaHOBKe 6bmH rrpoae,D;eHbl Hccne,D;OBaHHH B3aHMO,D;eUCTBH.fl .H,D;ep 
yrnepo,D;a, KHCJiopo,D;a, HeoHa H MarHH.fl, ycKopeHHhIX ,ll;O 3HeprHH 
4 r3B/HyKnOH, H HX cpparMeHTOB C nerKHMH (yrnepo,D;, KHcnopo,D;) H T.fl)Ke-

324 nhIMH (BOnbcppaM) H,D;paMH MHilleHH. 
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PHc.14. 3ap1!,ll;OBbie cneKTpbI 1!,ll;ep 1#g (lllKaJia Z ~ H ero q:>parMeHTOB 
BToporo (lllKan:a z ~) H TpeTbero (wKaJia z ~) IlOKOJieHHH, 
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TIPHKAA~HME HCCAE~OBAHHH 

HA TIYqKAX TH~EAMX HOHOB 

I'.H. <PJIEPOB, a1<:aoeMUl<: 

B.H.KY3HEUOB, 001<:Top ifju3u1<:o-MaTeMaTurtec1<:ux nay1<: 

B.A.IIJ,EI'OJIEB, 1<:anouoaT (PU3U1<:0-MaTeMaTU1leC1<:UX 1tay1<: 

Pa60Tbl ITO ITpHKJiaAHbIM HCCJieAOBaHH.RM Ha ITyqKax T.fl)KeJibIX HOHOB 

6bIJIH HaqaTbl B Jla6opaTopHH .RAepHbIX peaKl.l;HH OKOJIO AeC.RTH rreT Ha3aA, 

Ceifqac oITpeAeJIHJIHCh ABa Ba)KHefa1rnx HaITpaarreHH.R ITpaKTHqecKoro ITpHMe

HeHH.R T.R)KeJibIX HOHOB - ITOJiyqeHHe ".RAepHbIX" MeM6paH H pa,n:Hfill;HOHHOe 

MaTepHaJIOBeAeHHe. 

HAepHbie MeM6paHbI - 3TO BbICOKOKaqecTBeHHhIH <pHJihTpyromIIif Ma

TepHarr, ITOJiyqaeMblH ITyTeM o6rryqeHH.R ITOJIHMepHOH ITJieHKII ycKopeHHbIMII 

T.R)KeJiblMH HOHaMH H ITOCJieAyromeif XIIMIIqecKOH o6pa60TKH. MeTOA ITpo

H3BOACTBa .RAepHbIX MeM6paH Ha YCKOpIITeJI.RX BO3HHK KaK aJibTepHaTIIBa 

ITpeAJIO)KeHHOMY paHee "peaKTopHoMy" cIToco6y 11/ H ITpeas01nerr ero ITO 

PHAY ITOKasaTerreif. 

T.R)KeJibie HOHbl, HecymHe OAHHaKOBblH sap.RA H IIMeromIIe OAHHaKo

BYIO CKOpOCTh, ITPH ITpOXO)KAeHHH qepe3 ITOJIIIMep o6pasyIOT KaHaJibl paAIIa-

1.l;liOHHOro ITOBpe)K.D:eHH.fl C OAHHaKOBOH ITJIOTHOCThlO AecpeKTOB. IIocrreAyIO

mee XlIMIIqecKoe TpaarreHHe ITpeapamaeT 3TH KaHaJibl B l.l;HJIIIHAPIIqecKIIe 

OTBepcTH.R OAHHaKoBoro AHaMeTpa. B OTJIHqirn OT "peaKTOpHoro" MeTOAa 

o6rryqeHHe ITJieHKH Ha l.l;HKJIOTpOHe AaeT BO3MO)KHOCTh ITpOH3BOJihHO II3Me

H.RTh 3HeprHIO II Macey 6oM6apAIIPYIOl.l.l;HX qacTIII.I;, yrorr IIX BXOAa B ITOJIII· 

Mep, qTo ITO3BOJI.ReT cpopMHpoBaTh Heo6XOAHMYIO MHKpOCTpyKTYPY MeM-

6paH. BrraroAap.R BbICOKOH HHTeHCIIBHOCTII ITyqKoB Ha ycKOpHTeJI.RX MHoro-

3ap.RAHblX IIOHOB HOBbIH MeTOA OKa3aJIC.R Ha HeCKOJihKO ITOp.RAKOB ITPOII3· 

BOAHTeJihHee "peaKTOpHoro" MeToAa, HaITpHMep, B TeqeHIIe OAHoro qaca 

Ha l.l;HKJIOTpoHe Y-300 MO)KHO o6rryqHTh 500-1000 M 2 ITOJIIIMepHoro MaTe

pHarra ITPH ITJIOTHOCTH TpeKOB -10 9 CM -2 . .z:t:rr.R sa,z:i:aq, rAe Tpe6yeTC.R eme 

6orree BbICOKa.R ITJIOTHOCTh ITop, MoryT 6bITh CAeJiaHbl MeM6paHbl, a KOTO· 

326 pbIX qHCJIO OTBepCTHH Ha OAHOM KBaApaTHOM caHTHMeTpe ITJIOI.UaAII AOCTII· 



raeT 1010 H .n;IDKe 6onee. Eme 0,l.l;H0 rrpeHMymecTB0 .R,n:epHbIX MeM6paH CO· 

CT0HT B TOM, qTo B 0TJIHqHe OT 0CK0JIK0B .n:eneHH.R .R,n:pa ycK0p.ReMbIX H0H0B 

CTa6HJibHhI, a HX ::meprH.R He.n;ocTaToqHa ,n:JI.R BCTYIIJieHH.R a .R,n:epHbie peaK-

1.UfH C .R,n:paMH ::meMeHT0B MmneHH. Ilo3TOMy aKTHB~H.R II0JIHMepHoro Ma

TepHana a rrpou;ecce o6nyqeHH.R T.R:>KeJibIMH H0HaMH II0JIH0CTblO HCKJIIOqeHa. 

rnaaHa.R 0TJIHqHTeJibHa.R oco6eHHOCTb .R,n:epHbIX MeM6paH - 3T0 Y3· 

Koe pacrrpe,n:eneHHe rrop no pa3MepaM. KanH6poaaHHbIH pa3Mep oTaepcTHH 

.n:aeT .R,n:epHbIM MeM6paHaM p.R,n: rrpeHMymecTB no cpaBHeHHIO c ,n:pyrHMH 

q>HJibTpyromHMH MaTepHaJiaMH. HcrroJih30BaHHe HX BMeCT0 Tpa,l.l;HI.J;H0HHbIX 

MeM6paH Ha 0CH0Be rrp0H3B0,l.l;HbIX u;eJIJIIOJI03bl II03B0JI.ReT II0BbICHTb 3q>· 

q>eKTHBHOCTb MH0rHx TeXH0JI0rHt.JeCKHX rrpou;eccoB. Barree Toro, rrpH II0M0· 

mH .R,n:epHbIX MeM6paH 6hIJI perneH p.R,n: rrpHHI.J;HIIHaJibH0 H0BbIX 3a,n:aq, 

B rrocne,n:HHe ro,n:hI 0CH0BH0e BHHMaHHe 6bIJIO y,n:eneH0 II0HCKY H0BbIX 

o6nacTeH 3q>q>eKTHBHOro HCII0Jib30BaHH.R .R,n:epHbIX MeM6paH H pa3pa6oTKe 

H0BbIX THII0B MeM6paH. TaK, pa3pa6oTaHa MeT0,l.l;HKa H3r0T0BJieHH.R aHH30· 

Tp0IIHbIX .R,n:epHbIX MeM6paH /2/ C IIOBbillleHHOH y.n;eJibHOH IIp0H3B0,l.l;HTeJib· 

H0CTblO. OHH HMeIOT ,RqeHCTyIO CTpyKTYPY, K0T0pa.R q>OpMHpyeTC.R IIpH ITO· 

MomH orrpe,n:eneHHOH KoM6HH~HH orrep~HH o6nyqeHH.R·TpaaneHHH. Ton

mHHa rropHCToro .n;Ha HqeeK oqeHh Mana, 6naro,n:apH qeMy rH,n:po,n:HHaMHqe

cKoe corrp0THBJieHHe MeM6paHbl CHH:a<:aeTCH no cpaBHeHHIO C 06b1qHQH 

CTPYKTypoif B HeCK0JihK0 pa3. IlpocTpaHcTaeHHoe pacrrono:»<:eHHe 3JieMeH

T0B CTpyKTypbl aHH30TpOIIHOH H.n;epHOH MeM6paHbl yrropH,n:oqeHo, B TO Bpe

MH KaK Bee 0CTaJibHbie BH,l.l;bl q>HJibTpyromHx MaTepHaJI0B HMeIOT xaoTHqHoe 

CTp0eHHe. Pa3pa60TKa ,n:aHHOH MeT0,l.l;HKH - rrepBbIH war K llIHp0K0MY 

BHe,n:peHHIO MeT0,l.l;0B C03,l.l;aHHH perynHpHbIX MHKp0CTpyKTYP IIpH II0M0mH 

rryqKQB TH:a<:eJibIX H0H0B. 

HapH,n:y C 3THM pa3pa6oTaHa MeT0,l.l;HKa H3r0T0BJieHH.R yHHKaJibH0ro. 

rropHCT0ro MaTepHana TonmHHOH 1-2 MKM. Ilpe,n:CTaBJIHeTCH BeCbMa rrep

crreKTHBHbIM rrpHMeHHTb ,l.l;aHHbIH MaTepHaJI ,l.l;JIH 3amHTbl opraH0B ,l.l;bIXaHHH 

qenoBeKa OT ape,n:HbIX B03,l.l;eHCTBHH. HarrpHMep, pecrrHpaTop Ha 0CH0Be 

TaKOH H,n:epHOH MeM6paHbI c IIJioma,n:bIO q>HJibTpyromeif rroaepXH0CTH 

-500 CM 2 rrpaKTHqecKH He 3aTpy,n:HHeT ,l.l;bIXaHH.R qenoBeKa H B TO :a<:e BpeMH 

II0JIH0CTblO o6ecrreqHaaeT QqHCTKY B03,n:yxa OT yrOJibHOH IIbIJIH. 

YKa:a<:eM HeCK0JibK0 xapaKTepHbIX o6nacTeH TeXHHKH n Hapo,n:Horo 

X03HHCTBa, B K0T0pbIX 3q>q>eKTHBHOCTb IIpHMeHeHHH H,n:epHbIX MeM6paH 

Ha,n:e:»<:Ho o6ocHoBaHa. 

B IIp0H3B0,l.l;CTBe rronyrrpoB0,l.l;HHK0BbIX rrp116op0B rrepB0CTerreHH0e 

3HaqeHHe HMeeT qHCT0Ta TeXH0JI0rHqeCKHX cpe.n:, H B qaCTH0CTH B0,l.l;bl. 

IlpHcyTCTBHe II0CT0p0HHHX aemecTB H qaCTHI.J; B rrpou;ecce C03,l.l;aHH.R rrony

rrpoao,n:HHK0BbIX IIpH6opoB oKa3bIBaeT cymecTBeHH0e BJIHHHHe Ha KaqeCTB0 

H BbIX0,l.1; rrpo,n:yKI.J;HH. B CBH3H C 3THM Ha rrpe,n:rrpHHTHHX 3JieKTpOHHOH rrpo- 327 



MbllllJieHHOCTH B KaqeCTBe npOMblBOqHoH cpe,[J;bl HCITOJlh3yeTC.fl oco6o 

qifCTaH BO,[J;a c y,n;eJibHblM conpOTHBJieHHeM 15-18 MOM-CM, co.n;ep)Kama.FI He 

6orree 50-150 MHKpoqaCTHI.J; (pa3MepoM 0,2 MKM) B MHJIJIHJIIUpe. EbICTpbIH 

nporpecc B o6rraCTH :.:meKTpOHHKH ITOCTO.FIHHO y)KeCToqaeT TeXHHqecKHe 

Tpe6oBaHH.fl K 3THM KaqeCTBeHHbIM noKa3aTeJI.FIM. fl.n;epHbie MeM6paHbl OKa-

3aJIHCb H,n;earrbHbIM MaTepHaJIOM ,[J;JI.fl KOHeqHoH oqHCTKH OT MHKpoqacTHU 

H norryqeHH.fl oco6o qHCTOH BO,[J;bl. 3To o6ycJIOBJieHo ABYM.fl cpaKTOpaMH: 

Bo-nepBbIX, .FI,n;epHbie MeM6paHbl C ,[J;HaMeTpOM nop 0,2 MKM 3a,n;ep)KHBaIOT 

Bee MHKpoqaCTHIJ;bl 6oJiblllero pa3Mepa, B TOM qHcrre 6aKTepHH, BO-BTOpbIX, 

B OTJIHqlfe OT 60JiblllHHCTBa .n;pyrHX THITOB <pHJibTpyromHx MaTepHaJIOB OHH 

npaKTifqecKH He BbI,[J;eJI.FIIOT B <pHJibTpaT KaKHX-JIH6o HH3KOMOJieKyrrHpHbIX 

npHMeceii:. CBeqeBbie naTpOHbl Ha OCHOBe .FI,n;epHbIX MeM6paH HMeIOT nrro

ma,n;b pa6oqei\: noBepXHOCTH OKOJIO 0,6 M 2 If npoH3B0,[J;HTeJibHOCTb 6orree 

0,25 M 3 qifCTOH BO,[J;bl B qac. OHH KOMITaKTHbI, y.n;o6Hbl B pa6oTe H MoryT 

6hITb HCITOJlb30BaHbl He TOJibKO B MHKp03JieKTpOHHKe, HO H B .n;pyrHx 06-

rraCT.flX Hapo,n;Horo X03.flHCTBa. 

MHorHe o6rracTH COBpeMeHHOH TeXHHKH Tpe6yIOT ,n;aJibHeHII1ero co

BepllleHCTBOBaHH.fl Tenrro3amHTHbIX MaTepHaJIOB, H B qaCTHOCTH 3KpaHHO

BaKyyMHOH TenJIOH30Jl.fll.l;HH. CymecTBeHHOe yrryqII1eHHe ee Tenrro3amHTHbIX 

CBOHCTB MO)KeT 6bITb ,[J;OCTHrHyTo nyTeM CHH)KeHH.fl TenrronepeHoca 3a cqeT 

ITOBbIIlleHH.fl BaKyyMa Me)K,n;y 3KpaHaMH. O,n;HaKO npHMeHeHHe ,[J;JI.fl 3TOH u;e

JIH nepcpopHpOBaHHbIX 3KpaHOB He o6ecneqHaaeT yrryqllleHH.fl TenJIOBbIX na

paMeTpOB H30JIHUHH H3-3a pe3Koro B03pacTaHHH pa,n;Hau;HoHHoro Tenrronepe

Hoca. OKa3aJIOCb, qTo HaHrryqlllHM 3KpaHOM .flBJI.fleTC.fl MeTaJIJIH3HpOBaHHa.fl 

H,n;epHaH MeM6paHa, HenpoHHu;aeMaH AJIH Tenrroaoro H3rryqeHHH, Ho npo

nycKaromaH MorreKyrrhI ra3a. CorrracHo TeopHH ,n;rrH npaKTHqecKH norrHoro 

OTpa)KeHH.fl H3JiyqeHH.fl ,[J;HaMeTp OTBepCTHH ,[J;OJI)KeH 6bITb MeHbllle ITOJIOBHHbl 

AJIHHhI BOJIHhI na.n;aromero H3rryqeHHH, a Torrm1rna 3KpaHa .n;orr)KHa B 2-4 pa3a 

npeBbIIllaTb ,[J;HaMeTp OTBepCTHH • .ll:rr.FI H30Jl.fll.l;HH, HCITOJlh3yeMOH npH TeMne

paTypax HH)Ke 300 K, 3THM Tpe6omi.HH.FIM YAOBJieTBOp.FieT MeM6paHa C .n;Ha

MeTpOM nop MeHee 2 MKM. YcTaHOBJieHO, qTo MHOrOCJIOHHbie naKeTbl H3 

MeTaJIJIH3HpOBaHHbIX .FI,n:epHbIX "cpHJibTpoB" HMeIOT 3cpcpeKTHBHbIH K03<p<pH

u;HeHT TenrronpOBO,[J;HOCTH B 1,5 pa3a HH)Ke, qeM pa3pa6oTaHHaH paHee 

3KpaHHO-BaKyyMHaH H30JI.fll.l;H.fl H3 nepcpopHpOBaHHbIX MeTaJIJIHqecKHX 

nrraCTHH 131. 

Erraro,n:apH oqeHb MaJIOMY pa36pocy pa3MepoB nop B H.n;epHbIX MeM-

6paHax nepexo,n: OT ITOJIHOH 3a,n:ep)KKH qaCTHU onpe.n;erreHHOH BeJIHqlfHbl 

K ITOJIHOMY nponycKaHHIO npoHCXO,[J;HT B ,[J;OBOJlbHO Y3KOM HHTepBarre ,[J;Ha

MeTpOB nop. 3TO .n;erraeT HX He3aMeHHMblMH B npou;eccax oqlfCTKH, KOH

u;eHTpHpOBaHH.fl H CTepHJIH3yromeii: <pHJibTpau;HH BHpycoB H BaKIJ;HH /4/ • He

Tpy,n:HO no,n:o6paTb MeM6paHy' C ITOMOmhIO KOTOpOH HaH6orree 3cpcpeKTHBHO 

npOHCXO.D:HT OT,n:erreHHe KpynHbIX npHMeceii: OT cycneH3HH BHpycoB, H MeM-

6paHy c nopaMH MeHblllero ,[J;HaMeTpa, Ha KOTOpOH ocymecTBJI.fllOT KOHu;eHT

pHpOBaHHe BHpycoB. O.n;HOBpeMeHHO npOH3B0,[J;HTC.fl HX oqlfCTKa OT 6arrrracT-
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p~HH K0HQeHTpHpoBaHHH H pa36aaneHHH qHCThIM paCTB0pHTeJieM. Ceuqac 

OTpa6oTaHbl TeXH0JI0rHqecKHe pe:>KHMhl QqHCTKH 11 K0HQeHTpHp0BaHHH BH

pycoa rp11:nna, 6erneHCTBa, 1<:nemeaoro 3HQecpaJIHTa. BenHqHHhI, nonyqeHHhie 

C Il0M0J.QblO TeXH0JI0rHH, OCHOBaHHOH Ha H,D;epHbIX MeM6paHax, 0Ka3aJIHCb 

B 10-20 pa3 6onee 3cpcpeKTHBHhIMH, qeM oq11:meHHhie ,D;pyrHMH MeTo,D;aMH. 

Pa6oThI a 3TOH o6nacTH 6hmH oTMeqeHhI npeMHeu CoaeTa MHHHcTpoa 

CCCP 3a 1984 ro,D;. 

O.D:HO H3 npHMeHeHHH H,D;epHbIX MeM6paH B np0H3B0,Il;CTBe Me,D;HQHH

CKHX npenapaT0B CBH3aHo C npo6neMOH K0HTp0JIH CTepHJibH0CTH. B HaCT0H

mee BpeMH C00TBeTCTBYIOJ.QHe np116opb1, Ha3hIBaeMbie CTepHTeCT' npHo6pe

TaIOTCH 3a py6e:>KOM, a noTpe6HOCTb B HHX BeJIHKa. 81<:cnepHMeHTaJibHaH 

npoaepKa noKa3ana, qTo no,D;06Hbie ycTpOHCTBa M0:>KH0 H3r0T0BHTb Ha oc

H0Be H,D;epHbIX MeM6paH. HcnoJib30BaHHe HX B npH6opax CTepHTeCT BeCbMa 

Qenecoo6pa3HO 6naro,D;apH BhlCOKOH npoqHQCTH, 0TCYTCTBHIO KOpo6neHHH 

no,D; ,D;eHCTBHeM CKJieHBaIOJ.QHX areHT0B H ,D;pyrHM Il0JI0:>KHTeJibHhIM KaqecT

BaM. MaTepHaJI H,D;epHbIX MeM6paH He o6na,D;aeT HH 6aKTepHQH,Il;HhIMH, HH 

6a1<:TepHOCTaT11:qecKHMH CBOHCTBaMH H BbI,D;ep:>KHBaeT CTepHJIH3aQHIO JII06bIM 

H3 H3BeCTHbIX cnoco6oa. 

Oco6hIH HHTepec npe,D;CTaBJIHeT H3r0T0BJieHHe H,D;epHblX MeM6paH H3 

MaTepHaJI0B, cnoco6HbIX pa6oTaTb a arpecCHBHhIX XHMHqeCKHX cpe,D;ax 

H npH BhIC0KHX TeMnepaTypax. B 3T0M 0TH0illeHHH nepcneKTHBHhIMH MaTe

pHaJiaMH HBJIHIOTCH q:>TopormaCThI, Il0JIHnponHJieH H HeK0T0pbie H0Bhie BH

,Il;hl noJIHMepoa. Eme 6onee aa:>KHOH 3a,D;aqe:0 npe,D;CTaBJIHeTCH pa3pa6oTKa 

MeTann11:qecKHX MeM6paH "11,D;epHoro" THna. 

Ba:>KHhIM npHKJia,D;HhIM HanpaaJieHHeM a Jia6opaTopHH H,D;epHblX peaK

QHH HBJIHIOTCH pa60Thl no pa,D;HaQH0HH0My MaTepHanoBe,D;eHHIO, HanpaaneH

Hhie, rJiaBHhIM o6pa30M, Ha H3yqeHHe B03MO:>KHOCTeH HCil0Jib30BaHHH ycKo

pHTeJieH TH:>KeJibIX H0H0B ,Il;JIH M0,D;eJIHp0BaHHH pa,D;HaQHOHHOH noape:>K,D;ae

M0CTH K0HCTpyKQH0HHhIX peaKT0pHbIX MaTepHaJI0B 151 

YcKOpHTeJIH TH:>KeJibIX H0H0B Ha 3HeprHH ~10 M3B/HyKJIOH 3aHHMaIOT 

B PHAY HMHT~H0HHhIX ycTpOHCTB oco6oe MeCT0, TaK KaK Il03B0JIHIOT HC

CJie,D;0BaTb CBOHCTBa MaTepHaJI0B B ycJI0BHHX BhIC0KHX CKOpOCTeH o6pa3o

BaHHH pa,D;HaQH0HHhlX .D:~q:>eKTOB (Ha HeCK0JibK0 nopH,Il;K0B 6oJibillHX, qeM 

Ha yCK0pHTeJIHX nerKHX HOHOB) c co6JIIO,D;eHHeM TaKoro Ba:>KHoro Tpe6oaa

HHH, npe,D;bHBJIHeMoro K MaTepHaJI0Be,D;qeCKHM 3KCnepHMeHTaM, KaK 

MaKp0CK0nHqHQCTb o6nyqaeMoro 061,eKTa. 8To o6ycJIOBJIHBaeT 3cpcpeKTHB

H0CTb npHMeHeHHH nyqKoB TH:>KeJiblX H0H0B ,Il;JIH H3yqeHHH TaKHX HBJie

HHH, npe,D;CTaBJIHIOIQHX HHTepec npe'.,K,Il;e acero C npaKTHqecKOH TQqKH 3pe

HHH, KaK pa,D;H~H0HH0e ynpoqHeHHe H oxpynqHBaHHe, pa,D;HaQH0HHaH Il0JI3y

qecTb H pacnyxaHHe. HapH.D:Y C npaKTHqecKHMH 3a,D;aqaMH HMHT~H0HHhIX 

HCCJie,D;oBaHHH, 113yqeHHe oco6eHHOCTeH pa,D;HaQH0HHoro ,D;ecpeKToo6pa30Ba

HHH B TBep,D;bIX TeJiax no,D; ,D;eHCTBHeM TH:>KeJiblX H0H0B C 3HeprHHMH 

-10 M3B/HYKJIOH npe,D;cTaaJIHeT HHTepec H .D:JIH .D:aJibHeHrnero pa3BHTHH 

npe,D;CTaBJieHHH q:>H3HKH pa,D;HaQH0HHhIX noape:>K,D;eHHH, Il0CK0JibKY B 3TOH 

o6naCTH CHCTeMaTHqeCKHX HCCJie,D;oBaHHH He np0B0,Il;HJI0Cb. 329 



l1cnOJih30BaHiie nytUCOB T.fDKeJibIX HOHOB, nonyqaeMhIX Ha U:HKJIOTpo

Hax Y-200, Y-300, Y-400, p;aeT BO3MO:lKHOCTh npoaep;eHHH 11ccnep;oaaH11n 

no 113yt1eHl1lO CBOHCTB MaTep11aJIOB B umpOKOM 11HTepaane 3Hat1eHl1H CKOpo

CTeH o6pa30BaHl1H pap;11au:11OHHbIX p;ecpeKTOB C np11MeHeH11eM 11OHOB pa3Jil1tl· 

HOH MaCCbl 11 :mepr1111. 3To nO3BOJIHeT BBO)];l1Tb B Kpyr nepcneKTl1BHblX 

3ap;aq 11 TaK11e, KOTOpbie KacaIOTCH 113yt1eH11H BJil1HHl1H 11 CKOpOCTl1 o6pa30-

BaHl1H noape:lK)];eH11H, 11 ":lKeCTKOCTl1" cneKTpOB nepB11tlHO BbI611TbIX aTOMOB 

Ha cpopM11pOBaHl1e 11 3BOJIIOU:11l0 p;ecpeKTHOH CTpyKTYPbl o6nyqaeMbIX MaTe

p11aJIOB. B 3aBl1Cl1MOCTl1 OT xapaKTepa 3ap;aq 06nyt1eH11e MO:lKeT npOBO)];l:ITb• 

CH l:IOHaMH Xl:IMHtleCKH aKTHBHbIX 3JieMeHTOB, HHepTHbIX ra3OB l:I MeTaJIJIOB. 

TiepBbie 3KCnepHMeHTbl no H3yt1eHHIO oco6eHHOCTeH pap;HaU:HOHHOro 

p;ecpopMHpOBaHHH l:I pa3pyrneHHH aJIIOMHHHH, o6nyqa~Moro BblCOKO3Hepre

Tl:ltlHblMH l:IOHaMH yrnepop;a k, 71, noKa3aJIH, tlTO npH O)];HOBpeMeHHOM 

p;ettCTBl:ll:I 06nyt1eHHH l:I noJIH MexaHHtieCKHX HanpmI<:eHHH 3a cpaBHHTeJihHO 

KOpOTKOe BpeMH (nopH)];Ka HeCKOJibKHX qacoB) yp;aeTCH nonyt1HTb )];OCTa

TOtlHO nOJIHYIO HHq>OpMaU:HIO 06 oco6eHHOCTHX p;ecpopMHpOBaHHH l:I pa3py

rneHHH MaTepHaJIOB B 3Tl:IX YCJIOBHHX. EbIJIO noKa3aHo, tlTO npH 06nyt1eHHH 

aJIIOMHHl:IH TH:lKeJiblMH l:IOHaMH cymeCTBeHHO yaeJIHtll:IBaeTCH CKOpOCTb 

non3yqeCTH l:I yMeHblllaeTCH )];OJiroBetIHOCTb. Tionyt1eHbl )];aHHbie O cpyHK· 

U:HOHaJibHOH 3aBHCHMOCTH CKOpOCTH pap;HaU:HOHHOH non3yqecTH aJIIOMHHHH 

OT npHJIO:lKeHHoro HanpH:lKeHHH. EbIJil:I o6Hapy:lKeHbl TaK:lKe l:IHTepeCHbie 3cp

cpeKTbl l:13MeHeHHH CBOHCTB MaTepHaJIOB B MOMeHT BKJIIOtleHHH l:I BbIKJIIOtle

Hl:IH l:IOHHOro nytIKa/61. 
Pe3yJibTaTbl pa6oT 16, 7/ Bbl3BaJIH pH)]; BOnpOCOB, perneHHe KOTOpblX 

noTpe6oaano CO3)];aHHH 3KCnepHMeHTaJibHOH MeTO)];l:IKH Ha OCHOBe COBpe

MeHHoro MaTepnanoaep;qecKoro o6opyp;oaau:HH. B HacToHmee apeMH nc

nhITaHHH MaTepHaJIOB KaK nocne npep;aapHTeJibHOro 06nyt1eHHH, TaK l:I He

nocpep;CTBeHHO Ha nyt1Kax TH:lKeJiblX l:IOHOB npOBO)];HTCH Ha YHHBepcanb

HOH ncnhITaTeJibHOH MarnnHe Instron 1121, pa6orn10meu a pe:lKHMax p;ecpop

Mau:00 C noCTOHHHOH CKOpOCTblO l:I nporpaMMHOro Harpy:lKeHHH. TaK KaK 

H3ytleHHe MexaHHtleCKHX CBOHCTB MaTepHaJIOB nop; 06nyt1eHHeM Tpe6yeT 

BbICOKOH TOtlHOCTH l:13MepeHHH l:I KOHTpOJIH YCJIOBHH 06nyt1eHHH, cneu:nanb

HO )];JIH MaTepnanoaep;qecKHX 3KCnepHMeHTOB pa3pa6oTaHa Cl:ICTeMa )];Har

HOCTHKH nyt1KOB l:IOHOB Ha 6a3e ceKIJ;l:IOHHpOBaHHbIX MOHHTOpOB BTOpl:ltIHOH 

3JieKTpOHHOH 3Ml:ICCHH /8~ 3Ta Cl:ICTeMa nO3BOJIHeT 3cpcpeKTHBHO KOHTpOJil:1-

poBaTb npOCTpaHCTBeHHOe pacnpep;eneHHe qacTHU: B nyqKe l:I C BbICOKOH TOtl

HOCTblO l:13MepHTb noJIHbIH noTOK qacTHU:, nonap;aIOIIJ;l:IX Ha o6pa3eu;. 3cpcpeK

Tl:IBHOCTb pa3pa6oTaHHOH MeTO)];l:IKH nO)];TBep:lKp;aeTCH pe3yJibTaTaMH nep

BbIX 3KCnepHMeHTOB no H3yt1eHHIO pap;nau:HOHHoro ynpot1HeHHH l:I oxpyn

tll:IBaHHH MaTepnanoa/8/. 

.ll:JIH onpep;eJieHHH o6mnx 3aKOHOMepHOCTeH pap;HaU:HOHHO·CHMYJIH

poBaHHOro l:13MeHeHHH MexaHHtleCKHX CBOHCTB MaTepl:laJIOB 6oJibllIOe 3Ha

t1eHHe l:IMeIOT l:ICCJie)];OBaHHH p;ecpeKTHOH CTPYKTYPhI, 06pa3y10mencH B pe-

3YJibTaTe 06nyt1eHHH. Tio3TOMY HapHAY c 03yqeHHeM caottCTB MaTepnanoa 

330 Henocpep;CTBeHHO Ha nyt1Kax TH:lKeJiblX l:IOHOB a Jia6opaTOpl:IH H)];epHbIX 
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peaKI.J;HH COBMeCTHO C ,n;pyrHMH opraHH3~HHMH npOBO,Zl;HTCH HCCJie,n;oBaHHH 
o6JiyqeHHhIX MaTepHaJIOB c noMOmhIO CTpyKTypHo-qyaCTBHTeJibHhIX MeTo
,Zl;HK 151• 

PocT MaCIIITa6oB H npaKTHqecKOH 3HaqHMOCTH np0:KJia,Zl;HhlX HCCJie
,Zl;OBaHHH C TH:>KeJibIMH HOHaMH np0:aeJI K Heo6xo,n;HMOCTH C03,Zl;aHHH B Ha
CTOHmHH MOMeHT cneu;HaJIH3HpoaaHHhIX ycKopHTeJieH. PacqeThl noKa3bIBa• 
IDT' qTo ,Zl;JIH ,n;aHHOH u;eJIH MO:>KeT 6hITb pa3pa6oTaH aeCbMa KOMnaKTHhlH 
H 3KOHOMHqHhlH YCKOpHTeJib. Ceiiqac B Jia6opaTopHH 3aBeprneH MOHTa:>K 
Hoaoro I.J;HKJIOTpoHa (u;0:KJI0:qecKoro HMilJiaHTaTopa HU-100), npe,n;Ha3Ha
qeHHoro MH perneHHH npHKJia,n;HhIX 3a,n;aq, HU-100 - 3TO 0:3oxpoHHhIH 
I.J;HKJIOTpOH c ,n;HaMeTpOM noJIIOCOB 1 M, aecoM 50 T H noTpe6JIHeMOH Mom
HOCTbIO 150 KBT. B HaCToHmee apeMH Ha HeM noJiyqeHbl nyqKif HOHOB apro
Ha C napaMeTpaMH, 6JIH3KHMH K pacqeTHhIM. Bo3MO:>KHOCTH HOBoro 
YCKOpHTeJIH He orpaHHqeHhl npoH3B0,Zl;CTBOM H,Zl;epHhIX MeM6paH If 3Kcne
pHMeHTaMH no pa,n;H~H0HHOMY MaTepHaJIOBe,n;eHHIO. Ha I.J;lfKJI0Tpo
He HU-100 M0:>KHO 6y,n;eT npoao,n;HTb llIHpOKHH Kpyr HCCJie,n;oaaHHH no 
HOHHOH o6pa6oTKe MaTepHaJIOB. 3To TaKHe He,n;aBHO B03HHKllllfe HanpaaJie
mm, KaK HanpaaJieHHOe lf3MeHeHHe CBOHCTB 3JieKTp0~30JIHI.J;lfOHHhlX MaTe
PHaJIOB, yJiyqrneHHe KaqecTaa 3JieMeHT0B onTHqecKHX ClfCTeM, C03,Zl;aHHe 
XOJI0,Zl;HhlX KaT0,Zl;OB H lfCTOqHifK0B HOH OB, cneu;HaJibHhIX MeM6paH. ,Zl;JIH 
,n;HarHocTHKH 3a6oJieaaHHH KpOBH H ,n;p. ,[(aJibHeiiumii TeXHHqecKHH nporpecc 
HeMhlCJIHM 6e3 lfHTeHCHBHOro pa3BHTHH ,n;aHHhlX HCCJie,n;oBaHHH. 
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OCHOBHWe naThl nesTeRbH0CTH 
O6oenHHeHHoro HHCTHTyTa 

c., 

snepHbIX HCCRenoBaHHH 

1956 

- 26 MapTa B MocKBe no.n:mwaHo Cormiwem:i:e 06 yqpe:>K.n:eHHH 
061,e.n:1:1HeHHOro HHCTHTyTa H,D;epHblX HCCne.n:oBaHHH. lfa6paHa IIepBaH .D:H· 
peKQHH 11HCTHTyTa: ,D;HpeKTOp - IIpocpeccop ,n;.11.BnoXHHQeB, BHQe-.n:1:1peK
TOpa - npocpeccop B.BoTpy6a (l!CCP) H npocpeccop M.,Zl;aHbIW (TIHP) . 
TipaBHTenbCTBO CoBeTCKoro Co103a, BbICTYIIHBWee HHHQHaTOpOM C03.D;aHHH 
011.RH, nepe.n;ano B ero Be.n;eHHe 11HCTHTYT 11.n:epHbIX npo6neM AH CCCP, 
KOTOpbIH pacnonaran wecTHMeTpOBbIM CHHXpOQHKnoTpOHOM, 1:1 3neKTPO· 
cp1:131:1qec1ey10 na6opaTop1:110 AH CCCP, B KO To po ii 3aKaHl!HBanocb coopy:>Ke
HHe caMoro 6onbllloro Tor.n:a yc1eop1:1TenH - c1:1Hxpocpa30Tp0Ha. Ha 6a3e 
11HCTHTyTa 11.n:epHbIX npo6neM 6bma C03,D;aHa Jia6opaTopHH 11.n:epHbIX npo6-
neM, a Ha 6a3e 3neKTpOq:>H3Hll0CKOH na6opaTOpHH - Jla6opaTOpHH BbICOKHX 
3Hepr1:1ii. 

- 23 ceHTH6pH Ha COB01..QaHHH TionHOMOl!HbIX Tipe,D;CTaBHTeneii 
npaBHTenbCTB rocy.n:apCTB-qneHoB 011.RH IIpHHHT YcTaB 011.RH, pernaMeH
THPYIOI..QHH .n:eHTenbHOCTb 11HCTHTyTa . 

- C03.D:aHbl Jla6opaTOpHH TeopeTHl!eCKOH q:>H3HKH H Jla6opaTopHH 
Heii:TpOHHoii: q:>H3HKH. B Jla6opaTop1:11:1 Heii:TpOHHOH q:>H3HKH Hal!aTo cTpoH
TenbCTBO HMnynbcHoro peaKTopa Ha 6b1cTpb1x Heii:TpoHax HEP. 

Ony6nHKOBaHbl nepBbie Hayl!Hbie pa60Tbl COTpy.D:HHKOB 11:HCTH
TyTa. 

- H.H.Boron1060BbIM .n:atto CTporoe .n:01easaTenbCTBO .n:1:1cnepc1:10H
HbIX COOTHOllleHHH, KOTopoe sano:>KHno MaTeMaTHll0CKHe OCHOBbl 3TOro 
M0TO,D;a H Ha MHOrHe rO,D;bl OIIpe.n:en1:1no pa3BHTHe TeopHH CHnbHbIX B3aHMO
.n:eii:CTBHH. 

- B.11.BeKcnepoM BIIepBbI0 BbICKa3aHbl H,D;eH 06 HCIIOnb30BaHHH .n:nH 
ycKopeHHH 3apH:>K0HHbIX qacTHQ co6cTBeHHblX CHn IInOTHbIX crycTKOB 
3neKTpoHoB, nocny:>KHBlllHe npoo6pasoM KonneKTHBHoro MeTo.n:a ycKope
HHH. 
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1956-1959 

- A.A.JioryHOBhIM npoae,11,eH QHKn Hccne,11,oBaHHH no npHMeHeHHIO 

MeTo,11,a ,11,HcnepcHOHHblX COOTHOllleHHH K HeynpyrHM npoQeccaM. Ha OCHOBe 

3THX HCcne,11,oBaHHH anocne,11,cTBHH 6hm pa3BHT HHKnI03HBHblH no,11,xo,11, 

B (pH3HKe BbICOKHX 3HeprHH. 

1957 

- B Jia6opaTopHH 11,11,epHbIX npo6neM rpynnoi1: yqeHbIX no,11, pyKo

ao,11,cTBOM M.r .MemepHKOBa 3KCnepHMeHTanhHO ycTaHoaneHo HeH3BeCTHOe 

paHee HBneHHe npHMoro BbI6HBaHHH ,11,eHTpOHOB H3 aTOMHbIX H,11,ep HYKnO

HaMH BblCOKHX 3HeprHH. (rocy,11,apCTBeHHbIH KOMHTeT Coaern MHHHCTpOB 

CCCP no ,11,enaM H3o6peTeHHH H OTKpbITHH, ,11,HnnoM N2 221, 1979). 

- Co3,11,aHa Jia6opaTOpHH H,11,epHblX peaKQHH H HaqaTo CTpOHTenhCTBO 

QHKnHqecKoro ycKOpHTenH MHoro3apH,11,HbIX HOHOB Y-300. 

- Ha CHHXpocpa3oTpoHe B Jia6opaTopHH BblCOKHX 3HeprHH nonyqeH 

nyqoK npoTOHOB, ycKopeHHbIX ,11,O npoeKTHOH 3HeprHH 10 r3B. 

- M.A.MapKOBblM npe,11,noJKeHhl 3KcnepHMeHTbl no H3yqeHHIO B3aH

M0,11,eHCTBHH HeHTpHHO C HyKnoHaMH, KOTOpbie B HaCTOHIQee apeMH ycnelll

HO ocymecTBnHIOTCH. 

- B.M.IloHTeKopBO Bbl,11,BHHyn rHnoTe3y O cymeCTBOBaHHH OCQHn

nHQHH Hei1:TpHHo. 

- ,[(.11.BnoxHHQ~BblM Bbl,11,BHHyTa rHnOTe3a O cymecTBOBaHHH KBaH

TOBbIX cpnyKTYaQHH nnoTHOCTH H,11,epHOH MaTepHH ("cpnyKTOHOB")' nony

qHBUlaH B ,11,anbHeHllleM lllHpOKOe npHMeHeHHe B penHTHBHCTCKOH 11,11,epHOH 

(pH3HKe. 

1957-1958 

H.H.Boronro6oBhIM nocTpoeHa MHKpOCKOnHqecKaH TeOpHH CBepx

npOBO,11,HMOCTH. Pa3BHTbie npH 3TOM H,11,eH H MeTO,11,bl nonyqHnH B ,11,anhHeH

llleM lllHpOKOe npHMeHeHHe B CTaTHCTHqecKOH MexaHHKe, H,11,epHOH <pH3HKe 

H <pH3HKe 3neMeHTapHbIX qacTHQ. 333 



1957-1960 

B Jla6opaTOpHH H)J;epHbIX npo6neM 0: Jla6opaTOpHH TeopeTW-leCKOH 
cpH3HKH ccpopMyJIHpOBaHO IlOHHTHe IlOJIHoro OilbITa H pa3BHTbl 06m0:e Me
TO,D;bl BOCCTaHOBJieHHH aMilJIHTYA ynpyrHX npou;eccoB. 

1958 

- AKa,n;eMHKY H.H.Eoromo6oey np0:cy:>K,n;eHa JleHHHCKaH npeMHH 
3a pa3pa60TKY HOBoro MeTo,n;a B KBaHTOBOH TeopHH IlOJIH H CTaTHCTHtieCKOH 
<PH3HKe, npHBe,n;wero, B tiaCTHOCTH, K o6oCHOBaHHIO TeOpHH ceepxTeKY
tieCTH H TeopHH ceepxnpOBO,D;HMOCTH. 

- AKa,n;eMHKY H:.M.<l>paHKY np0:cy:>K,n;eHa Ho6eneecKaH npeMHH no 
<PH3HKe 3a OTKpbITHe H 061,HCHeHHe 3cpcpeKTa BaBHJIOBa - qepeHKOBa 
(COBMeCTHO C n.A,qepeHKOBbIM H H:.E.TaMMOM). 

- TeopeTHKaMH Jla6opaTOpHH TeopeTHtieCKOH <PH3HKH npe,n;Jio:>KeH 
061.UHH MeTo,n; onpe,n;eneHHH BHyTpeHHHX tieTHOCTeH CTpaHHblX tiaCTHu;. 

- B Jla6opaTOpHH H,n;epHbIX npo6neM BHe.n;peHO B npaKTHKY <PH3H
qecKoro 3KcnepHMeHTa ynpaBJIHeMoe HMilYJihCHOe IlHTaHHe ra3opa3pH,D;HbIX 
.n;eTeKTOpOB, tITO IlOCJIY:>KHJIO OCHOBOH pa3BHTHH HOBOH TeXHHKH HCKpOBblX 
KaMep. 

1958-1962 

- CoTpy,n;HHKaMH Jla6opaTopHH TeopeTHtieCKOH <PH3HKH pa3pa6o
TaHa ,n;HcnepCHOHHaH TeopHH pacceHHIDI a,n;pOHOB npH HH3KHX 3HeprHHX, 
6naro)J;apH KOTOpOH nonytieHa e,n;HHaH KapTHHa OCHOBHbIX npou;eccoB CHJih
HbIX B3aHMo,n;eiicTBHH. 

1958-1963 

- H.H.Eoron1060BbIM ccpopMyn0:poeaHo npe,n;cTaeneHHe o ceepxTe
KytiecTH H.n;epHOH MaTepHH H npe)J;JIO:>KeH eap0:au;HOHHblH npHHu;Hn B 3a)J;atie 
MHor0:x Ten (npHHa;Hn XapTpH - <l>oKa - Eoron106oaa). Ha 0:x ocHoae 
B Jla6opaTopHH TeopeTHtieCKOH <PH3HKH IlOJIYtIHJia pa3BHTHe MHKpOCKOilH
qecKaH TeOpIDI H)J;pa. 

1959 

rpynne ytieHbIX H cneu;HaJIHCTOB BO rnaae C aKa)J;eMHKOM B.H:.BeK-
334 cnepoM np0:cy:>KAeHa JleHHHCKaH npeMHH 3a C03AaHHe cHHxpocpa3oTpoHa 



Ha 10 MHJimiap,n;oB 3JieKTp0H-B0JibT B ,[(y6He. B 1mcne naypeaT0B C0Tpy,n;

HHKH OllHll JI.TI.3HHOBbeB, B.A.TieTyxoB. 

- B.M.TioHTeKopBo coBMeCTHo c coTpy,n;HHKaMH llHCTHTyTa rnope

THt1ec1<:oH H 3KCnepHMeHTaJibHOH q:>H3HKH H llHCTHTyTa aTOMHOH 3Hepnm 

HM.ll.B.KyptiaTOBa 0TKpbIJIH H0B0e .FIBJieHHe - 6e3pa,n;HaUHOHHbie nepexo.n;bI 

B Me3oaT0Max. {roCKOMH3o6peTeHHH, ,ll;HilJI0M N2 100, 1971 r.). 

- B Jla6opaTopHH H,n;epHbIX npo6JieM C0BMeCTH0 c llHCTHTYTOM XH

MHtieCKOH q:>H3HKH AH CCCP, llHCTHTyToM np01<:na,n;HoH MaTeMaTHKH 

AH CCCP H Pa,n;ueBbIM HHCTHTYT0M HM.BS .XnonHHa AH CCCP 3KCnepu

MeHTaJibH0 o6Hapy)KeHo HBJieHHe o6pa30BaHHH H pacna,n;a CBepXTH)KeJioro 

reJIHH - reJIHH-8. (rocKOMH3o6peTeHHH, ,n;unnoM N2 119, 1972 r.). 

- B Jla6opaTopHH TeopeTHt1ecKoH q:>H3HKH H.H.Boromo6oBhIM 

C C0Tpy,n;HHKaMH pa3BHT MeTO,ll; ABYXBpeMeHHbIX TeMnepaTypHbIX cpyHKUHH . 

rp0Ha B 3a,n;aqax CTaTHCTHtieCKOH MeXaHHKH. 

- B Jia6opaTOpHH BbICOKHX :meprHH BnepBbie nonytieHhl 3KCnepH

MeHTaJibHbie .n;aHHbie O Ba)KHeHUIHX CBOHCTBax CTpaHHblX qacTHU, o6pa3yro

IUHXCH B IlH0H-npOTOHHblX B3aHMO,ll;eHCTBHHX npH 3HeprHH 7-8 r3B. 

- B .M.TioHTeKOpBO IIOKa3an, llTO B OilbITax C HeHTpHHO OT YCKOpH

TeJieH BbICOKHX 3HeprHH MO)KHO 0TBeTHTb Ha Bonpoc, OTJIHqaeTCH JIH MIOOH

HOe HeHTPHHO OT 3JieKTpOHHoro HeHTpHHO. 

- B Jla6opaTOpHH H,n;epHbIX npo6JieM pa3pa6oTaHbl MeTO,ll;bl H HatiaTO 

CHCTeMaTHtiecKoe pa3,n;eneHHe 6oJibllIHX KOJIHtieCTB pa,n;HoaKTHBHbIX H30TO

IlOB. 

- B Jla6opaTOpHH H,n;epHbIX npo6JieM 3anyrueH H30XpOHHblH UHKJIO

TpOH co cnHpaJibHOH CTPYKTypoH MarHHTHoro IlOJIH, KOTOpbIH HBHJICH 

npoo6pa30M 6oJibllI()r0 ycKOpHTeJIH. Ha 3TOM UHKJIOTpOHe npoBepeHbI 

OCHOBHbJe pe3yJibTaTbl ·JIHHeHHOH H HeJIHHeHHOH TeopHH ,ll;BH)KeHHH tiaCTHU 

B MarHHTHbIX IlOJIHX C KPYTOCIIHpaJibHOH CTpyKTypoH. 

1960 

- Yt1eHhIMH Jla6opaTopml BbICOKHX 3HeprHH OTKpbITa HOBaH 3Jie

MeHTapHaH qacTHua: aHTHCHrMa-MHHYC-rHnepoH. (rocKOMH306peTeHHH, 

,ll;HilJIOM N2 59, 1968 r.). 

B coBMecTHhIX Hccne.n;oBaHHHX yqeHbIX OllHll, <l>H3Ht1ec1<:oro HH

CTHTYTa H llHCTHTyTa XHMHtieCKOH q:>H3HKH AH CCCP OTKpbITO CBOHCTBO 335 



:=meKTpOMarHHTHOH nomipH3yeM0CTH CHJibH0 B3aHMO,IJ;eHCTBY10I.l.J;HX :=meMeH
TapHhIX qacTHQ. (rocKOMH306peTeHHH, ,IJ;HilJI0M N2 217' 1979 r.). 

- B J1a6opaTopHH 11,n;epHhIX peaKUHH 3anym;eH 310-caHTHMeTpOBhIH 
UHKJI0Tp0H ,ll;JIH ycKopeHHH TH:>KeJibIX H0H0B (Y-300). 

- B J1a6opaTopnn HeHTpOHHOH cpn3HKH 3anym;eH nccne,n;oBaTeJihCKHH 
HMilYJibCHhIH peaKT0p nepno,z:i;nqecKoro ,z:i;ettCTBHH Ha 6hICTpbIX HettTpOHax -
HEP. 

H.H.Boron1060BhIM ccpopMynnpoBaHa KoHuenunH KBa3ncpe,n;Hnx, 
K0T0paH Jie:>KHT B 0CH0Be COBpeMeHHOH Te0pllH cpa30BhIX nepexo,n;oB. OHa 
0Ka3ana cym;ecTBeHH0e BJIHHHHe Ha pa3BHTHe KBaHTOBOH Teopnn Il0JIH, 
B qacTH0CTH, Ha C03,IJ;aHHe Teopnn 3JieKTpocna6bIX B3aHMO,IJ;eHCTBHH. 

- .[l;.H.BnoxHHueBhIM npe,n;no:>KeHa n,n;eH HeCK0JihKHX BaKyyM0B 
n cnoHTaHHoro nepexo,n;a Me:>K,n;y HHMH. 

- B J1a6opaTOpHH H,n;epHbIX npo6neM pa3BepHyJIHCh urnp0KHe HCCJie
,IJ;0BaHHH CBOHCTB HettTpOHO,n;eq>HQHTHhIX H30T0il0B. B xo,n;e peanH3aQHH 
3Toi1: nporpaMMhI (1955-1979 rr.) OTKphiTo 6onee cm H0BhIX pa,n;noaKTHB
Hhix ll30T0il0B, nonyt1eHa 6oraTaH HHq>OpMaQHH 0 CTPYKType aT0MHhIX H,n;ep. 

1961 

- B CBH3H c cpopMynnpoBKOH K0Huenu1rn KBa3Hcpe,n;Hnx H.H.Boro
n1060BhIM ,IJ;0Ka3aHa cpyu,n;aMeHTaJibHaH TeopeMa "06 oco6eHHOCTHX 
1/q2 ". B KBaHTOBOH Teopnn Il0JIH nonyqeHHhIH pe3yJibTaT CBH3aH C TaK Ha-
3hIBaeMhIMH MeXaHH3MaMH roJI,IJ;CTOyHa ll Xnrrca. 

1961-1964 

- B J1a6opaTOpHH TeopeTiiJieCKOH q)ll3HKH BBe,IJ;eHo Il0HHTHe CilHHa 
Il0JIH BHe MaCCOBOH o6oJIOllKH. TToKa3aHO, llT0 ypaBHeHHH .flura - Mnnnca 
n 8ttHUITettHa M0:>KH0 BbIBeCTH KaK ypaBHeHHH Teopnu noneu c onpe,n;eneH
HhIM CilllH0M (1 H 2) . 

1962 

- 3aperncTpnpoBaao 0TKphITne B.H.Bei<cnepoM npHHunna aBT0-
cpa3np0B1<n npn yci<opeHHH 3apH:>KeHHhIX qaCTHU B UHKJIHlleCKHX pe3oHaHC-

336 HhIX YCK0pHTeJIHX. 8To 0TKpbITHe ,n;ano B03M0:>KH0CTh npoeKTHp0BaTb 



H coopymaTb MHKpOTpOHhI, CHHXpOTpOHbl, cpa30Tp0Hhl, ace KpynHettwHe 
ycKopHTeJm 3ap.HmeHHblX qacTHQ. (rocKOMH306peTeHHtt, AHTIJIOM N2 10, 
1962 r., np11opHTeT OT 8.06.44 r.). 

- B Jia6opaTOpHH .H.n;epHblX npo6JieM 3KcnepHMeHTaJihHO o6HapymeH 
,B-pacna.n; nonomHTeJihHO 3ap.HmeHHoro rr -Me3oHa, H3MepeHa ero aepo.HT
HOCTh. 3TH HCCJie.n;OBaHH.H 3Kcnep11MeHTaJibHO no.n;Taep.n;HJIH 3aKOH coxpa
HeHH.H BeKTOpHoro TOKa B CJia6bIX B3aHMO.n;ettCTBH.HX 3JieMeHTapHbIX qaCTHQ. 
(rocKOMH3o6peTeHHtt, AHTIJIOM NQ 135, 1973 r.). 3a pa60ThI, np11ae.n;w11e 
K OTKpbITHlO {3-pacna.n;a rr-Me3OHa, 3oJIOTOtt Me.n;anH HM.11.B.KypqaTOBa 
11 npeMHH AKa.n;eMHH HayK CCCP 3a 1965 r. y.n;ocToeHa rpynna yqeHbIX 
OUHl1: IO.,U.IlpoKOWKHH, c.c.repWTeHH, A.<l>.,UyHattQeB, B.11.PhIKamrn, 
B.11.IleTpyxHH. 

- COTPYAHHKaMH Jla6opaTopHH R.n;epHblX npo6JieM 11 Jia6opaTOpHH 
TeopeT11qecKOH q:>H3HKH OTKpbITO .HBJieHHe 3aXBaTa OTPHQaTeJibHO 3ap.HmeH
HbIX rr -Me3OHOB .H.n;paMH XHMHqecKH CB.H3aHHoro Bo.n;opo.n;a, qTo np11BeJio 
K CO3.IJ:aHHIO HOBoro HayqHoro HanpaaneHH.H - Me30HHOH XHMHH. (rocKOM
H306peTeHHtt, AHTIJIOM N2 164, 1975 r.). 

- B Jia6opaTopHH .H.n;epHblX peaKQHH OTKpbITa HOBa.H pa3HOBH.IJ:HOCTb 
pa.n;11oaKTHBHOro pacna.n;a - npOTOHHbIH pacna.n; pa.n;11oaKTHBHbIX .H.n;ep. 
(roCKOMH306peTeHHtt, .n;HnJIOM N2 35, 1966 r.). 

- CoTpy.n;HHKaMH JI.HP OTKpbITO HOBOe q:>H3HqecKoe .HBJieHHe -
CTIOHTaHHOe .n;eneH11e aTOMHhlX .H.n;ep 113 B036y)K.IJ:eHHOro COCTO.HHH.H. (roc
KOMH306peTeHHtt, .n;HnJIOM N2 52, 1967 r.). 

- B Jia6opaTOpHH BbICOKHX 3HeprHH nOCTaBJieH nepBblll B MHpe 
3KCnepHMeHT no HCCJie.n;oaaHHlO ynpyroro nHOH-HyKJIOHHOro pacce.HHH.H Ha 
60JibWHe yrJihl npH 3HeprHH BbIWe 1 r3B. 3TH pa60Tbl nOJIO)KHJIH Haqano 
WHpOKOMY HCCJie.IJ:OBaHHlO yKa3aHHoro npoQecca He TOJibKO B 011:HH, HO 
H Ha acex KpynHettWHX ycKOpHTeJI.HX MHpa. 

- B Jia6opaTop1111 BhICOKHX 3Hepr110 no.n: pyKoao.n;cTaoM B.11.BeK
cnepa HaqaJIHCb HCCJie.n;oBaHH.H no KOJIJieKTHBHOMY MeTo.n;y ycKopeHH.H 
HOHOB. 

1963 

- AKa.n;eMHK B.M.IloHTeKopao y.n;ocToeH JleHHHCKOtt npeMHH 3a 
3KcnepHMeHTaJibHbie H TeopeT11qecK11e HCCJie.n;oaaHH.H q:>H3HKH HettTpHHO 
H CJia6hIX B3aHMO.n;ettCTBHtt. 337 



338 

- CoTpy,ri;mrnaMH Jia6opaTOpHH BbICOKHX 3HeprHH B 3KCnepHMeHTax 

no ynpyroMy pp-pacceHHHIO o6HapyiKeHo HBJieHHe noTeHUHaJihHoro pacceH

HHH npoTOHOB BbICOKHX 3HeprHH, (I'oCKOMH3o6peTeHHH, AHilJIOM N2 246, 

1981 r.). 

- Yt1eHbIMH Jia6opaTopHH H,ri;epHbIX npo6neM OTKpbITO .flBJieHHe 

ABOHHou nepe3apHAKH TT-Me3oHoB. (I'ocKOMH3o6peTeHHH, AHnnoM N2 77, 

1970 r.). 

B Jia6opaTopHH H,ri;epHbIX peaKUHH OTKpbITO .flBJieHHe o6pa30BaHH.fl 

H30Tona 102-ro 3JieMeHTa. (I'OCKOMH306peTeHHH, ,IJ;HilJIOM N2 34, 1966 r.). 

B Jia6opaTOpHH TeopeTHlleCKOB qJH3HKH pa3pa6oTaH KBa3HilOTeH

UHaJibHbIH IlO,IJ;XOA (ypaBHeHHe JioryHOBa - TaaxeJIH,IJ;3e) B TeopHH IlOJI.fl, 

KOTOpbIH Hawen MHOrOtlHCJieHHbie npHMeHeHH.fl KaK npH KOJIHtleCTBeHHOM 

OilHCaHHH BbICOK03HepreTHt1ecKoro pacceHHH.fl, TaK H npH IlOCTpoeHHH co

CTaBHbIX KBapKOBbIX Mo.ri;eneu. 

- B JIT<I> 3aaepweHo nocTpoeHHe penHTHBHCTCKoro aHanora KHHeTH· j 
t1ecK00 Teop1111 ra3a BonbUMaHa. '1 

- CoTpy,ri;HHKaMH Jia6opaTOpHH HeuTpOHHOH qJH3HKH npe,ri;noiKeH 

H peanH30BaH 3cpcpeKTHBHbIH MeTO,IJ; IlOJIHpH3aQHH HettTpOHOB B WHpOKOM 

,IJ;HanasoHe 3HeprHH nyTeM nponycKaHH.fl HX qepe3 IlOJIHpH30BaHHYIO npOTOH

HYIO MHWeHb. 

1963-1965 

- B Jia6opaTOpHH BbICOKHX 3HeprHH BbIIlOJIHeH UHKJI HCCJie,IJ;OBaHHH 

ynpyroro IlHOH-npOTOHHOro H IlHOH·.fl,D;epHoro pacce.flHH.fl. B 3THX 3KCnepH

MeHTaX 6bIJIO ,IJ;OKa3aHo, llTO CHJibI .fl,D;epHOro B3aHMO,ri;eucTBH.fl IlHOHa C HYK· 

JIOHOM HMeIOT xapaKTep OTTaJIKHBaHH.fl. 

1964 

- B Jia6opaTopHH BbICOKHX 3HeprHH ( COBMeCTHO C BerropycCKHM 

rocy,ri;apCTBeHHbIM yHHBepCHTeToM) TeopeTHtJeCKH ycTaHOBJieHO .flBJieHHe 

H,ri;epHOH npeuecCHH HeuTpOHOB. (I'OCKOMH306peTeHHH, AHilJIOM N2 224, 

1979 r.). 

~ CoTpy,ri;HHKaMH Jia6opaTop1111 H.ri;epHbIX peaKUHH c,n;erraHo OTKpbI· 

THe - CHHTe3HpOBaH 104-u 3JieMeHT KyptJaTOBHB. (I'OCKOMH306peTeHHH, 

AHilJIOM N2 37' 1966 r .) . lifayt1eHbI pa,ri;11oaKTHBHbie H XHMHtleCKHe CBOHCTBa 

HOBoro 3JieMeHTa. 
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- B na6opaTopHH TeopeTHqecKOH cpH3HKH pa3pa6oTaHa ,D;HarpaMM

H8.H TeXHHKa 6e3 BHPTYaJibHbIX qaCTHU:, rrpHBO,[l;.flI.IJ;a.fl K TpexMepHOH cpopMy

JIHpOBKe peJI.flTHBHCTCKOH 3a,n;aqH ABYX Terr. 

- CoTpy,n;HHKaMH na6opaTopHH .fl,n;epHbIX rrpo6rreM rrpe,n;rroJKeH Me

To,n; HCCJie,IJ;OBaHH.fl rrpou;eccoB rrpH MaJiblX rrepe.z:i;aqax HMITYJibCa, B KOTOpOM 

qacTHIJ;bl OT,z:i;aqH C 3HeprH.FIMH OKOJIO 1 M3B ,n;eTeKTHpoBaJIHCb rrorryrrpOBOA

HHKOBblMH ,n;eTeKTOpaMH. 3TOT MeTOA HCIIOJib30BaJIC.fl AJI.fl HCCJie,n;oBaHH.fl 

npOTOH-IIpOTOHHoro pacce.flHH.fl Ha CHHxpocpa3oTpoHe. 

1965 

- 3aperHCTpHpOBaHO OTKpbITHe r.H.<l>rrepOBbIM H K.A.IleTpJKaKOM 

(Pa,z:i;HeBbIH HHCTHTYT HM.B.r .XrrorrHHa AH CCCP) crroHTaHHoro .z:i;erreHH.fl 

ypaHa. (rocKOMH306peTeHHH, ,[l;HIIJIOM N2 33, 1965 r., rrpHOpHTeT OT 

4.09.40 r.). 

- B COBMeCTHbIX C l1HCTHTYTOM TeopeTHqecKOH H 3KCIIepHMeHTaJib

HOH cpH3HKH HCCJie,D;OBaHH.flX B na6opaTOpHH .fl,IJ;epHblX rrpo6rreM o6HapyJKe

HO HOBOe .flBJieHHe cym:ecTBOBaHH.fl MlOOHH.fl B KOH,D;eHCHpOBaHHbIX cpe,n;ax. 

{roCKOMH3o6peTeHHH, ,[l;HIIJIOM N2 161, 1975 r.). 

- B na6opaTOpHH .fl,IJ;epHbIX rrpo6rreM OTKpbITO .flBJieHHe H3MeHeHH.fl 

OTHOCHTeJibHOH HHTeHCHBHOCTH peHTreHOBCKHX JIHHHH K-cepHH µ -Me3o

aTOMa. (rocKOMH306peTeHHH, ,IJ;HIIJIOM N2 201, 1978 r.). 

- CoTpy,n;HHKaMH na6opaTopHH .fl,D;epHbIX peaKIJ;HH OTKpbITO .flBJieHHe 

o6pa3oBaHH.fl 103-ro 3JieMeHTa rrepHo,n;HqecKOH cHcTeMbI .[(.H.Mett,n;erreeBa. 

{rOCKOMH306peTeHHH, ,IJ;HIIJIOM N2 132, 1973 r.). 

- B na6opaTOpHH .fl,Il;epHbIX rrpo6rreM peaJIH30BaH BbICOK03cpcpeKTHB

Hblli MeTOA rrorryqeHH.fl CBepxHH3KHX TeMrrepaTyp B CTaIJ;HOHapHOM peJKHMe, 

OCHOBaHHblli Ha paCTBOpeHHH )KH,!J;Koro reJIHJI-3 B reJIHH-4, qTo OTKpbIJIO 

rrpHHIJ;HIIHaJibHO HOBbie B03MOJKHOCTH ,IJ;JI.fl HCCJie,IJ;OBaHHH B o6rraCTH .fl,Il;ep

HOH cpH3HKH H cpH3HKH KoH.z:i;eHcHpoBaHHbIX cpe.z:i;. ABTop 3THX pa6oT B .C.He

rattoB y.z:i;ocToeH B 1981 r. rrpeMHH HM.M.B.IloMoHocoBa AKa.z:i;eMHH HayK 

CCCP. 

B Ila6opaTopHH TeopeTHqecKoH cpH3HKH H.H.Bororr1060BbIM 

H A.H.TaBxerrH.z:i;3e c coTpy.z:i;HHKaMH rrpe,IJ;JioJKeHa H o6ocHoBaHa H,IJ;e.fl o HaJIH

qHH y KBapKOB HOBoro KBaHTOBOro qHcJia, Ha3bIBaeMoro HbIHe "n;BeToM"' 

KOTOp8.H 3aJIO)KHJia OCHOBbl coapeMeHHblX rrpe,z:i;cTaBJieHHH B TeopHH CHJib

HblX B3aHMO,D;eHCTBHH. 0.z:i;HOBpeMeHHO ccpopMyrrHpOBaHbl OCHOBHbie IIOJIO

)KeHH.fl COCTaBHOH KBapKOBOH MO,UeJIH 3JieMeHTapHblX qacTHU:, H3BeCTHOH 

ceifqac KaK MO,IJ;eJib KBapKOBoro "Melli Ka". 839 



- B Jla6opaTOplrn BbIC0KHX 3HeprHH ocyI.QeCTBJieH 3anycK ycTaH0-

B0K C ny3bipbK0BbIMH KaMepaMH B MarHHTH0M none: ABYXMeTpOBOH 

npOilaHOBOH H O,D;HOMeTpOBOH JKH,D;KOBO,D;Opo,n;HOH. 

- B JIB3 HatJaJI0Cb np0H3B0,D;CTB0 BbIC0K0T0tJHbIX 6eccpHJibMOBbIX 

KaMep. Pa3pa60TaHHaR B Jia6opaTOpHH MeT0,D;HKa H3rOTOB.TieHHH MH0ro

Ilp0B0JI0tJHbIX .n;eTeKT0p0B nmp0K0 HCil0Jib3yeTCH BO MH0rHX HaytJHbIX 

n;eHTpax CTpaH-ytJaCTHHIJ;. 

- Bae,n;eHa a .n;eHCTBHe CHCTeMa HMilYJibCHoro 6ycTepa Ha peaKT0pe 

HEP. Co11eTattHe peaKTopa c HHJKei<:TopoM-ycKopHTeJieM 3JieKTpoHoB no-

3B 0JIHJI0 nonytJHTb 011eHb KopoTKHH HMnynhc npH coxpaHeHHH 6oJihIIIOH 

CBeT0CHJibI B HMilYJihCe. 

- B Jla6opaTopHH HeHTpoHHOH q>H3HKH co3,n;aH nepBbIH B cTpaHax

y11acTHHn;ax OHHH H3MepHTeJibHhIH n;eHTp ,n;JIH o6pa6oTKH q>H3HtJecKoH 

HHq>OpMaIJ;HH, IlOCTyna10I.QeH 0,D;H0BpeMeHH0 C 8 IlYtJK0B peaKT0pa HEP. 

- B BbitJHCJIHTeJibHOM n;eHTpe OHHH Ha11ana ,n;eiicTBOBaTh cHcTeMa 

H3 Tpex 3BM, CBH3aHHlUI C Jia6opaTopHbIMH H3MepHTeJibHbIMH n;eHTpaMH. 

1965-1977 

- Ha ocHoae H,n;eii, BbI,D;BHHYTbIX )],.H.EnoxHHIJ;eBbIM H M.A.MapKo

BhIM, C0Tpy,n;HHKaMH Jla6opaTopHH TeopeTHtJeCKOH q>H3HKH Il0CTp0eHa 

KBaHT0BlUI Te0pHH Il0JIH C HeJI0KaJibHbIM H HenoJIHH0MHaJibHbIM B3aHM0-

,n;eHCTBHeM, y,n;oBJieTB0pHlOI.QaR BCeM Tpe6oaaHHHM aKCH0MaTHtJeCKoro no,n;

xo,n;a. 

1966 

B Jia6opaTOpHH 11,n;epHbIX peaKIJ;HH B pe3yJihTaTe H3ytJeHHH npon;ec

ca MHoroHyKJI0HHbIX nepe.n;atJ c,n;enaH BbIB0,D; 06 o6HapyJKeHHH HBJieHHH 

rny6oKOHeynpyroH nepe,n;atJH HYKJI0H0B B 11,n;epHbIX peaKIJ;HHX. (rocKOM

H306peTeHHH, ,D;HilJI0M N9 229, 1980 r.). 

- Co3,n;aHa Jia6opaTOpHH BbitJHCJIHTeJibHOH TeXHHKH H aBT0MaTH3a

IJ;HH. B HOBOH na6opaTopHH K0HIJ;eHTpHpyIOTCH pa3pa60TKH, CBH3aHHbie 

C BbitJHCJIHTeJibHOH TeXHHKOH H aBTOMaTH3an;HeH o6pa6oTKH 3KCnepHMeH

TaJibHbIX ,n;aHHbIX. 

- B Jia6opaTOpHH TeopeTHtJeCKOH q>H3HKH 3aK0HtJeHbI pa3pa60TKa 
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(Mo.n;eJib KBapI<OBoro "MelllKa") 'B paMKax KOTOpOH C BhlCOKOH ToqHOCTblO 

BbJqHcJieHbl MarHHTHbIH MOMeHT H 3JieKTpOMarHHTHblH pa.n;Hyc IIpOTOHa, 

OTHOllleHHe aKCHaJibHOH H BeKTOPHOH KOHCTaHT. 

- CoTpy.n;HHKaMH JIT<I> oTKphITO cymecTBOBaHHe KaJIH6poaoqHoif 

HHBapHaHTHOCTH HOBoro BH,na, Kor.na a KaqecTBe KaJIH6poaoqHoro IIOJIR 

BbICTyrraeT aHTHCHMMeTpHqHoe TeH30pHoe IIOJie. 

B JIT<I> rrpe.nnoiKeHa TeopHR pemITHBHCTCKOH CTPYHhI. 

B 3KcrrepHMeHTe Ha CHHXpocpa30TpOHe peaJIH30BaHa MeTOJ:(HKa 

o6pa6oTKH J:(aHHhlX C IIOMOmbIO 3BM Ha JIHHHH C 3KCIIepHMeHTaJibHOH ycTa

HOBKOH. 

- Ha CHHXpOUHKJIOTpOHe Jia6opaTOpHH R.n;epHblX rrpo6JieM C03)];aH 

rrpoTOHHbIH rryqoK C MOlnHOCTblO J:(03hl 150 pa.n;/MHH .nm1 COBMeCTHblX 

c HHcTHTYTOM 3KcrrepHMeHTaJihHOH H KJIHHHqecKott OHKonorHH AMH 

CCCP pa,n;Ho6HonorHqecKHX H OHKOJiorHqecKHX Hccne.n;oaaHHH. 

- B Jia6opaTOpHH HettTpOHHOH qJH3HKH BIIepBbie Ha6JIIOJ:(aJICH a -pac

rra.n; HeHTpOHHhlX pe3oHaHCOB THiKeJiblX H.n;ep. 

- MaTeMaTHKaMH JIBT A pa3pa6oTaH HerrpephIBHhIH aHaJior MeTo.n;a 

HblOTOHa J:(JIH pellleHHR lllHpOKoro KJiacca HeJIHHettHhIX 3a.n;aq MaTeMaTHqe

CKOH qJH3HKH. 

1967 

rpyrrrra yqeHblX Jia6opaTopHH H.n;epHbIX peaKUHH BO rJiaBe c aKa

.n;eMHKOM r .H.<I>nepOBbIM y.n;oCTOeHa JleHHHCKOH rrpeMHH 3a pa60Thl no CHH

Te3y TpaHcypaHoBbIX 3JieMeHTOB. B qHcne naypeaToB coTpy.n;HHKH OHHH 

B.A.,lJ,pyHH, H.3aapa. 

- B Jia6opaTOpHH BhICOKHX 3HeprHH o6HapyiKeHo HOBoe HBJieHHe 

pacrra.n;a ¢ 0 -Me3oHa Ha 3JieKTpOH-II03HTpOHHYIO rrapy, yKa3bIBaromee Ha 

cymecTBOBaHHe rrpHMhlX rrepexo.n;oB MeiK,n;y ¢ 0 -Me30HOM H y-KBaHTOM. 

(roCKOMH306peTeHHH, J:(HIIJIOM N2 94, 1971 r.). 

- 3a H3yqeHHe HeKOTOpbIX oco6eHHOCTett o6pa30BaHHH H pacrra.n;a 

caepXTH)KeJibIX H.n;ep B peaKQHHX C TH)KeJiblMH HOHaMH rpyrrrra COTpy.n;HHKOB 

Jia6opaTopHH H,nepHblX peaKQHH y.n;OCTOeHa rrpeMHH JleHHHCKoro KOMCOMO

Jia B o6nacTH HayKH H TeXHHKH. (ABTOphI: B.H.HnromeHKo, C.A.KapaMHH, 

H.B.Ky3Heuoa, M.B.MHJIJiep, B.JI.MHxeea, IO.U:.OraHeCHH, I0.3.IleHHOHiKKe

BHq). 341 



- Ha c1rnxpocpa30TpOHe ocymecTBneH 6bICTphIH BhIBO)]; C 3cpcpeK

TBBHOCThlO OKono 50% npoTOHHOro nyqKa C 3HeprBeH 10 r3B. 

- B Jia6opaTopBB HeHTpOHHOH (pB3BKB IlO)];rOTOBneHo (pB3BKO-Tex

HBtJeCKoe 06ocHOBaH0:e npoeKTa HOBoro MomHoro 0:MnynbcHoro peaKTopa 

Ha 6hICTphrx HeHTpoHax 11BP-2, pa3pa6oTaH 3CKB3HhIH npoeKT 0: HatJaTo 

TeXHBtJeCKoe npoeKTBpOBaHBe peaKTOpHOH tJaCTB KOMnneKca 11BP-2. 

1967-1974 

- B Jia6opaTOpBB TeopeTBtJeCKOH (pB3BKB pa3BBT MeTO)]; perneHB.fI 

HenBHeHHhIX ypaBHeHBH )];BCnepCBOHHOrO IlO)];XO.i::(a B C)];enaHhI np0:no:>KeHB.fI 

K 3KcnepBMeHTY. 

- TeopeTBKaMB O11Hl1 0: 11<1>B8 (TipOTBBHO) ccpopMynBpOBaHhI KO

HetJH0-3HepreTBtieCKBe npaBBna cyMM B (pB3BKe 3neMeHTapHbIX tJacnm:, 

BbI)];BBHyTa KOHQenQB.fI "rno6anbHOH AYanbHOCTB" B TeopBB CBnbHbIX 

B3aBMO)];eHCTBBH, ycTaHaBnBBaIOmaJI B3aBMOCB.fI3b acBMilTOTBtJeCKOro noBe

)];eHB.fI aMnnBTYA npB BbICOKBX 3Hepnrnx co CBOHCTBaMB tJaCTBQ B pe3oHaH

COB B COOTBeTCTBy10m0:x np.fIMhIX KaHanax peaKQBH. 

1968 

- B coBMeCTHhrx 0:ccne)];oBaHB.fIX COTPYAHBKOB O11Hl1 (JIHTI 

0: JIT<I>) 0: MocKoBCKoro rocy)];apcTBeHHoro yH0:Bepc0:TeTa HM.M.B.JloMo

HocoBa TeopeTBtJeCKB o6oCHOBaHO B 3KCnepBMeHTanbHO IlO)];TBep:>K)];eHO 

.fIBneHBe pe30HaHCHoro nornomeHB.fI OTPBQaTenbHbIX MIOOHOB aTOMHbIMlf 

IIApaMB. (rocKOMB3o6peTeHBH, ABnnoM N2 173, 1976 r.). 

- Ha peaKTope 11BP B Jia6opaTop0:11 HeirTpoHHOH cp11311KB ocymecrn

neHo nepBoe ycnernHoe Ha6n10)];eH0:e ynbTpaxono)];HhIX HeHTpoHoB. B AMb

HeirrneM ( COBMeCTHO C 11HCTBTYTOM aTOMHOH 3Hepr1111 BM.11.B.KyptiaTOBa) 

6hmB npoBe)];eHhI 3Kcnep11MeHThI no HaKonneHBIO 0: xpaHeHBIO ynbTpaxono)];

HhIX HeHTpOHOB B 3aMKHYThIX nnocKOCT.fIX. B CB.fI311 C 3TBM 3aper0:cTp0:po

BaHO OTKpbITBe - .fIBneHBe y)];ep:>KaHB.fI Me,!I,JieHHbIX HeHTpOHOB, nono:>KBB

rnee HatJano pa3BBTBIO HOBOro Hayt1Horo HanpaBneHB.fI B (p11311Ke HeHTpO

HOB. (rocKOMB3o6peTeHBH, ABilnOM N2 171, 1975 r.). 

O6pa30BaH OT)];en HOBhIX MeTO)];OB ycKopeHB.fI. 

Yt1eHhie O11Hl1 np0:cTyn0:n0: K pean113aQBB nporpaMMhI 3Kcnep0:

MeHTOB Ha YCKOpBTene npoTOHOB Ha 3HeprBIO 70 r3B B 11HCTBTyTe (pB311KB 
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- .[(.H.BJIOXHHI._\eBbIM pa3pa6oTaHa KBaHTOBa.H Teopn:.FI B3aHMO
,neikTBH.fl MHKpOCHCTeMbl C H3Mepn:TeJII,HbIM npn:6opoM, KOTOpa.FI .FIBHJiaCb 
3aBepUiaIOI.QHM UiaroM HHTepnpeTau;n:n: KBaHTOBOH MexaHHKH Ha OCHOBe 
KOHu;enu;1m KBaHTOBblX aHCaM6JieH. 

- B Jla6opaTOpHH TeopeTHlleCKOH <pH3HKH ,naHO MHKpOCKOnn:11eCKOe 
onn:caHn:e HepoTau;HOHHbIX COCTO.FIHHH ,necpopMHpoaaHHbIX .FI,nep, KOTOpoe 
nOJIYIIHJIO 3Kcnepn:MeHTaJibHOe no,nTaep)K,neHHe. 

- B Jia6opaTOpHH .FI,nepHbIX npo6JieM BBe,neHa B ,neHCTBHe 3JieKTpOH
Ha.fl Mo,neJib KOJibu;eaoro l.l;HKJIOTpOHa C )KeCTKOH cpoKycn:poBKOH, Ha KOTO
poii: 3KCnepn:MeHTaJibHO no,nTBep)K,neHa TeopeTHlleCKH o6ocHOBaHHa.FI co
Tpy,nHHKaMH na6opaTopn:n: B03MO)KHOCTb nony11eHH.fl B peJI.FITHBHCTCKHX 
l.l;HKJIOTpoHax TOKOB nop.FI,nKa COTeH MHJIJIHaMnep. 

- B Jla6opaTopn:n: .FI,nepHbIX peaKu;ni1 ocyw;ecTBJieH cpn:3n:11ecKHH 3a
nycK H BbIBO,n ny11Ka H30XpOiiHoro l.l;HKJIOTpOHa Y-200 ,ll;JI.fl ycKopeHH.fl 
T.fl)KeJiblX HOH OB, 

- B JIHP npoae,neHbI 3Kcnepn:MeHTbI no Tpoii:HOMY ,neneHHIO Bo36y)K
,neHHbIX COCTaBHbIX .FI,nep. BnepBbie npe,nJIO)KeHa MO,neJib nocne,noBaTeJibHOro 
,neJieHH.fl .FI,nep Ha TpH OCKOJIKa npn:MepHO paBHOH MaCCbl. 

- B Jia6opaTopn:n: BblllHCJIHTeJibHOH TeXHHKH H aBTOMaTn:3au;n:n: 
aae,neHa a 3KCnJiyarnu;n:ro BhI11n:cnn:TeJibHa.FI MaUin:Ha B3CM-6. rpynnoH cne
u;n:anncToB na6opaTopn:n: non pyKoao,ncTaoM H.H.roaopyHa co3,naHa cncTe
Ma MaTeMaTn:11ec1<oro 06ecne11eHH.F1 ".[(y6Ha" ,nn.FI 3BM B3CM-6, KOTOpa.FI 
B ,nanbHei1UieM nony11n:na Uin:poKoe pacnpocTpaHeHne KaK B CCCP, TaK 
n: B ,npyrnx CTpaHax-y11acTm1u;ax OHHH. 

- B JIBT A 3aaepUieHbI pa6oThI no co3,naHnro nonyaaT0MaTn:11ecKoH 
CHCTeMbl Ha 6a3e 14 H3Mepn:TeJibHbIX MHKpOCKOnOB THna IIYOC Ha JIHHHH 
c 3BM B3CM-4 n: Ha11aTbI Maccoabie H3MepeHn:.FI CHHMKOB c TpeKOBbIX ne
TeKTopoa. 

1968-1972 

- B Jia6opaTopn:n: TeopeTn:11ecKoH cpn:3HKH BbI,ll;BHHYT npn:Hu;nn 
aBTOMo,nenhHOCTH B cpn:3n:Ke BbICOKHX 3Heprn:H. B pa6oTax H.H.Boronro6o
aa, B.C.Bna,nn:Mnpoaa n: A.H.Taaxenn:,n3e ,naHo o6ocHoBaHne cyw;ecTBOBa
HH.fl CTeneHHoro acn:MnTOTHlleCKoro noae,neHH.fl B KBaHTOBOH Teopn:n: non.FI. 
Ilpn:Hu;n:n aBTOMo,neJibHOCTH BnepBbie npn:MeHeH npn: HCCJie,noBaHHH cpyH,na
MeHTaJibHOro npou;ecca o6pa30BaHH.fl ,ll;HMIOOHHbIX nap B a,npOHHbIX CTOJIK
HOBeHH.FIX npn: BbICOKHX 3HeprH.FIX. 343 



1968-1978 

- CoTpy,!1.m1KaMH JIT<I> pa3pa6oTaHbI H npHMeHeHbI npH aHanH3e 

pe3yJihTaT0B 3KCnepHMeHT0B MeT0,!1.bI CHJibHOH CB.fl3H KaHan0B B .fl,!1.epHbIX 

peaKI.J;H.flX npH HH3KHX 3HeprH.FIX. 

1968-1983 

B JIT<I> pa3BHT MeT0,!1. caM0C0rJiacoaaHHbIX q>OHOHOB, nonytIHBIIUIH: 

WHp0K0e npHMeHeHHe B q>H3HKe K0H,!1.eHCHpoaaHH0ro C0CT0.FIHH.fl. 

1969 

- B C0BMeCTHbIX TeopeTHqecKHX H 3KcnepHMeHTanbHbIX pa6oTax 

yqeHbIX Jia6opaTOpHH BbIC0KHX 3HeprHH OH.HM, JleHHHrpa,!1.CKoro HHCTH

TyTa .fl,!1.epHOH q>H3HKH AH CCCP H '11HCTHTyTa q>H3HKH BbIC0KHX 3Heprntt 

(TipOTBHHO) ycTaH0BJieHa 3aK0H0MepH0CTb H3MeHeHH.FI pa,!1.Hyca CHJibHoro 

B3aHMo,!1.ettcTBH.FI npoToHoa npH BbICOKHX 3HeprH.Fix. (rocKoMH3o6peTeHHtt, 

,!1.HilJI0M NQ 244, 1981 r.). 

- B C0BMeCTHbIX HCCJie)J.oBaHH.flX C 11:HCTHTYTOM aTOMHOH 3HeprHH 

HM.11.B.KypqaTOBa a Jia6opaTOpHH .FI,!1.epHbIX npo6JieM 0TKpbIT0 .flBJieHHe 

,!1.ByxqacTOTHOH npeu;eCCHH IlOJIO)KHTeJibHOrO /1 -Me3oHa B aToMe MlO0HH.fl 

B MarHHTH0M none. (rocKOMH3o6peTeHHH, ,!1.HilJI0M N2 162, 1975 r.). 

- B C0BMeCTHbIX HCCJie,!1.0BaHH.flX C 11HCTHTYTOM TeopeTHqecKOH 

H 3KcnepHMeHTanbHOH q>H3HKH - H rocy,!1.apCTBeHHbIM HayqHQ-HCCJie,!1.0Ba

TeJibCKHM H npoeKTHbIM HHCTHTYT0M pe,!1.KOMeTaJIJIHqecKOH: np0MbIIIIJieHH0-

CTH B Jia6opaTopHH .fl,!1.epHbIX npo6JieM 0TKpbIT0 CBOHCTBO 0,!1.H03JieKTp0H

HbIX aT0M0B B KpHCTanJIHqecKHX nonynp0B0,!1.HHKax 6bITb rny6oKHMH ,!1.0-

H0paMH. (rocKOMH306peTeHHH, ,!1.HilJI0M NQ 259, 1982 r.). 

- B Jia6opaTOpHH HettTpOHHOH q>H3HKH BBe,!1.eH B ,!1.eHCTBHe 6onee 

MO~HbIH peaKTop HBP-30 - HOBbIH M0,!1.Hq>Hn;HpoaaHHbIH aapHaHT peaKTopa 

HEP c ynyqrneHHOtt KoHcTpyKn;Hett p.FI,!1.a y3noa H JIHHettHbIM ycKopHTeJieM 

3JieKTp0H0B B KaqecTBe HH:lKeKT0pa. 

- .[{ayxMeTpoaa.FI nponaHoBa.FI ny3bipbK0Ba.FI KaMepa JIB3 OH.HM 

BBe,!1.eHa a CTpOH: Ha nyqKe ycK0pHTeJI.FI 11<I>B3 (TipoTBHHO) • 

- 3aaepweHa nporpaMMa co3,!1.aHH.fl BbJqHCJIHTeJibHOtt 6a3bI OH.HM, 

aae,!1.eHbI a cTpott ace 3BM K0MnJieKca KaK a JIBT A, TaK H a H3MepHTeJibH0-
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~rncpopMau;ueii Me)K,n:y BbiqHCJIHTeJibHbIMH MarrrnHaMH OI1.HI1 H ,n:pyrttx 
HHCTHTYTOB peaJIH30BaHa CHCTeMa C HCnOJib30BaHHeM CTaH.n:apTHbIX Mar
HHTHbIX HaKonttTerreii. 

- Ha Mo,n:errH KOJIJieKTHBHoro YCKOpHTemI B OT,n:erre HOBbIX MeTO.ll:OB 
ycKopeHHH C03,n:aHa CHCTeMa BbIBO,n:a KOJibI.J;eBoro cryCTKa H3 a.n:re3aTopa 
( a,n:ua6aTuqecKoro reHepaTopa 3apH)KeHHhIX Topott,n:oB) H norryqeHhI pe3yrrh
TaTbI no ycKopeHHIO TaKoro crycTKa B cna,n:aromeM MarHHTHOM none. 

1969-1970 

- B Jia6opaTOpHH H,n:epHbIX peaKI.J;HH norryqeHbI 3K30THqeCKHe 
HeHTpOHoo6oraru;eHHhie H30TOnbI rrerKIIX 3JieMeHTOB, TaKIIe, KaK yrrre
po,n:-20, a30T-21, KlICJiopo.n:-24, q)TOp-25, HeoH-26. 

1970 

- 18 HIOHH no,n:nIICaHo CorrrarneHHe O HayqHo-TeXHIIqecKOM COTpy,n:
HIIqecTBe Me)K,n:y rocy,n:apCTBeHHbIM KOMIITeTOM no HCnOJib30BaHHIO aTOM
HOH 3HeprIIII CCCP II O6ne,n:IIHeHHhIM IIHCTIITyToM H,n:epHbIX IIccrre,n:oBaHIIH. 
3To CorrrarneHIIe pacrnIIpHJIO B03MO)KHOCTII I1HCTIITyTa B HayqHOM COTpy,n:
HIIqecTBe C HaI.J;HOHaJibHbIMII q)H3IIqecKIIMII u;eHTpaMH CoBeTCKoro Coro3a, 
a TaK)Ke B03MO)KHOCTII yqacTIIH cneu;HaJIHCTOB II3 CTpaH-yqaCTHIIU OI1.HI1 
B HayqHbIX nporpaMMax COBeTCKIIX HHCTHTYTOB. 

- CoTpy.D:HHKaMII Jia6opaTopHII H,n:epHbIX peaKI.J;HH OTKpbIT 3JieMeHT 
105 nepuo,n:IIqecKoii CIICTeMbI ,[(.I1.MeH,n:erreeBa. (rocKoMII3o6peTeHIIH, 
,n:IInJIOM N2 114, 1972 r.). 

- Cneu;IIaJIHCTaMH Jla6opaTopIIH BbICOKIIX 3HeprHH ocymecTBJieH 
pe)KHM ycKopeHHH ,n:eiiTpOHOB Ha CIIHxpocpa30TpoHe ,n:o 3HeprIIII 11 r3B. 
3To HBHrrocb HaqarroM co;3,n:aHIIH no.n: pyKoBo,n:cTBOM A.M.Earr,n:IIHa 3Kcnepu
MeHTaJibHOH 6a3bI .D:JIH pa3BIITHH HOBoro HayqHoro HanpaBrreHIIH - peJIHTII
BlICTCKOH H,n:epHOH q)II3HKII. I1ccrre,n:oBaHIIH B o6rracTII peJIHTHBHCTCKOH 
H,n:epHOH q)H3IIKII B HaCTOHru;ee BpeMH IIHTeHCHBHO pa3BHBaIOTCH B OI1.HI1 
H ,n:pyrIIx KpynHeHllllIX IICCJie,n:oBaTeJibCKIIX u;eHTpax MIIpa. 

- B Jia6opaTOplIII H,n:epHbIX npo6rreM C03,n:aH KOMnrreKC annapaTypbI 
,n:JIH HCCJie,n:oBaHHH KOpOTKO)KlIBYIUHX, y,n:arreHHbIX OT norroCbI (3 -cTa6IIJih
HOCTII H30TonoB, - HCHAIIII (H,n:epHaH cneKTpocKonttH Ha nyqKe npoTo
HOB). 

Ha Mo,n:errII KorrrreKTHBHoro ycKopttTerrH B OHMY BnepBbie ocy
mecTBrreHo ycKopeHHe a -qacTttu;. 345 



1971 

- I1ogm1caH IlpOTOl<OJI O xapaKTepe H cpopMax COTPYAHHlleCTBa 

Me:>KAY O6'be)];HHeHHbIM HHCTHTYTOM R:gepHbIX HCCJiegoBaHm1: 0: CoBeTOM 

3KOHOMHlleCKOH B3aHMOilOMOIUH, 

- 3a UHKJI pa6oT "l1ccnegoBaTeJibCKHH peaKTop l1BP H peaKTop 

l1BP c HH:>KeKTopoM" rpynna COTPYAHHKOB Ol1.fll1 BO rnaBe c t1JieHOM· 

KoppecnoHgeHTOM AH CCCP ,n.11.BnoxHHUeBhIM H aKageMHKOM 11.M.<l>paH• 

KOM ygocTOeHa rocygapcTBeHHOH npeMHH CCCP. B llHCJie JiaypeaTOB 

COTPYAHHKH Ol1.fll1 <l>.JI.lllan0:po, 11.M.MaTOpa, E.I1.llla6an0:H, C.K.H0:Kona

eB, B.T.PygeHKo. 

- 3a )];OCTH:>KeHHR B TeopeTHKO-rpynnoBOM 0: aKCHOMaTHtieCKOM 

nogxoge B TeopHH :meMeHTapHbIX tiaCTHU COTPYAHHK Jia6opaTopHH Teope

THlleCKOH q>H3HKH 11.TogopoB ygocTOeH .D:HMHTpOBCKOH npeMHH (HPB) • 

- IlpH H3ylleHHH CilOHTaHHOro geJieHHR TpaHcypaHOBbIX :meMeHTOB 

B Jia6opaTOpHH R:gepHbIX peaKQHH o6Hapy:>KeHo HOBOe q>H3Ht1ec1<oe RBJie• 

HHe - 3ana3)];bIBaIOmee geJieHHe aTOMHbIX .11,o;ep. (rocKOMH306peTeHHH, 

AHnJIOM N2 160, 1975 r.). 

- B COBMeCTHbIX HCCJiegoBaHHHX COTPYAHHKOB l1HCTHTyTa q>H3Htie• 

CKOH XHMHH AH CCCP H Jia6opaTOpim .11gepHbIX peaKQHH OTKpbITa 3aK0HO· 

MepHOCTb CTa6HJIH3aQHH HH3IllHX COCTORHHH OKHCJieHHR aKTHHH)];HbIX 

3JieMeHTOB, (rocKOMH306peTeHHH, )];HilJI0M N2 169, 1975 r.). 

- I1pOH3BegeH 3anycK ycTaHOBKH C ABYXMeTpOBOH iKH)];KOBOAOPOA· 

HOH ny3hipbKOBOH KaMepoii "JirogMHJia" Ha nyt11<e yci<opHTeJIR l1<l>B3 

(IlpOTBHHO) • 

- . CoTpygHHKaMH Jia6opaTOpHH BbICOKHX 3HeprHH B OilbITax C peJIR· 

THBHCTCKHMH geii:TpOHaMH Ha CHHxpocpa30TpoHe o6Hapy:>KeH KyMYJIRTHB· 

HbIH 3cpcpeKT - MHOro6apHOHHOe CTOJIKHOBeHHe C KOHQeHTpau0:eii 3HeprHH 

Ha O)];HOM IlHOHe, npHlleM 3HeprHR IlHOHa npeBbIIllaeT 3HeprHIO, npHXO)];R· 

myrocR Ha OAHH HyKJioH B HaJieTaromeM R:gpe. 

- B Jia6opaTOpHH R:gepHbIX peaKQHH opraHH30BaHa COBMeCTHaR: pa-

6oTa ABYX ycKop0:Teneii: Y-300 H Y-200, t1To no3BOJIHJIO cymecTBeHHO 

paCillHpHTb )];Hana30H ycKOpR:eMbIX HOHOB, BnepBbie B MHpe ycKOpHTb 

HOHbI KCeHOHa H HallaTb IllHpOKHe 3KCnepHMeHTbI no CHHTe3y CBepXTR::>KeJibIX 

346 3JieMeHTOB. 



1972 

- O61,e,n;1rneHHhIH HHCTHTYT H,n;epHbIX HCCJie,n;oBaHHH Harpa:>K,n;eH 
I06HJieHHhIM rrotJeTHhIM 3HaI<0M UK Knee, Ilpe3H,n;HyMa BepXOBHoro eo
BeTa eCCP, CoBeTa MHHHCTpoB eecP H BUerre B qecTh 50-neTHH o6pa3oBa
HHH eccP. 

- rocy,n;apcTBeHHaH rrpeMHH eeeP rrpHcy:>K,n;elia 3a 0TI<phITHe H HC
cne,n;oBaHHe 3cpq>eI<Ta TeHeH B H,n;epHbIX peaI<I.J;HHX Ha M0H0I<pHCTaJIJiax, 
rrpoBe,n;eHH0e B C0BMeCTHhIX pa6ornx J1a6opaTopHH H,n;epHbIX peaI<UHH 
OI1.Hl1 H HaytJHo-Hccne,n;oBaTeJihCI<oro HHCTHTYTa H,n;epHoH q>H3HI<H MrY. 
B tJHCJie naypeaToB corpy,n;HHI< OI1.HI1 e .A.KapaMHH. 

- CoTpy,n;HHI<aMH J1a6opaTopHH H,n;epHhIX rrpo6JieM O11.Rlf H I1HCTH
TYTa aTOMHOH 3HeprHH HM.I1.B.KyptJaToBa 0TI<phITO HBJieHHe I<BaHTOBOH 
HeI<orepeHTHOH L(Hq>q>y3HH ITOJI0:>KHTeJibHhIX µ. -Me30HOB B TBep,n;oM Be
mecTBe. (rocI<OMH306peTeHHH, ,D;HITJI0M N2 268, 1982 r.). 

- 3aBeprneH aHaJIH3 ,n;aHHhIX, noJiytJeHHhIX C0TPYLIHHI<aMH J1a6opaTO
pHH BblC0I<HX 3HeprHH Ha ceprryxoBCI<0M ycI<opHTeJie B 3I<CrrepHMeHTe no 
H3ytJeHHIO pereHepauHH K-Me30HOB Ha Bo.n:opo,n;e. YcTaHOBJieHo, lJTO B 06-
JiaCTH 10-50 r3B HapyrneHHH TeopeMhI IloMepaHqyI<a He Ha6n10.n:aeTcH. 

- Ocyru;eCTBJieH Me,n;JieHHhlH BhIB0A ycI<opeHH0ro rrytJI<a rrp0T0H0B 
H3 I<aMepbI CHHxpocpa30TpOHa, Ha 3TOH 0CHOBe C03LJ;aHa pa3BeTBJieHHaH 
ceTb I<aHaJI0B rrytJI<0B peJIHTHBHCTCI<HX H,n;ep. 

- B J1a6opaTOpHH H,n;epHbIX rrpo6JieM C03,D;aH nHTHMeTpOBbIH MarHHT
HbIH HCI<poBott crreI<TpoMeTp MMC. Ocyru;ecTBJieH 3anycI< ycrnH0BI<H Ha 
ITH0HH0M rrytJI<e yc1<opHTeJIH I1<l>B3 (IlpoTBHHO) . 

- CoTpy,n;HHI<aMH JI.Hll B 3I<CrrepHMeHTax no IT0HCI<Y M0H0IT0JIH 
Jl:Hpa1<a Ha yc1<opHTene I1<l>B3 ycTaH0BJieHa BepxHHH rpaHm.i;a cetJeHHH po:>K
,n;eHHH MOHOITOJiett rrpoT0HaMH C 3HeprHeH 70 r3B Ha HYI<JI0HaX HLJ;ep I<HCJI0-
poLJ;a H I<peMHHH. 

- B JI.Hll TeopeTHtJeCI<H rrpeLJ;CI<a3aH H no3,n;Hee 3I<CrrepHMeHTaJibHO 
rro,n;TBep:>K,n;eH B HCCJieLJ;oBaHHHX Ha 3JieI<TpOHH0M UHI<JI0TpOHe C :>KeCTI<OH 
cpo1<ycHpOBI<OH 3cpcpeI<T pacrnHpeHHH 3aMI<HYThIX op6HT B rrepHO.D:HtJeCI<HX 
CTpy1<rypax MarHHTHbIX ITOJieH, IT03BOJIHIOru;HH ocyru;ecTBHTb BhICOI<03cpcpeI<
THBHhIH ( 60Jibllie 99 ,9%) BhIBO.D: rrytJI<a H3 J<aMepbI CHJibH0T0lJHhIX QHI<JI0-
Tp0H0B. 

B pe3yJibTaTe rrpeUH3H0HHhIX H3MepeHHH coTpy,n;HHI<aMH J1a6opa
TopHH HettTpOHHOH q:JH3HI<H orrpe,n;eJieHbl MarHHTHbie M0MeHThI I<0MnayH,n;
COCTOHHHII pH,n;a HLJ;ep. 347 



- B JIH<I> BnepBbie H3rOTOBJieH CBepXHH3KOTeMnepaTypHbIH KpHo

CTaT l],JIH nOJIHpH30BaHHOH Hll,epHOH MHllleHH, OCHOBaHHblH Ha MeTOll,HKe 

paCTBopeHHH reJIHH-3 B reJIHH-4. 

- U:eHTpaJibHblH BbltIHCJIHTeJihHbIH KOMnJieKc HHCTHTyTa nonOJIHHJI

CH HOBOH 3Jie1<:TpoHHO-BhitIHCJI11TeJihH00 MalllHHOH CDC-6200. 3aaepllleHbI 

pa6oThI no 06'bel1,11HeHmo B el1,11Hy10 c11cTeMy MalllHHhI E3CM-6 ueHTpaJib

Horo KOMnJieKca H MalllHH Jia6opaTOpHblX ueHTpOB. 3aKOHtieHo C03l1,aHHe 

CHCTeMbl MaTeMaTHtieCKoro o6ecneqeHHH o6MeHa HHq>OpMau11e0 no JIHHHHM 

CBF!.311 KOMnJieKCa. 

- B JIBT A 3aaepI11eHhI pa6oThI no co3l1,aHHIO aBT0MaT11tiec1<:00 H3Me

p11TeJibH00 CHCTeMbl HPD H HatiaTbl MaCCOBbie H3MepeHHH CHHMKOB C ny-

3blpbKOBbIX H HCKpOBbIX KaMep. 

1972-1974 

- ,Il;JIH Mell,1-:tKo-611onor11tieCKHX HCCJiell,oBaHHH Ha CHHXPOUHKJIOTpo

He CKOHCTpy11poBaHa OpHrHHaJibHaH Me30HHaR JIHH3a H C03l1,aH HHTeHCHBHbIH 

nytIOK 17 -Me30HOB C MOIUHOCTbIO ):(03bl 3 pa.z:i;/MHH. 

1973 

- rocyll,apcTBeHHaR npeMHH CCCP npHcyiK.z:i;eHa 3a UHKJI pa6oT 

"<I>oTopOiKll,eHHe 77 -Me30HOB Ha HYKJIOHax". (COBMeCTHhie HCCJiel],oBaHHH 

yqeHhIX OHJIH H <I>H AH CCCP). B l!HCJie naypeaTOB coTpyll,HHKH OH.RH 

a1<:al1,eMHK A.M.EaJill,HH, aKall,eMHK A.A.JioryHoB, tIJieH-KoppecnoH.n;eHT 

AH CCCP A.H.Taaxen11,n;3e, npocpeccop JI.,IJ;.ConoBheB. 

- Teoper111<:aM11 OH.RH pa3BHTo np116JIHiKeH11e npHMOJIHHeHHhIX ny

re0 B KBaHTOBOH TeopHH nOJIH, no3BOJIHBlllee on11caTb pHll, BaiKHblX oco-

6eHHOCTeH BbICOK03HepreTHtieCKoro pacceHHHF!. a,n;pOHOB. Pa6oTbl 3Toro 

UHKJia OTMetieHhl npeM11e0 JleHHHCKoro KOMCOMOJia B o6JiaCTH HayKII 

11 rexHIIKH. B q11cne naypeaToB coTpyll,HIIKII OH.RH C.Il.KynellloB, B.A.MaT

BeeB, B.H.IlepBylllIIH, A.H.C11ca1<:HH, M.A.CMOHlJ.bipeB. 

- B Jla6oparopIIII reopeTIItiec1<:00 q>II3IIKII A.H.TaBxeJIHl1,3e c corpyll,

HHKaMH ccpopMyJIIIPOBaHbl "npaBHJia KBapKOBOro cqera"' ycraHaBJIHBaIO

mIIe CBH3b xapaKTepIICTIIK all,pOH-a.z:i;poHHblX B3aIIMOl1,eHCTBHH C tIHCJIOM 

COCTaBJIHIOIUHX, 113 KOTOpbIX nocrpoeHbl B3aHMOl1,eHCTBYIOIUIIe o6'beKTbl. 

- B Jia6opaTopHH BbICOKHX 3HeprIIH Ha BbIBel],eHHbIX nytIKax 

CHHXpocpa30TpOHa HatiaJia pa6oTaTh ,n;ByxMeTpOBaR CTpHMepHaH KaMepa 

CKM-200,Ha 1<:oropo0 Be.n;yrcH IICCJiell,oBaHHH B o6nacTII Hll,pO-Hll,epHbIX 

348 B3aIIMOl1,e0cTBIIH. 
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- Ha cepnyxoBCKOM ycKop1-1Terre B COBMeCTHOM 3KcnepHMeHTe 

JUITT Ol1.Hl1 11 M<I>B3 o6ttapyiI<eH aHTHTpHTHH. 

- Pa)];HOXHMHKaMH Jia6opaTopHH H)];epHbIX npo6rreM o6Hapy)KeHo 

cymecTeoeamrn ycroifcmBoro B BO)];HbIX pacTBopax KaTHoHa THJKenoro 

rarroreHa - acTaTa H H3Y'L!€HhI ero XHMH'L!eCKHe CBOHCTBa. 

- B Jia6opaTOpHH H)];epHbIX peaKUHH Ha TIY'L!Kax THiI<eJibIX HOHOB 

c Z > 40 BnepBhie npoae)];eHo 3KcnepHMeHTaJihHoe 113yqeH11e npoueccoB 

HOHH3aUHH BHyrpeHHHX aTOMHhIX 060JIO'L!€K H o6pa30BaHHH THJKeJibIX 

KBa3HMOJieKyJI C cyMMapHbIM 3apHAOM BilJIOTb )];O z =c 137. 

1973-1974 

- CorpyAHHKaMH JI.RP npeAJIOiI<eH · HOBhIH MeToA "xonoAHoro" 

CHHTe3a TH)l(eJibIX 3JI€M€HTOB C z > 100' OCHOBaHHhIH Ha HCTTOJib3OBaHHH 

MHilleHeH H3 THiKeJibIX MeTaJIJIOB (PTYTb, TaJIJIHH, CBHHeu, BHCMyT) H HOHOB 

THJKerree aproHa. 3TOT MeTO)]; 6bIJI HCilOJib3OBaH B pa6oTaX no CHHTe3y HO

BhIX H3OTOTTOB 3JieMeHTOB C 100 :S z :S 109. 

1973-1981 

B Jia6oparopHH TeopeTH'L!eCKOH qJH3HKH BhITIOJIHeH UHKJI pa6oT no 

M€TOAY annpOKCHMHPYIOI.UHX raMHJibTOHHaHOB 11 ero npHJIO)KeHHHM. 3TH 

pa6oThl BHeCJIH 3Ha'L!HT€JibHhIH BKJia)]; B pa3BHTHe MO,IJ;eJibHOro nonxona 

B CTaTHCTH'L!€CKOH MexaHHKe. 

1974 

Corpynm1KaMH Jia6oparopHH H,n:epHbIX peaKUHH OTKpbITO HBJieHHe 

o6pa3oBaHHH pa;::i:1rnaKTHBHOro H30Tona 3JieMeHTa C aTOMHhIM HOMepOM 

106. (rocKOMH306peTeHHH, )];HIIJIOM N~ 194, 1977 r.). 

- B Jia6opaTopHH TeopeTH'L!eCKOH qJH3HKH pa3pa6oTaH M€TO.U 6o30H

HOI'O rrpencTaBJI€HHH raMHJibTOHHaHa H,npa, IIOCJIYiKHBWHH OCHOBOH MO,IJ;€JIH 

e3a11MO)];encreyrom11x 6o3oHoB. 

- B JIT<I> OTKpbITO TpeThe ceMettCTBO MYJibTHTIOJibHhIX napaMe

TpOB - TOpOH)];HOe, Chirpaawee BnocrrencTBHH Ba,KHyIO pOJib npH H3y'LleHirn: 

HecoxpaHeHHH .D;HCKpeTHhIX CHMMeTpHH H npe,ncKa3aHHH HOBhIX KOJIJieK-

THBHhlX HBJI€HHH B KOH)];eHCHpoaaHHhIX cpenax. 349 



- 3aKoHqeH aHamrn pe3yJibTaTOB HCCJie)];OBaHHH npHMOro pacce.RHHH 

TIHOHOB C 3HeprHeH 50 r3B Ha 3JieKTpoHax, KOTOpoe npOBOAHJIOCb Ha 

cepnyxoBCKOM ycKOpHTene o6oe)];HHeHHOH rpynnoH q:>H3HKOB 0080 

H KanHcpopHHHCKoro yHHBepcHTern. Onpep;eneH 3JieKTpoMarHHTHhIH pa

AHYC TIHOHa. 

- B Jia6opaTopHH BblCOKHX 3HeprHH 3aBeprneH UHKJI pa6oT no HC

CJie)];OBaHHIO KYMYJIHTHBHoro Me30Hoo6pa3oBaHHH BO B3aHMO)];eHCTBHHX 

peJIHTHBHCTCKHX p;ettTpOHOB C HApaMH. 

- YqeHhIMH JIB3 noKa3aHO, qTo B .Rp;epHbIX CTOJIKHOBeHH.RX 3HeprHH 

3,5-4 r3B/HYKJIOH ttanernromHx .Rp;ep COOTBeTCTByeT rpattHu;e o6nacTH 

npep;eJibHOH cpparMeHTaI.J;HH. TipH 3TOM BO B3aHMO)];eHCTBHHX npo.RBJIHIOTCH 

KBapKOBbie CTeneHH CB060)];bl. 

- B JIB3 BBep;ettbI B p;eHCTBHe HOBhIH HH)l(eKTop CHHxpocpa3oTpotta -

JIHHeHHhIH yc1<:op0:renh JIY-20 Ha 3HeprHro npoTOHOB 20 M3B H npHHUH

n0anbHO HOBhIH HCToqHHK BhICOK03apHAHhIX HOHOB KP00H. TionyqeHbI 

ycKopeHHbie. peJIHTHBHCTCKHe HApa reJIHH H a3oTa. 

- B JIB3 nop;roToBnetto q:m3Ifqec1<:oe o6octtoBaHHe cBepxnpoBOAH

mero YCKOpHTeJIH "HyKJIOTpOH". 

- Ha TIHOHHOM nyqKe ClfHXpocpa30TpOHa JIB3 3anymeH MHOrou;ene
BOH qepeHKOBCKHH Macc-cneKTpoMeTp ·••<t>oTOH'' Ha 90 KaHaJIOB. 

- Ha CHHXPOUHKJIOTpOHe Jia6opaTOpHH H)];epHblX npo6neM BbITIOJI

HeHO npeu;H3HOi-IHoe H3MepeHHe BpeMeHH )l(lf3HH MIOOHa, TI03BOJilfBlIIee 

B HeCKOJibKO pa3 ynyqrnHTb ToqHOCTb onpep;eneHHH KOHCTaHTbl cna6oro 

B3alfMO)];eHCTBHH <I>epMH. 

- Ha ycKopHTene Y-300 Jia6opaTopHH Hp;epHbIX peaKI.J;HH BnepBbie 

B MHpe ycKopeHhI HOHhI 48Ca, 50Ti, 54cr. 

- B Jia6opaTopHH BbJqHCJIHTeJibHOll TeXHHKH H aBTOMaTH3aI.J;Hlf 3a

BeprneHo C03AaHHe CKaHHpyromero aBTOMaTa Ha 3JieKTpOHHO·JIYlleBOH 
Tpy6Ke A3JIT-l. Ha HeM Haqanacb MaCCOBaH o6pa6oTKa KaMepHblX CHHM

KOB. 

- <PH3HKaMH JIBT A C03Aatt aBTOMaTH3HpoBaHHbIH BhICOKopa3pe

rnaromHH MarHHTHblll cneKTpOMeTp C npOBOJIOllHblMH KaMepaMH Ha JIHHHH 

c 3BM (ycrnHOBKa MACTI0K), c noMorn;bro KOToporo Bnocnep;cTBHH 6bma 

o6Hapy)l(eHa ABYXTIHKOBaH CTPYKTypa B BblCOKOHMTIYJihCHblX qacTHX cneKT-

350 poB p;eHTpOHOB OT KBa3Hynpyroro p;eHTpOH-AeHTpOHHoro pacceHHHH. 



1974-1975 

- Ha Macc-cneKTpoMeTpe B3MC-2 B Jia6opaTop1m R.n;epHhIX peaK
UHH OTKphITO H H3ytJeHo .n;eCRTb H3JiytJaTeJieH 3ana3,ll;hIBaIOI..QHX npOTOHOB 
B o6JiaCTH H30TOnOB 6apHR H pe.n;K03eMeJibHhIX 3JieMeHTOB. 

1975 

- I'pynna COTpy.n;HHKOB Jia6opaTOpHH R.D;epHhIX peaKQHH BO rnaae 
C aKa.n;eMHKOM r.H.<l>nepOBhIM y.n;ocToeHa rocy.n;apCTBeHHOH npeMHH 
CCCP 3a UHKJI pa6oT no CHHTe3y H H3ytJeHHIO CBOHCTB aToMHhIX R.n;ep B6JIH-
3H rpaHHUhI R.n;epHott ycToHtJHBOCTH. B tJHCJie naypeaToB coTpy.n;HHKH OI1Rl1 
B.B.BoJIKOB, r.M.Tep-AKonbRH, IO.U.OraHeCRH, B.A.KapHayxon, B.JI.MH
xeea, A.C.I1ac10K, IO.B.Jio6aHoB, JI.A.ITeTpoa, B.3.Benoa, B.M.ITnoTKo. 

- Ha CHHXPOUHKJIOTpOHe Jia6opaTOpHH R,D;epHhIX npo6JieM a onhITax 
no noHCKy pacna.n;a MIOOHa Ha TPH 3JieKTpoHa ocyI..QeCTBJieHa HaH6onee TOll• 
HaR npoaepKa cnpaae.n;JIHBOCTH 3aKOHa coxpaHeHHR MIOOHHOro 3apR.n;a. 

- B Jia6opaTOpHH R.n;epHhIX peaKUHH 3aBeprneH UHKJI pa6oT no CHH
Te3y H H3ytJeHHIO CBOHCTB HOBhIX H30TonoB TpaHccpepMHeBhIX 3JieMeHTOB 
c Z = 100, 102, 103, 104, 105 H 106, KOTOphie npoBO,ll;HJIHCb Ha nytJKax 
UHKJIOTpOHa Y-300. 3TH HCCJie.n;oBaHHR no3BOJIHJIH ,!J;aTb HOBYIO CHCTeMaTHKY 
nepHO,ll;OB cnOHTaHHOro .n;eneHHR H a -pacna.n;a TR)KeJihIX R.n;ep. 

1975-1976 

- YlleHhIMH Jia6opaTOpHH TeopeTHtJeCKOH cpH3HKH H Jia6opaTOpHH 
HettTpOHHOH cpH3HKH H3ytJeHO RBJieHHe 6o3e-KOH.D;eHCaQHH B )Klf,ll;KOM reJIHH. 

1975-1980 

- CoTpy.n;HHKaMH Jia6opaTOpHH TeopeTHtJeCKOH cpH3HKH pa3BHTa 
TeXHHKa BhltJHCJieHHR MHOroneTJieBhIX .D;HarpaMM <l>eHHMaHa C HCnOJib30Ba
HHeM aHaJIHTHtJeCKHX BhitJHCJieHHH Ha 3BM, nonytJeHhI peKOp.D;Hhie pe3yJib
TaThI B KBaHTOBOH xpOMO,ll;HHaMHKe. 

1976 

3a ycnexH, ,ll;OCTHrHyThie a cpyH.n;aMeHTaJibHhIX H npHKJia,D;HhIX HC
CJie.n;oaaHHRX B o6JiaCTH cpH3HKH 3JieMeHTapHhIX tJaCTHU H R,D;epHOH Q)H3HKH, 351 



6oJiblllOH BRJia,z:i: B ITO,!l;rOTOBKY BbICOKOKBarrmpm . .1;11poBaHHblX HaytIHbIX Ka,z:i:

poB 11 pa3B11Tl1e Hayt1HO-TeXHl1lleCKOro COTPY.D:Hl1lleCTBa COIJ;l1aJil1CTl1lleCKl1X 

cTpaH Tipe311,z:i:11yM BepxoBHoro CoBeTa CCCP Harpa,z:i:11rr 011.fU1 op,z:i:eHoM 

,n:pym6h1 Hapo,z:i:oB. 

- H.H.Boromo6oBbIM pa3B11Ta Teop11.H CTOXaCTl1lleCKHX ITpouecCOB 

B ,!l;l1HaM11lleCKl1X Cl1CTeMax 11 113yt1eHa Kl1HeT11Ka TBep,!l;bIX ccpep. 3a pa6oTy 

. "O CTOXaCTl1lleCKl1X ITpoueccax B ,!l;l1HaM11lleCKl1X Cl1CTeMax" Tipe311.D:HYM 

AH CCCP ITp11cy,z:i:11rr H.H.Boromo6oBy 3orr0Ty10 Me,z:i:arrb 11M.M.A.JlaBpeHTbe

Ba 11 ITpeM1110 3a 1983 ro,z:i:. 

- B Jia6opaTop1111 TeopeT11t1eCKOH q:>11311Kl1 Bbl,!l;Bl1HYTa r11IT0Te3a 

0 MHOrOKBapKOBOH ITp11po,z:i:e cprryKTOHOB Brroxl1HIJ;eBa; rremaIIJ;a.H HbIHe B oc

HOBe o6'b.HCHeHl1.H KYMYJIHTHBHOro 3cpcpeKTa H ITO,!l;TBepm,z:i:eHHa.H B 3KCITepH

MeHTax NA-4 ITO rrry6oKOHeyITpyroMy pacce.HHHIO MlOOHOB Ha .H,z:i:pax (Ha 

ycKopHTerre U:EPHa) • 

- CoTpy,z:i:HHKaMH JIT<I> ITpe,z:i:rromeHo o6'b.HCHeHHe aHOMaJibHO Marroro 

BpeMeHH xpaHeHH.H YJibTpaxoJIO,!l;HbIX HeHTpOHOB. 

- 3KCITepHMeHTbl Ha CHHXpocpa30TpoHe ITO pacce.HHl1l0 peJI.HTHBHCT· 

CKHX a-llaCTHU Ha pa3JIHllHbIX .H,z:i:pax IT03BOJIHJIH 06Hapym11Tb HOBOe .HBJie

HHe - OCIJ;HJIJI.HIJ;HH B ,!l;HcpcpepeHIJ;HaJibHblX cet1eHHHX, KOTOpoe 6bIJIO ITpe,z:i:

CKa3aHO B TeopHH 3JieMeHTapHbIX llaCTHIJ;. 

- B Jia6opaTOpHH H,z:i:epHbIX peaKQHH 3aBeprneH UHKJI pa6oT ITO CHH· 

Te3y 3JieMeHTa C aTOMHbIM HOMepoM 107. 

- B a,z:i:re3aTope ITpOTOTHITa KYTl1 B OT,z:i:erre HOBhIX MeTo,z:i:oB ycKo

peH11H ITOJiylleHO cmaToe 3JieKTpHlleCKOe KOJibl.J;O pa,z:i:HyCoM 4 CM, ,!l;HaMeT

pOM Marroro cet1eHH.H 0,4 CM; llHCJIO 3JieKTpOHOB B KOJibIJ;e 10 13 • 

1976-1978 

- B COBMeCTHbIX 3KCITepHMeHTax yt1eHbIX Jia6opaTopHH BbICOKHX 

3Hepr11i1: 011.Hl:1 H HauHoHaJibHOH ycKupHTerrbHOH rra6opaTopH11 HM.3.<l>ep

MH (CIIIA) ITO ir-e-- H K-e-0pacce.HHHIO ITPH 3Heprn.Hx 100 H 250 r3B 

OITpe,z:i:erreHbl C Ha11rryt1llleH TOllHOCTblO 3JieKTpOMarHHTHbie pa,z:i:HyCbl 

ir-- H K--Me3oHoB. 

1977 

- rocy,z:i:apcTBeHHa.H ITpeMHH CCCP ITpHcym,z:i:eHa 3a UHKJI pa6oT ITO 

352 11ccrre,z:i:0BaHHlO pacIIJ;errrreHl1.H rrerKl1X .H,!l;ep y-rryt1aMH BbICOKHX 3HeprHH 



MeT0,D;0M KaMepbl BimbCOHa, ,neHCTByrome:ii B M0mHbIX IIY'-IKaX :meKTp0H
HbIX ycKopmeneif, rpyrrrre coTpy,nHHK0B O11Rl1, <1>11 AH CCCP, <I>TH AH 
YCCP, HRH AH CCCP, 11<1> AH rpCCP H TrY. B '-IHCJie naypeaT0B C0Tpyn
HHK O11Rl1 C.B.repaCHMOB. 

- B JIH<l> C0CT0.FIJIC.FI q>H3HlleCKHH rrycK B CT~H0HapH0M pe:>KHMe 
M0mHoro HMIIYJibCHoro peaKTopa HBP-2. 

- B Jia6opaTopHH TeopeTH'-leCKOH cpH3HKH pa3pa6oTaH KHHeTH'-leCKHH 
rro,nxon K e,nHH0MY orrHcaHHIO anpoH-.FI,nepHoro H .FI,npo-.FI,nepHoro B3aHM0-
neifcTBHH rrpH cpe.n;HHX H BbIC0KHX 3HeprH.FIX. 

- B Jia6opaTOpHH BbIC0KHX 3HeprHH H3ylleHbl MHOro6apHOHHbie 
CHCTeMbI, pe30HaHCbl B K0T0pbIX HHTeprrpeTHp0BaHbl KaK CBepxIIJI0THbie 
MH0r0KBapK0Bbie C0CT0.FIHH.FI. 

Ha CHHxpocpa3oTpoHe ycKopeHbI . .FI,npa yrnepo,na, KHcnopona, 
HeoHa. 

B Jia6opaTopHH .FI,nepHbIX peaKU:HH rrpoBe,neH U:HKJI 3KCrrepHMeH
T0B no H3ylleHHIO xapaKTepHCTHK neneHH.FI T.FI:>KeJibIX H caepxT.FI:>KeJibIX 
CJia6oao36y:>K,neHHbIX .FI,nep H BrrepBbie o6Hapy:>KeHo BJIH.FIHHe 060JI0'-le'-1HbIX 
3cpcpeKTOB Ha Maccoaoe pacrrpe,neJieHHe 0CK0JIK0B neneHH.FI B036y:>K,neHHbIX 
C0CTaBHbIX .Fl,D;ep. 

- B Jia6opaTopHH HeHTpOHHOH q>H3HKH C II0M0mhro caepxrrp0B0,D;.Fl
mero KBaHT0Boro MarHHT0MeTpa B MaKp0CK0IIH'-leCK0M 0IIbITe orrpeneneHa 
aepXH.FI.FI rpaHHU:a ,D;HII0JibH0ro 3JieKTpHlleCKoro M0MeHTa 3JieKTp0Ha. 

- B OHMY Ha rrpoT0THrre K0JIJieKTHBHoro ycKopHTeJI.FI T.FI:>KeJihIX 
H0H0B ocymecTBJieH yCTOH'-IHBbIH pe:>KHM ycKopeHH.FI H0H0B a30Ta, aproHa 
H KCeH0Ha B crra,naromeM MarHHTH0M II0Jie. 

1977-1984 

- B Jia6opaTopHH TeopeTH'-leCKOH q>H3HKH BbI,D;BHHyTa K0Hn:enn:H.FI 
"cKpbITOro n:aeTa" B .FI,nepHOH MaTepHH, YKa3aH0 Ha rrpHHU:HIIHaJibHYIO aep
H0CTb ylleTa U:BeT0BbIX CTerreHeH cao6o,nbI KaapK0B rrpH 0IIHCaHHH CTpyK
TYPbI .FI,nep Ha MaJibIX paCCT0.FIHH.FIX. 

1978 

B Jla6opaTopHH .FI,nepHbIX peaKU:HH C0CT0.FIJIC.FI rrycK H0Boro M0m
Horo ycK0pHTeJI.FI T.FI:>KeJibIX H0H0B - H30Xp0HH0ro U:HKJI0Tp0Ha Y-400. 353 



- B J1a6opaTopm1 HeihpoHHOH q>H3HKH ocyI..QecTBJieH <pH3HtieCKHH 
nycK peaKTopa HBP-2 B HMnynhCHOM peiKHMe 6e3 TennoHOCHTenH. 

- B J1a6opaTopHH TeopeTHtieCKOH q>H3HKH pa3pa60TaHa 1rna3H
tiaCTHlIHO-<pOHOHHaH MO)];€Jlb H;:i;pa, B paMKax KOTOpOH nonyt1eHo e;:i;HHoe 
OTIHCaHHe H;:i;epHbIX COCTOHHHH npH HH3KHX, cpe;:i;HHX H BbICOKHX 3HeprHHx 
B036y)K)];€HHH. 

- OcyI..QecTBneH 3anycK Ha nyt1Ke cepnyxoacKoro yc1wpHTen1r 
KpynHoro cneKTpoMeTpa co cTpHMepHhIMH KaMepaMH (ycTaHOBKa PMCK), 
co3;:i;aHHoro B J1a6opaTopHH 1r;:i;epHhix npo6neM OMHH ;:i;nH H3yt1eHHH a;:i;poH
a;:i;poHHhIX B3aHMo;:i;eHCTBHH. 

- l1:3ytieHbI ynpyroe H Heynpyroe pp-, pd-, pHe-a3aHMo;:i;e:0:CTBHH 
npH MaJibIX nepe;:i;aHHbIX HMTIYJihCax Ha ycKOpHTene Han;HOHaJibHOH YCKOpH
T€JlbHOH na6opaTopHH HM.3.<l>epMH (BaTaBHH, CIIIA) npH 3HeprHH npoTo
HOB 50-400 r3B. (CoaMecrnb1e Hccne;:i;oaamrn O11:HM-<l>HAJI). 

- 3aaepIIIeH MOHTaiK ycTaHOBKH ;:i;nH coaMeCTHoro OMHM-UEPH 
3KcnepHM€HTa no H3ytieHHIO rny6oKOHeynpyroro pacceHHHH MIOOHOB Ha 
ycKopHTene 400 r3B a UEPHe. 

- Yt1eHbIMH J1a6opaTOpHH H;:J;epHbIX npo6neM Ha CHHXPOUHKJIOTpoHe 
OTKpbITO H H3ytieHo HOBO€ HBJieHHe - pe30HaHCHOe o6pa3oBaHHe ddµ-Me3o
MOJieKyn. 

- Ha OCHOBe npOBO)];HI..QHXCH a J1a6opaTopHH H;:i;epHbIX npo6neM 
pa3pa60TOK CHJibHOTOlIHbIX ycKOpHTeneH C npocTpaHCTB€HHOH aapHan;HeH 
MarHHTHOro TIOJIH BBe;:i;eH B 3KCnnyaTal.l;HIO B 11:HCTHTYTe H;:i;epHOH q>H3HKH 
qcAH C03;:J;aHHblli B OMHM ycKOpHT€Jlb Y-120M, Ha KOTOpOM )];OCTHrHyThI 
BbICOKHe npoeKTHbie napaMeTpbI. 

1978-1979 

- TeopeTHKaMH MHCTHTyTa pa3BHT HOBhIH no;:i;xo;:i; K TeopHH 
3JI€KTpOMarHHTHbIX B3aHMO)];€HCTBHH, onHpaIOI..QHHCH Ha K0Hn;enn;HIO "<pyH
;:i;aMeHTaJihHOH )];JIHHbI". 

1978-1980 

- B Jia6opaTopHH TeopeTHtiecKOH q>H3HKH H.H.Boron1060BhIM 
C COTPYAHHKaMH pa3pa6oTaH M€TO)]; HCKJIIOlI€HHH 6030HHbIX nepeMeHHbIX 
H3 KHH€THlI~CKHX ypaaHeHHH )];ITH CHCTeM, B3aHM0)];€HCTBYIOI..QHX C 6o30H-

354 HbIMH TIOJI.RMH, H H3ytieHa KHH€THKa non.RpOHa. 



- B Jia6opaTOpHH HnepHblX peaKUHH rrpoaeneHa pa3pa6oTKa HHTeH
CHBHbIX HCT0qHHK0B y- H H€HTpOHHOro H3JiyqeHHH H BhICOKoqyBCTBHT€Jih
HbIX MeTonHK 3JI€M€HTHOro aKTHBaI.J;HOHHoro aHaJIH3a Ha HX OCHOBe. 

1978-1981 

- B JIT<I> 3aaepllleHo rrocTpoeHHe cyrreprroJieBoH Teop1111 rrpocToH 
cyrreprpaBHTaI.J;HH Ha OCHOBe BBeneHHH aneKBaTHOH KOMIIJI€KCHOH reoMeT
pHH cyrreprrpocTpaHCTBa. 

1979 

- B JIT<I> pa3pa6ornH HOBhIH aJire6pa11qecic11if rronxon K cpopMyJIH
poaice BHyTp€HHHX H KaJIH6poaoqHbIX CHMMeTpHH B TeopHH 3JI€M€HTapHbIX 
qacTHU, KOTOpbIH rronTBepnHJI rrpHOpHT€1' BBeneHHH KBaHTOBoro qHCJia
QB€Ta B OH.HM. 

- B JIT<I> pa3BHTa MHKpOCKOIIHqecKaH TeopHH BbICOKOCIIHHOBbIX 
COCTOHHHH aTOMHblX Hnep. 

- B Jia6opaTOpHH HnepHhIX rrpo6JieM rpyrrrroif yqeHbIX non pyKo
aoncTBOM B.IT.)]::>KeJierroaa arrepBbie rrpoaeneHo Ha6moneHHe H 3Kcrrep11MeH
TaJihHoe HCCJienoaaHHe µ-KaTaJIH3a peaKQHH CHHTe3a Hnep neifTepHH H TpH
THH. 

- CoCTOHJICH rrycK KpyrrHoro crreKTpOMeTpHqecKoro KOMIIJieKca 
JI.HIT Ol1.Hl1-l1<1>B3 'T11rrepoH" Ha rryqice ceprryxoacKoro ycKop11TeJIH. 

- 3arrycic coaMeCTHo c l1<1>B3 ycTaHOBKH JI.HIT OH.HM "ITpo3a", 
BKmoqaromeif "3aMOpO)KeHHYIO" IIOJIHpH30BaHHYIO MHilleHh, IIOJIO)KHJI Haqa
JIO HCCJienoBaHHHM IIOJIHpH3aQHOHHhIX HBJieHHH B o6MeHHOM IIHOH-IIpOTOH
HOM pacceHHHH IIpH 3HeprHHX yCKOpHTeJIH l1<1>B3 (ITpOTBHHO) . 

- B OTneJie HOBhIX MeTonoa ycKopeHHH Ha rrpoToT11rre KYTH ocy-
mecTBJieHo ycKopeHHe 3JieKTpOHHO-HOHHbIX KOJieu; B 3JieKTp11qecKOM IIOJie 
ycKopHromeif HHnyicu;HOHHOH ceKQHH no 3Hepr1111 HOHOB 4 M3B/HYKJIOH. 

1979-1982 

B JI.HP B peaKQHHX c TH)KeJihIMH HOHaMH (3HeprHH-s_10 M3B/HyKJI.) 
3KCIIepHMeHTaJihHO o6Hapy)KeH BbIJieT 6bICTpbIX 3apH)K€HHbIX tJaCTHU H Hnep 
c 3Hepr11eif BIIJIOTh no KHHeMaT11qecKoro rrpeneJia nJIH 611HapHhIX rrpou;eccoa. 355 



1979-1984 

B 3KCrrepnMeHTe Ha CHHxpocpa30TpOHe BrrepBbie Il0Ka3aHa B03M0)K

H0CTb 0TKJI0HeHH.fl BblC0K03HepreTnqecKoro rryqKa rrp0T0H0B C Il0M0I.[(blO 

H30rHyToro M0H0KpHCTaJIJia. Ocyl[(eCTBJieH BbIB0A ycKopeHHoro rryqKa H3 

BaKyyMHOH KaMepbI ycKopnTeJI.fl C Il0M0I.[(blO KpHCTaJIJIHqecKoro ,o;ecpneK

T0pa. 

B pa6oTax no Il0HCKy caepXT.fl)KeJiblX 3JieMeHT0B B rrpnpo,o;e 

(B MeTeopHTaX n reoTepMaJibHblX pacconax) C0TPYAHHKaMH Jia6opaTopHH 

H,o;epHbIX peaKUHH o6HapyJKeH BTopo:i1: rrpnpOAHhIH crroHTaHH0 ,o;eJI.fll[(HHC.fl 

H3JiyqaTeJih rrocne ypaHa. 

1980 

- B Jia6opaTopnn He:i1:TpOHHOH cpn3HKH ocyl[(eCTBJieH rrepBbIH 3Tarr 

3HepreTnqecKoro rrycKa HMilYJibCH0ro peaKT0pa Ha 6bICTpbIX HeHTpOHax 

11BP-2. PeaKTOp HCilbITaH B HMilYJibCH0M peJKHMe c HaTpHeBbIM 0XJiaJK,o;e

HHeM. 

B Jia6opaTOpHH TeopeTnqecKOH (pll3HKH Ha 0CH0Be KBa3nqacTHqHo

cpoHOHHOH M0,D;eJIH .fl,D;pa AaH0 orrncaHne IIIHpHH rnraHTCKHX pe30HaHC0B 

n cpparMeHTaQHH rny6oKHX AbipoqHblX COCTO.flHHH B ccpepnqeCKHX H,D;pax. 

- B 3KcrrepnMeHTax Ha ceprryxoBCK0M ycKopnTene yqeHbIMH Jia6o

paTopnn BbIC0KHX 3HeprHH C Il0M0I.[(blO ycTaH0BKH Bl1C-2 o6HapyJKeHo 

o6pa3oBaHne HeHTpoHaMn Ha H,o;pax oqapoBaHHoro 6apnoHa A~ n Y3Koro 

6apnoHHoro pe3oHaHca N ¢ . 

- B JIB3 rrpe,D;JI0JKeHa n HCCJie,D;oBaHa H0Ba.fl xapaKTepnCTHKa aT0M· 

Horo H,o;pa - KBapK-rrapT0HHa.fl cTpyKTYPHa.fl cpyHKUH.fl. 

- YqeHblMH Jia6opaTOpHH .fl,D;epHbIX rrpo6neM C03,D;aH HOBbIH ,o;eTeK

T0p 3apHJKeHHbIX qacTHU IlOCTO.flHHOH qyBCTBHTeJibH0CTH - rrp0B0JIQqHa.fl 

KaMepa B caMoraC.fll[(eMC.fl CTpHMepH0M peJKHMe. 

- Ll:JI.fl Il0BbIIIIeHH.fl qyBCTBHTeJibH0CTH aKTHBaUH0HH0ro aHaJIH3a 

B Jia6opaTOpHH .fl,D;epHbIX peaKUHII C03,D;aH MHKp0Tp0H MT-22 C 3Heprne:i1: 

rryqKa 3JieKTp0H0B 22 M3B H HHTeHCHBH0CTblO CBbIIIIe 30 MKA. 

- B Jla6opaTopnn HeHTpOHHOH cpH3HKH H3MepeHbl CHHrJieTHbie 

n TpHITJieTHbie ,D;JIHHbl pacce.flHH.fl HeHTpOHOB Ha rennn-3, HMeIOI.[(He BaJKH0e 

356 3HaqeHne AJI.fl Teopnn MaJI0ttyKJI0HHbIX CHCTeM. 



B JIH<l> c noMO~hIO Marroyrrroaoro pacceHHHH HeiiTpoHoB nccrre
,n;oBaHhI o6~HH BH)]; H KOHcpopMaQHOHHhie H3MeHeHHH HMMyHorrro6yrr.0-
HOB, 

- B Jia6opaTop.0.0 Bhiq.0crr.0TeJibHOH TeXHHKH H aBTOMaTH3aQHH 3a
BeprneHO C03.D;aHHe CKaH.0py10~ero aBTOMaTa A3JIT-2/160 Ha 3JieKTpOHHO
rryqeBOH Tpy6xe C ,n;ayx<pHJibMOBhlM JieHTOnpOTH'.IKHhlM MexaHH3MOM. 

1981 

- 3a Bhl,D;aIO~HHCH BKJia,n; B C03,D;aHne H pa3BHTHe H,n;epHOH cp.03HKH 
Bo BheTHaMe npaBHTeJihCTBO CPB Harpa,n;nrro O6'be,n;nHeHHhIH HHCTHTYT 
H,n;epHhIX HCCJie,n;oBaHHH op,n;eHOM ,[(py'.IK6b1. 

- QHKJI 3KCnepnMeHTOB no nccrre,n;oaaHHIO KaHaJIHpOBaHHH 3JieKTpo
HOB H no3HTpOHOB BhICOKHX 3HeprHH B MOHOKpuctarrrrax BhinOJIHeH yqeHhl
MH Jia6opaTopHH BhlCOKHX 3HeprHH O11Hl1 COBMeCTHO C COTpy,n;HHKaMH 
HaQHOHaJihHOH ycxopHTeJihHOH rra6opaTopuu HM.3.<I>epMH (CllIA) Ha ycxo
pHTeJIHX O11Hl1, 11<I>B3 H <I>HAJI. 

- B Jia6opaTopHH H.n;epHhIX npo6rreM pa3pa6oTaHa H npaKTHqeCKH 
HCnOJih3yeTCH MeTO.D;HKa 3JieMeHTHOro aHaJIH3a )KHBhlX opraHH3MOB no 
Me3opeHTreHOBCKOMY H3JiyqeHHIO (MIOOHHaH ,n;uarHOCTHKa). 

- CoTpy,n;HHKaMH Jia6opaTOpHH H.n;epHhIX peaKQHH Ha OCHOBe aHa
JIH3a MHHeparrOB H3 MeTeOpHTOB u3yqeHa pacnpocTpaHeHHOCTb 3JieMeHTOB 
c aTOMHhIMH HOMepaMH 50 -s_Z -:;.120 a KOCMHqeCKHX rryqax. 

- B Jia6opaTopHH HeHTpOHHOH cpH3HKH BnepBbie o6Hapy'.IKeHO MHOro
KpaTHOe (,n;o 10 5pa3) ycurrettue 3cpcpexrn ttecoxpattemm npocTpaHCTBeH
HOH qeTHOCTH B HeHTpOHHhIX pe30HaHcax, B03HHKaIO~ero 3a cqeT crra6oro 
B3aHMO,D;eHCTBHH B H,n;pax •. 

- CoTpy,n;HHKaMH JIH<l> o6Hapy'.IKeHhl XHMuqecKHe C.D;BHrH HeHTpOH
HhlX pe3oHaHCOB, pattee npe,n;cKa3aHHhie B rra6opaTopHH. BerruqHHhl C.D;BHrOB 
xapaKTepH3YIOT H3MeHeHHH pa3MepoB H cpopMhl H,n;pa B B036y'.IK,D;eHHOM 
COCTOHHHH. 

- B Jia6opaTopHH Bhiq.0crr.0TeJibHOH TeXHHKH H aBTOMaTH3aQHH BBe
,n;eHa B 3KcnrryaTaQHIO MO~HaH 3BM EC-1060. 

- B OT,n;erre HOBhlX MeTO.D;OB ycKopeHHH COCTOHJICH 3anycK HH)KeK
TOpa K:YTl1 - rrntteiittoro HH.n;yKQHOHHoro ycxopHTeJIH Cl1JIYH,[(-20. 357 



1981-1984 

- B J1a6opaTOpHH TeopeTH1IeCKOH (pH3HKH rrorryqeHa Toqmui: Hepap

XHH KHHeTHqecKHX ypaBH€HHH )];JIH CBepXH3rryqaTeJibHbIX CHCTeM, Ha OCHOBe 

KOTOpOH HCCJ1€)l;OBaHbl )];l-lHaMHqecKHe xapaKTepHCTHKH CBepXH3JiyqaTeJib

HbIX Jia3epoB. Pa3BHT M€TO)]; qacTHqHoro HCKmoqeHHH 6o3oHiihIX rrepeMeH

HbIX B rrpHMeHeHHH K TeOpHH MHorocpoTOHHbIX rrpou;eccoB. 

1982 

- H.H.Eoromo6oBhIM Hccrre)];oBaHa rrpHHUHIIHaJibHaH CBH3b Me:>KAY 

TepMO)];HHaMHqecKHM rrpe)];eJibHbIM rrepeXO)];OM H 3ptO)];HqHQCTblO )];HHaMH

qecKHX CHCTeM. 

- B coBMeCTHOM 011.811-UEPH 3KcrrepHMeHTe Ha ycTaHOBKe NA-4 

H3MepeHa acHMMeTpHH B rrpou;eccax rrry6oKoHeyrrpyroro pacceHHHH rrorro

:>KHTeJibHhIX l1 OTpHu;aTeJibHbIX µ ·M€30HOB Ha H)];pax yrrrepo)];a rrpH 3HeprHHX 

120 H 200 r3B. TiorryqeHHbIH pe3yJibTaT IIO)];TBep)];HJI rrpe)];cKa3aHHH TeopHH 

3JI€KTpocrra6oro B3aHM0)];€HCTBHH. 

- B 3KcrrepHM€HTaX Ha CHHXpocpa30TpoHe J1B3 orrpe)];erreHa )];OJIH 

Ill€CTHKBapKOBOro COCTOHHHH H)];pa )];€HTepHH. 

- B J1a6opaTopHH BbICOKHX .3HeprHH BB€)];eHa B 3KcrrrryaTaI.J;HIO 

KpyrrHaH rerrHeBaH O:>KH:>KHT€JibHaH ycTaHOBKa KrY-1600/4,5. 

- YqeHbIMH J1a6opaTOpl1H H)];epHbIX rrpo6rreM Ha ycKOpHTerre 11<1>B3 

(IlpOTBHHO) rrpoBe)];eHO HCCJI€)l;OBaHHe KorepeHTHOro o6pa3oBaHHH Tpex

IIHOHHbIX CHCTeM B IIHOH·HA€pHOM pacceHHHH. BrrepBbie o6Hapy:>KeHO cy

mecTBOBaHHe HOBbIX pe30HaHCOB - pa)];HaJibHbIX B036y:>K)];€Hl1H IIHOHa. 

- YqeHhie J1.HTI 011.811 H 11<1>B3 o6Hapy:>KHJIH H Hccrre)];oBarrH Ha yc

KopHTerre 11<1>B3 KOMIITOH-3cpcpeKT Ha IIHOHe. BrrepBbie l13MepeHa cpyH)];a

M€HTaJibHaH CTPYKTypHaH KOHCTaHTa IIOJIHpl13Y€MOCTl1 IIHOHa. 

- TipoBe)];eH rrepBbIH (pH3HqecKHH 3KCIIepHM€HT Ha peaKTope 

11EP-2 - rroHCK rHrroTeTHqecK00 HeHTparrhHOH qacTHUhI - aKcHoHa. 3Kcrre

pHMeHTaTopaMH J1H<I> H J1.HTI )];OKa3aHo OTCYTCTBHe "cTaH)];apTHOro" Ba

pHaHTa aKCHOHa. 

- TiorrHOCTblO peKOHCTpyHpOBaH H3MepHT€JibHO-BblqHcJIHT€JibHbIH 

u;eHTp J1a6opaTOpHH H€HTpOHHOH (pH3HKH: CHCTeMa MHOroKaHaJibHbIX aHa

JIH3aTopoB 3aMeHeHa Ha CHCTeMy MaJihIX 3BM C u;eHTpaJibHbIM rrpou;eccopoM 
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- B Jla6opaTop:mI BbltillCJIIITeJibHOH TeXHllKll ll aBT0MaTII3aQllll 
BBe,neHa B 3kCnJiyaTaQII10 CllCTeMa K0JIJieKTllBHoro n0Jib30BaHHR Ha 6a3e 
3BM B3CM-6, CDC-6500 H K0HQeHTpaTOpa TepMHHaJioB. 

1982-1984 

B Jla6opaTOpHH R,nepHbIX peaKQllH npoae,neH QHKJI 3KCnepIIMeH
TaJibHblX llCCJie.ZJ;OBaHHH o6pa30BaHIIR H PMH0aKTHBH0ro pacna.na ll30TonoB 
C z = 106 -:-109. IToKa3aHo, qTo ace CllHTe3IIpoBaHHbie R.D;pa, BKJIJOqaR 
qeTH0-tieTHbie ll30T0nbI, HCnbITbIBaJOT rJiaBHblM o6pa30M a-pacna,n, qTo 
CBII.ZJ;eTeJibCTByeT 0 noBblllleHHH R,nepHOH ycTOHtIHBOCTH TpaHcKypqaT0BHe
BblX 3JieMeHT0B no 0TH0llleHIIJO K cn0HTaHH0MY ,neJieHIIJO. 

1983 

- 3a QHKJI pa6oT "LJ:mppaKQHOHHOe pacceRHIIe np0T0H0B npll Bbl
C0KIIX 3HeprnRx" rpynne coTpy,nHIIK0B OI1JU1, a TaK>Ke JlHH<I> AH CCCP 
II <l>H AH CCCP npHcy)K,neHa rocy.napcTBeHHaR npeMHR CCCP. B qlfcJie 
naypeaToB coTpy,nHHKH OHHH IO.K.AKHMOB, B.A.HHKIITIIH, B .A.Mopo3oB, 
IO.K.ITHJIIIneHKo, Jl.C.3oJIHH, C.B.MyxHH, MS.IllacppaHoaa, B.A.KonhIJIOB
CBHpII,noa, A.A.Ky3HeQoB. 

- rocy.napcTaeHHaR npeMIIR CCCP npIIcy)K,neHa 3a QIIKJI coBMeCTHbIX 
pa6oT JlT<I> 11 MrY "MaTeMaTIIqecKHe MeT0.ZJ;hI cTaTHCTHtiecKon MexaHIIKH". 
B qHcJie naypeaTOB coTpy,nHIIK OHHH H.H.Boron1060B (MJI.). 

- Ha CHHxpocpa3oTpoHe BBe,neH B .ZJ;eHCTBHe Jia3epHbIH HCT0tIHHK 
H0H0B, no3BOJillBlllllH B 100 pa3 yaeJIHqHTb llHTeHCHBH0CTb peJIRTHBllCTCKHX 
R.D;ep yrnepo,na, BnepBbie noJiyqHTb nyqKH R.D;ep ,JIHTHR H MarHIIR C 3HeprHeH 
4 r3B/HyKJIOH. 

- B C0BMeCTHbIX HCCJre,noBaHHRX C0TPYAHHK0B Jla6opaTop:m1 R.D;ep
HbIX npo6JieM H H<l>B3 Ha cepnyxoBCK0M yCK0pHTeJie o6Hapy)KeHO o6pa30-
BaHIIe TTH0HHbIX nap nH0HaMH B KYJI0H0BCK0M none R,npa. ITonyqeHO npR
M0e 3KcnepHMeHTaJihH0e 00.ZJ;TBep)K,neHHe rnnoTe3bI 0 cymecTB0BaHIIH 
QBeTHbIX CTeneHeH CBo6o,nbI y KBapK0B, Bbl.ZJ;BIIHYTOH a 1965 r. TeopeTH
KaMII OIUIH. 

- <l>H3IIKaMII Jla6opaTopn11 R,nepHbIX npo6neM OHHH Ha ycKopnTene 
H<l>B3 (ITpoTBHHo) o6Hapy)KeH pe,nKIIH pacna.n rr0 -Me3oHa Ha aToM no3IIT
p0HHR II y • KBaHT. 359 



- Ha ycKop1uene JU1.R<I> AH CCCP (raTqHHa) B coaMeCTHhIX 3Kcne
pttMeHTax yqeHhIX JI.Rn OH.RH H JIH.R<I> anepBhie onpe.u;eneHo nono:>KeHtte 
npoT.H:>KeHHOro yqacTKa npOTOHHOH ycToftqHBOCTH aTOMHblX .H,u;ep. 

- B Jla6opaTOpHH HettTpOHHOH (pH3HKH napanneJibHO C pa60TaMl1 no 
3HepreT11qecK0My nycKy peaKTopa HBP-2 Haqan11cb cp113ttqecKtte ttccne.u;oaa
HH.fl Ha HettTpOHHhIX cneKTpoMeTpax MYP, .UH-2, KOPA, K,UCOr-M H Ha 
MHorono3HUHOHHOH ycTaHOBKe "PeraTa" ,u;nR aKT11aau;110HHoro aHan113a. 

- B Jia6opaTop1111 HettTpOHHOH (p11311KH BhIIlOJIHeHhl 3KcnepttMeHThl 
no onpe.u;eneHHIO BKJia,u;a 3JieKTpOHOB npOBO,!J;HMOCTH B pacrn;enneH11e 
aTOMHhIX ypoBHett KpHCTaJIJIHqecKHM noneM. 

- B OT,u;ene HOBhIX MeTO,!J;OB ycKopeHH.fl C03,!J;aHa 11 3anyrn;eHa roJIOB
Ha.H qaCTb KonneKTHBHoro ycKop11Ten.H T.H:>KeJihIX 110HOB KYTH-20. 

1984 

- AKa,o;eM11Ky H.H.Boron106oay, aKa.o;eMHKY A.A.JloryHoay 
H qneHy-KoppecnoH.n;eHTy AH CCCP ,U.B.Ill11pKoay npttcy:>K.n;eHa rocy.u;apcT
aeHHa.H npeMH.fl CCCP 3a a;11KJI pa6oT "MeTo,u; peHopMantt3aa;HOHHOH rpynnbI 
B Teop11tt noneft". · 

- PerneHHeM rocy.u;apcTBeHHoro Coaern HPB noqeTHoro 3BaHH.fl 
"JiaypeaT ,UttMHTpoacKott npeMtt11" y.u;ocToeHhI )K.)Kenea, TT.MapKoB, 
B.XpHCTOB 3a HayqHbie ,!J;OCTH:>KeHH.fl B o6naCTl1 .H,u;epHOH (p11311KH. (Pa60Tbl 
BhrnonHeHhI B OH.RH 11 H.RH.R3 BAH) . 

- rocy,u;apCTBeHHa.H npeMH.fl qccp HMeHH KneMeHTa roTBaJib,!J;a 
npttcy:>K,u;eHa 3a lJ;HKJI pa6oT no 11ccne,u;oBaHI1IO CBOHCTB aTOMHhIX .H,u;ep 
MeTO,!J;OM R,u;epHOH op11eHTaa;HH npH CBepxHH3KHX TeMrrepaTypax. ABTOphI: 
M.<l>11Hrep (OH.RH), 3 . .RHoyT (TTon11TexHttqecK11tt HHCTHTYT, TTpara), 
C.IllacppaTa (<l>H3HqeCKl1H HHCTHTYT qcAH). 

- TTpe311,u;HyM AH CCCP np11cy.u;11n 3on0Ty10 Me.n;anb HM.M.B.JloMo
Hocoaa 3a 1984 ro.u; aKa,o;eMHKY H.H.Eoron106oay 3a Bh1,u;a10rn;11ec.H .u;ocT11-
:>KeHH.fl B o6naCTH MaTeMaTHKH 11 TeopeTHqecKOH (pH311KH. 

- B Jla6opaTOp11H .H,u;epHbIX npo6neM ocyrn;ecTBJieH (p113HqecKHH 
nycK CHJibHOTOqHoro cpa30TpoHa - ycTaHOBKH "<I>". 

- HMnynhCHhIH peaKTop HEP-2 c.u;aH B 3KcnnyaTau;1110 Ha cpe,u;Hett 
MOill;HOCTH 2 MBT. HMIIYJibCHhIH nOTOK TeilJIOBhIX HettTpOHOB COCTaBHJI 
10 16 cM-2c -l - caMbIH BhICOKHH nOTOK cpe.u;1111ccne,u;oBaTeJibCKl1X peaKT0-

360 poB a MHpe. 



- Teopen1qec1<:1-i:e pa6oTbI A.M.BanAirna 11 HHHI.J;HHpoBaHHhie HM 

B 70-e rOAbl WHpOKHe 3KcnepHMeHTaJII,Hble HCCJieAOBaHHH Ha nyqKax pe

JIHTHBHCTCKHX HAep CHHxpocpa3oTpOHa JIB3 np11BeJIH K ycTaHOBJieHHIO rpa

HHI.J; npHMeHHMOCTH npOTOH-HeHTpOHHOH MOAeJIH HApa. 

- B Jla6opaTOpHH BblCOKHX 3HeprHH 3aBeprneH MOHTaJK MOAeJibHOro 

CBepxnpoBOAHII.J;ero CHHXpOTpOHa CIU1H, HaqaTbl KOMilJieKCHbie HCilbITaHHH 

ero CHCTeM. 

- B JIHP B peaKI.J;HHX 209 Bi + 55 Mn 11 207 • 208 Pb + 58 Fe cHHTe-

3HpoBaHbI H30TOilbl 108-ro 3JieMeHTa C MaCCOBbIMll qHCJiaMH 263-265, 

B peaKI.J;HH 
209

Bi + 58
Fe CHHTe3HpOBaH H30TOil 109-ro :meMeHTa C MaC

COBbIM qllCJIOM 266. 

- B Jla6opaTOpHH HeHTpOHHOH cpH3llKH HCCJieAOBaHbl CTpyKTypa 

H AHHaMHKa cynepHOHHoro npOBOAHHKa npH cpa30BbIX nepeXOAaX. 

- CoTPYAHHKaMH JIH<t> o6HapyJKeHo HecoxpatteH11e npoCTpaHCTBeH~ 

HOH qeTHOCTH B peaKI.J;HH (n, p ). 

1984-1985 

- B Jla6opaTOpHH HAepHbIX peaKI.J;HH C03AaH cnen;Ha.JIH3HpOBaHHbIH 

I.J;HKJIHqecKHH HMilJiaHTaTOp HU:-100 AJIH npOH3BOACTBa HAepHbIX cpHJibTpOB 

H 113yqeHHH paAHaI.J;HOHHOrO B03AeHCTBHH THJKeJiblX HOHOB Ha pa3JIHqHbie 

MaTeplla.Jibl. 

-- ---
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ne,mTHHK B.B.Eaceeaa. 

TiepeIUieTHbie pa6oThI P .P .TiernexoHoaoii. 

Xy.a;oiKHHK B.TI.Bo1JKapea. ll>oTo IO.A.TyMaHoaa. 
B KHnre, KpoMe Toro, ncnonh30BaHbI cp0Torpacpm1, 

BbmonHeHHbie B pa3Hbie rO,D;bl H.M.ropenOBbIM, n.11.3onbHHKOBbIM, Y.TOM, 
B.A.IllycTHHbIM, a TaK>Ke CHHMKH, npe.a;ocrnaneHHbie T ACC 

H pR.D;OM HHCTHTyTOB CTpaH-ylJaCTHHQ O11Hl1. 

ITognncrum B netJaTb 02.01.86. 

<I>opMaT 80x100/16. ITetJaTb ocpceman. Y'I.H3JJ;.n. 32,8. 

Tlfpll)K 500. 3aKa3 37038. 

113.a;aTeJibCKirn OTJJ;eJI O6oe,a;nHeHHOro llHCTHTyTa H.D;epHblX llCCJieJJ;OBaHllH 

,n:y6Ha MoCKOBCKOH o6naCTll 
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